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Özet
Akrilamid (AA), son yıllarda dikkatleri üzerine toplayan,
gıdaların ısıl işlem süreci sonucunda ortaya çıkan bir
bileşimdir. 1994 yılında Uluslararası Kanser Araştırmaları
Ajansı (IARC) tarafından Grup 2A’da ‘insan için muhtemel
karsinojenik madde’ olarak listelenmiştir. Kafein (CA),
önemli fizyolojik etkileri olan alkaloid grubunun azotlu bir
organik bileşiğidir. Akrilamid ve kafein tayini için literatürde
birkaç analitik yöntem vardır. Bu yöntemler GC-MS, LC-MS,
voltametri, iyon kromatografisi, FT-IR, GC-EDC, LCMS/MS ve GC-IT/MS'dir. Ek olarak, organik moleküller
metallerle kompleksleşme yoluyla tanımlanabilir. Job
Metodunun belirli bir karışımda bulunan metaller ve organik
moleküller arasındaki kompleksin oluşum hızını belirlediği
iyi bilinmektedir. Bu projede, kahve örneklerindeki CA ve AA
miktarını belirlemek için alternatif bir yöntem denendi.
Öncelikle, CA ve AA’nın Cu ve Co ile oluşturduğu metal
kompleksleri UV-VIS Spektrofotometresi ile ölçüldü ve M:L
oranı Job Metoduna göre 1:1 olarak belirlendi. Optimum
koşullar ayarlandıktan sonra, standart çözeltiler ve kahve
örnekleri 252.0 nm'de (CA için) ve 272.0 nm'de (AA için)
ölçüldü. Elde edilen verilere dayanarak, ticari kahve
örneklerinde akrilamid ve kafein miktarı belirlendi.
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Development of alternative methods for determination of acrylamide
and caffeine in coffee samples
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Abstract
Acrylamide which has gained attention in recent years is a
composition resulting from the heat treatment process of
foods. By the IARC, it is listed in Group 2A as a possible
carcinogenic substance for humans. Caffeine is a
nitrogenous natural compound of the alkaloid group, which
has crucial physiological effects. There are numerous
analytical methods within the literature for acrylamide and
caffeine determination. These methods are GC-MS, LC-MS,
voltammetry, ion chromatography, FTIR, GC-EDC, LCMS/MS, and GC-IT/MS. Also, organic molecules could be
identified via the complexation with metals. It is well known
that the Job Method is determining the formation rate of the
complex between metals and organic molecules in a certain
mixture. In this project, an alternative method was tried to
determine the CA and AA amount in coffee samples. First of
all, the metal complexes of CA and AA formed with Cu and
Co were determined as 1:1 according to Job's Method by
UV-VIS Spectrophotometer. After optimum conditions were
set, standard solutions and coffee samples were measured at
252.0 nm (for CA) and 272.0 nm (for AA). Based on the data
obtained, the amounts of acrylamide and caffeine were
determined in commercial coffee samples.
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1. Introduction
1.1. About acrylamide
Acrylamide is a white crystalline solid under room temperature. Acrylamide, which
includes a reactive electrophilic double bond and amide group, can show off both weakly
acidic and basic properties (Yıldız 2014). It is a compound that gained extensive attention
in recent years because it was discovered to be formed as a result of warmth processing
in foods. Acrylamide has chemical components of C3H5NO, and its IUPAC name is 2propenamide (Ölmez et al 2008; Alpözen et al 2012).
Acrylamide is available in two forms, monomer and polymer. Acrylamide, which is in a
monomer form, is toxic to the nervous system and is thought to be carcinogenic to
humans. The toxic effect of acrylamide in polymer forms is unknown (Arusoğlu 2015;
Yıldız 2014).
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Acrylamide is electrophilic because it has an unsaturated carbonyl group in its structure
and therefore it can easily react with nucleophilic groups commonly found in biological
molecules such as carboxylates, amines and thiols (Yıldız 2014).
Acrylamide became classified as '' probably carcinogenic to humans'' (Group 2A) by the
International Agency for Research on Cancer (IARC, 1994) and it becomes detected in
carbohydrate-rich fried or baked meals samples by the research group from the Swedish
National Food Administration (SNFA) and the University of Stockholm in 2002
(Hellenäs et al 2013). Acrylamide cause of permanent genetic damage in both humans
and animals. Long-term studies have been conducted to see the effect of acrylamide on
rats and mice. This study showed that the frequency of tumors in varied organs increases
when the animals are exposed to acrylamide. According to these studies, attempts have
been tried to be determined the possibility of developing that a human will contract cancer
due to acrylamide exposure (Hellenäs et al 2013).
Many studies have been done to understand the mechanism of formation of this chemical
after acrylamide has been included in the "probable carcinogen for humans" substance
group by IARC (Eriksson 2005). Although not all types of creation of acrylamide are
known, it is known to be formed mainly by the Maillard reaction and by some minor ways
other than the Maillard reaction, although more limited (Akgün 2019). In addition,
acrylamide can be formed from the acrolein compound, nitrogenous compounds, 3-amino
propionamide and oxidized lipids (Gökmen et al 2006; Doğan et al 2006).
There are many studies in the literature to determine the acrylamide level of foods.
According to these studies, 90% of dietary acrylamide intake results from products such
as french fries, potato chips, coffee, bread, biscuits and breakfast cereals (Svensson et al
2003; Konings et al 2003). Coffee beans are exposed to higher temperatures than other
foods. Therefore, other ways along with the Maillard reaction in coffee cause acrylamide
formation too (Akgün 2019).
The main substances involved in the formation of acrylamide in coffee are thought to be
sucrose and asparagine. The amount of asparagine of Robusta coffees is higher than that
of Arabica coffees, and the amount of acrylamide is generally higher in Robusta coffees.
The average amount of acrylamide in medium roasted Arabica coffees was found to be
230 µg / kg, and in Robusta coffees was around 500 µg / kg ‘‘Alves et al 2010’’. Roasting
time and speed affect the physical properties of coffee such as taste and color and the
amount of acrylamide (Akgün 2019).
There are several analytical methods for acrylamide in literature. Liquid chromatography
tandem mass spectrometry (LS-MS/MS), headspace solid-phase micro extraction (HSSPME) followed by gas chromatography-flame ionization detection (GC-FID), gas
chromatography coupled with electron capture detector (GC-ECD) and ion trap mass
spectrometry detector (GC-IT/MS), dispersive liquid-liquid micro extraction (DLLME)
followed by GC-ECD, high performance liquid chromatography tandem mass
spectrometry (HPLC-MS/MS) methods have been reported so far for acrylamide analysis
(Altunay et al 2016).
1.2. About caffeine
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Caffeine is an alkaloid of the methyl xanthine family. In its pure form, it is a bitter white
powder. It is found in the structure of many plant species worldwide (leaves, seeds, fruits,
etc.). The most common sources of caffeine are coffee, cocoa beans and tea leaves. It is
a naturally occurring substance. Its chemical formula is C8H10N4O2, its systematic name
is 1,3,5-trimethylxanthine (Wanyika et al 2010).
The effect of caffeine on the central nervous system is quick. It has also been observed to
increase heart rate, widen blood vessels, and increase free fatty acid levels in plasma. One
gram of caffeine is known to cause insomnia, irritability, nausea, tinnitus, and tremors
(Bhawani et al 2015).
Caffeine also raises blood sugar levels as a result of accelerating breathing. It causes the
blood vessels of the brain to constrict, thereby reducing blood flow to the brain. Caffeine
can cause benign breast diseases (non-cancerous). It can worsen premenstrual symptoms
in women who consume caffeine too much (Wanyika et al 2010).
Caffeine also stimulates the brain with similar mechanisms by increasing the release of
dopamine, the hormone of happiness, such as amphetamines, cocaine and heroin. The
reason why caffeine is addicted to humans depends on this. (Kitiş, 2011).
Caffeine is found in some of the foods and beverages we consume in daily life. Coffee is
a well-known example of caffeine sources (Belay et al 2008). The exact amount of
caffeine, contained in coffee, depends on the type of coffee bean used (Robusta beans are
known to have much more caffeine than Arabica beans), the coffee brewing method used,
the roasting time of the coffee beans, the extraction time and the temperature of the water
used. In general, roasted coffee has less caffeine amount than lighter roasts. Roasting
reduces the amount of caffeine in coffee beans, so dark-roast coffee has less caffeine than
lighter roasts (Espresso Coffee Guide 2008).
Another commonly used source of caffeine is tea. Tea actually contains more caffeine
than coffee, but since the brewing type is weaker, a typical serving contains much less
caffeine than coffee. In addition to the brewing type, the caffeine content of tea is
influenced by various variables, including the growth conditions of tea and tea processing
techniques. The amount of caffeine in tea varies according to the type of tea. The tea
preparation stage and many other factors have an important effect on the color of the tea,
a very weak indicator of caffeine content (Wanyika et al 2010).
There are several analytical methods including spectrophotometry for caffeine in
literature. High-performance liquid chromatography (HPLC), liquid chromatographymass spectrometry (LC-MS/MS), voltammetry, Fourier transform infrared
spectrophotometry (FT-IR), chemiluminescence, gas chromatography-mass spectrometry
(GC-MS), ion chromatography, capillary electrophoresis, and ultra-high-performance
liquid chromatography (UPLC) methods have been reported so far for caffeine analysis
(Turak et al 2017).
In addition to all these techniques, UV-VIS spectrophotometry can be used, which is
known to provide high accuracy and repeatability with a small number of samples. This
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method is widely used in many areas as it is cheaper and follows a simpler procedure than
other techniques. Almost all researchers can use this device (Bhawani et al 2015).
1.3. Continuous variation method
The Job method, also called the continuous variation method, is used to determine the
stoichiometry of a metal-ligand complex ‘‘Harvey 2013’’. Applications of Job method,
problems related to organometallic chemists are explained. The Job method provides
qualitative and quantitative information to stoichiometry, which is the basis of the
combination of the m molecules of A and the n molecules of B to form AmBn (Renny et
al 2013).
Let's assume that a single complex is formed between the metal ion and the ligand and
only this complex absorbs light at the selected wavelength. A series of solutions are
prepared in which the total of the ligand concentration CL and the metal ion concentration
CM is kept constant (CT = CL + CM ), and the absorbance of the complex is measured for
each solution (Taylak Bağdu, 2009).
These absorbance values are plotted against the mole fraction of the metal ion or ligand.
Two straight segments of the curves obtained are extended by extending the rising and
falling sections. The ratio of mole fractions corresponding to the cut point gives the metal
ion/ligand ratio found in the formula of the XM / XL complex. If this value is 0.5, then
ML, if this value is 0.33, then ML2, if this value is 0.25, then ML3, if this value is 0.20,
then ML4 complexes are formed (Taylak Bağdu, 2009).

2. Material and method
2.1. Material
2.1.1. Chemicals
Co (1000 mg L-1) and Cu (1000 mg L-1) Merck standards were used to apply the Job
Method. Pure acrylamide (Merck) and pure caffeine (Merck) solids were used for stock
solutions. Acrylamide (AA) and caffeine (CA) stock solutions and coffee samples were
prepared with distilled water. pH adjustments were made using 0.05 mol L-1 and 0.1 mol
L-1 NaOH solution, 0.1 mol L-1 HCl solution, and standard pH 3, pH 5, pH 7 and pH 10
buffer solutions.
2.1.2. Instruments
Thermo Scientific ORION 3 STAR pH meter was used for pH measurements to determine
the optimum conditions. Spectrophotometric measurements of the standards and the
coffee samples were made with 1 cm wide quartz cuvettes with VWR UV-6300 PC
Double Beam Spectrophotometer.
2.2. Method
2.2.1. Preparation of standard solutions
To prepare AA and CA stock solutions (1.10-2 mol L-1), 0.0355 g AA and 0.097 g CA
were weighed, after dissolving in a beaker with small portion of deionized water, it was
transferred into volumetric flasks and completed to 50 mL.
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2.2.2. Experimental procedure
1 mg L-1 AA, 1 mg L-1 CA and a mixture of containing 1 mg L-1 AA and CA solutions
were prepared. A wavelength scanning was done on UV-6300 PC Double Beam
Spectrophotometer (Table.1). AA and CA solutions were prepared in certain mixture
(0.01, 0.1, 0.5, 1, 5, 10, 20 mg L-1). An absorbance’s of the each solutions were measured
at determined wavelengths and calibration graphs were drawn for each wavelength.
According to the correlation coefficients, the optimum wavelengths for AA and CA were
accepted as 272.0 nm (R2= 0.9953) and 252.0 nm (R2= 0.9986), respectively. The
calibration graph of selected wavelengths were given in Figure.1.
Table.1 A wavelength ranges for AA, CA and AA-CA mixture
C (mg L-1)

ʎmax

AA
CA

1
1

Mixture

AA : CA

196.0 nm – 216.0 nm – 272.0 nm
204.0 nm – 252.0 nm – 272.0 nm
AA
CA
202.0 nm – 272.0 nm 252.0 nm – 272.0 nm

Figure.1 The calibration graphs of (a) CA and (b) AA solutions at optimum wavelengths
Job's Method (continuous variation method) was tried at different pH values to find the
optimum conditions for AA-Co, AA-Cu CA-Co and CA-Cu complexes (Table.2). It was
seen that the measurements taken were more suitable for the Job Method at pH 5.
Table.2 M:L ratios obtained at different pH values
pH
3
5
7
10

Co
AA
1:4
1:1
1:2
1:4

Cu
CA
1:3
1:1
1:4
1:2

AA
1:3
1:1
1:4
1:4

CA
1:1
1:1
1:2
1:2
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Co-L and Cu-L solutions were prepared for the calibration curve at identified conditions.
Absorbances of these two solutions were measured at 252.0 nm and 272.0 nm, and
calibration graphs were drawn (Figure.2). LOD-LOQ values and the standard deviation
of the least concentration were calculated (Table.3). Sample preparation was done
according to respective LOD values.

Figure.2 The calibration graphs of (a) Cu– (AA-CA) and (b) Co– (AA-CA) mixtures at
identified wavelengths

Table.3 LOD-LOQ values of complex formation procedure

LOD
LOQ
R2
SD of ˃ C

Co-(AA-CA)
252 nm
272 nm
0.0790
0.0290
0.2620
0.0960
0.9993
0.9999

Cu-(AA-CA)
252 nm
272 nm
0.7301
0.3554
2.4338
1.1849
0.9410
0.9849

0.0005

0.0000

0.00095

0.0001

2.2.3. Sample preparation
Five different commercial Turkish coffees were provided, from a low-cost brand and from
four commonly consumed brands in Turkey (Table.4). Approximately 0.5 g of weighing
was taken from each coffee sample and a known Turkish coffee cooking process was
applied with 59 mL of pure water (59 mL = about 1 volume of Turkish coffee cup). All
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coffee samples prepared without adding sugar. After the coffee samples had cooled, they
were filtered with black tape filter paper. 1 mL of sample was added to 10 mL falcon
tubes from each coffee sample. The spike concentration of metals was selected as 1 mg
L-1 Co according to the calculated LOQ values. After providing optimum pH conditions
(pH 5.0 - 6.0), the volume was completed to 10 mL. The same processes were carried out
for Cu metal also. The absorbance of the samples was measured at the identified
wavelengths (252.0 nm and 272.0 nm).
Table.4 Coffee samples details
Coffee Brand
1
2
3

Sample Code
MK
HK
KK

Weighing (g)
0.5202 ± 0.0003
0.5144 ± 0.0001
0.5020 ± 0.0003

4

KMK

0.5026 ± 0.0001

5 (caffeine-free)

KMK'

0.5016 ± 0.0002

Volume (mL)

59 mL

3. Results and discussion
The AA and CA values of the samples whose absorbance were measured were calculated
using the equation of lines from the graphs given in Figure.2 (Table.5).

Table.5 Results of AA and CA contents of samples (n=3)
with Co

with Cu

Sample
Code

CA ( mg L-1)

AA ( mg L-1)

CA ( mg L-1)

AA ( mg L-1)

MK

0.35 ± 0.0015

0.62 ± 0.0038

2.07 ± 0.0128

2.75 ± 0.0279

HK

1.68 ± 0.0032

0.11 ± 0.0005

0.97 ± 0.0063

1.85 ± 0.0133

KK

0.23 ± 0.0009

1.39 ± 0.0002

2.11 ± 0.0104

2.12 ± 0.0154

KMK

0.56 ± 0.0014

0.29 ± 0.0001

2.54 ± 0.0145

2.21 ± 0.0152

KMK'

< LOQ

0.19 ± 0.0003

< LOQ

2.28 ± 0.0005

Throughout the analysis, all measurements were carried out at ambient temperature (appr.
25 ° C) and performed at different pH values. The pH value most suitable for the Job
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Method was accepted in the range of 5.0-6.0 (Table.2) and analyzes were performed in
this optimum range.
The recovery test of all of the samples was calculated according to formula (F.1). The
recovery % results for all samples were between 56.429 to 135.714 for CA and 95.556 to
111.111 for AA.
Recovery % =

Absorbance of the spike-Absorbance of the sample
×100
Absorbance of the standard

(F.1)

Acrylamide and caffeine analysis can be done with different methods in coffee samples.
A few examples of these methods were given below (Table.6).
Table.6 Other methods for AA and CA determination
SAMPLE

METHOD

REFERENCES

Roasted Coffee (for AA)
Soluble Coffee (for CA)
Roasted Coffee (for AA)

GC-MS
ESTASI-MS
LC-MS/MS

Alves et al 2010
Tobolkina et al 2014
Bortolomeazzi et al 2012

Coffee Beans (for CA)

FT-MIR-ATR Spectroscopy
Cu and Co Complexation of AA
and CA

Yisak et al 2018

In This Work

4. Conclusion
In this work, an alternative method was tried to determine the AA and CA amount in
coffee samples. First of all, the metal complexes of acrylamide and caffeine formed with
copper and cobalt were determined as 1:1 according to Job's Method. After optimum
conditions were setted, standard solutions and coffee samples were measured at 252.0 nm
(for CA) and 272.0 nm (for AA). Based on the data obtained, the amount of acrylamide
and caffeine were determined in commercial coffee samples.
According to Food and Agriculture Organization and World Health Organization, the
amount of CA and AA that can be safely consumed has been determined as for adults 400
mg L-1 per day (for pregnancy 200 mg day-1) and 0.3 to 0.8 µg kg body weight-1 day-1,
respectively (WHO 2002; FAO 2003).
When the results compared with these values, it was observed that the amount of
acrylamide was higher than the allowable values. The last table show that all coffee
samples results of AA depends on the heat treatment steps from the bean to the product.
So that, it is clear that in the future, the parameters of analysis of the coffee's roasting
time, sugar addition and coffee cooking time should be examined.
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Symbols
GC-MS: Gas chromatograpyh - mass spectroscopy
GC-EDC: Gas chromatography coupled with electron capture detector
GC-IT/MS: Gas chromatography - İon trap mass spectrometry
ESTASI-MS: Electrostatic spray ionization - mass spectrometry
LC-MS/MS: Liquid chromatography - tandem mass spectroscopy
LC-MS: Liquid chromatograpyh - mass spectroscopy
FT-MIR-ATR: Fourier transform mid-infrared attenuated total reﬂectance spectroscopy
FT-IR: Fourier transform infrared spectrophotometry
UV-VIS: Ultraviolet–visible spectrophotometry
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