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Coffee drinking has been related to decreased risks of chronic diseases. Chlorogenic
acids (CGAs) are not only potent antioxidants in coffee brew, but also have other potentially
beneficial effects. Loss of CGAs due to higher roasting raises a concern with respect to
health benefit conferred by coffee drinking. In this review, the author summarized recent
findings regarding the changes in coffee compounds by roasting and discussed implication
of the decrease in CGAs associated with roasting in relation to human health

Abbreviations: CGAs: Chlorogenic Acids, 5-CQA: 5-0-Caffeoylquinic Acid, ORAC: Oxygen
Radical Absorbance Capacity

Introduction

Coffee drinking has been related to decreased risks of chronic
diseases. Most consistent findings are decreased risks of type 2
diabetes mellitus, liver diseases of various stages, and Parkinson’s
disease associated with coffee drinking [1]. Coffee brew contains
a wide variety of bioactive compounds. Caffeine and chlorogenic
acids (CGAs) are coffee compounds that have been studied
most intensively with respect to occurrence, metabolism, and
physiological effects [2,3]. Roasting coffee beans confers different
flavors, tastes, and colors to coffee brew according to the extent of
roasting. Roasting also alters the composition of coffee compounds,
decreasing the content of CGAs, while it does not change caffeine
content [2,3]. CGAs are not only potent antioxidants in coffee
brew, but also have other potentially beneficial effects against
carcinogenesis and neuronal degeneration, anti-platelet effect
in relation to cardiovascular protection, and antidiabetic effects
on glucose metabolism [1, 2]. Thus, loss of CGAs due to higher
roasting raises a concern with respect to health benefit conferred
by coffee drinking. In this review, the author summarized recent
findings regarding the changes in coffee compounds by roasting
and discussed implication of the decrease in CGAs associated with
roasting in relation to human health.

Coffee Roasting and Composition Changes

CGAs in coffee are primarily hydroxycinnamic acids (typically,
caffeic acid and ferulic acid) esterified with quinic acid. The most
abundant CGA in coffee is 5-0-caffeoylquinic acid (5-CQA) followed

by its isomers 3-CQA and 4-CQA. Dicaffeoylquinic acid (3,4-diCQA,
3,5-diCQA, and 4,5-diCQA) and feruloylquinic acids (3-FQA, 4-FQA,
and 5-FQA) are also among coffee CGAs [3]. According to the
conventional American classification [4], roasting level is classified
into light (lowest level), cinnamon, medium, high, city, full city,
French, and Italian (highest level). These are often collapsed into
broader categories: light roast (light and cinnamon), medium
roast (medium and high), medium-dark roast (city and full city),
and dark roast (French and Italian). The content of CGAs in coffee
brew decreases progressively with increasing levels of roast. In an
experiment [5], light, medium, city, and French roasting reduced
the content of CGAs in green coffee to 50%, 30%, 5%, and <1%,
respectively. In another experiment [6], the content of CGAs in
green coffee decreased to 109%, 77%, 42%, 18%, 10%, and 5%,
respectively, after roasting of 5 (very light), 6, 7, 8, 9, and 10-15
minutes (very dark) at the maximum temperature of 230°C.

The percent changes were calculated by averaging the reported
amounts for multiple species. It may be strange that the total
amount of CGAs increased by 9% at 5 minutes of roasting in the
latter study [6]. This is largely because of increases of 3-CQA and
4-CQA which are resulted from isomerization (acyl migration) and
hydrolysis of other CGAs [3]. In an experiment based on a more
natural extraction [7], coffee brew prepared by dark roast coffee
contained one third of the amount of CQA (sum of 3-CQA, 4-CQA,
and 5-CQA) in coffee brew of light roast coffee. Chemical reactions
during roasting also produce CGA lactones and quinic lactone
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(quinide). The amount of CGA lactones was progressively higher up
to roasting of less than 8 minutes, but the content was lower in the
extract from coffee beans roasted longer [6].

Another reaction linked to roasting is the Maillard reaction,
by which melanoidins are produced via reaction of reducing
sugars with amino acids or proteins. Incorporation of CGAs into
melanoidins is another reason for the loss of CGAs due to roasting.
Melanoidins have antioxidant and metal chelating activity and
other bioactive functions, and thus melanoidins may compensate
the decrease in CGAs resulted from roasting. Antioxidant activities
of whole coffee brew decreased progressively with increasing
levels of roasting, however [8]. High-molecular weight fraction
of roasted coffee brew, which probably represented phenols
incorporated into melanoidins, showed higher antioxidant
activities than that of green coffee, but the activity did not differ by
degree of roasting [8]. It was also estimated that melanoidin-bound
phenols accounted for 25-47% of the antioxidant activity. Roasting
process degrades trigonelline partially to nicotinic acid and several
pyridine derivatives; trigonelline has been implicated as exerting a
protective effect on glucose metabolism [2]. Roasting does not seem
to materially affect the content of diterpenes (kahweol and cafestol)
[9], which seem to have potent hepatoprotective properties [10]
although they are known to elevate blood cholesterol levels [2].

Roasting and Biological Effects

Few studies have addressed differential biological effects of
coffee according to roasting levels. Effects against lipopolysaccha-
ride-induced inflammation in mice did not differ in pretreatment
with coffee brew of light, medium, city, and French roast [11].
Roasted coffee rather than green coffee was shown to be more neu-
roprotective against oxidative stress in an in vitro study of neuronal
cell culture [12]. Interesting, the study also showed that lipophilic
oxygen radical absorbance capacity (ORAC) was markedly higher
in roasted coffee extract than in green coffee extract, while there
was no difference in hydrophilic ORAC between roasted and green
coffee. There are no human studies showing that light roast coffee
is better than dark roast coffee. Of particular interest are epidemi-
ological studies in Italy where dark roast coffee is commonly con-
sumed as espresso coffee. A substantial number of Italian studies
have reported protective associations between coffee and liver dis-
eases [10], while no study has addressed the association between
coffee and type 2 diabetes in Italy. Espresso coffee was related to an
increased risk of coronary heart disease in a prospective study [13].
Espresso coffee contains a larger amount of diterpenes than filtered
coffee, but espresso coffee was unrelated to blood cholesterol [13].
The finding is rather difficult to interpret, but it is unlikely that dark

roast coffee is harmful with respect to coronary heart disease.

Conclusion

Higher degree of roasting results in a substantial decrease
in the content of CGAs which represent bioactive compounds in
coffee brew. The overall antioxidant capacity of coffee brew also
decreases with increasing levels of roasting. Nonetheless, roasted
coffee may be more neuroprotective than green coffee. There is
no epidemiological evidence that heavily roasted coffee such as
espresso coffee is less beneficial to human health. It is notable that
one serving of espresso coffee purchased in Italy contains almost as

large an amount of CQA as a cup of instant coffee [7].
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