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Abstract

In this study, volatile compounds of Antakya coffee were determined by using high vacuum distillation and gas chromatography-mass spectrometry techniques
(GC-MS). Green coffee beans were roasted up to 235°C and the samples were taken in 10 minute intervals. GC-MS results revealed the present of 36 volatiles
(5 pyrroles, 9 pyrazines, 10 furans and 9 miscellaneous compounds). Formation of thermally produced volatile compounds began at 140°C. During roasting,
not only are new volatiles formed but also the loss of previously formed ones is observed, indicating the complex biochemical changes. Amongst the volatile

compounds, furans appeared to be the most abundant ones.

Introduction

Turkish coffe is a world wide known traditional drink and is an
important part of the daily life of Turkish people. The way it is
prepared and served makes it different from the other cultures.'
In 2013, it was listed as Intangible Cultural Heritage of Humanity
by UNESCO.? According to International Coffee Organization, 45
thousand tonnes of coffee was reported to be consumed in Turkey
in 2016,> which corresponded to 920 grams of coffee per person per
year. In Turkey, coffee beans are roasted and brewed differently in
different regions. In the southern provinces, coffee with darker colour,
bitter taste and strong aroma is preferred and produced by roasting
green coffee beans at higher temperature than ordinary Turkish coftee.
Antakya coffee is one of this type as it is roasted at temperatures up to
235°C. Incidentally, unlike ordinary Turkish coffee which is served in
small cup known as fincan, Antakya coffee is served in small tea glass
known as siivari (cavalry in English).

It is well known that volatile compounds has a great impact on coffee
flavor. To date, there have been more than 1000 volatiles identified
in coffee.* Roasting of green coffee beans directly affects the coffe
aroma by degradation and formation or release of numerous chemical
compounds through Maillard reactions, Strecker degradation, break
down of amino acids, degradation of trigonelline, quinic acid,
pigments, lipids and interaction between intermediate products.®

Up until now, limited studies have been conducted on ordinary
Turkish coffee. So far, its antioxidant capacity,®’ furanic compounds,
furfural content®*® and bioactive and mineral levels'® were revealed."!
determined the volatile and aroma profile together with descriptive
analysis in boiled Turkish coffee. To the best of our knowledge, no
study has been carried out to reveal the volatiles of Antakya coffee
using high vacuum distillation technique.

Material and methods
Coffee samples

The coffee bean samples (Coffea arabica) supplied from a local coffee
producer (Oksiizler Ltd. Co., Antakya). Bean samples were taken
during the roasting at 140°, 200°, 230° and 235°C (corresponding to
every 10 minutes of roasting), which were grounded by a coffee mill
(BH259CG, BlueHouse, Turkey) before analysis.

High vacuum distillation

Fifty gram of grounded coffee samples were weighed in a Teflon
bottle and extracted with 100 mL of diethly eter using a and a shaker
(KS-15, Johanna Otto GmbH) for 20 min for each extraction. After
each extraction, the extract were centrifuged at 4000 rpm (Rotanta
460, Hettich) for 5 min. This procedure was repeated three times.
Supernatate was collected in a flask and frozen in liquid nitrogen before
applying high vacuum at 107 torr in an apparatus described by Avsar
YK."? The high vacuum distillate was dried over sodiumsulphate,
concentrated under nitrogen gas down to 1 mL before injecting to gas
chromatography-mass spectrometry.

Gas chromatography-mass spectrometry analysis

The seperation of volatiles was carried out using a Hewlett-Packard
6890 GC/HP 5973 MS (Agilent Technologies) equipped with a
fused silica capillary column INNOWax (60m in length, 0,2 mm id,
0,25um film thickness). Hellium was the carrier gas. The GC-MS
conditions were set as described by.!> Column gas flow rate was 1 mL
min. Oven programme was 40° to 200 °C increase at a rate of 5°C
min! with 5 and 45 min initial and holding time, respectively. MS
conditions were as follows: interface temperature, 280°C; ionization
energy, 70eV; mass rage, 30-330 amu; scaning rate, 2.2 scan sec’.
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Injection volume was 1 pL in splittless mode. Volatile compounds
were identified by comparing their mass spectra with the WILEY and
NIST mass spectral (MS) libraries. Results were expressed as square
root of each peak area. The experiment were repeated three times.

Results

In this study, 36 volatile compounds were identifed in total. As seen
from the chromatograms (Figure 1), the volatile profile of coffee
beans continously changed as the roasting temperature increased,
becoming more complex towards to end of roasting. In general, three
stages were observed. In the first stage, volatile comopunds began to
form when temperature exceeded 140°C and their amount and number
increased continously up to 200°C. In the second stage, between 200°
and 230°C, the fomation of new volatile compounds was observed
while the amount some of the previous ones began to decrease. In
the last stage, similar phenomenon to the second stage was observed,
i.e. formation of new compounds and loss of previously formed ones,
making the situation more complex.

Volatile compounds identified were classified into three group as
follows: (i) nitrogen containing heterocyclic compounds with 5
membered ring (pyrroles) or 6 membered ring (pyrazines, pyridines),
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(i1) oxygen containing heterocyclic compounds (furans), and (iii)
miscellanous compounds (acids, ketons, esters, etc).

From the family of 5 membered hetreocyclic compounds containing
1 nitrogen, 5 pyrroles were identified (Figure 2). 2-formylpyrrole and
2-formyl-1-methylpyrrole were the first forming pyrroles between
140° and 200°C. When temperature exceeded 200°C, pyrrole and
3-acetyl-1-pyrrole formed and their amount continued to increase
while 2-formylpyrrole and 2-formyl-1-methylpyrrole began to
decrease. At 235°C, 1-furfurylpyrrole was detected. As 6 membered
2 nitrogen containing heterocylic compounds, 9 pyrazines (pyrazine,
methyl pyrazine, 2,5-dimethyl pyrazine, 2,6-dimethyl pyrazine,
2-ethyl pyrazine, 2,3-dimethyl pyrazine, 2-ethyl-6-methyl pyrazine,
2-ethyl-3-methyl pyrazine, 2,3,5-trimethyl pyrazine) were identified
(Figure 3). Amonst those, methyl pyrazine was the most abundant one.
All pyrazines began to form within the first 10 min of roasting, that
is between 140° and 200°C, except for pyrazine which formed above
200°C. Up to 230°C, the amount of the most pyrazines increased
continuously thereafter a sharp decrease at 235°C was monitored.
Unlike pyrazines, pyridines (6 membered heterocyclic compounds
with 1 nitrogen) formed around 230°C (pyridine) or above 235°C
(3-ethyl pyridine and 1-acetyl-1,4-dihydropyridine) (Figure 4).
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Figure | Chromatograms showing the changes during roasting of Antakya coffee (a;140°C, b; 200°C, ¢; 230°C and d; 235°C).

From the family of 5 membered hetreocyclic compounds containing
oxygen, 10 furans were found (Figure 5). Between 140° and 200°C,
2-(methoxymethyl)furan, dihydro-2-methyl-3-furanone, 2-furfuryl-
I-methylsulfide, 2-acetylfuran, furfurylacetate, 2-furfurylfuran
were identified while 5-methyl-furfural, 2-furanmethyl propionate,
2-furanmethanol and 2-furaldehyde formed at higher temperatures
(200° to 230°C). Amongst them, the behaviour of 2-furfurylfuran
and 2-furanmethanol were notable. There was a sharp increase in
2-furanmethanol between 200°C and 230°C and a sharp decrease

between 230°C and 235°C. Similar behaviour was observed for
2-furfurylfuran but at lower temperatures.

Finally, there were 9 miscellanous volatiles identified (ethyl acetate,
3-methyl-2-pentanone, 3-hydroxy-2-butanone, acetic acid, acetol
acetate, butyrolactone, guaiacol, difurfuryl ether and phenol), in which
acetic acid was the most abandunt one and showed the the biggest
changes (Figure 6). Its amount increased rapidly and considerably up
to 200°C and decreased thereafter.
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Figure 2 Changes in the pyrrole content of Antakya coffee during

roasting.
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Figure 3 Changes in the pyrazine content of Antakya coffee during
roasting.
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Figure 4 Changes in the pyridine content of Antakya coffee during

roasting.
7000
6000 /ﬁ\
S 5000
: AN
& 4000 — /
=
£ 3000 /
E 2000
2 1000 -
0 . d
100 125 150 175 200 225 250
Temperature [C}
——Furan, vdroe, iyl anone —a— 2-furaldehyde
—se— 2-furfury- 1-methyl sulfide —%— 2-acetylfuran —o— furfuryl acetate
——+—E-methyHurfural 2-furanmethanal, proponate furan, 2.2'methylenebis
—+— 2-furanmethanol 1-furfuryl pyrrole

Figure 5 Changes in the furan content of Antakya coffee during roasting.

Figure 6 Changes in the miscellaneous compounds content of Antakya
coffee during roasting.

In Figure 7, the overall changes were simplified arranging the total
area of volatile compounds by their chemical class. It is clear that
there was a steady increase in each chemical class up to 200°C. As
the temperature exceeded 230°C, the amount of furans and pyrazines
began to decrease owing possibly to thermal degradation while
formation of pyrroles and pyridines tended to increase. Furans were
the most abundant volatiles at all times followed by pyrazines and
pyridines whereas pyrroles were the least formed ones.
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Figure 7 Changes in the volatile products during roasting of Antakya
coffee by chemical class.

Discussion and conclusion

It is well established that the cell structure ruptures during roasting
of green coffee beans and moisture and the aromatic compounds that
have been chemically bound are released from the beans. In parallel
with this phenomena, starch in the beans converts sugar which later
undergoes caramelization. Above 205°C pyrolysis starts giving rise to
coffee flavour which deteriorates on severe roasting.'

Volatile compounds identified in this study have already been reported
in several studies on different types coffee being mentioned in some
reviews>'* as well as Turkish coffee.! In agreement to the findings of
Sarrazin C,’ furans were the major compounds in this study.

Several complex biochemical reactions take place during roasting.
Furans forms via thermal degradation of carbohydrates, ascorbic
acid, or unsaturated fatty acids.'>'¢ Furanones are generated in coffee
mainly via Maillard reaction and subsequent aldol condensation.’
Nitrogen containing heterocyclic volatile compounds (pyrazine
and pyrroles) forms via Strecker degredation which is a reaction
between an amino acid and a-dicarbonyl with the formation of an
aminoketone that condenses to form these compounds.’ Breakdown
of hdyroxy-amino acids, viz serine and threonine, are able to react
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with a reducing sugar to form most alkylpyrazines. Pyridines also
form decomposition of an alkaloid (trigonelline) that presents in coffe
beans' and by Maillard chemistry."” Certain phenolic compounds
like phenol, guaiacol arise from thermal degradation of chlorogenic
acids (mainly ferulic, caffeic and quinic acids) and their concentration
in roasted bean is proportional to the amount of chlorogenic acids
present in green bean.”” Thermal degradation of pyroline and its
reaction with intermediate Maillard products yield pyridines, pyrroles
while thermal degradation of hdyroxypyroline and its reaction with
Maillard products give rise to fufurylpyrroles.® Pyrroles also forms
degradation of trigonelline yields alkyl-pyrridines and pyrroles.®

Breakdown of proline and hydroxyproline, that react with intermediate
Maillard products; the former gives pyridines, pyrroles and pyrrolyzines,
whereas the latter forms alkyl-, acyl- and furfurylpyrroles. Breakdown
of proline and hydroxyproline, that react with intermediate Maillard
products; the former gives pyridines, pyrroles and pyrrolyzines, where
as the latter forms alkyl-, acyl- and furfurylpyrroles. Breakdown of
proline and hydroxyproline, that react with intermediate Maillard
products; the former gives pyridines, pyrroles and pyrrolyzines,
whereas the latter forms alkyl-, acyl- and furfurylpyrroles.

In conclusion, the formation of volatile compounds during roasting
of Antakya coffee appears to be very much temperature dependent
as expected, and the situation becomes very complex with increased
roasting temperature. When 235°C was reached, the compounds for
the dark colour and bitter taste and strong aroma of Antakya coffee
are obtained. It is likely that this temperature has been set by the
local producers by trial-and-error method traditionally and therefore
the local producers avoid to exceed 235°C owing to the deterioration
of flavour. This cultural know-how could be used for geographical
labelling of Antakya coffee. It is evident that more research needs to
be done on local products like Antaky coffee, which eventually could
lead to regional development when correctly marketed.
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