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Abstract
The aim of this project was to conduct a comprehensive monitoring of acrylamide in cocoa and chocolate products. Within 
the scope of this research work, we examined 94 semi-finished cocoa products (cocoa beans, nibs, powder, masses, and 
cocoa butter) and 269 cocoa and chocolate products (milk chocolates, chocolates, chocolates with additional ingredients, 
white chocolates, and cocoa-containing drink powders) for their respective acrylamide content levels. The range of acryla-
mide content levels determined came to < LOQ–490 µg kg−1 (LOQ, limit of quantification < 30 µg kg−1). Furthermore, 
our examinations showed that semi-finished cocoa products had higher acrylamide levels (mean value 190 µg kg−1), in the 
mean, than did cocoa and chocolate products (mean value 50 µg kg−1). In addition, it can be stated that all examined cocoa 
samples proved to have acrylamide levels distinctly below the general German signal value of 1000 µg kg−1. An individual 
German signal value or EU indicative value/benchmark for acrylamide content levels in cocoa and chocolate products is 
currently not available.
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Introduction

Cocoa and chocolate products count among the most fre-
quently consumed confectionery in Germany. In 2016, Ger-
many’s per-capita consumption of chocolate goods came 
to 9.55 kg, with the consumption of cocoa-containing food 
preparations reaching 0.46 kg. This corresponds to a total 
per-capita consumption of confectionery of 30.55 kg [1]. 
In addition to the positive components that can be found 
in cocoa and chocolate products, such as cocoa flavanols 
[2], cocoa may also contain undesirable substances, how-
ever. Hence, in the interests of preventive consumer health 
protection, it makes sense to analyse cocoa and chocolate 
products for the occurrence of process contaminants such 
as acrylamide.

Acrylamide is an α,β-unsaturated carbonyl compound 
which is used as the monomer of the synthetic poly-
acrylamide [3]. Acrylamide was first detected in various 

heat-treated, carbohydrate-rich foodstuffs in 2002. Acryla-
mide is formed during the roasting process at T > 100 °C 
[4, 5]. It is mainly formed via the Maillard reaction process 
from the amino acid asparagine and carbonyl compounds 
such as the reducing sugars glucose and fructose [6–8].

From a toxicological point of view, the intake of high 
acrylamide levels is definitely to be seen as a relevant issue: 
acrylamide was classed as a category 2A substance, “prob-
ably carcinogenic”, by the IARC (International Agency for 
Research on Cancer). The metabolisation of acrylamide also 
produces glycidamide, the latter likewise being toxicologi-
cally relevant [4, 9]. Hence acrylamide is deemed to be the 
forerunner of a previously unknown and completely new 
group of toxicological significant substances, the so-called 
“foodborne toxicants”. After a reassessment conducted in 
2013 by Germany’s Federal Institute for Risk Assessment 
(BfR), the BfR came to the conclusion that a correlation 
between carcinogenesis and the intake of acrylamide can 
neither be assumed nor ruled out [10]. In 2015, EFSA pub-
lished its first full risk assessment of acrylamide in food. 
Experts from EFSA’s Panel on Contaminants in the Food 
Chain (CONTAM) reconfirmed previous evaluations that 
acrylamide in food potentially increases the risk of develop-
ing cancer for consumers in all age groups. Evidence from 
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animal studies shows that acrylamide and its metabolite gly-
cidamide are genotoxic and carcinogenic [11].

In the interests of preventive consumer health protec-
tion, already shortly after the discovery of acrylamide as 
a “foodborne toxicant”, the German Federal Office for 
Consumer Protection and Food Safety (BVL) introduced 
so-called “Signalwerte” (signal values) for various product 
groups such as potato crisps and fine bakery wares and these 
values have been continually reduced [12]. Following the 
good example set by Germany, the EU introduced so-called 
“indicative values” for certain product groups in 2011 [13]. 
In the meantime, the European commission has adopted a 
flexible concept for regulating and minimising acrylamide 
levels in foodstuffs. This involves getting the European spe-
cialist associations to take up “best practice” guidelines in 
a so called “code of practice” and increasing the binding 
nature of the code for the industry stakeholders. In addi-
tion, the earlier “indicative values” are to serve as reference 
values for the successful implementation of minimisation 
measures (in future known as “benchmarks”) within the 
scope of the regulatory proposal. On 11th December 2017, 
the EU regulation No 2017/2158 of 20th November 2017 
establishing mitigation measures and benchmark levels for 
the reduction of the presence of acrylamide in food entered 
into force, it shall apply from 11th April 2018 [14]. The 
European benchmarks releases the signal values. Only for 
food categories with no specific benchmarks in the EU regu-
lation No 2017/2158 the German signal values keep their 
validity in the German market. No specific indicative values, 
and to date no benchmarks, have been set for cocoa and 
chocolate products.

So far hardly any comprehensive studies of acrylamide in 
cocoa and chocolate products have been conducted. How-
ever, the formation of acrylamide can occur in these food-
stuffs through the cocoa bean roasting process (at tempera-
tures of 100–160 °C). Within the scope of a corresponding 
monitoring study conducted in 2015, KÖPPEN et al. exam-
ined 140 samples (chocolates with various local content lev-
els and cocoa powders) sourced from German retail markets 
by means of HPLCMS/MS in combination with stable iso-
tope dilution analysis (SIDA). The determined acrylamide 
levels fell within a range of 9–1747 µg kg−1 [15]. KÖPPEN 
et al. additionally recommended that the dynamic minimi-
sation concept of the German Federal Office for Consumer 
Protection and Food Safety (BVL) should also be applied to 
cocoa and chocolate products.

In the EU database for acrylamide which is evaluated 
within the scope of the EFSA opinion in 2015 a total of 
44 samples called “other products based on cocoa” were 
mentioned, with a mean acrylamide level of 104 µg/kg [11].

Within the scope of an internal, unpublished study con-
ducted by the Association of the German Confectionery 
Industry (BDSI) over the period 2003 to 2005, semi-finished 

cocoa products such as cocoa and chocolate products were 
likewise examined to determine their acrylamide content 
levels. In this context, no acrylamide was detected in fresh 
cocoa beans. Acrylamide content levels of between ≤ 30 and 
700 µg kg−1 were determined in cocoa masses from 11 dif-
ferent places of origin. The mean content levels of the 23 
examined chocolate samples came to 139 µg kg−1 in the dark 
chocolates (N = 18) and 67 µg kg−1 in the milk chocolates 
(N = 5), respectively [16].

In this context, the aim of this study was to conduct a 
comprehensive monitoring of acrylamide in semi-finished 
cocoa products as well as in cocoa and chocolate prod-
ucts from the German retail market intended for direct 
end-consumer.

Materials and methods

Solvents and reagents

Acrylamide, > 99% (CAS registry number 79-06-1), was 
supplied by Sigma (Taufkirchen, Germany) and deuterium 
labelled acrylamide-d3 (99%) by LGC Standards GmbH 
(Wesel, Germany). All other chemicals and solvents were 
analysis-grade or HPLC-grade and were obtained from 
Merck (Darmstadt, Germany).

Standard preparation

Stock solutions of acrylamide standard and internal standard 
acrylamide-d3, 1 mg ml−1, were prepared in acetonitrile/
water (50/50, v/v) and stored at 4 °C. Working standard solu-
tions, for spiking samples as well as for the standard curve, 
were obtained by dilutions using acetonitrile/water (50/50, 
v/v).

Sample extraction

Analytical procedure was done according to the LCI-internal 
validated method [17]. The samples were homogenised and 
20 ml of water and 400 µl of internal standard acrylamided3 
(5 µg ml−1) were added to 2 g of the homogenised sample. 
The samples were extracted by ultrasonic treatment (15 min, 
60 °C) and 20 ml of acetonitrile was added. Clean-up of 
the extracts was performed using 500 µl of Carrez I and II 
(Potassium ferrocyanide  K4Fe(CN)6 × 3H2O, 150 g L−1) and 
Carrez II (Zinc sulphate  ZnSO4 × 7  H2O, 300 g L−1), respec-
tively, and the samples were then centrifuged (4500 rpm for 
10 min, 4 °C). Before injection into the LC–MS/MS system, 
the supernatant was passed through a syringe filter (0.45 µm, 
Roth Rotilabo Nylon).
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LC‑MS/MS analysis

Mass spectrometry measurements were performed using a 
HPLC-system 1260 Infinity™ (Agilent Technologies, Ger-
many) coupled with a Triple Quad™ 4500 mass spectrom-
eter (Sciex, Germany). The results were processed using 
an Analyst version 1.6.1 data system (Sciex). Analytical 
separation was achieved using a Lichrospher 100 CN 5 µm 
(250 × 4 mm) with a guard column 5 µm (Merck, Darm-
stadt, Germany). The elution mode was isocratic, using a 
mixture of acetonitrile and water (0.5:99.5, v/v) containing 
0.1% (v/v) of concentrated formic acid as LC eluent. The 
flow rate was 0.25 ml min−1 and the injection volume was 
20 µl. Acrylamide was identified by multi-reaction monitor-
ing (MRM) in positive electrospray ionisation mode (ESI+). 
Three different fragment ion transitions were monitored for 
both acrylamide (m/z 72→72, m/z 72→52 and 72→44) and 
the internal standard (m/z 75→75, m/z 75→58 and 75→44), 
tR = 11.6 min. The electrospray source had the following set-
tings (with nitrogen): capillary voltage 3 kV; cone voltage 
40 V; source temperature 450 °C.

Quantification of acrylamide was performed using the 
ratio of the peak area of the quantifying ion for acrylamide 
(m/z 72→52) to the peak area of the quantifying ions for 
the deuterated internal standard acrylamided3 (m/z 75→58).

Method validation

Prior to analysis of acrylamide, the LCMS/MS method was 
validated to ensure the quality of the data. The linearity of 
the calibration curve was checked by a series of standard 
solutions of acrylamide ranged from 1 to 500 µg L−1 at 
seven different concentrations. The recoveries and the rela-
tive standard deviation were studied by the prepared samples 
spiked with different concentrations of acrylamide (spiking 
levels 50–1000 µg kg−1). The method showed a good linear-
ity in concentrations ranging from 1 to 500 µg mL−1 with a 
correlation coefficient of 0.997. Limit of detection (LOD) 
and the limit of quantification (LOQ) was found to be 10 
and 30 mg kg−1, respectively. The recoveries ranged from 
91 to 97%, and the repeatability relative standard deviation 
 (RSDr) was 7%.

Quality control

The laboratory participated in various proficiency tests 
organised by the Food Analysis Performance Assessment 
Scheme (FAPAS) of the Central Science Laboratory (CSL) 
York (UK) for biscuits, Test No. 3067 (FAPAS, 2016), and 
for vegetable crisps, Test No. 3073 (FAPAS, 2017), with z 
scores of 1.2 and 1.3, respectively.

Sampling

The examined samples of cocoa and chocolate products 
possessed different cocoa content levels. The samples were 
taken first from various laboratory purchases sourced from 
German retailers (samples were drawn from October 2015 
to December 2016) and second several samples were pro-
vided by industrial companies operating in the cocoa pro-
cessing sector. The composition of the sample pool is shown 
in Table 1.

Results and discussions

Cocoa and cocoa products

The monitoring project analysed a total of 363 samples for 
acrylamide and statistically evaluated the corresponding 
findings. Our study included 94 semi-finished cocoa prod-
ucts (cocoa beans, nibs, powder, masses, and cocoa butter) 
and 269 cocoa and chocolate products (milk chocolates, 
chocolates, chocolates with additional ingredients, white 
chocolates, and cocoa-containing drink powders) sourced 
from the German retail market. The statistical results sum-
maries of the, respectively, examined product categories 
are presented in Tables 2 and 3. The distribution of the 
quantified acrylamide content levels is presented in the pie 
charts in Fig. 1 and 2. A boxplot revealing the distribution 
of acrylamide levels among the individual product catego-
ries of our research work is presented in ascending order of 
medians in Fig. 3.

The statistical evaluation of our monitoring of the semi-
finished cocoa products shows that acrylamide was detect-
able in 97% of the 94 samples examined. The content levels 
determined showed a maximum value of 490 µg kg−1 (in a 

Table 1  Composition of sample pool

a e.g. puffed rice, almonds, hazelnuts, dairy-based fillings, biscuits, 
raisins

N

Cocoa beans, unroasted 3
Cocoa powder 25
Cocoa nibs, roasted 13
Cocoa mass 50
Cocoa butter 3
Milk chocolates/-couverture 67
Chocolates/-couverture 93
Chocolates with additional  ingredientsa 93
Cocoa-containing drink powders 9
White chocolates 7
Total 363
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cocoa mass stemming from the Côte d’Ivoire), an overall 
mean of 190 µg kg−1, and a total median of 160 µg kg−1. 
The majority of analysed semi-finished cocoa products 
(61%) showed acrylamide content levels of between 101 
and 400 µg kg−1 (cf. Fig. 1).

A comparison of individual groups of semi-finished cocoa 
products listed in Table 1 shows that cocoa butter was free 
of acrylamide but cocoa masses, by contrast, had the highest 

acrylamide content levels (mean 210 µg kg−1). In compar-
ing the unroasted cocoa beans (raw, mean 70 µg kg−1) with 
the roasted raw cocoa products (nibs 200 µg kg−1, pow-
ders 180 µg kg−1, and masses 210 µg kg−1, mean values, 
respectively) it was shown that the roasted semi-finished 
cocoa products—as anticipated—had the higher acryla-
mide content levels due to their heat treatment. A further 
plausible aspect is that, compared to the cocoa nibs (mean 
200 µg kg−1), the acrylamide content levels detected in the 

Table 2  Statistical data of 
acrylamide monitoring in semi-
finished cocoa products

± RSDr
a LOD ≤ 30 mg/kg

Product N N > LOD (%) Acrylamide (µg/kg)

Range Mean Median 90th percentile

Cocoa beans, unroasted 3 3 (100) 50–80 ± 6 70 ± 5 70 ± 5 80 ± 6
Cocoa powder 25 25 (100) 40–440 ± 31 180 ± 6 200 ± 14 330 ± 23
Cocoa nibs, roasted 13 13 (100) 50–380 ± 27 200 ± 14 200 ± 14 370 ± 26
Cocoa mass 50 50 (100) 40–490 ± 34 210 ± 15 150 ± 11 400 ± 28
Cocoa butter 3 0 (0) ≤ 30a ≤ 30a ≤ 30a ≤ 30a

Total 94 91 (97) ≤ 30a–490 ± 34 190 ± 6 160 ± 6 380 ± 6

Table 3  Statistical data of acrylamide monitoring in chocolates and finished cocoa-containing products

± RSDr
a LOD ≤ 30 mg/kg
b According to the German Cocoa Regulation (KakaoVO, 2003)

Product Total cocoa dry 
weight (%)b

N N > LOD (%) Acrylamide (µg/kg)

Range Mean Median 90th percentile

Milk chocolates/milk chocolate couvertures 25 67 20 (30) ≤ 30a–90 ± 6 ≤ 30a ≤ 30a 60 ± 4
Chocolates/chocolate couvertures 35/35 93 87 (94) ≤ 30a–400 ± 28 90 ± 6 80 ± 6 160 ± 11
Chocolates with additional ingredients 93 46 (49) ≤ 30a–200 ± 14 40 ± 4 ≤ 30a 80 ± 6
Cocoa-containing drink powders 9 0 (0) ≤ 30a ≤ 30a ≤ 30a ≤ 30a

White chocolates 7 0 (0) ≤ 30a ≤ 30a ≤ 30a ≤ 30a

Total 269 153 (57) ≤ 30a–400 ± 28 50 ± 4 40 ± 3 110 ± 8

3%

30%

61%

6%
0%

≤ BG (≤ 30 µg/kg)

31–100 µg/kg

101–400 µg/kg

401–1.000 µg/kg

> 1.000 µg/kg*

Fig. 1  Distribution of acrylamide in semi-finished cocoa products. 
*German signal value

44%

45%

11%

0%
0%

≤ BG (≤ 30 µg/kg)

31–100 µg/kg

101–400 µg/kg

401–1.000 µg/kg

> 1.000 µg/kg*

< LOQ (< 30 µg/kg)

Fig. 2  Distribution of acrylamide in chocolates and finished cocoa-
containing products. *German signal value
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cocoa masses showed a mean of 210 µg kg−1. Cocoa masses 
are finely-ground cocoa nibs whose manufacture involves no 
heat treatment of any kind.

Evaluation of the acrylamide content levels in end-con-
sumer cocoa and chocolate products revealed that 57% of 
the examined samples contained acrylamide levels above 
the limit of quantification. The range of acrylamide content 
levels determined came to between < LOQ and 400 µg kg−1. 
The mean acrylamide level was determined at 50 µg kg−1 
and the median at 40 µg kg−1. The majority (89%) of the 
examined samples showed levels below 100 µg kg−1 (cf. 
Fig. 2). A comparison of the individual product groups cov-
ered by our monitoring project showed clearly that choco-
lates—due to possessing the biggest overall cocoa content 
level of at least 35% (corresponding to the German Cocoa 
Regulation [18])—had the highest acrylamide content levels 
(mean 90 µg kg−1). However, variations in the acrylamide 
content levels were not only detected between, but also 
within, the individual cocoa and chocolate product groups 
(cf. Fig. 3).

Chocolates with additional ingredients

The 93 samples of chocolates with additional ingredients 
examined within this project partly contained large amounts 
of additional foodstuffs, such as dairy-based fillings, hazel-
nuts, almonds, puffed rice, raisins, biscuits, or fruits. Fig-
ure 4 presents the acrylamide content levels detected in 
chocolates with additional ingredients, sorted by ingredients 
and shown in ascending order of each group’s respective 
acrylamide levels.

An evaluation of the individual ingredients showed that 
all chocolates containing dairy-based fillings (N = 6) were 
free of acrylamide. Similarly, only low acrylamide levels 
were detected in products containing fruits (N = 4, all ≤ the 

mean of 40 µg kg−1 for the entire product group). However, 
chocolates containing fine bakery wares, cereal products 
such as puffed rice, nuts or nougat, or chocolates with liq-
uid alcoholic fillings showed higher acrylamide concentra-
tion levels (cf. Fig. 5). Moreover, the highest contamina-
tions with acrylamide were detected in chocolates containing 
almonds or almonds covered in chocolate/cocoa powder. 
This is attributable to the comparatively high asparagine 
content level of 980–6410 mg kg−1 in almonds [19].

In conclusion, however, it can be noted that over a 
range of ≤ LOQ–490 µg kg−1 all acrylamide content lev-
els detected in the cocoa samples examined in this project 
(semi-finished cocoa products and cocoa and chocolate 
products, N = 363) lay well below the general German sig-
nal value of 1000 µg kg−1. An individual German signal 
value or EU indicative value/benchmark for acrylamide 
content levels in cocoa and chocolate products is currently 
not available.

Correlations

Based on the overall cocoa content levels stated by the 
manufacturers, the Pearson correlation was calculated to 
establish whether a correlation existed between the quanti-
fied acrylamide content levels and the overall cocoa content 
levels stated by the manufactures. Figure 5 shows a cor-
relation between the acrylamide content levels of the prod-
uct groups milk chocolates/milk chocolate couvertures and 
chocolate/chocolate couvertures in relation to the respective 
cocoa content of those samples where information on the 
total cocoa content level was available (N = 139).

Calculation of the Pearson correlation coefficient between 
the known cocoa content levels and the quantified acryla-
mide levels produced a value of 0.59 (N = 139). This makes 
it clear that although there is indeed a correlation between 

Fig. 3  Distribution of acryla-
mide content levels in different 
product categories. Statistical 
data from different series indi-
cated as N showing the 25–75% 
percentile, whiskers indicating 
minimum and maximum levels 
observed
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the cocoa content level and the determined acrylamide 
concentration, this is not a significant one. It can thus be 
deduced that, in addition to total cocoa content, there are 
additional factors which also have an impact on the forma-
tion of acrylamide and its concentration level. Possible influ-
ential factors include the composition of the cocoa beans, 
such as their asparagine and reducing sugars content, the 
well-known partially very strong origin-related variation 
during fermentation and drying, and the differing roasting 
conditions [20].

Comparison with reference data

In the monitoring study conducted by KÖPPEN et al. in 
2015 on a total of 140 cocoa products sourced from the Ger-
man retail trade, acrylamide was detected in all the examined 
samples. The quantified acrylamide levels ranged between 9 

Fig. 4  Acrylamide content lev-
els in chocolates with additional 
ingredients, N = 93 (shown in 
ascending order of each group’s 
respective acrylamide levels)
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and 1747 µg kg−1. Milk chocolates and dark/fine dark choco-
lates were analysed as having means of (90.2 ± 62.2) and 
(384.9 ± 131.7) µg kg−1, respectively. Two samples (de-oiled 
cocoa powders) exceeded the general German signal value 
of 1000 µg kg−1 [15].

Comparing the results of this project with the results of 
KÖPPEN et al., it finally can be concluded that our monitor-
ing established significantly lower acrylamide levels in all of 
the categories included in our research work. For example, 
the mean of the chocolates/chocolate couvertures examined 
by KÖPPEN et al. at 385 µg kg−1 is higher by a factor of 4.3 
than the mean of 90 µg kg−1 determined in this monitoring 
project. A possible explanation for this deviation could be 
that the monitoring conducted by KÖPPEN et al. included 
many chocolates with a total cocoa content level of 80 to 
99%. The chocolates examined within our project largely 
contained total cocoa content levels of between 50 and 70%, 
according to information provided by the manufacturers. 
Only 17 of 93 samples had a higher total cocoa content level.

The acrylamide levels detected in this study for cocoa 
powder (mean: 180 ± 6 µg/kg, n = 25) are well comparable 
with the few data mentioned in the EFSA scientific opin-
ion of acrylamide in food (2015) [11]. In this database, a 
mean acrylamide level of 178 µg/kg in cocoa powder sam-
ples (n = 13) was indicated. The other acrylamide levels in 
this database of the product category called “chocolate and 
chocolate based confectionary” (mean 73 µg/kg, n = 31) are 
hardly comparable with our results because of the unclear 
specification.

Conclusions

Within the scope of a comprehensive acrylamide monitor-
ing of a total of 363 cocoa products, we detected a broad 
range of acrylamide concentrations (≤ 30–490 µg kg−1). 
Our research shows that cocoa and chocolate products from 
the German retail market intended for direct end-consumer 
consumption contain only relatively low acrylamide levels 
compared with other foods such as roasted coffee and coffee 
substitutes, and fried potato products.

Since, based on current knowledge, no meaningful inter-
vention parameters/control points exist for reducing acryla-
mide levels within the cocoa production process and, fur-
thermore, acrylamide levels detected in end-consumer cocoa 
and chocolate products are low compared to other foodstuffs, 
the inclusion of cocoa and chocolate products in the dynamic 
minimisation concept is, in our view, not reasonable.
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