
* Corresponding author:

Background. Many animal studies have shown that acrylamide is both neurotoxic and carcinogenic. The first reports of 
-

junction with scientists from the University of Stockholm. It has since been demonstrated that acrylamide arises in foodstuffs 
by the 

ranging from late adolescents to the elderly. 
Objectives. To determine the acrylamide level in commercial samples of roasted and instant coffee and in coffee substitutes 
by LC-MS/MS method. The influence of coffee species and colour intensity of coffee on acrylamide level was also detailed.  
Materials and methods. 
11 instant coffees and 3 coffee substitutes (grain coffee). Analytical separation of acrylamide from coffee was performed 
by liquid chromatography followed by tandem mass spectrometry (LC-MS/MS). To evaluate the colour intensity of ground 
roasted coffee and instant coffee we used method of arranging (sequence).  
Results. The highest mean acrylamide concentrations were found in coffee substitutes (818 μg/kg) followed by instant coffee 

-

the coffee species ie.  vs  or a mixture thereof. The various methods of coffee manufacture also showed no 
differences in acrylamide (ie. freeze-dried coffee vs agglomerated coffee). A significant negative correlation was observed 

Conclusions. It was demonstrated that roasting process  had the most significant effect on acrylamide levels in natural 

these products.
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manufactured on an industrial scale as a substrate for 

Numerous studies have demonstrated that acrylamide is 
neurotoxic and may damage the central and peripheral 
nervous systems (respectively CNS and PNS) in both 
animal models and humans exposed to acrylamide at 

Cell culture studies show that acrylamide is genoto-
xic and amongst other things it results in chromosomal 

Animal studies demonstrate an increase in multi-organ 

gland when acrylamide was supplied in the drinking 

Research on Cancer had assigned acrylamide to those 
substances that are ‘probably carcinogenic to humans’ 

-

exposure limits to dietary acrylamide are low for such a 
substance that exhibits genotoxicity and cancerogenicity 

 
reaction between free asparagine and reducing sugars. 
The main dietary sources of acrylamide are potato 

When foodstuff acrylamide levels were monitored 
-
-

 

 
In the latter case the acrylamide content reached a 

any data on acrylamide levels in instant coffee and in 
coffee substitutes. 

Many studies demonstrate that coffee to be a signi-

countries with a high coffee consumption. The presence 
-

acrylamide form at the initial stage and swiftly attain 

depend on the coffee species. When the acrylamide 
content of  and 

yet no effective tools available for decreasing acryla-

The aim of this study was to determine the acryla-
mide level in commercial samples of roasted and instant 
coffee and in coffee substitutes by LC-MS/MS method. 
The influence of coffee species and colour intensity of 
coffee powder on acrylamide level was also detailed.

-

coffee and 3 coffee substitutes made by various manu-
facturers. The roasted coffee samples were randomly 
selected as part of a monitoring programme in accordan-
ce with European Commission (EC) recommendations 

 
vs  vs mieszanka i ).  Sposób produkcji kawy rozpuszczalnej (liofilizowana vs. aglomeryzowana) 

-

szczególnie w tym rodzaju kawy. 
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-
pling from grocery shops and supermarkets throughout 

brands that originated from 8 manufacturers of which 
3 were Polish coffee roasting companies. One sample 
comprised at least two commercially available packages 

minimum quantity of 1 kg. The methods of sampling and 
amounts taken were in accordance with EC Regulation 

 
species (  ( ) 

instant coffee of which 9 were a mixture of  and 
. The coffee substitutes samples were principally 

composed of roasted cereals (ie. rye and/or barley) and 
chicory root. One sample contained also roasted beetroot. 
In accordance with specifications provided by manufactu-

seven were freeze-drying whilst four were agglomerated. 
All samples were transported and stored under con-

sample replicates were mixed together from which a 
representative portion was taken which then constituted 
the laboratory sample. 

The laboratory samples consisted of 1.8 to 3 g 

3 at a 

the organic layer was removed. The aqueous layer was 

incubated in an ultrasonic water bath. After cooling the 

were added. The sample was then further purified on 

so obtained was evaporated to dryness under nitrogen 
and then reconstituted in 1 ml of mixture of water and 

injection volume for chromatographic analysis. 

Acrylamide in coffee was determined a previously 
-

matographic separation was achieved by the Dionex 

with the same absorbent. Analytical conditions: flow rate 

time was 5 minutes. Detection and quantification were 

-
ve ion mode with an electrospray capillary voltage (IS) of 

-

by the peak areas under the curve originating from the 

3

3) were used for verification.  

This was performed according to an established 

Photo 1. Samples of ground roasted coffee
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were arranged by members in order of increasing inten-

a 1 to 11 one for instant coffee. Results were recorded 
in custom-made reporting cards and then analysed 
by tables where the upper division served 
to determine if there were any significantly lighter or 
darker colourings in samples amongst all those tested. 
The lower division was used to establish which of the 
samples differed. 

Results were calculated on a Microsoft Excel spre-

given as the mean ± SD. ANOVA analysis was perfor-
med to first determine if any significant differences 
existed between samples. When this proved to be the 

lay. Linear relationships were assessed by the 
correlation coefficient. 

Concentrations of acrylamide in all the sample types 
of commercial coffee studied are shown in Table 1. 

The highest mean level values was in coffee substitu-
 

whilst the lowest were for roasted coffee at 179 μg/kg 
(range: 61 – 397 μg/kg). The ANOVA analyses indicated 
that there were significant differences present between 

-

 
whilst only two were higher at 386 and 397 μg/kg (Figu-

-

 

be assumed that it the entire acrylamide content of com-
mercial products will be present in any coffee infusion. 
Taking into account the variations of acrylamide levels 

Table 1. Comparison of acrylamide level in different types of coffee and coffee substitutes   

Type of coffee
Acrylamide content

x ± SD min ÷ max x ± SD min ÷ max
ground roasted coffee1 179 ± 85a* 61 ÷ 397 a*

instant coffee 358 ± 188b b

coffee substitutes3 c c

*

1 

3  
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Figure 3. Comparison of acrylamide level in ground roasted coffee depending on the coffee species
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μg in coffee substitutes (Table 1). 
The mean amount of acrylamide present in the 

 

but as before this difference was not significant. 

freeze-dried coffee compared to agglomerated coffee 

depending on the way of production 

Type of coffee Number of 
samples

Acrylamide content

x ± SD min ÷ max
freeze-dried 7
agglomerated 

The intensity of coffee colouring in the studied 

demonstrate significant differences of intensity in 
roasted coffees irrespective of the coffee species. In 
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Figure 5. The correlation between acrylamide content in coffee and color intensity of instant coffee
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where the colour were moderately dark (197 μg/kg) or 
dark (168 μg/kg) (Table 3).  

-
tionship observed between acrylamide content and the 
intensity of colour for instant coffee (Figure 5). Less 
acrylamide was in instant coffee with the lightest colo-

or dark colourings at 381 μg/kg and 399 μg/kg respec-

(Table 3). 

The mean acrylamide content in the roasted coffee 
samples was 179 μg/kg ranging from 61 to 397 μg/kg 
depending on the product. Similar findings were obse-
rved in a study by 

Higher amounts of acrylamide were found in various 
coffee types in Denmark by  and 

-
fee contains on average 9.5 μg of acrylamide (range 7 

of drinking coffee). A smaller amount was demonstra-
et 

from 57 to 181 μg/kg coffee (the authors claiming that 

-
tions were demonstrated by and 

The mean levels of acrylamide in instant coffee were 
found to be 358 μg/kg which was twice that in roasted 
coffee (179 μg/kg). Similar results were obtained by 

 et al 

acrylamide levels in commercial products in Portugal 

than those presented were seen in instant coffee studies 
-

gher acrylamide levels (8 μg per litre of drinking coffee) 

 and 

coffee in the Danish study contained 597 μg acryla-
mide/kg of commercial product. A monitoring study 

The presented study showed that coffee substitutes 
-

mide found in roasted coffee. The results are similar 
to that demonstrated in the aforementioned European 

substitutes depend on the composition of products. 
These products contain chicory root and roasted ce-

All these ingredients contain acrylamide precursors ie. 
reducing sugars such as glucose and fructose as well as 
asparagine. The differences in acrylamide levels found 
may be accounted for by the variety of coffee substi-
tutes sampled and of having different manufacturers 
and differing raw materials that thereby influence the 

where the former is more reactive than the latter during 

by and 
differences in reducing sugars present in coffee substi-

in a given final product. 
It should be stated that none of the roasted coffee 

or instant coffee samples showed acrylamide levels 

values existing for coffee substitutes. 
Although the study showed that acrylamide levels 

were lower in  coffee than in  or mixtu-
-

by 
 and 

Table 3. Comparison of acrylamide level in roasted and instant coffee depending on the intensity of colour

Intensity of coffee color1

Number of samples x ± SD Number of samples x ± SD
*

5 168 ± 55 3 381 ± 119
5 197 ± 69

1 evaluated on the basis of tables 
*
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a study by  
coffee had significantly higher acrylamide than  

the country from which the beans originated. It appe-

 coffee than 
determining factors remain unexplained. Nevertheless 
it has been suggested that fresh  coffee beans 

 ones.
The instant coffee products that appear on the Polish 

in how the coffee is dehydrated. When coffee is freeze-

extract is dried under streams of hot air up to the moment 
that the dissolvable granules are formed. Despite such 

-
cant association between these methods of production 

acrylamide in freeze-dried coffee was not significant. 

demonstrated between acrylamide concentrations and 
the intensity of color which was consistent with other 

& 
Lower acrylamide levels in dark coloured coffee com-
pared to the light coloured ones reflect the sensitivity of 

is principally formed at the start of the roasting process 
but its content decreases the longer the roasting conti-

found not to be linked to acrylamide concentrations. 
The presented study confirms that the roasting 

process is a key factor in determining the acrylamide 
levels in the finished product. The species bean (ie. raw 

worth checking the acrylamide content in  and 
 coffee according to country of origin. 

It can be summarised that coffee forms a significant 
source of dietary acrylamide within the population of 
persons consuming high amounts of coffee. Of special 
concern is the high acrylamide levels in coffee sub-

especially in the more vulnerable population groups 
such as children and pregnant or breast feeding women. 
It is therefore vital that check values are established for 

modified accordingly in affected groups and that targe-

wide variations of acrylamide concentrations within the 

take whatever steps are necessary to reduce such levels. 

1. The study findings confirm that coffee can be an 
important dietary source of acrylamide. Amongst 

highest mean acrylamide concentrations (818 μg/kg) 
followed by instant coffee (358 μg/kg) and then by 
roasted coffee (179 μg/kg).

-
de content between coffee types or mixtures (ie. 

 vs  vs mixtures thereof) nor in the 
methods of manufacturing instant coffee (ie. freeze-
-drying vs agglomeration). 

3. We found a negative correlation between acrylamide 
levels in roasted coffee and the intensity of color of 
coffee. This was not observed with instant coffee.

roasting coffee beans is a significant factor in deter-
mining the acrylamide content in the final product. 

-
position of the raw material. 
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