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Abstract

Coffee is one of the most popular beverages that is consumed all over the world. Brazil is the largest producer and exporter of

green coffee beans. At present the roasting of green coffee beans is only done on a small scale in local regions of Brazil, and other

countries import the beans and produce their own roasted coffee commercial products. In Brazil, little is known about the impact of

the coffee roasting process on the chemical composition of the roasted beans and related beverages. A mini-review of the studies on

the roasting process and effect on the mineral and polyphenol content showed that there is a wide range of chemical concentrations

for the Brazilian roasted coffee. This could be influenced by different factors that could be addressed in future studies.
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Introduction

Coffee is one of the most popular drinks in the world, with
global trading being worth more than 10 billion US dollars, the
second most consumed beverage after water and annual global
consumption being approximately 500 billion cups [1,2]. Coffee is
the second largest commodity traded in the world, after petroleum
[1]. The drink is prepared from the roasted seeds of the coffee
plant; the commercially important species being Coffea arabica L.
(Arabica) and Coffea canephora L. (variety Robusta) [3]. It is often
consumed due to its stimulatory effects because of the high caf-
feine content present in the coffee beans and related beverages.
Furthermore, coffee is one of the largest contributors, worldwide,
to the total dietary intake of polyphenols [4].

Coffee production in Brazil

The Coffea plant is native to tropical Africa, although more than
70 countries cultivate this plant, with Brazil, Colombia, Ethiopia
and India being the leading producers [1]. Brazil is the largest cof-
fee producer, responsible for a third of all coffee consumed world-
wide and the production is mainly located in Minas Gerais, Sdo
Paulo, Espirito Santo and Bahia States [5]. The main Coffea specie
in Brazil is Coffea arabica L., but there are several varieties (sub-
species) cultivated through selective breeding or natural selection
of coffee plants. Such coffee varieties have different traits, such as,
bean size, yield, plant resistance against pathogens and matura-

tion stage [6].

The Brazilian coffee plantations are usually harvested during
the dry season from June to September, usually in one annual crop

when the coffee berries are ripe, as shown in Figure 1. In Brazil,

due to the abundant sun, the fermentation of the bean occurs when
the berries are cleaned and dried under the sun for 8 -10 days (de-
pending on the weather conditions). The beans are further dried in
rotary dryer machines until a constant moisture content. The outer
layer is then removed, and the beans are selected and left to age
for at least 6 months to develop flavor. The green beans are then
ready to be roasted and ground in order to prepare the beverage.
Brazil usually exports green coffee to be roasted in the destination

country.

Figure 1: Different maturation stages of the coffee

cherry, showing green and the mature red berries.

Roasting of coffee beans
The characteristic colour and aroma of coffee are produced

during the roasting process. Coffee oils, which accounts for 10% of
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the roasted beans, are responsible for the aroma [7]. The roasting
process can be divided into three stages: (i) drying, where most of
the moisture is removed (endothermic); (ii) roasting, where nu-
merous complex reactions take place, changing the chemistry of
the coffee beans, thereby also releasing a large amount of carbon
dioxide and producing hundreds of volatile compounds related
to the aroma and flavour of the coffee; and (iii) the cooling phase
in order to prevent the burning of the beans, using air as a cooling
agent [6-8].

Review of roasting coffee in Brazil (minerals and polyphenols)

The chemistry of roasted coffee was investigated in the litera-
ture due to the high popularity of the beverage all over the world.
Furthermore, the mineral content of roasted coffee in Brazil was
investigated not only due to the nutritional value, but also for food
authenticity [9]. A review of previous studies is presented in Table
1. All of these studies were performed with different samples of
roasted coffee, consequently the mineral levels vary, which could
be influenced by different soil conditions, harvest periods, cultiva-

tion and processing methods [10].

Mineral | Concentration (mg/kg) Reference
Mg 750-3100 [11-19]
Ca 490 - 2200 [11-21]
Mn 6.6 -320.0 [11-20,22]
Fe 12.0-617.0 [11-20,22]
Cu 0.4-30.1 [11-19]
Zn 1.2-803.0 [11-22]

Table 1: Mineral content of roasted coffee beans for selected

minerals reported in the literature (adapted from [9].

Among the organic compounds, xanthines (such as caffeine)
and antioxidant polyphenols may be responsible for the alleged
health benefits related to the consumption of coffee infusions. In
previous studies, the total content of polyphenols in coffee infu-
sions was reported to be 0.96 - 2.27 g/L [23]. The major polyphe-
nol compounds present in coffee are the chlorogenic acid group,
including caffeoylquinic acids, dicaffeoylquinic acids, feruloylquin-
ic acids and p-coumaroylquinic acids [24]. The roasting process
has an impact on the amount of chlorogenic acids in the coffee
beans. The reduction in chlorogenic acid content has been report-
ed as 8 - 10% for every 1% reduction in dry matter, resulting in
losses of 60 - 70% for medium roast and 90 - 95% for dark roast
coffee. This results in the total chlorogenic acid content of roasted
coffee ranging from 1.8 - 80 mg/kg [25-28]. The loss has been sug-
gested that this may be due to the breakage of the carbon-carbon
bonds with the high roasting temperatures, causing isomerisation
or degradation of the compounds [26]. The peaks associated with
the 3- and 4 - caffeoylquinic acids have already been reported for
the medium roast conditions and it has been suggested that this is
due to a partial hydrolysis of di- caffeoylquinic acids and the isom-

erisation of the 5- caffeoylquinic acid, which implies a decrease in

160
the amount of this compound [26,29]. The increase in the levels
of the total caffeoylquinic acids after the beginning of the roasting
process has also been reported as a consequence of the ‘pre-con-
centration’ of the roasting process (loss of moisture content and

volatile compounds) [30].

It has been reported that during the roasting process of cof-
fee beans there is a loss of water. Moreover, there is a release of
gases associated with a high internal pressure within the bean that
changes the volume and porosity of the cell walls [31]. During the
roasting, there is an expansion of the coffee bean and micropores,
and therefore a decrease in the coffee density [32]. The change in
the porosity of the beans may have an impact on the efficiency of
the chemical extraction in the coffee infusions. It has been suggest-
ed that the presence of fine micropores associated with roasting-
induced changes of the coffee bean, can allow the mobilised cof-
fee oil to migrate to the bean surface [31]. Moreover, the volume
increase of the bean and development of pores during roasting are
known to be highly dependent on the roasting conditions [33].

Conclusions

Coffee production in Brazil is responsible for about a third of all
global coffee, making Brazil the world's largest producer and ex-
porter. Coffee is one of the most commonly consumed beverages
and one of the major sources of antioxidant intake in the daily diet
in the world. Although, very little is known about the impact of the
coffee roasting process on the chemical composition of the beans
and beverages. This mini-review has shown a large variation on
the mineral and polyphenol levels for the Brazilian roasted coffee,
which could be influenced by different factors. Those important
factors are not always addressed by the studies and may influence
the chemical composition of the final roasted coffee.
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