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Introduction

Coffee is one of the most widely consumed beverages in the world, with
millions of people relying on its rich flavors and stimulating effects each day.
However, the journey from bean to brew involves intricate processes that
can result in the formation of various compounds, some of which can be
harmful if not carefully controlled. One such category of compounds is process
contaminants—unwanted byproducts that can form during coffee roasting.
This article explores the journey of coffee from its raw bean form to the final
brewed cup, focusing on the formation of process contaminants and how
they are influenced by roasting conditions. Before delving into the roasting
process, it's important to understand the composition of the raw coffee bean.
Coffee beans are the seeds of the Coffee a plant, typically harvested in a
green, unroasted state. These beans are composed of numerous chemical
compounds, including carbohydrates, proteins, lipids, water, and various
bioactive compounds such as polyphenols and alkaloids (e.g., caffeine).
The roasting process transforms these raw beans into the aromatic, flavorful
product that consumers recognize as coffee [1].

Description

Coffee beans are the seeds of the Coffee a plant, typically harvested
when green and unroasted. They contain a mix of organic compounds,
including carbohydrates, proteins, lipids, and various bioactive molecules like
polyphenols and caffeine. When raw, these beans are relatively stable but lack
the distinct flavors and aromas we associate with brewed coffee. Roasting is
the key to unlocking these characteristics, as it initiates chemical reactions
that transform the bean’s composition. The roasting process is a delicate
balance of heat, time, and chemistry. As the raw beans are exposed to high
temperatures—typically between 180°C and 240°C—their internal structure
undergoes significant changes. During this process, sugars, amino acids, and
other compounds break down and combine to form new flavor compounds.
However, alongside the creation of desirable flavors, certain chemical
reactions also produce process contaminants that can affect the quality and
safety of the coffee.

Roasting is not just a simple heating process; it is a series of chemical
transformations that create the flavors we associate with coffee. Two
key reactions that occur during roasting are the Maillard reaction and
caramelization. Maillard reaction occurs when reducing sugars react with
amino acids in the coffee beans. The Maillard reaction is responsible for the
development of complex flavors, producing both desirable notes like sweetness
and nuttiness, as well as brown pigments known as melanoidins. While the
Maillard reaction is essential for flavor, it can also lead to the formation of
undesirable byproducts, such as acrylamide. At higher temperatures, sugars
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in the beans begin to break down and form caramelized compounds. This
reaction contributes to the sweet, toasted flavors of roasted coffee but can also
lead to the formation of compounds like furan, which has a distinct odor and
potential health risks [2].

Acrylamide is one of the most well-known process contaminants in
coffee. It forms during the Maillard reaction when reducing sugars, especially
asparagine (an amino acid), react at high temperatures. Acrylamide is a
potential carcinogen and neurotoxin, which has raised concerns regarding
its presence in roasted foods, including coffee. The levels of acrylamide
are primarily influenced by the roasting temperature and time. Higher
temperatures and longer roasting durations increase its formation, which is
why lighter roasts tend to have higher acrylamide levels compared to darker
roasts. Polycyclic Aromatic Hydrocarbons (PAHs) are a group of chemical
compounds that form when organic material, such as coffee beans, is exposed
to high heat. These compounds are typically produced during the pyrolysis of
oils and fats in the beans. PAHs are carcinogenic and have been identified
as a health concern in various food products, including roasted coffee. Darker
roasts, which are roasted at higher temperatures for longer periods, tend to
contain more PAHs than lighter roasts. However, the concentration of PAHs in
coffee is generally lower than in other foods like grilled meats [3].

Aldehydes, such as acrolein, are volatile compounds produced during
the roasting process when lipids (fats) break down. These compounds can
contribute to the formation of off-flavors in coffee, often imparting bitterness or
astringency. While aldehydes are naturally present in the roasting process, they
can also be harmful when inhaled, particularly in high concentrations. Roasting
conditions like temperature and time influence the levels of aldehydes in the
final product, with more intense roasting leading to a greater concentration.
Furan is another volatile compound formed during the roasting of coffee
beans, particularly when carbohydrates are heated. While it is responsible
for some of the caramelized, sweet flavors in roasted coffee, furan is also a
potential carcinogen. It forms at temperatures above 180°C, which makes it
a common contaminant in roasted coffee [4]. Furan’s levels are influenced by
the roasting temperature and duration, and higher roasting temperatures lead
to increased furan concentrations. Chlorogenic Acids (CGAs) are a group of
polyphenols found abundantly in raw coffee beans. During roasting, CGAs
break down into various compounds, some of which contribute to coffee’s
bitterness. The degradation products of CGAs, such as quinones, can also
introduce undesirable flavors to the coffee. Although chlorogenic acids
themselves are beneficial due to their antioxidant properties, their breakdown
during roasting can affect both flavor and health benefits. The temperature
at which coffee beans are roasted has a significant impact on the formation
of process contaminants. Higher temperatures accelerate chemical reactions,
leading to the formation of more contaminants like acrylamide, PAHs, and
aldehydes. For example, roasting temperatures above 240°C tend to increase
the formation of PAHs and other harmful compounds [5].

Conclusion

The roasting of coffee beans is a critical step in the coffee-making process
that has a profound impact on the flavor, aroma, and safety of the final product.
While roasting brings out the rich, complex flavors that coffee drinkers love,
it also generates process contaminants like acrylamide, PAHs, aldehydes,
and furan. Understanding the factors that influence the formation of these
contaminants, including temperature, time, and moisture content, allows
coffee producers to better control the roasting process. By optimizing these
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factors, it is possible to minimize the formation of harmful byproducts and
ensure a high-quality and safe cup of coffee for consumers around the world.
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