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Coffee and Cancer: A Benefit-Risk Evaluation
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Toxicology & Safety, Aliso Viejo, California 92656 USA
?Ph. D. INSERM U 666, Faculty of Medicine, Strasbourg, France

SUMMARY

Animal carcinogens found in heated foods and beverages have been a significant health
concern since the 1970’s, when trace levels of these compounds were discovered in many
foods. Many of these compounds have been studied in the U.S. National Toxicology
Program’s (NTP) carcinogen bioassays in rats and mice as well as in the European Union’s
HEATOX Project, including acrylamide, furan and 4-methylimidazole (4-MEIl), all of which
have been found in roasted coffee as a result of the Maillard Browning Reaction (MBR).
Perhaps the most prominent animal carcinogen in coffee is acrylamide, but there is now
extensive epidemiologic evidence indicating that it is not a human dietary carcinogen. Furan,
a rodent liver carcinogen, is also well-known constituent in coffee, and coffee is known to be
the primary dietary source of furan. But paradoxically, coffee consumption actually reduces
the risk of human liver cancer, the target organ for furan. And 4-MEI has been shown to
induce only mouse lung tumors in chronic testing, while in the same NTP bioassay it reduced
the incidence of tumors in several organs of the rat.

Currently there is little human epidemiologic evidence linking these trace level animal
carcinogens in coffee with the risk of human disease, including cancer. The health benefits of
a food such as coffee, including the effects of many health-protective, naturally occurring
compounds (e.g., chlorogenic acids) and those produced by heat in the MBR (e.g.,
melanoidins), are often neglected by public health and regulatory authorities when assessing
the overall safety of a food. In fact, coffee consumption has actually been shown to reduce the
risk of several human cancers while not increasing cancer risk in other organs systems, in
spite of the fact that coffee contains trace levels of many animal carcinogens. While it is
obviously important to evaluate the toxicological risks of individual heat-induced carcinogens
in foods including coffee, it is equally important to fully evaluate the safety of whole foods
containing these carcinogens using a combination of modern clinical, toxicological,
nutritional and epidemiological techniques using a benefit-risk evaluation of the whole food.
Such an evaluation gives us the new concept of the “Coffee-Cancer Paradox”.

INTRODUCTION

The assessment of risk to human health of foods, food ingredients/contaminants and nutrients
has historically been conducted independently of possible health benefits. In addition,
different scientific approaches have been used to estimate health risks and benefits of foods
and their constituents. When a food or food constituent is associated with both potential
health risks and benefits, and when the health effects appear to be dependent on the level of
intake, there is a need to determine a safe consumption range with an acceptable balance of
risks and benefits.
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The extensive database on the health effects of global coffee consumption developed over the
past 30 years provides an excellent opportunity to investigate this balance between risks and
benefits. While the health risks of coffee and its key ingredients, particularly caffeine, have
been the focus of thousands of published scientific/medical studies addressing almost all
known animal toxicity endpoints and human disease outcomes, more recent research attention
has been focused on investigating the possible health benefits of coffee consumption. As
evidenced by the conclusions of many recent expert reviews, a growing literature appears to
be concluding that moderate coffee consumption may be associated with reduced risk of type
2 diabetes, coronary heart disease, Alzheimer’s disease, Parkinson’s disease and even some
cancers, in addition to the well-established database on the benefits of human coffee and
caffeine consumption in improving both physical and mental performance (Higdon and Frei,
2006).

In concert with this “good news” about coffee consumption are extensive investigations
underway in many laboratories throughout the world to determine the biochemical
mechanisms by which these beneficial health effects may be operating. One of the most
exciting areas of mechanistic research is the possible cancer-protective role of coffee’s
naturally occurring polyphenolic antioxidants (the chlorogenic acid derivatives) (Hoelzl et al.,
2010) and heat-produced antioxidants (various Maillard Reaction Products, including volatile
heterocyclic compounds and brown melanoidin polymers) (Moreira et al., 2012; Somoza,
2005). Studies in many countries have shown that coffee is actually the major individual
source of dietary antioxidant potential, and laboratory studies have shown that some coffee
constituents can induce the formation of carcinogen-detoxifying enzymes such as glutathione-
S-transferase, which has been shown to detoxify acrylamide in the human body. Therefore,
while trace parts-per-billion levels of many animal carcinogens can be found in brewed
coffee, there are also many compounds now identified in coffee that may reduce the risk of
cancer.

What we do or don’t eat or drink is oftentimes linked to an increased risk of human cancer,
where we have witnessed the “carcinogen-of-the-month” syndrome. However, a great deal of
this information has been preliminary in nature and based largely on extremely high-dose
animal cancer studies and small epidemiologic studies. But once a larger body of studies has
been accumulated, especially human studies as it has for coffee over the past decade, the
absence of any real human cancer concern over coffee has been demonstrated, and there is
now strong evidence that coffee consumption is reducing the risk of several forms of human
cancer. This paper will address key animal and human studies on coffee and its components
and the need to take a “Holistic Approach” [a “risk vs. benefit” approach] in determining the
health effects of coffee in today’s diet, especially in relation to the possible protective effect
of coffee in human cancer.

HUMAN EPIDEMIOLOGIC EVIDENCE

Coffee consumption is a major and frequent dietary exposure in diverse cultures around the
globe, but its safety related to human cancer causation has been questioned and studied for
decades. A substantial body of epidemiologic evidence (over 500 studies) relating coffee
consumption to cancer of various organ sites has been accumulated to date. Numerous, organ-
specific studies using meta-analysis, as well as comprehensive reviews, have been undertaken
more recently, and have concluded that there is not only no increased cancer risk for
numerous organs but also a reduced risk for several other forms of cancer.

With the emergence of many more studies over the past decade, Arab (2010)
comprehensively reviewed and summarized the findings of meta-analyses and of more than
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500 studies on site-specific human cancers among coffee consumers. This reviewer concluded
that the evidence largely points to an overall lack of effect across all cancer sites (breast,
pancreatic, kidney, ovarian, prostate, gastric cancer): “For most cancer sites, there is a
significant amount of evidence showing no detrimental effect of consumption of up to 6 cups
of coffee/day in relation to cancer occurrence. In fact, some of the evidence...suggests that
coffee might prevent some cancers.” Arab concluded that there is evidence of a strong and
consistent preventive effect in hepatocellular and endometrial cancer and, possibly, breast
cancer, and that the association between colorectal cancer appears to be borderline protective.
She noted that the risk of bladder cancer appears to be very weak when associated with heavy
coffee consumption in some study populations, but that this effect may be an indication of
confounding by smoking.

In a review of methylxanthines and health, Beaudoin and Graham (2011) concluded that the
research did not find a strong association between long-term coffee consumption and the risk
of colorectal, breast, lung and bladder cancers. These reviewers found that the strongest
beneficial association between coffee and cancer is for liver cancer and that this protective,
dose-dependent association is evident even in low consumers (one cup of coffee daily). In
another recent major review and meta-analysis of 59 epidemiological studies evaluating the
risk of cancer associated with one cup/day increments of coffee consumption, the authors
found that an increase in consumption of one cup of coffee per day was associated with a 3%
reduced risk of cancers (Yu et al. 2011). In subgroup analyses, the authors also noted that
coffee drinking is associated with reduced risk of bladder, breast, buccal and pharyngeal,
colorectal, endometrial, esophageal, hepatocellular, leukemic, pancreatic and prostate cancers.
Findings from this meta-analysis suggest that coffee consumption may reduce total cancer
incidence and it also has an inverse association with some types of cancers.

Another large-scale cohort study in Japan that followed 97,753 Japanese men and women
aged 40-79 for 16 years found no association between coffee consumption and total cancer
mortality among men, whereas a weak inverse association was found among women
(Tamakoshi et al., 2011). And the European Investigation into Cancer and Nutrition (EPIC)
prospective cohort study that investigated the association between coffee consumption and the
risk of chronic diseases (including cancer) in the 42,659 participants that were followed over
the 8.9 year period found no association between caffeinated or decaffeinated coffee
consumption and total cancer risk (Floegel et al. 2012).

As noted above, there has been some concern that coffee consumption may be associated with
a weak increase in risk of bladder cancer in some earlier studies. Zhou et al. (2012), however,
recently evaluated 23 case-control studies with 7,690 cases and 13,507 controls, as well as 5
cohort studies with 700 cases and 229,099 participants. They concluded that although data
from case-control studies suggested that coffee was a risk factor for bladder cancer, there was
no conclusive evidence on this association because of inconsistencies between case-control
and cohort studies.

ANIMAL CARCINOGENS IN COFFEE

Coffee contains trace levels of over two dozen identified animal carcinogens, including
acrylamide, furan, caffeic acid, various aldehydes, polycyclic aromatic hydrocarbons,
ochratoxin A and others. While a few of these chemicals are naturally occurring in green
coffee beans, many of the others are chemicals formed at trace levels during the roasting of
coffee by means of the Maillard Browning Reaction (MBR) (Somoza, 2005). Carcinogens
from heated foods, produced by the MBR between carbohydrates and amino acids and
proteins, have been a health concern since the 1970s. Following acrylamide’s discovery in
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foods, the European Commission undertook a 40-month project to research and evaluate
many heat-generated food toxicants and issued a very comprehensive report on this effort
(HEATOX Project, 2007). But an important toxicological consideration that has received little
attention to date is that many MBR products are beneficial to health because many
demonstrate anti-oxidative, anti-mutagenic and anti-carcinogenic properties, and some MBR
products even induce the formation of carcinogen-detoxifying enzymes such as glutathione-S-
transferase.

For roasted coffee overall, however, the International Agency for Research on Cancer (IARC,
1991) concluded that animal studies of long-term coffee consumption (brewed and dried
instant coffee powder) have demonstrated no increased risk of cancer. But it is important here
to discuss two animal carcinogens in coffee, acrylamide and furan, each of which has gained
widespread attention and concern over the past decade.

Acrylamide

Acrylamide was discovered in a wide array of carbohydrate-rich Maillard browned foods by
Swedish researchers and was first reported in 2002 (see Lineback et al., 2012 for a
comprehensive review). Coffee was one of many browned products shown to contain
acrylamide (typical levels in brewed coffee are 8-13 parts per billion). As noted in Figure 1,
much has been learned about acrylamide’s toxicology and carcinogenicity, including the
recent reporting of the NTP two-year chronic carcinogenicity bioassay of acrylamide in rats
and mice (Beland et al., 2013). The updated NTP animal tumor results should now lead the
FAO/WHO Joint Expert Committee on Food Additives (JECFA) to reevaluate the human risk
of acrylamide. JECFA should consider dismissing consideration of the NTP’s benign tumors
in the rat mammary gland and mouse Harderian gland as not biologically relevant to human
risk assessment.

Human occupational neurotoxin, genotoxic / mutagenic in cell cultures.
Known rat carcinogen, classified as a “probable human carcinogen”.
Metabolized to glycidamide (an epoxide), an animal carcinogen.
Acrylamide & glycidamide can bind to DNA/amino acids/proteins.

o DNA adducts = carcinogenic potential.

o Blood hemoglobin adducts = biomarker of exposure.

o Dietary proteins may reduce acrylamide uptake in humans.

o Protective enzymes can detoxify acrylamide and glycidamide.

e NTP Acrylamide Bioassay (July 2012 Report).

“Clear Evidence of Carcinogenicity” for male and female rats and mice.

Figure 1. Acrylamide Snapshot: Chemistry and Toxicology.

While these were the most sensitive tumor endpoints, they are not malignant tumors and are
not tumor types relevant to human risk. Therefore, JECFA and others (FDA, European Union,
Health Canada) should reevaluate acrylamide’s potential for human risk based on the lower
incidences of more relevant NTP malignant rat and mouse tumor endpoints, since acrylamide
is too important and too widespread a contaminant in the human diet to have its risk
determined by biologically irrelevant rodent tumor endpoints and with no consideration of
acrylamide’s lack of increased risk in humans.
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There are two recent comprehensive reviews of dietary acrylamide’s human cancer
epidemiology. The first concluded that “Available studies consistently suggest a lack of an
increased risk of most types of cancer from exposure to acrylamide” (Pelucchi et al., 2011).
And more recently Lipworth et al. (2012) concluded that “...epidemiologic studies of dietary
acrylamide intake have failed to demonstrate an increased risk of cancer.” The authors further
concluded that “...continued epidemiologic investigation of acrylamide and cancer risk
appears to be a misguided research priority”.

Most of the major countries of the world have advised consumers to follow the dietary
recommendations for a balanced diet issued by their food regulatory and public health
agencies. The data available to date have been insufficient to warrant any recommendation for
a significant change in dietary recommendations because of acrylamide’s occurrence in foods.
Current epidemiologic and toxicologic evidence are insufficient to indicate that the amounts
of acrylamide consumed in the normal diet are likely to result in adverse human health
effects, particularly cancer.

So, does acrylamide in foods, including coffee, pose a real risk to human health? We conclude
that, in spite of acrylamide’s known animal carcinogenicity, the human cancer epidemiology
database is reassuring and supports the conclusion that there is little if any increased cancer
risk in humans. Furthermore, acrylamide’s potential dietary risk should be assessed in light of
the known health-protective, beneficial components of many acrylamide-containing foods.

Furan

Furan is a simple heterocyclic flavor compound produced by heating many foods and
beverages, and it has been known for decades to occur at trace ppb levels in many heat-
processed foods (e.g., coffee and other browned foods). Its formation, exposure, toxicity,
carcinogenicity and aspects of its risk assessment have recently been reviewed (Moro et al.,
2012). Furan is a known rat and mouse liver carcinogen and has been classified by IARC as
“possibly carcinogenic to humans.” Brewed coffee has been found to be responsible for about
70% of total furan exposure in the human diet. It has been reported at levels up to about 200
ppb in some roasted, but Guenther et al. (2010) demonstrated that furan is reduced
significantly during roasting, grinding, storage, brewing and drinking, and that actual levels in
roasted coffees are probably closer to 10-35 ppb.

Furan, however, is certainly the best example of the “Coffee-Cancer Paradox™ (discussed
below). While furan has been shown to produce only liver tumors in rats and mice, and
although coffee is the top dietary contributor to furan intake, the human cancer epidemiology
described above shows that coffee consumption actually protects against human liver cancer
in spite of the presence of this animal liver carcinogen.

BENEFIT-RISK EVALUATION - THE “HOLISTIC APPROACH”

Considerations of comparing health risks and benefits are critical in determining whether the
consumption of a particular food or beverage should be considered safe.

Consequently, benefit-risk evaluation is absolutely essential to assess the safety of foods
containing heat-produced carcinogens. Regulators and public health authorities have been
much too focused in the past decades on simply evaluating the risk of individual chemicals in
a food or beverage one by one. Thus, we believe that the correct approach going forward is to
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evaluate the safety of the whole food by comparing its risks vs. benefits using the “Holistic
Approach”.

Various “benefit-risk” evaluations have recently been undertaken around the world. The U.S.
FDA’s 2009 “Draft Risk and Benefit Assessment of Fish” evaluated the risks of methyl
mercury contamination vs. health-protective omega-3 fatty acids. The European Food Safety
Authority has provided detailed guidance on human health risk-benefit assessment of foods
(EFSA, 2010). Some additional expert guidance was also provided by the Risk-Benefit
Analysis for Foods (BRAFO) project, an effort funded by the European Commission and
coordinated by the International Life Sciences Institute/Europe to develop a framework that
allows a quantitative comparison of human health risks and benefits of foods and food
compounds, using a common scale of measurement (Hoekstra et al. 2012). A very ambitious
evaluation of acrylamide’s benefit-risk considerations was contained in a comprehensive
expert report that was commissioned by the International Life Sciences Institute/Europe, an
effort by 12 collaborating institutes, universities and food companies (Seal et al., 2008). This
study reported on risk-benefit considerations of mitigation measures on the acrylamide
content of foods, including case studies on potatoes, cereals and coffee. Key issues addressed
were the impact of pre-harvest, post-harvest and processing conditions on acrylamide
formation, consideration of the nutritional value and beneficial health impact of consuming
these commodities and the calculated impact of mitigation using probabilistic risk-benefit
modeling to demonstrate the principle of this approach.

When both the benefits and risks of a heat-processed food are assessed, instead of just a single
focus on one carcinogen in this food, the beneficial health effects of certain whole foods may
be shown to outweigh the health effects of trace levels of animal carcinogens and other
toxicants in these foods. We believe that coffee is one of the best examples of such a food,
where the health benefits of its constituents do outweigh the risks. Coffee’s benefit-risk
evaluation, therefore, provides us with some key principles that should be taken into account
when evaluating the safety of a whole food:

e we must press global health and regulatory authorities to use improved toxicology,
epidemiology and risk assessment methods on individual carcinogens tested at very high
doses in animals.

e we must undertake more research and evaluation on both the qualitative and quantitative
assessment of the benefits of whole foods.

e we must consider the health benefits of protective compounds both naturally occurring
and those produced by heating.

e we must assess the safety and benefits of the whole food, not just individual food
carcinogens and toxicants one by one.

THE “COFFEE-CANCER PARADOX”

Coffee contains about 2,000 identified compounds (hundreds are flavors and aromas),
including trace levels of many animal carcinogens noted above. But global health and
regulatory authorities now agree that coffee consumption is not causing any increased risk of
human cancer, and in fact, epidemiological studies show significant risk reductions for several
forms of human cancer in spite of the trace level presence of numerous animal carcinogens.
How can this paradox be explained? We believe that the presence of many health-protective
compounds in roasted coffee may be responsible for the observed cancer risk reductions,
including naturally occurring antioxidants (the chlorogenic acids), heat-formed antioxidants
(the brown melanoidin polymers), inducers of detoxification enzymes such as glutathione-S-
transferase and numerous as yet identified beneficial compounds. So herein lies the “Paradox”
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— although coffee contains numerous animal carcinogens, the consumption of the whole food
product most likely reduces human cancer risk. This conclusion can serve as the basis for
using a similar “Holistic Approach” in conducting benefit-risk evaluations on a wider range of
other heat-processed food products beyond coffee.
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K. RITCHIE

INSERM U 888, Montpellier, France

SUMMARY

Caffeine consumption has long been associated with enhancement of mood and cognitive
functions, notably learning, memory and speed of information processing.

We examine the epidemiological evidence for a causal relationship between caffeine
consumption and cognitive deterioration in the elderly. In a population study of 641 elderly
persons we examined cognitive functioning, caffeine consumption, magnetic resonance
imaging volumetrics and other factors known to affect cognitive performance. Our findings
demonstrate the association between caffeine consumption and lower cognitive change over
time to be statistically significant for women only, taking into account multiple confounders,
to be dose-dependent and temporally related (caffeine consumption precedes cognitive
change). Mean log transformed white matter lesion/cranial volume ratios were found to be
significantly lower in women consuming more than 3 units of caffeine per day after
adjustment for age. This observation is coherent with biological assumptions that caffeine
through adenosine is linked to amyloid accumulation and subsequently white matter lesion
formation. We also explore the possibility that this association may be modulated by diabetes
risk factors.

INTRODUCTION

Ageing of the population has led to an increase in both the prevalence of ageing-related
memory loss and dementia. In the absence of specific treatments for either of these
conditions, epidemiological research has directed its efforts towards the identification of
protective factors which may at least slow down the process of memory loss and delay the
onset of dementia. Within this context caffeine has recently become a subject of interest.
While it has long been known that caffeine has a positive effect on vigilance, attention, mood
and arousal, more recent evidence suggests that it may also be neuro-protective. While having
multiple biological effects, including increased cortical activity, the non-selective antagonism
of adenosine receptors, particularly Al and A2A receptors, is the only known central
pharmacological effect that occurs in the dose-range of voluntary caffeine intake.

Blockade of adenosine A2A receptors may attenuate damage caused by AP, the toxic peptide
that accumulates in the brain of patients with Alzheimer’s disease (AD). Long-term caffeine
administration protects AD transgenic mice against cognitive impairment while limiting brain
AP levels and increasing brain adenosine levels. This finding suggests a potential role for
caffeine in at least slowing the process of neuro-degeneration. A small case-control study
found lower caffeine intake during the preceding 20 years in AD patients compared to
controls, and a prospective study found regular consumption of coffee but not tea to be
associated with a reduced risk of AD at 5 year follow-up.

A recurrent difficulty with clinical and population studies of coffee consumption and
cognitive functioning is the elimination of confounding variables; that is, factors associated
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with coffee consumption which may in themselves explain the association, for example coffee
drinkers may be less disabled and more sociable, and these factors are both associated with
memory performance. In order to examine the complex question of caffeine intake and
cognitive functioning we looked at data from a population study of 9077 dementia-free
community-dwelling persons aged 65 years and over from three French cities: Montpellier,
Dijon and Bordeaux.

METHODS

Questions relating to caffeine consumption were included in a standardized interview
administered by either psychologists or research nurses. It was assumed that one cup of coffee
contained 100 mg of caffeine and tea 50 mg (14), the total average consumption per day being
calculated per subject in caffeine units (one unit=100mg).

The cognitive examination consisted of a test of visuo-spatial recall, the Benton Visual
Retention Test, and a test of verbal recall and fluency, the Isaacs Set Test. Scores on the Set
Test were the number of words produced within 30 seconds. In the 3 centers, clinicians
diagnosed prevalent cases of dementia.

Information was also collected on demographic characteristics, education level, mobility and
confinement to home and neighborhood, height, weight, alcohol consumption, tobacco use,
past history of respiratory disorders, cancer, hypertension, hypercholesterolemia, diabetes,
stroke, angina pectoris, myocardial infarction, cardiac and vascular surgery, dementia
vulnerability genes, and presence of depressive symptomatology.

On the basis of previous animal and human studies cited above, indicating that blockade of
adenosine Aza receptors limits brain AP levels, we assumed high caffeine consumers to have
lower levels of plasma APB. While our study did not include direct measures of either plasma
or brain amyloid levels, volumetric measures of microvascular brain injury (WML) were
obtained by structural magnetic resonance imaging (MRI) in the Montpellier subjects only;
WML having been previously shown to be related to plasma AP in both mild cognitive
disorder and dementia. In this case we assume that higher rates of caffeine consumption will
be associated with lower total WML volume.

RESULTS AND DISCUSSION

Our findings showed that caffeine consumption of over 300 mg per day reduces the rate of
decline over time on a verbal fluency task, sensitive to dysfunction in most cortical areas. This
protective effect was found to be true for women only. Over the study period caffeine
consumption did not, however, reduce the risk for dementia. The advantage of large
epidemiological data is that it may take into account multiple biological, environmental, and
clinical confounding factors which may have obscured the true cause of this association. We
reported that these results persisted even when all known potential confounding factors (age,
education, gender, depressive symptoms, hypertension, cardiovascular disease, anti-
cholinergic medication, smoking, and alcohol use) were taken into account.

We furthermore found from MRI imaging that higher caffeine consumption was associated
with lower WML volume in women only. Furthermore, as with the cognitive testing, this
relationship is dose-dependent. There are numerous biological hypotheses linking caffeine
intake and WML, for example adenosine associated decreases in blood brain barrier
permeability may reduce the amount of amyloid passing into the brain and WMLs being
linked to both clinical and silent stroke, changes in extracellular adenosine during ischemia
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may provide a neuroprotective response. The reasons for gender differences remain unclear.
They could involve differences in caffeine metabolism or in sensitivity to the pharmacologic
effect as well as hormonal factors which could not be evaluated in the present study but
warrant further examination.

Our work thus suggests that coffee consumption may slow cognitive decline and WML
accumulation in women. Further studies are required, however, to determine whether the
active component is indeed caffeine or another constitutent of coffee.

REFERENCES

Fredholm, B. B., Battig, K., Holmen, J., Nehlig, A., Zvartau, E. E. Actions of caffeine in the
brain with special reference to factors that contribute to its widespread use. Pharmacol
Rev. 1999;51:83-133.

Daly, J. W., Fredholm, B. B. Caffeine--an atypical drug of dependence. Drug Alcohol
Depend. 1998. 51:199-206.

Ribeiro, J. A., Sebastiao, A. M., De Mendonca, A. Adenosine receptors in the nervous
system: pathophysiological implications. Prog Neurobiol. 2002. 68:377-392.

Cunha, G., Canas, P., Chen, J. F., Oliveira, C., Cunha, R. A. Blockage of adenosine A2A
receptors prevents beta-amiloid (Abetal-42)-induced synaptotoxicity and memory
impairment in rodents. Purinergic Signalling. 2006. 2:135.

Dall'igna, O. P, Fett, P., Gomes, M. W., Souza, D. O., Cunha, R. A,, Lara, D. R. Caffeine and
adenosine A(2a) receptor antagonists prevent beta-amyloid (25-35)-induced cognitive
deficits in mice. Exp Neurol. 2006.

Arendash, G. W., Schleif, W., Rezai-Zadeh, K. et al. Caffeine protects Alzheimer's mice
against cognitive impairment and reduces brain beta-amyloid production. Neuroscience.
2006. 142:941-952.

Maia, L., De Mendonca, A. Does caffeine intake protect from Alzheimer's disease? Eur J
Neurol. 2002. 9:377-382.

Lindsay, J., Laurin, D., Verreault, R. et al. Risk factors for Alzheimer's disease: a prospective
analysis from the Canadian Study of Health and Aging. Am. J. Epidemiol.
2002.156:445-453.

Benton, A. Manuel pour l'application du test de rétention visuelle. Applications cliniques et
expérimentales. Paris: Centre de Psychologie Appliquée. 1965.

Isaacs, B., Kennie, A. T. The Set test as an aid to the detection of dementia in old people. Br.
J. Psychiatry. 1973;123:467-470.

35



Table 1. Description of base-line population.

Men (N=2820) % Women (N=4197) % Chi2p

Caffeine consumption per day

[0-1] unit 27.4 24.6

11-2] units 32.4 315 0.0006

]2-3] units 27.0 275

> 3 units 13.2 16.4
Age

65-69 26.0 25.1

70-74 35.0 32.8 0.03

75-80 24.8 28.0

80+ 14.2 141
Education

5 years 21.7 24.8

9 years 30.1 40.4 < 0.0001

12 years 19.7 21.0

12 + 28.5 13.8
CESD > 16 13.8 28.1 <0.0001
Cardiovascular disease’ 15.3 4.4 <0.0001
BMI

Normal 38.0 53.7

Overweight 49.4 33.0 <0.0001

Obese 12.6 13.3
Diabetes2 12.8 6.7 <0.0001
Cancer3 1.8 1.2 0.02
Hypertension4 64.2 57.4 <0.0001
LLA (statin or fibrate) 29.7 32.1 0.03
Hypercholesterolemia5 78.7 60.2 <0.0001
Smoking
Never 30.0 81.2

Former 61.9 15.1 <0.0001

Current 8.1 3.7
HRT

Current 15.0

Former 16.7

Never 68.3
Anticholinergic drugs 4.1 9.3 <0.0001
Mobility

Confined home 1.2 1.8

Confined neighborhood 2.0 4.4 <0.0001

Not confined 96.8 93.8
Alcohol

0 8.0 27.1

1-12 g/day 31.8 54.0 <0.0001

13-36 g/day 41.2 17.3

> 36g/day 19.0 1.6
Apo E4 20.7 19.2 0.12
MMSE < 267 11.8 15.5 <0.0001
Isaacstest < 40 20.2 20.0 0.82
Benton test < 119 23.6 30.8 < 0.0001

"History of stroke, myocardial infarction, angina pectoris, or arteritis; “Diabetes defined as
glucose >7.2 mmol/l or treated; 3Cancer over the past two years; 4Systolic blood pressure >
160 or diastolic blood pressure > 95 mm Hg or intake of antihypertensive drugs; >Total
cholesterol level >6.20 mmol/l; % of subjects with lowest cognitive performances at base-line
(lowest quintile); Abbreviations: BMI = body mass index; LLA = lipid-lowering agent; HRT
= hormone replacement therapy.
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Table 2. Polytomous logistic regression: age, sex and centre-adjusted OR of taking

caffeine (cross-sectional at base-line).

11-2] units ]2-3] units > 3 units Wald test
OR (CI) OR (CI) OR (CI) p value

Education

5 years 1 1 1

9 years 1.18(1.01;1.39) | 1.58(1.33;1.87) | 1.59(1.28;1.97) <0.0001

12 years 1.07 (0.89;1.28) | 1.52(1.25;1.85) | 1.78 (1.40;2.25)

12 + 1.29 (1.06;1.56) | 1.88(1.53;2.30) | 2.66 (2.09;3.38)
CESD > 16 0.77 (0.66;0.90) | 0.78 (0.66;0.91) | 0.75(0.62;0.90) 0.001
Cardiovascular disease 0.81(0.64;1.02) | 1.14(0.91;1.43) | 1.12(0.85;1.48) 0.02
Hypertension 1.03(0.90;1.17) | 0.96 (0.83;1.09) | 0.78 (0.66;0.91) 0.003
Smoking

Never 1 1 1

Former 126 (1.08;1.48) | 1.44(1.23:1.70) | 2.26 (1.87;2.74) | <0001

Current 1.66 (1.22;2.28) | 1.66 (1.20;2.30) | 3.70 (2.63;5.21)
HRT (n=4197)

Current 1.02 (0.79;1.32) | 1.24(0.96;1.61) | 1.46(1.10;1.94) 0.03

Former 1.07 (0.86;1.34) | 1.07 (0.85;1.35) | 0.91(0.69;1.19) '

Never 1 1 1
Anticholinergic drugs 0.77 (0.61;0.97) | 0.70(0.55;0.90) | 0.81 (0.60;1.08) 0.03
Alcohol

0 1 1 1

1-12 g/day 1.38(1.17;1.63) | 2.06(1.72;2.46) | 1.45(1.18;1.77) < 0.0001

13-36 g/day 1.60 (1.32;1.94) | 2.24(1.82;2.76) | 1.60 (1.26;2.03)

> 369/day 1.83(1.39;2.40) | 2.51(1.88;3.35) | 1.39(0.98;1.98)

The polytomous logistic regression models the odds of being in one class of consumption
versus being in the "< I unit" class (reference category).
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Table 3. Age, education, base-line cognitive performances, and centre-adjusted OR
of cognitive decline according to base-line caffeine intake (longitudinal).

Men N=2820 Women N=4197
OR (CI) p p trend OR (CI) p p trend
Alsaac <-6
11-2units | 0.92 (0.73;1.17) 0.50 0.91 (0.75;1.10) 0.33
]2-3] units | 1.08 (0.85;1.38) 0.51 0.19 0.82 (0.67;1.00) 0.05 | 0.0003
> 3 units 1.18 (0.87;1.59) 0.29 0.66 (0.52;0.83) | 0.0005
ABenton < -2
]1-2] units | 0.99 (0.80;1.24) 0.96 0.95 (0.79;1.14) 0.58
]2-3] units 1.11 (0.88;1.40) 0.36 0.94 0.99 (0.82;1.20) 0.92 0.21
> 3 Units 0.92 (0.69;1.23) 0.57 0.83 (0.66;1.04) 0.10
AMMSE < -2
]1-2units | 1.02 (0.81;1.28) 0.87 0.97 (0.81;1.17) 0.78
]2-3] units | 1.00 (0.79;1.27) 0.99 0.40 0.89 (0.73;1.08) 0.23 0.24
> 3 units 1.19 (0.89;1.59) 0.25 0.91 (0.73;1.14) 0.42

Decrease of at least two points from the base-line for MMSE and Benton test or of at least 6

points for the Isaacs test.
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Table 4. Multivariate OR of a cognitive decline (longitudinal).

Women N=4197
Alsaacs < -6 ABenton < -2
OR (CI) p OR (CI) p

Age (yrs) 1.06 (1.05;1.08) < 0.0001 1.07 (1.05;1.09) < 0.0001
Education

5 years 1 1

9 years 0.81 (0.67;0.98) 0.03 0.73 (0.61;0.88) 0.0009

12 years 0.52 (0.42;0.66) < 0.0001 0.45 (0.36;0.56) < 0.0001

12 + 0.57 (0.44;0.74) < 0.0001 0.46 (0.36;0.58) < 0.0001
Centre

Montpellier 1 1 1 1

Bordeaux 1.02 (0.81;1.29) 0.84 1.55 (1.24;1.93) 0.0001

Dijon 1.17 (0.98;1.41) 0.09 1.95 (1.63;2.33) < 0.0001
Baseline cognitive test 1.08 (1.07;1.09) <0.0001 1.78 (1.70;1.86) < 0.0001
CESD > 16 1.17 (0.99;1.37) 0.07 1.20 (1.02;1.41) 0.03
Cardiovascular disease 1.25 (0.89;1.75) 0.21 1.38 (0.98;1.96) 0.07
BMI

Normal 1 1

Overweight 0.96 (0.81;1.13) 0.59 1.14 (0.98;1.34) 0.08

Obese 0.98 (0.78;1.22) 0.83 1.14 (0.92;1.43) 0.24
Diabetesl 1.19 (0.89;1.58) 0.23 1.17 (0.88;1.55) 0.30
Hypercholesterolemia 1.12 (0.96;1.29) 0.15 0.86 (0.75;1.00) 0.04
HRT

Current 0.88 (0.70;1.10) 0.25 1.04 (0.84;1.28) 073

Former 0.95 (0.78;1.17) 0.64 0.94 (0.78;1.14) 0'54

Never 1 1 )
Anticholinergic drugs 1.40 (1.10;1.78) 0.007 1.08 (0.85;1.38) 0.53
Mobility

Confined home 1.77 (1.07;2.95) 0.03 1.30 (0.77;2.20) 0.32

Confined neighborhood 1.20 (0.85;1.71) 0'30 1.51 (1.06;2.16) 0.02

Not confined 1 ' 1
Alcohol

0 1 1

1-12 g/day 0.87 (0.73;1.03) 0.11 1.09 (0.92;1.28) 0.34

13-36 g/day 0.88 (0.70;1.10) 0.26 1.01 (0.81;1.25) 0.96

> 36g/day 1.17 (0.65;2.11) 0.59 1.20 (0.66;2.16) 0.55
Caffeine

[0-1] unit 1 1

]11-2] units 0.94 (0.77;1.13) 0.49 0.96 (0.79;1.16) 0.64

]2-3] units 0.85 (0.70;1.04) 0.12 1.00 (0.83;1.22) 0.97

> 3 units 0.67 (0.53;0.85) 0.001 0.82 (0.65;1.03) 0.09
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Table 5. Association between caffeine consumption at baseline and Isaac score over time,
random-effect models.

Men N=2820 Women N=4197
B estimate (SE) p ptrend | B estimate (SE) p p trend
Univariate®
Time (years) 4.31 (0.58) < 3.49 (0.46) <
Caffeine 0.0001 0.0001
]11-2] units -0.25 (0.46) 0.14 (0.39)
]12-3] units -0.35 (0.49) 0.59 0.19 0.56 (0.40) 0.72 0.004
> 3 units -0.82 (0.60) 0.48 1.31 (0.47) 0.16
Caffeine x 0.17 0.005
time 0.06 (0.10) 0.07 (0.08)
]11-2] units -0.01 (0.11) 0.60 0.85 0.14 (0.09) 0.40 0.002
]2-3] units 0.06 (0.13) 0.91 0.31(0.10) 0.10
> 3 units 0.63 0.002
Multivariate?
Time (years) 4.33 (0.58) <0.0001 3.47 (0.46) <0.0001
Caffeine
]11-2] units -0.37 (0.46) 0.43 -0.05 (0.39) 0.88
]2-3] units -0.34 (0.48) 0.48 0.21 0.25 (0.40) 0.53 0.02
> 3 units -0.82 (0.60) 0.17 1.10 (0.46) 0.02
Caffeine x
time 0.06 (0.10) 0.59 0.07 (0.09) 0.41
]11-2] units -0.01 (0.11) 0.92 0.85 0.14 (0.09) 0.10 0.002
]2-3] units 0.06 (0.13) 0.64 0.31 (0.10) 0.002
> 3 units

Adjusted for age, age x time, educational level, centre; “Adjusted for age, age x time,

educational

level,

centre,

CESD,

cardiovascular

disease,

BMI,

diabetes,

hypercholesterolemia, anticholinergic drugs, mobility, alcohol, HRT (for women only) and
smoking (for men only).
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Does Long-Term Coffee Intake Reduce Type 2
Diabetes Mellitus Risk?
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SUMMARY

This review reports the evidence for a relation between long-term coffee intake and risk of
type 2 diabetes mellitus. Several epidemiological studies have evaluated this association and
studies revealed a lower risk of type 2 diabetes mellitus with frequent coffee intake. Moderate
coffee intake (>4 cups of coffee/d of 150mL or >400mg of caffeine/d) has generally been
associated with improvement of risk factors for type 2 diabetes mellitus. Therefore, this
review highlights the current evidence for the intricate relationship between constituents’
coffee on reduction DM2 risk.

INTRODUCTION

Type 2 diabetes mellitus (DMZ2) is characterized by insulin resistance and/or abnormal insulin
secretion, resulting in a decrease in whole-body glucose disposal. Individuals with chronic
hyperglycemia, insulin resistance, and/or DM2 are at greater risk for hypertension,
dyslipidemia, and cardiovascular disease.

Although genetic factors may play a role in the etiology of DM2, there is now convincing
evidence that DM2 is strongly associated with modifiable factors, such as diet. Interestingly,
among the several factors present in diet, coffee, one of the most widely consumed non-
alcoholic beverages in Western society, is highlighted as a potent dietary-component
associated with reduced risk of several chronic diseases, including DM2 and its
complications. Coffee is a complex mixture of more than a thousand substances, including
caffeine (primary source), phenolic compounds (chlorogenic acid and quinides), minerals and
vitamins (magnesium, potassium, manganese, chromium, niacin), and fibers and several of
these coffee constituents have a possible role in glucose metabolism.

The present review provides an overview of the role of long-term coffee intake on the risks of
glucose tolerance, insulin sensitivity, and DM2.

COFFEE INTAKE AND TYPE 2 DIABETES MELLITUS

The association between the coffee intake and the risk of developing DM2 has been examined
by several researches. Data from a prospective study indicated an inverse association between
coffee consumption and the risk of DM2 in men independently of race, age or serum
concentration of magnesium. Individuals who drank at least seven cups of coffee daily had
50% lower risk to develop DM2 than those who drank two cups or fewer per day. However,
this study has not differenced the intake of caffeinated and decaffeinated coffee and didn’t
evaluate other sources of caffeine.
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Salazar-Martinez et al. evaluated the intake of coffee and caffeine from any sources and found
an association between coffee intake and the risk of DM2. Besides, this association was found
to be more prominent in women than in men and a protective effect of caffeine intake against
DM2 was also revealed.

In the Nurses' Health Study I, the researchers observed, after adjustment for several
variables, a lower risk of DM2 in women who consumed any dose of coffee when compared
to those who did not have this habit. This association was similar in both caffeinated 0.87 (Cl:
0.83-0.91), decaffeinated 0.81 (Cl: 0.73-0.90) and filtered coffee 0.86 (CI: 0.82-0.90),
suggesting that moderate, either caffeinated, decaffeinated or filtered, coffee consumption
decreases (13-19%) the risk of DM2 in young and middle-aged women.

The 11-year prospective lowa Women's Health Study, carried out with postmenopausal
woman verified that the intake of both types of coffee, caffeinated and decaffeinated, was
inversely associated to the risk of DM2. In accordance to this, the Nurses” Health Study I
(1989-1990) revealed a 16% lower concentration of C-peptide in individuals who ingested at
least 4 cups of caffeinated or decaffeinated coffee per day, indicating that the chronic
consumption of caffeinated/decaffeinated coffee might reduce insulin secretion since it
decreases C-peptide secretion, a marker of insulin secretion and reducing insulin secretion is
consistent with increased insulin sensitivity. The results from these studies indicate that coffee
constituents other than caffeine might have a protective role against DM2.

Additionally, an epidemiological study indicated that coffee processing seems to have an
effect in the risk of DM2 and pointed an advantage of the filtered coffee over the boiled one
(without filtering) in reducing the risk of DM2. Since the lipidic substances from coffee
grains, namely cafestol and kahweol, are removed in filtered coffee, it is reasonable to suggest
that these substances might act indirectly by increasing the risk of DM2. Moreover, another
epidemiological study observed that the protective effect of coffee intake depended on the
doses and a prospective study reported that both current and former (~20 ago) coffee
consumers had, respectively, 62% and 64% reduction in the risk of DM2.

As verified, not all studies have observed an inverse association between coffee consumption
and the risk of DM2. In fact, a Finnish cohort study didn’t report this association. In addition,
a study in Pima Indians, a population with high prevalence of DM2, didn’t find different
incidence of DM2 among coffee consumers and who those who never drink coffee.
Nevertheless, a systematic review elaborated from nine cohort studies supports the inverse
association between coffee consumption and the risk of DM2. The individuals who ingested
4-6 cups per day and those with higher intake (more than 6 cups of coffee per day) had 28%
and 35% lower risks of DM2 when compared to the lowest ingestion category (less than 2
cups or none daily).

Collectively, numerous epidemiological studies, systematic reviews and meta-analysis of
prospective studies observed reduction of DM2 risk occurs independently of caffeinated or
decaffeinated coffee intake, with largest inverse association for consumption of approximately
4 servings per day.

MECHANISMS UNDERLYING THE PROTECTIVE EFFECTS OF COFFEE
INTAKE ON DM2

Up to the moment, several mechanisms of action as well as the precise coffee constituent
responsible for the association between coffee intake and DM2 have been proposed.
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The hypothesis that coffee consumption lowers the risk of DM2 involves several possible
mechanisms as its likely effects on obesity and insulin sensitivity, which are important risk
factors for DM2. In accordance to this, Tagliabue et al. proposed that coffee consumption
might stimulate thermogenesis. Some studies showed that caffeine intake is inversely
associated with body weight gain and satiety. Lopez-Garcia et al., in his latest research of a
12-year follow-up assessing men and women showed that individuals who consumed coffee
lost more weight than those who did not.

Besides, a randomized, placebo-controlled and double-blind study with overweight and
moderately obese men and women noticed that the intake of a high-caffeine diet (~524 mg/d)
reduces body weight, fat mass and waist circumference, and increases the satiety, when
compared to a low-caffeine diet (~151 mg/d). Accordingly, Kovacs et al. observed that high
caffeine consumption (511 mg/d) led to higher satiety than low caffeine intake (149 mg/d).

Additionally, coffee influences the secretion of gastrointestinal peptides such as glucagon-like
peptide-1 (GLP-1) and gastric inhibitory polypeptide (GIP), lowering glucose absorption in
the small intestine, and activating central anorexigenic peptides (POMC/CART) as well as
inhibiting orexigenic peptides (AgRP/NPY). In accordance to this, McCarty reports a higher
GLP-1 production after the intake of drinks containing chlorogenic acid, such as coffee.
Another suggested mechanism is the direct stimulation of pancreatic beta cells by caffeine and
theophylline.

The beneficial effects of coffee’s constituents other than caffeine on insulin sensitivity should
be considered. Coffee is a major source of the polyphenol chlorogenic acid in the human diet
and may affect glucose metabolism by different mechanisms: increasing insulin sensitivity;
inhibiting glucose absorption; inhibiting or retarding the action of a-glucosidase; inhibiting
glucose transporters at the intestinal stage; reducing or inhibiting glucose-6-phosphatase
hydrolysis at the hepatic stage, what may reduce plasma glucose output, leading to reduced
plasma glucose concentration; and activate AMP-activated protein kinase (AMPK) in muscle.
Moreover, this chlorogenic acid neutralizes the deleterious effects of free fatty acids over the
function of beta cells in insulin-resistant overweight individuals, reducing the risk of DM2.
However, it is important to take into account potential confounding by other foods sources of
chlorogenic acid, such as apples.

Furthermore, it has been suggested that the inhibition of iron absorption by polyphenol
compounds present in coffee might be one of the mechanisms underlying the protective
effects of coffee intake on glucose metabolism as evidences points that higher body iron
stores are associated with an increased risk for DM2. In line with this, the induction of iron
deficiency in impaired glucose tolerant subjects has improved insulin sensitivity.

Each cup (237mL) of regular instant coffee has nearly 7mg of magnesium, a micronutrient
involved in glucose homeostasis. Preliminary data evidenced an association between low
dietary magnesium intake and insulin resistance. Accordingly, low plasma magnesium
concentrations were found in the Pima Indians, probably due to their high degree of insulin
resistance.

Collectively, the studies indicates that the coffee intake, caffeinated or decaffeinated, can
reduce the risk of DM2, being moderate coffee intake (>4 cups of coffee/d of 150mL or
>400mg of caffeine/d). Moreover, several substances other than caffeine, e.g. chlorogenic
acid and magnesium, have been suggested as responsible for the protective effect of coffee in
the risk of DM2. Although habitual moderate coffee intake seems to be safe and reduce the
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risk of DM2, referenced researchers in the theme state that it is early to recommend an
increase in coffee consumption as a public health strategy for preventing diseases.
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SUMMARY

Blanching and drying effect on the antioxidant capacity, fiber, total polyphenols,
anthocyanins, chlorogenic acid and caffeine content was evaluated in coffee pulp, as well as
its potential as an ingredient for human consumption. Pulp from organic coffee was submitted
to six different treatments that combined acidification, blanching and drying. These samples
were analyzed for antioxidant capacity, and results showed that blanched samples had higher
antioxidant capacity than the unblanched pulp and that drying temperature had no significant
effect on the antioxidant capacity. Total polyphenol content was not affected by treatment.
Total anthocyanins were higher for the treated samples than untreated ones. Chlorogenic acid
and caffeine contents were higher in acidified blanched and dry samples. Fiber content did not
change with any of the treatment.

INTRODUCTION

Coffee wet processing removes the exocarp and most of the mesocarp, resulting in the coffee
pulp. Coffee pulp represents about 263 million kilograms per year in Costa Rica mostly used
to make organic fertilizer through composting or vermiculture processes. However, reduced
space in some coffee mills to do composting or high costs to transport husk to processing
facilities cause serious environmental problem.

For a long time, secondary processes have been proposed for coffee by-products, in order to
obtain different products, such as: animal feed, organic fertilizer, pectin source, biogas,
ethanol, particleboards, mushroom substrate, organic acids, with no references indicating use
of coffee pulp in human foods.

Coffee pulp contains significant amounts of polyphenols, tannins and caffeine (1,3,7-
trimethylxanthine), representing an opportunity to obtain new functional ingredients to use as
food ingredients with high health benefits potential. Among coffee pulp polyphenols are low
molecular weight phenols, chlorogenic acid, tannins, anthocyanins and proanthocyanidins.

Anthocyanins provide the coffee cherry red pigment being cyanadin-3-rutinoside the major
anthocyanin. High phenolic compounds content, antioxidant activity and glucosidase inhibitor
of coffee fruit peels indicate that they impart health benefits.

In the wet process, fresh coffee husks are removed prior to drying and their red color is
rapidly degraded by the action of enzymes (peroxidases and polyphenoloxidases (PPO))
liberated by the damaged cells of the outer skin and pulp or by other oxidizing agents, such as
oxygen. Pulp color changes from a deep red when recently separated from coffee beans to a
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dark-brown color. Therefore, pretreatment before processing is necessary to reduce
phytochemicals changes to obtain a stable product.

Food industries has achieved browning control by PPO inhibitors, including ascorbic and
citric acids, that have been successful inhibiting the PPO in potatoes, apples, pears, grapes,
plums and lettuce.

A physical way to inactivate enzymes is blanching, usually combined with drying and
freezing. Blanching helps to maintain stability of the remaining phenolics during apple drying
process. Food dehydration is one of the most effective methods to ensure adequate
preservation of products. However, drying impact on a nutrient can be important, especially
when the process conditions are not controlled to minimize negative effects. High
temperatures applied during drying may cause degradation and change bioactivity of
thermally sensitive compounds, such as flavonoids. This degradation may be reduced by
pretreatments before the dehydration process, such as blanching or the addition of chemical
additives, to inhibit or reduce the thermal degradation of polyphenolics.

Fiber is another important component in coffee husk and it represents 21% of the total weight.
The main advantage of dietary fiber from agro by-products, when compared with cereals, is
its higher proportion of soluble dietary fibre.

The aim of the present study was to measure the effects of blanching and drying of coffee
pulp on its antioxidant capacity, fiber, total polyphenols, anthocyanins, chlorogenic acid and
caffeine content and its potential as a dried ingredient for human consumption.

MATERIALS AND METHODS

Arabica organic coffee pulp was collected immediately after crushing from Tarbaca region in
San Jose, Costa Rica. Coffee was pulped by a small pulper machine that was previously
sanitized. Ripe coffee cherries were washed very well with water before pulping.

Coffee pulp was immediately sprayed with a 5% citric acid solution stirring pulp constantly,
for about 2 minutes, and working with 1 k batch at a time. All samples were packed in
metallized bags and transported at low temperature to the University laboratories to be
processed. Two control samples were also obtained. About 500 g of coffee pulp without acid
treatment and another 500 g of acidified coffee pulp were frozen in liquid nitrogen and kept
frozen until analysis.

Blanching was applied to half of the acidified coffee pulp and the other half was not blanched.
Pulp batches were place in a small steam-jacketed kettle at 95 °C for 5 min.

The blanched and the unblanched coffee pulp batches were evenly distributed in single layers
(20 mm depth) on wire trays, which were then placed in a cabinet dryer with an air cross-flow
(2 zone Excalibur commercial dehydrator). Two different drying temperatures were used, 55
°C and 70 °C, for 5 h. Experimental design rendered six different treatments, four
combinations of blanched and unblanched samples at two drying temperatures and two
control samples without blanching and drying. Control samples were kept at -80 °C. All
treatments were done by triplicate. These samples were analysed for antioxidant capacity
using oxigen rate antioxidant capacity method, ORAC (dry matter basis).

Samples with high antioxidant capacity were analysed for total polyphenols caffeine, total
anthocyanins, and chlorogenic acid.
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Total fiber was measured in the highest antioxidant capacity sample and in the two control
samples, in dry matter basis. Method 991.43 from AOAC was used to quantify fiber.

The results were analysed by analysis of variance (ANOVA), when F was significant means
were compared by contrast test at p<0.05 using XLSTAT (2010).

Finally, product concept study was carried out to identify potential uses of treated coffee pulp.
Four potential products (biscuits, fizzy drinks, condiment and tea) with added dried coffee
pulp were evaluated. Fifty consumers were interviewed. Two products by consumer were
presented and they filled up a questionnaire.

RESULTS AND DISCUSSION

There were significant differences among the six treatments (p=0.002). Contrast analysis
allowed comparison of specific treatments. Only two contrasts were significant. Differences
between acidified coffee pulp without treatment and acidified non blanched and dried at 55 °C
and at 70 °C husks (p=0.002) were found, and differences between acidified non blanched
husks that were dried at both temperatures and acidified blanched and dried at both
temperatures husks (p<0.0001) were found.

As seen in Figure 1 blanched samples had higher antioxidant activity (487 and 492 umolTE /g
dry sample at 70 °C and 55 °C respectively) than dry samples without blanching (165 and 146
umolTE /g dry sample at 70 °C and 55 °C respectively). Therefore, blanching had a positive
effect on preservation of antioxidant compounds.
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Figure 1. Citric acid, blanching and drying effect on antioxidant capacity (dry matter
basis) in coffee pulp. (NABD Control: coffee pulp without acidification, blanching and
drying, NBD Control: coffee pulp with acidification without blanching and drying,
AD 55: coffee pulp acidified without blanching and dried at 55 °C, AD 70: coffee pulp
acidified without blanching and dried at 70 °C, ABD 55coffee pulp acidified blanched
and dried at 55 °C and ABD 70 coffee pulp acidified blanched and dried at 70 °C).

Blanching is a unit operation that seeks enzyme activity reduction. Blanched coffee pulp lost
less compounds with antioxidant activity due to PPO inactivation. Similar results were
obtained by Rossi et al. who found that PPO inactivation, through blueberry fruit steam
blanching prior juice extraction, significantly increased recovery of anthocyanins and
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phenolic compounds, and therefore gave a significant increase in the antioxidant activity of
the juices. Also other studies showed a decrease in the content of total polyphenol for
unblanched carrot peel dehydration and for apple pomace when same dehydration
temperatures were compared.

Acidified non blanched and dried at both temperatures husks resulted in lower antioxidant
content than acidified coffee pulp with neither blanching nor drying (165 umolTE / umolTE
146 g/ g dry sample at 70 ° C and 55 ° C respectively). Antioxidant compounds may be lost
by enzymatic action in unblanched samples exposed to hot air since the decrease was larger
than in acidified untreated husk that was not exposed to hot air. Other studies reported an
antioxidant activity decrease due to PPO action. Irreversible oxidative processes during
drying can reduce the antioxidant activity of red pepper and pre-treatments like blanching or
additives like SO, and CaCl, can improve the retention of vitamin C and antioxidant capacity.

The fact that there were no significant differences between two drying temperatures (55 °C
and 70 °C) applied to acidified and blanched husk as well between the same temperatures
applied to acidified unblanched husks indicated that temperature during drying process did
not have an effect on coffee pulp antioxidant capacity. Some reports indicate that dehydration
at high temperatures (i.e. 80 and 90 °C) shows higher antioxidant activity rather than at low
temperatures (i.e. 50, 60 and70 °C). This behaviour could be related to the drying process, at
low temperatures, which implies long drying times which may promote a decrease of
antioxidant capacity. Besides, in the present study both temperatures were applied during the
same time.

Several fruit antioxidant capacities from literature can be compared with these coffee pulp
values. Strawberries, plums and grapes antioxidant capacity is about 154 + 8, 79 + 2 and
36 + 1 umol TE /g dry sample respectively and they were lower than blanched and dried
coffee husks (70 °C or 55 °C) antioxidant activity in dry basis. These fruits are considered
antioxidant sources; therefore, dried coffee husk can be considered an antioxidant source also.

Treatments with higher antioxidant capacity were: non treated coffee pulp that was frozen,
acidified frozen coffee pulp and acidified blanched and dried at 50 °C and at 70 °C. Total
polyphenols, caffeine, chlorogenic acid and anthocyanins were evaluated in these four
tretaments.

ANOVA for coffee pulp total polyphenol content shows non-significant differences (p> 0.05)
among four treatments. Total polyphenols were not affected by treatments applied to coffee
pulp (freezing, acidification, blanching and drying). Samples received different treatments;
therefore, different mechanisms participated preserving their polyphenols. Coffee pulp PPO
was probably inactivated by blanching and citric acid addition, avoiding browning. On the
other hand, samples without neither acid nor blanching that were kept at -80 °C probably
formed an amorphous solid state or glass within the frozen food that reduced diffusion-
controlled reactions, in such a way that the enzymatic degradation could not occur.

Total polyphenol contents have been reported and they can be compared with coffee husk
polyphenols. Ulloa et al. reported a total polyphenol content of 20 mg gallic acid /g coffee
pulp that was dried at 60 °C for 24 hours in an oven. This value was lower than total
polyphenols, on a dry matter basis, of coffee pulp dried at 70 °C and at 55 °C (32 and 26
expressed as mg gallic acid /g dry sample, respectively). Also dry blanched acidified coffee
pulp polyphenol content was higher than blackberry, raspberry and strawberry juices,
indicating that acidified, scalded and dried coffee husk could be attractive to consumers for
healthy products.
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A different trend was observed for anthocyanins. Anthocyanin content, expressed as cyanidin
3-rutinoside, is shown in Figure 2.
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Figure 2. Total anthocyanins, in dry basis, for acidified blanched coffee that was dried at
either 55 °C or 70 °C and non-acidified and acidified coffee pulp without blanching and
drying. (NABD Control: coffee pulp without acidification, blanching and drying, NBD
Control: coffee pulp with acidification without blanching and drying, AD 55: coffee pulp
acidified without blanching and dried at 55 °C, AD 70: coffee pulp acidified without
blanching and dried at 70 °C, ABD 55coffee pulp acidified blanched and dried at 55 °C
and ABD 70 coffee pulp acidified blanched and dried at 70 °C).

There were significant differences among treatments (p = 0.001) according with the ANOVA.
Contrast tests found significant differences between no treated samples (non-acidified and
acidified without blanching and drying) and acidified, blanched and dried at 55 °C and 70 °C
samples (p = 0.0001). Coffee pulp without blanching and drying had the lowest anthocyanin
values (0.11 and 0.27 expressed as mg of cyanidin-3-rutinoside /g dry samples).

When contrasting acidified without blanching and drying sample (control sample) with
acidified, blanched and dried (at 55 °C and 70 °C) coffee pulps a significant difference was
also found (p = 0.0009), with a higher anthocyanin values obtained for the acidified, blanched
and dried at 55 °C and 70 °C samples. PPO in samples without blanching was active and it
displays great affinity for o-diphenols. Anthocyanins were reduced by enzymatic action, since
they can be degraded by polyphenoloxidase. Similar results were obtained by Rossi et al.,
who found that PPO inactivation, through a steam blanching blueberry fruit prior to the juice
extraction, significantly increased the recovery of anthocyanins.

There were not significant differences between acidified and no acidified coffee pulp without
blanching and drying (p > 0.05). Acid treatment by itself was not enough to retain
anthocyanins. It was expected that acidified samples would retain more antioxidants since red
color was preserved with citric acid. Citric acid and phosphate ions are known to act as
chelating agents upon the Cu-containing PPO. Copper complexation, at the active site of the
enzyme, results in enzyme inhibition, since copper is essential for PPO activity.

Significant differences (p = 0.048) were found in total anthocyanin content between acidified

blanched and dried at 55 °C sample and acidified, blanched and dried at 70 °C coffee pulp.

Acidified blanched and dried at 55 °C coffee pulp total anthocyanins values were higher than

coffee pulp acidified blanched and dried at 70 °C. Heat treatments cause destruction of
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anthocyanins especially at high temperatures, and, therefore, high temperatures and high
oxygen concentrations involved in air-drying process lead to rapid anthocyanin degradation.

When comparing anthocyanin content for acidified blanched and dehydrated at 55 or 70 °C
coffee pulp (0.73 and 0.55 expressed as mg of cyanidin-3-rutinoside /g dry sample,
respectively) with other fruits such as blackberry (1.83 mg /g of cyanidin-3 glucoside),
strawberry (0.10 to 0.80 mg /g of cyanidin-3 glucoside), blueberry (0.20 to 3.60 mg /g of
cyanidin-3 glucoside) and raspberry (0.20 to 2.20 mg /g of cyanidin-3 glucoside), coffee pulp
content was within range reported for these fruits which are considered high anthocyanin
sources. Therefore, dry coffee husk regardless of the drying temperature (55 or 70 °C), has an
anthocyanin concentration that could be interesting to produce healthy products.
Coffee pulp contains significant amounts of chlorogenic acid. ANOVA did not show
significant differences (p > 0.05) among treatments. Application of citric acid, blanching and
drying at 55 or 70 °C contributed to preserve chlorogenic acid. It must be pointed out that
chlorogenic acid can act as an intermediary in PPO enzymatic degradation of the
anthocyanins and therefore be decreased in samples were PPO is active. Control samples kept
frozen at -80 °C and acidified blanched samples did not suffer PPO action.

Moon et al. reported values between 61.15 to 86.42 mg chlorogenic acid /g dry sample in
fresh coffee beans. Clifford & Ramirez reported, for Arabica sundried coffee pulp, between
10.1 to 11.6 mg chlorogenic acid /g dry sample depending on the variety. These results are
similar than those of the present study when acidification, blanching and drying at 55 °C or at
70 °C were used in coffee pulps (12 mg of chlorogenic acid / g dry sample) and, therefore,
they could be a suitable raw material for the development of products that provide benefits to
the consumer.

Coffee pulp caffeine values were not significant different (p > 0.05) among treatments.
Caffeine content was between 15 and 16 mg/g dry sample and it was lower than brewed tea
and coffee caffeine content and higher than colas.

No significant differences were found among fiber content in different coffee pulp samples
(p> 0.05). Fiber content was between 35% - 38% in dry matter basis. Blanching did not
reduce fiber by leaching. Several studies reported a 20% in dry matter basis of fiber in fresh
coffee pulp. Therefore, dried coffee pulp can be a good fiber source.

The consumer concept study showed that coffee pulp was considered an innovative food that
can be an ingredient for tea infusions, condiments, cookies, bread and more. The idea that
consumers can have an ingredient with high antioxidant activity and fiber content was very
attractive.
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SUMMARY

The antioxidant capability of coffee polyphenols to inhibit red-meat lipid peroxidation in
stomach medium and absorption of malondialdehyde (MDA) in human was studied. Roasted-
ground coffee polyphenols were found to inhibit lipid peroxidation in stomach medium and
be 2-5 fold more efficient antioxidant than those of instant coffee. Human plasma from 10
volunteers after a meal of red-meat cutlets (250gr) revealed a rapid accumulation of MDA.
Accumulation of MDA in human plasma modified LDL known to trigger atherogenesis.
Roasted-ground coffee (200ml), consumed by 10 volunteers during a meal of red-meat
cutlets, inhibited postprandial plasma MDA absorption by 80% and 50%, 2h and 4h
respectively. The results obtained in-vitro simulated stomach model on MDA accumulation
were predictive for the amount of MDA absorbed into circulating human plasma, in-vivo.
Timing the consumption of coffee during the meals may transform it to a very active
functional food.

INTRODUCTION

Coffee consumption found to be potentially beneficial for health and decrease the risk of
coronary heart disease, type-2 diabetes, and possible other diseases. Atherogenesis may
results at least partly from processes that occur after ingestion of high-fat foods that contain
advanced lipid oxidation end-products (ALEs), some of which are cytotoxic and genotoxic
compounds. We demonstrated that the stomach could act as a bioreactor and be an excellent
medium for enhancing lipid oxidation and co-oxidation of vitamins and other dietary
constituents. Red-meat is oxidized in the stomach and this process contributed to absorption
and accumulation of cytotoxic ALEs, such as malondialdehyde, into rat and human blood
system. It was assumed that the gastrointestinal and especially the stomach are the main
location of polyphenols as antioxidants in human. Most recently we have demonstrated for the
first time (to the best of our knowledge) that absorption and accumulation in human plasma of
MDA, from a dietary source, increases in parallel the modification of low-density lipoprotein
(LDL) to MDA-LDL. Data supported the involvement of modified LDL in atherogenesis,
removal of blood circulating modified-LDL in mice results in complete prevention of
atherosclerosis progression. Phenolic compounds and phenolic-melanoidins are the main
groups of antioxidants found in coffee brews. Chlorogenic acids are the most abundant
polyphenols in green coffee, during coffee roasting a significant part of the polyphenols and
especially chlorogenic acid are oxidized and polymerized into high molecular weight coffee
melanoidins. The high molecular lipophylic antioxidants activity was on average 30-fold
higher in roasted coffee than in green coffee. We studied the antioxidant capability of coffee
to inhibit food lipid peroxidation in stomach medium and the effect of consuming coffee
during a meal of red-meat on accumulation of MDA in human plasma.
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MATERIALS AND METHODS

All coffee brands and fresh turkey red-meat were purchased at commercial stores in Israel.
Simulated gastric fluid (SGF) was freshly prepared accordingly to the U.S. Pharmacopeia
(U.S Pharmacopeia Inc. Rockville, MD, 2000).Coffee beverages brands: A-"Turkish" roasted-
ground coffee (Elite); AG- the same "Turkish" roasted-ground coffee (Elite) (98%) + 2%
powder of freeze-dried green coffee extract; B- Instant spray dried soluble coffee (Elite); C -
Instant freeze dried soluble coffee bland with green coffee beans extract (Nestle); D- Instant
freeze dried soluble coffee "Tester's Choice™ (Nestle). All coffee brands were purchased in
Israeli grocery stores and are commercially available. Roasted-ground coffee (5g) was
brought up to boiling in 200ml of water and the upper phase was taken for analysis. Instant
soluble coffee, spray-dried and freeze-dried (2.59) were dissolved in 200 ml of boiled water
and the supernatant was taken for analysis.

Preparation of green coffee freeze-dried powder (GCEP)

Green coffee extract as a freeze-dried powder (GCEP) was prepared by freeze drying of
Robusta green coffee beans, powdering by a grinding machine, solubilized the powder by
boiling water, and freeze-dried the extract into a powder. The powder was further extracted by
80% ethanol, the ethanol was evaporated under vacuum and the concentrate was freeze dried
into a powder.

Determination of total coffee polyphenols

The polyphenol contents of the coffee beverages were determined with Folin-Ciocalteau
reagent and calculated as chlorogenic acid equivalent.

Determination of coffee polyphenols by HPLC method

The coffee beverage after filtration was analyzed by a HPLC gradient system using two high
precision pumps (Varian ProStar, Walnut Creek, CA, USA); RP18 column (Licrosphere, 5
um; 254 x 4.6 mm, Merck, Darmstad), autosampler (Varian ProStar model 410) and UV
detector (Varian ProStar 325 Dual Wavelength UV-Vis Detector), operating at 325 nm.
Quantification of all other CGA was performed using the area of 5-CQA standard calibration
curve, combined with molar extinction coefficients.

Determination of lipid peroxidation in SGF

Red meat, lipid peroxidation was determined by hydroperoxide and MDA accumulation as
described by Kanner et. al.

Subjects

A randomized crossover study was conducted with 10 healthy subjects. This study was
conducted according to the guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects/patients were approved by the Hebrew University-
Hadassah Institutional Committee for Human Clinical Trials and the approval of the Israel
Ministry of Health Committee for Human Trials. Written informed consent was obtained
from all subjects/patients. Subjects were excluded if they had any metabolic disorders, were
taking dietary supplements, were smokers (1 cigarette/day), were heavy exercisers (4-30 min
of aerobic exercise/wk), or were drinkers (~5 U of alcohol/wk).
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The volunteers comprised four men and six women with normal blood lipid and glucose
levels, with a mean (xSD) age of 28.5+3.1 years. Each volunteer consumed, in a random
order, three different test meals on three different occasions separated by 1 wk. The subjects
were asked to fast 12 hours before the test meal and to avoid eating meat or fish products for 2
days before the day of the experiment.

Test meals

Turkey red-meat was minced in a MG-600 food processor (Kenwood, Japan), cooked as
cutlets on an electric grill for 6 min until well done, divided into 100g portions, and frozen at
—80°C pending the experiment. Three test meals consisted of A, control, composed of red
meat cutlets (250 g) and a glass of water (200 ml); B, composed of red meat cutlets (250 g)
and a glass of "Turkish"A roasted coffee (5g/200 ml, containing 550 mg of polyphenols); C,
composed of red meat cutlets (250g) and a glass of "Turkish" AG roasted coffee (59/200 ml
containing 620mg polyphenols). All meals were prepared in advance and kept at —-80°C
pending use (within 4 wk).

Determination of plasma malondialdehyde

Malondialdehyde was extracted from plasma as described previously. The supernatant was
reacted with TBA and filtered through a 0.2 pm membrane. A 25ul sample was injected into
an SCL-10A VP HPLC (Shimadzu, Japan), separated with a Lichrocart column, model RP-
18, 125-4S (Merck, Darmstadt, Germany), and detected with an RF-10AXL HPLC
fluorescence detector (Shimadzu, Japan) set at 532 nm excitation and 553 nm emissions. The
mobile phase consisted of a 35:65 (v/v) mixture of methanol and 0.05 mol/L potassium
phosphate buffers, pH 7, at a flow of 1 ml/min. MDA standard solution was used to generate a
standard curve and to spike plasma samples for determination of the recovery.

Statistical analysis

The results were subjected to repeated-measures analysis of variance (ANOVA) as a three-
period crossover design with in Stat version 3.01, (Graph Pad Inc.) software, followed by
application of the Student—-Newman—Keuls test.

RESULTS AND DISCUSSION

The results showed that a cup of 200ml coffee beverage from brands A, B, C and D contain
polyphenol amounts of 550, 511, 595 and 401 mg (chlorogenic acid equivalent)
respectively. The HPLC separation shows that the soluble polyphenols in dry green coffee are
mostly chlorogenic acids). Using chlorogenic acid (5-CQA) as standard for separation and
calculation, the freeze dried powder of green beans (GCEP) contain 80% polyphenols by
which ~50% of them are chlorogenic acids, in agreement with those reported in literature,.
The inhibition of red meat lipid peroxidation (determined by TBARS) by Turkish roasted-
ground coffee (A) in SGF is presented in Figure 1A. The inhibition of red meat lipid
peroxidation by coffee products is presented in Figure 1B. The most active antioxidant
beverage was found to be the roasted-ground coffee A following B, C and D. The inhibition
ICso of beverages A, B, C and D for 100g meat lipid peroxidation is 21, 32, 39 and 94ml
respectively. However, most of the people eat ~200g meat, and we would like to inhibit meat
lipid peroxidation by 100%. The calculation of 1C100/200g meat shows that for a total
inhibition of meat lipid peroxidation it is a need from beverages A, B, C and D of 168, 256,
312 and 752 ml, respectively. We determined the effect of two products of roasted-ground
coffee A and roasted-ground coffee AG (A enriched by 2% GCEP) on meat lipid peroxidation
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in stomach medium. Notably, coffee A and coffee AG contain 110 and 123 mg polyphenols
/1g DM, respectively. The results obtained in Figure 1C led to a paradox that increasing the
concentration of polyphenols increased the 1Csq by 2.5 fold, and coffee amount, for 1C140/200
g meat, from 168ml to 375ml. We confirmed the antioxidant decrease of coffee AG by
generation of hydroperoxides and accumulation of MDA.
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Figure 1. Coffee antioxidant activity in SGF.

A) Inhibition of red-meat lipid peroxidation by roasted-ground coffee A.

Control, no coffee (¢); 193.6umol/L. coffee polyphenols (m); 968 pmol/L coffee
polyphenols (A ); 1936 pmol/L coffee polyphenols(x).

B) Inhibition of red-meat lipid peroxidation (t 90min=100%) by coffee commercial
brands. Turkish coffee roasted-ground A (A); Coffee instant B (e); Coffee instant C (¢);
Coffee instant D (m).

C) Inhibition of red meat lipid peroxidation (t 90min=100%) by coffee A and AG.
Turkish coffee roasted-ground A (¢);Turkish coffee roasted-ground AG (A).

Data are presented as mean = SD for three parallels for each prepared sample.

Ten healthy volunteers consumed the meals on different days after an overnight fast. All the
volunteers consumed the same red-meat cutlets, drunken water or coffee beverages during the
meal bringing interaction of red-meat and coffee antioxidants for the first into the stomach
lumen.

After treatment A, postprandial levels of plasma MDA of volunteers increase by ~110nmol/L
after 4h and remained high after 6h. Drinking coffee A reduced significantly the absorption of
MDA. Consumption of cutlets and drinking of coffee AG inhibited less MDA absorption, (
Figure 2A). Changes in area under the curve (AUC) of plasma MDA concentration of 10
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volunteers after treatments A, B and C are presented in Figure 2B. The average changes in
area under the curve show a significant increase in MDA concentration after ingestion of
cutlets of red meat without coffee and a significant inhibition and reduction in MDA
concentration by drinking during the meal roasted-ground coffee A and AG Figure 2C.

MDA is the most abundant active carbonyl generated from lipid peroxidation in-vitro in food,
its concentration in red-meat could reach 300 umol / Kg, in-vivo it is also generated after an
oxidative stress. The MDA generated in the stomach seems to be critical for its transfer and
absorption into the blood system. Its absorption in the gastrointestinal tract is through N-E-(2-
propenal) lysine adducts, a more electrophilic active conjugated a-p-carbonyl, which modify
proteins through a schiff-base with basic amino-acids. Evaluation of MDA-lysine
bioavailability in rats showed incorporation in the small intestine and plasma. Modification of
LDL by MDA was found to be dependent on the increase of plasma MDA level following a
red-meat meal. Modified-LDL is one of the main initiators of atherogenesis and removal of
circulating modified-LDL results in complete prevention of atherosclerosis progression.

Roasted-ground coffee has an inhibitory effect (IC50) on muscle food lipid peroxidation of 2
to 5 fold higher than instant coffee per cup. We conclude that during production of the instant
coffee only the hydrophilic, more soluble and small polyphenols molecules are extracted.
Those molecules act less efficiently as antioxidants. Thus, the amount and ration between the
low molecular and high molecular weight polyphenols in coffee beverages affect the
antioxidant tone very significantly and could explain in part the difference results obtained
between the roasted-coffee brand A and coffee AG which contain more phenolic acids. Lipid
peroxidation in red-meat is mostly catalysed by an iron-redox cycle.The hydrophilic phenolic
acids in coffee AG seems to enhance especially pro-oxidative iron redox-cycle catalysis and
less scavenging of lipid free radicals and by this to decrease the overall antioxidant effect of
the system.

We determined the effect of two products of roasted-ground coffee A and roasted-ground
coffee AG (A enriched by 2% GCEP) on meat lipid peroxidation in stomach medium.
Notably, coffee A and coffee AG contain 110 and 123 mg polyphenols /1g DM, respectively.
The results obtained in Figure 1C led to a paradox that increasing the concentration of
polyphenols increased the IC50 by 2.5 fold, and coffee amount, for 1C100/200 g meat, from
168ml to 375ml. We confirmed the antioxidant decrease of coffee AG by generation of
hydroperoxides and accumulation of MDA.
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Figure 2. Inhibition of MDA accumulation in human plasma by coffee beverages. A.

A. Postprandial plasma MDA accumulation (average) in volunteers after test meal
of red meat (250g) and (200 ml) different beverages.

B. Area under the curve (AUC) of plasma MDA vs. 8h of 10 volunteers.

C. (Black), test meal and water;(Horizontal), test meal and Turkish coffee roasted-
ground A; (Diagonal), test meal and Turkish coffee roasted-ground AG.

D. Average absorption of MDA in plasma volunteers after 8h. Treatments
described in B.

E. Data are presented as meanSE.} Very significant p<0.006, *Significant p<0.05.

Our results revealed a rapid accumulation of MDA in plasma volunteers after a meal of red
meat cutlets. Consuming of roasted-ground coffee AG inhibited less the absorption of MDA
in plasma in all volunteers. These results correlate with the in-vitro study of simulated
stomach model system, showed a better inhibition of lipid peroxidation by coffee A than AG.

We found from human clinical trials, one from coffee and three from red-wine that the results
from in-vivo carbonyl modification of human plasma and in-vitro red-meat lipid oxidation in
SGF are in high correlation and very predictive. The results seem to be of great importance
for further investigation of the involvement of dietary polyphenols and other antioxidants on
human health. Recently several studies adopted our model systems.

Our study shows that coffee the most popular beverage in the world, supplying the most
significant portion of daily intake of dietary antioxidants, effectively control lipid
peroxidation in stomach medium and prevent postprandial absorption and plasma MDA
modification. We hypothesize that by timing better the consumption of coffee during the
meals we could transform coffee into a real active functional food (24).
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SUMMARY

In 2009, Wakaizumi et al. reported that Aspergillus oryzae, called “National fungus”, a
filamentous fungus or a mold, used to saccharify starch from rice into sugars in the sake
brewing industry can reduce acrylamide by acrylamide-degrading enzymes (amidase: EC
3.5.1.4) present in their mycelia. The main purpose of this study was to confirm the
acrylamide-reducing effect of A. oryzae during the production of ready-to-drink coffee on a
laboratory scale and to evaluate the properties of this treated coffee liquid. For the acrylamide
removal test, YPD medium was used and added cellulose fiber to immobilize the mycelia of
A. oryzae. After incubation, immobilized mycelia were washed with water. The immobilized
mycelia were then added to the coffee brew and incubated at 35°C. After that, the coffee was
collected to evaluate its quality. This strain degraded nearly all acrylamide in a 10 ppm-
acrylamide aqueous solution at 6 h, and this effect was also observed in a sample of
commercially extracted coffee. Caffeine, chlorogenic acid, and organic acid (citric, quinic,
malic, glycolic, lactic, acetic, and formic acids) contents in the treated coffee liquid tended to
decrease compared with that in the control coffee liquid. Flavor analysis by GC-MS showed
that the concentration of 1-propanol, ethyl acetate, 2-methyl-1-butanol, isobutyl alcohol, and
isoamyl alcohol, which are constituent elements in fruits, flower, wine, and sake, were
markedly increased in the treated coffee liquid compared with that in the control. Moreover,
the results of sensory tests by trained panels showed that the treated coffee had a fruity, sweet
floral flavor. We hope that these data will help make “acrylamide-free ready-to-drink coffee”
a practical reality.

INTRODUCTION

Acrylamide is a suspected carcinogen that is formed when sugar and the amino acid
asparagine are heated together, and is classified as a probable human carcinogen (group 2A)
by the International Agency for Research on Cancer (IARC). Since the release of a report by
Sweden’s National Food Administration in April 2002, consumers have had something else to
think about when choosing what to eat. Acrylamide is formed through reactions between free
amino acids and reactive carbonyls (e.g., reducing sugars) via the Maillard reaction typically
occurring at temperatures above 120°C. Although the relevance to human health of dietary
exposure to acryl amide is unclear, regulatory agencies such as the World Health
Organization (WHO) continue to encourage food manufacturers to take measures to reduce
acrylamide levels in processed foods. With regard to coffee, the acrylamide content is low
compared to potato chips and French fries. But people consume a lot of coffee in a day.
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The Joint FAO/WHO Expert Committee on Food Additives (JECFA) uses the Margin of
Exposure (MOE) approach to evaluate the risks of acrylamide to humans. MOE is the
quotient of the lowest dose of a substance causing a health issue divided by the estimated
intake of that substance by the general human population. According to the JECFA’s
calculations, MOE values for acrylamide carcinogenicity in humans are 300 for high
consumers and 75 for average consumers. These values were estimated by research on
mammary tumors in rats. Generally, MOE values less than 10,000 indicate that a substance is
“probably carcinogenic to humans.” JECFA therefore concluded that the presence of
relatively high levels of acrylamide in food is of human health concern.

On the other hand, there is a concept called the “Holistic approach.” While brewed coffee
does contain trace levels of acrylamide, there is no epidemiological evidence linking
consumption of those levels with a risk of cancer in humans. Moreover, the health benefits of
coffee (such as anticancer and antidiabetic effects) are often overlooked by public health and
regulatory authorities when assessing the overall safety of a food product. We definitely need
an assessment of the overall safety and benefits of the whole food product, and not just focus
on individual food carcinogens in isolation. However, some evidence has been found of an
association between dietary acrylamide and endometrial and ovarian cancers. In 2012,
Bongers et al. found that acrylamide may increase the risk of multiple myeloma and follicular
lymphoma in men. Little is currently known about adverse effects of very high intakes of
acrylamide in humans. Further studies are needed to determine the effects of trace amounts of
dietary acrylamide on cancer risk in humans.

In 2009, Japanese research groups reported that Aspergillus oryzae (called koji in Japanese; it
is a kind of mold) might be useful for reducing acrylamide levels in roasted tea. Some
scientists reported that there are enzymatic, agronomic, and other approaches for lowering the
acrylamide content in coffee, but there are no viable strategies for minimizing the acrylamide
content without adversely affecting the sensory qualities. For this reason, we thought it was
worth trying a microbiological approach for reducing acrylamide levels in coffee. The
objectives of this investigation were to control acrylamide removal by A. oryzae, and to
explore the feasibility of producing ready-to-drink coffee. A. oryzae is on the FDA’s
Generally Recognized as Safe (GRAS) list.

MATERIALS AND METHODS
A. oryzae strain

Previously, we developed self-cloned A. oryzae strain that was used for this work (It carries 4
amidase transgenes in its genome). A. oryzae produces an amidase, an enzyme that converts
acrylamide into acrylic acid. The acrylic acid is metabolized into various intermediate
compounds before being incorporated into the TCA cycle and ultimately converted to H,O
and CO,. Amidase is an inducible enzyme, but this self-cloned strain does not need pre-
cultivation to activate the amidase genes. Figure 1A shows relative amidase gene expression
for the parent and self-cloned strains, as determined by real-time PCR. The rate of amidase
transcription in the self-cloned strain was 21,000 times higher than that in the parent strain.
Figure 1B shows specific activities of amidase in the parent and self-cloned strains. Amidase
activity was 42 times higher in the self-cloned strain than in the parent strain. The important
point is that acrylic acid is also a carcinogen, so acrylamide removal by degradation with
amidase is not a useful process.
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Figure 2. Change in acrylamide content (10 ppm aqueous solution).

Subsequently we evaluated the abilities of A. oryzae strains to reduce the concentration of
acrylamide in solution. As shown in Figure 2, 150 mg of A. oryzae No. 100, a well-known
strain, lowered the acrylamide concentration by almost 10 ppm in about 6 hours. The self-
cloned strain was also able to reduce acrylamide levels, but this strain does not need pre-
incubation to induce amidase. Acrylamide removal by both strains was much faster when the
mycelia were immobilized on cellulose fiber as compared with using the free mycelia.

For the acrylamide removal test, YPD medium was used and added cellulose fiber to
immobilize the mycelia. Growth was carried out in a shaking incubator at 100 rpm for 3 days
at 30°C. After incubation, immobilized mycelia were washed with water. The immobilized
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mycelia were then added to the coffee brew and incubated at 35°C. After that, the coffee was
collected to evaluate its quality (Figure 3).

' ™
Mycelia: self-cloned A. oryzae

Medium: 40 mL of YPD medium (pH 6.5)
(1% yeast extract, 2% peptone, 2% glucose)

Incubation for growth: 3 days at 30°C, 100 rpm

(Immobilized with 0.5 g of cellulose fiber:4 mm X4 mm X 4 mm])
AN J

¢

| Wash with water |
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|Add to the brewed coffee (40 mL) |
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Figure 3. The protocol for the acrylamide removal test.
Coffee samples

Roasted coffee beans (Coffea Arabica; from Brazil) were ground (L value was 17.7). The
coffee was brewed with hot water at a 17:1 ratio of water to ground coffee. The brewed coffee
contained 2% soluble solids.

Evaluation of the treated coffee
Acrylamide content

The acrylamide content was analysed by GC/MASS QP2010 (Shimadzu corp., Kyoto, Japan),
where conditions were as follows: GC condition: needle temperature, 120°C; Carrier
Gas,110kPa; Column, ZB1 (0.32mm i.d. thickness, 3.0 micrometer); column temperature,
40°C (5min)-5°C / min -60°C-15°C / min-250°C (3min); Helium pressure, 80kPa; inserting
temperature, 250°C; split ratio, 0; split flow, 20.4ml/min. Mass-spectrometer condition:
interface temperature, 300°C; SIM sampling ratio, 0.2sec. A solid phase extraction procedure
was applied for clean-up and sample pre-concentration before acrylamide measurement.

Aroma compounds

Fifty kinds of aroma compounds were measured with a GC/MS QP2010 (Shimadzu corp.,
Kyoto, Japan) with HS-sampler HS-40EX (Perkin Elmer Japan Co, Ltd., Yokohama, Japan).
GC-MS conditions were the same as described above. Headspace sampler condition: ample
temperature, 60°C heating time 30min; Transfer temperature, 180°C.

Polyphenol content

Chlorogenic acids (mono-caffeoylquinic acids, feruloylquinic acids, and di-caffeoylquinic
acids) were analysed by the method of Matsui et al.
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Organic acids content

Eight kinds of organic acids contents were measured by HPLC. The collected sample was
subjected to GL-7480 system (GL Sciences Inc., Tokyo, Japan), where the conditions were as
follows: Column, Shodex RSPack KC-811(30cm x 8mm i.d. x 4); Column temperature, 60°C;
Mobile phase, 3mM HCIO,/ H20; flow rate, 1ml/min; labeling solution, 15mM Na;HPOs,,
2mM NaOH, and 0.2mM BTB; detector: UV 445nm.

The sensory test

The sensory test was carried out by 11 trained panelists (7 men and 4 women; average age:
30.5 years). The selected evaluation terms were “flower-like,” “fruit-like,” “caramel-like,”
“acidity,” “bitterness,” “astringency,” “body,” and “after taste,” as have been used in some
previous studies. The evaluation scales used a 9-level rating system, from -4 to +4, with the
ratings provided by the panelists. The panelists frequently commented on the treated coffee
over the course of the sensory test. The statistical analyses were performed with SPSS 16.0J
for Windows (SPSS Inc., Chicago,IL, USA), and the level of the significance was set at under
5%.

RESULTS AND DISCUSSION
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Figure 4. Change in acrylamide content in the coffee brew.

Figure 4 shows the changes in acrylamide levels in the coffee. Acrylamide was reduced to
54% after 16 hours. As described before, this strain lowered acrylamide by almost 10 ppm
aqueous in about 6 hours in a preliminary test without the coffee components.

One difference is that the coffee contained much less acrylamide: in ppb instead of ppm. The
results depended on the quantity of mycelia added and the incubation time. We repeated the
test using a thinner coffee brew (soluble solids: 1.2%), and the acrylamide content was found
to have reduced to 84%. Further studies are needed to optimize the process by, for example,
increasing the quantity of mycelia added to accelerate the removal because it is not practical
to incubate coffee for 16 hours.
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Figure 5. Changes in the levels of caffeine, organic acids, and chlorogenic acids in the
coffee brew.

Figure 5 shows the changes in the levels of caffeine, organic acids, and chlorogenic acids in
the coffee brew. Caffeine and mono-caffeoylquinic acids (mono-CQAS) decreased by about
15% after 16 hours. Generally, organic acid content in the coffee is closely associated with its
quality. These decreased by only 6% after 16 hours. Fifty aroma compounds analysed that
were the most enhanced following self-cloned A. oryzae treatment are listed in Table 1. The
concentrations of 1-propanol, ethyl acetate, and 2-methyl-1-butanol in the coffee were 15.5, 9,
and 8.7 times higher than the untreated control. These alcohols and esters give coffee
“alcoholic,” “fruit-like” and “sweet” flavor characteristics. These flavors are possibly a result
of the metabolites released into the coffee from the mycelia.

Table 1. Aromatic components enhanced by self-cloned A. oryzae treatment.

Enhanced ratio after

Volatile compounds Sensory features 16-h treatment
1-Propanol Alcohol-like, sweet 15.5
Ethyl acetate Fruits-like 9.0
2-Methyl-1-butanol Fruits-like (Grape), pungency 8.7
Isobutyl alcohol Sweet 7.3
Isoamyl alcohol Fruit-like (Banana), wine-like 6.2
Ethanol Alcohol-like 27
2-Pentanon Fruit-like, ether-like 2.2
Pyridine Roasted 1.2
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Figure 6. The results of the sensory test.

Figure 6 shows the results of the sensory test. No significant differences have observed over
the course of the sensory test. However, the score for “flower-like” flavor increased; on the
other hand, the score for “bitterness” and “body” flavors decreased with increased treatment
time. These results suggest that the panelists evaluated the treated coffee as smooth and mild
flavors. The panelists commented that the coffee has a characteristic flavor, one that is
associated with Sake or alcohol. These results suggest that the sensory score and comments
are related to increased levels of alcohols and esters in the treated coffee. It is suggested that
treatment conditions (time, temperature, amount of mycelia, etc.) can be manipulated to
achieve the optimal product and process. These results provide us with significant insights
into how to develop acrylamide-free ready-to-drink coffee.
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Effects of Oxidative Component-Reduced Coffee Containing
Higher Levels of Chlorogenic Acids on Blood Pressure,
Body Fat, and Energy Metabolism in Humans
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Health Care Food Research Laboratories, Kao Corporation, Japan

SUMMARY

Hydroxyhydroquinone, pyrogallol, and hydroquinone, all of which generate reactive oxygen
species, are produced as oxidative components (OCs) by green coffee beans during the
roasting process. These OCs are thought to inhibit the reported beneficial effects of
chlorogenic acids (CGA) in coffee. Therefore, we developed an oxidative component-reduced
(OC-R) coffee by removing most of the roasting process-derived OCs while maintaining a
large amount of CGA. The effects on blood pressure, body fat, and energy metabolism were
then analyzed in clinical trials in humans.

Study A.

The antihypertensive effect of OC-R coffee containing CGA was evaluated in high-
normotensive and mildly hypertensive adults, using a double-blind, randomized controlled
study design. The subjects drank one can of Active or Placebo coffee daily for a period of 12
weeks. Systolic blood pressure (SBP) was significantly lower in the Active group (n=49) than
in the Placebo group (n=51) throughout the intervention period.

Study B.

The effects of coffee with or without OCs on blood pressure were evaluated. The protocol and
method were the same as for Study A, except the Control coffee (Roasted Coffee) contained
OC and CGA. The results were similar to those in Study A. These results suggest that the
intake of OC-R coffee improves blood pressure.

Study C.

The preventive effect of OC-R coffee against body fat accumulation was evaluated in obese
adults using the same Active and Placebo coffee as used in Study A. Body weight was
significantly lower in the Active group (n=53) than in the Placebo group (n=56).

Study D.
To investigate the mechanism underlying the anti-obesity effect, energy metabolism after
ingestion of OC-R coffee was evaluated in a double-blind cross-over study. Postprandial

oxygen consumption and fat utilization were significantly enhanced in the Active group
compared with the Placebo group.
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INTRODUCTION

Green coffee bean extract, chlorogenic acids (CGA), and ferulic acid, the CGA metabolite,
have antihypertensive effects in animal studies. Among various antagonists and blockers,
intravenous injection of a nitric oxide (NO) synthase inhibitor inhibits the effect of ferulic
acid, suggesting that the mechanism underlying the antihypertensive effect of CGA is
associated with NO-mediated vasodilation by vascular endothelial cells. A previous study in
humans reported that ingestion of a drink containing 140mg of CGA significantly decreased
SBP and increased the vasodilation response as an index of vascular endothelial function.

On the other hand, however, coffee consumption is also associated with a slight increase in
blood pressure. We recently demonstrated in an animal study that hydroxyhydroquinone
(HHQ), an OC produced by roasting green coffee beans, inhibits the antihypertensive effects
of CGA in a dose-dependent manner.

Therefore, we developed an OC-R coffee by removing most of the roasting process-derived
OC by the absorption process while maintaining a large amount of CGA. The effects on blood
pressure, body fat, and energy metabolism in humans were then analyzed in clinical trials.

METHODS
Study A

The purpose of this study was to evaluate the antihypertensive effect of OC-R coffee
containing CGA in high-normotensive and mildly hypertensive adult men and women.
Commonly consumed commercially available roasted coffee products contain CGA and OCs,
such as HHQ. Two test beverages (Active and Placebo) were used in this study (Table 1).
Before ingesting the test beverage, subjects were randomly assigned to one of two groups
(Active and Placebo group). During the trial period, the subjects were given the following
instructions: drink one can of Active or Placebo beverage daily for 12 weeks; continue usual
dietary habits.

Study B

The purpose of this study was to evaluate the effect of coffee with or without OCs on blood
pressure in high-normotensive and mildly hypertensive adult men and women. Two test
beverages (Active and Control) were used in this study (Table 1). The Control beverage was a
common coffee product containing OC and CGA. The protocol and method were the same as
for Study A, except the Control beverage was used instead of the Placebo beverage.

Study C

The purpose of this study was to evaluate the anti-obesity effect of OC-R coffee containing
CGA in overweight or obese adult men and women. Two test beverages (Active and Placebo)
were used in this study (Table 1). The protocol and method were almost the same as for Study
A.

Study D

The purpose of this study was to evaluate the effect on energy metabolism to gain insight into
the mechanism underlying the anti-obesity effect of CGA with a double-blind, randomized
controlled cross-over design. Two test beverages (Active and Placebo) were used in this study
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(Table 1). After a 1-week intervention period, energy metabolism was evaluated by indirect
calorimetry after fasting and up to 3.5 h postprandially.

Table 1. Composition of test beverages.

Active beverage  Placebo beverage  Control beverage

Chlorogenic acids (mg) 297 - 359 0-2 299
Hydroxyhydroquinone (mg) 0.05 0.02 1.69
Caffeine (mg) 77-82 78 -81 75
Energy (kJ) 24 -29.3 22-29.3 37.7

The test beverages were prepared as a canned Ready-to-Drink beverage (184mL or 1859).
RESULTS AND DISCUSSION
Study A

Throughout the 12-week intervention period, SBP was significantly lower in the Active group
than in the Placebo group (Group effect, p=0.044, Table 2). A clear, although non-significant
difference in DBP, was also observed between groups (Group effect, p=0.059). Changes in
the forearm arterial blood flow as an index of vascular endothelial function were improved in
the Active group after the 12-week intervention (data not shown). No clinically significant
side effects were noted in a safety evaluation (data not shown).

Table 2. Changes in blood pressure in high-normotensive and mildly hypertensive
subjects in Study A.

Active Placebo Estimated difference (95%CI)
SBP (mmHg) Baseline 1404 + 1.3 1411 + 1.2
4wk 1355 + 15 1378 + 1.6 -1.9, (-5.5:1.7)
8wk 1356 + 15 1380 + 1.8 -1.9, (-5.9: 2.1)
10wk 1359 + 1.6 140.7 £ 14 -4.4, (-8.3: -0.6)
12wk 1356 £ 15 1396 £ 15 -3.6, (-7.6: 0.3)
Group p 0.044
DBP (mmHg) Baseline 86.7 + 0.8 87.2 + 0.8
4wk 849 + 1.0 85.9 £+ 0.9 -0.8, (-3.1: 1.5)
8wk 85.2 + 1.0 86.2 + 0.9 -0.8, (-3.2: 1.7)
10wk 834 + 1.0 86.5 + 1.0 -2.9, (-5.7:-0.2)
12wk 840 £ 1.0 86.2 + 1.0 -1.9, (-4.6: 0.7)
Group p 0.059

mean+SEM. n; Active = 49, Placebo = 51.
Estimated difference between Active and Placebo groups at each week and 95% confidence
interval by a linear mixed-model.

Study B
Throughout the 12-week intervention period, the Active group had a significantly lower SBP
than the Control group (Group effect, p=0.031, Table 3). No clinically problematic effects in

individual subjects were noted in the safety evaluation (data not shown).
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Table 3. Changes in blood pressure in high-normotensive and mildly hypertensive
subjects in Study B.

Active Control Estimated difference (95%Cl)
SBP (mmHg) Baseline 139.8 + 1.2 1406 = 1.0
4wk 1352 + 14 1400 + 14 4.2, (-7.2:-1.3)
8wk 136.0 + 14 1384 + 15 -1.8, (-5.2: 1.6)
10wk 1375 £ 15 140.8 + 1.3 -2.6, (-6.2: 0.9)
12wk 139.0 £+ 15 1430 + 16 -3.4, (-7.3:0.5)
Group p 0.031
DBP (mmHg) Baseline 88.2 + 0.8 88.2 + 0.6
4wk 85.3 £ 0.9 86.7 £ 0.9 -1.3,(-3.4:0.7)
8wk 86.3 £ 0.8 87.6 £ 1.0 -1.2, (-3.3: 1.0)
10wk 87.0 £ 1.0 88.9 £ 1.0 -1.8, (-4.3: 0.7)
12wk 884 £ 0.9 89.8 £ 1.0 -1.4,(-3.8:1.1)
Group p 0.092

mean+SEM. n; Active = 51, Control = 47.
Estimated difference between Active and Control groups at each week and 95% confidence
interval by a linear mixed-model.

These studies demonstrated that ingestion of OC-R coffee for 12 weeks significantly
decreased SBP in the Active group compared with the Placebo and Control groups.

These findings suggest that CGA in coffee has antihypertensive effects and OCs in coffee
inhibit the beneficial effects of CGA. Therefore, reducing the OC content in coffee can
improve blood pressure.

Suzuki et al. reported that ingestion of HHQ-free coffee improved vascular endothelium-
dependent vasodilation concomitant with an increase in NO bioavailability and a decrease in
NADPH-dependent superoxide anion (O2) production. These findings suggest that CGA
inhibits the production of excess reactive oxygen species and improves NO bioavailability,
thereby improving vascular endothelial function, and this may be one of the mechanisms
underlying the blood pressure-lowering effects.

Study C

Body weights of the Active (n=53) and Placebo (n=56) group were 75.8+1.4 kg and 75.6+1.6
kg (mean+SEM) at baseline, respectively. After the 12-week consumption, body weight was
significantly decreased in the Active group compared with the Placebo group (Group-by-time
interaction, p<0.05, data not shown). Other visceral fat areas and waist circumference were
significantly lower in the Active group than in the Placebo group (data not shown). No
adverse events attributable to the ingestion of CGA were noted.

Study D

Seven healthy men randomly consumed either the Active or Placebo beverage in a crossover
design. After a 1-week intake period of the test beverages, postprandial oxygen consumption
and fat utilization in sedentary conditions were significantly enhanced in the Active group
compared with the Placebo group (data not shown). These effects on energy metabolism may
partially underlie the anti-obesity effects observed in Study C. These findings suggest that
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daily consumption of OC-R coffee could contribute to the prevention of fat accumulation by
enhancing fat utilization as energy.
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SUMMARY

Coffee consumption contributes to the control of Type 2 diabetes mellitus (metabolic
syndrome), Parkinson’s disease, liver disease and perhaps depression, suicide risk, dementia,
and migraine. Moderate coffee intake, below 300mg per day in adults, or 3mg/kg in children,
will not increase the risk for stroke, arrhythmia, hypertension, cardiovascular disease, cancer,
infection, complications of pregnancy, calcium imbalance, bone disease, or kidney stones.
Finally, coffee may be associated with a variety of adverse but relatively inconsequential side
effects such as sleeplessness, heart palpitations and urinary frequency.

INTRODUCTION

Quality over quantity is an emerging market consideration for heavy coffee drinkers. From
the roaster-retailer’s standpoint, these changes in public opinion are increasing the demand for
specialty coffee. Specifically, they are focusing the public’s attention on brewing techniques,
caffeine content, and quality. From the public’s perspective, coffee in moderation is regarded
as generally beneficial and, with minor qualifications, seldom harmful.

MATERIALS AND METHODS

The author’s material consisted of his experience as a practicing physician, clinical research
collaborator and coffee roaster-retailer. The methods consisted of an extensive review and
focused summary of relevant technologies and findings.

RESULTS AND DISCUSSION

The major results in this review came from large western European databases. The studies
were consistent and reproducible.

Modern advances in cell biology have provided laboratory confirmation of data based
epidemiologic studies. High performance liquid chromatography has been used to identify the
molecular composition of coffee. Mass spectroscopy has been employed to define the
chemical structure of each molecule of interest.

Recent biomedical discoveries have come from our ability to selectively “knock out” genes
coding for specific molecules one gene at a time. Hence, every human disease including
neurodegenerative and metabolic disorders has a corresponding mouse model. Coffee related
health issues are no exception.

Four agents found in coffee affect health: caffeine, diterpenes, chlorogenic acids, and niacin.
Caffeine in the brain acts by a variety of chemical and electrical mechanisms. Relevant effects
include control of Parkinson’s disease, cognition, performance, and perhaps migraine. In the
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liver, acute caffeine administration impairs glucose tolerance, but increases insulin sensitivity,
and promotes energy metabolism. Chronically, coffee administration improves glucose
tolerance. Caffeine is also a diuretic and a selective smooth muscle relaxant. Whereas, there is
nothing to unsubstantiate the use of caffeinated coffee in moderation, there remains a
significant and growing demand for quality, whole bean, decaffeinated coffee.

The diterpenes, cafestol and kahweol, are associated with increased enzymes which may
contribute to increases in cholesterol. They are absent in coffee brewed with filtration. The
adverse effect on cholesterol is marginal but sufficient to contribute to the increasing demand
for filtration brewing in preference to boiled or steam extraction techniques.

Chlorogenic acid and cinnamic acid are polyphenol antioxidants. Resveratrol, another
antioxidant, is of intense interest to the lay public even though there are few reports validating
its clinical relevance.

Finally, one of five micronutrients may be important Niacin in conventional coffee usage may
modify lipids and thus contribute to the control of atherosclerosis. It also corrects pellagra.
The other four, magnesium, potassium, zinc, and vitamin E, are only 0.1-5% of recommended
daily requirements.

Caffeine and caffeine-related methylxanthenes inhibit HIV-1 replication. No epidemiologic
data have been reported.

Low acid coffees are hitting the markets as a coffee source that provides symptom relief for
consumers with dyspepsia, diarrhea, bloating, pain, and irregular defecation. Coffee increases
gastrointestinal motility but lifestyle studies suggest that the dyspepsia’s are the consequence
of food intolerance rather than the cause.

Advocates of organic coffee cite the use of potentially carcinogenic pesticides in standard,
non-organically grown coffee. However, one German study tested pesticide residues in raw
and roasted coffee and their degradation during the roasting process. The residues were
reported to be reduced to insignificant amounts during the roasting process.

Epidemiologic data do not support dietary acrylamide intake as an important public health
factor for cancer risk. Genetically modified food products are subject to intense market
pressure without underlying scientific validation.

In a recent frequently cited study, regular coffee consumption was not associated with
increased mortality rate in either men or women.

From the health standpoint, coffee consumption contributes to the control of type 2 diabetes
mellitus (metabolic syndrome), Parkinson’s disease, liver disease, bone disease, and perhaps
depression and suicide risk, dementia, and migraine,. Moderate coffee intake, below 300 mg
per day in adults, or 3 mg/kg in children, will not increase the risk for stroke, arrhythmia,
hypertension, cancer, complications of pregnancy, kidney stones, as well as HIV,
acrylamides, genetics, or mortality. Finally, coffee in excess of three cups per day may be
associated with a variety of adverse side effects such as sleeplessness, heart palpitations and
urinary frequency.

From the public’s perspective, coffee in moderation is regarded as generally beneficial and,
with minor qualifications, seldom harmful. As a result, the demand for specialty coffee is
increasing.
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Does Coffee Prevent Prostate Cancer?

L. W. JONES

Huntington Medical Research Institutes and Jones Coffee Roasters
Pasadena, CA, USA

SUMMARY

Heretofore, coffee has not been shown to decrease the risk of prostate cancer. With the advent
of an understanding of the large cohort of low risk, nonlethal disease, there is a possibility that
coffee with or without caffeine may prevent prostate cancer as reflected by the reduction of
high risk, lethal disease in the coffee drinking cohort. Confirmatory population studies should
be pursued. Standard murine models for high risk prostate cancer are available and should
also be utilized to address this issue.

INTRODUCTION

Prostate cancer preoccupies coffee drinkers. Approximately, one in 9 coffee drinkers has
prostate cancer. For many, their prostate cancer might never have been discovered without
screening. For others, their prostate cancer is lethal. Preventive measures include control of
weight and cholesterol. Benefit from selenium and vitamin E has not been substantiated.
Active surveillance rather than conventional definitive therapy is now currently recommended
for low risk individuals because their disease is likely to be nonlethal. It is only the minority
of high risk individuals who warrant aggressive prophylaxis and treatment. High risk
individuals have poorly differentiated histology, advancing tumor size and/or spread, an
escalating prostate-specific antigen and/or a risky genome.

Coffee’s antioxidants have been credited with playing a preventative role with regard to some
major health problems such as diabetes type II, dementias and Parkinson’s disease but not
cancer. Recent developments in our understanding of prostate cancer justify a review of
whether coffee may prevent this disease.

Prostate cancer has similarities with other major cancers such as those arising from breast and
bowel. However, in other ways, it is unique. Fifty percent of men aged eighty and older have
been found at autopsy to have prostate cancer yet the vast majority died of other causes.
Moreover, prior to screening the vast majority of these cancers remained undiscovered. Men
died with the disease rather than of the disease.

In the laboratory, antioxidants have been shown to be anti-proliferative. Two switch points are
glutathione S-transferase pi (GST pi) and hypoxia-inducible factor-1 alpha (HIF-1 alpha). A
possible mechanism of action for one of coffee’s antioxidants, resveratrol, is induction of
DNA damage response and cell death. It is not mutagenic. It has been proposed as a
chemotherapeutic agent. The antioxidant activities of coffee are similar regardless of brewing
technique or caffeination. The United States Task Force on screening recently cited two
epidemiologic studies as evidence that screening for prostate cancer might not save lives.

In another recent study, using the Harvard Health Professionals Follow-up Study database, a
subset of high risk prostate cancer target men with symptomatic disease and disease specific
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mortality. The influence of anti-inflammatory drugs and antioxidants on prostate cancer has
been extensively measured but the influence of tumor risk was not addressed. Results from
clinical trials have been mixed. For example, a prospective study of selenium and vitamin E
was halted before completion because the controls did better than the recipients of the agents.

MATERIALS AND METHODS

The Harvard Health Professionals Follow-up Study involved 51,529 male health professionals
at baseline from 1986 to 2008. It included biennial health outcomes reports. Five food
frequency questionnaires were completed during the course of the study, including intake of
decaffeinated and regular coffee.

Most importantly those men reporting prostate cancer were separated into low and high risk
groups. The groups were developed on the basis of advanced and/or lethal cancer versus non-
advanced cancer. Criteria for assignment included extent of disease (stage) and microscopic
appearance (Gleason score). Extent of disease was based upon the World Health Organization
TNM classification and microscopic appearances were judged by Gleason scoring of
glandular morphology.

A subsequent study from Glasgow, Scotland concentrated on the microscopic appearance
(Gleason score) in a prospective cohort of 6,017 men. Hazard ratios were determined for
Gleason specific prostate cancer by coffee consumption categories.

RESULTS AND DISCUSSION

In the Harvard study, the strongest associations were for lethal and advanced prostate cancer.
The age related incidence rates of lethal prostate cancer for heavy coffee drinkers and non-
coffee drinkers were 34 and 79 per 100,000 person-years, respectively. (P=.03 for lethal
cancer and P=.004 for advanced cancer). Results were similar for drinkers of caffeinated or
decaffeinated coffee.

In the Glasgow collaborative study, the hazard ratio reduced significantly from no coffee to 3
or more cups/day among those with high Gleason score. P value for trend was 0.03. No other
significant differences were identified.

In a parallel study of tea drinking men, the Gleason group failed to find an association of tea
intake with Gleason score.

The United States Preventive Services Task Force report on prostate cancer screening has
underlined the large proportion of prostate cancer that is low risk, nonlethal and probably
would not have been identified in the absence of prostate cancer screening. It is this subset
that probably masked previous attempts to identify a positive role for coffee in reducing the
risk of clinical, high risk and lethal disease.

The lower incidence was also observed in decaffeinated coffee drinkers; it was not observed
in tea drinkers. Polyphenolic antioxidants have not been shown to alter the risk of prostate
cancer. However, further studies are indicated to investigate the likelihood of these
antioxidants playing a role in controlling the small subset of high risk prostate cancer patients.
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Y.NARITAY? K. INOUYE!

!Division of Food Science and Biotechnology, Graduate School of Agriculture,
Kyoto University, Kyoto, Japan
’R&D Center, UCC Ueshima Coffee Co., Ltd., Osaka, Japan

SUMMARY

Coffee is a popular beverage throughout the world and is a major source of dietary
polyphenols, particularly chlorogenic acids (CGASs). In this study, the inhibitory effects of
nine types of CGAs [3-caffeoylquinic acid (3-CQA), 4-CQA, 5-CQA, 3-feruloylquinic acid
(3-FQA), 4-FQA, 5-FQA, 3,4-dicaffeoylquinic acid (3,4-diCQA), 3,5-diCQA and 4,5-
diCQA] from green coffee beans and eight cinnamate derivatives [cinnamic acid (CiA), m-
methoxycinnamic acid (m-MCiA), p-methoxycinnamic acid (p-MCiA), ferulic acid (FA),
isoferulic acid (IFA), p-coumaric acid (p-CoA), m-coumaric acid (m-CoA), and
dihydrocaffeic acid (DHCA)] against porcine pancreas a-amylase isozyme | (PPA-I) were
evaluated and the inhibition modes were modeled for each compound by kinetic analysis
using Hanes—Woolf plots. All CGAs used in this study had inhibitory effects on PPA-I. 3-
CQA, 4-CQA, 5-CQA, 3-FQA, 4-FQA, 5-FQA, 3,5-diCQA, CA, DHCA, FA, IFA, m-CoA,
p-CoA, m-CiA, p-CiA, and CiA exhibited mixed-type inhibition with K; > Kj', suggesting that
these inhibitors bind to the ES complex more strongly than the free enzyme (E). In contrast,
3,4-diCQA and 4,5-diCQA showed mixed-type inhibition with K; < Kj', suggesting that these
inhibitors bind to E stronger than to ES. More recently, it was reported that decaffeinated
green coffee beans extract contains a high concentration of CGAs (ca. 40%) and significantly
decreased postprandial blood glucose levels when administered to rats with soluble starch.
One interpretation of these results holds that the biological activities of CGAs relates to their
ability to inhibit pancreatic a-amylase.

INTRODUCTION

Coffee is one of the most frequently consumed drinks in the world and is a major source of
polyphenols, chlorogenic acids (CGAS) in particular, in the human diet. CGAs comprise a
family of esters that include derivatives of hydroxycinnamic acid [most commonly caffeic
acid (CA), ferulic acid (FA) or p-coumaric acid (p-CoA) and quinic acid (QA). CGAs
comprise three main subgroups: caffeoylquinic acids (CQAs), feruolylquinic acids (FQAS),
and dicaffeoylquinic acids (diCQAs). CGAs have a variety of biological activities, such as
antioxidant activity, tyrosinase inhibitory activity, and pancreas lipase inhibitory activity.

a-Amylase inhibitors can effectively prevent of diabetes and obesity by limiting elevation of
plasma blood glucose levels because of delayed postprandial carbohydrate digestion and
absorption.

We previously reported the inhibitory effect of 5-CQA and its components, CA and QA, on
the PPA isozymes, PPA-I and PPA-II, using p-nitrophenyl-a-p-maltoside (G,-pNP) as a
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substrate at pH 6.9 and 30°C. The inhibition potencies of the respective inhibitors against both
isozymes were almost identical and can be ranked in order of potency, 5-CQA > CA > QA.
The inhibition modes of 5-CQA and CA on PPA-I and PPA-II were investigated by Kkinetic
analysis, and it was found that 5-CQA and CA showed mixed-type inhibition with K; > Kj'
(the inhibitor constants for E and the ES complex, respectively), against both PPA-1 and PPA-
I1. The bindings of PPA-I or PPA-11 with 5-CQA or CA were both found to be all exothermic
and enthalpy-driven by thermodynamic analyses. For PPA inhibition of 5-CQA and its
components (CA and QA), no difference was observed in the inhibition of the PPA-I and
PPA-1I isozymes. Although the inhibition of 5-CQA against PPA has been reported
previously, the effects of other CGAs contained in green coffee beans remain to be elucidated.

In this study, based on our previous report, the inhibitory effects of eight types of CGAs (3-
CQA, 4-CQA, 3-FQA, 4-FQA, 5-FQA, 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA) and eight
cinnamate derivatives (CiA, m-MCiA, p-MCiA, FA, IFA, p-CoA, m-CoA, and DHCA)
against PPA-1 were tested and structure-function relationships were evaluated for each
compound.

MATERIALS AND METHODS
Inhibition of PPA-I by CGAs using G,-pNP as substrate

Inhibitory activities of each compound against PPA-I were examined spectrophotometrically
under the same conditions used for the PPA activity measurement with G,-pNP as substrate at
pH 6.9 and 30°C.

Determination of the mode of PPA-I inhibition by 5-CQA, 5-FQA, 3,5-diCQA, and 4, 5-
diCQA

The inhibition mode of 5-CQA, 5-FQA, 3,5-diCQA, and 4,5-diCQA was investigated by
kinetic analysis using Hanes—Woolf plots. Inhibitor constants Ki and Ki' that correspond to
the dissociation constant Kd of the EI complex into the | plus E and the Kd of the ESI
complex into | plus ES were determined.

RESULTS AND DISCUSSION
Inhibition of PPA-I activity of CGAs and cinnamate derivatives

Table 1 shows ICsy and the inhibitor constants (K; and Kj) of CGAs and cinnamate
derivatives. The inhibitory activities of nine types of CGAs and their components, CA, FA,
and QA, against the PPA-I-catalyzed hydrolysis of G,-pNP were determined by comparing
the 1Cso values and were found to be, in order of potency, 3,4-diCQA = 4,5-diCQA > 3,5-
diCQA > 5-CQA > 4-CQA > 3-CQA > CA > 5-FQA > 4-FQA > 3-FQA > FA >> QA. 3-
CQA, 4-CQA, 5-CQA, 3-FQA, 4-FQA, 5-FQA, 3,5-diCQA CA, DHCA, FA, IFA, m-CoA, p-
CoA, m-CiA, p-CiA, and CiA showed mixed-type inhibition with K; > Kj', suggesting that the
inhibitors bind to the ES complex stronger than to the free enzyme E. In contrast, 3,4-diCQA
and 4,5-diCQA showed mixed-type inhibition with K; < Kj', suggesting that these inhibitors
bind to E stronger than to ES. More recently, it was reported that extract of decaffeinated
green coffee beans contains a high concentration of CGAs (ca. 40%) significantly decreased
postprandial blood glucose levels when administered with soluble starch in rats. These results
suggest the possibility that the biological activity of CGAs will be related to their inhibition of
pancreatic a-amylase.
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Table 1. 1Cso and Inhibitor constants, K; and K;’, of nine chlorog. acid

from green coffee beans and cinnamate derivates®.

Inhibitor IC5p (MM) K (mM) K;' (mM)
3-CQA 0.23+0.03 061+ 0.16 0.13+0.01
4-CQA 0.12+0.01 0.24+ 0.03 0.10+0.01
5-CQA 0.08 +£0.02 0.23+ 0.02 0.05+0.01
3-FQA 2.55+0.12 6.14+ 049 1.74+0.05
4-FQA 2.02 +£0.09 434+ 057 1.40%0.39
5-FQA 1.09 +£0.03 195+ 011 0.99+0.03
3,4-diCQA  0.02 £0.00 0.01+ 0.00 0.02+0.00
3,5-diCQA  0.03+0.00 0.10+ 0.00 0.01+0.00
4,5-diCQA  0.02+0.00 0.01+ 0.00 0.03+0.00
CA 0.40 £0.03 112+ 0.14 0.27+0.04
DHCA 1.94+£0.10 1021+ 191 1.61x0.02
FA 5.45+0.12 1117+ 091 4.87+0.37
IFA 427 +£0.17 716+ 058 4.11+0.08
m -CoA 451+0.20 812+ 112 3.31+0.03
p-CoA 4.86 +0.27 782+ 025 3.88+0.14
m-MCiA > 4.5 3946+ 329 4.96+0.46
p-MCiA > 45" 4583+ 741 3.63+0.32
CiA > 6.0 4599 +£10.08 8.69+0.84
QA 265+1.8 NA® NA®

% A mean of triplicate analysis + SD.

® Narita & Inouye [5].

 Not determined correctly because of the low solubility of the ir
Y NA, not analyzed.
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SUMMARY

This study aimed to evaluate the effect of coffee decaffeination, in arabica and robusta
species, on the lipid peroxidation in hyperlipidemic rats liver. Filter coffee was used, from
arabica (A), decaffeinated arabica (DA), robusta (R), and decaffeinated robusta (DR) coffees.
Rats (n=30) were assigned into six groups, with a negative (C-) and positive control (C+), and
one group for each coffee brew type. Rats were fed ad libitum on a hypercholesterolemic diet
(0.5% cholesterol and 0.25% cholic acid), except for C- (normal diet), receiving 7.2
mL/kg/day of brew by oral gavage, for 42 days. MDA was estimated by quantification of the
thiobarbituric acid reactive species (TBARS) by HPLC on the liver homogenates. The
concentration of MDA in the groups treated with the coffee brews was significantly lower
than the values in the C- group. As regards to the effect of coffee decaffeination, no
significant differences were observed, as well as between species. These results suggest that
the ingestion of coffee brews might protect the liver cells from oxidative stress damage
independently of coffee species and decaffeination process.

INTRODUCTION

Coffee is one of the most widely consumed beverages in the world. Regular coffee drinking
has been associated with the prevention of several important diseases, including
cardiovascular disorders, obesity, diabetes, neurodegenerative disorders, liver diseases such as
cirrhosis and a reduced risk of developing hepatocellular carcinoma. The studies show that
these health benefits are mostly due to the presence of bioactive compounds in coffee brews,
particularly those with antioxidative properties. Among the bioactive compounds
investigated, the focus has been driven to its phenolic acids, such as chlorogenic and caffeic
acid, as well as to caffeine and its metabolites, both with recognized antioxidative properties.

Regarding caffeine, many studies have been conducted on its physiological effects in coffee
brews, caffeinated waters or energetic drinks. Still, a general consensus on its positive and
negative impacts in human health is yet to be achieved.

The decaffeinated coffee market has been expanding increasingly in the last years. Although
there are several studies about the chemical composition and antioxidant activity of whole
coffee, few studies have evaluated the influence of decaffeination on lipid peroxidation. This
study aimed to evaluate the effect of coffee decaffeination, in arabica and robusta species, on
the liver lipid peroxidation in hyperlipidemic rats.
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MATERIALS AND METHODS

The coffee samples were analyzed before and after decaffeination in a local industry with
dichloromethane. The samples were roasted (roaster model Probatino - Leogap, Brazil, 1 kg
capacity) to a medium roasting degree as usual in Brazil. The roasted beans were ground
(electric grinder Pinhalense, ML-1, Brazil) at a particle size of 20 mesh, packed in
polyethylene/aluminum packs, sealed and stored at -20 ° C until use.

The beverages were prepared according to the method of Nicoli et al. (1997) with few
modifications. Briefly, 100 ml of deionized water at 90 °C were dripped into 10g of coffee
powder in a commercial filter paper. The beverages were prepared daily.

The rats (n=30) were maintained at 22+2 °C, 55+10% humidity, with a 12-h light-dark cycle.
The animals were divided into six groups, all on a hypercholesterolemic diet (0.5%
cholesterol and 0.25% cholic acid) ad libitum, except for the negative control (C-) feed with a
normal diet. The hypercholesterolemic rats included a positive control (C +) and a group for
each type of coffee brew: arabica (A), decaffeinated arabica (DA), robusta (R) and
decaffeinated robusta (DR). The coffee brews were administered daily by gavage (7.2 mL.
kg™') for 42 days, while the control groups (C- and C+) receiving water by the same
administration method. At the end of the experiment the animals were sacrificed and
evaluated for malonic dialdehyde (MDA) by quantification of the thiobarbituric acid reactive
species (TBARS) by HPLC on the liver homogenates. Protein was estimated by the Bradford
assay. The University Ethical Committee for Animal Research (Nintec/PRP-UFLA-
MG/Brazil) approved the protocols used in this study (protocol 046/2009).

RESULTS AND DISCUSSION

The results for MDA quantified in the liver homogenates, standardized for protein, are shown
in Figure 1.
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40 -
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0 - T T L
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Figure 1. MDA levels in rats liver (nmol/mg protein; A = arabica; R = robusta; D =
decaffeinated) (Different letters indicate significant differences by the Scott-Knott test at
5% probability).

MDA (nmol/mg protein)

The C + group showed significantly higher levels of MDA than the C- group, indicating that
the hypercholesterolemic diet was effective in the induction of liver lipid peroxidation. All
groups treated with coffee brews showed a significant reduction in hepatic MDA content
when compared to the C+ group. The concentration of MDA in the groups treated with the
coffee brews was also significantly lower than the values in the C- group, suggesting that the
antioxidant compounds in coffee are able to reduce lipid peroxidation, not only in
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hypercholesterolemic rats but also in non-hypercholesterolemic ones. As regards to the
contribution of caffeine, no significant differences were observed between whole and
decaffeinated brews, as well as between coffee species.

The chlorogenic acids present in coffee brew are known to have antioxidant activity in animal
tissues. The reduction of TBARS levels observed in the animals liver in our study may be, at
least partially, attributed to the presence of these compounds in the coffee brews administered
to rats. Other authors also suggest that the Maillard reaction products formed during coffee
roasting have antioxidant activity, including melanoidins, and may have contributed to the
results obtained in the present work.

These observations suggest clearly that the ingestion of coffee brews might protect the liver
cells from oxidative stress damage, being this observation independent of coffee species and
caffeine amounts.
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SUMMARY

In the present study, we evaluated the consumer acceptance limit for iron (Fe) and zinc (Zn)
concentrations in brews obtained from fortified ground roasted coffee. Fe bisglycine chelate
and Zn bisglycine chelate were chosen for fortification of ground coffee (80% C.arabica,
20% C.canephora, medium-light roast, #65 SCAA, USA, fine grid) after sensory tests
previously carried out. Although our goal was to offer 30% of the daily dietary recommended
intake (DRI) for adults in a 50mL cup of brew, six coffee samples containing increasing
amounts of minerals were evaluated (0, 30%, 50%, 80%, 100% and 150% of Fe and Zn
Brazilian DRI per 50mL). Fe and Zn analyses in the ground coffee and in the brews were
carried out by inductively coupled plasma atomic emission spectrometry (ICP OES).
Recovery in the brew of Fe and Zn added to ground coffee was, on average, 95.3% and
48.5%, respectively. Acceptance test was used to determine acceptance limit, followed by
Preference Mapping to analyse data. Results showed that, on average, fortifications up to 50%
Fe and Zn DRI per 50mL were well accepted by consumers. Considering the efficiency of
extraction, at this dose, consumers were receiving about 6.7 mg Fe (48% DRI) and 3.6 mg Zn
(24% DRI). Although further sensory tests should be performed, roasted and ground coffee
appears to be a suitable food vehicle for the fortification with Fe and Zn.

INTRODUCTION

An adequate intake of nutrients contributes to the normal growth, development and wellbeing
of the human organism, protecting individuals against the risk of diseases caused by
nutritional deficiencies. However, micronutrients malnutrition is still observed worldwide,
especially in developing countries. Of major concern is the prevalence of iron (Fe) and zinc
(Zn) deficiency. Literature data indicate that the intake of these minerals in Brazil is below
recommended intakes (RDI), despite the fortification of wheat flour as well as other
commercial food products. The fortification of foods with nutrients is an accepted practice
used by food processors since the mid-twentieth century aimed to enhance the nutritional
value and prevent or correct deficiencies of one or more nutrients. For a program of food
fortification to be effective, it is essential to take into account the dietary habits and nutritional
needs of the target population. The food vehicle chosen must be accessible and widely
consumed by the population and the fortification compounds should be added in the most
bioavailable forms. However, the micronutrients added should not significantly change the
original sensory characteristics of the food. Coffee is the most traded food product in the
world and the most consumed beverage after water. Due to the high content of phenolic
compounds and other bioactive compounds, coffee has been considered beneficial to human
health. Furthermore, a previous study showed that the addition of Fe and Zn to instant coffee
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presented satisfactory bioavailability. Therefore, the use of coffee as a vehicle for fortification
appears to be promising and may have social and public health relevance. Considering the
need to maintain the original sensory characteristics of the fortified food product, and taking
into account that such characteristics affect consumer product liking, in the present study we
evaluated the consumer acceptance limit for Fe and Zn concentrations in brews obtained from
fortified ground roasted coffee.

MATERIALS AND METHODS

A popular blend comprised by 80% of good quality and 20% of defective (PVA) Coffea
arabica beans (COCAPEC, MG, Brazil) was used. Beans were roasted to medium-light
colour degree (# 65 Agtrom-SCAA) and ground in a discs grinder (Gourmet M-50, LEOGAP,
Curitiba, PR, Brazil fine grid, # 1). This color degree was chosen because beans at such color
degree contain high amount of chlorogenic acids and bioactive derivatives, as well as a
considerable amount of niacin. The forms of micronutrients chosen for coffee fortification
were Fe bisglycine chelate and Zn bisglycine chelate. These forms have previously presented
good solubility, bioavailability, and sensory quality, which are prerequisites for food
fortification.

In order to establish the concentrations of Fe and Zn used for coffee fortification, the
following aspects were considered: the daily consumption of roast and ground coffee of at
least 1-4 cups of coffee (5g of coffee in 50mL of water per cup), the levels of Fe and Zn in
fortified foods reported in the literature, the current Brazilian legislation for wheat flour and
cornmeal fortification with Fe, and results from a previous study, which assessed the
bioavailability of Fe and Zn added to instant coffee. Although our goal was to fortify coffee
with 30% of Brazilian DRI for Fe and Zn, five concentrations of added minerals were tested,
as described below.

For minerals analysis, a sample of 10.0 mL brew or 1g of ground coffee was digested with
concentrated nitric acid. Analyses of Fe and Zn in the ground coffee and in the brews were
carried out by inductively coupled plasma atomic emission spectrometry (ICP OES), on a
Perkin Elmer Optima 4300DV. All determinations were performed in the simultaneous mode
of operation, and the conditions used were: generator power, 1500 W; auxiliary Air flow, 0.2
L/min; coolant flow, 15 L/min; nebulizer flow, 0.45 L/min; pump speed, 1.50 mL/min.

Seventy one regular coffee consumers were invited to take part in the study and the only
condition for participation was to consume at least one cup of coffee per day. Six coffee
samples including a control sample and increasing amounts of added minerals were evaluated.
Samples provided 0 (control), 30%, 50%, 80%, 100% and 150% of Fe and Zn DRI, according
to ANVISA, Brazil, per 50mL of brew.

Brews at 10% (w/v) were prepared in electric coffee maker (Britania® - NCB27, Brazil), and
the preparation time was 1m and 50s. Brews were served to participants in 50mL disposable
Styrofoam thermal cups coded with three digit numbers at 68 + 2 °C, in individual
computerized sensory booths, following a balanced presentation order. Participants were
allowed to choose to sweeten (using sugar or artificial sweetener) or not their brews,
according to their habits. When sugar or sweetener was used, they were told to add the same
amount to all samples. To evaluate the brews acceptability, a 9-point hedonic scale was used,
ranging from "extremely dislike" to "extremely like".

Statistical analyzes were performed using the program XLSTAT ® Version 2010.3.01
(Addinsoft, USA). Acceptance data were also treated by ANOVA followed by Fischer (LSD),
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test for comparison of means, as well as Cluster Analysis and Preference Mapping. Mean
results were considered significant when p< 0.5.

RESULTS AND DISCUSSION

The percentage of minerals extracted from fortified coffees in the electric coffee maker was,
on average, 95.3% and 48.5% for Fe and Zn, respectively. The mean acceptance scores for the
coffee beverages are presented in Figure 1. Despite the low acceptance means for all samples
(including the unfortified coffee, i.e. 0%), possibly caused by the roasting degree to which the
participants were not used to, on average, no difference in acceptance was found among the
brews providing minerals at concentrations equivalent to 0%, 30%, and 50% of Brazilian DRI
(ANVISA), the latter corresponding theoretically to 7.0 mg of Fe and 7.5 mg of Zn in a cup.
Considering the efficiency of mineral extraction in the brew, actual amounts provided were
6.7 mg Fe and 3.6 mg Zn per cup in the latter sample. These results indicate that participants
did not observe differences in terms of liking between the control (unfortified coffee) and
coffee fortified up to about 50% DRI of Fe fortification and 25% DRI of Zn fortification,
which is close to our goal of fortification at 30% of the Brazilian DRI (ANVISA). These
results also suggest that further sensory tests should be performed to evaluate the sensory
acceptance for each mineral separately.
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Figure 1. Mean preference scores for coffee beverages obtained from ground roast
coffees fortified with different levels of minerals. Different letters above bars indicate
significant difference by ANOVA.

As consumers do not exhibit the same behaviour, and a mean is not representative of all
participants, Cluster Analysis and Preference Mapping were carried out. Figure 2 presents the
first two dimensions of internal preference mapping generated from the hedonic responses
associated with acceptance of six samples of coffee beverage, containing concentrations from
0% to 150% of DRI Brazilian recommendation for Fe and Zn.

Three distinct groups of consumers with different acceptance scores were identified (Figure 2
and Table 1). These segments are still being characterized considering socio-demographic
characteristics, and coffee consumption habits. The mean acceptance scores of each segment
are represented in Table 1. The largest segment (Segment 1, n=30) liked all samples, and
attributed relatively high scores to 0%, 30%, 50% and 80% levels of fortification (mean
scores between 6.10 and 7.03). Segment 2 (n=24) gave low scores to all products, including
the unfortified coffee, and decreased their scores as the percentage of minerals increased.
Consumers in segment 3 (n=17) did not like the unfortified beverage, and preferred samples
fortified with 30%, 80%, 100% and 150% of RDI percentage. The overall low scores given by
segments 2 and 3 were probably due to the fact that they were not used to drink good quality
coffee beverages or because they were not used to drink medium-light roasted coffee.
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Figure 2. Internal preference mapping obtained for beverages prepared from ground
roast coffees fortified with different levels of Fe and Zn.

Table 1. Mean preference! scores for consumer segments for brews from ground roast
coffee fortified with Fe and Zn.

(n=71) Segment 1 Segment 2 Segment 3
Samples (n=230) (n=24) (n=17)
100% 42.25% 33.80% 2395%
Unfortified (Control) 53%+24 7.0°+1.3 46°+25 3.0°+16
30% DRI 5.6%+2.3 65*+1.9 3.7%%+24 6.6°+1.3
50% DRI 51%+24 7.0%+1.9 3.0°°+16 48%+24
80% DRI 4.7°°+2.4 6.1*°+16 27°°+18 50*+26
100% DRI 43°+24 56°+1.9 21°+16 52°%+2.1
150% DRI 41°+27 54°+23 1.7°+1.3 50%+27

Mean + SD. Means in the same row followed by different letters indicate difference between
test samples by Fischer (LSD) (p<0,05). *Evaluated in 9-point hedonic scales, varying from
1: disliked extremely to 9: liked extremely.

Considering the adequate bioavailability of added Fe and Zn to the coffee matrix and the
relatively good recovery of these minerals during brewing, especially regarding Fe, sensory
data from the present study indicate that roast ground coffee is a suitable food vehicle for
fortification with Fe and Zn. Further sensory tests are being performed.
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SUMMARY

In the present manuscript, the ex vivo antimicrobial effect of brewed coffee was tested on oral
biofilms. For this, unsweetened and sweetened (10% sucrose) brewed light-roasted Coffea
canephora were applied on biofilms formed by non-stimulated saliva from three volunteers.
After contact with unsweetened and sweetened brews, the average microorganisms count in
the biofilms reduced by 15.2% and 12.4%, respectively, with no statistical difference among
them. Although no difference was observed among the microbial counts in oral biofilms
treated with both coffee extracts, with and without sucrose, it is important to emphasize that
the amount of sugar added to coffee vary considerably, according to people’s habits, which
could influence the coffee properties against the oral biofilm reduction.

INTRODUCTION

Among natural products that have demonstrated antibacterial properties, coffee is the most
popular in terms of consumption. This opens a promising avenue of applications, since it is
relatively safe and has a taste and odor largely appreciated.

Among many existing coffee species, the two most commercialized are Coffea arabica and
Coffea canephora . In a recent study, Antonio et al. reported a better performance of C.
canephora extracts, comparing to C. Arabica, in relation to inhibition of biofilm formation by
Streptococcus mutans - a cariogenic bacterium, probably because of its higher content of
polyphenols and caffeine. In addition, the same authors demonstrated in vitro that C.
canephora beans also hindered the de-remineralization process of deciduous tooth fragments
in the presence of an ex vivo mixed biofilm.

Besides all the evidences involving the antibacterial activity of coffee against S. mutans,
studies clarifying the role of coffee on the reduction of microorganisms count within the
biofilm are still needed. In addition, in all parts of the world, coffee is largely consumed with
sugar. However, there is no evidence that sweetened coffee extracts would also exert
antibacterial activity. Therefore, the objective of this study was to investigate the effect of
unsweetened and sweetened C canephora extracts on the microorganisms count in mixed ex
vivo artificial biofilms.
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MATERIALS AND METHODS
Coffea canephora extract

Regular Coffea canephora cv. Conillon beans were roasted as in Antonio et al. to produce a
light roasting degree coffee. An unsweetened (CE) and sweetened (SCE) aqueous coffee
extract at 20% was obtained by a coffee brewing procedure, percolating 100 mL of pre-
boiling (95°C) Milli-Q purified water through 20 g of ground roast coffee. The sweetened
coffee extract was prepared just like the first extract and sweetened with 10% sucrose.

Volunteers and saliva samples collection

The study was approved by the Local Ethics Committee (IESC — UFRJ). Young adult
volunteers (n = 3) were in good general and oral health, not making use of medication and had
all natural teeth. Subjects were instructed not to consume food or beverages except for water
during 1 hour before saliva collection. Moreover, none of them consumed coffee habitually.
Non-stimulated saliva samples were collected after the volunteers spit into a graduated
collection sterilized tube. Saliva produced in the first 30 sec was discarded and then, it was
collected for exactly 5 min. Their mean DMFT (4.6) and mean whole saliva flow rate
(0.83mL/min) were registered. The saliva samples, stored in melting ice, were immediately
transferred to the microbiology laboratory for biofilm assay.

Biofilm assay

Twenty microliters of non-stimulated saliva collected from volunteers (n = 3) were placed on
0.22 mm membrane disks (diameter of 0.13mm) (Millipore). Each membrane was placed over
plates containing BHI-S (Brain Heart Infusion medium, from Difco, Sparks, USA,
supplemented with hemin, menadione (Inlab, Maranh&o, Brazil) and yeast extract (Oxoid,
Hampshire, England). The system was incubated anaerobically for 48h at 37°C. After the
biofilm growth, disks were collected and placed inside a glass flask, for 30 min, containing 2
mL of the following substances: (i) coffee aqueous extract (CE, 20mg/mL); (ii) coffee
aqueous extract (20mg/mL) with sucrose at 10% (SCE); (iii) chlorhexidine (0.05%) — positive
control; (iv) Milli-Q water with sucrose at 10%; and (iv) Milli-Q water — negative control.
This procedure was performed in duplicate. Then, the disks were briefly washed in sterile
saline to rinse out the added substances and the biofilm was extracted by vortexing the disks
in 1 mL of sterile saline during 2 min. To enumerate viable cells, serial dilutions (10™ to 10°®)
were performed and 50 mL of each dilution were streaked out on BHI-S agar (short plate) in
triplicate. Plates were incubated anaerobically for 48 h at 37°C and then, CFU/mL was
counted. The activity of the coffee extracts on microbial biofilms was estimated by comparing
the microbial population collected from the biofilms placed in the controls and the microbial
population collected from the biofilms placed in coffee extracts.

Sucrose end-point for mixed oral biofilm growth

Mixed biofilms were formed from human saliva in artificial membranes. The
biofilm/membranes were transferred to test tubes (n = 7), which contained saline solution
(control) and sucrose (1%, 3%, 5%, 7%, 10%, and 20%). After the same treatment with the
protocol described above for the antimicrobial assay with artificial biofilm, diluted samples
(10" to 10°®) were inoculated onto a BHI-S agar plate and incubated anaerobically for 48 h at
37°C. The number of CFU was calculated. The experiment was performed in duplicate.
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Statistical analysis

The difference between the applied treatments was observed through Kruskal-Wallis test
followed by Mann Whitney for comparisons of substances two-by-two. Differences between
means were considered significant when values of p<0.05.

RESULTS AND DISCUSSION

A reduction in biofilm microbial count was observed in the systems incubated with both
extracts of C. canephora (SCE and CE), with no statistical difference among them as shown
in Figure 1. The positive control was the most effective agent against the microorganisms
from biofilm, reducing their count by about 32.1% (p<0.05), whereas SCE and CE were able
to reduce the CFU counts by 15.2% and 12.4%, respectively, with no statistical difference
among them (Table 1). A drop in biofilm microorganisms count was also observed after
treatment with Milli-Q water with sucrose at 10% (p <0.05) when compared to the treatment
with negative control (Figure 1). According to the literature, the exposure to sugar can be
considered a determinant factor in dental caries disease, especially if it occurs at a high
frequency (e.g. more than 6 times/day). The difference between the results from the biofilm
treatment with water and sweetened water, which demonstrated a drop of CFU counts from
biofilm after treatment with the last one is in contrast with our hypothesis according to which
high levels of sucrose should have raised the ex vivo biofilm, since Vale et al. affirmed that
sucrose is able to significantly increase bacteria counts in dental biofilm.
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Figure 1. In vitro microbial biofilm susceptibility assays for C. canephora aqueous
extracts (with and without sucrose addition), chlohrexidine at 0.05% --positive control
and Milli-Q water with sucrose at 10%. The percentage of viable microorganisms in the
biofilm was estimated by comparing the CFU/mL of the biofilm placed in Milli-Q water
— negative control (100% viable) and the CFU/mL from the biofilms placed in all other
referred substances after 30 min of incubation.
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Table 1. Microbiological analysis of artificial oral biofilms after treatment with:
negative control (NC); unsweetened (CE) and sweetened (SCE) C. canephora extract;
positive control (PC) and sweetened Milli-Q water (SMQ).

microbial count from biofilm (n x10°) + SD (x10°) after treatment with
Volunteer
NC CE SCE PC SMQ
1 15.08+6.81° 1.90+0.65° 2.62+0.70° 0.03+0.00° 6.23+0.64°
2 1.43+0.30° 0.14+0.06" 0.21+0.17° 0.03+0.01° 0.62+0.15°
3 2.56+0.91% 0.24+0.10° 0.51+0.14° 0.02+0.00° 0.87+0.14°

Note: In rows, means values followed by distinct letters differ among them at a significant
level of 5%, considering the results independently, with respect to the individual
microbiological characteristics of the volunteers.

In order to investigate the role of sucrose in the bacterium cell metabolism, we performed an
additional experiment incubating membranes with the same mixed biofilm in sucrose
solutions from 1% to 20%. Sucrose concentrations from 5% up to 20% were capable of
reducing the number of bacteria colonies from biofilm compared to control (Figure 2).
According to Lemos et al. although the ability to survive for long periods of carbohydrate
starvation is considered crucial for oral bacteria, sudden exposure to an excessive amount of
sugar in cells can result in an accumulation of toxic levels of glycolytic intermediates,
resulting in bacteria death. The authors believe that in the present in vitro conditions, the high
levels of sucrose provoked the drop of bacteria osmotic tolerance. Recently we tested a green
(unroasted) C. canephora extract against S. mutans and observed that it did not inhibit the
bacteria growth. This was attributed to the high sucrose concentration in the green coffee,
which promoted the growth of the bacteria. However, sucrose concentration of the extract
used in the referred study was lower than 5%. In this context, the results of the present work
do not contradict the previous data, since we only observed the influence of sucrose on the
reducing growth of bacteria in concentrations higher than 5%.

600

500 -

x 100000

400 -
300 -

200 - m CFU/mL

‘A E N
0' T T T T T T

control ~ sucrose suCrose SUCrOse  SUCrOse  SUCrOse  sucrose
1% 3% 5% 7% 10% 20%

Figure 2. Number of colonies forming units (CFU) using biofilm treated with increasing
concentrations of sucrose and control.

The present results show that the C. canephora extract reduced the microbial count in ex vivo
oral biofilms by around 15%. Considering that coffee is a natural ingredient that may be
obtained in large quantities and at low cost it may be highly beneficial as an anticariogenic
ingredient, mainly because no difference was observed among coffee extract with and without
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sucrose. However, as much as we have tried to mimic a real situation, these results were
obtained from preliminary screening in in vitro circumstances. In addition, it is important to
emphasize that the amount of sugar added to coffee vary considerably, according to people’s
habits, which could influence the coffee properties against the oral biofilm reduction. Thus,
further ex vivo/in vivo studies should be performed with the aim of investigating the influence
of the sweetened coffee extract against oral biofilm.
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SUMMARY

The popularity of coffee-drinks-to-go has been increasing over the last few years. These
commercial milk-based drinks contain 70% of milk and 30% of other ingredients, including
coffee. The aim of our study was to calculate the coffee proportion in these coffee drinks.
Within the sterol fraction, which is only little influenced by the roasting process, [3-sitosterol
proved to be a possible indicator. Model solutions containing different proportions of milk
and coffee were analysed, and some parts of the obtained results were presented. It could be
demonstrated that in the case of a constant coffee proportion, similar 3-sitosterol content was
analyzed when the milk proportion is increased to 80%. Moreover, by increasing the coffee
proportion, the B-sitosterol content increased linearly even at a defined milk percentage of
80%. However, due to the fact that the content of 3-sitosterol in both coffee beverages and
instant coffees strongly depends on the production process, the assessment of the coffee
proportion is only possible if the used coffee preparation is available.

INTRODUCTION

In recent years, coffee drinks have become more and more popular as a quick and
uncomplicated solution for an occasional consumption of coffee. They are available in the
refrigerated sections of most supermarkets. They belong to the milk-based drinks and consist
of at least 70% to 80% milk and, at most 20% to 30% of other ingredients such as coffee,
sugar, rheological additives, cocoa, flavourings, and sometimes caffeine. According to the
declaration on the packaging, the coffee proportion is a solid or liquid coffee extract, or a
coffee brew, and ranges between 0.8 to 19% of the beverage.

To study the coffee proportion in commercial coffee drinks it is necessary to find a suitable
component as a characteristic for coffee. It is reasonable to investigate a water-soluble and a
lipid-soluble substance in regard to the differing extraction processes. Hence, the question is
whether it is possible to assess the coffee proportion in coffee drinks.

The substances selected must accomplish several requirements:

Adequate content in green, roasted, and instant coffee.
Low natural variability.

Stability during the roasting process.

Adequate passage into the coffee beverage.

e Absence in the other ingredients.

The suitability of trigonelline as a water-soluble substance as well as the suitability of
R-sitosterol as a lipid-soluble substance was tested. The results for trigonelline are presented
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in Poster PC 410 (Trigonelline and HMF — Parameters to Study the Coffee Proportion in
Coffee Drinks).

RESULTS AND DISCUSSION

Due to its sufficiently low natural limits of variation and its stability during the roasting
process the sterol fraction was chosen in order to assess the percentage of the coffee
proportion in commercial coffee drinks. In the sterol fraction, R-sitosterol is the main
component with an approximate but nearly constant ratio of 50%. Therefore, it presents itself
as a good component for quantification.

A method for analyzing R-sitosterol was established using model drinks consisting of milk
and, due to its use in commercial coffee drinks, of instant coffee. Thereby, 100 mL model
drinks were prepared consisting of 10% to 80% low-fat milk and 2 g of an instant coffee with
1.1 mg/100 g RB-sitosterol. The high cholesterol level of the milk was responsible for some
analytical problems during the development of the method. As a result, when increasing the
milk proportion up to 80% at a constant coffee content the cholesterol content increased
whereas the analyzed level of R3-sitosterol remained stable (Figure 1).
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Figure 1. Contents of cholesterol and [3-sitosterol of model drinks with increasing milk
proportion.

Figure 2 shows the results when increasing the portions of coffee at a constant milk
proportion of 80%. There is a linear relation between the coffee proportion and the
R-sitosterol content. For these coffee drinks, 0.5 to 6 g of an instant coffee with a R-sitosterol
level of 0.6 mg/100 g was used.
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Figure 2. Contents of R-sitosterol and cholesterol of model drinks with increasing coffee
proportion.

It is important to note that although the [-sitosterol content in roasted coffees is nearly
constant, the passage into the coffee water extract depends very strongly on the production
conditions. For example, the transfer of the lipids into the beverage ranged from 0.3% for a
filtered coffee to 20% for a Scandinavian type coffee. In different instant coffees, the
R-sitosterol content also varies between 0.6 mg/100 g to 2.1 mg/100 g (n = 7).

Based on the results of the model drinks, it is possible to assess the coffee proportion in coffee
drinks via the determination of R-sitosterol if the coffee preparation is known or available.
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SUMMARY

Roasting is the process where volatile organic compounds (VOCs), responsible for the aroma
of a cup of coffee, are generated. This strongly depends on the type of coffee being roasted, as
well as on the time-temperature-profile of the roasting process. Proton-transfer-reaction time-
of-flight mass-spectrometry (PTR-ToF-MS) allows examining directly and in real-time the
formation of the VOCs during the roasting process itself, and in particular of the VOCs
responsible for the flavor. In this study, different roasting profiles to a medium roast degree
were monitored for five different coffee origins: Arabica from Columbia, Antigua
(Guatemala), Djimmah (Ethiopia), Yirga Cheffe (Ethiopia) and Robusta Malangsari
(Indonesia). Clear differences in the VOC formation can be seen between Robusta
Malangsari, Arabica from Middle America and Ethiopia; only minor differences are
observable between Arabica from Columbia and Guatemala. Off-line analysis of the
respective coffee brews revealed the differences in the cup, including HS SPME GC/MS for
aroma analysis.

INTRODUCTION

The quality of a cup of coffee depends on a large number of parameters. Starting with the
climate (sun-exposition, altitude, rain), the soil and irrigation, the species and variety of the
green bean, their post-harvest processing, roasting and grinding, and the way they are brewed
are all influencing the aroma and taste of a cup of coffee. In this study, the focus is on a
particular but critical factor, namely the impact on the flavor of coffee of different time-
temperature roasting profiles applied on different varieties of the green bean. It is known that
the characteristic aroma compounds of a cup of coffee are generated through various physical
changes and chemical reaction mechanisms during the roasting process: During the initial
endothermic phase of roasting, the green beans are drying, reducing the water content from
about 8-12% to a few percent. Further heating of the beans lets the exothermic pyrolysis
reactions start. This can be perceived during roasting as a popping sound, called the first crack
(at about 175-185°C). If one is keeping on roasting to a very dark roast degree, at higher
temperatures (above 200°C) the second crack can be heard. At the end of the roasting process
the beans are removed from the roaster and are cooled down quickly (quenched), either by
spraying water on the beans or by air. Mainly between the first and the second crack, the
typical coffee aroma compounds are formed in chemical reactions. Several pyrazines, e.g., are
produced in Maillard reactions, whereas pyridines are obtained mainly by degradation of
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trigonellines. Thermal decomposition of ferulic acid leads, among others, to the key coffee
aroma compound 4-vinyl-guaiacol. Besides aroma compounds, melanoidines are also formed,
giving roasted coffee its characteristic brownish color. Several chemical reaction mechanisms
are still not well understood, but some are critically depending on moisture content,
temperature and the formation of intermediates in complex multistep and competing
processes. One can, therefore, expect that the final flavor does not only depend on parameters
measured at the beginning and the end of the roasting, but that the path connecting these also
matters. In other words, the specific time-temperature roasting profile is a relevant parameter
for the cup quality, as stated by Yeretzian et al. in 2002 “Flavor quality ... is a path dependent
quality”™“. This reflects the everyday-experience of roasters.

The pathway of formation of the flavor of coffee can be studied on-line by proton-transfer-
reaction time-of-flight mass spectrometry (PTR-ToF-MS)®. This dynamic method allows the
detection of VOCs in very small concentrations at a high mass resolution of more than 5000
m/Am (FWHM) for benzene, for example. In the soft ionization process, the VOCs are
protonated via transfer of H* from HzO" to the analyte, leading to almost no fragmentation of
the ions. The VOCs, often at very low concentrations in the air, can be measured without any
preconcentration, as the proton affinities of the main constituents of air (N, O, and CO,) are
lower than that of H,O, and hence they are not protonated. For the on-line analysis of the
formation of these VOCs during the roasting of coffee, the PTR-ToF-MS is coupled to the
off-gas of the coffee roaster (

Figure 2).

Several studies have so far been performed on the on-line analysis of coffee roasting focusing
in general on only one type of coffee roasted along different roasting profiles, either with
PTR-quadrupol-MS *? (having a much lower mass resolution than the time-of-flight mass
spectrometer), via laser ionization %, or with PTR-ToF-MS °°. Here, the influence of
different time-temperature roasting profiles on the formation of VOCs during the roasting of
different types of coffee is presented based on on-line analysis with PTR-ToF-MS.

MATERIALS AND METHODS
Roasting Profiles

Coffee from Columbia (coffea arabica, Probat-Werke, Germany), Guatemala (Antigua La
Ceiba, coffea arabica, Rast Kaffee AG, Switzerland), Ethiopia (Yirga Cheffe and Djimmah,
coffea arabica, Rast Kaffee AG, Switzerland) and Indonesia (Malangsari, coffea caneophora
var. robusta, Rast Kaffee AG, Switzerland) was roasted on a Probatino roaster (PROBAT,
2008, heating gas: propane, PanGAs, Winterthur). For all trials, 1 kg batches of green beans
were roasted. The different profiles were achieved by varying the heating intensity of the
Probatino, the roast degree was measured by color (Colorette, 3b, Probat-Werke, Germany).
The roasted beans were quenched with air and filled in bags (Wicovalve PET/ALU/PE 12-8-
75 80x50%280 mm silver) a 250 g and stored at -22°C until further analysis.

The roasting profiles were chosen to cover (i) a medium time-temperature roasting profile
optimal for each type of coffee and (ii) a long time-temperature roasting profile and are shown
as a time-temperature plot in

Figure 1. The details of the respective roast batches are given in Table 1.
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Figure 1. Time-temperature roasting profiles. Plotted is the temperature insight the
roasting drum in degree centigrade versus the roasting time in minutes.

Table 1. Experimental results for the respective roast batches for the following time-
temperature roasting profiles to a medium roast degree: Colombia 12 min, 21 min;
Guatemala 10 min, 21 min; Yirga Cheffe 13 min, 20 min; Malangsari 13 min; Djimmah
12 min. Given are the weight loss after roasting in percent, the gain in volume in
percent, the roasting time in minutes, the end temperature of the roasting process in °C,
and the roasting degree in Pt (Colorette 3b).

Colombia Guatemala
12 min 21 min 10 min 21 min

weight loss / % -14 | -13 | 14 | -13 | -13 | -13 | -13 | -13 | -13 -12 -
gaininvolume/% | 71 | 75 | 71 | 64 | 64 | 68 | 68 | 71 | 64 61 57
roasting time /min | 11.46 (11.29|11.43|21.25|20.38|10.55| 9.37 | 9.25 | 20.57 | 22.27 21.13
end temperature 194 | 193 | 193 | 188 | 191 | 194 | 193 | 196 | 188 187 187
roast degree / Pt 103 | 107 | 102 | 103 | 100 | 102 | 112 | 103 | 102 106 109

Yirga Cheffe Malangsari | Djimmah

13 min 20 min 13 min 12 min

weight loss / % -13 | -13 | 13 | 13 | -13 | -14 | 13 | -13 | -15 | -15 | -14 | -14
gaininvolume/% | 54 54 54 61 43 43 43 43 62 65 71 71
roasting time / min | 12.43 | 13.26 | 13.42 | 13.17 | 20.24 | 19.5 |20.46|19.35|12.51|13.14| 13.02 | 12.06
end temperature 192 | 189 | 188 | 190 | 187 | 187 | 185 | 186 | 202 | 201 | 193 | 194
roast degree / Pt 98 102 107 103 | 123 96 100 99 98 102 | 109 103

On-line monitoring

The VOCs and hence the aroma profile of the coffee beans were monitored on-line during
roasting with PTR-ToF-MS (PTR-ToF-MS 8000, lonicon Analytik GmbH, Austria). The
experimental setup is shown schematically in
Figure 2. The roasting gas from the Probatino is withdrawn from the exhaust gas outlet with a
vacuum membrane pump (Typ N86 KN.18, KNF Neuberger AG, Switzerland) through
stainless steel tubes (deactivated, BGB Analytik AG, Switzerland). To prevent condensation
of the VOC:s, the roasting gas is diluted with activated carbon-filtered compressed air, and the
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stainless steel tubes are heated to 70°C. A constant flow of 100 ml/min of the diluted roasting
gas is transferred to the PTR-ToF-MS. The measurement started slightly before the green
beans were filled in the Probatino, and was continued a short time after the beans had been
removed from the roasting drum.

b)
4" stainless steel tube,
deactivated

PTR-TOF-MS

Probatino

exhaust | cyclone | exhaust

Figure 2. a) Left: Front view of the Probatino, middle: back view of the Probatino
coupled to the PTR-ToF-MS (right). b) Schematics of the experimental setup. CA:
compressed air; ACF: active carbon filter; VMP: vacuum membrane pump; MFC:
mass flow controller.

Off-Line Analysis

Coffee brew: Coffee brew was prepared with 12 g roast and ground coffee (espresso grinder
KED 640, Ditting, Switzerland, grinding degree 8) per 200 millilitre water (Evian, France) at
90°C, the extraction time was 4 min. The brew was filtered with a ceramic filter (Bayreuth
coffee machine, Erste Bayreuther Porzellanfabrik Walkire Siegmund Paul Meyer GmbH,
Germany) before further analysis.

HS SPME GC/MS: 10 ml of coffee extract were analyzed immediately after preparation with

headspace solid phase micro extraction gas chromatography / mass spectrometry (HS SPME

GC/MS) with a Polydimethylsiloxane/ Divinylbenzen (PDMS/DVB) SPME fiber (65 pum film
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thickness, Supelco, Sigma-Aldrich Chemie GmbH, Switzerland) on a DB-WAX column (30
m x 250 pm x 0.25 pum, Agilent Technologies, Switzerland). SPME parameters (Gerstel,
Switzerland): Incubation: 4 min at 50 °C, agitating at 250 rpm; Extraction time: 7 min at
50°C; Desorption time: 5 min at 240°C; GC/MS parameters (7890/5975N, Agilent
Technologies, Switzerland): 35 °C for 1 min; then 4 °C/min to 100 °C for 10 min; then 30
°C/min to 130 °C for 8 min; then 6 °C/min to 220 °C for 5 min; splitless mode; flow 1
mL/min; EI source 70 eV, 230°C; detector 150°C. For data analysis, the software MSD
Chemstation (Version G1701 EA E.02.00.493, Agilent Technologies, Switzerland) and the
database NIST08 was used. Chemical identification was performed via the respective mass
spectrum and retention time. 61 molecules contributing to the aroma of coffee are chosen for
evaluating the headspace of the respective coffee brew extraction methods, their HS SPME
GC/MS intensities have been summed up for the total headspace intensity.

RESULTS AND DISCUSSION

In this study, the temporal evolution of different VOCs during the roasting process was
monitored on-line for five different types of coffee with PTR-ToF-MS. Typical mass spectra
of the composition of the VOCs in the exhaust gas of the roaster are shown in

Figure 3, one at the very beginning of the roasting process, at 10 s (

Figure 3a), and one at the maximum of the roasting process, just before the beans have been
removed from the roasting drum, here at 705 s (

Figure 3b). A comparison of the two mass spectra illustrates the huge amount of VOCs
generated during roasting. Interesting at this point is how these VOCs are formed in real-time,
that means how their intensity changes during the roasting time. Focusing firstly on one time-
temperature roasting profile, one type of coffee, and one VOC,

Figure 3c illustrates the time-intensity profile of CsHsO" as an example of the formation
pathway during a roasting profile of a 12 min roasting of Colombian coffee. This molecule
was not formed up to a roasting time of about 8 min, then the intensity reached a slight
plateau after the first crack at about 10 ¥ min (184°C), and at about 11.3 min (190°C) the
intensity rose again until the end of the roasting process. There are several molecules evolving
the same way as CsHsO", like CsHgO," or C4HsO™ and others, in the case of Colombian
coffee. Others, however, were generated in a different formation pathway. This is shown in
Figure 4 for the VOCs CH30,", C¢HgO,", CHsO" for the same 12 min time-temperature
roasting profile of Colombian coffee to a medium roast degree of Pt 103.
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Figure 3. a) Mass spectrum at the very beginning of the roasting process at a roasting
time of 10 s, b) mass spectrum at the maximum of the roasting process, after a roasting
time of 705 s (12 min) and c) time-intensity profile of the VOC CsHs0".

The results in

Figure 3 and

Figure 4 refer to one coffee variety roasted along one specific time-temperature roasting
profile.. It is well known, however, that the aroma of coffee changes when changing the time-
temperature roasting profile. The analysis of the roasting process with PTR-ToF-MS can give
insight in how these changes in the aroma are happening.
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Figure 4. Time-intensity profiles of four different VOCs (CH30,", C¢HyO,", CHs0O",
CsHsO™) during the time-temperature roasting profile of 11.6 min of Colombian coffee.

108



In Figure 5, e.g., the change in the formation pathway of CH302+, CH50+ and C5H50+ is
shown when prolonging the time-temperature roasting profile from twelve to 21 minutes. In
the case of the formation of CH302+, this leads to a second plateau in the early part of the
time-intensity profile shortly after 10 minutes roasting time. Instead of a quite continuous
formation of this VOC during the roasting in a 12 min profile, the formation is kind of split in
two parts in a 21 min roasting profile (keeping in mind that both are leading to the same roast
degree of Pt 103).

Colombia, Pt 103
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Figure 5. Time-intensity profiles of three different VOCs (CH30,", CHs0", CsHs0")
during the time-temperature roasting profiles of 11.6 min and 21 min of Colombian
coffee.

The analysis of different time-temperature roasting profiles of one coffee has shown that
within one roasting profile, different VOCs are formed differently, and that changing the
roasting profile leads to a change in the formation pathway of the VOCs. The question is, how
the time-intensity profiles of the VOCs change when changing the type of coffee. For this,
five different coffees were roasted along different time-temperature roasting profiles. The
results are given in Figure 6a for one roasting profile and in Figure 6b for two roasting
profiles, 12-13 minutes and 21 minutes. Whereas CsHsO" was formed along a more or less
continuous time-intensity profile with a slight plateau in the case of the 12 min roasting of
Colombian coffee, this VOC was formed, in the case of a 13 min roasting profile of Yirga
Cheffe, continuously up to the first crack where the intensity reached a distinct plateau until
the end of the roasting process. In the case of Malangsari coffee, the difference was even
more pronounced: the formation of CsHsO™ started at around the same time as in the case of
Yirga Cheffe, but then the intensity rose continuously until the end of the roasting process,
without any plateau in between. Comparing the time-intensity profile between Colombian and
Guatemalan coffee, there were almost no differences in the formation pathway. As in the case
of the roasting of Colombian coffee, the formation pathway changed when changing the time-
temperature roasting profile, as given in Figure 6b.
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Figure 6. Time-intensity profiles of one VOC (CsHs0") during the time-temperature
roasting profile of a) about 12 min (higher heating gas temperature, shorter roast time,
medium roast degree) and b) about 12 min and 21 min (lower heating gas temperature,
longer roast time, medium roast degree) for the different coffees Colombia, Yirga
Cheffe, Djimmah (only 12 min), Guatemala and Malangsari (only 13 min).

This study revealed that during roasting of coffee, (i) different VOCs were formed differently
within one time-temperature roasting profile, and (ii) that this formation pathway was altered
by changing the roasting profile, and (iii) that the VOCs are formed differently when roasting
different types of coffee. In addition, offline analysis of the roasted coffee was performed to
get information about how these different formation pathways of the VOCs are reflected in
the cup of coffee. In Figure 7, the total headspace intensity, corresponding approximately to
the aroma intensity above a cup of coffee, is given for the roasting profile of 12-13 min (a)
and 21 min (b) for the different coffees. Here, again, differences between different types of
coffee are revealed: Malangsari had a significantly higher total headspace intensity in the 12
min roasting profile than Yirga Cheffe, Colombia and Guatemala, the latter two having almost
the same total headspace intensity. Yirga Cheffe had the significantly lowest total headspace
intensity. Going on to the prolonged roasting profile of 21 min, the total headspace intensity
decreased slightly. Yirga Cheffe had the lowest total headspace intensity, again, and
Colombia and Guatemala had similar values. Hence, prolonging the roasting profile from
about 12 min to 21 min led to a decrease in aroma intensity above the cup of coffee, whereas
the relative intensities between different types of coffee remained more or less the same.
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Figure 7. Total headspace intensity of 61 molecules analyzed with HS SPME GC/MS for
a) the roasting profile of about 12 min and b) for the roasting profile of about 21 min for
the following coffees: Colombia, Yirga Cheffe, Djimmah (only 13 min), Guatemala and
Malangsari (only 13 min).
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SUMMARY

The objective of this work was to evaluate the potential of Diffuse Reflectance Fourier
Transform Infrared spectroscopy (DRIFTS) for simultaneous discrimination between roasted
coffee and the following adulterants: spent coffee grounds, coffee husks, roasted corn and
roasted barley. Coffee beans and adulterants were submitted to batch roasting in an oven at
temperatures ranging from 200 to 270°C. Roasting conditions were established based on color
measurements in comparison to commercially available roasted coffee samples. Multivariate
statistical analysis was performed in order to verify the possibility of discrimination between
coffee and adulterants. Principal Components Analysis provided separation of the samples
into four groups: coffee, coffee husks, spent coffee grounds and corn/barley. Classification
models were developed based on Linear Discriminant Analysis and recognition and prediction
abilities of these models were 100%, with the samples being separated into six groups: pure
coffee, adulterated coffee, spent coffee grounds, coffee husks, corn and barley. Such results
confirm that DRIFTS presents potential for the development of an analytical methodology for
detection of adulteration in roasted and ground coffee.

INTRODUCTION

Ground roasted coffee is quite vulnerable to adulteration because it presents physical
characteristics (particle size, texture and color) that are easily reproduced by roasting and
grinding a variety of biological materials. Thus, a wide variety of spurious materials, such as
twigs, coffee berry skin and parchment, spent coffee, roasted barley, maize, cocoa, soybean
and others, have been reported in the literature to be commonly used in fraudulent admixtures
with coffee and a few analytical methodologies have been developed for their detection in
roasted and ground coffee. Some studies have established suitable parameters and markers for
detection of adulterants in ground roasted coffee and instant or soluble coffee, but most of the
developed methodologies are based on chromatographic methods. Although effective, such
methodologies are time demanding, expensive and involve a considerable amount of manual
work, and thus are not appropriate for routine analysis. Furthermore, they do not allow for
simultaneous discrimination of two or more adulterants in a given sample.

The need for new and rapid analytical methods in the field of food adulteration has prompted
extensive research on spectroscopic methods, including Fourier Transform Infrared
Spectroscopy (FTIR). Spectroscopic methods are either based on transmittance or reflectance
readings, with reflectance-based methods being more commonly employed as routine
methodologies for food analysis, since they require none or very little sample pre-treatment.
FTIR reflectance methods can be divided into Diffuse Reflectance Fourier Transform Infrared
Spectroscopy (DRIFTS) and Attenuated Total Reflectance Fourier Transform Infrared
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Spectroscopy (ATR-FTIR). While ATR collects information from the sample surface,
DRIFTS provides information from the entire sample, being a combination of internal and
external reflection. In general ATR-FTIR is more appropriate for analysis of liquid samples,
while DRIFTS is commonly employed for analysis of solids. A few studies have employed
DRIFTS for coffee analysis, and the specific applications were discrimination between
Arabica and Robusta varieties, detection of glucose, starch or chicory as adulterants of freeze-
dried instant coffees, separation between decaffeinated and regular roasted coffees and
discrimination between high and low quality coffees before and after roasting. Given the need
for establishing a reliable and fast methodology for dectection of adulteration in coffee, the
objective of this work was to evaluate the potential of DRIFTS for simultaneous
discrimination between roasted coffee and commonly employed adulterants such as spent
coffee grounds, roasted corn, roasted barley and roasted coffee husks.

MATERIALS AND METHODS

Green Arabica coffee, barley and corn samples were acquired from local markets. Coffee
husks were provided by Minas Gerais State Coffee Industry Union (Sindicato da Inddstria de
Café do Estado de Minas Gerais, Brazil). Spent coffee grounds were provided by a local
soluble coffee industry (Café Brasilia).

Coffee beans, coffee husks and corn samples (30 g) were submitted to roasting in a
convection oven (Model 4201D Nova Etica, Sdo Paulo, Brazil). After roasting, the samples
were ground (D < 0.5 mm) and submitted to color evaluation. Color measurements were
performed using a tristimulus L*a*b* colorimeter (HunterLab Colorflex 45/0
Spectrophotometer, Hunter Laboratories, VA, USA) with standard illumination D65 and
colorimetric normal observer angle of 10°. Previous studies have shown that roasting degree
will be dependent on the type of sample and on the roasting temperature [1]. Preliminary tests
showed that it would take higher temperatures (over 240 °C or 250 °C) to promote significant
color changes so corn or barley could be considered roasted to degrees comparable to those
for coffee. Roasting of coffee husks, on the other hand, required milder temperatures.
Therefore, roasting conditions were established for each specific type of sample. Roasting
degrees were defined according to luminosity (L*) measurements similar to commercially
available coffee samples (19.0 < L*< 25.0), corresponding to light (23.5 < L*< 25.0), medium
(21.0 < L*< 23.5) and dark (19.0 < L*< 21.0) roasts. The corresponding roasting times and
temperatures are displayed in Table 1.

Spectra were collected from a Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu,
Japan) with a DLATGS (Deuterated Triglycine Sulfate Doped with L-Alanine) detector at
room temperature (20 + 0.5 °C). Diffuse reflectance (DR) measurements were performed in
diffuse reflection mode with a Shimadzu sampling accessory (DRS8000A). Each roasted and
ground sample (D < 0.15 mm) was mixed with KBr (10g/100g) and then 23 mg of this
mixture was placed inside the sample port. All spectra were recorded within a range of 4000—
400 cm™' with 4 cm™ resolution and 20 scans, and submitted to background (pure KBr)
subtraction. The spectra were also truncated to 2500 data points in the range of 3200-700
cm”', in order to eliminate noise readings present in the upper and lower ends of the spectra.
The following data spectra pretreatment techniques were tested: (0) no additional processing
(raw data), (1) mean centering, (2) normalization, (3) baseline correction employing two
(3200 and 700 cm™) or three (3200, 2000 and 700 cm™) points, (4) first derivatives and (5)
second derivatives.
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Table 1. Roasting parameters and conditions.

tei?)aeit;?t?re Luminosity values (Roasting time)
Coffee
Light Roast Medium Roast Dark Roast
200°C 24.28+0.02 (40 min) 21.48+0.08 (70 min) 19.62+0.37 (90 min)
220°C 23.18+0.12 (20 min) 21.51+0.01 (22 min) 19.96+0.13 (25 min)
240°C 25.17+0.04 (11 min) 22.01+0.33 (13 min) 19.89+0.08 (15 min)
Coffee husks
Light Roast Medium Roast Dark Roast
200°C 22.22+0.05 (20 min) 21.660.15 (30 min) 20.16+0.12 (50 min)
220°C 23.00+0.06 (10 min) 20.41+0.30 (13 min) 19.88+0.13 (15 min)
240°C 25.16+0.04 (6 min) 21.34+0.17 (7 min) 20.47+0.06 (9 min)
Corn
Light Roast Medium Roast Dark Roast
240°C 24.45+0.21 (30 min) 22.01+0.33 (35 min) 19.89+0.08 (40 min)
250°C 24.63+0.26 (15 min) 22.17+0.08 (17 min) 19.33+0.07 (19 min)
260°C 22.25+0.06 (11 min) 21.10+0.16 (12 min) 19.26+0.10 (13 min)
Barley
Light Roast Medium Roast Dark Roast
250°C 24.07+ 0.13 (30 min) 22.59+0.39 (35 min) 21.16+0.21 (40 min)
260°C 24.31+ 0.45 (15 min) 22.06+ 0.56 (17 min) 21.72+0.3 (19 min)
270°C 25.44+ 0.12(11 min) - 20.37 £ 0.33 (13 min)

Using the DR spectra (raw or normalized) and its derivatives as chemical descriptors, pattern
recognition (PR) methods (PCA and LDA) were applied in order to establish whether
adulterants could be discriminated from roasted coffee samples. LDA model variable
selection was based on the data that presented higher influence on group separation (high
loading values) from the PCA analysis. The statistical package XLSTAT Sensory 2010
(Addinsoft, New York) was employed for all the chemometric calculations.

RESULTS AND DISCUSSION

Average normalized spectra obtained for roasted coffee, spent coffee grounds, roasted coffee
husks, roasted corn and roasted barley are shown in Figure 1. Two sharp bands at 2916 and
2840 cm-1 can be clearly seen in the spectrum corresponding to roasted coffee. Such bands
have been previously reported present in spectra of roasted Arabica and Robusta coffee
samples and also of crude coffee samples, with the band at 2829 cm—1 attributed to stretching
of C—H bonds of methyl (~CH3) groups, and employed as a reference for quantitative analysis
of caffeine in soft drinks. Similar bands can be viewed in the spectra obtained for roasted
coffee husks, roasted corn and roasted barley. Coffee husks have been reported to present
similar levels of caffeine (~1% dry basis) in comparison to coffee beans, whereas corn and
barley do not contain any caffeine. However, FTIR studies on corn and corn flour have also
reported two bands at 2927-2925 and 2855 cm-1, respectively attributed to asymmetric and
symmetric C-H stretching in lipids. Although the samples in those studies were not submitted
to roasting, the lipids content is not expected to vary during roasting of corn (or barley for that
matter), as it is known to occur with coffee, and the peaks assignment to C—H stretching in
lipids might still be valid. Therefore, such bands may be affected by both caffeine and lipids
levels in the case of coffee, and are most likely primarily associated to caffeine in the case of
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coffee husks and only to lipids in the cases of roasted corn, roasted barley and spent coffee. It
is noteworthy to point out that the majority of the caffeine present in coffee is extracted
during soluble coffee production, whereas the lipid fraction is partially extracted, hence,
leading to spent coffee grounds virtually devoid of caffeine but still containing some lipids.

1740 —, ‘1580 1.0

Normalized absorbance

wavenumber (cm-1)

Figure 1. Average normalized diffuse reflectance spectra obtained for roasted
coffee ( —— ), roasted coffee husks ( ...... ), roasted corn ( - - ), roasted barley ( - - )
and spent coffee grounds ( — ).

Sharp bands at 1743-1740 cm-1 are evident in the coffee, corn and spent coffee spectra. Such
bands have been reported in FTIR studies of roasted coffee and are attributed to carbonyl
(C=0) vibration in esters (triglycerides). Such literature reports and the fact that these bands
are rather weak in the spectra obtained for roasted coffee husks and barley (low lipid content)
are strong indications that it can be associated to lipid concentration. Several bands can be
viewed in all the spectra in the range of 1700 to 700 cm-1. Many substances that naturally
occur in coffee are reported to present absorbance bands in this range, the ‘double bond
region’ as classified in accordance with the spectra segmentation presented by Stuart. For
example, Ribeiro et al. performed DRIFTS analysis of roasted coffees and observed lower
absorbance of decaffeinated samples in the range of 1700 to 1600 cm-1. The band at 1659-
1655 cm-1 has been consistently used as a chemical descriptor of caffeine in FTIR
spectroscopic detection and quantification of caffeine in coffee extract samples. Another
substance that can be associated to peaks in this range is trigonelline, a pyridine that has been
reported to present several bands in the range of 1650-1400 cm-1, and is present in both crude
and roasted coffee. Some of the bands in this range may be attributed to axial deformation of
C=C and C=N bonds in the aromatic ring of trigonelline. Furthermore, sharp bands can be
observed at 1585-1575 cm-1 for the spectra of coffee and coffee husks and they may be both
attributed to the presence of non-degraded trigonelline and nicotinic acid (one of trigonelline
major degradation products upon roasting). The spectrum for spent coffee does not present a
pronounced band in this region and this can be attributed to the fact that, during production of
soluble coffee, trigonelline and nicotinic acid are extracted for they are both quite soluble in
water. No reports were found on the presence of these types of compounds in both corn and
barley, thus, corroborating the assignment of the peaks at 1585-1575 cm-1 to trigonelline and
its degradation products. The wavenumber range of 1400 to 900 cm-1 is characterized by
vibrations of several types of bonds such as C—H, C-O, C—N and P—O. Chlorogenic acids, a
family of esters formed between quinic acid and one to four residues of caffeic, p-coumaric
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and ferulic acids, present strong absorption in the region of 1450 to 1000 cm-1. Carbohydrates
also exhibit several absorption bands in the 1500 to 700 cm-1 region, so it is expected that this
class of compounds will contribute to many of the observed bands.

Using the DR spectra as chemical descriptors, pattern recognition (PR) methods (principal
components analysis — PCA and linear discriminant analysis - LDA) were applied in order to
establish whether the adulterants could be discriminated from roasted coffee. Data matrices
were assembled so that each row corresponded to a sample and each column represented the
spectra datum at a given wavenumber, after processing as previously described. The spectra
pretreatment steps that provided a satisfactory level of simultaneous discrimination between
roasted coffee and all adulterants simultaneously were the following: no additional treatment
of raw data, normalization with three point baseline correction and first derivatives. The
corresponding scatter plots obtained after PCA analysis are displayed in Figure 2.

Sample grouping can be observed in all the plots displayed in Figure 2, even though
separation is more evident for the spectra submitted to normalization and first derivatives
(Figs. 2b and 2c). Roasted barley and roasted corn were not effectively separated, regardless
of the spectra pretreatment employed. Evaluation of the loadings plots obtained after PCA
analysis of the normalized spectra indicated that the spectral ranges that presented the highest
influence on PC1 values in association with coffee and spent coffee grounds (negative PC1)
were the following: 3018-3000, 2970-2900, 2875-2830, 2422-2355, 1753-1741, 883-870 and
822-800 cm-1. The highest influence on PC1 values in association with roasted corn and
barley (positive PC1) was observed in the following ranges: 3200-3090, 2270-1820, 1732-
1674, 1480-1270, 1164-974, 934-904, 862-830 and 796-700 cm-1.
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Figure 2. PCA scores scatter plot (PC1 vs. PC2) based on diffuse reflectance spectra
(3100 - 700 cm-*) of roasted coffee in comparison to adulterants after the following
pretreatment steps: (a) no treatment; (b) normalization and baseline correction; (c) first
derivatives ( ® coffee; O coffee husks; @ spent coffee grounds; O barley; + corn).

The satisfactory results obtained from the principal components analysis indicate that the data
could provide enough information to develop classification models for roasted coffee and
each specific roasted contaminant. Therefore, linear discriminant analysis (LDA) was
employed in order to obtain classification models for pure coffee, its adulterants and
adulterated coffee (total adulteration levels ranging from 66 to 1% of one or more
adulterants). Model validation was performed using 30% of the samples as the evaluation set.
Recognition ability was calculated as the percentage of members of the calibration set that
were correctly classified, and prediction ability was calculated as the percentage of members
of the evaluation set that were correctly classified. The corresponding score plots obtained for
the first three discriminant functions of the developed models are shown in Figure 3. A clear
separation of all groups (pure coffee, adulterated coffee, coffee husks, spent coffee grounds,
corn and barley) can be observed for all models, that presented 100% recognition and
prediction abilities. Altough some overlapping between corn and barley is observed, given
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that the main goal is to discriminate pure and adulterated coffee, an evaluation of plots shown
in Figure 3 shows that, for the model based on first derivatives, the third discriminant function
alone provides separation between pure and adulterated.

Figure 3. Scores of the discriminant functions provided by the LDA models of diffuse
reflectance spectra (3100 - 700 cm-1) after the following pretreatment steps: (a) no
treatment; (b) normalization and baseline correction; (c) first derivatives ( @ pure

coffee; ® adulterated coffee; @ coffee husks; ™ spent coffee grounds; ¥ barley; &
corn).

CONCLUSIONS

The potential of DRIFTS for simultaneous discrimination between roasted coffee and
common adulterants was evaluated. PCA provided separation of the samples into four groups:
coffee, coffee husks, spent coffee grounds and corn/barley. Classification models were
developed based on Linear Discriminant Analysis and recognition and prediction abilities of
these models were 100%, with the samples being separated into six groups: pure coffee,
adulterated coffee, spent coffee grounds, coffee husks, corn and barley. Such results confirm
the potential of DRIFTS for detection of adulteration in roasted and ground coffee.
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SUMMARY

Coffee defects can be mainly identified by observing the colour of silverskin and/or that of the
bean endosperm. Black beans result from dead beans or beans that fall naturally on the
ground; sour beans are often associated with ‘over-fermentation’ during wet processing.
According to the standard 1SO 10470:2004, black beans, immature and sour beans are defects
included in the category of beans with irregular appearance, known to affect beverage quality.
Defective beans, however, can represent a source of valuable chemicals or raw materials and
then the cell content of these beans is an interesting topic to be studied. Coffee oil extraction
from defective beans has been suggested as possible process to obtain chemicals and energy
through biodiesel conversion. The objective of this work was to characterize the oil bodies of
defective beans and to carry out a comparison with normal beans both dry and wet processed.

Transversal sections of 1-2 mm of brazilian black, sour, immature and normal beans were pre-
fixed in glutaraldehyde in phosphate buffer. Portions of these sections, that represent only the
external endosperm, are subsequently fixed in the same solution. After a post-fixation in
osmium tetroxide, samples were dehydrated with increasing acetone series and included in
Spurr’s resin (Spurr, 1969). Then, they were cut to obtain ultrathin sections, treated with
standard double contrasting stain and examined by TEM. The oil fraction was isolated by a
standard Soxhlet extraction.

Other seeds, fixed in formaldehyde solution for almost 3 weeks, were cut with a cryostate to
obtain frozen section, stained with some histochemical techniques and examined by a
standard optical microscope.

The morphological aspect of immature seeds was similar to normal seeds, with small oil
bodies at the cell periphery. Black beans were different from the others, with their very hard
cell walls and the presence of mold. Oil bodies were inside the more internal endosperm cells,
sometimes completely fused. In sour beans, there are bigger oil drops and an unknown protein
matrix, probably a consequence of the fermentation process. Oil bodies diameter and the
content oil of defective beans lie in the range of normal arabica seeds, even if there are slight
differences among the distribution of oil bodies diameter classes.

INTRODUCTION

Defects is a term used in commercial practice to describe the quality factor of the amounts of
defective beans present and of extraneous matter. Producing countries have their own criteria
for the classification of coffee but the ISO (International Organization for Standardization)
has produced in the past Standard 1SO 10470:2004, a defect reference chart for green coffee.
According to 1SO, black, immature and sour beans are defects that belong to the category of
beans with irregular visual appearance, known to affect the beverage quality. Black beans
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result from dead beans or beans that fall naturally on the ground, related to the fermented or
stinker flavour; immature beans are unripe seeds responsible for the astringent or metallic
flavour and sour beans are often associated with ‘over-fermentation’ during wet processing,
that produce fermented flavour.

Approximately 20% (0,5 million tons per year) of the Brazilian coffee production consists of
low quality defective beans, which are commercialized in the internal market in Brazil, being
used by the roasting industry in blends with non defective ones. The extraction of oil would
be an alternative to the use of lower quality coffee. Coffee oil extraction from defective beans
has been suggested as possible process to obtain chemicals, used in cosmetic formulations or
in food and pharmaceutical applications and energy through biodiesel conversion. An
interesting alternative is the use of defective coffee press cakes, a residue from coffee oil
biodiesel production, that was evaluated as an adsorbent for removal of basic dyes from
aqueous solutions or a good source to obtain polyphenols and chlorogenic acids, known for
their anti-oxidant activity.

Lipids in coffee are in the form of oleosomes or oil bodies functioning as an energy reserve
for the germination. Oil bodies are isolated in the cytoplasm of cells and form masses close to
the cell walls; they originate from the endoplasmic reticulum and consist of tryacylglicerols
surrounded by a phospholipids monolayer. Proteins, called oleosins, are partially submerged
in this monolayer, preventing the fusion between oil bodies. In a previous work, we discover
slight differences about oil content among arabica samples from different geographical origin
related with the size of oleosomes.

The objective of this work is to deepen the aspect of content cells and, in particular, of coffee
oil in some brazilian defective samples (black, sour and immature), in comparison with
normal beans with the same origin.

MATERIALS AND METHODS

Transversal sections of five seeds per type (normal Arabica both dry and wet processed,
black, immature and sour arabica) were pre-fixed in a glutaraldehyde solution. Small portions
(1-2 mm) of these sections that represent only the external endosperm were fixed overnight in
the same solution. After a post-fixation in Osmium tetroxide, samples were dehydrated with
an increasing acetone series and embedded in Spurr’s resin. Samples were cut with an
ultramicrotome (Leica Ultracut) to obtain thin and ultrathin sections, treated respectively with
a Toluidin Blue O solution and the standard double contrasting stain. Sections were
respectively examined with an optical microscope Leica Leitz DMRXE and with an electron
microscope Philips EM 208 at 100 kV. Measures of oil bodies diameter were obtained using
the program TESI Imaging plmage, at the same magnification (5,6 Kx). Other ten seeds per
defective beans type were fixed in a formaldehyde solution and cut with a cryostate 2800
Reichert Jung. Frozen sections (10-12 mm) were stained with some histochemical techniques
(TBO, PAS, UV-schiff) to highlight the content cells. The oil content was determined by
gravimetry after oil isolation by means Soxhlet extraction.

RESULTS AND CONCLUSIONS

Oil bodies in seeds are normally spherical, generally pressed by other cell components, at the
periphery of the cell, inside the cytoplasm. Arabica samples wet processed, more common in
the global market, preserve this typical aspect of oil bodies (0.3-2.3 pm minimum and
maximum diameter, oil content 12-17% dry weight) with endosperm cells rich in lipids
(Fig.2b). Some cells are characterize by the presence of glyoxysomes (Figure 2d), that
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mediate the lipids degradation inside the cells. Samples dry processed (Figure 2e, f) have cells
that have suffered for the drying: they are partially empty or with an evident separation of
plasma membrane from the cell wall. Oil bodies are apparently smaller but they preserve their
global shape, thanks to the presence of oleosins on the membrane.

Black samples (0.4-1.3 pum minimum and maximum diameter, 13.5% oil content) are dead
beans that have cells attached by mold and yeast: the consequence is that cells are partially
destroyed at the epidermal and subepidermal layers; the endosperm is stiffer and the cell
content seems to be different from the normal bean: vacuoles are contracted and merged
together, as highlighted with TBO and UV-schiff stains (Figure 3e, f). Although oil bodies
remain in their spherical form, when not fused (Figure 3c) and they are more variable in size
diameter, generally bigger than the others (Figure 1).

The endosperm cells of immature beans (0.2-1 pm minimum and maximum diameter, 12.2%
oil content) are younger, with thinner cell walls and bigger protein vacuoles, observed in
yellow with a UV-Schiff stain (Figure 4f); the curve of distribution of oil bodies diameter
classes is shifted to the left, towards smaller diameter than those of a ripe seed (Figure 1; 4c,
d).

Sour beans (14.9% content oil) are apparently not so different from a normal bean, but at the
microscopic level, cell content has an aspect completely different, with unknown spongy
vacuoles stain in blue-violet and oil bodies (in grey, fig. 5 a, b) completely fused to form oil
drops (> 2.5 um in diameter) or large vacuoles (Figure 5 ¢, d), maybe a consequence of
enzymatic activities during the fermentation. Oil contents in defective beans lies in the range
of normal arabica seeds and apparently it makes no remarkable differences among the oil
bodies size diameter, even if they show a slight different distribution in classes.

50
40

30

%

20

10

01-03 03-05 05-07 07-09 09-11 11-13 13-15 15-17 17-19 19-21

size classes

Figure 1. Distribution of oil bodies diameter classes (um) of non defective (grey), black
(black) and immature (green) samples in relation with their percentage per each class.

According to previous study, there are no significant differences in the amounts of total fatty
acids between defects and non defective beans. However the observations made on the
endosperm cells show remarkable morphological differences of the oily component,
especially in sour samples, as a consequence of a strong fermentation. These differences may
reflect the variation of minor lipid components (unsaponifiable fraction) not yet studied as far
as we know.
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Figure 2. Non-Defective Beans; a, b: transversal sections of endosperm in a sample wet
processed (TBO, bars: 50 and 10 pm), portion of external endosperm rich on oil bodies
(arrows); ¢, d: ultrathin sections of an endosperm cell (TEM, bars: 2 and 1 pm),
presence of lipid vesicles in degradation (arrow); e, f: thin and ultrathin section in a
sample dry processed. w, cell wall; ob, oil bodies; v, vacuole; g: glyoxysome; *: empty
zones.
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Figure 3. Black Beans; a, b: thin sections of endosperm (TBO, e, bars: 50 and 10 pm), a:
bacterial and mold contamination (arrow); b: oil bodies and fused bodies (arrows); c, d:
ultrathin sections of an endosperm cell (TEM, bars: 2 and 10 pm), presence of hyphae
that cross the cell wall (arrows). E, f: transversal section of seed stain in TBO and UV-

schiff (bars: 50 pm). w, cell wall; ob, oil bodies.
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Figure 4. Immature Beans; a, b: thin sections of endosperm (TBO, e, bars: 50 and 10
pm); ¢, d: ultrathin sections of an endosperm cell (TEM, bars: 2 pm), presence of
smaller oil bodies (ob); e, f: transversal section of seed stained in TBO (e) and UV-schiff
(f) (bars: 200 and 10 pm). w, cell wall; ob, oil bodies; v, vacuole; e, embryo.
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Figure 5. SOUR BEANS; a, b: thin sections of endosperm (TBO, e, bars: 50 and 10 pm);
¢, d: ultrathin sections of an endosperm cell (TEM, bars: 10 and 5 pm), presence of oil
drops derived from fused oil bodies (fb); e, f: transversal section of cells stained in TBO
(e) and UV-schiff (f) (bars: 10 pm). w, cell wall; fb, fused oil bodies; v, spongy vacuole; c,
cytoplasm.

REFERENCES

Clarke, R. J. Grading, storage, pre-treatments and blending. Coffee — vol.2 Technology. Clarke
R. J., Macrae R. Eds. 1987. Elsevier applied science — London and New York.

Crisafulli, P., Silizio, F., Pallavicini, A., Navarini, L. Oil bodies ultrastructure in green seeds
with different geographical origin. Proceedings ASIC. Bali, Indonesia. 2010.

125



Del Carmen Velazquez Pereda, M., De Campos Dieamant, G., Eberlin, S., Nogueira, C.,
Colombi, D., Di Stasi, L. C., De Souza Queiroz, M. L. Effect of green Coffea arabica L.
seed oil on extracellular matrix components and water-channel expression in in vitro
and ex vivo human skin models. Journal of cosmetic dermatology. 2009. 8, 56-62.

Dentan, E. Etude microscopique du développment et de la maturation du grain de café.
ASIC, 11° Colloque, lomé (Togo). 1985. pp. 381-398.

Franca, A. S., Oliveira, L. S., Mendonga, J. C. F., Silva, X. A. Physical and chemical
attributes of defective crude and roasted coffee beans. Food chemistry. 2005. 90: 89-94.

Franca, A. S., Oliveira, L. S., Nunes, A. A., Alves, C. C. Microwave assisted thermal
treatment of defective coffee beans press cake for the production of adsorbents.
Bioresour. Technol. 2010. 101: 1068-1074.

Huang, A. H. C. Oil bodies and oleosins in seeds. Annual Review of Plant Physiology and
Plant Molecular Biology. 1992. 43: 177-200.

ISO 10470. 2004. (E). Green coffee — Defect reference chart.

Mancha Agresti, P. D. C., Franca, A. S., Oliveira, L. S., Augusti, R. Discrimination between
defective and non-defective Brazilian coffee beans by their volatile profile. Food
chemistry. 2008. 106: 787-796.

Mazzafera, P. Chemical composition of defective coffee beans. Food Chemistry. 1999. 64.
547-554.

Oliveira, L. S., Franca, A. S., Mendonc¢a, J. C. F., Barros-Junior, M. C. Proximate
composition and fatty acids profile green and roasted defective coffee beans. Food
science and technology. 2006. 39: 235-239.

Oliveira, L. S., Franca, A. S., Camargos, R. R. S., Ferraz, V. P. Coffee oil as a potential
feedstock for biodiesel production. Bioresource Technology. 2008. 99: 3244-3250.

Ramalakshmi, K., Hithamani, G., Asha, K. R., Mohan Rao, L. J. Separation and
characterisation of chlorogenic acid-rich conserves from green coffee beans and their
radical scavenging potential. International Journal of Food Science and Technology.
2011. 46: 109-115.

Speer, K., Kolling-Speer, I. The lipid fraction of the coffee bean. Brazilian Journal of Plant
Physiology. 2006. 18: 201-216.

Spurr, A. R. A low-viscosity epoxy resin embedding medium for electron microscopy.
Journal of Ultrastructure research. 1969. 26: 31-43.

Texeira, R., Teixeira A. A. Defects. Espresso coffee. The science of quality. llly A., Viani R.,
Eds. 1995. Elsevier Academic Press.

Turatti, J. M. Extracéo e caracterizacdo de 6leo de café. Il Simposio de Pesquisa dos Cafés do
Brasil. Simpdsio Brasileiro de Pesquisa dos Cafés do Brasil. (2. 2001. Vitéria, ES).
Anais. Brasilia, D.F.: Embrapa Café. 2001. (CD-ROM), p. 1533-1539.

Wagemaker, T. A. L., Carvalho, C. R. L., Maia, N. B., Baggio, S. R., Guerreiro Filho, O. Sun
protection factor, content and composition of lipid fraction of green coffee beans.
Industrial crops and Products. 2011. 33: 469-473.

126



Index Table of contents

Identification of Phenolic and Carotenoid Compounds in Coffee
(Coffea Arabica) Pulp, Peels and Mucilage by HPLC Electrospray
lonization Mass Spectrometry

M. VINAS", M. GRUSCHWITZ? R. M. SCHWEIGGERT? E. GUEVARA',
R. CARLE?, P. ESQUIVEL?, V. M. JIMENEZ**

'CIGRAS, Universidad de Costa Rica, 2060 San Pedro, Costa Rica
?Institute of Food Science and Biotechnology, Hohenheim University,
70599 Stuttgart, Germany
3Escuela de Tecnologia de Alimentos, Universidad de Costa Rica,

2060 San Pedro, Costa Rica
*Food Security Center, University of Hohenheim, 70599 Stuttgart, Germany

SUMMARY

Coffee pulp, peels, and mucilage are by-products accruing from wet coffee processing. Like
coffee seeds, these fruit tissues contain substantial amounts of polyphenols and other
bioactives. In the present study, polyphenols and carotenoids were identified separately in
different tissues (pulp and peels) of coffee cherries from five coffee varieties planted in Costa
Rica, and in the mucilage obtained after commercial coffee cherry depulping. Peels and pulp
of each fruit were manually separated and pooled. After extraction, polyphenols and
carotenoids were characterized by high-performance liquid chromatography (HPLC) coupled
to mass spectrometry. Most polyphenols detected were chlorogenic acids (CGASs), such as
isomeric caffeoylquinic acid (CQA), feruloylquinic acids (FQA), and p-coumaroylquinic
acids. Differences in the concentration of several phenolics were found among coffee varieties
and by-products (pulp and peels). Other phenolic compounds, such as epicatechin and
proanthocyanidin B, were also detected. Besides typical accessory carotenoids of chloroplasts,
like violaxanthin, neoxanthin, lutein, B-carotene, a-carotene and various lutein esters were
also identified.

INTRODUCTION

Phenolic compounds are ubiquitous constituents of higher plants. While their occurrence at
high levels as well as their qualitative composition in coffee seeds has been investigated in
detail, knowledge about their presence in coffee by-products (peels, pulp, and mucilage) is
scarce. Representing more than 50% of the coffee fruits, coffee processing generates a
significant amount of these by-products, which are considered as “waste” material by the
coffee processors. Identification and detailed knowledge on the amounts of these valuable
bioactives might foster the utilization of coffee by-products for nutritional and pharmaceutical
purposes.

In contrast to dry coffee processing, the wet procedure usually allows the recovery of non-
degraded peels and pulp. As previously reviewed in detail, a mucilage fraction may also be
obtained when remnants of pulp and mucilage are separated from the coffee beans by
mechanical scrubbing instead of degradation by controlled fermentation. These coffee
processing by-products were previously shown to contain several isomers of CQA and di-
CQA, epicatechin and FQAs, being considered as potent antioxidants. Furthermore, various

127



anthocyanins, such as cyanidin-3-rutinoside and cyanidin-3-glucoside, have more recently
been described.

The chemical composition of coffee beans varies depending on the genotype, which also
seems to affect the composition of other fruit parts. To the best of our knowledge,
investigations on compositional pattern of coffee by-products from different genotypes
cultivated on the same site are lacking, except for one report by Clifford and Ramirez-
Martinez. Therefore, a characterization of polyphenols and carotenoids in peels, pulp and
mucilage of five Costa Rican coffee (Coffee arabica) varieties was performed in this study.

MATERIALS AND METHODS
Plant material and sample preparation

Ripe Coffea arabica L. cherries of the varieties Caturra Rojo, Caturra Amarillo, Anaranjado,
Catuai and Arabica were manually picked from a farm located in Tres Rios, Cartago, Costa
Rica. While Caturra Rojo, Catuai and Arabica had red peel color, the exocarp was yellow and
orange colored in Caturra Amarillo and Anaranjado, respectively. After removing the seeds,
peels and pulp were manually separated from each other. Coffee mucilage was obtained from
commercial depulping (agua-pulping), consisting of a blend of different coffee varieties. Each
sample was immediately frozen in liquid nitrogen and subsequently freeze dried. Standards
were obtained from Sigma Aldrich Chemie GmbH (Taufkirchen, Germany). All further
reagents or solvents were purchased from VWR International GmbH Darmstadt, Germany), at
least of analytical or HPLC grade. Deionized water was used throughout.

Polyphenol extraction and analysis

The protocol used for polyphenol extraction and analysis was modified from Kammerer et al.,
using 0.25 g of pulp, 0.5 g of peels or 5 g of mucilage. Polyphenols were extracted twice from
each sample with MeOH/0.1% HCI, and the combined supernatants were evaporated to
dryness in vacuo at 30°C. The residue was made up to 1 ml, 2 ml and 5 ml of deionized water
(pH 3) for pulp, peels and mucilage, respectively. Subsequently, samples were membrane
filtered (0.45 um) into amber vials, and stored at -20°C until analysis. For HPLC analysis, an
Agilent HPLC series 1100 (Agilent, Waldbronn, Germany) equipped with ChemStation
software, G1322A degasser, G1312A binary gradient pump, G1329/G1330A thermo
autosampler, G1316A column oven and G1315A diode-array detector. The separation was
conducted with a Phenomenex (Torrance, CA, USA) C18Hydro-Synergi (150 x 3.0 mm i.d., 4
pum particle size) with a C18 ODS guard column (4.0 x 2.0 mm i.d.) operated at 25°C. For the
analysis of phenolic acids, the mobile phase consisted of a mixture of 2% (v/v) acetic acid in
water (eluent A) and 0.5% acetic acid in water and MeOH (10:90, v/v; eluent B). A mixture
of 5% (v/v) formic acid (eluent A) and MeOH/water/formic acid (80/10/10, v/vlv, eluent B)
was used for analysis of flavonols. Total run time was 60 and 70 min for phenolic acids and
flavonols, respectively, both at a flow rate of 0.4 ml/min. The injection volume was 10 pl.
CGAs were monitored at 280 nm and 320 nm. For anthocyanin analysis, the gradient used
ramped from 10 to 14% B (5 min), 14 to 23% B (25 min), 23% to 32% B (15 min), 32% to
62% B (15 min), 62 to 100% B (5 min), 100% B isocratic (5 min), 100 to 10% B (5 min),
10% B isocratic (5 min). Total run time was 80 min. The injection volume was 4 pl.
Monitoring was performed at 520 nm and a flow rate of 0.4 ml/min was used. Compounds
were quantified by integration of the peak areas at the respective wavelength using a
calibration curve of the corresponding standard compound: 5-caffeoylquinic acid (Sigma
Aldrich Chemic, Taufkirchen, Germany), proanthocyanidin Bl (Extrasynthese, Lyon,
France), ferulic acid and p-coumaoylquinic acid (Roth Chemie, Karlsruhe, Germany) and
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cyanidin-3-O-glucoside (Polyphenols, Sandnes, Norway). LC/MS analyses were performed
with the HPLC system coupled online to a Bruker 3000+ ion trap mass spectrometer (Bruker
Daltronic, Bremen, Germany) operating in a negative mode for phenols and in positive mode
for anthocyanins and an ESI source, as detailed by Kammerer et al.

Carotenoid extraction and analysis

Carotenoid extraction and HPLC-PDA-MS" analysis was performed as described by
Schweiggert et al. For selected samples, saponification of carotenoid esters was performed as
follows: Carotenoid extracts were evaporated to dryness in vacuo at 25°C, re-dissolved in 50
mL of petroleum ether, and 50 ml of methanolic 10% (m/v) KOH were added. The solutions
were maintained in agitation at 300 rpm overnight under nitrogen atmosphere. After
saponification, the organic phase was separated, washed twice with deionized water,
evaporated to dryness, and prepared for HPLC analysis as reported by Schweiggert et al.
Identification of carotenoids was performed by comparing their UV-vis spectra and mass
spectral behavior with data published previously.

Statistics

Determination of significant differences between means was carried out using one-way
analysis of variance, followed by Tukey’s test for mean comparison, using the statistical
program Statistica 6.0 (StatSoft, Tulsa, OK, USA).

RESULTS AND DISCUSSION
Polyphenols (non flavonoids)

Predominant compounds identified were CQAs accompanied by CGAs (hydroxycinnamic
acids) and FQAs. Three isomeric CQAs (3, 4, 5-CQA) and three di-CQAs (3,4, 3,5, and 4.5-
di-CQA) were detected. One isomer of the FQA (5-FQA) and p-coumaroylquinic acid (5-p-
coumaroylquinic  acid) and one  O-dimethoxycinnamoylquinic  acid  (5-O-
dimethoxycinnamoylquinic acid) isomer were also identified. The location of these
compounds in coffee by-products was found to be different, for example, in the peels and pulp
three isomeric CQAs (3, 4, 5-CQA) were detected, while only two isomers were found in the
mucilage (4 and 5-CQA). FQA was only detected in the pulp and mucilage (Table 1).
Ramirez-Martinez, Clifford and Ramirez-Martinez and Ramirez-Coronel et al.also reported
the occurrence of some of these compounds in the coffee pulp, which in their case were
equivalent to our peels and pulp fractions because in previous works they were not separated
from each other. Due to different pigmentation of peel and pulp, they were analyzed
separately, the latter usually being much less pigmented. So far, there are no reports of the
characterization of these compounds in both coffee tissues.
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Table 1. CGAs pattern of different coffee by-products analyzed.

Compound Coffee by-products :
Pulp Peels Mucilage

3-CQA X X

4-CQA X X X
5-CQA X X X
3,4-di-CQA X

3,5-di-CQA X X X
4,5-di-CQA X X

5-FQA X X
5-p-coumaroylquinic acid X
5-O-dimethoxycinnamoylquinic acid X

In the case of the pulp and the peels, different concentrations of these compounds were also
observed among varieties (Table 2). Pulp of the Arabica variety presented the highest values
for three of the CGAs evaluated (3-CQA, 3,4-di-CQA, 4,5-di-CQA). Remarkably, the 5-CQA
isomer was predominantly found in the pulp of the five varieties, while 3,5-di-CQA isomer
was prevailing in the peels (Table 2) and the mucilage (data not shown). Clifford and
Ramirez-Martinez reported similar concentrations of these compounds in the pulp of Caturra
Rojo except for 5-CQA where higher concentrations (up to 9200 mg/kg) were reported. This
could be related to distinct growing conditions, which have been associated with differences
in the chemical composition of coffee fruits parts.

Polyphenols (flavonoids)

Among the flavonoids identified the flavanol epicatechin, two anthocyanins (cyanidin-3-
glucoside and cyanidin-3-O-p-coumaroylglucoside) and four condensed tannins
(proanthocyanidin  B1 and B4, procyanidin dimer, proanthocyanidin dimer and
proanthocyanidin trimer) were found. Most of them were extracted from the peels, and only
proanthocyanidin B was detected in the pulp (Table 3). Both anthocyanins were found in the
pink mucilage. Epicatechin has already been reported in the pulp of eight coffee cultivars by
Ramirez-Martinez, while the proanthocyanidins have previously been reported by Ramirez-
Coronel et al. in the pulp of Coffea arabica.

The concentration of condensed tannins was very low in the pulp whereas a procyanidin
dimer showed the highest values in the peels (Table 3). These compounds were not detected
in the mucilage. Condensed tannins are considered as anti-nutrients for ruminants, and this is
especially important when feed use of coffee by-products is intended.
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Table 2. Concentrations of the CGAs in the pulp and peels of the five coffee varieties

evaluated.

Concentration (mg/kg DM)

Coffee variety

CGAs

Anaranjado| Arabica Catuai Catur_ra Catu_rra

Amarillo Rojo
PULP
3-CQA 242.2b 259.9a 220.8d 237.2bc 227.5¢d
4-CQA 408.5a 434.9a 305.7b 419.9a 328.7b
5-CQA 1329.6a 1206.1a 1061.4a 1255.6a 1255.6a
2-CQA Rt=22 1998.9ab 2220.7a 1738.2c 2201.6a 1941.5bc
2-CQA Rt=28 182.7b 185.8b 180.2b 182.8b 218.9a
3,5-di-CQA 506.3ab 575.5a 450.5bc 569.3a 372.4c
3,4-di-CQA 420.1b 514.6a 353.9¢ 382.7bc 288.8d
4,5-di-O-CQA 280.1b 326.3a 266.1b 281.4b 235.3c
PEELS

3-CQA 133.2a 136.9a 65.3b 156.0a 71.1b
2-CQA Rt=24,2 4526.1bc 5693.4ab 2745.6¢ 8029.8a 4242 .6bc
4-CQA 177.7b 182.9b 87.8c 248.3a 97.1c
5-CQA 830.3ab 828.4ab 568.7b 899.5a 772.1ab
5-p-coumaroylquinic acid 79.7a 74.9ab 50.8b 89.2a 69.0ab
3,5-di-CQA 1537.3a 1510.0a 962.5a 922.2a 992.1a
4,5-di-CQA 367.2b 401.8ab 289.8c 440.9a 289.5¢

Table 3. Concentrations of the flavonoids in the pulp and the peels of the five coffee
varieties evaluated.

Concentration (mg/kg DM)

Flavonoids Coffee variety

Anaranjado Arabica Catuai Catur'ra Catu_rra

Amarillo Rojo
PULP
Proantocyanidin B 36.3bc 41.9b 39.2bc 30.5¢ 62.0a
Cyanidin-3-glucoside 514.1a 220.4a 469.7a 534.0a 293.6a
PEELS
Epicatechin 1367.5a 1362.7a 846.1a 815.9a 1312.5a
Proantocyanidin B4 141.3b 51.1cd 32.1d 238.4a 80.6¢
Procyanidin dimer 1692.4a 1795.1a 746.7b 1971.4a 1259.1ab
Proantocyanidin B1 78.3a 90.0a 51.3a 104.6a 88.1a
Cyanidin-3-O-glucoside 4.9b 22.8a 15.9a ND 16.8a
Cyanidin-3-O-p- 10.2b 97.7a 62.9a ND 75.4a
coumaroylglucoside
MUCILAGE
Cyanidin-3-O-glucoside 3.8b
Cyanidin-3-O-p-
. 8.9a

coumaroylglucoside
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Anthocyanins (cyanidin-3-glucoside and cyanidin-3-O-p-coumaroylglucoside) were not
present in Caturra Amarillo, and their concentration in the Anaranjado variety was much
lower than in the red-colored genotyes, as can be expected according to the peels colors.
Anthocyanins were previously reported in the pulp of red coffee varieties by Patra and
Oliveira and by Esquivel et al.

Carotenoids

While several carotenoids were found in the peels of the yellow (Caturra Amarillo) and
orange (Anaranjado) colored genotypes, carotenoids were neither detected in the pulp of most
varieties (except from Caturra Amarillo) nor in the mucilage of all samples analyzed.
Carotenoids and chlorophylls identified in different coffee peels are presented in Table 4.

Table 4. Carotenoids and chlorophylls identified in the peels of three coffee varieties and
in the pulp of cv. Caturra Amarillo, respectively.

Coffee variety'
UVIVIS +

i(é(;rr:]t[i)tc;und (n?i;) abs_orption [Mn:/?] Catu_rra Anaranjado Catur_ra Catur_ra

maxima (nm) Rojo (peels) Amarillo | Amarillo

(peels) (pulp) | (peels)

Violaxanthin 10.6 414/440/466 601 - + - +
Neoxanthin 11.3 412/436/464 601 - + +
Chlorophyll b 22.1 466/650 906 + + + +
Lutein - 23.8 420/444/472 569 + + + +
apo-8’-
cgrotenal (Istd) 265 468 464 " * " "
Chlorophyll a 29.5 432/666 892 + + - +
unidentified 37.5 420/440/470 537 - + - +
a-carotene 43.6 422/446/474 537 - + +
[-carotene 47.2 424/450/478 537 + + +
Carotenoid >48 i + N N
esters

Ipresence (+) or absence (-) of the compound.

Chromatographic separation of unsaponified carotenoids from Caturra Rojo, Anaranjado and
Caturra Amarillo is illustrated in Figure 1. As indicated by the accompanying chlorophylls a
and b, mostly carotenoids characteristic of green tissues were identified in the peels. As
described in detail by Britton, with very few exceptions, the chloroplasts of green tissues of
higher plants contain the same set of major accessory carotenoids, usually comprising B-
carotene, lutein, violaxanthin, and neoxanthin. Due to the qualitative composition of the
carotenoids from the peels, our study supports the hypothesis of their chloroplastidal origin.
However, besides typical chloroplast pigments, various carotenoid esters were identified after
saponification (not shown), revealing the presence of mostly lutein esters, supposedly acting
as accessory pigments in photosynthesis. When comparing peel and pulp carotenoids, an
apparent similarity of carotenoid composition could be confirmed, as can be seen from Figure
1, although the pulp of Caturra Amarillo only contained minor amounts of lutein esters. The
other pulp samples analyzed were devoid of carotenoids, or their levels were too low to be
detected by our analyses.
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Besides considerable antioxidant properties, particularly -carotene and, to a lesser extend
regarding its conversion, a-carotene, are vitamin A precursors, thus playing an important role
in human nutrition.

Lutein was identified as a major carotenoid in coffee peels, demonstrating their potential as a
source of this valuable constituent. Lutein is found in very high concentrations in the macula
lutea, which is the most sensitive region of the retina of humans and other primates. These
carotenoids are believed to be important for the prevention of age-related macular
degeneration, being a cause of impaired vision and blindness in elderly people. Furthermore,
frequent lutein intake has been associated with improved cognitive functions like verbal
fluency in the elderly, although further study was claimed by the respective researchers.
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Figure 1. HPLC separation of unsaponified carotenoids from peels of Caturra Rojo,
Anaranjado, and peels and pulp of, Caturra Amarillo respectively. 1) Violaxanthin. 2)
Neoxanthin. 3) Chorophyll b (co-elution). 4) Lutein. 5) Istd. 6) Chlorophyll a. 7)
Unidentified. 8) a-carotene. 9) p-carotene.

Coffee by-products (mainly peels) showed different pattern and quantity of pigments
depending of their color. In the case of red colored cherries, presence of anthocyanins was
obvious, while in yellow and orange fruits typically carotenoids were to be expected.
Considering red-colored fruits, carotenoids might have been degraded upon ripening or even
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lacking, while in orange fruits the presence of yellow and red pigments belonging to different
groups contributed to their distinct color.
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Indonesian Coffee and Cocoa Research Institute (ICCRI), JI. PB Sudirman no. 90,
Jember 68118, East Java, Indonesia.

SUMMARY

“Luwak” coffee was known as a very unique coffee, because the coffee was passing trough
inside disgestion of a wild civet cat (Paradoxorus hermaphroditus). During in the civet cat
disgestion, a unique fermentation was occured eventually, that’s producing any unique flavors
substances. Production of wild “Luwak” coffee was very limited quantity. To get more
“Luwak” coffee, a voluntar to domestication of the civet cat had been tried. Domestication of
civet cat as coffee processing was a new method. There are 3 (three) types of civet cat hutch,
those are “ranch”, individual aviary, and individual cage. Individual cage method was easier
to handle. Those civet cats were fencing only during harvesting season, after that’s released to
wild nature. Ration of a civet cat during in the hutch is 300 grams of fruits (banana, papaya,
etc.) in the morning, 1 - 1,2 kg of fresh coffee cherry in the afternoon. Every week, 250 grams
of fresh chiken meat is served. Fresh water always be available in the hutch. All the ration
must be served in fresh condition, and the hutch must be cleaned everyday. A trial of civet cat
preference on Arabica varieties had been conducted. The most prefered variety by "Luwak™ is
a new promising Composite variety developed by ICCRI, followed by Andungsari 2K, S795
and Kartika. A "luwak" can drop 300 - 400 grams of wet parchment a day or equivalent to
100 - 150 g green coffee. Average yield every civet cat is around 0,12 Kg a day similar to 14
Kg a season. Wild Luwak coffee contained black been, partly black beans, holed been,
whereas the domesticated luwak coffee almost no physical defects. Wild Luwak coffee has
strong Fragrance, Aroma, Flavor and Aftertaste, medium Acidity, medium body, and a good
ballance. But, sometimes accompanied by earthy of flavour. Domesticated luwak coffee
performed very strong fragrance, Aroma, Flavor and Aftertaste, medium acidity, heavy body,
and very good balance. Cafeine content of luwak coffee is not significantly different with wet
processing coffee.

INTRODUCTION

The genus Paradoxurus (Mammalia, Carnivora, Viverridae) includes three species: the
golden palm civet, Paradoxurus zeylonensis, endemic to Sri Lanka; the brown palm civet,
Paradoxurus jerdoni, endemic to the Indian Western Ghats; and the common palm civet,
Paradoxurus hermaphroditus, which occurs across South and Southeast Asia. The common
palm civet (P. hermaphroditus), which is widely distributed from Pakistan to the Lesser
Sunda Islands. These species are largely frugivorous, although their diet includes small prey
such as insects, earthworms, molluscs and small vertebrates. They are solitary, nocturnal and
mainly arboreal, and play an important role as seed dispersers. Furthermore, common palm
civets are the source of ‘Kopi Luwak’. “Kopi Luwak” was known as one of a very unique
coffees, because the coffee was passing trough inside disgestion of a wild civet cat
(Paradoxorus hermaphroditus). Production of wild “Luwak” coffee was very limited
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quantity. To get more “Luwak” coffee, a voluntar to domestication of the civet cat had been
tried. There are 3 (three) types of civet cat hutch, those are “ranch”, individual aviary, and
individual cage. Individual cage method was easier to handle. Those civet cats were fencing
only during harvesting season, after that’s released to wild nature. Ration of a civet cat during
in the hutch is 300 grams of fruits in the morning, 1,0 - 1,2 kg of fresh coffee cherry in the
afternoon. Every week, 250 grams of fresh chiken meat is served. Fresh water always be
available in the hutch. All the ration must be served in fresh condition, and the hutch must be
cleaned everyday.

A number of scientific references on Kopi Luwak had been published, which reported on
various physicochemical properties of “Kopi Luwak”. There are some major physical
differences between them that include color differences, where Kopi Luwak was found to be
higher in red color hue and was overall darker than control beans. Scanning electron
microscopy revealed that all Palm Civet beans possessed surface micro-pitting caused by the
action of gastric juices and digestive enzymes during digestion. Large deformation
mechanical rheology testing revealed that Luwak coffee beans were harder and more brittle
than their controls indicating that digestive juices were entering into the beans and modifying
the micro-structural properties. Also after roasting, it was noted that there were significant
differences in the flavor profile of the Kopi Luwak vs. the controls when analyzed by an
electronic nose for volatile aroma compounds. The Indonesian Ulema Council has decided
that "Kopi Luwak" permitted to consumed by moslem peoples.

MATERIALS AND METHODS

A trial of civet cat preference on Arabica varieties had been conducted. In 2010, 4 varieties
had been tried, those are Andungsari 2K (BP416A), Komposit, Kartika, and S 795. In 2012, 7
varieties had been tried, those are Andungsari 1, Andungsari 2K (BP416A), BP 430A, BP 542
A, Komposit, Kartika, and S 795. Fresh coffee cherrie were served with paired 2 varieties.
Every variety was 1 kg of fresh cherry, and so every civet cat get 2 kg everyday in the
evening. After overnight, the unconsumed cherries were weighed. On the other hand, the fresh
“Luwak” droping was colected, water soaked over night, washed, and dried on bamboo rack.
The dried parchment of “Kopi Luwak” was hulled to get green coffee. The green coffee
samples were graded to get the first quality according to Indonesian National Standard (SNI).
Cupping evaluations were carried out by using medium roasting and grinding degree. Sensory
components observed were fragrance and aroma, flavor, body (mouth feel), acidity,
sweetness, balance, after taste, and preference (overall) by making 1 — 10 score.

RESULTS AND DISCUSSION

Level of consumption of luwak animal and production of dried parchments bean as mentioned
in Table 1.

Table 1. Cherries comsumption and wet coffee parchment production of caged luwak.

Coffee cherry comsumption Production of wet coffee parchment
(grams /day) (grams /day)
Average 860 381,5
Standard Deviation 139 101,8
Minimum 0 0
Maximum 1944 725,0

Number of caged Luwak were 4 — 74, 126 days.

137



Table 2. Luwak preference to some Arabica coffee varieties (2010)".

Cherries % of % of
Pair consumptio Chgrries Total cherries Total
Varieties n(Gr/ Score? | consumed (Gr/ cherries
number consumed
Luwak/ Luwak/ day) consumed
by luwak
day) by luwak
Andungsari 2K
1 >14 >1.40 0 665.00 33.25
Komposit 821 82.10 1
S795 281 28.10 0
2 1072.00 53.60
Komposit 647 64.70 1
7 .
3 S795 - >39 53.90 0 894.00 44.70
Andungsari 2K 567 56.70 1
S795 474 47.40 1
4 1196.00 59.80
Kartika 1 330 33.00 0
Kartika 1 204 20.40 0
5 - 1080.00 54.00
Composite 716 71.60 1
Andungsari 2K 506 50.60 1
1149. 7.4
0 Kartika 1 345 34.50 0 9.00 >145

Y Number of Luwak were 20. A “Luwak” was served 1000 gram of coffee chery.” Scoring: 1 —
for more consumed, O — for less consumed.

A "luwak" consumed 860 grams of coffee cherry/day in average (0 — 1944 grams coffee
cherry/day). Production of wet parchment was 300 - 400 gr a day or equivalent to 100 - 150 gr
of green coffee. Average yield every civet cat is around 0,12 kg a day similar to 14 kg a
season.
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Table 3. Luwak preference to some Arabica coffee varieties (2012).

)
Averag_e of % of Total % of
cherries . . total
. Standard | cherries cherries .
Pair I consumed 2 cherries
nr. Varieties (ar! _of_ consume | Score” | Consumed consume
Luwak/ deviation | Sv\t/)gk (gr /dlau;/vak/ d by
day) y luwak
- Komposit 550 215 55 1
1 1. 2
- Andungsari 2K 486 201 49 0 035 >
- it 412 282 41
) Composite 8 0 953 48
-BP 542 A 546 203 55 1
- Composite 296 223 30 0
3 -S795 549 282 55 1 845 42
-S5795 506 261 51 0
4 - Com[:_>05|te 523 183 52 1 929 46
- Kartika 1 406 171 41 0
5 - Composite 374 256 37 0 948 47
-BP 430 A 574 269 57 1
- Composite 351 227 35 0
6 744 37
- Andungsari 1 392 233 39 1
- Andungsari 2K 541 222 54 1
! -BP 542 A 538 231 54 0 1079 >4
- Andungsari 2K 546 294 55 1
8 -S795 275 246 27 0 820 #
- Andungsari 2K 542 124 54 1
o - Kartika 405 147 41 0 948 41
- And i 2K 438 239 44 1
10 neangsan 762 38
-BP 430 A 323 243 32 0
-A i 2K 1 297 2 1
1 ndungsarl_ 518 9 5 765 38
- Andungsari 1 247 232 25 0
-BP 542 A 511 218 51 1
12 -S795 506 261 51 0 1017 >1
-BP 542 A 403 215 40 1
13 711 36
- Kartika 309 198 31 0
14 -BP 542 A 352 289 35 0 863 43
-BP430 A 511 324 51 1
15 -BP 542 A 381 315 38 1 565 28
- Andungsari 1 174 130 17 0
16 -S795 274 183 27 0 822 a1
- Kartika 548 227 55 1
-S795 625 151 62 1
o -BP 430 A 451 157 45 0 1076 >4
-S795 359 177 36 0
18 850 42
- Andungsari 1 491 184 49 1
- Kartika 579 217 58 1
19 899 45
-BP 430 A 320 228 32 0
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- Kartika 371 268 37 0

20 799 40
- Andungsari 1 428 237 43 1

21 - BP 430 A 355 213 36 1 637 32
- Andungsari 1 282 225 28 0

Y Number of Luwak were 20. A “Luwak” was served 1000 gram of coffee cherries. > Scoring:
1 — for more consumed, O — for less consumed.

Experiment in 2010, the most prefered variety by "Luwak" was a new promising variety of
Composite variety developed by ICCRI, followed by Andungsari 2K, S795 and Kartika. But
in 2012, the most prefered variety by "Luwak" is Andungsari 2K, followed by BP 542 A. BP
430 A, BP 542 A, Kartika, Komposit, and S 795 are is not significantly difference on the
consumed coffee cherries (Table 4).

Table 4. Average coffee cherry consumed and total score of luwak preference
on some Arabica varieties.

2012 2010
. Average Average chery
N Ara_blga Total score chery Total score of Consumed
Varieties of luwak Consumed luwak
preference’ (gram / preference’ (gram / luwak/
luwak/ day) day)
1 Andungsari 1 3 336 Untested Untested
Andungsari 2K
2 (B8P pope ) 5 512 2 529
3 BP 430 3 423 Untested Untested
4 BP 542 4 455 Untested Untested
5 Kartika 2 436 0 293
6 Komposit 2 418 3 728
7 S 795 2 431 1 431

! Higher score is more preference.

In 2010, the most prefference of varieties pair were S795 and Kartika (1196 grams
cherry/Luwak/day), followed by Andungsari 2K (BP 416 A) and Kartika pair (1149 grams
cherry/Luwak/day), and Komposit and Kartika pair (1080 grams cherry/Luwak/day). Kartika
variety may increase prefference of Luwak.

In 2012, the most prefference of varieties pair were Andungsari 2K (BP 416 A) and BP 542A
pair (1079 grams cherry/Luwak/day), BP 430A and S 795 pair (1076 grams
cherry/Luwak/dayi), and BP 542A and S 795 pair (1017 grams cherry/Luwak/day).
Andungsari 1 had total preference score 3, but least chery consumed (336 grams
cherry/Luwak/day). Some continued experiments must be done to get more comprehensive
data.

Green Coffee Quality

Wild Luwak coffee contained black been, partly black beans, holed been, whereas the
domesticated luwak coffee almost no physical defects (Table 5.). This case showed that’s wild
Luwak consume not only healthy coffee cherry, but also pest attacked cherry if the cherry still
in “red and fresh”. On the other hand, caged Luwak consume only healthy coffee cherry. The
coffee cherry had been picked and selected by worker before serving to Luwak. The good
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coffee cherry was served more quantity than Luwak bodily needs, so that’s Luwak may select
the best coffee chery only, until satisfied. The unconsumed coffee cherry must be processed
as usually wet processing method.

Table 5. Number of deffect bean in “Luwak” green coffee’.

Arabica Robusta/
Arabica/ Wild Luwak Caged Luwak Wild Luwak
Deffect Unit - -
Washin So:rI]((ljng Natur SO:rl](('jng Lampung Other -
g Washing al Washing | - Sumatra Sumatera

Black Bean Bean 12 1 7 0 0 0

Partly Black Bean | Bean 15 0 9 0 5 21

Broken Black Bean 3 1 3 0 0 0
Bean

Brown Bean Bean

(Sour Bean) 10 11 26 0.5 3 0

One holed bean Bean 3 0 1 2 96 39

Several holed Bean 1 0 1 0 17 13
bean

Several stained Bean 0 0 5 0 0 0
bean

! Sample weight is 300 grams.

Cup taste profile of Luwak Coffee

Wild Luwak coffee has strong Fragrance, Aroma, Flavor and Aftertaste, medium Acidity,
medium body, and a good ballance. But, sometimes accompanied by earthy of flavour. Caged
luwak coffee performed very strong fragrance, Aroma, Flavor and Aftertaste, medium acidity,
heavy body, and very good balance. The best flavour of luwak coffee may be produced if the
feces of luwak is sorted, soaked all night long, washed with clean water, and sundried.
Washing wihtout soaking, the luwak coffee still contain somewaht earthy and moldy.
Unwashed luwak coffee certain to be earthy and moldy (Table 6.).

Table 6. Cup taste profile of Arabica luwak coffee processed
by some processing method™.

Taste Atribute Wash Soaking and Wash Natural
Quality of Aroma 7.25 7 7.33
Intensity of Aroma 7.25 7.5 7.67

Quality of flavor 7.25 7 7.17
Intensity of flavor 7.5 7.5 7.33

Body 7 8 8
Acidity 5 4.5 5.17
Quality of Aftertaste 7 6.5 7.17
Intensity of Aftertaste 7 7 7.33
Bitterness 4 5 4.33
Preference 6.75 7.5 6.83
Flavour defect

Earthy 2.5 0 4.5

Moldy 0 0 2.5
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! Notation for intensity
0 =Nil 3 — 4 = Moderately weak
1-2=Weak 5 — 6 = Moderately strong
Notation for quality and preference
0 = Inconsumable 3—-4 =Bad
1-2 = VeryBad 5-6=Good

7 -8 = Strong
9-10 = Very strong

7 —8 = Very good
9 - 10 = Excellent.

Wild luwak coffee commonly has strong Fragrance, Aroma, Flavor and strong Aftertaste,
medium Acidity, medium body, and good ballance, but occasionally it is tainted by earthy and
moldy off-flavour. Arabica caged luwak coffee has flavour profile close to Full Wash
Processed coffee with stronger body (Table 7). Robusta wild luwak coffee has a good flavour
but tainted by earthy and moldy off-flavor (Table 8). Wild luwak coffee mostly has earthy and
moldy off-flavor, becouse the “feces” had been grown by mold when collected.

Table 7. Flavor profile of some Arabica luwak coffee compared
with Arabica Full Wash Processed”.

. Arabica Full
Arabica Full Wash
Wild Luwak | Caged Luwak Wash Caged Luwak
Flavor - Processed
. Argopuro Argopuro Processed ljen
Atribute . . . Argopuro
Mountain Mountain Argopuro Mountain .
. Mountain
Mountain
Fragrance and 6.98 7.65 7.44 7.1 7.82
Aroma
Flavor 7.17 7.71 7.5 7.44 7.61
After Taste 7.17 7.65 7.48 7.53 7.6
Acidity 6.83 7.25 7.02 6.38 6.62
Body 7.4 7.31 7.13 7.1 7.25
Balance 6.94 7.58 7.27 7.47 7.49
Uniformity 10 10 10 9.63 10
Clean Cup 6.98 7.65 7.44 9.38 10
Sweetness 7.43 7.04 7.69 7.71 7.21
Overall 7.04 7.69 7.38 7.23 7.51

1 Note : See Table 6.

Flavor profile of Liberica luwak coffee is impresionable with the origin and variety. The
specific characters are very low bitterness, medium sweetness, but very strong green and
grassy. For someone had been familiar with Robusta, Liberica coffee is strong aroma but very
low body. For someone had been familiar with Arabica, Liberica coffee is too low acidity and
tainted with winy and fruity.

On “The 2nd Indonesia Specialty Coffee Auction” in 2012, some Indonesian Luwak Coffees
had been evaluated by 25 International Cuppers according to Standard of Specialty Coffee
Association of America (SCAA) [4] for bidding. The total scores are very widely spread from
82.20 until 86.04, and the special characters are very widely differences. Up to now there is
no specific flavour characters to authenticate on the originality of those luwak coffee yet.
Originality of luwak coffee may be provable only by a good documentation, not by cupping
test method.
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Table 8. Flavor profile of Robusta luwak coffee compared
with Robusta Full Wash Processed®.

Flavor Atribute Robusta Wild Luwak Wash Robusta Liberica luwak coffee
Quality of Aroma 6.33 6.5 7.19
Intensity of Aroma 7.83 7 7.19
Quality of Flavor 7 6.5 7.68
Intensity of Flavor 783 6.5 7.68
Body 7.42 6.5 7.44
Quality of 7.55
Aftertaste 6.33 6.5
Intensity of 7.55
Aftertaste 7.67 6.5
Sweetness Not scored Not scored 8.85
Bitterness 5.92 4.5 6.27
Astringency 3.5 3.5 Not scored
Green 0 1 Very Green
Grassy 1.5 1.5 Very Grassy
Harsh 0.67 0 Somewhat harsh
Earthy 4.33 0 Somewhat earthy
Preference 6.83 6.5 7.74
Comments Strong Earthy Clean Lowb qdy, IOV\.’ acidity
winy, fruity.

I Note : See Table 6.
Cafein Content

Cafein content of some Arabica luwak coffee processed by some processing methods are not
significantly different, also if compared with Arabica full wash processed (Table 9.)

Table 9. Cafein content of some Arabica luwak coffee compared
with Arabica full wash processed.

Cafein content of Cafein content of
Luwak Coffee Processing green coffee medium roasted bean
(% of dry matter) (% of dry matter)
Washing only 1,39 1,51
Soaking and Washing 1,37 1,42
Natural 1,40 1,40
Full Wash Arabica (control) 1,38 1,51
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SUMMARY

The aim of this work was to identify the fungal microbiota naturally occurring on commercial
green coffee beans, belonging to both Coffea arabica and Coffea robusta varieties, and to
evaluate different approaches for the disinfection of the bean surface. To this end, endogenous
fungi were isolated using standard microbiological techniques and identified by
morphological analysis and DNA sequencing. The fungal isolates belonged to Aspergillus and
Penicillium spp. Different chemical, physical and biological methods were employed to
control and/or inhibit the fungal growth on the beans. Overall, the use of chemical methods
and application of lactic acid bacteria (LAB) were shown to be the most successful
approaches.

INTRODUCTION

Green coffee beans host indigenous microbial microflora whose composition and load vary
depending on geographical origin, farming practices and storage. In particular, the fungal
microbiota may lead to the presence of spores that represent a concern from health,
economical and agricultural perspectives, especially if the farming practices are not tightly
controlled. In 2010, the total global coffee production amounted to 8,230,000 tonnes.
However, the Food and Agriculture Organization (FAO) has estimated that 25% of the
world’s crops are affected by mycotoxins each year, with annual losses of around 1.3 billion
metric tonnes of foods and food products, representing between $5 — 17 billion in the US
alone (~25% of food production worldwide lost post-harvest). The price of fungal crop
spoilage globally seriously effects coffee producing farmers and reduces coffee quality.

The European Food Safety Authority (EFSA) and FAO have stringent fungal toxin limits for
foods. According to the EFSA, roasted coffee beans must not exceed 5 pg/kg for ochratoxin A
(OTA); a commonly detected mycotoxin from ochratoxigenic Aspergillus species. However,
certain countries have adopted FAO recommendations and in Bulgaria, Cuba, Greece,
Hungary, Indonesia, Italy, and Singapore, levels ranging from undetectable to 15 ug/kg of
OTA are acceptable. In light of the economical and health implications, the issue of fungal
spoilage needs to be addressed. However, industry, government and consumer preferences
demand minimal processing and reduced use of chemicals or environmentally harsh
treatments of foods and beverages, particularly in developed and Western countries. Thus,
natural, ‘green’ environmental and consumer friendly approaches are preferred. The present
work aims to evaluate different strategies for the on decontamination of coffee borne fungal
microorganisms.
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MATERIALS AND METHODS

Commercially available green coffee beans were sourced from Ecuador, Brazil, Ethiopia,
India, and Thailand. The coffee microflora was isolated by standard aseptic microbiological
methods; 10g of green coffee (with the parchment intact) were homogenised in sterile
stomacher bags (Seward Ltd, West Sussex, UK) containing 90mL Ringer’s physiological
solution (Sigma, Arklow, Ireland) in a Stomacher® 400 circulator (Seward Ltd) for 2 min at
maximum power. The liquid component of the mixture was then serially diluted and plated
directly onto agar media. Media (Oxoid, Thermo Fisher Scientific Inc, Hampshire, UK) used
to isolate fungal strains included; Malt Extract, Potato Dextrose, Rose Bengal, Sabouraud
Dextrose, and Yeast Extract-Phosphate agars, with and without 10 pg/mL erythromycin
(Sigma) and 30 pg/mL chloramphenicol (Sigma) to inhibit bacterial growth.

Fungal isolates were purified by at least three contaminant-free sub-cultured generations for
each isolate. Strains were identified by morphological analyses of the mycelial biomass and
light microscopy analyses of the lactophenol cotton blue enhanced spores and mycelia.
Molecular identification of the fungal isolates was performed by PCR using the universal
primers ITS1 (tccgtaggtgaacctgegg) and ITS4 (tcctecgcettattgatatge).

The green coffee beans were subject to decontamination approaches of a chemical, physical
and/or biological nature. Chemical decontamination was performed by soaking the coffee
beans in various disinfection liquids (Table 1) for 1 to 20 min, with continuous shaking (200
rpm) followed by rinsing twice in sterile tap water. The physical decontaminations comprised
high pressure (HP), microwave treatment, anaerobic incubation, UV, soaking at low pH (pH)
and heat treatment under the specifications listed in Table 1. The efficacy of each
decontamination approach was evaluated by determining residual fungal spore counts on the
coffee beans after the treatment. The spore counts were measured by using serial dilution for
counts on agar media and/or using a Thoma chamber counting cell. Furthermore, the effects
of each treatment on the viability of the coffee beans was assessed using the 2,3,5-Triphenyl-
2H-tetrazolium chloride (TTC) method where viable seed embryos convert colourless TTC to
red formazan after incubation.

The biological decontamination methods investigated are listed in Table 1. They comprised
soaking the green coffee beans in different solutions.

Furthermore, in vitro antagonistic tests were performed using the strain Lactobacillus
amylovorous DSM 19280 LAB, from the University College Cork microbe collection, or its
by-product as antifungal agents against the growth of the coffee fungal isolates. Briefly, the
strain was cultured anaerobically, at 37°C in MRS broth overnight and subcultured for a
further 16 hours. The cultured cells were either separated by centrifugation and the biomass
(LAB) or the cell-free supernatant (LAB-CFS) were collected. The LAB plate test was done
on MRS agar with three 5uL LAB spots (10" CFU/mL from an anaerobic overnight MRS
broth culture at 30°C) placed equidistantly from the centre of the plate. These LAB spots were
incubated anaerobically for a further 16 h at 30°C with subsequent application of cooled 0.7%
agar containing 10° fungal spores. The plates were then incubated aerobically at 25°C for 7
days. The LAB-CFS test was done by incorporating 50% CFS-agar (freeze dried and
aseptically reconstituted to 5 X concentration in 0.7% bacteriological agar) into MRS agar,
with subsequent application of cooled 0.7% agar containing 10° fungal spores. The plates
were then incubated aerobically at 25°C for 7 days. The efficacy of the in vitro approach was
evaluated based on visual determination of fungal growth and measurement of fungal free
halos surrounding LAB spots in the LAB plate tests, or measuring % plate covered by fungal
mycelia in the LAB-CFS plate tests.
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Table 1. List of decontamination methods used for green coffee beans.

Chemical: NaOCl Sulfitox H,0, Pyne Ecosol Quatrol T
Conditions: | A concentration of 1-5% for 1-20 min soaking time was used for disinfectants
Physical: HP? Microwave | Anaerobic | UV pH? Heat
Conditions: | 25-50°C, 800W oven, | 7 days, Laminar pH 3-10, 1- | 30-80°C, in
100-200 10-60 sec, | 0-6 h pre- flow, 20 min hot water
mPa, 10 sec-| 0-6 h pre- soak 1-60 min soaking
10 min soak
Biological: | Acetic acid | Citric acid | Lactic acid | Propionic | LAB LAB-CFS
acid (in vitro) (in vitro)
Conditions: | A 1 —5% concentration was used for each organic acid, | Lactobacillus amylovorous

with a soaking time of 0-24 h

DSM19280

IHP, high pressure, * pH, soaking at different acidic and basic pHs (3 to 10).

RESULTS AND DISCUSSION

On receipt of the green coffee beans, the species, origin, moisture content, fungal microbial
load and other parameters were recorded (Table 2). The coffee bean microflora varied greatly
depending primarily on geographical origin.
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.. Moisture o Spore .
Harvest | Species irslgrlpngi content® Vla(tg/:)l;ty count® Furilggllaiggf 168
(%) (CFU/g)
— Aspergillus niger
— Penicillium
Coffea Region A, griseofulvum
12_()Eib canephora | parchment 1%21 61.0+84 | 2.4x10° |- Meyerozyma
var robusta coffee ' guilliermondii
— Aspergillus
fumigatus
— Aspergillus
C. Region B, tubingensis
22—0J1ully canephora par?:hment 1%)'27i 940+6.5 | 1.1x10° |- Mucor indicus
var robusta coffee ' — Rhizopus oryzae
— Fusarium solani
— Penicillium
griseofulvum
— Aspergillus niger
C. Region A, — Aspergillus flavus
326i3n canephora | parchment 1315; 940+6.5 | 1.1x10° |- Aspergillus nomius
var robusta coffee ' — Aspergillus
tubingensis
— Penicillium citrinum
— Aspergillus oryzae
— Aspergillus clavatus
o |meenc | gr
-Fe . parchment 2% 5
2012 \(l:srnfggggtaal coffee, wet 20 193+81 | 1.6x10° |- E;r?;%?myces
processed
— Meyerozyma
guilliermondii

According to Pesquisa Agropecuaria Brasileira; “TTC test was done on 25 beans at least
separate 3 times for each of the reported results; *Determined in duplicate by plate counts
using antibiotic supplemented PDA and RBA and using a Thoma chamber count cell; By
morphological studies and PCR according to Fungi and Food Spoilage and A Guide to
Methods and Application.

Toxigenic fungi isolated from the green coffee samples primarily included representatives
from the Aspergillus, Penicilium and Fusarium genera. Regardless of geographical origin or
post-harvest processing of the green coffee beans, approximately 10° cfu/g fungal spores were
detected. In this study, chemical disinfectants, physical methods, and biological
decontamination using natural organic acids (under optimal conditions) were employed to
reduce the fungal load or inhibit growth. The results are reported in Table 3.
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Table 3. The most efficient parameters for chemical decontamination of all batches of
green coffee beans, reported as an average.

o . Reductionin o "\ yiapitity"

Decontamination approach Process conditions pH fungal counts (TTC test)
(1 LOG cfu/g)

Chemical decontamination
NaOCI 1.0% 8.6 1.32 -17
Sulfitox 1.0% 3.7 1.49 +23
HO, 3.0 % 55 0.85 +33
Pyne disinfectant 1:10 % ND 2.07 -9
Ecasol 2 ppm ND 0.89 0
Quatrol T 1.3% 9.2 1.60 +192
Physical decontamination
High pressure machine 100mPa, 2 min ND 5.00 -79
Microwave (800W oven) Medium, 30 s ND 6.04 -100
Anaerobic 7 days ND 6.04 -11
UV (laminar flow hood) 1h ND 1.59 -50
pH 21 days® 10.0 1.93 +21
Heat (water bath) 70°C, soaking 7.0 6.04 -100
Biological decontamination (organic acids)
Acetic acid 2 %, 15 min soak 2.8 1.50 +7
Citric acid 2 %, 15 min soak 2.2 1.53 -36
Lactic acid 1 %, 15 min soak 2.9 0.09 -78
Propionic acid 1 %, 15 min soak 7 1.68 -73

TAs a percentage of control, “The beans were left to imbibe the liquid for 21 days and not
soaked; ND not determined; PDA potato dextrose agar; RBA rose Bengal agar

From the data in Table 3, it is clear that physical decontamination such as microwave,
anaerobic, heat, and HP treatments reduce the fungal load most efficiently. However, this is at
expense of coffee viability which was reduced by 11 to 100%. Chemical and organic acid
biological decontaminations generally reduced the fungal cell load by approximately 1 LOG
cfu/g and affected the coffee bean viability to varying extents. Anaerobic treatment seems to
be the most efficient method tested, however this approach resulted in undesirable smell after
7 days of incubation.

Since LAB have been previously shown to efficiently inhibit the growth of fungal spores from
different matrices, a further biological approach to green coffee decontamination consisted of
challenging the coffee bean fungal isolates using a LAB cell culture or in antifungal
compound containing LAB-CFS (a by-product of LAB biomass production). These
treatments allowed complete inhibition of fungal growth (Table 4).
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Table 4. In vitro 7 day trials using the Lactic Acid Bacteria (LAB) Lactobacillus
amylovorous or cell-free supernatant (CFS) as viable fungal antagonists for green coffee
beans.

LAB plate LAB-CFS
test! plate test®

LAB plate LAB-CFS plat

Fungal species test!

Fungal species

Penicillium

griseofulvum Aspergillus flavus

Penicillium

griseofulvum Aspergillus nomius

Aspergillus Aspergillus
tubingensis tubingensis
Aspergillus niger Aspergillus

tubingensis

Aspergillus
tubingensis

Rhizopus oryzae

Top left and bottom spots are Lacfdbacillus amylovorous DSM19280, Covered rigﬁt side
spot is MRS control; Top section is PDA only, left and right section is CFS-containing PDA
in duplicate.

When using LAB as antagonists of the coffee-derived fungal species, incorporation of the
CFS into the agar media was frequently more efficient at inhibiting contaminant growth than
direct use of the LAB cells. As illustrated in Table 4, there is retarded or no growth of fungal
species when using L. amylovorous LAB or LAB-CFS as antagonists, respectively. In
general, the anti-fungal LAB-CFS was very efficient at inhibiting or preventing fungal growth
to the end of the trial, up to 7 days, when using the coffee isolated strains. Further analyses
using a wider array of LAB strains would be of particular interest against mycotoxigenic and
phytotoxigenic fungal isolates. Additionally, future research should focus on analysis of the
anti-fungal compounds present in the antagonistic LAB strains. To summarise, LAB and
LAB-CFS perform well as fungal antagonists in vitro and could potentially replace chemical
fungicides.
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Efficient Digestion of the Coffee Bean Cell Wall Using
a Selected Food-Processing Cellulase

N. KASAI, T. SAKAMOTO

Graduate School of Life and Environmental Sciences, Osaka Prefecture University,
Osaka JAPAN

SUMMARY

Screening of effective food processing-cellulase for digestion of cell walls of coffee beans
was carried out, and the cellulase from Trichoderma reesei was selected. The digestion of the
cell walls of green and roasted coffee beans was carried out by sequential procedures of
autoclaving with 0.1 M NaOH, and cellulase re-digestion. The cell walls were easily broken
into micro pieces. The enzyme solution were eluted with the size exclusion chromatography
of Sephacryl S-200, then two active fractions were found, The key enzymes of the fractions
were investigated by SDS-PAGE and LC-MS/MS. In the supernatant of the digestion of the
alkali treated coffee beans, the high molecular galactan along with low levels of arabinose,
digested oligo-mannose, and mono sugar of glucose and arabinose from the arabinogalactan
protein were found by size exclusion chromatography of TOSO-HWS50. In the precipitated
micro particles, rhamnose and galacturonic acid were newly found as ratio of 1:1.86. The
microscopy observations staining with calcofluor white for the cellulose of the digested cell
wall were investigated. The cellulose was completely digested off, and the blue white-
fluorescence was not stained in the residual cell-wall segments and the collapsed particles.
The key enzymes of the selected cellulase are studying and identifying for the efficient
digestion.

INTRODUCTION

Raw crops and their materials should be understood for the more usage to make more good
products, processing, and also application of their residues. For these purposes, enzymes are
often used for the tools. For coffee beans cell-wall, many researchers have been reported and
cleared the compositions of the cell wall. Although huge amounts of coffee beans are
processed annually and their residues are valuable resource, there is little known about the
enzymatic digestion of the cell wall of coffee beans. Generally, mannanase would be
described as a efficient enzyme to digest the cell wall of coffee beans, but the reports are
hardly to find. Plants are principally made of carbohydrates, and proteins; therefore, effective
digestion is possible with some enzymes and chemical or physiological treatments. However,
fibers, cell walls, and tissue contents of coffee beans have a unique composition or complex
such as galactomannan and arabinogalactan protein (AGP), and they have been sometimes
strongly resistant to general enzymes.

Our study aims to achieve efficient enzymatic digestion of coffee beans, and various trials and
screenings of food-processing enzymes have been carried out. In our results, a food-
processing cellulase from Trichoderma reesei was found to be an efficient enzyme for
digesting the coffee bean cell-wall, and the cell wall was drastically collapsed and digested.
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In this presentation, we would like to present the digestion components and characteristics of
this efficient enzymatic digestion of coffee bean cell-walls, and also investigate the
characteristics of the key enzymes or the mechanism.

MATERIALS AND METHODS
Coffee beans

Coffee beans (Coffee arabica), the roasted coffee beans, and their cracked and milled powders
were gifts from UCC Ueshima Coffee Co., Ltd., Kobe, Japan. The defatted powdered samples
were prepared with a 10-fold volume of hexane extraction at room temperature for 24 h. The
sample was then washed with hexane and dried at room temperature.

Enzymes

Cellulase (for food-processing cellulase from Trichoderma reesei, 5000 units/g) was a gift
from Godo Shusei Co., Ltd. (Tokyo, Japan). Pectinase (Pectinex Ultra SP, from Aspergillus
aculeatus; 26000 units/ mL) and Cellclast 1.5L FG from A. aculeatus were gifts from
Novozyme Japan. Cellulase XL531 from Aspergillus niger was a gift from Nagase chemtex,
Japan. Cellulocine GM5, AC40, and HC100, cellulases from Aspergillus sp. and TP25 and T2
from Trichoderma viride were gifts from HBI, Inc., Japan. Other cellulases were gifted from
several companies, the screened cellulase were 23 kinds. All other reagents were of reagent
grade.

Screening of Enzymes

The roasted residues was autoclaved with 0.1 M NaOH at 121 °C for 60 min. The treated
residues were washed with water and 0.1 M acetate buffer (pH 5.0) and placed in a 96-well
microplate; a 1 or 5% enzyme solution (0.1 M acetate buffer, pH 5.0) was mixed at 40 °C
overnight, and the collapse or any visual change was observed.

Digestion of the cell walls of sliced green coffee beans

The green coffee beans were autoclaved with water at 121 °C for 10 min. The cooled beans
were sliced, and the sliced sections were autoclaved with 0.1 N NaOH at 121 °C for 10 min.
The milled powdered coffee beans or the sections were incubated in an eppen-tube with 1%
the selected cellulase from Trichoderma reesei at 40 °C for 24-72 hr.

Estimation of sugar and protein

The amount of uronic acid was measured according to the 3-phenyl phenol method. The total
sugar was estimated by using the phenol-sulfuric acid method. The reducing sugar was
estimated according to the Nelson-Somogyi method. Protein was estimated by using the
Bradford method. Each amount was calculated using a colorimetric standard curve with D-
galacturonic acid, D-glucose, and serum albumin as the standards.

Neutral sugar analysis

Analysis of the neutral sugars was done using the alditol-acetate method. The composition of
the neutral sugar was analyzed by a GC system with a capillary column of DB- 225 (J&W
Co., 0.25 mm x 30 m) connected to a Yanaco G-2800 (Yanaco Co., Ltd., Kyoto, Japan). The
standard solution was adjusted with a 1% solution of each of the seven kinds of following
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sugars: L-rhamnose, L-fucose, L-arabinose, D-xylose, D-mannose, D-galactose, and D-
glucose.

Staining

Calcofluor white were used for the staining reagents of the coffee residue. Calcofluor white,
BactiDrop, was obtained from Remel, Lenexa, KS.

SDS-PAGE and LC-MS/MS

SDS-PAGE was done according to the Laemmli method. The electrophoresis equipment used
was an AE-9631M/P with an attached concentration slope gel (5-20 and 10- 20%)
(manufactured by ATTO, Tokyo, Japan). The standard molecular marker was the
Kaleidoscope Prestained Standards from Bio-Rad. The buffer system was Tris-glycine or
Tris-tricine, pH 7. The each protein band was digested by trypsin (trypsin gold, Promega), and
LC-MS analysis was carried out by Hitachi Nano Frontier LD.

Light and fluorescent microscopic observation

The microscopic observations and photos were done using an Olympus BH-21 (Olympus
Optical Co., Ltd., Tokyo, Japan) light microscope and a digital DP-1I microscope
photographic device. Fluorescent microscopic observations and photos were done using an
Nikon Eclipse E-600 (Nikon Co., Ltd., Tokyo, Japan) fluorescent microscope and a digital
Hamamastu ORCA- ER C4742-95 camera (Hamamatsu Photonics Co., Ltd., Hamamatsu,
Japan).

RESULTS AND DISCUSSION
Screening of cellulases

Twenty three-kinds of cellulases as food- processing enzymes (1%, 0.1 M acetate buffer, pH
5.0) were mixed with the alkali-treated coffee residue (0.1 M NaOH, 121 C for 60 min) at 40
°C overnight. The diluted alkali treatment was effective for pre-treatment of coffee cell-wall.
In the cell walls without the body complex or residual coffee brew by the diluted alkali, the
autoclaving with water (121 C for 10 min) was sufficiently effective for the digestion of the
outer cell walls. The most of the tested cellulases were not effective to digest, however, only
the cellulase of Trichoderma reesei (GODO-TCF) caused the collapse of residues. The cells
were dispersed, and the cell walls were partially digested. The decomposition of the cell walls
was recognized as the autoclaving treatment and the cellulase effectively digested the cell
walls of the coffee beans (Figure 1).
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Figure 1. A food processing enzyme was selected as a efficient enzyme to digest coffee
bean cell-wall (Left). The photo of microscopy of the digested and collapsed coffee bean
cell-wall by the selected enzyme (Right).

Investigation for the key enzymes of the selected cellulase

The key enzymes of the cellulases was investigated by the size exclusion chromatography of
Sephacryl S-200 HR. The eluted fractions were reacted with micro milled coffee beans in 96
hole plates. Two active fractions were found as shown in Figure 2. A fraction was in high
molecular fraction in fraction No.29, and another one was low molecular fraction of Fraction
No0.39. The Fraction No. 39 was only to digest and to occur strong collapse the cell wall, and
CMC and mannan were well digested. Mannan from brewed coffee was well digested in
fractions from No0.30 to No.40. The fraction No. 29 was synergetic for the fraction No.39, the
digestion activity was strengthened as 6-fold.
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Figure 2. A size exclusion chromatography of Sephacryl S-200 HR of the slected
cellulase from Tricoderma reesei of GODO TCF. The graph shows the overlayed
activities of the collapse, digestion of mannan, AGP, avicell (micro crystalline od
celulose) and CMC of the each fraction. The two fractions of Fr. 29 and Fr.39 were
found as characteristic active fractions.
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SDS-PAGE and LC-MS/MS analysis of enzymes of the active fraction

SDS-PAGE and the LC-MS/MS analysis of the two active fractions were carried out, and the
gragments were searched in the CAZy data-base. a-N-Arabinofurasidase was detected in the
former fraction, and xylanase Il, endo glucanaseVIl, endo-xylanase of Tricoderma reesei
were found in the latter fraction, but mannase was not found as a main enzyme.

Analysis of the digestion of cell wall of coffee beans by the eluted fractions

Micro milled coffee beans were alkaline treated and digested for 2 days by the highest active
fraction, the soup sugar analysis was carried out. The reaction mixture was centrifuged, and
the precipitated the micro broken fragments. In the micro broken fragments, rhamnose and
galacturonic acid were newly identified, and the molar ration was 1:1.86. The results mean the
rhamnogalacturonan existence. The inner pectinic part would be exposed by digesting the
outer part. A sugar analysis-profile of size exclusion-chromatography of the supernatant of
digestion with the enzyme of the active fraction N0.39 was shown in Figure 3. Y-axis is sugar
content, and X-axis is the fraction numbers. Polymerization numbers of sugars are expressed
as from Left to right, 7-8, 4-5, 3, and monosugar. High molecular weight of galactan was
found. Three, and 4 or 5 oligo mannans and monosugar of Man were also detected, this result
mean that mannan would be digested to oligo mannoses. Mono sugar of Glc and Ara were
also found. The total Gal and Ara ratio was 2:1. These results showed the most of Ara of AGP
was well released. Mannanase were not found by the LC-MS analysis, but this result show the
small amount of mannanase should be also essential to collapse. Mono sugar of Glc was also
characteristic.
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Figure 3. The sugar analysis of the digestion of cell wall from coffee beans are shown.
The high molecular weight of AGP wihout Ara, oligo mannose and mono sugar of Ara,
Man, and Glc were characteristic digestion.

Cellulase from Trichoderma reesei digestion of the sliced section of green coffee beans

The selected cellulase (1%, from Trichoderma reesei of GODO-TCF) digestion was carried
out for the sliced green coffee beans treated by autoclaving with water (121 C for 10 min).
Cellulose was stained by calco white flur, the segment was seen by fluorescent microscopy. In
the before digestion segment, cellulose was clearly detectable as blue white fluorescent part.
In the after enzyme reacted segment, the blue white part was not found. The result and the
previous sugar analysis means that the cellulose was completely digested and formed mono
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sugar of Glc. Therefore, Fraction N0.39 had the activity of complete and strong digestion for
the cellulose. These digestions would occur to easy collapse of the coffee cell wall.

AGP releasing and cellulose complete digestion would important to digest coffee cell wall. In
the AGP digestion, Ara was mostly released, but the residual galactan was not digested to low
moleculars, but the galactan would be mostly and still remained.

It is said that AGP would be deeply existed in the galactomannan, and the agglutinate the cell
wall. Strong releasing of the Ara from the AGP is possible, and would be relaxing the
agglutinated cell wall-components. This relaxing lead next strong cellulose digestion and
mannan, and then the easy collapse of the cell wall would be possible.

Mannanase was not detactable in SDS-PAGE and LC-MS analysis, but small amounts of
mannanase would be exist, and made to form oligo mannan.

We are now studying and investigate the high active fraction to clear the key enzymes, the
each enzyme is now separately purifying and isolating, and investigate the action to the cell
wall by microscopy. And, we are also studying on the function of the enzymes and the least
desirable combination or why are the key enzymes, why is easy to digest by using this
cellulase? Some trials on the digestions of the key components of AGP, and its pre-
glycosylated protein or coffee bean hulls are also investigated for good coffee production.
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SUMMARY

A set of six espresso coffees with different foam characteristics and similar above cup and in-
mouth flavour sensory profiles was produced by combination of two varying parameters, the
extraction pressure and the filtration of the coffee beverage. The coffees were subsequently
evaluated in a comparative manner by a set of analytical (headspace, nose-space) and sensory
(Temporal Dominance of Sensations) techniques. The presence of espresso crema in its
standard quantity was demonstrated to be associated to the optimum release of pleasant high
volatiles, both in the above cup headspace and in-mouth. On the other hand, the TDS study
demonstrated that increasing amount of crema was associated to increasing roasted
dominance along coffee consumption.

INTRODUCTION

For consumers, the smooth, dense, hazelnut brown foam (the so called “crema”) on top of a
freshly brewed espresso is highly appreciated as part of the coffee experience. Crema is
formed during the extraction of the coffee as a result of pressure created in the coffee bed and
gas present in the roast and ground. The gas phase of the crema consists of water vapour from
the percolation process and carbon dioxide due to the Maillard reaction during the roasting
process of coffee beans, as well as aroma molecules that are released from the roast and
ground coffee during the extraction.

The crema plays a very important and integral role in the coffee tasting experience. A visually
appealing smooth and dense crema indicates a good extraction of the coffee. In previous work
we have shown that the crema acts as a vehicule to release aromas above the cup and will
therefore impact the smell of the coffee. Finally, it is well known that the crema brings
smoothness and body to the espresso coffee. In the current study we aimed to understand how
the crema quantity impacts the in mouth sensory perception, the coffee headspace and the in-
mouth aroma release.

MATERIALS AND METHODS

Commercial Nespresso blend was used. All capsules came from the same batch. To modify
the foam properties, series of six coffees with foam were produced by playing with the
extraction pressure (Normal pressure = 12-16 bars; High pressure = 20 bars), and/or the
filtration of coffee after extraction. For filtration two fabric types were used: Petex 07-64/45
(based on polyethylene terephthalate, 64 mM pore size, 45% open area) and Fluortex 02-
70/22 (based on polyvinylidene fluoride, 70 mM pore size, 22% open area). A third type of
filter, Petex 07-33/21 (based on polyethylene terephthalate, 33 mM pore size, 21% open area)
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was used for totally removing the crema. This produced a reference coffee without foam.
Coffees were prepared using standard or modified Nespresso machines. Coffee sample
preparation was done by filling the machine with Acqua Panna mineral water (Sanpellegrino
S.p.A., Milan, Italy), placing the capsule inside and setting the operating pressure. A
transparent coffee cup, either with or without filter according to the coffee prototype, was
placed below the coffee nozzle exit and on top of a Mettler type PM6 balance (Mettler
Instrument AG, Zurich, Switzerland). Coffee preparation was carried until an approximate
volume of 40 mL (i.e. exactly 40 g, as measured with the balance) were extracted into the cup.
A sensory profiling was carried out on the entire set of 7 espresso coffees using 12 trained
panellists. The profiling confirmed that neither the odour nor the in-mouth attributes were
significantly affected by the preparation parameters (i.e. pressure and filtration).

Caliper method

Foam volume was determined using a digital caliper (Garant IP65-CI50, Hoffmann Group,
Munich, Germany). A detailed description is given in J. Agric. Food Chem., 2011.

Crema volume decay

Crema volume decay was followed dynamically inside the cup by using computer-assisted
macroscopic imaging and image analysis. The method consisted in placing the freshly
prepared coffee cup inside a dark chamber directly in front of an Infinity 2 digital microscope
camera (Lumenera, Ontario, Canada) connected to a zoom lens 18-108/2.5 (Computar,
California, USA) and illuminated using a light ring TL-E Circular 22W/33-640 (Phillips, The
Netherlands). The camera, focused at the middle of the cup at the crema/liquid interface, was
used to take a time image sequence. Images of the draining coffee crema were taken every 15
seconds during 5 minutes (first image was taken 15 seconds after coffee was prepared, time
required to transfer the cup and initiate image acquisition). Image storage and following
analysis were done using in-house developed software (Colibri). Quantitative analysis of the
volume decay was performed by selecting the analysis region over the image and calculating
then the crema area in every picture of the time sequence. Data was normalized by equating
the area att = 0 s to 100 %. All samples were analyzed in triplicate.

PTR-MS (head space and nose-space)

Details on The Proton Transfer Reaction Mass Spectrometry (PTR-MS) instrumental
parameters as well as the assignment of the major volatile contributors to PTR-MS ion traces
are described in detail in Food & Function, 2012 and Anal. Chem., 2005.

Headspace aroma was measured by PTR-MS as described by Anal. Chem., 2008. A double-
jacketed, water-heated sample cell (glass vial) was placed inside an oven at a temperature of
100 °C with active air circulation. A water bath at a temperature of 50 °C was connected to
the sample cell to keep the sample at constant temperature. To be as close as possible to a real
consumer situation, the coffees (40 g) were directly prepared in a small size espresso cup.
Then the cup was placed inside the water-heated cell at 50 °C. The sample cell was connected
to the fix-installed top cover of the cell by a clamp and sealed by a Silicone O-ring. The
coffee headspace was purged at 300 mL min-1 and diluted with synthetic air at 3000 mL min-
1 prior to entering into the PTRMS. The above the cup aroma release was measured 90 s after
preparation of the coffee beverage (time after the last drop of coffee has fallen into the cup)
and followed during 6 minutes.
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Nose space aroma was measured on 8 panelists that also participated in the TDS study. Each
panellist had an individual nose-piece, tailor-made in order to smoothly and comfortably fit
into the nostrils. The nose-piece was fixed on laboratory eyeglasses. Nose-space air was
sampled via two 6 mm OD glass-tubings fitted into the nostrils and connected to the main part
of the nosepiece with a ¥ inch OD Teflon tube. This Teflon tube connector allowed proper
adjustments in distance and height of the glass-tubings, to be placed just at the nostril outlet of
the panellist. The air from both tubes was combined and directed to a PTR-MS apparatus
through a flexible and heated tubing. A small fraction of the nose-space air was sampled and
introduced into the drift-tube of the PTR-MS. The tasting protocol was aligned with that of
the TDS study, i.e. each coffee was consumed in 7 sips. At every sip, only the data of the first
breath cycle was taken into account, as it was by far the richest in terms of aroma
concentration. Furthermore the other cycles had about the same proportions of m/z, so there
was no big advantage of considering them. Each coffee was evaluated in four replicates.

A detailed description of the analysis of the PTRMS (head space and nose space) data can be
found in Barron 2012.

Temporal Dominance of Sensations (TDS) study

A panel of 16 trained coffee tasters was used for this study. The panellists were trained first
on the attributes to describe the products, then on the TDS method. The TDS was performed
on 7 sips, starting 90 seconds after coffee preparation. This number of sips was standardised
for all panellists and allowed the consumption of the whole cup. For each sip, the panellists
had to choose the dominant attribute of in-mouth perception among a list of eleven attributes:
carbony, roasted, cereal, fruity, sweet, bitter, acidic, liquid, thick, gritty and silky. The
panellists had 30 seconds to perform this evaluation between two sips. The very same analysis
approach as for the nose space data was conducted on the TDS data, but the variable taken
into account was the dominance rate over the panel.

RESULTS AND DISCUSSION
Sample space

A caliper method was used to validate the variation in crema volume between the different
samples. The crema stability was measured using macroscopic imaging. It can be observed
from

Figure 1A that the crema volume for the coffee extracted at high pressure (HP) is larger than
the reference coffee (NP) and that the filtered coffees had a smaller crema quantity (FC/FCH).
It is shown in Figure 1B that the crema stability was lower for the coffees extracted at high
pressure vs the reference coffees.
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Figure 1. A) Crema volume at time 0 and B) crema volume decay over time (right) for
espresso extracted at normal pressure (NP), with high pressure (HP) and with filtered
coffee extracted at normal (FC) and high pressure (FCH).

In the next step the influence of crema on coffee headspace aroma release was studied. The
two ANOVAs in

Figure 2A demonstrate that the impact of pressure and filtration on crema volume and
stability did not impact the same m/z ion traces. The masses most impacted by pressure
(increased crema quantity vs normal pressure) were in majority tracers of low volatiles. When
pressure was increased the amount of low volaties was decreased. The masses most impacted
by filtration (decreased crema quantity vs normal extraction) were the tracers of high volatile
ones. These findings were confirmed in a PCA analysis. The projection was based on the
coordinates of the observations on the two principal components. The coordinates of the
projected variables corresponded to the correlation between the coordinates of the
observations on the principle components and the respective pressure and foam data recorded
for each sample. The masses pointing to the left (

Figure 2B), i.e. in the opposite direction compared to pressure were negatively correlated to
pressure, so they decreased if pressure increased. These ion traces were in their vast majority
tracers of low volatiles (

Figure 2B; circled in red). The masses negatively correlated with filtration, i.e. pointing to the
top of the graph, increased when decreasing filtration (i.e. the foam amount was higher).
These ion traces were all tracers of high volatiles (

Figure 2B; circled in green). The masses positively correlated with filtration, i.e. pointing to
the bottom right of the graph, increased when increasing filtration (i.e. the foam amount was
lower). These were in majority tracers of low volatiles (

Figure 2B; circled in red). It was noteworthy that the unfiltered coffees (NP and HP) released
the highest amount of high volatiles in the headspace. Among them, 2-, and 3-methylbutanal
(m/z 41 and 58), methanethiol (m/z 49), dimethylsulfide (m/z 63), and 2-methylpropanal (m/z
73) which have been previously demonstrated to contribute to the pleasant aroma freshness of
roasted coffee.
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Next the coffee aroma release was investigated in vivo in a method called nose-space
analysis. The sensitivity and the dynamic capability of PTR-MS allow the fast analysis of the
aroma present in the exhaled air in a dynamic way, along the consumption of an entire cup of
coffee. Here the technique has been applied to the comparative analysis of the in vivo aroma
release of our espresso coffee set. The effects of pressure and filtration have been separately
assessed. To be aligned with the protocol of the TDS study (see below), the coffees were
consumed in 7 sips. In

Figure 3 is shown the relative release compared to other products and sips. It can be
concluded that there is an impact of filtration. While all filtered samples have a total amount
of aromas which is lower than the non-filtered samples, the increased pressure does not
impact the presence of aromas in the nose-space.
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Figure 3. Impact of the amount of foam modulated by filtration on the in-mouth release
of selected high and low volatile ion traces. The Y axis is the relative release of the ion
traces under the nose space peak for each ion trace at the first breath cycle of each sip,
compared to the other products analysed.

Next step was the sensory dynamic evaluation of coffee consumption. For this purpose we
selected the Temporal Dominance of Sensations (TDS). In TDS, the variable measured by the
panellists is not the intensity of each sensory attribute, but the dominance. An attribute is
considered as dominant when it triggers the most attention from the panellists. In this study,
the dominance was followed during the consumption of the coffee cup. To be aligned with the
protocol of the nose-space, the coffees were consumed in 7 sips. TDS proved to be very
efficient in evidencing differences among our panel of espresso coffees. The dominant in-
mouth sensation at the first sip and the evolution of the dominance during consumption varied
depending on the considered espresso prototype. The main impact was observed for the
roasted note (

Figure 4) as well as for the carbony note (not shown). When the amount of foam was
increased by increasing pressure (HP), the roasted dominance was increased and remained the
highest along the entire coffee consumption. In contrast, when no crema was present (NC),
the roasted attribute was not dominant any more, whereas bitterness was dominant from sip 2
to sip 7.
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Figure 4. The effect of crema volume on the dominance of the roasted note in TDS
profiling for espresso extracted at normal pressure (NP), with high pressure (HP) and
with filtered coffee extracted at normal (FC) and high pressure (FCH) and with no
crema (NC).

CONCLUSIONS

In this study, the aroma release of espresso coffees with crema of different physical
characteristics were studied. It was confirmed that the above and in cup sensory profile of the
coffees was similar for the coffees with different cremas. The cremas were however different
both in quantity and in stability. Some general trends could be deduced from the experimental
work which show that even for coffees with similar sensory profiles, differences can be
observed both analytically and by sensorial methods.

Reducing crema quantity through filtration lead to reduced aromas above the cup as measured
by PTR-MS. The nose-space study could confirm this as a reduced amount of aromas were
analysed, especially high volatiles. Finally, the TDS study showed a reduced dominance of
the roasted note, which may be related to the reduced amount of high volatiles as was
observed both in the analytical above the cup and nose space study. It could be hypothised
that the reduced amount of high volatiles as caused by filtration, could be related to a reduced
crema quantity as well as a lower crema instability vs the corresponding non-filtered coffees.

When increasing the amount of crema by increasing the pressure PTR-MS data showed an
increase in the release of more high volatiles in the head space. Furthermore, among these
high volatiles released in the headspace, a good number were contributors to the pleasant
freshness note of roasted coffee. The presence of crema (no difference observed for HP and
NP) also favoured the in-mouth aroma release of high volatiles along coffee consumption.
The recently developed TDS sensory technique proved once again here its efficiency in
distinguishing coffees having different crema properties. The presence of foam was shown to
be associated with the dominance of the roasted attribute.

Overall, the presence of crema favoured the release of pleasant high volatiles and removing
part of it by filtration was clearly shown to be detrimental. On the other hand, there was no
real added value to significantly increase the crema amount in espresso coffee by increasing
the extraction pressure.
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SUMMARY

More than half of coffee beverages worldwide are drunk in combination with milk. The in-
cup result can range from a dash of milk to a latte macchiato, beverage dominated by milk.
The choice of beverage depends both on culture as well as on personal preferences.

The choice of coffee to be used for the preparation of the milk based beverage is of very high
importance. General assumptions are to use strong coffees in order to allow the perception of
the coffee aromas in the presence of milk.

In the current study we aimed at understanding how a coffee range with a wide aromatic
variety will express its aromatic notes in the presence of milk, and more specifically, how the
quantity of milk impacts the result in cup. Thirty assessors were invited to four sensory
sessions, each one dedicated to a specific beverage i.e. black coffee, coffee with a dash of
milk, cappuccino and latte macchiato. The sensory procedure was the same for each session
and consisted in sorting tasks followed by description of the groups using a common list of
attributes.

The comparison of mappings obtained with different milk quantities shows that the perceptual
space is modified. However, this modification is not due to a simple masking of coffee notes
in presence of milk but to a real modification of the coffee sensory properties. Thus, some of
the sensory dimensions of the black coffees remains, some seem to be masked and new ones
seem to be revealed as biscuits or caramel notes.

It can be concluded that not only intensively roasted coffees should be recommended and that
distinctive coffees allow the preparation of differentiated milk based beverages.

INTRODUCTION

There are various reasons to add milk to a coffee beverage and the usage depends on personal
preferences but also on culture and habits. Some people add milk to reduce the bitterness and
strength of the black coffee. Milk can also be added to create a recipe where the pleasurable
moment is the focus. The most common way of adding milk to coffee is through a dash of
milk, also called ‘cortado’ in Spain or ‘noisette’ in France. The most common recipe with
frothed milk is the cappuccino. The consumption of coffee and foamed milk recipes is often
considered more modern, stemming from the coffee shop culture.

While milk quantity and coffee strength are well known to play a role in the sensorial profile
of the cup, less is known about the aromatic variety of the coffee. Until now the
recommendations for milk based recipe preparation has been limited to the choice of the milk
and the milk fat quantity. To the coffee itself little attention was given.
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In the current study we aimed at understanding how coffees with different aromatic
specificities express themselves in the presence of different quantities of milk.

MATERIALS AND METHODS
Products

The thirteen beverages included in one set were prepared from 12 commercial nespresso
espresso varieties, one variety being repeated. All the beverages were prepared using a
commercial Nespresso Latissima +. Aqua Panna water and Cremo UHT milk (2.5% fat) were
used for preparation depending on the recipes. Black coffees were extracted at 40 ml directly
into double-wall stainless steel espresso cups. Espressos with a dash of milk were prepared in
the same cups by adding 7ml of cold milk to a 40 ml espresso. Cappuccinos were prepared in
porcelain cups by adding 40 ml espresso to 70 g foamed milk. This resulted in the addition of
50 g of liquid milk to the espresso. Latte macchiatos were prepared in glass cups by adding
espresso coffee to 120 g of foamed milk. This resulted in the addition of 90 g of liquid milk to
the espresso.

Assessors and sensory procedure

Thirty assessors participated in four sensory sessions, each one dedicated to a specific
beverage i.e. black coffee, coffee with a dash of milk, cappuccino and latte macchiato. The
sensory procedure was the same for each session. The assessors received a set of thirteen
beverages presented according to a Williams’ latin square. They were asked to sort the
beverages according to the simililarity of their base beverage flavour. They were asked to
gather beverages with a similar flavour and to separate beverages with a different flavour.
They were free to make as many groups as they want and to put as many beverages as they
want in each group. After sorting beverages, the assessors were asked to describe each group
using a predefinite list of 41 attributes. This list of attributes was established after a free
description session conducted with a small group of coffee experts. The assessors were free to
add vocabulary if needed.

Data analysis

The results from the sorting study were consolidated into a similarity matrix prepared by
summing overall the number of times assessors put a particular pair of beverages in the same
group. The greater the number in a cell of the matrix the greater is the presumed similarity
between beverages. Sorting data were analysed by cluster hierarchical analysis applying Ward
criterion. A similarity level has been chosen arbitrary to compare results from the different
sorting tasks.

Vocabulary results collected for the four beverages were consolidated in a co-occurrence
matrix summing the number of times a word has been cited for a given beverage. Vocabulary
data were analysed by principal component analysis. Flashes have been drawn on the PCA
map to indicate increasing milk quantities and help to better understand the impact of milk
addition on the beverage description.

RESULTS AND DISCUSSION

Figure 1 shows dendrograms, stemming from the hierarchical cluster analysis, for the four
types of beverages. In these representations, the higher the distance is, the lower the sensory
similarity is. The cluster analysis which was performed on the 4 dissimilarities matrix shows
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that the number and the structure of the groups varies according to the milk quantity. This
indicates that there is an interaction between coffee and milk leading to a change in the
structure of the sensory space.
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Figure 1. Dendrograms obtained by hierarchical cluster analysis for the four different
beverages. From left to right: black coffee, dash of milk, cappuccino and latte
macchiato. Coffee strength of the black coffee is indicated as low (L), medium (M) and
high (H).

Three different groups have been defined from the black coffee sorting task, which are mainly
defined by aromatic specificity. The first group consists of the very roasted coffees, the
second group of the fruity coffees, and the third group of the cereal coffees. For small milk
quantities the groups are not significantly changed vs the black cups. Coffees seem again to
be gathered according to their aromatic families (very roasted, fruity, cereal). For larger milk
quantities coffee, strength starts playing a more dominant role. In the case of latte macchiatos,
only 2 groups separate the coffees where the strong coffees form one group and all other
coffees are grouped together. Cappuccinos show a very interesting behavior with the highest
number of groups explained by an interplay between sensory properties associated with both
coffee and milk (i.e. coffee aromatic notes, coffee strength and the flavor of milk).

Placing all the products on a PCA (

Figure 2) which has been built using the sensorial vocabulary from the sorting study shows
the evolvement of the coffee descriptions as a function of milk addition. The direction of the
flash indicates increasing milk quantities. Even if each coffee keeps its own character, some
trends can be identified.

The position of strong coffees (E12, E11, E10) will hardly change with milk. Theses coffees
keep their character with a high body, strong roasted notes and bitterness.

Acidity as well as fruity notes which are associated with delicate coffees will gradually be

masked when milk is added. On the opposite, milk reveals unexpected notes such as biscuit
and caramel. Milk also brings sweetness as well as a smooth and silky texture.
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Figure 2. PCA in which the vocabulary is projected as well as the modification of each
individual coffee when increasing milk quantities are added.

In conclusion, the coffee aromatic attributes, coffee strength as well as milk quantity have
been shown to have a significant impact on the final in-cup result of a coffee and milk based
recipe. Some aromatic notes and taste aspects will be enhanced, some level off and new ones
will be revealed. While for small milk quantities the result is dominated by aromatic groups,
for large milk quantities coffee strength will dominate. Cappuccinos show a more complex
behavior as an interplay of aromas and strength will take place. From this study we can
conclude that all twelve Nespresso coffees are of interest to prepare milk based recipes, each
with their own distinctive character. The aromatic families are however modified, not only
through a masking of aromatic notes but through a real modification of sensory properties.
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SUMMARY

The design of new products is crux for the competitiveness of Colombian coffee
commercialization and thereby for the sustainability of half a million of coffee producers. As
important is the ability to protect genuine Colombian coffee products from being adulterated
with products of other origins. To achieve those aims several methods are currently being
used, ranging from cupping to Near Infrared (NIRS) spectroscopy.

Here we present results obtained using Nuclear Magnetic Resonance (NMR) to profile and
classify Colombian coffees.

INTRODUCTION

In order to ensure a constant income for coffee growers and a better product for the coffee
consumers all over the world, the quality of the production has to be guaranteed if not
increased requiring constant technical and technological developments. This quest for a better
quality is sustainable only if it can translate into new products sold at a proper value and if the
origin of this product, a region, a single farm, etc can be protected against frauds. Thus for
decades, mechanisms are being developed to distinguish coffees.

Mainly two coffee species represent the vast majority of the global market, C. Arabica L.y C.
canephora Pierre. The superior quality of the former is widely accepted and methods have
been developed to discriminate them, initially looking for biomarkers, i.e., molecules that
allow to differentiate both species. Methods based on the analysis of biomarkers, GC-MS and
HPLC, include a separation step during which the different compounds are isolated and a
detection step for the identification and quantification of each pure compound. Faster and
cheaper methods have been developed that enable the analysis of the whole sample without
the need for separation, NIRS and RAMAN have been demonstrated effective at determining
the species of coffee beans and to monitor their origin. One drawback of NIRS is that the
spectra cannot be directly interpreted in terms of the composition of the sample. This relation
between intensity measured in the spectra and concentration of compounds in the sample is
only possible after a model is build that implies determining the composition of a large
sample sets.

Conversely, Nuclear Magnetic Resonance (NMR) is a powerful tool that allows to directly
observing nuclear spins from different environment and form different molecules. It is thus
possible to assign a signal in the spectrum with an atom of a molecule as illustrated in Figure
1, where several signals could be assign to caffeine for example allowing for its direct
guantification. Indeed, in 1999, proton NMR experiments showed useful to study the
composition of espresso coffees and a large number of the principal constituents were
identified from the spectra. Recently it has been shown that discrimination of C. arabica vs.
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C. robusta species was possible by direct integration of the one caffeine signal in NMR
spectra. More recently, it has been shown that NMR spectra could be used to classify the
origin of coffees from America, Africa and Asia and to even study the process of roasting by
HR-MAS.

MATERIALS AND METHODS
Sample preparation

Samples were prepared readily by extraction in methanol at room temperature. 0.1 g (green)
or 0.2 g (roasted) of milled coffee beans (45 um) was extracted into 1.0 mL of non-deuterated
solvent by vortexing 2 minutes. After two consecutive centrifugations at 8k rpm during 10
minutes, the supernatant was transferred into the NMR tube and 90 uL of the corresponding
deuterated sample was added for the lock.

NMR experiments

'H-NMR spectra were acquired with a Bruker 400 MHz Bruker spectrometer equipped with a
triple gradient automatic indirect probe and a topshim board. A standard pre-saturation
approach was chosen to achieve the suppression of solvent signals by applying a 25 Hz rf
field during 4s. A special care was taken to calibrate the spectrometer before each run.
Therefore, reference samples were used to precisely determine both the temperature and the
shims, while a set of experiments were used to optimize the parameters for solvent
suppression for each sample. After Fourier transform, apodization and baseline correction, the
resulting 128k complex points vector was stored. Tuning, matching, shimming and calibrating
the pre-saturation field frequency were performed automatically without any human
supervision.

RESULTS AND DISCUSSION
Sample preparation

Several protocols were compared for the preparation of the samples and evaluated based on
three criteria, the reproducibility, the cost and simplicity and the amount of signal present. For
example, spectra obtained by extraction in aqueous buffer, methanol, chloroform and
dimethylsulfoxide were compared. The differences can be appreciated in Figure 1 that led to
select methanol for further experiments. Indeed, the amount of signal present in the 7-9 ppm
advocates for the use of methanol and aqueous solutions. With the exception of quinic acid,
all of the compounds identified by Tavares et al. have signal in that area that is much less
crowded than the 4-2 ppm region were sugar signal dominate.
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Figure 1. Spectra of green coffee in aqueous buffer (black), in methanol (green), in
DMSO (red) and in chloroform (blue). The labels correspond to the assignment of main
compounds found in aqueous buffer solution.

Test of reproducibility, achieved by repeated sample preparation, pointed out that the quality
of the spectral baseline strongly depends on the concentration of particles in suspension.
These latter were not completely removed by filtration on 45 um membranes, thus leading to
poor reproducibility. This result can be explained by the effect of small particles on the field
homogeneity and consequently on the efficiency of the pre-saturation field. Conversely, the
two consecutive centrifugations proposed in the previous section allowed to obtain clear
solutions resulting in a highly reproducible spectrum.

Spectra of samples obtained by extraction at 80°C were acquired and the intensity of the
signal intensities in the region of interest were compared with spectra obtained for sample
extracted at room temperature. Although a gain in intensity was achieved by increasing the
temperature, this gain didn’t compensate for the increasing complexity of sample preparation
and for the potentially negative effects of temperature extraction on reproducibility.

Data pre-processing

Once acquired the spectra were apodized, Fourier transformed and phase corrected. This
procedure is performed automatically and no manual interaction is ever permitted. A battery
of statistical tests is performed on each original spectrum, including the determination of
signal to noise ratio, position and intensity for several targeted peaks to estimate the quality of
the experiment. At this point, outliers were eliminated from the analysis. Low quality shims,
obtained automatically, and badly calibrated pre-saturation rf field were found the common
causes for rejecting spectra, but not more than 10% of experiments were ignored.

Analysis and classification

A set of 176 coffees samples from different origins and different species (Colombia: 65,
Suramerica: 26, Centroamerica: 37, Asia: 28, Africa: 20) prepared and analysed as described
earlier was used to construct an expert system aiming at discriminating Colombian coffees
from beans from other origins. The chosen method consists in consecutives binary
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classifications using partial least square discriminant analysis (PLS-DA). Therefore, the
opensource caret package for R software was used. The number of spectra selected for the
construction of the model, the training set, was chosen to represent 80% of the total amount of
spectra for each class, i.e., department. The remaining spectra, referred to as test set, were
used to evaluate the predictive power of the model. This procedure was repeated 1000 times,
each one with a different randomly selected training set. The resulting average confusion
matrix was used to compute the sensitivity and specificity parameters reported in Figure 2.
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Figure 2. Classification of coffee samples. The sensitivity is calculated using S=TP /(TP
+ FN), while the specificity is obtained using the following relation Sp = TN/ (TN + FP)
and where TP, FN, TN, FP stand for true positive, false negative, true negative, and false
positive.

The sequence of classification is organized as follows: first the presentation of the coffee bean
is determined; green vs. roasted, second its species is determined. Finally, each C. arabica
sample is categorized either as “100% Colombian” or as “Other origin”. As expected, the
presentation and species are readily determined and the classification of the coffees according
to their origin is very reliable. Closer examination of misclassified origins shows that the
confusion arises with coffees from Central America, Guatemala and Dominican Republic,
which were mistaken with true Colombian coffees. The difference in specificity achieved for
the two presentations is readily explained, since different coffee samples were analysed.

At this point is worth noting that no statistical pre-processing has been performed to the
spectra, except a size reduction from 128k points to 2k points. No selection of particular
signals or spectral regions has been performed, thus discrimination is completely untargeted.
This means that further work can to be done to examinate the discriminant areas of the
spectra, determine biomarkers involved in the discrimination and compare them with the
information already available from the literature.
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A set of 68 samples C. arabica coffees from five different Colombian departments (Cauca,
Tolima, Huila, Magdalena y Norte de Santander) has been used to evaluate the discrimination
power of our approach. In this case, the question that should be answered is: from which of
thes e five departments does this coffee originate? The model was obtained using the same
statistical tool as described for the previous analysis. The results are exposed in Table 1 and 2.

Table 1. Summary of the statistic achieved after 1000 repetitions of the classification
have been performed. The diagonal elements represent the true positive, while the
remaining elements of the same column represents false negative. The remaining
elements of the same row represents false positive.

Reference
Prediction Cauca | Huila | Tolima Norte de Santander | Magdalena
Cauca 3170 418 415 0 9
Huila 806 3371 100 0 50
Tolima 15 205 2283 0 185
Norte de Santander 4 4 53 1000 20
Magdalena 5 2 149 0 1736

The results exposed in Table 1 can be recast in terms of sensitivity, also referred to as true
positive rate (TPR), and specificity that can be expressed as 1 minus the false positive rate
(FPR). Table 2 shows that classification is possible but the reliability drops when compared
with the results obtained in the previous experiment. This result could be anticipated by
looking carefully at the spectra. Indeed, it is possible to discriminate spectra belonging to
different species by eyes, while the differences observed between spectra of coffee from
different department of Colombia are much finer.

Table 2. Sensitivity and specificity achieved when classifying coffees from five different
Colombian departments.

Department Population %Sensibility %Specificity
Cauca 18 79.2 91.6
Huila 20 84.3 90.4
Tolima 15 76.1 96.3
Norte de Santander 5 100 96.4
Magdalena 10 86.8 98.7

Further work — including cutting edge statistical data analysis — and a higher number of
spectra — obtained for samples representing additional variables, e.g. coffee processing, etc. —
are required to increase the reliability of our expert system to separate coffee from different
departments. However we would like to stress that both efforts might not suffice and that a
plateau value is expected for both sensibility and specificity, since departments don’t
necessarily represent meaningful divisions in term of the agro-climatical parameters that are
expected to translate into distinguishable coffees.
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SUMMARY

Amino acids in green coffee are of extreme importance as they act as precursors for aroma
formation during the roasting process. Some chemical classes of essential contributors to the
roasted coffee aroma, such as pyrazines and pyridines, are only slightly represented in green
coffee, while others are not present in the raw material as thiophenes, oxazoles and thiazols,
being mainly formed through the Maillard browning by thermal reactions between amino
acids and reducing sugars. Therefore, to better understand how the composition of the raw
material can influence the final quality of the roasted coffee with respect to the aroma
formation, the determination of the free amino acidic content in green coffee is essential.
Moreover, as far as amino acidic profile is concerned, data on literature are scarce and often
contrasting. This largely stimulated the present investigation aimed at characterizing the free
amino acidic profile of several coffee samples from different species (C. arabica, C.
canephora and C. liberica) and geographical origins. In order to be determined in a complex
matrix such as green coffee, the free amino acids were first extracted with hot water, purified
by solid phase extraction, derivatised and then analysed by GC-MS. The derivatization step,
which consists in the alkylation of amino groups and the simultaneously esterification of
carboxylic groups of amino acids, is crucial and it is required to turn amino acids into more
volatile components that are consequently detectable by a gas-cromatographic technique.
Using this procedure it was possible to detect more than 20 amino acids simultaneously in a
single run in full scan mode. Generally, Arabica and Robusta show similar free amino acid
profile. For both species main amino acids are glutamic acid, aspartic acid and asparagine.
Liberica show a different profile, being similar the contribution of aspartic and glutamic acid.
The content of y-aminobutyric acid (GABA) in Robusta and Liberica is remarkably higher
than that in Arabica. In the present work differences in free amino acids concentrations among
different species and geographical origins will be discussed.

INTRODUCTION

Free amino acids in green coffee are of extreme importance, since they act as precursors of
several compounds in roasted coffee, such as many aroma volatiles, colored substances and
undesirable molecules like acrylamide. Free amino acid profiles have been studied in coffee
by several authors during the past decades. The published results vary widely, depending on
several parameters with species/varieties one of the most explored. The high potential of free
amino acids as coffee species’ discriminators has been underlined. Generally Arabica and
Robusta have the same major and minor amino acids, and from a quantitative point of view
Robusta shows a higher content of amino acids than Arabica. However, in comparing the two
main coffee species, reported data show remarkable differences as far as the quantitative
distribution of the individual free amino acids is concerned. In particular, in some cases
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glutamic acid, asparagine and aspartic acid are indicated to be present as main amino acids in
both Arabica and Robusta, with glutamic acid the main one for Arabica and asparagine the
main one for Robusta. However, other studies indicate glutamic, aspartic and y-amino-n-
butyric (GABA) acids as main amino acids with glutamic the main one for both Arabica and
Robusta some other indicate as the main free amino acids in green coffee alanine, asparagine
and phenylalanine with alanine having the highest concentration for both Arabica and
Robusta. As far as we know, Coffea liberica has not yet investigated as far as the free amino
acid profile is concerned.

As regard to the great variations in amino acid concentrations determined within the main
coffee species, this may be ascribed to various analytical and experimental set up including
clean-up, extraction and detection methods, in addition to botanical, geographical and post-
harvest processing reasons.

Analyses of amino acids can be carried out by GC or HPLC techniques. In both cases amino
acids need to be derivatised. Concerning GC methods, this step is necessary in order to obtain
volatile compounds whereas for HPLC, amino acids need to be derivatised to be detected by
UV, fluorimetry or electrochemical techniques. Chosing the proper analytical method is
crucial in selecting the range of amino acids which can be determined. In facts, depending on
the analytical method, some amino acids can be overlooked or some others can be determined
without resolution.

In the present work, free amino acidic profile of several green coffee samples from different
species (C. arabica, C. canephora and C. liberica) and geographical origins has been
determined by GC-MS after hot water extraction, SPE and derivatisation. The derivatisation
step we used in present work consists in the alkylation of amino groups and the
simultaneously esterification of carboxylic groups and by using this procedure it is possible to
detect more than 20 amino acids simultaneously in a single run in full scan mode. In
agreement with previous studies, free amino acid profile seems to be a promising marker for
green coffee inter-species discrimination purposes.

MATERIALS AND METHODS

20 green coffee samples of different botanical species were studied: 7 Coffea canephora var.
robusta from Cameroun, Ivory Coast, Brazil, Burundi, Uganda, Vietnam and Indonesia; 11
Coffea arabica (wet-processed) from Ruanda, Kenya, Brazil, China, Mexico, Ethiopia, India,
Uganda, Guatemala and Burundi; 2 Coffea liberica (dry-processed) from Indonesia and India.
Amino acids standards were all from Phenomenex (Torrance, CA, USA), with the only
exception of GABA, from Sigma (St.Louis, MO, USA). Whole green coffee beans (30g) were
extracted with 180 g of Milli-Q water at 80°C for 5 hours, under both constant stirring and
reflux conditions. The extract, after filtration, was immediately frozen and kept to -20°C up to
analysis. Average extraction yield ranging from 22.0 to 23.0 % w/w was determined
independently on coffee botanical species.

100 pl of extract sample in the presence of 200 nmol of norvaline as internal standard were
cleaned up through an ion exchange resin in order to reject the proteins. The amino acids were
released from the resin through n-propanol used as an eluting medium. The samples were then
derivatized through propyl chloroformate, which allowed the alkylation of the amino and the
esterification of the carboxylic group of each amino acid simultaneously. The sample
preparation was in accordance with the procedures described by Phenomenex in the usage of
EZ-faast® kit for amino acids determination.
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Compounds were eluted by a He gas flow of 1 ml/min in split mode (split 1:15) and separated
using a 10 m ZB-AAA capillary column (film thickness 0,25 pum). The oven temperature, was
initially set at 120°C, increased to 190°C at 20°C/min., then to 200°C at a rate of 30°C/min.,
to 205°C at 5°c/min., and then at the final temperature of 270°C at 30°C/min. hold for 1
minute. Mass spectrometer was set to electron impact mode (MS-EI) generated at 70 eV and
mass spectra were collected in full scan mode, collecting ions from 39 to 500 m/z.

RESULTS AND DISCUSSION

In Figure 1 typical GC profile of major amino acids in Liberica, Arabica and Robusta is
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Figure 1. Typical GC profile for major free amino acids in Liberica, Arabica and
Robusta respectively.

Arabica and Robusta show similar free amino acids profile. For both species main amino
acids are glutamic acid (GLU), followed by asparagine (ASN) and aspartic acid (ASP), (with
proline PRO as well in the case of Robustas) in full agreement with previous studies.
Glutamic acid is more concentrated in Arabicas representing about 40% of total free amino
acid concentration whereas asparagine, proline and in less extent aspartic acid are more
abundant in Robustas.
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Table 1. Average amino acid content (mg/kg of coffee) in Arabica, Robusta and Liberica
green coffee samples.

Arabica (n=12) | Robusta (n=7) | Liberica (n=2)
ALA 179 358 270
GLY 21 64 45
VAL 62 148 163
PRO 259 464 293
ILE 15 36 51
LEU 17 47 35
ASP 344 368 729
GLU 1554 1005 825
MET 29 89 116
PHE 88 177 112
HIS 16 29 40
LYS 31 111 50
TYR 30 120 62
TRP 41 154 43
B-ALA - 3 10
GABA 305 633 448
ASN 357 612 329
SER 155 155 91
THR 47 83 58
Total 3550 4432 3763

However, there are significant differences depending on geographical origins; among Arabica
samples, glutamic acid is more abundant in India and Ethiopia samples (around 1900 mg/Kg)
and less in Brazil and China samples (around 1300 mg/Kg).

Liberica samples show a slightly different profile, being quantitatively similar the
contributions of both aspartic and glutamic acid, and being y-amino butyric acid (GABA) the
third main amino acid. In comparing GABA concentration, after Liberica, Robusta is
significantly richer than Arabica, and this may be the consequence of post-harvest processing
of the examined samples.

In Table 1 the average concentration of amino acids is reported in mg/Kg of coffee. With the
only exception of glutamic acid, free amino acids concentration is higher in Robustas than in
Arabicas; in particular, asparagine and alanine were significantly higher. In a previous study
proline has been found the only amino acid higher in Arabica but the present data do not
confirm this finding. Minor amino acids for the three species are represented by glycine
(GLY), leucine (LEU), iso-leucine (ILE), hystidine (HIS), and threonine (THR). The average
total free amino acidic content determined in this study was 3550 mg/Kg (from 3007 to 3950
mg/Kg), 4432 mg/Kg (from 3405 to 5599 mg/Kg) and 3763 mg/Kg for Arabica, Robusta and
Liberica, respectively. The higher concentration of total free amino acidic content in Robustas
than in Arabicas is in good agreement with the literature, as already reported by several
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authors. To our knowledge it is the first time total free amino acidic content of Liberica coffee
samples is reported.

By resorting to PCA analysis, the free amino acid content of the whole set of samples has
been processed in the attempt to cluster the coffee species (see Figure 2).

In the multivariate analysis, in addition to the concentration of free amino acids, both
geographical origin and coffee species, were included in the data set. Figure 2, reporting the
two principal components, clearly shows 3 distinctive groups: Arabica samples, characterized
by higher concentration of glutamic acid, Liberica samples, clustered mainly by serine and
aspartic acid, and Robusta samples, characterized by higher levels of GABA, asparagine and
most of the other amino acids experimentally determined.
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Figure 2. Discrimination of green coffee beans on the basis of free amino acids content.
CONCLUSIONS

Analysis of free amino acids in hot water extracts of whole green coffee beans was
successfully performed. By comparing present quantitative data with literature ones it comes
out that under the chosen experimental extraction conditions, free amino acids are recovered
with good vyield. Statistical processing of the complete data set put in evidence an excellent
clustering of Arabica, Robusta and Liberica samples. Glutamic acid, aspartic acid, asparagine
and GABA are particularly useful for inter-species discrimination purposes. Intra-specie
variability linked to geographical origin has been also observed.

Free amino acids profile appears to be a useful and promising discrimination marker of coffee
botanical origin, however, further studies including both other coffee species and higher
number of samples, have to be performed, to validate a possible method.
ACKNOWLEDGEMENTS
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SUMMARY

Physiological tests, such as germination, 2, 3, 5-triphenyltetrazolium chloride (TTC),
electrical conductivity (CE) and potassium leaching (LK) are used in the seed industry to
assess seed quality after processing and drying. The quality of coffee beverage is also affected
by the post-harvest processes, since they may affect the chemical composition of the flavor
and aroma precursors of coffee brew. Thus, physiological and biochemical fast, accurate,
economical tests and easy standardization can constitute viable alternatives for assessing the
quality of coffee beverage. However, studies about the using of physiological and
biochemical to evaluate the quality of drinking coffee are rare. Thus the objective of the
present study was to evaluate the potential physiological and biochemical analyses to assess
quality of coffee beverage. The research was conducted at the Federal University of Lavras,
Brazil. Fruits of Coffea arabica L., red ripe stage, were submitted to three types of processing,
natural (dry), depulped and demucilated (wet), and dried to 11% moisture wb, by three
methods, shade, sun and mechanical dryer at 40°C. Nine bean treatments were obtained from
the combination of these factors and a commercial coffee bean sample was added, for a total
of 10. One additional treatment was used, corresponding to coffee of lower sensory quality.
The water content was determined and germination tests, EC, LK, TTC in the embryos,
modified TTC in the endosperms were performed on the coffee beans. Determination of
enzyme activity was assessed by electrophoresis technique. Coffee beans with high scores in
sensory analysis also had high germination and viability percentages and low electrical
conductivity values. There were high correlations between the sensory quality results of
coffee beans and the physiological or biochemical tests results, with statistically significant
levels less than 1% for radicle protrusion, TTC and CE. Furthermore, evaluating the coffee
bean endosperms by TTC makes it possible to verify varieties of sensory quality in coffee
beans.

INTRODUCTION

Coffee agribusiness sustainability in the international scenario depends more and more on the
production of specialty coffees with better quality, and coffee quality assessment is currently
based on sensory analyses that are in turn based on subjective data that are difficult to
standardize. Thus it is highly desirable to identify objective, precise and easy standardization
tests to assess quality and classify coffees for commercialization.

Seed quality is normally assessed after processing and drying by physiological and

biochemical tests in the seed industry, such as the germination, tetrazolium, electrical
conductivity potassium leaking tests, and enzyme profiles.
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The germination test determines the maximum germination capacity of a seed sample and
seed viability can be determined by the tetrazolium test, a biochemical test based on the
activities of the dehydronenase enzymes reducing the 2, 3, 5-triphenyltetrazolium chloride or
tetrazolium bromide in the live seed tissues by the reaction of hydrogen ions that are
transferred to the referred salt. Salt reduction occurs only in the live cells so triphenyl
formazan is formed, a red and indiffusible compound that confers red color to the live tissues
of the embryo. The modified tetrazolium test used on coffee bean endosperms has
demonstrated the potential of the test to monitor the quality of coffees during storage.

The electrical conductivity test is a simple, fast, cheap and efficient method that consists of
quantifying the electrolytes lixiviated from the seed in the imbibition water and low vigor
seeds release a large quantity of electrolytes in solution, resulting in a high electrical
conductivity value or in high concentrations of certain ions, mainly potassium.

The quality of the coffee beverage can also be affected by operations during processing and
drying, because these steps can affect the chemical composition of the flavor and aroma
precursors of coffee drink. Results from recent research has have shown the association
between reduced coffee bean sensory quality with physiological and biochemical alterations,
such as oxidative stress, lipid hydrolysis, amino acid and carbohydrate levels etc. Thus
research to assess the potential of physiological and biochemical analyses, associated to image
analyses, to assess coffee beverage is a novel approach.

MATERIALS AND METHODS

Red ripe Coffea arabica L./Catuai Amarelo 62 cultivar cherries were harvested and submitted
to three types of processing, natural, depulped (mechanically de-pulped and the mucilage
removed by fermentation in water at 20°C), and demucilated (mucilage mechanically
removed). The natural coffee (dry processing) and parchment grains (wet processing) were
manually de-hulled and dried to 11% moisture (wb), by three methods, dry in shade, sun dried
and mechanical dryer at 40°C. Nine bean samples were obtained from the combination of
these two factors and a commercial coffee bean sample was added, for a total of 10. The bean
water content was determined according to the standard international method 1SO 6673. The
sensory analysis was carried out by two trained panel qualified as Certified Judges of
Specialty Coffees (SCAA Certified Cupping Judges), using the methodology proposed by
Specialty Coffee Association of America (SCCA) to assess specialty coffees.

The beans were then submitted to physiological and biochemical assessment by the
germination, tetrazolium, electrical conductivity and potassium leaching tests.

The germination test was carried out in roles of germination paper, moistened with a quantity
of water 2.5 times the paper weight and 30°C constant temperature. The percentages of
normal seedlings and strong normal seedlings were determined at 30 days, considering those
with a hypocotyl at least 3 cm length; radicle protrusion percentage at 15 days, considering
those radicle with at least 2 mm length; the percentage of plants with unfolded cotyledon
leaves was calculated at 45 days.

The tetrazolium test was carried out with four replications on 25 embryos extracted after
imbibition in water for 16 hours that were kept in a 0.5% tetrazolium solution, in the absence
of light at 30°C for three hours. The embryos were classified as viable and unviable according
to the damage location, extension and intensity.
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The modified electrical conductivity test was carried out with four replications on 50 beans
weighed with 0.001 g precision and immersed in 75 ml dionized water, and the electrical
conductivity was measured in the imbibition solution after five hours at 25°C, with the results
expressed in uS.cm-1.g-1 beans. The quantity of lixiviated potassium in the imbibition
solution was determined in ppm, using a Digimed NK-2002 flame photometer.

The modified tetrazolium test was also carried out with adaptations. After imbibition in water
for 36 hours at 30°C, four replications of 25 cross cut endosperms were imbibed in 0.1%
tetrazolium solution in the absence light at 30°C for 24 hours. After staining, the sectioned
endosperms were distributed with the flat surfaces facing upwards on 5 mm glass plates with
a white background to take pictures with 300 dpi, in an inverted scanner. The TIFF format
images were processed by the Matlab r2009b software, with image processing toolbox and
SDC Morphology Toolbox 1.6. First isolation was performed using the blue band, a spectrum
that permitted the greatest contrast between the bean and the image background. The
automatic threshold was used for isolation proposed by Otsu and the bean was detected in the
image using the blue band and the Otsu thresholds. To correct distinction imperfections in the
picture, the mathematic morphology tool was used. The measurements were taken after
defining the areas corresponding to the beans in the images, called the TZ index, according to
the intensity of the band pattern in red, blue and green of each seed, determined by the
equation number 1.

TZI = area (th,i) / area (segmentation,i) Equation 1

Where: TZI= Tetrazolium indez; area (th, i) corresponding to the area (number of image
pixels) in the region of the bean; and (segmentation, i) is the total area of each seed image i,
after a threshold th. For each image i, five threshold values were used, namely: th1=0.2 th;
th2=0.4 th; th3=0.6 th; th4=0.8 th; th5=th(i). Where: th(i) is the Otsu threshold of image i.
Figure 1 illustrates the Otsu th3 of image (i).
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Figure 1. lllustration of the Otsu with the segmented image overlaid on the image of
threshold 3, where the area in red represents the area index (th,i) and the total area of
the seeds corresponds to the area (segmentation,i). Embrapa/UFLA, Lavras, MG, Brazil,
2012.
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The results of the sensory analysis, physiological tests, and image analyses were submitted to
ANOVA, analyses of correlation and the averages were compared by the Scott-Knott test at
5% probability, using the SISVAR software.

The sensory and physiological results were further submitted to an analysis of simple
correlation, applying the multidimensional scaling technique, considering a dissimilarity
matrix represented by A=[dij], where each element indicated the similarity between the i-th
and j-th variable, contextualized in the present study in two categories, the physiological and
the sensory. The multidimensional reduction process was used based on the Euclidian
distance matrix D=[dij] formed from all the variables and the matrix was determined that best
approximated the original dissimilarities matrix, that is, D=A. It is emphasized that this
approximation can be obtained not only for different distances. This problem therefore raised
the need to verify, by means of a statistical criterion, which situation favors a better
approximation to the original dissimilarity matrix. Thus the Stress function was used to
measure the difference between the original dissimilarity matrix and the calculated distance
matrix. The result of this function indicated that the smaller the value, the better the fit of the
reproduced distance matrix to the observed matrix distance.

RESULTS AND DISCUSSION

Table 1 shows the results of the physiological and sensory analyses, where these tests show
that the quality of the coffee beans treatments can be differentiated and the treatments can be
classified by this quality. The results demonstrated that there was high correlation between the
results of the physiological and sensory analyses with high coefficients of correlation (Figure
2) and minimum significance levels of 5%. These results indicated that coffee beans with high
sensory quality also had physiological quality. Other recent studies have shown this
correlation, corroborating the results obtained in the present research. The results of the
sensory analysis presented a 0.94 correlation index with the results of the tetrazolium test and
-0.87 with those of the electrical conductivity test. As the embryo viability percentage
increased there was an increase in the values of the total scores of the sensory analysis.
Inversely, the electrical conductivity test relates to the coffee beverage quality, so that
increase in electrical conductivity implied inferior quality coffee.
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Table 1. Results of coffee bean physiological assessment and sensory analysis.
Embrapa/UFLA, Lavras, MG, Brazil, 2012.

Treatments? Tetrazolium Germinatio Sensor_y Electri_ca_l
n Analysis Conductivity

(%) (%) (Total) (pS.cm™.g?)

Tl 83.0Db 28.0d 75,75 ¢ 26.16 d

T2 79.0 b 420c 83,75a 31.89¢

T3 79.0 b 40.0c 79,00 b 24.67 d

T4 100.0a 86.0 a 82,25 a 5.86 a

T5 97.0a 81.0a 80,25 a 6.56 a

T6 95.0a 74.0b 81,00 a 8.77Db

T7 93.0a 67.0b 81,50 a 13.80 ¢

T8 96.0 a 86.0 a 81,75a 13.08 ¢

T9 94.0a 75.0 b 83,00 a 15.01¢c

T10 6.0c 00e 56,00 d 74.06 e

CV (%) 6.59 12.26 1.45 12.49

Means followed by different letters differ statistically by the Scott-Knott test at 5%
probability. °T1: Natural/Sun; T2: Natural/Shade; T3: Natural/Drier; T4: Fermented/Sun;
T5: Fermented/Shade; T6: Fermented/Drier; T7: Demucilated/Sun; T8: Demucilated/Shade;
T9: Demucilated/Drier; T10: Additional treatment.

G0.8
TTC
PN
PR
-1 -0.5 1

Figure 2. Correlation coefficients (r?) between the physiological and sensory analyses of
Coffea arabica L. beans. PR=radical protrusion; PN=normal seedlings; CE=electrical
conductivity; TTC=tetrazolium; LK=potassium leaching; and G 0,8=TZI for the green
band, threshold 4. Embrapa/UFLA, Lavras, MG, Brazil, 2012.

The electrical conductivity test is based on the integrity of the bean cell membranes and the
high results showed the disorganization or rupture of the cell membranes, which results in the
leaking of cell ions and consequently oxidative or catalytic reactions with undesirable and
harmful products to the sensory quality of the coffee beverage. Higher electrical conductivity
values were observed in poorer quality coffee beverages, as has been reported in other studies.

Results from image analyses by the Matlab software demonstrate a greater response to the
color spectrum of the red band in the endosperm in coffee beans. For the red band, threshold 5
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enabled a greater differentiation of the treatments. However, for the bands of the green and
blue spectrum threshold 3 showed greater differentiation of the treatments (Figure 3). The
additional treatment (T10) that included the beans intended for consumption, presented the
worst physiological quality, indicated by the tetrazolium and germination tests and the poorest
beverage quality, according to the sensory analysis (Table 2). This treatment also presented
the lowest response to the light spectrum assessed, showing the embryos and the endosperms
were unviable, which affected the sensory quality of the coffee.

The treatments processed naturally and dried in the sun and drier (T1 and T3) presented a
relative reduction in viability compared to the other treatments, according to the tetrazolium
test on the embryo. But the same treatments presented high response to the color spectrum
assessed. There are two possible explanations for this performance. The embryos are the most
delicate part of the seed, which show signs of viability loss faster when compared to the
endosperms, which are more resistant reserve tissue. It is expected therefore that during coffee
bean processing and drying the embryo may be the first tissue to lose viability, while the
endosperm cells remain alive.

Another factor that justifies the intense staining on the endosperm of the coffee bean
treatments processed naturally, dried in the sun in and the dryer may have been because of the
intense respiratory activity present in this tissue.

The sensory analyses differentiate the treatments, but the physiological tests and the image
analysis classified the coffees in more groups.

190



T10
T9
T8
T7
T6
TS
T4
T3
T2
T1

Treatments

0.03 0.15 0.27
A Index TZ

Treatments

0.05 0.19 0.33
B Index TZ

reatments

F T3

0.10 0.25 0.40
C Index TZ

Figure 3. TZ indexes for the red band at threshold 5, and at threshold 3 for the green
and blue band. Lowercase letters differ the treatments statistically by the Scott-Knott
test at 5% probability. * T1: Natural/Sun; T2: Natural/Shade; T3: Natural/Drier; T4:
Depulped/Sun; T5: Depulped/Shade; T6: Fermented/Drier; T7: Wet/Sun; T8:
Wet/Shade; T9: Wet/Drier; T10: Additional treatment.

Regarding the multi-dimensional scaling technique, the results shown in Figure 4 correspond
to the bi-plots constructed from variables related to sensory and physiological quality that
permit identification of treatments groups that can be considered similar. Assessing the
responses to the treatments showed that treatments T1-T9 can be considered similar regarding
the sensory variable with the physiological variable percentage of normal seedlings at 30 days
(N30d). It also showed that the T10 treatment presented heterogeneous responses of the
others. It is emphasized that other clusters formed by other variables identified other similar
groups.
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Figure 4. Bipbatches for sensory and physiological variables (left). Values obtained for
the STRESS function in each interaction to validate the selected variables used (right).

It is important to emphasize those different combinations of the sensory and physiological
variables can be used to assess cluster formation among the treatments. However, it is
necessary to assess the quality of fit to ensure that the selected variables are suitable for
dimensional reduction, in the sense that the difference is minimal between the similarity
matrix formed with all the variables and the matrix formed only with the chosen variables.
Using the Stress function, the values obtained for this function in each numerical interaction
can be observed from the graphic analysis (Figure 4).
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SUMMARY

It is well known that coffee is one of the main food products commercialized in the world.
During processing, coffee can be intentionally adulterated with cheaper materials, including
grains and cereals, such as barley and corn. Many techniques have been developed in order to
establish suitable parameters and markers for detection of adulteration of ground roasted
coffee and instant coffee. However, these methods may present low sensitivity and specificity.
Although the recombinant DNA technology has shown to be a promising tool to determine
the authenticity of processed foods, it has not been used to detect coffee adulteration. The
objective of this study was to use a real-time Polymerase Chain Reaction (PCR) based method
for detection of barley and corn in commercial coffees obtained in South American markets.
The method was sensitive and specific to quantify down to 8.1pg and 0.3pg of barley and corn
DNA, respectively. Ten control samples were evaluated and did not present barley or corn.
The eight samples classified as gourmets or superior also did not present barley or corn in
their composition. However, barley was detected in all twelve traditional (cheaper) coffee
samples evaluated. Corn was only detected in one traditional sample, in addition to barley.
The Real-Time PCR method showed to be suitable for detection of low amounts of food
adulterants in roasted coffee.

INTRODUCTION

Coffee is one of the most popular drinks across the world. As such, it has been a target of
fraudulent admixtures with a diversity of cheaper materials, roasted barley, corn, soybean and
others. This practice leads to unfair competition, disrupting local and global economies, with
defrauders gaining over reputable competitors. In addition, this practice is considered to be
crime under the normative instruction of worldwide Surveillance Agencies. Many techniques
have been developed in order to establish suitable parameters and markers for adulterations of
ground roasted coffee and instant coffee. While visual inspection is traditionally used to
detect the addition of cheap substitutes to green coffee, conventional methods for
identification of adulterants using techniques of pattern recognition of colors and features
photographs and digital image processing by computer are used for roasted coffee. However,
these methods are subjective and consequently rely on the experience of the analyst, being
subject to human error. Most of the analytical techniques were based on determination of
chemical components by liquid or gas chromatography coupled to multivariate statistical
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analysis. Recently, volatile markers have been identified for low quality coffee beans.
Techniques that do not rely on the determination of specific chemical tracers but rather on
strictly physical measurements were also proposed for the detection of adulterants in coffee.
An example is the use of photo-acoustic spectroscopy, infra-red spectroscopy, scanning
electron microscopy, and thermal lens spectrometry. Nonetheless, the aforementioned
techniques do not allow for the identification of individual constituents or constituents in
admixtures of several adulterants. The use of recombinant DNA techniques has been used for
quality control (authenticity) of processed foods as well as to detect and quantify genetically
modified organisms. The real-time or quantitative Polymerase Chain Reaction (PCR)
technique allows for monitoring of the amplification reaction in real time (cycle to cycle), in a
closed system without outside interference in the progress of the reaction. In a fluorescent
system, a fluorescent signal is detected proportionally to the increase in the amount of the
target amplified product. This fluorescence is emitted by fluorophor compounds, which may
be probes linked to or intercalated in double stranded DNA fragments SYBR Green. In brief,
SYBR Green binds the minor groove of dsDNA, enhancing greatly the fluorescence. The
fractional cycle in which the increase in the fluorescence generated by the accumulation
exceeds 10 standard deviations of the mean baseline fluorescence, with a selected range of
cycles, is referred to as the threshold cycle.

Considering the need for sensitive and specific methods for detection of food adulterants, the
objective of this study was to use a real-time PCR based method for detection of barley and
corn in South American commercial coffees.

MATERIALS AND METHODS
Samples

Fresh samples of barley (Hordeum vulgare), corn (Zea mays) and coffee were used as specific
target and rice (Oryza sativa), wheat (Triticum aestivum) and soy (Glycine max), were used as
non-specific targets. All grains were purchased at a local market and were not genetically
modified. Ten green coffee samples (four C. arabica and six C. canephora) were obtained
directly from producers in Sdo Paulo, Espirito Santo and Minas Gerais, Brazil, and were used
as control samples. Coffee was roasted in a fluidized bed roaster (I-roast, USA) at 230°C to
give dark colour degree (# 35 Agtrom-SCAA); barley and corn were roasted in a microwave
oven to reach the same color as coffee. Samples were ground in a mill (IKA Allbasic to pass
a 500um sieve).

Twenty one commercial ground roast and instant coffee samples were purchased in different
stores located in South American countries. From these samples, 9 were classified as gourmet
or superior and 12 were traditional (cheaper). To build the five point curve for adulterants
quantification, a blend containing 80% of arabica roasted beans and 20% of robusta roasted
beans was used and 0,5%; 1%; 2%; 5% and 10% of barley and corn were added to the coffee
blend.

DNA Extraction
Roasted samples were submitted to DNA extraction with DNeasy kit/ buffer CTAB. DNA

concentrations were determined in all in natura and roasted samples by spectrophotometer
(Shimadzu UV-1800 Japan) at 260nm.
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Primers design

DNA sequences corresponding to the endogenous genes for coffee, barley and corn were
surveyed from Genbank (accession number NCO008590.1, M60837.1, EF044213.1,
respectively). Sequences were submitted to the program Basic Local Alignment Search Tool
(BLAST) to analyze the similarity among other species. The primer pairs were designed using
Genefisher software setting up the size amplicon of 100 pb. Primers were synthesized by
Eurofins MWG Operon and their amplification was confirmed using in silico PCR runs at
BIOINFX (http://www.bioinfx.net/).

PCR parameters

PCR runs were achieved using the SDS-ABIPRISM 7000 (Applied Biosystems). The reaction
mixture contained 1 x Power SYBR Green Master Mix (Applied Biosystems) 240nM primers
and 50ng DNA in 25pl final volume. Thermal conditions were as follows: 10 min at 95° C, 45
cycles of 15 s at 95 ° C and 1 min at annealing temperature (Tm) of each primer pair (Table
1).

In order to estimate the adulterants percentage in commercial coffee samples, the equation
obtained after a standard curve construction for each adulterant, was used:

y=ax+b
where:

e x=log [% of intentionally added adulterant]
e y= Mean Ct of intentionally adulterated coffee samples

Table 1. Primer parameters for barley, corn and coffee markers.

Tm

. Efficiency 2 LOD | LOQ
Food Primers Sequence oC R
] CO " (o) (09 | (b0)
Barley | Cevada3 F: CCGGACCAGAACTTCTTG 60 104 0,99 5,0 8,1
R: CCTGAAGCACGATTTCTG
Corn Zeina 2 F:CAGGCTCCAACAAGCAATG 62 95 0,99 0,1 0,3
R:GCAACTGTTGTGCCCTGATG
Coffee Café 1 F:-TTCCGAAGTCCTGGAGAG 60 88 0,99 0,7 2,4
R:CGGAGGATATCTCAATCG

F/R- forward/ reverse primers. Tm - annealing temperature. LOD and LOQ - limit of
detection and limit of quantification. R*- Correlation coefficient.

RESULTS AND DISCUSSION
The melting curves from specific (A, C and E) and non-specific (B, D and F) targets are
shown in Figure 1. The melting curve for the specific targets demonstrated that these primer

pairs were specific for barley, coffee and corn detection. The nonspecific amplification peaks
were attenuated by increasing annealing temperature.
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Figurel. Primer Cevada3 (AB), Cafél (CD) and Zeina2 (EF). The letters A, C and E
shows amplifications specific and letters B, D and F demonstrates nonspecific
amplifications like primer-dimer. Each primer pair was tested with genomic DNA of
target and non-target (rice, wheat, soy, corn, barley, coffee arabica / canephora).

The method was sensitive and specific to identify levels down to 5,0pg and 0,1pg of barley
and corn DNA, respectively, and quantify levels down to 8.1pg and 0.3pg of barley and corn
DNA, respectively.

Figure 2 shows the laboratory adulteration standard curves and the equations, for percentage
estimation, where the correlation coefficients (r?) were 0.98 and 0.95 for barley and corn,
respectively. Because recovered DNA is expected to be highly degraded, short amplicons are
preferable for successful detection (Tablel). Various factors may contribute to hydrolysis of
DNA in food such as prolonged heat treatment, by action of nucleases (enzymatic hydrolysis),
and depurination at low pH. The degree of PCR inhibition is to a great extent dependent on
the food type. For example, heat treatment continuously degrades DNA resulting in a strongly
reduced average fragment length what could explain the values of r’ Improving
homogenisation may also improve r? values.

37,5 33¢
y=-2,9343x+ 37,692
37 R?=0,9503 32,5 . y=-3,9501x+ 33,265
s . R? = 0,9809
[ o
g 36 § e
2 < 31
35,5 =
30,5
35 *
30
34,5 *
20,5
. A 4
34 2
0 0,2 04 0,6 038 1 L. 0 0,2 0,4 0,6 08 1 1,2
Log [corn amount (%)] Log [barley amount (%])]

Figura2. Detection of the foods intentionally adulterated with 0.5%, 1%, 2%, 5% and
10% of corn and barley.

Regarding identification and quantification of adulterants in control and commercial coffee
samples, as expected, barley and corn were not detected in any of the 10 evaluated control
samples nor in any of the gourmets or superior commercial samples (Table 2). On the other
hand, barley was detected in all 12 traditional (cheapest) evaluated coffee samples, and very
low amount of corn (bellow the quantification limit) was present in only one sample, in
addition to barley (Table 2, sample C). The percentage of barley in coffee samples was
estimated based on curves built with data obtained from coffee adulteration at the laboratory
(Figure 2). The percentage of barley found in commercial coffees varied from 1.0% to 4.8%,
including instant coffee samples.
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According to the Brazilian Surveillance Agency (ANVISA), commercial coffees containing
1% of strange materials are considered “dirty” and may be commercialized but not exported.
Percentages of strange materials or adulterants above 1.3% are considered as resulting from
criminal practice. Our results indicate that more than half (58%) of the traditional coffee
samples evaluated, including instant coffee, contained percentages above the allowed limit.
However, there is no limit specified for instant coffee in Brazilian regulation agencies. The
regulations from other South American countries were not yet investigated and cannot be
discussed here.

Still in Table 2, instant coffees (samples D!, G*, H') showed higher amounts of barley
comparing to ground roast coffes. In the process for producing instant coffee, the beans are
ground and subjected to extraction under pressure at high temperatures which promotes, in
effect, extraction of water soluble solids. The extract is then dehydrated yielding instant
coffee. Given that DNA is considerably soluble in water, this would explain the higher
percentage in instant coffee.

Table2. Detection of barley in South American Traditional, Gourmet and Superior
commercial coffees.

. Quantification
Samples Mean Ct Deteccion [% adulterant]
A 33,00,7 D 1,2
B 31,9+1,3 D 2,2
C 31,74#0,3 D 2,5
D! 30,640,3 D 48
= E 33,620,7 D NQ
S F 32,3+1,2 D 1,8
= G 31,8+0,8 D 2,3
= H' 30,420,2 D 5,2
| 32,80,3 D 1,3
J 33,30,1 D 1,0
K 32,6+0,1 D 1,5
L 32,4+0,3 D 1,7
M - ND -
- N - ND -
S s 0 - ND -
g - P - ND -
== Q - ND -
37 R - ND -
S - ND -
T - ND -

YInstant coffee; Ct- Cycle threshold; D- detected; ND- Not detected; NQ- Amount bellow the
limit of quantification.

In conclusion, Real-Time PCR showed to be an effective tool for detection of adulterants in
ground roast and instant coffee. Among the evaluated samples, those with the lowest prices
were adulterated, especially with barley, in percentages varying between 1% and 4.8%. The
method presented here is being validated in order to accurately estimate the percentage of
adulterants so that it can be used for government agencies regulation. For this purpose, it is
also necessary to develop and validate certified reference material or DNA-based calibrants
for adulterants detection and quantification.
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SUMMARY

In this work the results of a wide research concerning the “Quality in cup” of espresso coffee
directly prepared in coffee shops (688) of six different geographic area of Italy (Central and
Northern) performed during a period of over 10 years were discussed. In this way different
process variables such as type of roasting plant, type of grinding-batcher plant, type of
extraction machine (manual, automatic, semi-automatic), blend, water temperature and
pressure, weight of powder and its compression inside the filter, were analysed before coffee
extraction. Furthermore, the quality in cup was evaluated by measuring the most important
indexes such as the consistency and the height of cream, pH, °Bx and volume of brew.
Several experiment were performed in laboratory scale with the aim to evaluate the effects of
possible uncontrolled variables during the coffee brew preparation in coffee shops.

Over than 9000 data were then statistically elaborated by Anova analysis, Mann-Whitney test
and Levene test. The Principal component analysis (PCA) of extraction process data and of
quality parameters of espresso coffee was used in order to discriminate the quality
characteristics of coffee brews in relation to the different geographic areas and to discriminate
the significant differences among the years of the investigation (from 2000 to 2011). From
results, the type of extraction plant and of grinding-batcher plant as well as a good training of
bar operators emerged as the most affecting variables the quality of espresso coffee.

INTRODUCTION

Among the several methods which is possible to use to prepare coffee brew, the so called
“espresso” is the most important in Italy. However, due to the largely appreciated sensorial
properties of “espresso” coffee, this method of extraction has been adopted in several places
in the world. As known, the quality of espresso coffee is the result of a wide number of
chemical and physic-chemical characteristics which interact among them affecting the final
“quality in cup”. For instance, by a physical-chemical point of view, “espresso” coffee was
defined as a polyphasic systems composed from a foam layer of small bubbles on top of an
emulsion of microscopic oil droplets in an aqueous solution along with dispersed gas bubbles
and fine coffee particles. Also, a wide chemical complexity is responsible of sensorial
attributes such as perceived acidity, mouth feel, bitterness and aftertaste which are greatly
affected by internal and external variables. However, all above quality aspects of “espresso”
coffee are greatly influenced by internal (raw material) and external (process conditions)
variables. Among the process variables roasting process, coffee grind degree, water
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temperature, extraction time, weight of powder, water pressure as well as pressure by which
the powder is compressed in the filter have a crucial importance. As example, the pressure
used to compress coffee powder greatly affects the water pathways during extraction
phenomena hence, they are responsible of the type and the amount of chemical compounds
inside the brew. In this paper the results of a wide research have been reported focused on the
analysis of the effects of type of blends, type of extraction plant and the most important
extraction parameters on some quality indexes of “espresso” coffee prepared in six
geographic area of Italy from 2000 to 2011.

MATERIALS AND METHODS
Espresso coffee preparation

The investigation was performed in six geographic area of the Northern and Central Italy in a
period ranged between 2000 and 2011. A total of 688 coffee shops were visited taking into
account the three extraction machines (manual, M; semi-automatic, SA; automatic, A) and
two types of blend and (M and BS) of roasted coffee.

The trials performed in university and company laboratories took into account two types of
roasting plant (A and B), two types of blend with 60/40 and 70/30 ratio percentage of Arabica
and Robusta respectively (S and M).

Chemical and physical analysis

Chemical and physical analysis were performed before coffee preparation and the following
variable were analysed: water temperature (°C) and water pressure (atm) by tools supplied by
ESSSE Caffé, weight of powder (g), extraction time (s), extraction rate (s*) and hardness of
water (°F), by a kit supplied by the company. The principal characteristics of “espresso” brew
were evaluated by measuring the following indexes: pH by a pH-meter (AMEL 334 -B,
Milano, Italy); volume of coffee brew and cream eight with a graduate cylinder; soluble solid
(°Bx) by a digital refractometer previously calibrated with distillate water; extraction rate
(mL/s) by relating the measured volume of coffee brew with the extraction time; consistency
of the cream by using the method reported from Severini et al.

The raw material was previously analysed to verify the homogeneity of its characteristics in
terms of colour (by a Chromameter-2 Reflectance, Minolta, Japan, equipped with a CR 100
measuring head) and density of beans using a suitable picnometer according to the
methodology described by Lerici et al. (1980) and powder (by a graduated cylinder): data are
reported in table 1 as means, standard deviation (SD) and coefficient of variation (CV%).

Table 1. Means, standard deviations and Coefficient of variation of roasted coffee.

L* a* L* a* Density Density

(beans) (beans) (powder) (powder) (beans) (powder)
Mean 20,39 5,33 22,44 9,25 0,57 0,41
SD 1,44 0,65 1,28 0,74 0,01 0,02
CV% 7,06 12,25 5,7 8,03 2,73 6,76
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Statistical analysis

Significant differences (at p-level < 0.05) between means coffee “in cup” quality parameters
were explored by using analysis of variance (ANOVA). Also the Mann-Whitney test was
used in the case in which significant differences were observed between variance means at the
Levene test. Also a principal component analysis (PCA) was performed to highlight possible
difference between coffee beverage samples (coming from different geographic area and
analysed during ten years) on the basis of quality parameters. All statistical analyses were
performed by using Statistica ver. 7.0 (Statsfot Inc.).

RESULTS AND DISCUSSION

The total amount of data was firstly elaborated to realize which of them would be the most
variable (figure 1). From results temperature of machine, hardness of water, extraction time,
volume of brew (and consequently solids) and cream consistency resulted the most variable
characteristics; whereas pressure of machine, powder amount, extraction rate, pH and cream
height were the least variable. These were the first indications.
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Figure 1. Variability of all the data collected in coffee shops.

The results of analysis of variance are shown in table 2, that reported means, standard
deviations and Anova letters for total data concerning the brew characteristics. From ANOVA
the differences based on type of extraction machine and blends (in red in the table) resulted
non significant; so it wasn’t used for PCAnalysis.
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Table 2. Analysis of Variance (ANOVA) of means of all the data (in red data not
significantly different).

pH °Brix Volume (ml) Cream consistency (s) | Cream height (ml)
2000 |562 (0,16 |ab ]955 |163 |acd |2098 |385 |acd 265 [183 |ac 202 (061 |a
2001 568 (0,25 |be 1807 |169 |b 2415 1417 |b 281 (253 |abc 215 (067 |ab
2002 |566 (0,08 |be 1980 |260 |acf |2015 |338 |cef ]334 |233 |cdefh |221 |059 |[ab
2003 |559 (017 |ac |875 |1,73 |bdh ]22,38 |385 |bd 264 (145 |ad 224 (080 |ac
2004 |556 (0,09 |cd 973 [232 |a 19,71 394 |acef |3,71 |2,08 |e 211 (0,75 |a
2005 1569 (0,09 |e 1025 (2,40 |acf 1889 [358 |ef 251 |1,63 |a 2,13 10,79 |a
2006 |553 (0,09 |(dfg 987 |212 |ace |19.32 |3,76 |ef 280 |1,51 |af 248 10,71 |(bcd
2007 |556 (0,05 |cg 1056 |2,34 |f 19,05 {386 |ef 338 (1,79 |beg 2,62 (086 |de
2008 |552 (0,05 |f 962 |19 |acg |2020 |3,99 |acef |2,76 |1,78 |agh 257 (0,83 |cef
2009 |548 (0,08 |h 10,38 191 |ef 19,06 |350 |f 368 (143 |e 259 (086 |dfg
2010 537 (0,13 |i 952 |213 |acd ]2019 |392 |acef |352 |227 |be,i 257 (0,72 |dfg
2011 |5,43 017 |l 990 (1,72 |acf |1949 [310 |f 300 (145 |ac,gi 247 10,66 |bceg
E 568 (011 |a 10,55 (2,58 |a 18,59 (342 |a 331 |L,77 |a 2,34 1091 |a
L 544 10,15 |b 858 [1,76 |b 2157 4,05 |b 327 2,18 |(ab 2,40 0,78 |a
R 552 (012 |c 10,39 [2,13 |a 19,09 |3,73 |ac 318 (1,85 |ac 236 (0,74 |a
T 555 (0,15 |c 944 |191 |c 20,75 |4,14 |bd 2,77 (169 |bcd 241 (081 |a
UM |560 (011 |d 980 [188 |c 19,87 (344 |cd 299 (1,72 |ad 234 (0,76 |a
\ 552 (016 |c 961 |205 |[c 20,47 |391 |d 330 (191 |a 241 (0,77 |a
M 553 (0,15 |a 1022 2,26 |a 19,25 4,09 |a 305 (1,85 |a 223 (080 |a
A 552 0,13 |a 9,71 (2,01 |b 20,15 |3,70 |b 3,15 |1,78 |a 245 10,76 |b
S 558 10,14 |b 10,11 (2,40 |ab 19,16 (382 |a 309 |181 |a 2,29 10,83 |a
M 554 10,14 |a 997 (215 |a 19,76 (382 |a 3,16 |1,88 |a 2,33 10,75 |a
BS 556 (015 (b 976 |218 |a 19,93 (393 |a 301 |1,76 |a 2,40 0,79 |a

The score plots of PCA analysis of geographical areas in the plane defined by the first two
principal components on the basis of espresso coffee samples quality parameters were
reported in figure 2. A good separation between espresso coffee coming from the different
visited geographic area was observed. In particular the best results were obtained, as shown,
between Lombardia (L) and Emilia (E) (figure 2a), Lombardia (L) and Umbria (UM) (figure

2b) and Emilia (E) and Romagna (R) (figure 2c).

The score plots of PCA analysis were reported in figure 3. As shown, the best results were
obtained between espresso coffee analysed in the 2000-2001 years (A-B) and 2010-2011 (M-

N).
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From results it seems that only the geographic area can affect the “espresso” coffee quality,
that is substantially a cultural aspect. Moreover, an improvement of coffee quality has been
detected throughout 12 years, which means that the training of bar operators carried out by
ESSSE Caffe and certification of coffee shops has led to good results. Nevertheless the
variability among samples was so great that, by the “on field” investigation, it was impossible
to appreciate which variables really affected the quality of coffee.

Starting from these results several experiments were performed in both university and
company laboratories with the aim to evaluate the effects of possible uncontrolled variables
during the coffee brew preparation in coffee shops. In particular the effectiveness of two types
of roasting plant, three types of grinding-batcher plant and three types of extraction plant on
quality of “espresso” coffee was tested.

Only the figure concerning the sensorial profiles of brews obtained from coffee beans roasted
by the two different roasting plants is shown (figure 4) from which it appears evident that the
profiles are overlapping. So no significant differences emerged by using different plants, of
course considering conditions for an Italian style roasting.

Colour intensity

Richness _..-- B l W:i.t'ma

Balance -

Attractiveness T - .
y ——BM

—-AS
AM

MNegative smeell ™.

Fositive smell "] Bitterness

Figure 4. sensorial profiles of coffee brew obtained from beans of two blends (S and M)
roasted by two different roasting plants (A and B).

More interesting was the assessment of effectiveness of grinding-batcher plants and extraction
plants on coffee characteristics. In fact, using standardized conditions such as: blend (A, B or
C), extraction time (25s), powder amount (7g), pressure on powder (12,5N/cm?), pressure of
machine (9atm +0,5), temperature of machine (90 °C £2), we obtained a great difference in
terms of volume of espresso, ranged between 16 and 21 ml, with consequently differences of
solid content, depending on the type of extraction plant, and in terms of temperature of brew
with values ranged between 69 and 76 °C depending on both type of extraction plant and
grinding-batcher plant. As well known, both volume and temperature of “espresso” are of
prime importance for a correct and pleasant tasting. In particular, a correct volume of brew
(about 20-25ml) contains a sufficient amount of extracted solids, caffeine, volatile and
aromatic substances.
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In conclusion, if it is true that the operators affect the coffee characteristics by hand making,
in the same way it is true that machines decide coffee quality. Perhaps the standardization of
each brand of “espresso” could be obtained by improving either the training activity for bar
operators or perfecting the machine performances, with a particular carefulness about
extraction machines and grinding-batchers.
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Multiple Role of Polyphenol Chemistry in Coffee
Associated with Quality Attributes

A. GLABASNIA, V. LELOUP, F. MORA, J. KERLER, I. BLANK

Nestle PTC Orbe, CH-1350 Orbe, Switzerland

SUMMARY

Polyphenols such as chlorogenic acids (CGA, O-caffeoylquinic acids) and related compounds
are the main components of the phenolic fraction of green coffee beans, reaching levels up to
14 % on dry matter basis. The main groups of CGA found in green coffee beans include
caffeoylquinic acids, dicaffeoylquinic acids, feruloylquinic acids, p-coumaroylquinic acids
and mixed diesters of caffeic and ferulic acids with quinic acid. During coffee processing,
CGA may be isomerized, hydrolyzed or degraded into low molecular weight compounds. The
high temperatures of roasting also produce transformation of part of CGA into quinolactones
and melanoidins. Thus, complex polyphenol chemistry occurs during thermal treatment of
coffee.

Flavour and aroma compounds derive from multiple chemical reactions, including the
Maillard reaction, caramelization, polyphenol degradation, polymerization, lipid oxidation
and pyrolysis. Polyphenols lead on the one hand to the generation of guaiacols and cresols
that contribute to coffee flavour. On the other hand, they are precursors of phenolic
compounds that can trap thiols and thus induce aroma degradation, which can be a particular
problem when coffee is stored as a canned or bottled beverage or as a liquid coffee
concentrate. Coffee aroma staling is mainly due to the decrease of the coffee-like smelling
compound 2-furfurylthiol (FFT) trapped by the polyphenol degradation products di- and
trihydroxybenzenes, and in particular hydroxyhydroquinone. This oxidative coupling reaction
may also affect other odour-active thiols such as methanethiol that are present in freshly
brewed coffee.

Coffee polyphenol derivatives are also significant contributors to bitterness, e.g. chlorogenic
acid lactones and hydroxylated phenylindanes. Bean roasting either can break these phenolic
acids down to form di- and trihydroxybenzenes such as hydroxyhydroquinone or can
epimerize and dehydrate the acids to give various lactones that may provide a pleasant,
coffee-like bitter taste quality in light- to medium-roast coffee.

Finally, coffee polyphenols have also a number of beneficial health properties related to their
antioxidant activity. Nevertheless the exact chemical nature of antioxidant polyphenols in
roasted coffee remains somehow unclear as the antioxidant activity can only partly be
explained by well-known compounds such as the natural CGAs. Overall, it seems coffee
polyphenols and their chemistry will likely influence cup quality by multiple effects.
However, controlling the fate of polyphenols remains a challenging task due to their manifold
implication in chemical reactions.

INTRODUCTION

Coffee is one of the most popular beverages in the world and is consumed in almost all
countries over the world. It is mainly consumed because of its pleasurable aroma and taste
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and for stimulation due to the high caffeine content. Beside this the image of coffee has
changed from a rather negative to a more positive one in the past years. There is more and
more evidence that a moderate coffee consumption (4-5 cups per day) has a positive health
impact. These positive effects are, beside caffeine, mainly attributed to the presence of
polyphenols in coffee. The term polyphenols is a general term that refers to several different
chemical classes that are widely distributed in the plant kingdom. Prominent members are
isoflavones in soy, catechins in tea, procyanidins in cacao, anthocyanidins in red fruits or
ellagitannins in strawberries. Also phenolic acids like benzoic or cinnamic acids are
commonly accepted as being part of the polyphenol family although they are lacking the
“poly” aspect. The major polyphenols in coffee are the chlorogenic acids. Beside caffeine and
trigonelline they are the main constituents of green coffee beans. Chlorogenic acids are
composed of a cinnamic acid derivative such as caffeic acid or ferulic acid that is esterified
with a quinic acid moiety. The most abundant chlorogenic acids in coffee are the 3, 4, and 5-
caffeoyl quinic acids followed by the corresponding derivatives with ferulic acid, as well as
the dicaffeoyl quinic acids (figure 1). These nine CGAs can make up to 90 % of the total
polyphenol content in green coffee. Nevertheless in the past years several other compounds of
the chlorogenic acid family have been identified containing e.g. coumaric acid,
dimethoxycinnamic acid or sinapic acid as well as a lot of possible isomers of the di-CGA
family.

Chlorogenic acids are mainly considered for their antioxidant properties but they play a much
more important role for the quality of coffee and coffee beverages as multifunctional
compounds. Some of the aspects of the multi-fold role of coffee polyphenols will be
highlighted in this review.
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Figure 1. Chemical structures of the nine major chlorogenic acids in green coffee.
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RESULTS
Coffee phenols as quality markers for green coffee

The CGA content differs significantly between Arabica and Robusta species with Robusta
being richer in chlorogenic acid content. Therefore the CGA content has been frequently used
for the classification of coffee samples in combination with other important constituents like
caffeine and trigonelline. Different methodologies have been used for this approach such as
NIR or LC/MS. Such approaches do not only allow the differentiation between pure Arabica
and Robusta samples (figure 2) but also allow the set-up of prediction-models to calculate the
blend composition of unknown samples. Like this e.g. adulteration of Arabica coffee with
Robusta coffee can be determined up to a certain level dependend of the amount of Robusta
added. The importance of CGA in such predictive tools is further highlighted when it comes
to decaffeinated samples for which caffeine cannot be used as a marker.

More detailed classifications based on the chlorogenic acid content have been tested to
evaluate green coffee quality e.g. differentiation of the cultivar or determination of the origin.
While in general these approaches have been shown to work as well their limitations have
also been clearly seen. E.g. the crop to crop variety of one cultivar has been found to be
higher in some cases than the variation between different cultivars making the results only
valid for a specific year of harvesting. Concerning the origin a differentiation between the
zone (Africa, Asia, and America) appears possible in some cases but can fail due to limited
differences between samples or to the crop to crop variations mentioned before.

Also the post-harvest treatment impacts the chlorogenic acid content as recently shown. Wet
processed coffees were found to contain higher amounts of chlorogenic acids. Once again this
can be used to evaluate the quality of a green coffee, but on the other hand allows also coffee
producers to apply the right practises in order to preserve chlorogenic acids from loss upon
post-harvest treatment.

In summary CGA content is one important marker to assess green coffee quality.

Green Coffee Arabica
A a Robusta
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Figure 2. Differentiation of Arabica and Robusta coffees by NIR measurement including
CGA.
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Coffee phenols and their role in coffee aroma

Beside the quality of the green coffee roasting is a key step for the coffee quality as it is
crucial for the development of the well-appreciated fresh coffee aroma. On the same hand it is
well known that roasting has a strong impact on the degradation of chlorogenic acids.
Depending on the roasting degree the loss of native chlorogenic acids can easily rise up to
90%. As at the same time the nice coffee aroma is generated it is very likely that chlorogenic
acids are somehow involved in the aroma formation.

The thermal treatment of chlorogenic acids leads to a cleavage of the ester in first instance.
This cleavage gives rise to a quinic acid moiety and the cinnamic part, either in form of
caffeic acid or ferulic acid depending on the initial CGA. Both caffeic and ferulic acid are
further degraded upon heat treatment. Decarboxylation leads to vinylcatechol, respectively
vinylguaiacol. The vinyl moiety can undergo further reactions like oxidation to form 3,4-
dihydroxybenzaldehyd or vanillin, hydration to form the corresponding ethyl derivatives, or
can even be cleaved to form catechol or guaiacol, respectively. In particular the products
formed from ferulic acid breakdown have been identified as being impact compounds of
coffee aroma based on their dose-over-threshold factor which is the ratio of the concentration
found in coffee and the perception threshold. If this value is above 1, meaning the
concentration is above the perception threshold, this compound likely has an impact on the
overall aroma of coffee. As seen in figure 3 all breakdown products of ferulic acid have been
found at concentrations above their perception thresholds both in Arabica and Robusta
samples.

Thus it can be clearly stated that chlorogenic acids play a crucial role in the aroma formation
of coffee upon roasting.
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Figure 3. Aroma formation upon thermal breakdown of chlorogenic acids and the most
important aroma compounds identified in Arabica and Robusta coffee (Semmelroch,
1995).

One well-known issue for coffee is the so-called aroma-staling which can be a particular
problem when coffee is stored as a canned or bottled beverage or as a liquid coffee
concentrate. Coffee aroma staling is mainly due to the decrease of the coffee-like smelling
compound 2-furfurylthiol (FFT). Also here chlorogenic roles are heavily involved. It was
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shown that FFT can effectively be trapped by di- and trihydroxybenzenes like catechol or in
particular HHQ. These compounds are once again formed upon thermal degradation of
chlorogenic acid via quinic acid and caffeic acid as intermediates as already shown in figure
3. The hydroxybenzenes are very sensitive to oxidation to form the corresponding quinones
which can easily be attacked by nucleophils. Such a nucleophil is e.g. FFT. This leads to the
formation of FFT adducts to the hydroxybenzenes. This pathway was first established in
model reaction but the products formed were also detected in real coffee brews confirming the
loss of FFT by trapping to benzenes. HHQ was found to be the most effective trapping agent
for FFT making this compound very important in the prevention of aroma staling.

So finally the breakdown of chlorogenic acids is important for aroma formation while it plays
also a crucial role in the stability of coffee aroma showing the importance of understanding
chemical pathways in order to better control positive and negative effects of such reactions.

Chlorogenic acids

|
S Z:j + DY

HO (=] oM ‘\ﬁ
L -
o ﬁ o'
MO, t K | = '| N

lll lll

Polymers Polymers

Figure 4. Trapping of FFT by oxidative coupling to HHQ (Mueller, 2006).
Coffee phenols and their role in coffee taste

Beside the coffee aroma also bitterness is one of the major preference drivers. For many
consumers a pleasant and balanced bitterness is important which requires strong knowledge
on the formation of bitter compounds. Also here CGA have been identified as playing an
important role.

A well-known reaction of chlorogenic acids upon roasting is the formation of the
corresponding lactones. The heat treatment easily leads to cyclization under loss of a water
molecule to form different isomers of quinolactones. This lactone formation has been studied
intensely and by applying the so-called taste dilution analysis these lactones have been
identified as important bitter compounds in coffee. In particular for light to medium roasted
coffees these lactones play a crucial role as they themselves undergo further degradation with
higher roasting degree. Their detection thresholds have been found to range from 5-60 mg/L
making these lactones quite active. As chlorogenic acids are highly abundant in green coffee
beans such concentrations are commonly found in roasted coffee even though lactones are not
formed exclusively.

Another class of bitter compounds identified in coffee brew derives from chlorogenic
breakdown as well. These so-called phenylindanes are formed via coupling of vinylcatechol
which is formed upon cleavage of CGA and decarboxlation of the resulting caffeic acid. The
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bitter thresholds have been found being similar to those of the lactones but concentrations of
these compounds in coffee brew are rather lower.

A third class of bitter compounds is formed in a similar way as the FTT trapping reported
above. In the case of these recently reported bitter compounds the nucleophiles derive from
sugar degradation e.g. furfurylalcohol which reacts with the quinone to form the
corresponding adducts. The following scheme illustrates the different pathways of bitter
compound formation deriving from CGA breakdown.
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Figure 5. Formation of bitter compounds in coffee from chlorogenic acids.
Coffee phenols and their role for health

The chlorogenic acids as the major group of polyphenols in coffee have been considered as
important antioxidants since a while. Several studies show a positive impact of a moderate
coffee consumption on different health aspects such as cognitive decline or Type Il diabetes
which is often ascribed to the presence of coffee antioxidants. Also positive effects on
different cancer cell lines have been described that are assigned to the presence of chlorogenic
acids.

While in green coffee most of the antioxidant activity can be explained by the nine major
chlorogenic acids only, the situation in roasted coffee is more complex. Despite of the rapid
degradation of native chlorogenic acids upon roasting the antioxidant activity of coffee
remains almost constant. By evaluating the response of the individual chlorogenic acids and
their quantitative analysis it can be calculated how much activity derives from the nine major
CGA. Proportionally the contribution of those nine CGA decreases with increasing roasting
degree (figure 6).
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The antioxidant activity of roasted coffee has been investigated intensely and different
explanations have been established like the incorporation of chlorogenic acids into
melanoidins or the antioxidant activity of Maillard reaction products themselves. Also the
interference of AOX assays by other compounds is regularly discussed.

As active principle for the antioxidant activity the vicinal diol plays the most important role
based on the capability to interact with electrons and to form stable radicals.

R OH
\C[ basc \@[ -2 e]eclron \g \CE
OH amd 2 electron

Figure 7. The role of the vicinal diol in antioxidant activity.

The residue R plays a less crucial role although further radical stabilization e.g. by the
unsaturated bond in caffeic acid or steric hindrance like for dicaffeoyl quinic acids need to be
taken into consideration.

Having a look at the reactions that occur to chlorogenic acids upon roasting (figure 5) it
appears that the phenolic moiety remains intact and unchanged, no matter if it is lactone
formation, dimerization or degradation to catechol derivatives. Even more complex reactions
like trapping of nucleophils or indane formation as described before all take place while
maintaining the vicinal diol structure entirely intact. Therefore at least part of the antioxidant
activity of roasted coffee is likely caused by all the different compounds formed upon CGA
transformation. The complexity of the different reaction pathways of which probably only a
part has been identified yet as well as the tremendous challenge of analyzing all the different
compounds in coffee samples explains why the understanding of the antioxidant activity of
roasted coffee is still limited and requires further investigation. The elucidation of the
complex chemistry of coffee polyphenols remains an important and challenging task but is
crucial to better control quality attributes like aroma and taste, but also to better understand
possible health effects of coffee.
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SUMMARY

In this work, a universal chemometric model based on diffuse reflectance near infrared
spectroscopy (NIRS) and high pressure liquid chromatography (HPLC) data is proposed to
predict caffeine content in raw coffees. However, the exploitation of the results of these
analyses, in most situations, requires the prior confrontation between spectral data and results
of the same samples obtained by the analytical reference methodology, creating models. So,
the construction of a robust calibration model requires that both analytical methods are
employed simultaneously to a large numbers of samples, which consists of a limiting factor
for the widespread use of spectroscopy. Because of that, there are four main innovations in the
construction of this multivariate model: (i) differences between artificial coffee matrices in
caffeine and trigonelline concentrations were obtained; (ii) the use of different coffee species
for the calibration steps, (iii) the selection of specific variables (wavelengths) for caffeine
through the spectra of the pure compounds and the standard addition and (iv) low number of
HPLC analyses. Partial least squares regression (PLSR) was used as a multivariate method to
construct the model, and more than eighty different samples were used as external validation
data sets. The prediction model for caffeine concentration, using 7 latent variables, presented
0.082 of root mean square error of prediction (RMSEP) and 0.98 of correlation coefficient

(rev).
INTRODUCTION

Currently, the rapid growth of automation and technology has brought modern analytical
methods for identification and quantification of the main compounds present in coffee beans
and other agronomical products. Among them, HPLC, GC, NMR H' and electrochemical
methods represent the most important technologies. Unfortunately, most of these techniques
have disadvantages like a need for complex samples treatments (clean up). Moreover they are
often time consuming, costly and destructive. To overcome these limitations, attention has
been paid to the development of spectroscopic analysis coupled with chemometric tools.

However, to determine the content of a chemical compound present in coffee beans by
spectroscopy, the relationship between the information of both, infrared spectra and reference
methods, e.g. HPLC, must be established.

The aim of this work was the construction and validation of a universal multivariate model to
estimate caffeine contents in raw coffees using near infrared diffuse reflectance. In the present
work, the improvement of the methodology was verified by the use of different coffee species
and artificial matrices. This approach allowed improving the range of caffeine content in the
bean and a reduction of the number of analyses by the reference method.
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MATERIALS AND METHODS

In order to identify the wavelengths related to calibrate caffeine in green coffee beans, spectra
of pure caffeine (minimum 99 % purity), trigonelline (99 %), sucrose (99.5 %), 5-CGA (5-
caffeoylquinic acid) (95 %), protein (casein 90%) and carbohydrate (cellulose high purity)
were performed. The reagents were supplied by Sigma-Aldrich (Munich). The lipid fraction
was extracted from crude coffee beans by mechanical pressing.

In the present work, ten green coffee varieties from the IAC germoplasm bank were analyzed
using diffuse reflectance near infrared spectroscopy (NIRS) and HPLC in order to determine
their caffeine contents (Table 1). The samples from C. arabica and C. canephora species were
selected based on the different contents of this methylxanthine that ranged from 0.07 to 3.52%
(Ww/w). One artificial coffee “matrix” with 0.4% of caffeine was obtained by extracting
caffeine from a coffee sample with methanol/water (70/30). This matrix was considered as a
“variety” (sample 10).

Table 1. Coffee samples from IAC germoplam bank used for the construction
of the models.

Samples | Species Varieties
1 Coffea arabica Yellow Bourbon
2 Coffea arabica Material with low caffeine content [6]
3 Coffea arabica IAC 3996 - Ep 416 - Cova 1152 - Planta B
4 Coffea canephora Conillon collection 66 - cova 3
5 Coffea canephora Apoatd collection 3599 - Plant 9
6 Coffea canephora Apoaté collection 3597 - Plant 1
7 Coffea canephora Bukobensis collection 3
8 Coffea canephora Ep 133 - 350 - 1653 - Cova 4
9 Coffea canephora Ep 189 - Cova 128
10 Coffea canephora Conillon collection 66 - cova 3 caffeine extracted

Diffuse reflectance spectra of green grounded coffee and of trigonelline, caffeine, lipids,
cellulose, casein, 5-CGA and sucrose respectively, were obtained using a near-infrared
NIRSystems 6500 spectrophotometer (Foss NIRSystems, Raamsdonksveer, Netherlands)
equipped with a reflectance detector and sample transport module. Each spectrum was
profiled with 256 scans in the 1100 to 2500 nm range and a resolution of 2 nm. In this work,
three different aliquots of the sample were used and the spectrum of each aliquot was
recorded.

All the 363 Near Infrared spectra were obtained by the mixture of proportions of different
species and varieties and also through the addition of pure caffeine. Each spectrum was
profiled with 256 scans from 1100 up to 2500 nm at 2 nm resolution respectively. All
analyses were made in triplicate.

For the HPLC analyses, caffeine was extracted in methanol: water (70:30) at 60° C for 1 hour
and quantified by high performance liquid chromatography (HPLC). A Shimatzu
chromatograph used was equipped with UV-Vis detector and C-18 column Shim-pack CLC-
ODS (M) of 4.6 x 250 mm and 5 mm in particle diameter, with pre-column of 4 x 1 mm. The
elution was isocratic with mobile phase consisting of methanol: acetic acid: water
(30:0,5:69,5, v: v: v) at a flow rate of 1 ml / min at 22° C. The wavelength reading of the
samples was 272 nm. The concentration of caffeine was determined by the ratio between the
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peak area of caffeine in the sample and the respective standards of known concentrations. The
samples were analyzed in triplicate.

The original spectroscopic profiles were organized into a matrix format X (IxJ), where each
replicate was considered as one sample. Data analysis was carried out using Matlab 6.5
software (The MathWorks, Co., Natick, MA, USA) with the PLS Toolbox computational
package (Eigenvector Research, Inc. — PLS_Toolbox version 3.02.). In the present study, two
pre-treatments were applied to the original data matrix: Savitzky-Golay smoothing with a
window size of 7 points and first derivative function. Variable selection was carried out by the
ordered predictors selection (OPS) method and visual inspection. The partial least squares
method (PLS) was used as the regression method for modelling.

RESULTS AND DISCUSSION

The regions of the spectrum defined as important for the prediction of the caffeine content
(selected variables) were visually selected comparing the spectra of the samples with the
spectra of the pure caffeine and others pure compounds found in coffee and with the OPS
algorithm. From the initial 700 variables (NIR spectrum), 128 were selected to construct the
caffeine prediction model. These variables are grouped in 16 regions indicate in Figure 1.
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Figure 1. Regions of the infrared spectra selected for the regression model of caffeine.

Seven latent variables were used for the PLS model. The values of the statistical parameters
RMSECV (root mean square error of cross-validation), re, (correlation coefficient of cross
validation) and RMSEP (root mean square error of prediction) were 0.135 + 0.01, 0.98 + 0.00
and 0.082, respectively. The multivariate regression model for the determination of caffeine
was built, tested and validated with 81 external samples (Figure 2).

The relative mean error between the external analysis by NIRS and HPLC for caffeine
contents in raw coffees was 8.2%, for concentrations ranging between 0.8% and 3.0%. The
reliability of the spectral bands (wavelengths) selected, suggests the potential of the PLS
model to be used as a universal model for raw coffee analyses. It could be used by any
research group working with multivariate models, using other coffee samples (species and
varieties), different equipment brands, milling degree or any other variable.
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(V) sets.
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SUMMARY

Coffee beans composition is affected by genetic characteristics, edapho-climatic conditions,
post-harvest and roasting process and the final preparation of coffee brews. Hydrosoluble
(nicotinic and chlorogenic acids, trigonelline and caffeine) and liposoluble (cafestol and
kahweol) compounds and melanoidins stand out for their contribution to health mainly as
antioxidants. The objective of this work was to study the composition and the antioxidant
activity (AA) of roasted coffees of traditional cultivars (Catuai and Icatu) and artificial
crosses. The edapho-climatic conditions and roasting process were standardized, so the
differences in composition and AA could be mainly attributed to the genetic characteristics of
each cultivar. Hydrosoluble and liposoluble compounds were analysed by RP-HPLC, and
melanoidins by spectrophotometry. Inhibition of linoleic acid autoxidation (formation of
conjugated dienes), radical scavenging activity by ABTS (TEAC) and total phenolics (TP)
were determined to estimate the antioxidant activity (AA). Principal Components Analysis
(PCA) and Hierarchical Cluster Analysis (HCA) were applied to data. PC1 (33% of the
variance) was positively correlated to kahweol, melanoidins, TEAC and dienes values, and
negatively correlated to cafestol and trigonelline contents. PC2 (22%) was negatively
correlated to 5-CQA and TP and positively correlated to nicotinic acid and caffeine. HCA
indicated three main groups of coffee varieties. Traditional cultivars showed high levels of
cafestol, 5-CQA, trigonelline and caffeine, and lower contents of kahweol and melanoidins,
nicotinic acid and AA. IPR100, 101 and 105 (Catuai Sh2, Sh3 genetic background-GB) and
IPR106 (Catuai-GB) showed high levels of nicotinic acid, caffeine, melanoidins and AA
(Dienes). Cultivars Sarchimor derived (IPR97, 104 and 107), IPR102 (lcatu X Catuai) and
IPR108 (Sarchimor X Icatu X Catuai) were discriminated by the high levels of 5-CQA,
trigonelline, kahweol, and high AA (TP and TEAC). In general, coffees originated by
artificial crosses showed higher AA compared to traditional cultivars.

INTRODUCTION

The composition of coffee beans is affected by genetic characteristics, edapho-climatic
conditions, post-harvest and roasting process and the final preparation of coffee brews (KY et
al., 2001; LEROQY et al., 2006). The breeding has the objective to transfer resistance genes
from robusta coffee to arabica via an interspecific hybrid, the Timor Hybrid (BERTRAND et
al., 2008). Besides conferring resistance to pests and diseases and an improvement of
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agronomic characteristics, these crosses may also affect the composition, bioactivity and
sensory quality of the coffees. Coffee consumption has beneficial effects to health with
emphasis on its nutritional and functional importance related to its potential as an antioxidant
(BERTRAND et al., 2008, BUTT; SULTAN, 2010). Hydrosoluble (nicotinic and chlorogenic
acids, trigonelline, caffeine and melanoidins) and liposoluble (cafestol and kahweol)
compounds stands out for their contribution to health mainly as antioxidants (SANCHEZ-
GONZALEZ; JIMENEZ — ESCRIG; SAURA — CALIXTO, 2005; HIGDON; FREI, 2006).
The objective of this study was to evaluate the composition and the antioxidant activity (AA)
of roasted coffees of traditional cultivars (Catuai and Icatu) and modern crosses. The edapho-
climatic conditions and roasting process were standardized, so the differences of composition
and AA could be mainly attributed to genetic characteristics of each cultivar.

MATERIALS AND METHODS

The coffees (eleven samples) were harvested at the Agricultural Technologic Park of Coop
COCARI, Mandaguari, Parand, Brazil, from May to July 2009 at latitude 23°32'52" (South),
altitude of 650 m and average annual temperatures of 22 to 23°C. The traditional cultivars
(Catuai and Icatu) and modern crosses (IPRs 97, 100, 101, 102, 104, 105, 106, 107 and 108)
(SERA et al., 2007a) were collected considering the time of harvesting according to the
maturation of each cultivar. Post-harvesting conditions were standardized for all cultivars.
Cherry fruits were manually selected, washed and sun-dried in patio. The traditional coffees
and modern crosses were subjected to medium roasting process (8 to 11 minutes at 200-
210°C, L* around 28) and grounded (0.5 mm particles) in the disk mill (PERTEN 3600,
Sweden).

The contents of liposoluble (cafestol and kahweol) and hydrosoluble (nicotinic acid,
trigonelline, 5-CQA and caffeine) compounds were determined by RP-HPLC (DIAS et al.,
2010; ALVES et al., 2006) and melanoidins were estimated by spectrophotometry at 420 nm
(LOPEZ-GALILEA; DE PENA; CID, 2007). To determine the antioxidant activity (AA)
three methods were used: the inhibition of linoleic acid autoxidation which measures the
formation of conjugated dienes at 234 nm (MAU et al., 2005); the determination of the radical
scavenging activity by ABTS (TEAC) (SANCHEZ- GONZALEZ; JIMENEZ — ESCRIG;
SAURA — CALIXTO, 2005) and by measuring the redox potential of the total phenolics (TP)
(AOAC, 1990). Principal Components Analysis (PCA) and Hierarchical Clustering Analysis
(HCA) were applied by XLStat software (ADDINSOFT, 2007). Unweighted pair-group
average method, as the linkage rule and Euclidean distance (similarities) were used to
generate the dendrograms.

RESULTS AND DISCUSSION

PCA (Figure 1) and HCA (Figure 2, Table 1) were used for the simultaneous evaluation of the
composition and antioxidant activity characteristics of the coffees. Correlations between
variables and characterization of the different cultivars could also be observed. The first
component (PC1) accounted for 33% of variance and was positively correlated to kahweol,
melanoidins, TEAC and dienes values, and negatively correlated to cafestol and trigonelline
contents (Equation 1). The PC2 (22%) was positively correlated to 5-CQA and TP and
negatively correlated to nicotinic acid and caffeine (Equation 2). The HCA indicated three
main groups of coffees (Figure 2) and the average value for compounds content and AA for
each group (Table 1). It could be observed that there was genetic similarity among the coffees
in each group.
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PC1 =- 0,70 cafestol +0,81 kahweol — 0,74 trigonelline +0,77 melanoidins + (1)
+0,67 TEAC + 0,54 dienes

PC2 = - 0,58 nicotinic + 0,74 5-ACQ — 0,53 caffeine + 0, 68 TP (2)
g
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Figure 1. PCA Biplot considering composition and antioxidant activity of the arabica
roasted coffee cultivars.
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Figure 2. Dendogram considering composition and antioxidant activity of roasted coffee
cultivars.
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Table 1. Average value of compounds content and antioxidant activity
for each group formed by HCA.

Group | Cafestol | Kahweol | Nicotinic | Trigonellie | 5 CQA | Caffeine | Melanoidins | TEAC | TP | Dienes
1 1476 1132 22 1125 1476 875 0,58 620 | 4754 84
2 805 724 25 973 1308 1107 0,42 560 | 4636 83
3 596 1068 28 863 799 1101 0,70 584 | 4341 85

Composition expressed in mg 100 g™, melanoidins in UA at 420 nm, TEAC in pmol eq g, TP
mg 100 g™ and Dienes in %.

The first group was formed by cultivars Sarchimor derived (Vila Sarchi and Timor Hybrid)
such as IPR 97, 104 and 107, and IPR 108 (Sarchimor X Icatu X Catuai) (Figure 2). These
cultivars were allocated at the top of the plan and were discriminated by the high levels of 5-
CQA, trigonelline and kahweol, and high AA (TP and TEAC) (Figure 1 and Table 1). The
cultivars that presented genetic background associated to robusta coffee were discriminated
by compounds related to environmental adaptation as 5-CQA and TP in which the high levels
indicate poor adaptation. The lack of adaptation was also indicated by sensory analysis since
IPR 97 was described as presenting green taste, green flavor, high acidity, low turbidity and
brightness. The IPRs 102, 104, 107 and 108 cultivars showed intermediate sensory
characteristics between IPR 97 and coffee with genetic background Catuai (Kitzberger et al.,
2011).

The second group was formed by traditional cultivars (Catuai and Icatu) and IPR 102 (Icatu
and Catuai derived) (Figure 2). These coffee cultivars showed high levels of cafestol, 5-CQA,
trigonelline and caffeine and low content of kahweol, compounds that were determinated by
genetic and environmental factors (KY et al.,, 2001; MONTAVON; MAURON; DURUZ,
2003), and lower AA (Dienes, TEAC and TP) (Figure 1 and Table 1).

The cultivars IPR 100, 101 and 105 (Catuai Sh2, Sh3 genetic background—-GB) and IPR 106
(Catuai-GB) formed the third group (Figure 2). These coffees showed high levels of nicotinic
acid and melanoidins (compounds produced in the roasting process), high contents of
caffeine, and higher AA (Dienes). These cultivars showed an opposite behaviour compared to
the Catuai that originated them and did not present genetic association with robusta genes.
SH2 genes conferred resistance to some races of H. vastatrix and were identified in pure
arabica coffees from Ethiopia. SH3 gene is probably derived from Coffea liberica (SERA et
al., 2007Db). For these IPR cultivars, Kitzberger et al. (2011) described sensory attributes such
as coffee color, turbidity, coffee aroma, chocolate aroma, sweet taste, bitter taste and body
positively correlated with coffee cup quality.

In general, coffees originated by artificial crosses showed higher AA compared to traditional
cultivars.

CONCLUSIONS
Coffees from the modern crosses (IPRs 97, 100, 101, 102, 104, 105, 106, 107, 108) showed
higher antioxidant activity and different composition from the traditional coffees studied

(Catuai and Icatu). It could be also observed that coffees with similar genetic background had
similar behaviour considering its composition and antioxidant activity.
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SUMMARY

Several genetic crosses result in different green beans composition which, coupled with
cultural practices, climatic and post-harvest conditions, contribute to define the roasted coffee
and beverages characteristics. The relationship between the composition of green beans and
the characteristics of roasted beans and coffee brews for traditional cultivars (Bourbon, Catuai
and Icatu) and artificial crosses (lapar 59, IPRs 97, 98, 99, 100, 101, 102 103, 104, 105, 106,
107 and 108) were studied. All coffees were grown in the same edapho-climatic conditions
and had standardized processing conditions. Contents of cafestol, kahweol, trigonelline, 5-
CQA, caffeine, total phenolics (TP), sugars (total and reducing), proteins and lipids and
density (DensG) were determined in green beans. Density (DensR) and expansion were
measured in roasted beans. Titratable acidity and pH were determined in the coffee brews.
Principal Components Analysis (PCA) and Hierarchical Cluster Analysis (HCA) were applied
to data. Catuai, IPRs 100, 101, 103, 105 and 106 (Catuai x lIcatu or Catuai Sh,Shs) were
discriminated from others (Sarchimor crosses, Bourbon and Icatu) by the high values for
nitrogen compounds (trigonelline and caffeine), expansion and pH and lower values of 5-
CQA, TP, lipids, reducing and total sugar, DensG (compounds related to maturation) and
DensR (PC1, 30% of variance). Catuai, Icatu and Bourbon and IPR 98 were discriminated by
lower kahweol and higher cafestol values (PC2, 18%). Therefore, some crosses had features
in common with the traditional cultivars that originated them in the green, roasted beans and
brews characteristics. The differences between traditional and breeding cultivars were mainly
due to the diterpenes suggesting the importance of genetic effect on these compounds content.

INTRODUCTION

Composition of coffee green beans depends on the genetic characteristics, cultural practices,
climatic and post-harvest conditions (JOET et al., 2010) and contributes to define the
characteristics of roasted coffees and coffee brews. Amongst the factors affecting the
composition of coffee, genetic variability has been highlighted for direct contribution on the
diversity considering the acidity, sugar, lipid and caffeine contents (SCHOLZ et al., 2000) and
sensory quality (MEDINA FILHO, 2007). It is also known that parameters such as altitude
and temperature affected the composition in a different way (cell wall carbohydrates,
chlorogenic acids, lipids and caffeine) depending on the variety (JOET et al., 2010). The
breeding programs have focused their efforts to increase the resistance of pests and diseases
by the transfer of genes from Coffea canephora to C. arabica via an interspecific hybrid, the
Timor Hybrid (SCHOLZ et al., 2000). Those modern crosses have substantial amount of C.
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canephora genetic material that influenced the green and roasted coffee composition.
Therefore, the relationship between composition of the green beans, the characteristics of
roasted beans and coffee brews for traditional cultivars and modern crosses grown in the same
edapho-climatic and processing conditions were studied.

MATERIALS AND METHODS

The traditional cultivars (Bourbon, Catuai and Icatu) and modern crosses (lapar 59 and IPRs
97, 98, 99, 100, 101, 102 103, 104, 105, 106, 107 and 108) (SERA et al., 2007) were
harvested at the Agricultural Technologic Park of Coop COCARI, Mandaguari, Parana,
Brazil, from May to July 2009. Although the time of harvesting was according to the
maturation of each cultivar, harvesting and post-harvesting conditions were the same for all
cultivars. The coffees were grown at latitude (S) 23°32'52", altitude of 650 m and average
annual temperatures of 22 to 23°C.

The green coffee beans were frozen (-18°C) and immediately grounded prior to analysis using
liquid nitrogen to prevent oxidation of the matrix compounds. The contents of liposoluble
diterpens (cafestol and kahweol) and hydrosoluble compounds (trigonelline and 5-CQA) were
determined by RP-HPLC (DIAS et al., 2010; ALVES et al., 2006). Caffeine (at 273 nm) and
total phenolics content (at 760 nm) (AOAC, 1990), sucrose and reducing sugars (at 535 nm)
(SOUTHGATE, 1976) were analyzed by spectrophotometry. Protein content was obtained by
MicroKjeldahl and lipid content by Soxhlet extraction with petroleum ether (AOAC, 1990).
The density of the green beans was also analyzed (DensG, mg g*) (BUENAVENTURA-
SERRANO; CASTANO-CASTRILLON, 2002).

To obtain the roasted beans, green beans were subjected to medium roasting process (8 to 11
minutes at 200-210°C, L* around 28) and grounded (0.5 mm particles) in the disk mill
(PERTEN 3600, Sweden). The roasted coffee beans were also characterized by density
(DensR, mg g*), expansion and lightness (L*).

The beverages were prepared as described by Kitzberger et al. (2010). The pH was
determinate by potenciometry and the titratable acidity was measured with NaOH 0.1N for 20
mL of beverage (AOAC, 1990).

Principal Component Analysis (PCA) and Hierarchical Clustering Analysis (HCA) were
applied by XLStat, software (ADDINSOFT, 2007). Unweighted pair-group average
method and Euclidean distance were used to generate the dendrograms in the HCA method.

RESULTS AND DISCUSSION

PCA and HCA were used to the simultaneous evaluation of the composition of green beans
and the characteristics of roasted beans and coffee brews for different arabica coffee cultivars
(Figure 1, Figure 2 and Table 1). The first-two components explained 48% of the variability
of data: PC1 accounted for 30% of variance and PC2 for 18%.

PC1 was correlated to trigonelline, pH and expansion (positively) and 5-CQA, acidity, density
(DensG and DensR) and reducing sugars. Cultivars with genetic background “Sarchimor”
(Villa Sarchi and Timor Hybrid) and Icatu x Catuai (IPR 102) and Sarchimor x Catuai x Icatu
(IPR 108) were separated in PC1 by compounds related to maturation and genetic aspects.

PC2 was mainly associated with diterpenes (positively for kahweol and negatively for
cafestol) and negatively for total sugars. Cultivars Catuai, Icatu and Bourbon and the cross
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IPR 98, located at the bottom of the plan, were discriminated for their lower kahweol, higher
cafestol, indicating that the diterpenes content should be determined by genetics crosses.

Protein and lipids contents presented less variation among cultivars (Figure 1, Table 1)

Three main groups of coffees could be observed by the HCA (Figure 2) and the average value
for compounds content and other characteristics for each group were in Table 1.

PC1= - 0,56 5-CQA - 0,83 RS + 0,92 pH — 0,66 acidity — 0,83 DensR+ 0,72 trigonelline -
0,55 DensG + 0,61 Exp

Equation 1
PC2=- 0,71 cafestol + 0,79 kahweol -0,50 TS
Equation 2
4 N
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Figure 1. PCA Biplot of the coffee cultivars considering green beans composition and
characteristics of roasted beans and coffee brews.
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Figure 2. Dendogram of the coffee cultivars considering green beans composition and
characteristics of roasted beans and coffee brews.

Table 1. Average values for green beans composition and characteristics of roasted
beans and coffee brews for each group formed by HCA.

Group | Pro | Lip | Caf | Kahw | Caffei | Trig C(SQA TP | RS | SUC | DensR | DensG | Exp | L* | Acidity | pH

1 18 | 13 | 604 | 371 | 1385 | 996 | 3569 | 4551 | 200 | 7897 | 0,34 05 | 27 |31| 2,75 |519

2 17 | 13 | 370 | 869 | 1459 | 1175 | 3931 | 4765 | 242 | 7509 | 0,32 062 | 38 | 27| 2,73 |531

3 17 | 13 | 402 | 771 | 1407 | 1021 | 4277 | 4956 | 452 | 7612 | 0,39 0,65 28 | 28| 296 |5,09

Composition expressed in mg 100 g of green coffee”, densR and densG mL g™, protein and
lipids %.

The cultivars Catuai, IPRs 100, 101 and 105 derived from a cross of Catuai Sh, Shs, IPR 103
(Catuai X Icatu) and 106 (lcatu) were allocated in the right side of the plan and were
discriminated from others (Sarchimor crosses, Bourbon and Icatu) (Figure 1). The first group
was formed by only Catuai and was mainly characterized by the high value of cafestol (Table
1, Figure 2). A second group was formed by Catuai Sh, Sh; (IPR 100, 101 and 105), Icatu x
Catuai (IPR 103) and Icatu derived (IPR 106) (Figure 2, Table 1). Those coffees present
higher values for kahweol, nitrogen compounds (trigonelline, caffeine and protein), expansion
(Exp) and pH (Table 1, Figure 1). Caffeine, trigonelline and chlorogenic acids are genetically
controlled while sucrose and proteins are influenced by environmental conditions and/or the
cultural practices (KY et al., 2001; MONTAVON; MAURON; DURUZ, 2003; VAAST,
2006; GEROMEL et al., 2006). It was observed that modern crosses (IPR 100, 101, 102, 103,
105 and 106) had different characteristics from those cultivars that originated them (Catuai
and Icatu) (Figure 1 and Figure 2).

The Bourbon, Icatu, Sarchimor (lapar 59, IPR 97, 98, 99 and 104), Icatu x Catuai (IPR 102),
Sarchimor x Mundo Novo (IPR 107) and Sarchimor x Icatu x Catuai (IPR 108) cultivars
formed the third group allocated on the left side of the plain (Figure 2). Those coffees
presented higher values of 5-CQA, reducing sugar, total phenolics, density (DensR and
DensG) and acidity (Table 1, Figure 1). Bertrand et al. (2008) reported that the chlorogenic
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acids could be used to discriminate arabica coffee cultivars considering their genetics aspects
and geographic origins. Chlorogenic acids, sucrose and TP concentrations were associated at
the maturation stage of coffee beans and the high values of these compounds appointing to
incomplete maturation at harvest (VAAST, 2006). In sensory analysis, Bourbon brew
(growing in the region of Mandaguari) was characterized as being less body and for having
lower color intensity and bitter taste comparing to Catuai, Icatu, lapar 59, IPR 98, 99 and 103
(KITZBERGER et al., 2010) and IPR 97 discriminated from others cultivars due the green
coffee aroma and taste, high acidity, low turbidity and brightness (Kitzberger et al., 2011).

CONCLUSIONS

Considering the green beans, roasted coffee and beverage composition, some crosses had
similar behavior to the traditional cultivars that originated them. The crosses Sarchimor, IPR
102, 107 and 108, Bourbon, Icatu and Catuai were characterized by the presence of
compounds that suggest a poor adaptation of edapho-climatic growing conditions.
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SUMMARY

The content of organic acids in coffees is affected by factors such as variety and growing
conditions, roasting process (temperature and time) and brewing conditions. Quinic, malic,
citric, acetic, and lactic and clorogenic (5-ACQ) acids were the most important compounds of
this class in green and roasted coffees. The content of organic acids for traditional cultivars
(Bourbon, Catuai and Icatu) and modern crosses (lapar 59, IPRs 97, 98, 99, 100, 101, 102
103, 104, 105, 106, 107 and 108) were studied in order to correlate the acids profile and the
genetic background of the coffees. All coffees grown in the same edapho-climatic conditions
and processing operations were standardized. Green beans, roasted coffees and coffee brews
were evaluated; the organic acids were quantified by RP-HPLC. The green beans cultivars
from a cross of Catuai Sh, Shs (IPRs 100, 101 and 105), IPR 102 (Catuai x Icatu), 106 (Icatu),
107 (SarchimorxMN) and traditional cultivars were separated from Sarchimor crosses and
IPR 103 (characterized by high contents of quinic and citric acids and lower of 5-CQA).
Catuai Sh; Sh; (IPR 100, 101, 105, 103), IPR 106, Sarchimor (IPR 98, 99 and lapar 59) and
Catuai were discriminated by the high content of quinic acid and pH value observed in roasted
coffee and coffee brews. Others cultivars presented high levels of malic, 5-CQA, lactic, citric
and high titratable acidity. Beans of the cultivars Catuai Sh, Shs derived were characterized by
its complete maturation, an opposite behavior to the others crosses.

INTRODUCTION

Flavor and aroma are important attributes of coffee brews and contributed for sensory quality.
Organic acids content, mainly the free form, influences the acidity of the coffee brews
(VERARDO et al., 2002). Coffee species and varieties, conditions of growing, stage of
maturation, roasting and brewing processes and storage time of the coffee beverage are
among the factors that influence the organic acids profile in coffee brews (VERARDO et al.,
2002; ROGERS et al.,, 1999). Genetic variability is responsible for diversity in the
composition of coffee (SCHOLZ et al., 2000) and influence the acidity, and content of sugar,
fat and caffeine, and hence the sensory quality (MEDINA FILHO, 2007). The acetic and
lactic acids seemed to be generated during roasting process from carbohydrate precursors
(sucrose) and their contents are negligible in green coffee (BALZER, 2001; GINZ et al.,
2001).

Organic acids play an important role in plant development, because they assist chelation and
neutralization of the toxicity of aluminum (PING; RONG, 2006). Those compounds promote
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rapid adaptation of cellular metabolism and they also activate and attach potential nutrients
around the plant roots (PING; RONG, 2006). Breeding programs usually focus their efforts
on the transference of genes from Coffea canephora to C. arabica in order to increase the
resistance of pests and diseases. However, these crosses also modify the composition of
coffees. Thus for new coffee crosses it is important to evaluate the effect of the genetic
background on the composition. The objective of the research was to evaluate the content of
organic acids of several new crosses (IAPAR 59, and IPRs 97, 98, 99, 100, 102, 102, 103,
104, 105, 106, 107, 108) comparing to traditional ones (Red Bourbon, Red Catuai, Yellow
Icatu).

MATERIAL AND METHODS

Coffees of different genetic background were studied (Table 1). The coffees were harvested at
the Agricultural Technologic Park of Cooperative COCARI, Mandaguari, Parana, Brazil,
from May to July 2009. Harvesting and post-harvesting conditions were standardized for all
cultivars. The time of harvesting was variable, according to the maturation stage for each
cultivar. Coffees were grown at latitude (S) 23°32'52", altitude of 650 m and average annual
temperatures of 22 to 23°C. Defective beans were removed and green coffee beans were
frozen (-18°C). Immediately prior to analysis, they were grounded (0.5 mm particles) in the
disk mill (PERTEN 3600, Sweden) using liquid nitrogen to prevent oxidation of compounds.
Green coffee beans were subjected to medium roasting process (8 to 11 minutes at 200-
210°C, L* around 28) for preparing the brews. The beverage was prepared with 70 g L-1 and
it was filtered through filter paper.

Table 1. Cultivars and their genetic background.

Cultivars | Genetic background
Traditional
Red Bourbon Pure arabica

Yellow Caturra (simple mutation of Red Bourbon) x Mundo Novo

Red Catual (hybridization between Red Bourbon and Sumatra)

Red Icatu (hybrid of robusta and arabica) x Mundo Novo x Yellow

Yellow Icatu Bourbon

Modern crosses

lapar 59, IPR 97, 98, 99, 104 Timor Hybrid and Villa Sarchi (Sarchimor)

IPR 100, 101, 105 Derived from a cross of Catuai Sh, Sh;

IPR 102 Icatu x Catuai

IPR 103 Red Catuai IAC 99 and Yellow IAC 66 x Icatu
IPR 106 Icatu

IPR 107 Sarchimor x Mundo Novo

IPR 108 Sarchimor x Icatu x Catuai

SERA et al., 2007; Santos, 2011; Fazuoli, 2009; EIRA et al., 2007; SERA et al., 2005; ALTEIA et
al., 2001; ITO et al., 2008.

Quinic, malic, lactic, acetic and citric acids were extracted and quantified based on the
method described by Rodrigues et al. (2007) with modifications (Figure 1). The HPLC
analysis was performed using an ACE 5 C18 column (250 mm x 4.6 mm id, 5 mm)
(Advanced Chromatography Technologies, Aberdeen) with detection at 210 nm. Isocratic
elution of 0.005 N H,SO, solution at pH 2.5 was carried out with a gradient of flow: 0.7 ml
min™ for 0-2 min; 0.4 ml min? for 2-15 min; and 0.7 ml min™® for 15-20 min. Oven
temperature of 30 °C and temperature of the sample tray of 5 °C were applied. Green and
roasted coffees were evaluated and identification of acids was done by comparison with
standards and spiking. The concentration ranges for calibration curves and the
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chromatographic parameters and data recovery are shown in Table 2. The recovery tests were
carried out in duplicate. The acids standards were added to the samples (0.500 g) before

analysis, in an amount of approximately 50% of the initial content.

0.5 g of coffee boiled in 20
mL of water at 80 °C under

stirring for 30 min after
cooled in ice bath

Adust pHto 7.0 with0.1 N
NaOH added to volume
with distilled water and

filtered

SPE Cartridge (Dowex
strongly anion-exchange
resiny) Conditioning (10

mL distilled watet)

A
Load sample (5 mL)

Clean-up (10 mL distilled |[g
water)

Eluition of organic acids (5
mL 1 M HCI)

A

A

Clean-up (2 mL distilled
water)

Filtration

Y

HPLC analysis

Y

Figure 1. Flow-chat of the procedure for the determination of organic acids.

Table 2. Chromatographic parameters, concentration ranges and recovery data for
organic acids.

RT | Linearity range 2 LOD LO Recoveries
Compounds min)|  (mg 18/09_1)9 Intercept | Slope |R“(n=3) (mg100g™) (mglogg'l) (%)
Quinic 5.54 125-2000 43448 |403.2| 0.997 0.04 0.13 84
Malic 6.05 50-800 -18369 | 629 | 0.98 0.10 0.30 77.5
Citric 8.66 125-2000 10350 |916.5| 0.995 0.03 0.10 88
Latic 6.86 25-400 -935.4 |280.8| 0.998 0.08 0.23 79
Acetic 7.16 20-300 -1065 348 | 0.996 0.01 0.02 60

Chlorogenic acid (5-CQA) was quantified, by HPLC, in green and roasted coffees, as
described by ALVES et al. (2006).

Coffee brews were characterized by pH and titratable acidity. pH was determined in 10 mL of
coffee brew after reaching 25°C in a digital pH meter (Metrohm, model 744). Titrable acidity
was determined in 10 mL of coffee brew titrated with 0.1 N NaOH to pH 8.2. The result was
expressed in 0.1 mL of NaOH to 100 mL of brew.

In order to analyze the data, Principal Components Analysis (PCA) was applied by XLStat
software (ADDINSOFT, 2007).

RESULTS AND DISCUSSION

In green coffees, the contents of the acids varied between 0.35 to 0.55% for quinic acid, 0.30
to 0.64% for malic acid, 0.93 to 1.31% for citric acid, and 4.17 to 5.35% for 5-CQA. These
values were comparable to the reported by Steiman (2003) for coffee beans from different
origins and crosses: 0.57% for quinic acid, 0.41% for malic acid, 1.37% for citric acid and
3.21 t0 6.97% for 5-ACQ.
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The organic acids content in coffee beans is highly associated with the level of maturation
(Rogers et al. 1999). Concentration of quinic acid and malic decrease as the maturation has
taken place (Rogers et al. 1999). High contents of 5-CQA were also usually related to
immature beans (VAAST, 2006). Citric acid has an opposite behavior, presenting lower
values in the initial stage of development of beans with an increase of 1.28 and 1.58% during
the maturation (Rogers et al., 1999). Variations of citric, quinic and malic acids contents
associated to genetic background have already been reported for other climacteric fruits
(peaches) (SOUTY et al., 1999).

Principal Component Analysis was used for simultaneous characterization and comparison of
organic acids profile in green and roasted coffee and some brews characteristics for different
coffee cultivars (Figure 2).

The first two components of PCA explained 76% of the variability in the green coffee beans.
PC1 accounted for 50% of variance and PC2 explained 26% (Figure 2a). The cultivars
derived from a cross of Catuai Sh2 Sh3 (IPRs 100, 101 and 105), IPR 102 (Catuai x Icatu),
106 (Icatu), 107 (SarchimorxMN) and tradicional cultivars, allocated in the right side of the
plan, presented high contents of quinic and citric acids and lower contents of 5-CQA and were
discriminated by PC1 from others (Sarchimor crosses, and IPR 103). Malic acid was mainly
correlated with PC2 and discriminated lapar 59, IPRs 97, 98 and 99, Catuai, Bourbon and
Icatu (located in the bottom side) from other coffees.

4 5
a p b
g Catuai IPR107
. . =
, alic : Aceti .
IPR 106 Citric
IPR 102 * e Quinic o
1 IPR108)e PR 107 IPR102 Acidity
IPR 10.3 A * IPR 105 1 IPR 88 A ¢ Latic
- IPR104 o IPR 100 * Citric PR 101 = lanar 59 5-CQA
3
T . g, i R 108
& prorBCQA, 2 IPR 0 *
~ . ©° IPR9I Bourbon Quinic & 1 Hee .
[ ] - .
o IPR 98 PR10S , PHe® Walic IPR 07
lapar 59 PR1Z® * o A
L N PR 106 IPR 100 PR104
-2 Catual
. -3 .
3 Icatu . Bourbon
il ]
4 3 2 ; D 1 2 3 4 40 -8 6 4 2 0 2 4 & 8 10
F1 (50 %) F1 (47%)

Figure 2. PCA Biplot of the coffee cultivars considering acids profile for green coffees
(a) and roasted coffees and coffee brews characteristics (b).

Comparing the acids profile in green and roasted beans coffees, it was observed an increase in
quinic acid contents (148 to 288%) and a decrease for 5-CQA (18 to 38%), citric acid (42 to
71%) and malic acid (10 to 132%). This behavior was also reported by Ginz et al. (2000). The
acid profile for roasted coffees and the brew characteristics allowed the discrimination
observed in Figure 2b. Catuai Sh2 Sh3 (IPR 100, 101, 105, 103), IPR 106, Sarchimor (IPR
98, 99 and lapar 59) and Catuai were located in the right side of the plan. These cultivars
showed high contents of quinic acid and pH values. The other cultivars (left side) presented
high levels of malic, 5- CQA, lactic and citric acids and titratable acidity.

Interestingly, Bourbon and IPR 97 were discriminated by the high content of malic acid

(0.6%) (Figure 2b). High levels of this acid is associated with the use of immature beans

(ROGERS et al, 1999) and could eventually inhibit the sensory perception of sweetness if
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present in high contents in fruits (SOUTY et al., 1999). Cultivars that present high pH brews
values (located in the right side of the plan) showed lower levels of citric, lactic, 5-CQA and
malic acids. The contribution of acids to pH brews also affects sensory properties due to the
dissociation of various organic acid salts and the liberation of highly volatile free acids
(Balzer, 2001). Kitzberger et al. (2010 and 2011) described that coffees with lower levels of
malic and citric acids showed positive sensory characteristics and pointed that the presence of
sensory attributes correspondent to immature coffees in brews of Bourbon and IPR 97
cultivars.

The changes in the acids profile after the roasting process has led to a different separation of
cultivars comparing to green coffees (Figure 2). Cultivars of the same genetic background
(Catuai Sh,Shg) remained close in the two PCAs. Sarchimor derivatives, more affected by the
degradation of 5-CQA and formation of quinic acid, presented different behavior comparing
the distribution in PCA for green beans and roasted coffees.

These results suggested that genetic background of each cultivar influenced the organic acids
profiles in the final coffee brews. The differences attributed to the adaptation of each cultivar
to growing conditions and the different behavior during roasting process, were probably
reflected in different sensory profiles.

CONCLUSIONS

Considering the green and roasted beans coffees and brew composition, some crosses showed
similar behavior to the traditional cultivars. The crosses Catuai Sh2Sh3 derived were
characterized by high contents of quinic and citric acids and lower content of 5-CQA
suggesting a complete maturation in the conditions of the study. Sarchimor, IPR 102, 107 and
108, Bourbon, Icatu and Catuai were characterized by the high levels of quinic, citric and 5-
CQA that suggested a poor adaptation of edapho-climatic growing conditions.
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INTRODUCTION

The association between coffee quality with post-harvest techniques (natural coffee or pulped
coffee), cropping system (organic, irrigated) or the geographical origin is ways of valuation of
coffee in a highly competitive market.

The growing conditions determine the composition of green beans and after roasted results in
sensory attributes giving the peculiar characteristics of coffees from different locations. The
many compounds of the coffee beans the carbohydrates, proteins, lipids, chlorogenic acids,
soluble tannins, caffeine and trigonelline are among those main responsible for the formation
of the characteristics of coffee beverages (FARAH et al., 2006). The concentrations of these
compounds depend on the environmental factors, variety, maturation stage and post-harvest
processing that are submitted to the coffee (KNOOP et al., 2005).

The Northeast Region - Parana has great potential and climatic conditions of temperature and
altitude suitable for obtaining high quality coffee (ACENPP, 2009). The objective of this
study was to determine the physical aspects of green and roasted coffee beans and the
physicochemical characteristics of the coffee beverages of Northeast Region for give
subsidies in the process of geographical indication for this region.

MATERIALS AND METHODS

In the harvest of 2007-2008, in 16 municipalities of this region the farmers have been
harvested, dried and dehulled samples of coffee. They were collected thirty-two natural cherry
coffee (CN) which were dried without removing the hull and 21 pulped cherry coffees (CD),
which were dried after removing the hull and without the removal of the mucilage.

Physical-chemical analysis of green beans

After removal of defective beans, coffee was frozen with liquid nitrogen (-196 °C) and was
ground in a disk mill PERTEN 3600 (0.5 mm mesh). Moisture was determined 105°C until
the constant weight, and proteins, lipids and caffein in green coffee beans ground were
evaluated by the respective methods (AOAC, 1990). Total tannins were determined with
Folin Ciocalteau reagent and gallic acid was used as standard (AOAC, 1990). Reducing
sugars and total sugars were determined by the method of Somogyi and Nelson and
chlorogenic acids were quantified by periodate reagent (CLIFFORD & WIGHT, 1976).

241



Physical-chemical properties of roasted beans

About 200g of coffee were roasted in a roaster (Rod Bel-Sao Paulo) and the temperature was
maintained between 200-230 °C, for 8-10 minutes, depending on the initial moisture content
of each sample. The end point of roasting was controlled by weight loss of green beans
(NEBESNY & BUDRYN, 2006) and by visual color of roasted coffee (BAGGENSTOSS et
al., 2008). The density and the expansion of roasted coffee bean were determined according to
cited somewhere (FRANCA et al., 2005).

The beverage was prepared with 70g L™ and it was filtered through Mellita filter paper. The
beverage pH was determined in 10 mL of liquor after reaching 25°C in a digital pH meter
(Metrohm, model 744). Titrable acidity was determined in 10 mL the titrated with 0.1 N
NaOH to pH 8.2 and the result was expressed in 0.1 mL of NaOH to 100 ml of beverage. The
lightness (L) and chromatic components a* and b* in the roasted and ground coffee were
determined in portable Konica Minolta colorimeter CR 410.

The physical and chemical analyses of green and roasted beans were performed in duplicate.
The analysis of variance, Tukey test and multivariate Principal Component Analysis was
conducted using XLSTAT statistical program (ADDINSOFT, 2008).

RESULTS AND DISCUSSION

The coffee from the Northeast Region presented composition, beans size and density
compatible with proper formation of beans (Table 1), suggesting favorable environmental
conditions to promote greater accumulation of compounds that have a direct effect on beans
formation. Concentrations of total sugars were higher (6,0 g 100 g™) than those founded in
coffee in the final stage of maturation (GEROMEL, et al., 2006) and lower (from 5.1 t0 9.4 ¢
100 g*) than those founded in coffees from different origins (CASAL et al., 2000). Reducing
sugars (mainly glucose) were founded in lower levels in range from 0.10 to 0.69 g 100 g
'average of 0.23, depending on the post-harvest processes they have undergone (KNOOP et
al., 2005) and the stage maturation (GEROMEL, et al., 2006).
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Table 1. Mean, minimum and maximum values (g 100 g-1) of the main constituents
of green and roasted coffees.

Constituents Minimum | Maximum Mean Star_ldgrd
deviation
Beans size (BS) 28,92 100,00 75,88 18,51
Green density" (GD) 0,62 0,68 0,66 0,01
Reducing sugars (RS) 0,10 0,69 0,23 0,14
Total sugars (TS) 3,88 9,20 7,47 0,99
g}fég Total tannins (TT) 3,76 5,27 4,42 0,33
Chlorogenic acids (CGA) 3,84 8,50 5,80 1,12
Caffein (CAF) 0,95 1,65 1,29 0,13
Proteins (Pro) 12,33 17,00 15,17 1,12
Lipids (Lip) 13,42 18,91 15,37 1,10
Weight loss (WL) 12,17 17,17 13,81 1,17
Expansion of roasted coffee (EXP) 22,87 84,58 53,90 13,63
Roasted density* (RD) 0,31 0,46 0,37 0,04
Roasted L! 25,31 29,55 27,10 1,08
coffee al 8,69 10,40 9,43 0,42
b 9,83 15,13 12,31 1,45
pH 4,82 5,44 5,08 0,13
Titrable acidity (Actit) 9,83 15,61 13,24 1,27
1g mL ™

The total chlorogenic acids and tannins, associated with astringency in wine and mate tea
were in lower concentration in mature grains of coffee (FARAH et al., 2005). These
compounds were founded in lower concentration in this coffee region, suggesting fully ripe
grains (Table 1). Caffeine had values similar to those founded in coffees from different
origins and commercial arabica coffees from Brazil, whose values ranged from 0.96 to 1.23 g
100 g* (FARAH et al., 2006). The concentration of lipids, mainly related to environmental
conditions, was higher in the coffees of the region that the values founded in coffees growing
in full sun and shade (11.5 to 13.1 g 100 g™, respectively) according to others authors
(VAAST et al., 2006).

The roasted beans density presented above those founded in Brazilian coffees and volume
expansion values between 22 to 84 g 100 g-1 (DUTRA et al., 2001), indicating great
variability in the grain structure formation (VAAST et al., 2006). The pH ranged from 4.82 to
5.08 (Table 1) and the literature reported the ideal range (5.08 to 5.22) for consumer
acceptance (MANZOCCO & LAGAZIO 2009).

Principal components analysis (PCA) of the matrix formed by the physicochemical variables
(green and roasted beans and beverage) and the coffee samples demonstrated that the first
three components explain 43,17% of the variance in the samples. The greater variance
observed (26.01%) is associated with the physicochemical properties of roasted beans and
beverages, as demonstrated by correlations of these variables with the F1, which were the
main characteristics to discriminate the coffees of the Northeast Region. Weight loss and
density of the roasted beans with the concentration of proteins and sugars contributed to the
formation of F2 (17.15%).
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Figure 1. PCA biplot of coffee from Northeast Region-Parana.

The process of post-harvest (CN or CD) had minor influence on the composition and
characteristics of roasted beans and beverage in the coffees from Northeast Region and it was
not possible to separate groups of each process. Similarly, the municipality of origin of these
samples not presented separation of municipalities according to variables that formed the
components in PCA.

CONCLUSIONS

The composition and physicochemical characteristics of green and roasted coffees and
beverages in Northeast Region allow us to infer that the agronomic practices adopted by
producers together the environmental conditions of the region results in coffees with special
and particular characteristics and if the procedures for standardization were maintained, these
coffees may be marketed as typical from this region.
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INTRODUCTION

Coffee is among the most widely consumed beverages worldwide and its consumption is
associated with its aroma and flavor (NEBESNY & BUDRYN, 2006) and the presence of
more than thousands compounds makes a coffee product sensory complex in terms these
attributes (CZERNY et al., 1999).

The evaluation of sensory quality coffees requires a trained team or trained assessors, as
professionals (experts) that use descriptors previously established to evaluate the coffee. In
these evaluations are mentioned positive sensory attributes, for example, acid, fruity, citrus,
caramel, chocolate and other of negative character as bitter, wood, astringent, green and
fermented (NEBESNY & BUDRYN, 2006).

Another approach to the evaluation of coffee is the descriptive sensory analysis, where the
score for the attributes will be later correlated with the quality of coffee. In this case, the
assessor measures the set of qualitatively or quantitatively characteristics of each coffee in
function both the sensory techniques and different levels of training as the consensus among
team members.

Free Choice Profiling a descriptive sensory analyse has been used to evaluate other foods.
This technigue is based on the principle that people perceive the same characteristics but use
different ways for expressing them (DIJKSTERHUIS & GOWER, 1991).

The tasters develop their individual evaluation forms, with the descriptors that seem sufficient
and able to adequately describe the product. The training for use of consensual attributes and
scale are eliminated in this type of evaluation, which reduces the time and cost of analysis
(THAMKE, 2009). The data obtained were submitted to Generalized Procrustes Analysis
(GPA) that was used to adjust the use of different parts of the scale and the different terms
employed by tasters to describe and measure the same sensory characteristics
(DIUKSTERHUIS & GOWER, 1991).

In Parana-Brazil, the Northeast Region presents the climatic conditions of temperature and
altitude suitable for obtaining high quality coffees (ACENPP, 2009), which, together with
socio-cultural aspects of cities around the coffee, make the area favorable to
commercialization of coffee with to a geographical indication. However, for such action is
necessary an adequate characterization of the sensory profile of these coffees, in these cases it
is desirable for a simple and efficient sensory methodology. The objective of this study was to
describe the sensory profile of the coffees of Northeast Region by applying the technique of
the Free Choice Profile.
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MATERIALS AND METHODS

Thirty-two natural cherry coffees (CN) dried without removing the hull and 21 pulped cherry
coffees (CD), dried after removing the hull and without the removal of the mucilage were
analyzed. Approximately 800g were collected into a batch of at least 10 bags of coffee which
were prepared by farmers of the Northeast Region in 2007-2008 seasons. For each samples
200 g of green beans without defects (immature grains, fermented and/or sour) was roasted in
a roaster (Rod-Bel, S&o Paulo). The roasting temperature was kept between 210-220°C,
during the time to achieve weight loss of 13-14%. Coffee beverage was prepared from 70 g of
roasted and ground coffee per liter of water at 96-98°C. The filtered beverage were kept in
thermo flasks and served in polystyrene cups (50 mL) coded with three digits for sensory
evaluation. Assessors were recruited among employees of the Agronomic Institute of Parana-
IAPAR and professional tasters from Coffee Trade Center of Londrina — PR, according to the
availability of time and interest and who had passed in the preliminary test of recognition of
odors.

The attributes were selected by grid method where two samples with large differences were
presented to assessors in order to identify the similarities and differences. Three sessions were
carried out to make the list of attributes, using different pairs of contrasting sensory quality
coffee. After choosing and defining attributes together with the leader, the chart and glossary
of each taster. To evaluate the coffees the chart was prepared with a scale of 10 cm anchored
in terms of intensity at the edges and also marking the center point was employed
(VILLANUEVA et al., 2005). Samples of coffees (53) of the Northeast Region were
presented sequentially in 13 sessions, with four samples in each session and a session with
two samples. The results of each panelist were arranged in a matrix in which the samples and
the attributes correspond to the rows and columns, respectively. These data were analyzed by
Generalized Procrustes Analysis (GPA) wusing the statistical software XLSTAT
(ADDINSOFT, 2008).

RESULTS AND DISCUSSION

To describe the sensory quality of coffees produced in Northeast Region, the panel employer
different terms to characterize the appearance, aroma, flavor and texture of the coffee
beverages. These attributes were similar to those for coffee in sachets (NARAIN et al., 2003)
and samples formed from mixtures of arabica and robusta coffees (MOURA et al., 2007).

The tasters have used between ten and seventeen attributes and the number of attributes
observed is comparable to that found by tasters to describe coffee genotypes (KITZBERGER
et al., 2011). In relation to appearance of coffee all the team members determined the color as
an important attribute for the coffees. The turbidity and brightness were indicated as
important features of appearance by two seven p.m. assessors, respectively. The aroma was
evaluated by a smaller number of tasters. Among them, thirteen tasters determined the coffee
aroma, sweet, fermented and green and six others evaluated the aroma of caramel.

The flavor of coffee was evaluated by a greater diversity of attributes. The sour and bitter
tastes were quantified by all assessors and the green and fermented flavors and astringency
were cited by 13, 12 and 9 tasters, respectively. The attributes sweet, coffee, citrus, caramel,
chocolate, good residual and bad residual tastes were mentioned with less frequently.

The texture of the coffee beverage was evaluated as body and washed for eight seven tasters
respectively, and two tasters added viscous.
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In the analysis of the interpretation of the Free Choice Profile dimensions in terms of
attributes explains the different characteristics of coffees. The importance of an attribute is
proportional to the frequency of mentions and the correlation coefficient: the higher these
values, the greater the importance of these attributes to explain that dimension.

The attributes most frequently cited were those who had higher values of correlations with the
dimension 1 (D1). In this dimension it was found negative correlations for coffee color,
turbidity, aroma and taste of coffee. Opposed to these, the same dimension, the attributes are
acid taste, aroma and green taste and fermented flavor, correlated positively with D1. The
second dimension (D2) combines the attributes associated with brightness and body. The
attributes of sweet aroma and taste, bitter taste were associated to D1 and D2, with different
coefficient of correlations between these dimensions. Because of the difficulty to assess,
quantify and express the attributes associated with the texture were not very significant in the
analysis of the Free Choice Profile. The high quality coffees were associated with attributes
similar to those used by tasters to describe the coffees (NARAIN et al., 2003).

The proximity of the samples with the descriptive vectors responsible for their
characterization allows us to interpret the similarities and differences and understand the
terminology used to describe these samples (Figure 1). Most of the coffee samples of
Northeast Region (central region of Figure 1) showed intense coffee aroma, sweet and
caramel taste and lower intensity of body. Other samples located in the lower right quadrant,
(samples 60n, 61n and 47n) have a higher intensity of aroma and taste green and fermented
taste and aroma probably due to the presence of immature grains and moisture above 12.5%.

Objetos (eixos F1 e F2: 46,57 %)

39d 96d 98d
90990|_9 8d. 47 Sorr 92d
94d®e2gd #%e,5, 5N » 45N
1 36n 308 o78n  e79n 87N
° n

42n ® _o o 62n
o gy 57| “su 0

F2 (13,14 %)

2a® '-.76n 44'}

oSt

14d_ 9d 159 20d
[) [ ]

19d
th 2P

e 41d
® 43n

o23d 8d

6P 21.d .

7d

60n

47n

6In

27d °
-3 22d

8 -7 6 5 4 -3 -2 -1 0 1 2 3 4 5 6 7 8
F1 (33,42 %)

Figure 1. Configuration consensual from coffee samples CN and CD from Northeast
Region. Label: numbers with the letter **d" refers to CD samples and ""'n** CN samples.
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The coffees with greater aromatic intensity (lower left quadrant) have higher turbidity and are
darker and lesser bright (opaque). This association between higher solids and higher intensity
of attributes was observed for others authors (NEBESNY & BUDRYN, 2006).

Due to drying process (CN or CD) were expected coffees of different qualities (SELMAR et
al., 2008) in this region. In most coffee samples CD was associated with the attributes of
acceptability due to the presence of fully ripened beans. However, some coffee samples CD
(7d, 8d, 21d, 41d, 92d, 96d and 98d) showed immature characteristics of coffee (green aroma
and flavor fermented) probably by partial separation of immature and ripe coffees during
removal of the hull.

Among the CN coffee beverages could be found with characteristics similar to coffee quality
CD, but most samples had immature attributes of coffee. Such evaluations suggest that the
raw material has a greater effect on sensory quality than the drying process. The distribution
of the samples analyzed considering the municipalities found that only two sites (Tomazima
and Carlopolis) predominate in the left quadrant. Probably harvest and post-harvest conditions
for these samples were very similar, resulting in similar quality coffees. The other
municipalities are distributed among all quadrants, with no evidence of association of quality
at the production local.

CONCLUSIONS

Attributes of coffee aroma and flavor of coffee, sweet, acid and bitter tastes were described by
most tasters were representatives to profile of these coffees in the region. It’s possible to
observe that CN and CD have similar sensory quality beverages without presented a clear
distinction between these processes as expected. Coffees from different localities studied
presented similar sensory characteristics without a clear separation between them. In this
particular case the lack of separation is positive. Thus, through the technique of Free Choice
Profile was possible to identify the key attributes of coffee beverages from Northeast Region,
indicating the attributes responsible for quality.
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SUMMARY

Trigonelline and caffeine, two water-soluble substances, are constituents of the coffee brew.
They should induce antibacterial and anti-adhesive effects in combination with other
constituents of the coffee. The extraction behavior of trigonelline and caffeine in Espresso and
Fresh Brew Coffee was studied as a function of the grinding grade, the water temperature and
the coffee/water amount.

The MAAS SL 1000 vending machine was used to prepare the different coffee brews as
previously reported for the lipo-soluble substances cafestol and carboxylic acid-5-
hydroxytryptamides.

The influence of the brewing parameters depends on the brewing method used. The
trigonelline and caffeine contents in the Espresso were mainly impacted by the amount of
both coffee and water whereas in the Fresh Brew Coffee the contents were affected strongly
only by the water volume.

No influence was detected for the water temperature. In contrast, the grinding grade showed a
great impact. For Espresso a maximum extraction yield was achieved with 8.5 g coffee
powder and 90 mL water volume.

INTRODUCTION

Coffee brews induce antibacterial and anti-adhesive effects on Streptococcus mutans, the
main pathogenic organism for dental caries in humans. Caffeine and trigonelline are
responsible for this effect, the same as nicotinic acid and chlorogenic acids. Andueza et al.
studied trigonelline and caffeine as physico-chemical parameters for the quality of Espresso.
They reported the influence of the coffee/water ratio, the water pressure, the grinding grade,
and the water temperature.

Recently, our working group investigated the influence of the particle size and the
coffee/water amount on substances of the coffee oil, namely cafestol, and carboxylic
acid-5-hydroxytryptamides in Espresso and Fresh Brew Coffee. The aim of this study was to
analyze the behavior of the water-soluble substances trigonelline and caffeine under the same
conditions as those used for the lipo-soluble substances (Figure 1).
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Figure 1. Trigonelline (left) and caffeine (right).
MATERIALS AND METHODS
For preparing the coffee brews, the MAAS SL 1000 vending machine equipped with an
Espresso and a Fresh Brew unit was used. In addition to the grinding grade the variable
preparation parameters were the coffee amount, the water temperature, and the water volume.

Table 1 offers an overview of the preparation parameters.

Table 1. Preparation parameters

Parameter Espresso | Fresh Brew
Temperature [°C] 80/95/110

Coffee [g] 6.5/7.5/8.5 8/9/10

Water [mL] 40/65/90 70/125/180

The Espressos were directly collected in a 100 mL volumetric flask, and the Fresh Brew
Coffees in a 250 mL flask, respectively. The brews were diluted and subsequently measured
by RP-HPLC equipped with DAD. For the separation a Synergi Hydro column was used with
a water/methanol gradient. Trigonelline was quantified at 264 nm and caffeine at 272 nm.

A Box-Benkten design was used to evaluate the main effects, the interaction effects, and the
quadratic effects. This cubic design was selected since it requires fewer runs in the case of
three or four variables than an on-factor-at-a-time-experiment.

The Box-Benkten design is characterized by a set of points lying at the midpoint of each edge
of a multidimensional cube and the center point replicates (n=3). The coefficient for the
determination (R?) of all the models was above 0.94, indicating that the models adequately
represented the actual relationship between the parameters chosen. It must be noted that the
results of the statistic design are only valid within the ranges of the experimental limits
(Table 1).

RESULTS AND DISCUSSION

The following experiments were carried out with a commercial Arabica coffee containing
8.8 g/kg trigonelline and 11.6 g/kg caffeine. The grinding conditions were the same as
described by Zahm et al. For the Espresso, it is quite obvious that the finer the particle size the
higher is the amount both of trigonelline and caffeine in the brew. Solely, the trigonelline
content in the finely-ground coffee increased only a bit more in comparison to the
medium-ground coffee. This is true for the Fresh Brew Coffee as well. Here, however, the
extraction yield of trigonelline and caffeine was similar to that of the medium-ground coffee
(Figure 2).
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Figure 2. Impact of the grinding grade on trigonelline and caffeine in Espresso and
Fresh Brew Coffee.

A typical chromatogram of a coffee brew at 264 nm is shown in Figure 3.
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Figure 3. Chromatogram of an Espresso (A=264 nm).
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The influence of the water temperature was studied with an Espresso (40 mL; 7.5g) and a
Fresh Brew Coffee (70 mL; 9 g). Figure 4 makes evident that the water temperature affected
neither the trigonelline nor the caffeine content.
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20 T T T 1
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Figure 4. Impact of water temperature on trigonelline and caffeine level in Espresso (0)
and Fresh Brew Coffee (x).
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Figure 5 shows the 3D response surface plot of Espresso for trigonelline and caffeine. Both
the trigonelline and also the caffeine content increased linearly with the increase of the coffee
amount and the water volume. The values reached a maximum, using 8.5 g coffee powder and
90 mL water. In conclusion, for Espresso, the most important influencing factors on the

trigonelline and caffeine contents were the coffee and the water amount.

Caffeine

Trigonelline

[mg/cup]
[mg/cup]

Figure 5. 3D response surface plot of Espresso with medium-ground coffee at 95 °C.

However, the composition of the Fresh Brew Coffee was impacted mainly only by the water
quantity. This way the caffeine amount was influenced more strongly than the trigonelline
content. For a constant water volume, the trigonelline and caffeine contents in the cup were
only marginally affected by increasing the amount of coffee powder (Figure 6).

Trigonelline Caffeine

[mg/cup]
[mg/cup]

Figure 6. 3D response surface plot of Fresh Brew Coffee with medium-ground coffee at
95 °C.
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SUMMARY

Phytosterols as a part of the coffee oil have a lot of benefical properties. Up to now, only
steryl esters and free sterols were reported for coffee. In other plants such as flaxseed,
soybeans, and pumpkin seeds, steryl glucosides were identified as a third sterol component.
Therefore, the aim of this study was to identify and to quantify the steryl glucosides in coffee,
in addition to the steryl esters and the free sterols. At first, a method was developed and
validated for analyzing the three sterol components, simultaneously.

The steryl glucosides were described for coffee for the first time. The main steryl glucosides
in coffee were RB-sitosterol-, stigmasterol-, and campesterol glucoside. In Robusta coffee,
A°-avenasterol glucoside was identified as well. The contents in the green coffee beans ranged
between 8% and 12% of the total sterols. In the roots of the three coffee varieties examined,
the contents were in the same magnitude. The levels in the leaves were nearly twice as much
as in the beans. Due to the small sample size, further research needs to be carried out in the
future.

INTRODUCTION

Over the past years, phytosterols have achieved more importance due to their beneficial
properties. In some of the scientific literature it was reported that the phytosterols reduce the
cholesterol levels and have anticarcinogenic effects. Furthermore, an immune modulating
effect was described.

In coffee, the total sterol content varies between 1.5% to 2.4% of the lipid fraction; with 5.4%,
an even higher content was reported by Nagasampagi. These values represent only the free
and esterified sterols. The sterol [3-sitosterol (Figure 1) was identified as the most important
sterol in coffee with a content of about 50% of the sterol fraction.

However, in other plants, steryl glucosides were identified as a third group. They were

analyzed, for instance, in wheat, flaxseed, soybeans, and pumpkin seeds with 9% to 37% of
total sterols.
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Figure 1. 3-sitosterol (R=H; R=fatty acid; R=glucoside).
MATERIALS AND METHODS

Green coffee of the species Coffea arabica and Coffea canephora var. robusta and the leaves
and the roots of two Coffea arabica cultivars (Caturra/San Ramon) and of one Coffea
canephora were exemplarily investigated. Figure 2 shows the analysis scheme.

SPE
Steryl esters ‘ Free sterols Ster_yl
glucosides
l

|

[ Saponification ] [ Saponification }

| l

‘ GC/FID ‘ ‘ GC/FID }

‘ RP-
HPLC/DAD

Figure 2. Analysis scheme.

By means of accelerated solvent extraction (ASE), the green coffee and the plant material
were extracted with tert-butyl methyl ether (t-BME) and ethanol/water. An aliquot of the
extract was separated on a silica gel 60 SPE-column and diluted with a mixture of n-hexane
and ethyl acetate of a different polarity and with n-hexane/ethanol. Three sterol fractions were
obtained, the first contained the steryl esters, the second the free sterols and, the third fraction
the steryl glucosides. The steryl esters and the free sterols were analysed after saponification
by GC/FID and quantified with R-sitosterol. Two internal standards were used:
cholesteryloleate for the steryl ester fraction and Sa-cholestan-3(3-ol for the free sterols. The
sterols that were quantified in the coffee samples with GC were: campesterol, stigmasterol,
clerosterol, R-sitosterol, A’-avenasterol together with stigmastanol, A’-stigmastenol, and
A'-avenasterol.

The separation of the steryl glucosides were accomplished by RP-HPLC on a C8-column
equipped with diode array detector. The quantification was carried out either with 3-sitosterol
or with stigmasterol, depending on the number of double bounds in the molecule. The
recovery of the steryl glucosides were appreciated with a steryl glucoside standard (Matreya)
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and ranged between 83% and 96%. The steryl glucosides quantified with HPLC were
R-sitosterol-, campesterol-, and stigmasterol glucoside.

The total sterol content of the coffee beans includes the free sterols, steryl esters and the steryl
glucosides.

RESULTS AND DISCUSSION

The total sterol content of the analyzed Arabica green coffee was 1335 pg/g on average. This
value was somewhat lower than that of Robusta with 1589 pg/g. These contents are in
accordance with literature data.

Steryl glucosides were reported for coffee for the first time; between 8% and 12% of the total
sterols were presented in the analyzed green coffees. The steryl esters were the main fraction
in all green coffees with 45% to 61%, followed by the free sterols (Figure 2).

Robysta

Arab|ca | ‘

0% 50% 100%
OSteryl esters OFree sterols ® Steryl glucosides

Figure 2. Percentage distributions of the sterol compounds in green coffee.
A typical GC chromatogram of a steryl ester fraction after saponification obtained from an

Arabica coffee is shown in Figure 3 (left); on the right, an HPLC chromatogram at 195 nm of
the subsequent steryl glucoside fraction is presented.
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Figure 3. Section of a GC chromatogram of the steryl esters (left) and section of a HPLC
chromatogram of the steryl glucosides (right) in Arabica green coffee (IS: Internal
standard; Sito: R-sitosterol; Campe: campesterol; Stigster: stigmasterol; Clero:
clerosterol; A°Av: A’-avenasterol; Stigstan: stigmastanol; A’Stigsten: A’-stigmastenol;
A’Av: A-avenasterol).

The main component of the steryl glucoside fraction was R-sitosterol, just as in the other
fractions. The distributions of the other sterols were approximately equal in all groups. The
content of the steryl glucosides in green coffee varied between 123 pg/g and 157 pg/g
(Figure 4). AS-avenasterol, a characteristic sterol of Robusta coffee, could be identified as the
glucoside by LC/MS in Robusta coffee, only.

) Arabica Robusta

160 -

120 -

0]
o
1

=N
o
1

Steryl glucoside [Hg/g

Figure 4. Steryl glucoside content in green coffee.
In the leaves of the two Arabica varieties, the steryl glucoside contents were 17% and 26% of

the total sterols. The roots contained 7% and 6%, respectively. The contents of the Robusta
were somewhat higher: in the leaves, 24% and in the roots 12% were analyzed (Figure 5).

259



30

o)
o

m Roots
m Leaves

—
o

Steryl glucoside
[% of total sterols]

Caturra yellow San Ramon Robusta

Figure 5. Percentage of the steryl glucosides on total sterols in roots and leaves.
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SUMMARY

Commercial coffee drinks belong to the milk-based drinks and comprised at least 70% milk
and 30% of other ingredients such as a coffee preparation, sugar, rheological additives, cocoa,
flavorings, and sometimes caffeine. The coffee proportion as a quality-determining compound
constitutes between 0.8% and 19% of the coffee drink with mostly instant coffee or coffee
extract applied for the coffee drinks per declaration. The question is whether it is possible to
assess the coffee proportion in these coffee drinks. For this, as a water-soluble substance,
trigonelline was studied. With a 100% carry-over from an instant coffee into the brew this
appeared possible, but the high variability of the trigonelline content in different commercial
instant coffees spoke against it.

The contents of trigonelline in coffee drinks were determined as being between 3.5 and
11 mg/100 mL drink. In addition, HMF was analyzed with 0.6 and 4.7 mg/100 mL drink.
High HMF contents indicate the application of instant coffee. In conclusion, an assessment of
the coffee proportion is feasible if the used coffee proportion is on hand.

INTRODUCTION

The popularity of ready-to-drink coffee has increased during the past years as a quick and
uncomplicated solution to an occasional consumption of coffee. These chilled coffee drinks
belong to the milk-based drinks and consist of at least 70% milk and, at most, 30% of other
ingredients such as a coffee preparation, sugar, rheological additives, cocoa, flavorings, and
sometimes caffeine. According to the declaration of the commercial coffee drinks, the coffee
proportion is a solid or a liquid coffee extract or a coffee brew ranging from 0.8 to 19% of the
whole drink. Nevertheless, the coffee proportion is the most valuable part of the drink.

To study the coffee proportion in commercial coffee drinks it is necessary to find a suitable
component as a characteristic for coffee. It is reasonable to investigate a water-soluble and a
lipid-soluble substance in regard to the differing procession of the extraction. Hence, the
question is: “It is possible to assess the coffee proportion in coffee drinks?”

The substances must accomplish several requirements for the assessment of the coffee
proportion:

e Adequate content in green, roasted, and instant coffee.
Low natural variability.

Low impact during the roasting process.

Adequate passage into the coffee beverage.

Absence in other ingredients.
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In the majority of the coffee drinks, instant coffee or coffee extract are the ingredients of the
product. This article deals with the utilizability of the water-soluble substance trigonelline as
an indicator substance for the assessment of the coffee proportion.

MATERIALS AND METHODS

The commercial instant coffees were diluted with water and then directly measured with
RP-HPLC/DAD. For the coffee drinks, an aliquot was taken and diluted with the same
volume of methanol for precipitating the milk proteins. After filtration, RP-HPLC/DAD was
carried out. The HPLC conditions were: column Synergi Hydro, water/methanol gradient,
discrete wavelengths of 264 nm and 272 nm.

RESULTS AND DISCUSSION

In the following, some requirements mentioned above were to be considered for trigonelline.
Adequate passage into the coffee beverage

It is important, that the coffee amount and the trigonelline content in the coffee brews are
linear for drawing conclusions to the coffee proportion concerned. As expected, the

trigonelline in the instant coffee powder was 100% soluble in the beverage. Hence, there
exists a linear relationship between the coffee amount and the trigonelline content (Figure 1).

40

g | 4 R*=09985
— 30
S /
c
= 20
] _
9) i ./‘7
|_ O T T T T T T T T T 1
0 1 2 3 4 5

Instant coffee [g]

Figure 1. Linear relation between coffee amount and trigonelline in instant coffee.
Contents in commercial instant coffees

Five commercial instant coffees were analyzed in duplicates. The contents of trigonelline
showed great differences. They varied between 9 g/kg to 17 g/kg (Figure 2). The literature
also reported trigonelline contents between 3 g/kg and 26 g/kg. These variations may be
caused by the different extraction conditions of the instant coffees. Furthermore, trigonelline
is strongly influenced by the roasting process. The amount could be diminished to about 50%.
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In addition to trigonelline, the contents of HMF (Hydroxymethylfurfural) were studied. The
amounts are higher in instant coffees than in roasted coffees. In the analyzed commercial
instant coffees, the levels ranged between 2 g/kg and 10 g/kg (Figure 2).

Figure 3 shows a typical chromatogram of a commercial coffee drink and an instant coffee.

The analyses of the coffee drinks required a further clean-up-step. Therefore, methanol was
added to precipitate the milk proteins.
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Figure 3. Chromatograms of a coffee drink and an instant coffee (A=264 nm).

The contents of trigonelline in commercial coffee drinks varied between 3.5 and 11
mg/100 mL drink. The coffee drink with the highest declared coffee proportion showed the
highest trigonelline content. The HMF levels were between 0.6 and 4.7 mg/100 mL drink.

The highest amounts of HMF were analyzed in coffee drinks with the declaration “instant
coffee”.
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Figure 4. Trigonelline and HMF in commercial coffee drinks (analysis in duplicates;
same letter means same producer).

Due to the high variability of the trigonelline content of instant coffees, it must be noted that
the assessment of the coffee proportion in drinks via trigonelline is only possible when the
coffee preparation used is available. High HMF contents indicate the application of instant
coffee.

REFERENCES

Milchverordnung (German regulation of milk products). 2011.
Stennert, A., Maier, H. G., Lebensm, Z. Unters. Forsch. 1994. 199, 198-200.

Belitz, H. D. Grosch, W. Schieberle, P. Food Chemistry. 2009, 4th revised and extended
edition.

Kanjahn, D., Maier, H. G. Deutsche Lebensmittel-Rundschau. 1997. 93 (2), 44-46.

264



Index Table of contents

Content of Carboxylic Acid-5-hydroxytryptamides (C-5-HT)
in Decaffeinated Roasted Coffee:
Influence of Decaffeination Process

L. NAVARINIY, F. SUGGI-LIVERANIY, Y. C. DESOBGO-NGUEPI? G. BORTOLI?,
M. DE BORTOLI? E. FRAGIACOMO? M. FABIAN®

Yillycaffé S.p.A, via Flavia 110 - 34127 Trieste, Italy
’Demus Lab s.r.l., Area Science Park, Padriciano, 99 — 34012 Trieste, Italy
’Demus S.p.A., via Caboto, 31 - 34147 Trieste, Italy

SUMMARY

The thin waxy layer covering the green coffee bean is mainly constituted by the so called
carboxylic acid-5-hydroxytryptamides (more correctly PN-alkanoyl-5-hydroxytryptamides, C-
5-HT). These compounds stimulated several studies because they have been suggested as
candidate stomach irritants with ulcerogenic effects on the gastric mucosa. It is well known
that C-5-HT are partially thermally decomposed by roasting and by steam treatment. It is also
known that a decrease in C-5-HT content can be observed by decaffeinating the green coffee
beans, being dichloromethane (DCM) process more efficient than the supercritical CO, one.

In the present paper we report on the influence of the decaffeination process on the content of
total C-5-HT in roasted coffee beans. Same lot of green Arabica blend has been decaffeinated
by: water, dichloromethane, ethyl acetate and supercritical CO, processes and the total C-5-
HT content has been determined on the roasted products. On the basis of the experimental
results, the possibility to use the total amount of C-5-HT as a marker of decaffeination process
has been explored by analyzing a number of decaffeinated roasted coffees purchased on the
EU market.

INTRODUCTION

Carboxylic acid-5-hydroxytryptamides (C-5-HT) are the main constituents of the waxy layer
which covers the green coffee bean. These coffee compounds are the amides of serotonin (5-
hydroxytryptamine) and fatty acids with different chain lengths and grade of saturation. The
barrier to hydration/de-hydration together with antioxidant properties may disclose their
possible role in the protection of the green coffee bean. Coffee processing like steam-
treatment, decaffeination, roasting or processes acting on the surface layer, remarkably reduce
the content of C-5-HT originally present in green coffee beans. Roasting, for instance, induces
the thermal degradation of C-5-HT to indole and quinoline derivatives via serotonin
intermediate. The reduction of C-5-HT content in green coffee processed through steam-
treatment or dewaxed coffee, has been related to less stomach irritation perceived by certain
susceptible individuals after coffee consumption. This observation largely stimulated research
aimed at individuating the coffee compounds inducing gastric acid secretion after coffee
ingestion. Although the nature of these coffee constituents is not yet completely defined, it
seems that the stomach irritating potential of C-5-HT can play a role in the undesirable
physiological effects experienced by sensitive subjects. Beverage preparation is also very
important in determining the amount of C-5-HT available for possible discomfort effects.
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Whereas boiled coffees have amounts of up to 14 mg/L, espresso and paper filtered coffees
have a total of C-5-HT contents close to or lower than 1mg/L.

Decaffeination process is known to reduce the total C-5-HT content, however the type of
process seems to lead to different extent of the reduction. In particular, in comparing
dichloromethane (DCM) and carbon dioxide, CO, decaffeination processes, the greatest effect
in reduction has been observed for DCM decaffeination (decrease of 85%). These findings
triggered our interest in determining the content of C-5-HT in products decaffeinated also
according to ethyl acetate (EA) and water processes (W). By selecting an Arabica blend, the
four different decaffeination processes have been performed and the obtained products, after
roasting under different conditions, analyzed for total C-5-HT content. In order to explore the
possibility to use total C-5-HT as analytical marker of decaffeination process, 37 samples of
roasted decaffeinated commercial products have been analyzed. The total C-5-HT content
may represent a promising analytical indicator of decaffeination process independently on
roasting degree, blend composition and particle size distribution.

MATERIALS AND METHODS

Green coffee beans (Arabica blend) were decaffeinated according to DMC, CO,, EA and W
processes to achieve caffeine content according to Italian law (no > 0.10%). Decaffeinated
green coffee beans were roasted to obtain medium roasting degree by using a lab roaster
(Petroncini). Roasting degree was determined by color measurement (Probat Colorette 3B)
with dark corresponding to < 70 and light to > 95 according to internal standards. Roasted and
ground decaffeinated commercial products (n = 37) were purchased on the EU market.
Products are named with an alphanumeric code. Coffee samples (ground and sieved when
necessary) were prepared and analyzed for total C-5-HT according to Lagana et al. with
minor modifications. Quantification (£ 5% absolute error) was performed by reversed-phase
HPLC with isocratic elution and fluorimetric detection (Aex 280 nm, Aem 340 nm) using
docosanoic acid tryptamide (C22-5-HT) as external standard (Sigma). A 1100 HPLC with
FLD fluorescence detector (Agilent) was used. EA was determined by GC-MS (Shimadzu
QP2010) according to an internal method.

RESULTS AND DISCUSSION

In Table 1 the total content of C-5-HT determined on the same Arabica blend at a medium
roasting degree (color 75-80) processed by the four well known decaffeination methods is
reported. Whereas the total content of C-5-HT of CO,, EA, and DCM processed coffees is
within the range expected for decaffeinated roasted coffees, water processed decaffeinated
coffee shows a very high value close to that typical of Arabica regular roasted coffee. In
agreement with previous data, DCM process is particularly efficient in reducing the total C-5-
HT content. In order to better investigate the performance of decaffeination processes in the
total C-5-HT reduction, 8 commercial products with decaffeination process declared on the
label have been analyzed.
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Table 1. Total C-5-HT content in medium roasted 100% Arabica blend decaffeinated
according different processes.

Decaffeination Process Total C-5-HT (mg/Kg)
Water (W) 760
Carbon dioxide (CO,) 453
Ethyl Acetate (EA) 181
Dichloromethane (DCM) 135

In Table 2, the total C-5-HT content of the commercial products is reported. The experimental
data show that, independently on color, blend composition, and particle size distribution, the
W process leads to a limited reduction of total C-5-HT content.

Table 2. *As declared on the label, A=Arabica, R=Robusta; nr = not reported.

Product Decaffeina}ion Roastinlg Color Blend’ Total C-5-HT
process degree (mg/Kg)
Al CO, medium 71 nr 369
A2 CO, light 83 nr 448
A3 CoO, dark 75 100% A 403
El CcOo, nr 83 nr 486
Ad CO, medium 92 60% A 40 %R 592
Ab CO, dark 82 30% A70% R 484
01 Water nr 72 nr 1096
A6 Water nr 61 100% A 954

The investigation has been extended to 29 commercial products (unknown decaffeination
process) in order to assess a possible clustering. Table 3 reports on this new set of
experimental data. As shown in the Table 5 samples characterized by a low total C-5-HT
content (< 200 mg/Kg) reveal the presence of EA in amount significantly higher than that of
all the other examined samples. This finding strongly suggests that the samples 11, R1, O3,
04 and U1 have been decaffeinated by EA process.

In Figure 1, the total C-5-HT content has been reported as a function of color measurement.
By putting in evidence the samples processed by known decaffeination method, it is possible
to individuate three areas where the samples decaffeinated by unspecified methods are
clustered. In particular area A (total C-5-HT > 700 mg/Kg) and area B (250 mg/Kg < total C-
5-HT < 700 mg/Kg) where water and CO, decaffeinated products are present, respectively
and area C (total C-5-HT < 200 mg/Kg) where organic solvent decaffeinated products are
shown. For the latter, the total C-5-HT content cannot permit the discrimination between
DCM and EA processes. However, when EA determination is combined to C-5-HT analyses,
it is possible to establish almost unambigously the type of organic solvent used for
decaffeination.

In the case of W and CO, processes, Figure 1 shows a weak, albeit clear, trend of total C-5-
HT content as function of roasting degree with the expected lower values for darker products.
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Table 3. 'As declared on the label, A=Arabica, R=Robusta; nr = not reported.

Product | Roasting degree’ | Color Blend" Total C-5-HT (mg/Kg) | EA
11 nr 84 nr 143 +
E2 nr 77 nr 119
C1 nr 106 100% A 1062
C2 nr 66 100% A 969
R1 nr 90 nr 149 +
E3 nr 58 nr 166
P1 dark 59 nr 350
E4 medium 84 60% A 40% R 451
02 nr 80 nr 551
E5 nr 85 nr 497
C3 nr 92 100% A 1105
E6 nr 56 AR 800
12 nr 80 85% A 15% R 677
R2 nr 92 nr 680
03 nr 81 nr 120 +
04 nr 91 nr 80 +
05 nr 80 nr 440
T1 dark 44 100% A 159
E7 nr 91 nr 206
L1 nr 79 nr 125
Ul nr 66 nr 116 +
A7 nr 71 nr 92
ES8 nr 65 nr 79
E9 nr 53 nr 137
A8 nr 90 nr 123

E10 nr 48 A/R 785
E11 nr 48 AR 729
E12 nr 58 nr 750
L2 medium 76 100% A 129

This trend is not evident for the DCM and EA processes. As far as the efficiency of the
decaffeination process in total C-5-HT reduction is concerned, the present investigation
indicates that both DCM and EA processes are the best performers. In view of the apolar
character of the coffee waxes it is conceivable that the W process is the least effective in
decreasing the total content of C-5-HT.

The present work suggests that the total C-5-HT content may represent a promising analytical
indicator of decaffeination process of roasted and ground commercial products independently
on roasting degree, blend composition and particle size distribution. Further studies are
necessary to better understand how the different W and CO, process procedures affect the C-
5-HT content in roasted decaffeinated coffee.
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Figure 1. Total C-5-HT content as a function of color. A, B, C are described in the text.
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SUMMARY

Seven different ratios of volatiles organic compounds were tested as chemical freshness
indices using headspace gaschromatography with mass spectrometric detection (HS GC/MS)
for (i) whole beans in four different types of packaging and (ii) six capsule systems from the
Swiss market. Three indices are presented here: dimethyl disulfide/methanethiol, 2-
butanone/2-methylfuran and 2,3-butanedione/ methanethiol. The first reflects the intrinsic
instability of the coffee, but is also affected by the barrier properties of the packaging material
and possibly by factors prior to packaging. The two other indices depend mainly on the
barrier properties of the packaging and allows for a differentiation between packaging with
and without aluminum barrier. Besides the evolution of the freshness over time, the indices
also provide insight into capsule-to-capsule consistency.

INTRODUCTION

With the growing demand for specialty coffee and the rising consumer awareness of quality in
the cup, it is becoming increasingly important to establish objective and quantitative measures
of coffee quality. But quality is a complex concept and difficult to measure (1). Nowadays
tasting by a trained panel is a prevalent technique. Yet sensory evaluation is aimed at
describing the sensory profile of coffee, without judgment. Cupping is a technique developed
to evaluate green coffee quality, and focuses on defects. Yet, since one of the characteristics
of specialty coffee is that it is expected to be free of defects, tasting for defects will not allow
differentiating effectively amongst highest quality specialty coffees. Hedonic evaluation
finally aims at assessing preferences. But equating preferences with quality and defining
quality by what pleases and sells best does not allow deriving an absolute definition of coffee
quality.

The focus of this project has been to develop quantitative analytical measures for positive
coffee quality attributes, aimed at specialty coffees. Among others, this includes making the
concept of freshness measurable. Indeed, we believe that freshness is one of a few central
attributes that is closely connected to high quality coffee.

Here we report on the development and application of chemical freshness indices.
Immediately upon formation, the flavor of a freshly roasted coffee starts to change (2-6),
leading to a loss of freshness. This includes loss of aroma by evaporation as well as chemical
reactions (e.g. oxidation or other chemical reactions). Concurrently, the concentration of other
compounds in the headspace (HS) increase. Hence the loss of freshness can best be described
as a gradual change of the relative concentrations of aroma compounds as well as an overall
decrease of intensity. A second quality concept that will be briefly addressed is consistency.
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MATERIALS AND METHODS

Chemical indicators of freshness were explored for (i) roasted whole beans (coffea arabica, La
Ceiba, Antigua, Guatemala) in four different packaging materials and (ii) six capsule systems
from the Swiss market, labeled K1 to K6 (see Table 1). The packaging materials of the whole
beans were: paper bag, plastic composite film (paper50/PE23), plastic composite film with a
thin aluminum layer (paper50/PE25/ALU7/PE35), and plastic composite film with a thick
aluminum layer (PET12MY/ALUS8/PEQOMY). Each package contained 250 g of roasted
whole beans and was stored at room temperature. The following seven freshness indices were
measured via HS analysis: dimethyldisulfide/methanethiol, 2-butanone/2-methylfuran, 2,3-
butanedione/2-methylfuran,  propanal/2-methylfuran, 2,3-butanedione/methanethiol, 2-
butanone/methanethiol and methanol/2-methylfuran. Changes of the indices were monitored
as ratios of Headspace (HS) concentrations of the selected VOCs. Three ratios are discussed
below (Errore. L'origine riferimento non e stata trovata.-4): dimethyl
disulfide/methanethiol (DMDS/MeSH), 2-butanone/2-methylfuran and 2,3-butanedione/
methanethiol.

In the case of the single serve capsule systems, capsules were opened and 4 g of the roasted
and ground (R&G) powder was immediately filled in HS vials under nitrogen atmosphere. In
the case of whole beans, the packages were opened, the beans ground and 4 g of the R&G
powder was immediately filled in HS vials under Nj-atmosphere. All measurements were
performed five-fold and values are expressed by their mean value and their 95 % confidence
interval. HS GC-MS parameters are: sample incubation time: 20 min at 70 °C, HS: 2.5 ml HS
syringe, 70 °C, injection volume 1 mL, (MPS2, Gerstel, Switzerland), GC/MS: (7890/5975N,
Agilent Technologies, Switzerland) injector temperature 250 °C, split 30:1, DB-WAX (30 m
X 250 pm x 0.25 pm), helium flow: 1 ml/min, oven: 20 °C for 6 min, then subsequent
temperature increase ramps of 10 °C/min up to 70 °C, 5 °C/min up to 170 °C and finally 40
°C/min up to 220 °C.

Table 1. Packaging materials of capsule systems. Capsules consist of a body (mold)
and cover foil that closes the capsule and is being perforated for extraction.

Code Packaging Material
Body Cover Secondary packaging

K1 PP/EVOH/PP PP/EVOH/PP No

K2 PP/EVOH/PP PP/EVOH/PP No

K3 PP/EVOH/PP PP/EVOH/PP Aluminum

K4 98% Aluminum Aluminum foil No

K5 PP/EVOH/PP Alu / PP/EVOH/PP Aluminum (16 capsules)
K6 PP/EVOH/PP Aluminum foil No

K1 and K2 were the only systems without aluminum barrier, neither in the body nor the
cover. K3 and K5 had secondary aluminum packaging. K4 was the only systems with a thick
aluminum body and an aluminum cover. Finally the system K6 had a PP/EVOH/PP body and
an aluminum foil as cover.

RESULTS AND DISCUSSION
DMDS/MeSH

This ratio reflects the degradation of MeSH leading to the formation of DMDS (the educt
MeSH reacts to the product DMDS), and it is expected to be independent of the blend and the
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roast degree. MeSH is typical for freshly roasted coffee, while fresh coffee should have very
little DMDS. Hence we expect a small DMDS/MeSH ratio for freshly roasted coffee, which
rises with decreasing freshness. For the whole beans in 250 g packages (Figurel), the paper
bags show the fastest increase of DMDS/MeSH, which then flattens after a few weeks. The
flattening may be attributed to one of the following reasons (or a combination thereof): (i)
Most of the MeSH (educt) has reacted and the reaction ceases, (ii) DMDS reacts e.g. to form
dimethyl-trisulfide, (iii) MeSH is lost by evaporation. At the other end of the spectrum, the
plastic composite film with thick aluminum layer shows initially very little change but starts
to rise after week 15 to achieve a value after 24 weeks that is no different than for the other
types of packaging. We are currently extending the analysis up to one year storage to better
assess the interaction and relative importance of the three processes cited above. Preliminary
results indicate that at short times the DMDS/MeSH ratio is affected by both, the reaction of
MeSH to DMDS, as well as the evaporation of MeSH.

Figure2 shows the evolution of the DMDS/MeSH ratio for different capsule systems. All
capsules show a gradual increase, although at different rates. The system with a full aluminum
body and aluminum foil (K4) has the lowest starting value and also remains low throughout
one year of storage, while the only other capsule with an aluminum cover is performing
second best (K6). In contrast, the two systems without aluminum barrier (K1, K2) show the
fastest decrease in freshness. The two other systems (K3, K5) are intermediate with respect to
the rate of change during storage and both are characterized by capsules with a secondary
aluminum packaging. Another interesting aspect is the starting value for the ratio, for each of
the packaging materials. Since the different 250 g coffee bags have all been filled from the
same green coffee and roasting batch, values are initially identical. Capsules, in contrast, start
at different values. We attribute this to differences in the blends and/or upstream processing.

2-butanone/2-methylfuran

This ratio differentiates well for the whole beans, between packaging with and without
aluminum barrier (Figure3). The presence of aluminum as part of the barrier of the packaging
prevents this ratio to change, whereas packaging without aluminum leads to a gradual and
steady increase of this ratio. Hence we interpret an increase of this value as a loss of
freshness.

2,3-butanedione/ methanethiol

This ratio differentiates well for capsule systems with and without aluminum barrier
(Figured). The two capsule systems K1 and K2 without aluminum barrier show the strongest
changes during storage.

Consistency — a second attribute of quality

The uncertainty from the five repetitions shows large differences among the capsule systems.
For instance, all five measured capsules for K4 showed nearly identical values for the ratios,
which we attribute to high consistency in the upstream and packaging processes.

In conclusion, we have discussed two quantitative analytical measures to assess the quality of
specialty coffee. These are freshness and consistency. Both were discussed in relation to
roasted bean in 250 g packaging and single serve capsule systems. The data suggest that the
evolution of DMDS/MeSH is driven both by oxidation of MeSH to DMDS and evaporation of
MeSH. Furthermore, butanone/2-methylfuran (for whole bean packaging) and 2,3-
butanedione/methanethiol (for capsule systems) are good indicator for the barrier properties of
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the packaging. We are currently extending the storage time to one year and will report on the
complete study including all seven freshness indices.

Figure 1. Whole beans. DMDS/MeSH ratio of roasted
packagings.

Figure 2. R&G. DMDS/MeSH ratio in different single-serve capsule systems.
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Figure 4. 2,3-butanedione/ MeSH ratio for capsules in different capsule systems.
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SUMMARY

The objective of the present study was to develop an analytical methodology for the
verification of coffee adulteration with roasted corn and coffee husks. The methodology was
based on ATR-FTIR analysis of several samples of coffee beans, corn and coffee husks, after
roasting and grinding. Principal Components Analysis provided separation of the samples into
three groups: coffee, coffee husks and corn. Classification models were developed based on
Linear Discriminant Analysis, with the adulterantes being satifactorily separated (100%
correct classifications) from pure coffee. Such results confirm that ATR-FTIR is an
appropriate analytical methodology for detection of adulteration in roasted and ground coffee.

INTRODUCTION

Ground roasted coffee has been the target of fraudulent admixtures with a diversity of cheaper
materials (twigs, coffee husks, spent coffee grounds, roasted barley corn and others) because
it presents physical characteristics (particle size, texture and color) that can be easily
reproduced by roasting and grinding a wide variety of biological materials. Recent studies
have shown that FTIR-based methods have been successfully applied in the food industry, in
association with food quality evaluation, with a few applications focusing on roasted coffee.
Among the commonly employed FTIR sampling techniques, attenuated total reflectance
(ATR) can be employed for either solid or liquid samples, while Diffuse Reflectance Fourier
Transform Infrared Spectroscopy (DRIFTS) is the technique usually employed for solid
samples. ATR-FTIR has been shown to be appropriate for the analysis of roasted coffees. The
specific applications were detection of glucose, starch or chicory as adulterants of freeze-dried
instant coffees, determination of caffeine content, evaluation of roasting conditions and
geographical discrimination. Thus, it was the aim of this study to evaluate the potential of
ATR-FTIR for discrimination between roasted coffee and common adulterants such as roasted
corn and coffee husks.

MATERIALS AND METHODS

Green arabica coffee beans and corn (acquired from local markets) and coffee husks
(provided by Minas Gerais State Coffee Industry Union) samples (30 g) were submitted to
roasting in a convection oven at 200, 220, 240, 250 and 260°C. After roasting, the samples
were ground (0.39 mm < D < 0.5 mm) and submitted to color evaluation. Color measurements
were performed wusing a tristimulus colorimeter (HunterLab Colorflex 45/0
Spectrophotometer, Hunter Laboratories, VA, USA) with standard illumination Dgs and
colorimetric normal observer angle of 10°. Measurements were based on the CIE L'a’b” three
dimensional cartesian (xyz) color space represented by: Luminosity (L), ranging from 0
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(black) to 100 (white) — z axis; parameter a’, representing the green—red color component — x
axis; and parameter b”, representing the blue—yellow component -y axis. In order to attain
different levels of roasting that could be representative of commercially available coffee, for
each sample and temperature the roasting times were selected based on L* values measured
for commercially available roasted coffee samples, corresponding to light (23.5 < L*< 25.0),
medium (21.0 < L*< 23.5) and dark (19.0 < L*< 21.0) roasts. The corresponding roasting
times and temperatures are shown in Table 1.

Table 1. Roasting parameters and conditions.

Roasting Luminosity values
temperature (Roasting time)
Coffee

Light Roast Medium Roast Dark Roast

200°C 24.28+0.02 21.48+0.08 19.62+0.37
(40 min) (70 min) (90 min)

990°C 23.181(?.12 21.5119.01 19.9619.13
(20 min) (22 min) (25 min)

240°C 25.17+0.04 22.01+0.33 19.89+0.08
(11 min) (13 min) (15 min)

Coffee husks

Light Roast Medium Roast Dark Roast

200°C 22.22+0.05 21.66%0.15 20.1620.12
(20 min) (30 min) (50 min)

290°C 23.001(_).06 20.4119.30 19.881(_).13
(10 min) (13 min) (15 min)

240°C 25.160.04 21.34%0.17 20.47+0.06
(6 min) (7 min) (9 min)

Corn

Light Roast Medium Roast Dark Roast

240°C 24.45+0.21 22.01+0.33 19.89+0.08
(30 min) (35 min) (40 min)

250°C 24.631(_).26 22.171(_).08 19.33i(_).07
(15 min) (17 min) (19 min)

260°C 22.25+0.06 21.10+0.16 19.26+0.10
(11 min) (12 min) (13 min)

Spectra were collected from a Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu,
Japan) with a DLATGS (Deuterated Triglycine Sulfate Doped with L-Alanine) detector at
room temperature (20 = 0.5 °C). ). For the attenuated reflectance measurements (ATR-FTIR),
a horizontal ATR sampling accessory (ATR-8200HA) equipped with ZnSe cell was
employed. Each roasted and ground sample (D < 0.15 mm) was mixed was placed inside the
sample port. All spectra were recorded within a range of 4000-400 cm ' with 4 cm™
resolution and 20 scans, and truncated to 2500 data points in the range of 3200-700 cm ™', in
order to eliminate noise readings present in the upper and lower ends of the spectra. The
following data spectra pretreatment techniques were tested: (0) no additional processing (raw
data), (1) mean centering, (2) normalization, (3) baseline correction employing two (3200 and
700 cm™) or three (3200, 2000 and 700 cm™) points, (4) first derivatives and (5) second
derivatives.

Using the ATR spectra (raw or normalized) and its derivatives as chemical descriptors,
pattern recognition (PR) methods (PCA and LDA) were applied in order to establish whether
samples adulterated with coffee husks and roasted corn could be discriminated from roasted
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coffee samples. LDA model variable selection was based on the data that presented higher
influence on group separation (high loading values) from the PCA analysis. The statistical
package XLSTAT Sensory 2010 (Addinsoft, New York) was employed for all the
chemometric calculations.

RESULTS AND DISCUSSION

Regarding PCA, the spectra pretreatments that provided a satisfactory level of group
separation were the following: (0) no additional treatment of raw data, (2) normalization and
(3) baseline correction employing two (3200 and 700 cm™) or three (3200, 2000 and 700
cm™) points. The corresponding scatter plots are displayed in Figure 1. Roasted coffee,
roasted coffee husks and roasted corn can be identified as separated groups. Roasted coffee is
clearly separated from the others, with some group overlapping between corn and coffee
husks for the plots based on raw spectra (Figure 1a).
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Figure 1. PCA scores scatter plot (PC1 vs. PC2) based on ATR spectra of roasted coffee
in comparison to roasted corn and coffee husks after the following pretreatment steps:
(@) no treatment; (b) normalization; (c) two and (d) three point baseline correction ( e
coffee;® coffee husks; Acorn).

The satisfactory group separation results obtained from the PCA indicate that the data should
provide enough information to develop classification models for coffee and adulterants. Thus,
linear discriminant analysis (LDA) was employed in order to obtain classification models.
The score plots obtained for the discriminant functions are shown in Figure 2. A clear
separation between roasted coffee, coffee husks and corn, can be observed for the developed
models, that provided 100% recognition and prediction.
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SUMMARY

The objective of the present study was to develop an analytical methodology for the
verification of coffee adulteration with roasted corn and coffee husks. The methodology was
based on FTIR analysis of several samples of coffee beans, corn and coffee husks, after
roasting and grinding. Samples of coffee were adulterated with varying proportions of corn
and coffee husks. Principal Components Analysis provided separation of the samples into
three groups: coffee, coffee husks and corn. Classification models were developed based on
Linear Discriminant Analysis, with the adulterated samples being satifactorily separated
(100% correct classifications) from pure coffee. Such results confirm that FTIR is an
appropriate analytical methodology for detection of adulteration in roasted and ground coffee.

INTRODUCTION

Not only is Brazil the largest coffee producer and exporter, but also it is one of the largest
consumers in the world. Because of the way coffee is consumed, i.e., an infusion of ground
roasted beans, the product of consumption is quite vulnerable to adulteration with other
roasted grains and beans, such as corn and barley. Also, coffee by-products such as spent
coffee grounds and coffee husks are commonly used for adulteration of ground roasted coffee
since, after roasting, they become difficult to be detected by visual inspection and common
routine analytical methods. Recent studies have shown that FTIR-based methods have been
successfully applied in the food industry, in association with food quality evaluation, with
Diffuse Reflectance Fourier Transform Infrared Spectroscopy (DRIFTS) being the technique
usually employed for solid samples. DRIFTS has been proven to be appropriate for the
analysis of roasted coffees, providing satisfactory discrimination between Arabica and
Robusta varieties, between regular and decaffeinated coffees, and between high (non-
defective) and low quality (defective) coffees. Thus, it was the aim of this study to evaluate
the potential of this technique for discrimination between roasted coffee and common
adulterants such as roasted corn and coffee husks.

MATERIALS AND METHODS

Green arabica coffee beans and corn (acquired from local markets) and coffee husks
(provided by Minas Gerais State Coffee Industry Union) samples (30 g) were submitted to
roasting in a convection oven at 200, 220, 240, 250 and 2600C. After roasting, the samples
were ground (0.39 mm < D < 0.5 mm) and submitted to color evaluation. Color measurements
were performed wusing a tristimulus colorimeter (HunterLab Colorflex 45/0
Spectrophotometer, Hunter Laboratories, VA, USA) with standard illumination D65 and
colorimetric normal observer angle of 100. Measurements were based on the CIE L*a*b*
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three dimensional cartesian (xyz) color space represented by: Luminosity (L*), ranging from
0 (black) to 100 (white) — z axis; parameter a*, representing the green—red color component —
X axis; and parameter b*, representing the blue—yellow component -y axis. In order to attain
different levels of roasting that could be representative of commercially available coffee, for
each sample and temperature the roasting times were selected based on L* values measured
for commercially available roasted coffee samples, corresponding to light (23.5 < L*< 25.0),
medium (21.0 < L*< 23.5) and dark (19.0 < L*< 21.0) roasts. The corresponding roasting
times and temperatures are shown in Table 1.

Table 1. Roasting parameters and conditions.

Luminosity values
Roasting (Roasting time)
temperature Coffee

Light Roast Medium Roast Dark Roast

200°C 24.28+0.02 21.48+0.08 19.62+0.37
(40 min) (70 min) (90 min)

990°C 23.18+0.12 21.51+0.01 19.96+0.13
(20 min) (22 min) (25 min)

240°C 25.1719.04 22.011(?.33 19.891(_).08
(11 min) (13 min) (15 min)

Coffee husks

Light Roast Medium Roast Dark Roast

200°C 22.2219.05 21.661(_).15 20.161(_).12
(20 min) (30 min) (50 min)

990°C 23.00+0.06 20.41+0.30 19.88+0.13
(10 min) (13 min) (15 min)

240°C 25.161_0.04 21.341_0.17 20.47;0.06
(6 min) (7 min) (9 min)

Corn

Light Roast Medium Roast Dark Roast

240°C 24.451(_).21 22.011(_).33 19.89i(_).08
(30 min) (35 min) (40 min)

950°C 24.63+0.26 22.17+0.08 19.33+0.07
(15 min) (17 min) (19 min)

260°C 22.25+0.06 21.100.16 19.26+0.10
(11 min) (12 min) (13 min)

Spectra were collected from a Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu,
Japan) with a DLATGS (Deuterated Triglycine Sulfate Doped with L-Alanine) detector at
room temperature (20 = 0.5 °C). Diffuse reflectance (DR) measurements were performed in
diffuse reflection mode with a Shimadzu sampling accessory (DRS8000A). Each roasted and
ground sample (D < 0.15 mm) was mixed with KBr (10g/100g) and then 23 mg of this
mixture was placed inside the sample port. All spectra were recorded within a range of 4000—
400 cm ™' with 4 cm™ resolution and 20 scans, and submitted to background (pure KBr)
subtraction. The spectra were also truncated to 2500 data points in the range of 3200-700
cm”', in order to eliminate noise readings present in the upper and lower ends of the spectra.
The following data spectra pretreatment techniques were tested: no additional processing (raw
data), mean centering, normalization, baseline correction employing two (3200 and 700 cm™)
or three (3200, 2000 and 700 cm™) points, first and second derivatives.
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Using the DR spectra (raw or normalized) and its derivatives as chemical descriptors, pattern
recognition (PR) methods (PCA and LDA) were applied in order to establish whether samples
adulterated with coffee husks and roasted corn could be discriminated from roasted coffee
samples. LDA model variable selection was based on the data that presented higher influence
on group separation (high loading values) from the PCA analysis. The statistical package
XLSTAT Sensory 2010 (Addinsoft, New York) was employed for all the chemometric
calculations.

RESULTS AND DISCUSSION

Regarding PCA, the spectra pretreatment steps that provided a satisfactory level of group
separation between coffee and both adulterants were were the following: no additional
treatment of raw data, normalization with three point baseline correction and first derivatives.
The corresponding scatter plots are displayed in Figure 1. Roasted coffee, roasted coffee
husks and roasted corn can be identified as separated groups. Roasted corn is clearly separated
from the others, whereas some group overlapping occurs between coffee and coffee husks for
the spectra-based plots (Figure 1a and 1b). First derivatives provided complete separation of
the three groups (Figure 1c).
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Figure 1. PCA scores scatter plot (PC1 vs. PC2) based on diffuse reflectance spectra of
roasted coffee in comparison to roasted corn and coffee husks after the following
pretreatment steps: (a) no treatment; (b) normalization and baseline correction; (c) first
derivatives (# coffee; Acoffee husks; @corn).

Based on these results, the analysis was repeated to verify if the technique would also allow
discrimination between pure and adulterated coffee (adulteration levels ranging from 50 to
10% of one or both adulterants). The corresponding PCA scatter plots are displayed in Figure
2. Pure and adulterated coffees are clearly separated into two groups, with some overlapping
for plots based on normalized spectra (Figure 2b).

The satisfactory group separation results obtained from the PCA indicate that the data should
provide enough information to develop classification models for pure and adulterated coffee.
Thus, linear discriminant analysis (LDA) was employed in order to obtain classification
models. The score plots obtained for the discriminant functions are shown in Figure 3. A clear
separation between pure and adulterated coffee samples, can be observed for the spectra-
based models (Figures 3a and 3b), with both models providing 100% recognition and
prediction. The model based on first derivatives (Figure 3c) presented poorer performance,
with some overlapping between pure and adulterated samples. Values for recognition and
prediction abilities were 91 and 87%, respectively.

283



PC1(90.78%)

35

35
PC1(6846%)

PCL(21.78%)

30 4 —
@) (b) ‘ ©) .
A . A
A ] N A . i
A A
A " . A ]
A, N A : " ., Ak 9 A4 A .
= a A a z 3 . Z N o o
-3 R R SR S N " s Py
< & T4 [) X e A [ [] [y .
Eo) ‘ 3 = -30 Il A A i A 60 ~-35 “ " o % . 30
~-130 A (] * o 90 = A B o A A i
O . .3. . O r = “‘ 0
LA B LA ] - A 4 4 A .
A [ ]
L] Ao A
o . 35
25 -

Figure 2. PCA scores scatter plot (PC1 vs. PC2) based on diffuse reflectance spectra of
pure and adulterated roasted after the following pretreatment steps: (a) no treatment;
(b) normalization and baseline correction; (c) first derivatives ( a pure coffee;®
adulterated coffee).
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Figure 3: Scores of the discriminant functions provided by the LDA models of diffuse reflectance
spectra (3100 - 700 cm™) after the following pretreatment steps: (a) no treatment; (b)
normalization and baseline correction; (c) first derivatives (A pure coffee; @ pure
coffee/validation;a adulterated coffee; o adulterated coffee/validation).
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SUMMARY

Mathematical models based on chemometric analysis of Attenuated Total Reflectance Fourier
Transform Infrared spectroscopy (ATR-FTIR) spectra of defective coffees in admixtures with
non-defective coffees were developed. 1 and 2™ derivative transformations were applied to
raw data in order to remove unimportant baseline signal from samples and reduce instrument
effects. Partial Least Squares (PLS) was used to construct the models aiming to predict the
percentage of defective coffee in the coffee blends. Besides the chemical similarity between
defective and non-defective coffees, high degrees of accuracy were achieved.

INTRODUCTION

Defective coffee represent about 20% of the total coffee produced in Brazil and similar
amounts can be expected in other areas around the world. The negative effect that such beans
have on coffee quality can be associated to specific problems that occur during harvesting and
post-harvest processing operations. Black beans result from dead beans within the coffee
cherries or from beans that fall naturally on the ground by action of rain or over-ripening. The
presence of these beans in a roasted batch usually imparts a heavy flavor to the beverage. Sour
beans can be associated with ‘overfermentation’ during wet processing and with improper
drying or picking of overripe cherries, imparting sour and oniony tastes to the beverage.
Immature beans come from immature fruits, and contribute to the astringency of the beverage.

Research interest on defective and low quality coffee beans has intensified over the past years,
given the increasing awareness on the negative aspects they impart to the quality of the
beverage. In the present study, ATR-FTIR and PLS regression were used to quantify defective
coffees in blends with non-defective coffees.

MATERIALS AND METHODS

Arabica green coffee samples were acquired from a Coffee Roasting Company located in
Minas Gerais (MG) State, Brazil (Café Fino Grdo, Contagem, MG). Beans were manually
sorted (by a professional trained and certified for green coffee classification) into five lots:
non-defective, immature, black and dark sour. Coffee samples (25 g) were taken from each lot
and submitted to roasting in a convection oven (Model 4201D Nova Etica, S&o Paulo, Brazil)
at 235 °C until achieving a medium degree of roasting (21 < Luminosity* <23.5). The
determination of the roasting degree was based on color evaluation of the ground coffee using
a tristimulus colorimeter (HunterLab Colorflex 45/0 Spectrophotometer, Hunter Laboratories,
VA, USA) with standard illumination Dgs and colorimetric normal observer angle of 10°.
Previous results on ATR-FTIR analysis of defective and non-defective coffees indicated that
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the influence of the roasting degree is not or less significant than the influence of the quality
of the beans. Considering the large number of samples to be analyzed, samples roasted at only
one roasting condition were used in this work. Thereafter samples were sieved (0.15 < particle
diameter < 0.25 mm).

Black, immature and dark sour coffees were mixed with non-defective coffee, with % defects
ranging from 3 to 30 % in steps of 3% (10 blends for each of the three defects). Blends were
disposed in Falcon tubes and shaken for one minute in a tube shaker (Fisatom, Brazil).

A Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu, Japan) with a DLATGS
(Deuterated Triglycine Sulphate Doped with L-Alanine) detector was used in the
measurements that were all performed in a dry atmosphere at room temperature (20 = 0.5 °C).
A horizontal ATR sampling accessory (ATR-8200HA) equipped with ZnSe cell was
employed. Measurements were performed using approximately 2 g of ground coffee sample.
The empty recipient was used to obtain the background spectrum. The approximate total time
required for sample preparation was 5 min. All spectra were recorded within a range of 3100—
800 cm-t with a 4 cm-! resolution and 20 scans and submitted to background subtraction.
Each coffee blend was analyzed in five replicates. The pure non-defective coffee was also
analyzed in six replicates, obtaining a total of 56 readings for each defect.

Prior to statistical analysis, derivative transformations were applied to raw data in order to
remove unimportant baseline signal from samples and reduce instrument effects. The
Savitzky-Golay algorithm was used to simultaneously smooth the data as it takes the
derivative.

The software Matlab (The MathWorks, Co., Natick, MA) using the statistical package
PLS_Toolbox (Eigenvector Research, Inc.) was employed for the chemometric calculations.
PLS was applied to determine the concentration of defective coffee mixed with non-defective
coffee. The calibration set used to build the models included 40 samples randomly selected,
and the 16 remaining samples were used at the validation set. The models were chosen based
on the optimal number of factors, the minimum value of the predicted residual sum of squares
(PRESS), and the maximum value of the correlation coefficient (R?). The performance of the
models developed was estimated by Random subset cross-validation, in which training and
validation data are randomly split, and for each split predictive accuracy is assessed and then
averaged. The predictability of the resulting models was evaluated based on the standard error
of prediction (SEP) and the R2 value.

RESULTS AND DISCUSSION

The scatter plots of actual and calculated values for percentage of defective in non-defective
coffee blends for both calibration and validation models are shown in Figure 1. The models
were constructed based on 1% and 2" derivative spectra. A visual inspection of the scatter
plots suggests that a higher predictability is achieved when 1% derivative is applied to dark
sour and immature coffee blends spectra, and 2" derivative is applied to black coffee blend
spectra.
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Figure 1. Scatter plots of actual and calculated values for percentage of (a) dark sour,
(b) black, and (c) immature coffee in blends with non-defective coffees. e calibration and
o validation.

Table 1 summarizes and confirms the prediction results. For the models constructed for black
coffees, 1% derivative treatment provided higher degree of accuracy with lower SEP and
higher R2. Although the SEP was slightly lower in the 1% derivative treatment for dark sour
blends, a substantially higher R2 was obtained in the 2" derivative treatment model. However,
it must be considered that a larger factor, or latent variable number, was used. In general,
models with fewer factors are less likely to exhibit over fitting and tend to be more stable and
have better generalization ability. With respect to the immature coffee blends, 1% derivative
treatment allowed for the highest degree of accuracy.
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Table 1. Calibration and validation parameters for the prediction models.

Data treatment Eactors Calibration Validation
RMSEC | R? [ RMSECV | RMSEP | R?
Black

1% derivative 8 0.022 0.938 0.055 0.035 0.917\

2" derivative 8 0.018 0.96 0.056 0.039 0.883
Dark sour

1% derivative 5 0.018 0.96 0.031 0.033 0.919

2" derivative 6 0.015 0.975 0.039 0.038 0.931
Immature

1% derivative 7 0.026 0.928 0.046 0.025 0.949

2" derivative 6 0.024 0.934 0.053 0.045 0.936

CONCLUSIONS

The feasibility of employing ATR-FTIR as a method for quantification of defective in blends
with non-defective coffee samples was evaluated and successfully demonstrated. Based on 1%
and 2" derivative spectra, the PLS models developed were found to be suitable predictors.
The obtained results reinforce that the nondestructive evaluation, ease of operation, and fast
determination of ATR-FTIR technique not only allow the discrimination of coffees from
different specie or origin, but also the assessment of coffee quality.

ACKNOWLEDGEMENTS

The authors acknowledge financial support from the following Brazilian Government
Agencies: CAPES, CNPq and FAPEMIG.

REFERENCES

Mendonca, J. C. F., Franca, A. S., Oliveira, L. S. Physical characterization of non-defective
and defective Arabica and Robusta coffees before and after roasting. J. Food Eng. 92,
474-479.

Clarke, R. J., Macrae R. Coffee Vol. 2: Technology. Elsevier: London. 1987.

Craig, A. P., Franca, A. S., Oliveira, L. S. Discrimination between Immature and Mature
Green Coffees by Attenuated Total Reflectance and Diffuse Reflectance Fourier
Transform Infrared Spectroscopy. J. Food Sci. 2011. 76, C1162-C1168.

Craig, A. P., Franca, A. S., Oliveira, L. S. Evaluation of the potential of FTIR and
chemometrics for separation between defective and non-defective coffees. Food Chem.
2012. 132, 1368-1374.

Craig, A. P., Franca, A. S., Oliveira, L. S. Discrimination between defective and non-
defective roasted coffees by Diffuse Reflectance Infrared Fourier Transform
Spectroscopy. LWT - Food Sci. Technol. 2012. 47, 505-511.

Craig, A. P., Franca, A. S., Oliveira, L. S. Potential of ATR-FTIR for discrimination between
defective and non-defective roasted coffees, Proceedings of “24th International
Conference on Coffee Science”. ASIC, San José, Costa Rica. 2013. Manuscript PC418.

289



Index Table of contents

Potential of Atr-Ftir for Discrimination Between Defective
and Non-Defective Roasted Coffees

A.P.CRAIG, A.S. FRANCA, L. S. OLIVEIRA

Universidade Federal de Minas Gerais, DEMEC/UFMG, Av. Antonio Carlos, 6627,
31270-901, Belo Horizonte, MG, Brazil

SUMMARY

The objective of this work was to evaluate the feasibility of employing Attenuated Total
Reflectance Fourier Transform Infrared spectroscopy (ATR-FTIR) for discrimination between
defective and non-defective ground and brewed coffees. Principal Component Analysis
(PCA) of the ATR spectra (after derivative transformations) provided separation of the
samples into two groups: (a) non-defective and light sour, and (b) black, dark sour and
immature beans. It was found that except for light sour beans, it is possible to dicriminate
between defective and non-defective coffees by ATR-FTIR, using either solid or liquid
samples.

INTRODUCTION

The determination of food quality and authenticity are major issues in the food industry. Most
instrumental techniques required for assessing this quality are time demanding, expensive and
involve a considerable amount of manual work. Therefore, there is a need for new and rapid
analytical methods, as infrared spectroscopy, which is fast, reliable and non-destructive. This
technique, coupled with chemometric data analysis techniques, has been successfully applied
for food quality evaluation, and for authentication of species and geographical origin of
coffees and coffee quality evaluation prior and after roasting. In view of the aforementioned,
the objective of this work was to evaluate the potential of ATR-FTIR for the discrimination
between defective and non-defective coffee beans. For this purpose, two different
methodologies were developed and evaluated, one based on the analysis of the coffee
powders and other on the analysis of the brewed coffees.

MATERIALS AND METHODS

Arabica green coffee samples were acquired from a Coffee Roasting Company located in
Minas Gerais (MG) State, Brazil (Café Fino Grdo, Contagem, MG). Beans were manually
sorted (by a professional trained and certified for green coffee classification) into five lots:
non-defective, immature, black and sour (separated into light and dark coloured). Coffee
samples (25 g) were taken from each lot and submitted to roasting in a convection oven
(Model 4201D Nova Etica, S3o Paulo, Brazil), at 220, 235 and 250°C. After roasting, samples
were ground and submitted to color evaluation using a tristimulus colorimeter (HunterLab
Colorflex 45/0 Spectrophotometer, Hunter Laboratories, VA, USA) with standard
illumination Dgs and colorimetric normal observer angle of 10°. Roasting conditions were
established for each specific lot, given that defective coffee beans have been reported to roast
to a lesser degree than non-defective coffee beans when submitted to the same processing
conditions. Roasting degrees were then defined according to luminosity (L*) measurements
similar to commercially available coffee samples, corresponding to light (23.5 < L*< 25.0),
medium (21.0 < L*< 23.5) and dark (19.0 < L*< 21.0) roasts. The corresponding roasting
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times ranged from 7 to 10 min (250 °C), 9 to 16 min (235 °C) and 12 to 33 min (220 °C), with
the smaller and larger times for a given temperature corresponding to the light and dark
roasts, respectively. This way, 9 roasting conditions were obtained for each of the 5 sample
classes. Thereafter, samples were sieved (0.15 < particle diameter < 0.25 mm). The brew
coffee samples were obtained putting an erlenmeyer with 5 g of coffee powder and 25 mL of
distilled water into water bath at 90 °C for 20 min, filtering the extract with coffee filter
paper, and cooling down to room temperature.

A Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu, Japan) with a DLATGS
(Deuterated Triglycine Sulphate Doped with L-Alanine) detector was used in the
measurements that were all performed in a dry atmosphere at room temperature (20 + 0.5 °C).
A horizontal ATR sampling accessory (ATR-8200HA) equipped with ZnSe cell was
employed. Measurements were performed using approximately 2 g of coffee powder and 2
mL of brewed coffee. The empty recipient was used to obtain the background spectrum.
Samples were analyzed in triplicate, obtaining a total of 270 spectra, 135 for each of the
methodologies evaluated. Regardless of the sample preparation procedure, all spectra were
recorded within a range of 3100-800 cm-! with a 4 cm-! resolution and 20 scans and
submitted to background subtraction.

Prior to statistical analysis, the pre-treatments mean centering and Savitzky-Golay derivative
transformations were applied to raw data. The software Matlab (The MathWorks, Co., Natick,
MA) using the statistical package PLS Toolbox (Eigenvector Research, Inc.) was employed
for the chemometric calculations.

RESULTS AND DISCUSSION

Average spectra obtained for non-defective coffee are shown in Figure 1. Several differences
between coffee powder and brewed coffee spectra can be observed. The peaks at 2930-2830
cm™ are assigned to asymmetric stretching of C—H bonds. Although they have already been
reported for both Arabica and Robusta roasted coffee samples, no identification was
attempted. Due to the substantial decrease in the absorbance intensity after aqueous
extraction, we believe that lipids contribute the most to these peaks. The decrease in the
absorbance intensity of the peak at 1745 cm™, related to C=0 bond stretching from lipids,
reinforces this assumption. Brewed coffee spectra also exhibited some noise in the region of
900-800 cm™. Considering this observations, the spectral ranges selected to PCA analysis
were: (a) the whole spectra (3100-800 cm™) for coffee powder analysis, and (b) the region of
1900-900 cm™ for brewed coffee analysis.

oA - 0,06
(a) 0,31 (b) .
- 0.26 o 0% g
= - 0.04 é
- 0,21 S P
- - 0,03 %
- 016 2 i 5 &
z 0,02 <
- 0.11 - 0.01
T T 0.06 T T 0
2800 1800 800 2800 1800 800
Wavenumber (cm-') Wavenumber (cm-*)

Figure 1. Typical untreated spectra of (a) coffee powder and (b) brewed coffee obtained
by ATR-FTIR.
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1% and 2nd derivatives were applied to data using Savitzky-Golay algorithm and PCA
analysis was performed (Figure 2). In both powder and brewed coffee, PCA provided a visual
discrimination of samples in two groups: (a) non-defective and light sour and (b) black,
immature and dark sour. This discrimination seems to be clearer for coffee powder analysis.
Evaluation of the loadings plot of PC1 and PC2 (not shown) indicated that, in the coffee
powder analysis, only two spectral ranges contribute to the discrimination of the samples:
2930-2830 cm™ and 1750-1700 cm™. As described before, these regions are mainly related to
the presence of lipids. In the case of brewed coffee analysis, although all the region between
1700-1000 cm™ exhibited high loadings values, the major contribution on the sample
discrimination came from the region of 1450-1250 cm™, where chlorogenic acids, quinic acid,
caffeine and trigonelline can absorb.
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Figure 2. PCA scores scatter plot (PC1 vs. PC2) based on ATR-FTIR spectra of (a,b)
coffee powder and (c,d) brewed coffee after the following pretreatment steps: mean
centering and Savitzky-Golay (a, c) 1% and (b, d) 2" derivatives. LS=light sour,
DS=dark sour, BL=black, ND=non-defective and IM=immature.

The results of this work indicate that, except for light sour beans, it is possible to dicriminate
between defective and non-defective coffees by ATR-FTIR, using either solid or liquid
samples. It is important to consider that coffee powder analysis is faster and simpler, being
more suitable for routine analysis. Other studies from our group demonstrated that light sour
could not be discriminated from non-defective ones, before and after roasting, which indicates
the chemistry similarity of them. Also, the separation of sour beans in light and dark is a
procedure that has been introduced by our research group. Therefore, there is a need to further
evaluate the sensory impact of light sour beans in the coffee beverage.
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SUMMARY

Changes in the coffee beverage quality during the storage of the green coffee had been
attributed to the reactive compounds from the lipids oxidation. These reactive compounds on
its turn could generate changes in other compounds of coffee beans. In this work we followed
the modifications in the natural and pulped natural coffee bean composition which could be
related to these processes. The concentration of the free fatty acids, thiobarbituric acid
reactive substances (TBARS), protein carbonyl groups and 5-caffeoylquinic acid (5-CQA)
during 15 month of storage were measured. Results showed an increase in the free fatty acid
concentration and a decrease in the content of 5-CQA during all the storage period. The
TBARS content increased until the third month, whereas the content of the protein carbonyl
groups increased until the sixth month in the pulped natural coffee, and until the ninth month
in the natural coffees. Thus the results suggested the development of oxidation process during
storage of green coffee involving lipids, protein and 5-CQA.

INTRODUCTION

During the long storage time of coffee beans, even if under optimal conditions, the flavor of
this beverage changes and becomes woody. Studies on the coffee beans behavior during the
storage suggested that the oxidation of lipids is responsible for such changes, considering that
active lipases, hydroperoxides and unsaturated free fatty acids were found in the coffee beans.

The association of lipids and proteins in oleosins may enable the oxidative process of coffee
proteins, as occurred with soy protein as a result of the linoleic acid oxidation. Therefore the
oxidative process is not restricted to lipids and may be extended to other compounds of the
bean. The objective of the present study was to monitor in coffee beans the changes in the
levels of free fatty acids, TBARS, carbonyl groups and 5-CQA during 15 months of storage.

MATERIALS AND METHODS

Ripe fruits of Arabica coffee cultivar IPR 98 (Timor hybrid x Villa Sarchi) were collected in
2009 in Apucarana (Parana State 23°31°42”S and 51°28°27”W, 734m). One half of the fruits
were processed as natural coffee (CN) and the other half as pulped natural coffee (CD). The
coffee samples were dried under shade up to around 12% moisture. For the resting period
(three first months of storage), non hulled coffee was stored at room temperature (22-26 °C)
and relative humidity (RH) 60-80%. After this period, the coffee samples were hulled, placed
in small jute bags and stored for 12 months under controlled conditions (22 °C and 64 % RH).
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At the beginning of the storage (after the end of the drying period) and at every 3 months until
to complete 15 months of storage we quantified the concentration of:: free fatty acids, using
Cu and Ci3 as standards and expressing the results in mg g™ lipids, tiobarbituric reactive
substances (TBARS), expressed in nmol of MDA g™ dry weight (dw), the carbonyl groups in
the proteins, extracted in shaker and expressed in nmol of carbonyls mg™ protein and 5-CQA,
expressed in g 100 g™ (dw).

RESULTS AND DISCUSSION

Considering the importance of free fatty acids (FFA) in the cellular oxidative process they
were quantified during storage. Table 1 shows that the FFA content ranged from 1.89 to 3.67
mg g™ of lipid during the storage of the CN coffee and from 1.37 to 3.84 mg g™ of lipid
during the storage of the CD coffee. Other authors also reported increase of FFA during the
storage of green coffees and attributed the behavior to the presence of lipase or reactive
oxygen species (ROS).

The oxidation of lipids in coffee beans may result from the enzymatic action and from ROS,
thereby generating secondary products that can react with the thiobarbituric acid.
Theproximity of proteins and lipids inside the cells, may enable the oxidation of proteins as a
consequence of the lipid oxidation. The presence of carbonyl groups in the proteins is an
indicative that this oxidation could be generated by ROS or by oxidation of lipids.

Table 1. Content of free fatty acids, thiobarbituric acid reactive substances (TBARYS),

carbonyl groups and 5-caffeoylquinic acid (5-CQA) in natural coffee (CN) and pulped

natural coffee (CD) during the storage of non hulled coffee (first 3 months at 22-26 °C
and 60-80% RH) and hulled coffee (12 months after at 22 °C and 64% RH).

Compound Sample | Start | 3months | 6 months | 9 months | 12 months | 15 months
Free fatty acids CN |[189°| 242¢ 2.81° 2.90° 3.38° 3.67°
(mg g™ lipids) CD |1.37°| 1.80° 2.53° 2.76° 3.17° 3.84°
TBARS CN |886°| 9.26™ 9.10" 9,41° 9.46° 0.48°
(nmol MDA gtdw) | CD |9.24"| 9.98™ 9.86" 10.03"™ 10.18° 10.22°
Carbonyl groups CN |[264°| 283" 2.91° 3.15° 3.34° 3.36°
(nmol mg™ protein) CD |280°| 313 3.35° 3.42° 3.44° 3.46°
5-CQA CN |[517°] 5.15° 4.88° 4.79b 4.68° 4.61°
(g 100 g™,dw) CD | 4.94* | 483pb° 4.73% 4.65% 4.57% 4,52°

Mean values followed by the same letter in the lines do not differ significantly by Tukey test at
5% probability.

The concentration of TBARS and carbonyl groups in the CN and CD coffees at the beginning
of the storage period (Table 1) were in the interval reported in the literature. The presence of
TBARS and carbonyl groups at the beginning of the storage suggested the occurrence of
oxidative process during the drying. This event could be consequence of a stress by the loss of
water.

The concentration of TBARS and carbonyl groups in CN and CD coffees increased during the
first months and stabilized at the end of the storage. This behavior can be explained by the
occurrence of respiration of the beans, which can lead to the formation of ROS and
consequently to oxidation of lipids and proteins (Table 1). The respiration of the beans stops
as the storage elapses and consequently the formation of ROS and the oxidation of lipids and
proteins would also stop. The formation of Schiff compounds involving carbonyl groups and
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secondary products from the oxidation of lipids could be another explanation for the
stabilization observed in the last months of storage.

The major chlorogenic acid in coffee beans is the isomer 5-CQA, and chlorogenic acids are
compounds known for their antioxidant capacity. The concentration of 5-CQA measured in
CN and CD coffees at the beginning of storage (Table 1) are close to that presented in the
literature. Results in Table 1 showed the reduction in concentration of 5-CQA during the
storage. Probably it was a consequence of the non-enzymatic and enzymatic oxidation. The
results of the present study suggested the development of oxidation process during storage of
green coffee involving lipids, protein and 5-CQA.
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SUMMARY

Saliva is a complex biological fluid involved in food oral processing and in food sensing. It is
present as a thin film covering the surface area of our mouth. Saliva is responsible for the high
resistance to infections of the oral cavity. Its action is manifested both through a physical
mechanism because it ensures the self-cleaning of the oral cavity and the wetting of oral
mucosa, and through the antibacterial activity ensured by the presence of specific
components. Coffee beverage, particularly espresso coffee, is known to strongly interact with
human oral cavity. This interaction leads to several peculiar characteristics of the beverage
including long lasting aftertaste, tongue and teeth staining ability and anti-cariogenic potential
thanks to its anti-adhesive action against Streptococcus mutans, which is considered as the
major causative agent of human dental caries. In order to put in evidence possible molecular
interactions between oral cavity and coffee compounds, the combined mechanically
stimulated secretions of the major (parotid, submandibular and sublingual) and minor salivary
glands known as “stimulated whole saliva” of 5 healthy subjects have been characterized
before and after espresso coffee consumption. Espresso coffee sample was the same for all
the subjects. By adopting a strict saliva sampling protocol, the characterization has been
performed by high-resolution *H-NMR. Before espresso coffee drinking, the CPMG-NMR
spectrum of stimulated whole saliva shows many components present in all samples. Main
peaks present in the spectra have been assigned by *H,'H COSY, *H,*H —-ROESY and *H,*C-
HSQC experiments while the CPMG-NMR experiments allows a better comparison of spectra
as it filters out protein components altering the baseline. After coffee drinking, the
concentration of some species widely varies from subject to subject. Caffeine persists in
saliva more than other coffee compounds, after consumption.

INTRODUCTION

Coffee beverage is known to strongly interact with human oral cavity. This interaction leads
to several peculiar characteristics of the beverage. From the sensory point of view, it is well
known that the taste and aroma of coffee can be savored for a long time, up to 20 minutes in
case of espresso coffee, after it has been drunk. On the basis of dynamic tensiometric
characterization, it has been suggested that the prolonged taste perception after espresso
coffee consumption could be related to beverage good wetting properties for the oral cavity.
Human saliva was found to contain polyphenols after consumption of coffee, and these
compounds have been found to persist a long time after ingestion. Secondly, coffee is well
known as staining agent for restorative and veneering materials as well as for denture base
resins in Dentistry. In comparison with tea and coke, coffee resulted to be the most
chromogenic beverage for a range of denture teeth materials. Finally, several investigations
put in evidence the anti-cariogenic potential of coffee thanks to its anti-adhesive action
against Streptococcus mutans, which is considered as the major causative agent of human
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dental caries. It has been shown that trigonelline, caffeine and chlorogenic acid were the
coffee components which exhibited the highest anti-adhesive activity. By resorting to
different coffee preparation methods it has been shown that in all cases coffee solutions were
able to reduce significantly S. mutans adherence to dental enamel and dentine.

The combined secretions of the major (parotid, submandibular and sublingual) and minor
salivary glands are known as “whole saliva”. Stimulated whole saliva is produced primarily
by parotid glands and is released upon smell, taste, mechanical or pharmacological stimulus.
This type of combined secretions is primarily associated with the alimentary functions of
saliva. In the present work, mechanically “stimulated whole saliva” of 5 healthy subjects have
been characterized before and after espresso coffee consumption by high-resolution *H-NMR
spectroscopy. This technique offers many advantages over alternative time-consuming, labor-
intensive analytical methods since it permits the rapid, non-invasive, and simultaneous study
of a multitude of components present even in the lack of knowledge on the chemical
composition prior analysis. Moreover, NMR spectroscopy has been already exploited to
characterize human saliva even from a diagnostic point of view. In order to highlight the
changes in the saliva composition, the mathematical difference of CPMG-NMR spectra
recorded after and before espresso coffee consumption has been studied and compared with
the espresso coffee spectrum. As far as we know, it is the first time the molecular interactions
between oral cavity and coffee beverage have been investigated resorting to *H-NMR saliva
metabolomics approach.

MATERIALS AND METHODS

5 healthy individuals (2 male age: 50 and 38, and 3 female age:28, 32, 33) were asked to rinse
with deionized water, chew on a 2 x 1 cm piece of Parafilm “M” (American Can Co., USA),
and expectorate all available saliva into a Falcon type tube for a time sufficient to collect a
sample volume of 5 mL. All samples were collected between 10 am and 11 am to avoid
possible diurnal variation in saliva production and composition.

Immediately after espresso coffee drinking individuals were asked to chew on a 2 x 1 cm
piece of Parafilm “M” for 2 min swallowing saliva according to own natural frequency and
then expectorate all available saliva into a Falcon type tube as previously described between
11 am and 12 am. Home iperespresso® coffee machine (mod. Y1, FrancisFrancis, Italy), pure
C. arabica blend medium roasted coffee capsules and tap water (60 mg/L Ca++, 12 mg/L
Mg++ and 190 mg/L bicarbonate) were used to prepare 5 regular beverages (22 mL). The 5
espresso coffees were mixed in a beaker and were offered to the individuals for drinking at
the same time.

All NMR measurements were performed at 300 K on a Bruker Avance |11 Ultra Shield Plus
600 MHz spectrometer provided with a two-channel Broadband Inverse probe. All samples
were diluted in 7.4 pH buffer (TSP 3.2 mM; Na2HPO4 37.5 mM, NaN3 3mM).

Assignment of both saliva and coffee components were accomplished by a series of 2D
spectra, namely 2D-correlation spectroscopy (COSY), 2D-rotating frame Overhauser
spectroscopy (ROESY) and 1H,13C-heteronuclear single quantum coherence (HSQC).

RESULTS AND DISCUSSION

The CPMG-NMR spectrum of stimulated whole saliva shows many metabolites, mainly
representing small organic acids and amino acids, present in all samples. *H-CPMG
experiment was used to simplify the spectrum, filtering out-signals from high molecular
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weight molecules which severely alter the baseline in the regular *H-NMR spectrum. The
concentration of some species widely varies from subject to subject and this may reflect
several factors like lifestyle, habits and oral microbiota. Figure 1 shows the sum of NMR
spectra of saliva samples from 5 individuals (2 males and 3 females).
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Figure 1. Main species in the NMR spectrum of saliva taken from 5 individuals.
Abbreviations. GABA=y-aminobutyric acid; n-Butyr=n-Butyric acid; Cho=Choline
N*(CHa)s; NAC=acetamido methyl groups of N-acetyl sugars.

The figure shows the assignment of the main peaks. The assignment was based on *H,'H
COSY, *H,'"H ~ROESY and *H,**C-HSQC spectra and facilitated by previous studies. CPMG
experiments were repeated on samples collected after 2 minutes from coffee degustation. In
order to highlight the changes in NMR spectra, we analysed the mathematical difference of
CPMG-NMR spectra recorded after and before coffee consumption (Figure 2). In the figure,
the spectrum of coffee is also reported for comparison.
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Figure 2. Mathematical difference of CPMG-NMR spectra of saliva recorded after
and before coffee consumption. In the figure, the spectrum of coffee is also reported
for comparison with the assignment of the main species.

The analysis of the difference spectra clearly shows how caffeine is still present in the
difference spectrum, indicating its tendency to remain in the saliva. This is not a simple
artifact of dilution as the difference spectra are not just the spectrum of coffee scaled in
intensity; furthermore the effect is observed for caffeine more than the other coffee
components. This is evident in the framed enlargements of figure 2. While in spectrum of
coffee the signal of trigonelline and caffeine has similar intensities, in the difference spectra
practically only caffeine is retained. The enlargement also show a shift of the caffeine signal.
The NMR chemical shift of caffeine in coffee brews is largely dependent on its molar fraction
complexed with chlorogenic acid. However the observed shift is not only due to the
disappearance of chlorogenic acid, because the same effect would be obtained by simply
diluting the complex (it is estimated that the dilution of caffeine is around 3%). Chlorogenic
acids and trigonelline are also retained but to a minor extent. Interestingly the content of some
saliva metabolites after espresso coffee consumption shows a remarkable inter-individual
variability. Whether this variability is related to the variability observed before coffee
drinking or it is induced by coffee drinking has to be ascertain with further studies.
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SUMMARY

Traditionally, coffee grains have been mainly used for coffee beverages and as a caffeine
source for medicine and food industries. Nowadays, they have also been considered as raw
material for other nutraceuticals and cosmeceuticals ingredients. In this work the potential of
industrial use of some Coffea canephora grains under selection at the Agronomic Institute of
Campinas was evaluated. The content of caffeine, 5-caffeoylquinic acid (5-CQA) and soluble
solids in the endosperm, as well as the beverage quality were considered for that.
Concentration values ranged from 2.26 up to 4.28% (db) for caffeine, 29.68 up to 35.69%
(db) for soluble solids and 4.52 up to 7.53% (db) for 5-CQA. The overall quality of the
evaluated beverages was between 75.2 and 83.5 in a 100 points full scale. High acidity and
flavors like fruit, flowers, vanilla, nuts, caramel, honey, chocolate and strawberry were
perceived in the beverages.

INTRODUCTION

Around 10% of the total robusta coffee (Coffea canephora) produced in Brazil nowadays are
exported. The 90% remaining in the country are consumed exclusively as roasted and ground
coffee and as soluble coffee.

The improvement of the beverage quality and innovative technologies for other uses of the
robusta coffee will add values to the product and stimulate its production.

Although the beverage quality of the robusta coffee is less appreciated than that of the arabica
coffee beverage, it is necessary to consider the genetic diversity among the coffee plants of
the C. canephora species and also that it is possible to improve its technological
characteristics and sensory quality through the clone selection and plant breeding.

From the point of view of the sensory quality of the beverage, the genetic improvement and
selection of the robusta coffee may be guided by the chemical composition of the raw grain,
since it is a direct consequence of the content and constitution of the proteins, lipids,
carbohydrates and chlorogenic acids, and also from the trigonelline and caffeine contents.

Coffee breeding based on the chemical composition of coffee grains enable also the indication
of coffee plants to satisfy interests of industrial exploitation beyond those for consumption as
roasted and ground or as soluble coffee. In this scope, are the extraction of caffeine and
chlorogenic acids for the production of energetic and antioxidant beverages and the use of oils
and components of the lipid fraction of the grain for use in pharmaceutical and cosmeceutical
industries.
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The aim of this work was to evaluate the genetic variability of the Coffea canephora plants in
process of improvement for industrial uses, either as material suitable for the production of
grain of high quality beverage, either by the potential for industrial exploitation as a source of
raw material for pharmaceuticals and food industries.

MATERIALS AND METHODS
Plant Material

80 C. canephora coffee plants: 6 Kouillou, 69 Robusta, 2 Laurentii and 3 hybrids were used
in the study. Full ripe fruits from 60 coffee plants were prepared as natural coffee and full ripe
fruits from the other 20 coffee plants were prepared as pulped coffee. The coffee beans were
dried under the Sun until nearly 11% moisture, according measure done after their
maintenance by 16 hr at 105 °C. All coffee samples were ground for chemical analyses.

Chemical analyses

Caffeine and 5-cafeoilquinic acid (5-CQA) in the coffee grains were extracted in 70%
methanol solution and simultaneously quantified by high pressure liquid chromatography.
30% methanol solution was used as eluent at a flow rate of 1mL min-1. The compound
concentrations were determined based on the area of the same pure compounds. The soluble
solids content were determined by the methodology AOAC 973.21 (2002).

Sensory analysis

The pulped coffee beverages were assessed by specialists in the evaluation of quality of
robusta coffee. The evaluations were in the DQA system in a 0 to 100 points scale. Only the
results of overall quality were considered in this work. For this attribute, notes between 90
and 100, indicate beverage of exceptional quality; between 80 and 90 indicate fine coffee;
between 70 and 80 indicate very good coffee; between 60 and 70 indicate good coffee and the
coffee which beverage is evaluated with note 60 is considered a marketable coffee.

Statistical analysis

The results of the chemical analyses were submitted to analysis of variance and averages were
compared through the test of Scott & Knott. Correlation analysis was done between the
overall quality of the beverages and the results of chemical analysis.

RESULTS AND DISCUSSION

Although being C. canephora allogamus species the beans from of the analyzed plants
presented only moderate variability in relation to soluble solids. Seven coffee groups with
statistically significant difference (p > 0.05) were established by the Scott & Knott test. A
sample (Kouillou) stood out by giving 35.70% (db) of soluble solids. Three samples
contained between 35.02 and 34.29% (db); 13 samples between 33.75 and 32.9% (db); 21
samples between 32.80 and 32.05% (db); 24 samples between 32.00 and 31.05% (db); 10
samples from 30.86 t030.52% (db) and 8 samples between 30.18 and 29.7% (db).

According to Scott & Knott test, the 80 results of caffeine content in raw grain were classified
into 17 groups that statistically differed (p > 0.05) from each other: 1 sample (Robusta)
presented concentration of caffeine equal to 4.28% (db); 2 samples with concentrations
between 4.18 and 4.16% (db); 1 sample with a concentration equal to 3.79% (db); 5 samples
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with concentrations between 3.68 and 3.58% (db); 2 samples with concentrations between
3.51 and 3.52% (db); 4 samples with concentrations between 3.46 and 3.40% (db); 8 samples
with concentrations between 3.37 and 3.29% (db); 5 samples with concentrations between
3.24 and 3.20% (db); 5 samples with concentrations between 3.17 and 3.15% (db); 13
samples with concentrations between 3.12 and 3.01% (db); 11 samples with concentrations
between 2.97 and 2.91% (db); 4 samples with concentrations between 2.89 and 2.81% (db); 7
samples with concentrations between 2.79 and 2.73% (db); 2 samples with caffeine
concentration 2.60% (db); 4 samples with concentrations between 2.53 and 2.45% (db); 4
samples with concentrations between 2.42 and 2.37% (db) and 1 sample with caffeine
concentration 2.26% (db).

The concentration of 5-cafeoylquinic acid ranged from 7.53 (Kouillou) and 4.52% (db)
(Robusta). The coffee samples were classified in 9 groups with 5-CQA with concentrations of
5-CQA statistically different, according to the Scott & Knott test: 3 samples with
concentrations between 7.53 and 7.47% (db); 6 samples with concentrations between 7.25 and
7.16% (db); 2 samples with concentrations between 7.10 and 7.06% (db); 5 samples with
concentrations between 6.92 and 6.84% (db); 3 samples with concentrations between 6.79 and
6.72% (db); 9 samples with concentrations between 6.63 and 6.47% (db); 11 samples with
concentrations between 6.41 and 6.27% (db); 8 samples with concentrations between 6.24 and
6.13% (db); 12 samples with concentrations between 6.10 and 5.94% (db); 5 samples with
concentrations between 5.83 and 5.57% (db); 4 samples with concentrations between 5.57 and
5.43% (db); 4 samples with concentrations between 5.36 and 5.28% (db); 4 samples with
concentrations between 5.03 and 4.94% (db) and 1 sample with 4.52% (db).

Beverages of 20 coffee samples were graded between 83.50 (Robusta) and 75.25 (Laurentii).
Therefore, the coffee beverage quality was between fine and very good coffee. Nine samples
were classified as fine coffees with overall quality varying between 83.00 and 80.00. High
acidity and flavor of fruits, vanilla, nuts, caramel, honey, chocolate and strawberry were
perceived in the beverages. There was not significant correlation between the overall quality
of the beverage and the concentrations of the quantified chemical compounds. The variable
that most influenced the overall quality was the 5-CQA concentration. In conclusion, all
analyzed coffee plants have potential for industrial uses as a source of coffee grains for high
quality robusta b