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The coffee plant has more than 60 varieties. Of these, two have commercial importance: Arabica and Robus-
ta. The flower of the plant is white and when the fruit is ripe, it has a dark red or yellow colour and is the 

same size as a cherry. The growing environment has a big impact on the flavour and aroma of the final product. 
The Arabica variety has its origins in Ethiopia and the Robusta plant originates in Congo. Both of these vari-
eties have spread around the Equatorial zone, also called “the bean belt”, which has optimal coffee growing 
conditions. The world’s top coffee producers are Brazil, Colombia, Vietnam, Indonesia and India, while the top 
consumers are Norway, Finland, Denmark, Italy, Turkey and Brazil. 

THE ROASTING PROCESS

Roasting is the most important step in coffee processing as this is how beans get their aromatic charac-
teristics. Coffee beans are roasted, at 200-230°C for 16-18 minutes. They lose 18-20% of their weight and 

they also change the colour from green to dark brown. In the process, some chemical reactions happen (e.g., 
caramelisation of sugars and fragmentation of chlorogenic acids). Large molecules break into smaller and give 
coffee aroma. Chlorogenic acids are formed by caffeic and quinic acids. Chlorogenic acids form vanillin, mela-
noids and quinlactone, which  give coffee its bitter taste and characteristic aroma.

AROUND THE WORLD

Coffee is a very popular drink all around the world. Different cultures have different ways of drinking coffee. 
People in Mexico and Morocco mix their coffee with a lot of spices. Mexican coffee is called Café de Olla. 

In Australia and Italy, espresso is the most common type of coffee. In Italy, espresso uses finely ground coffee 
beans and is made in a machine using high pressure steam. In Australia, espresso is mixed with steamed milk 
and has a thin layer of microfoam, this is called a Flat White. Both Germany and Ireland mix their coffee with 
some type of alcohol, sugar and whipped cream. In Germany they add rum and in Ireland whiskey. In Greece 
they drink a refreshing type of coffee called Frappé, in which they also add water and ice. 

HISTORY

The word coffee comes from the Arabic word “qahwa”. The coffee plant was discovered by an Ethiopian 
herder whose goats ate coffee berries and became really excited. This caught his attention and he tried to 

make a drink with coffee berries. However, it was a local monastery that made the drink famous. It later spread 
in the Arabian Peninsula, namely Yemen, and from there coffee became popular in other countries such as Per-
sia and Turkey. Many Muslims visiting the holy city of Mecca tasted the drink of coffee there for the first time, 
where it was called “Arabian wine”. Later in the 17th century, the drink came to Europe and it became popular 
here. Pope Clement VIII, was the first to be interested in the drink. From there, popularity gained momentum in 
Europe. Nowadays, coffee is the second most popularly traded commodity (oil being the first).

TRIESTE: THE CITY OF COFFEE 

In 1719 Trieste became the main port of the Habsburg Empire with a tax-free status. The continuous docking 
of ships full of green coffee was soon followed by the opening of coffee shops. This led to the creation of 

trade and roasting companies, so that in the early 1900s the first national coffee exchange was inaugurated in 
Trieste. Still today about 30% of the coffee imported into Italy passes through the port of Trieste. In numbers: 
40,000 square meters of warehouses used, 10,000 containers handled per year, 1,000,000 bags (60 kilos each) 
of coffee beans. Towards the middle of the 19th century, European cafés became a meeting point for intellec-
tuals, places where they met and discussed important topics, literature, art and contemporary events. Every 
literary or political movement in the city had its favourite café. 

For a foreigner, ordering a coffee at the bar is not easy, because over the years the people of Trieste have 
changed and invented the names of the orders, thus creating a complex code to be deciphered.

OUR COFFEE EXPERIENCE

The programme included the visit to the café San Marco because it is one of the oldest coffee shops and 
literary cafés in Trieste. After listening to the café manager, Mr.  Alexandros Delithanassis, present-

ing the history of the café, we tried different types of coffee (Capo in b, Cappuccino, Espresso). The work-
ing of the different machines was also explained and at the end we tried to discern the different aromas.  
The visit to Primo Aroma offered insights into how the coffee industry works and how different aromas can be 
obtained by roasting. We got to see how coffee is prepared almost from scratch and we talked about the history 
of coffee and how different countries prepare and drink different types of coffee. 

SAN MARCO

The Caffè San Marco is a historic café in Trieste. Founded in 1914, the café is famous for being one of the 
city’s main meeting places for intellectuals such as Italo Svevo, Umberto Saba, James Joyce and others. 

Also women and children were allowed to spend time at the café when this was not often the case elsewhere. 
In 1915, a group of soldiers from the Austro-Hungarian army broke into the café, ravaged it and closed it down 
permanently. From the end of the First World War until the end of the Second World War, San Marco was com-
pletely neglected. The turning point came after the Second World War, when the café underwent a series of 
restorations. Both the furnishings and the aesthetic decoration of Caffè San Marco reflect the style of the Vien-
nese Secession. The decorations on the ceilings and walls feature coffee leaves and flowers. There are many 
references to Venice, like the lion-head decorations (the symbol of Venice) and paintings, which were used by 
the Austrians as proof of the presence of Italian patrons.

PRIMO AROMA

The visit to Primo Aroma began with an espresso tasting. Coffee beans were then passed around to look, 
smell and taste so as to understand the difference between raw and roasted beans. During a tour around 

the roastery, one of the two owners, Mr. Fabrizio Polojaz showed how raw beans are roasted. The first step of the 
process includes roasting the beans in an oven at around 220 degrees Celsius for 16 to 18 minutes. The differ-
ent types of coffee beans were roasted separately and in different batches. Once an  expert coworker, Riccardo, 
decides that the beans are done roasting by the smell, look and sound, they are quickly cooled. Waste products, 
such as stones and sticks are filtered out and the beans are transported to storage. The correct blend of coffee 
beans for every type of coffee is calculated in order to obtain the right taste, smell and “crema”. The blend is 
either ground or not, and then packaged to be sent out to the world.
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ABSTRACT

Coffee is one of the most worldwide consumed beverages and its market is the second bigger in the world 
(after crude oil). One of the most characteristic molecule in coffee is caffeine (FIGURE 1) and the purpose 

of the laboratories was to detect its presence in different solutions. The used method was the extraction of caf-
feine from coffee and tea with dichloromethane, which allows to obtain raw caffeine in a non-quantitative way. 
The presence of caffeine was then demonstrated with the qualitative murexide test and a further UV spectros-
copy analysis confirmed the presence of caffeine also in energy drinks (Coca-Cola and Red Bull).  

INTRODUCTION

Coffee is made up of more than a thousand substances (FIGURE 2). Caffeine is a compound found in coffee, 
tea, cola, guarana, mate, and other products. It belongs to the family of heterocyclic compounds known as 

purines, its chemical formula is C8H10N4O2 and its IUPAC name is 3,7-dihydro-1,3,7-trimethyl-1H-purine-2,6-
dione.

 Figure 2: table with coffee composition

Coffea arabica Coffea canephora (robusta)

CAFFEINE 1,2-1,5% 2-4%

CHLOROGENIC ACIDS  5,5-8,0% 7,0-10,0%

LIPIDS 15-17% 10,5-11,0%

SUGARS 6,0-9,0% 3,0-7,0%

OTHERS
sotolon

abhexon
furaneol 

2,3-dimethyl-5-ethylpyrazine 
2,3-diethyl-5-methylpyrazine 

4-methylguaiacol

FLAVOUR sweet caramel
spicy with earthy notes

more acid taste

Caffeine stimulates the central nervous system, causing increased alertness, giving most people a tempo-
rary energy boost and better mood. It is also used in drugs in combination with painkillers (such as aspirin) 
and for treating migraine headaches.

Caffeine and theine are the same molecule: they have the same chemical formula and structure. When found 
in coffee beans it is referred to as caffeine, when found in tea plants leaves it is referred to as theine. There is, 
however, a quantitative difference between the two. A cup of espresso coffee can hold up to 80 mg of caffeine 
while a cup of tea about 30-40 mg of theine.

Caffeine stimulates the central nervous system, causing increased alertness, giving most people a tempo-
rary energy boost and better mood. It is also used in drugs in combination with painkillers (such as aspirin) 
and for treating migraine headaches.

Caffeine and theine are the same molecule: they have the same chemical formula and structure. When found 
in coffee beans it is referred to as caffeine, when found in tea plants leaves it is referred to as theine. There is, 
however, a quantitative difference between the two. A cup of espresso coffee can hold up to 80 mg of caffeine 
while a cup of tea about 30-40 mg of theine.

PROCEDURE

Caffeine extraction: The aim of this experience is to extract caffeine from coffee and tea with dichlorometh-
ane, which is a very specific solvent for caffeine. The main part of the lab experience is a liquid-liquid 

extraction and separation in a separatory funnel. 
In the first step water and CaCO3 are added to coffee or tea and the mixture must boil 20 min (FIGURE 

3). CaCO3 binds some molecules like tannins, which are co-extracted with caffeine and neutralizes the acidic 
components creating a precipitate, which is easy to separate with a filtration with a paper filter (FIGURE 4).

The filtrate contains a mixture of caffeine and other organic compounds (chlorogenic acids, chlorophyll). 
Caffeine is extracted from the filtrate with dichloromethane which is a chlorinated organic solvent, with a high 
affinity to caffeine. In the separatory funnel 3 phases are present (FIGURE 5): the caffeine is in the organic 
phase (the lower one), the water phase contains other coffee components (the upper one) and an emulsion is 
formed in the middle. The organic phase is collected, the solvent evaporated in order to obtain the raw caffeine 
(FIGURE 6).

FIGURE 3 FIGURE 4

solid-liquid extraction of caffeine from ground coffee filtration

FIGURE 3 FIGURE 4

liquid-liquid extraction of caffeine with CH2Cl2 obtained raw caffeine after solvent evaporation 

Murexide test: Caffeine is a xanthine base, very similar to other  molecules like theobromine and theoph-
ylline. They all have a double heterocycle with nitrogen atoms - one of the two cycles can be oxidized, form-
ing a mixture of compounds, after that, a spontaneous condensation reaction occurs and an orange product is 
formed (FIGURE 7). By adding ammonia we can obtain the ammonium salt of purpuric acid called murexide, a 
pink-red coloured molecule (FIGURE 8).

With this reaction, as the strong colour is formed, we demonstrate the presence of caffeine in different solu-
tions. 

FIGURE 7 FIGURE 8

orange intermediate product pink-red coloured murexide deriving from caffeine

UV analysis: UV spectroscopy is an analytical method that can be used for both quantitative and qualitative 
analyses. Light is sent to a mixture and different molecules interact in different ways with different light wave-
lengths. The energetic value (wavelength) and the intensity (absorbance) of interaction with light are connect-
ed respectively to the molecular structure and concentration. 

Caffeine has its maximum of absorption at wavelength 273 nm, so a scan spectrum in the range 220-440 nm 
was made. With this method it is possible to determine the presence of caffeine in various drinks (FIGURE 9). 
For a quantitative analysis a lot of repetitions on different concentrations are needed and also a pure sample of 
commercial caffeine as standard is needed.

FIGURE 9A FIGURE 9D

FIGURE 9B FIGURE 9E

FIGURE 9C FIGURE 9F

FIGURE 9:  UV spectra (λ = 220-440 nm) for a) caffeine capsule (standard); b) extracted caffeine; c) Red Bull; d) 
Coca-Cola; e) tea; f) coffee

RESULTS and CONCLUSION

Caffeine was extracted from two types of coffee and from black tea. The extracted raw caffeine was tested 
through the murexide test and UV spectroscopy. The first test proved that the substance extracted from 

coffee and tea was in fact caffeine, with smaller residues of other substances, since the mixture turned pink. 
The results from the UV spectroscopy showed that the maximum wavelength of the sample was 273 nm, which 
is consistent with caffeine’s absorbance wavelength (as reported in literature). The presence of caffeine was 
demonstrated in the energy drinks Red Bull and Coca-Cola and in the two types of coffee and tea as all the 
drinks’ spectra have a peak of maximum absorption at 273 nm (±2 nm) thus confirming the presence of caf-
feine in all of the drinks. With a qualitative confrontation we can also affirm that Red bull contains more caffeine 
than Coca-Cola and we can observe a lower concentration of caffeine in coffee and tea after the extraction 
procedure. 

SCIENCE in a 
CUP of COFFEE
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