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Acrylamide belongs to Group 2A as a probable 
human carcinogen according to the classification 
of International Agency for Research on Cancer 
(IARC) [1]. This compound arises from naturally 
occurring components in the process of Maillard 
reactions in thermally treated foods. Acrylamide 
has been found in a wide variety of foods includ-
ing those prepared industrially, in catering and at 
home. It is found in staple foods such as bread, po-
tatoes as well as in some specialty products such as 
crisps, biscuits, and coffee. Acrylamide is formed via 
the reaction of non-essential amino acid L-asparag-
ine with reducing saccharides such as fructose and 
glucose at temperatures higher than 120 °C [2, 3]. 
The pathway of acrylamide formation has been 
extensively studied and key pa rameters of mitiga-
tion have been established. These include tempera-
ture and time of heat treatment, contents of amino 
 acids and saccharides in raw materials, moisture, 
pH during the reaction, presence of additives such 
as inorganic salts, enzymes, amino acids, proteins 

etc. [4-7]. Based on this knowledge, many meth-
ods for acrylamide reduction or elimination have 
been proposed which are summarized in “Acryla-
mide Toolbox” published by the Confedera tion of 
the Food and Drink Industries of the EU (CIAA) 
[8]. However, owing to the vast range of different 
recipes, ingredients and processes used in the man-
ufacture of high-acrylamide products, there is no 
simple way to reduce acryl amide formation.

Among the number of parameters affect-
ing the level of acrylamide in foods, the effect of 
antioxidants has not yet been described satisfac-
torily. Studies conducted so far indicate that the 
addition of antioxidants and radical-scavenging 
compounds resulted in an ambiguous effect on 
acrylamide reduction [9-11]. Rare application of 
spices showed a 25% reduction of acrylamide in 
potato slices with the addition of rosemary herb 
into the olive and corn oil used for frying, but the 
mechanism of this action was not described [12]. 
VATTEM and SHETTY [13] used fried potato slices 
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MATERIAL AND METHODS

List of spices
Pimento (Pimenta dioica), black pepper (Piper 

nigrum), marjoram (Origanum majorana) and 
oregano (Origanum vulgare) were purchased as 
dried spices from a local market in consumer pack-
ings.

List of chemicals
Acrylamide analytical grade (Serva Fein-

biochemica, Heidelberg, Germany), starch from 
potatoes (Fluka Chemie, Buchs, Switzerland), 
D-glucose monohydrate for biochemistry (Merck, 
Darmstadt, Germany), L-asparagine monohydrate 
99% (Sigma Aldrich Chemie, Buchs, Switzerland), 
2,3,3-D3-labelled acrylamide 98% (Cambridge 
Isotope Laboratories, Andover, USA), eugenol 
for synthesis (Merck Schuchardt, Hohenbrunn, 
Germany), methanol HPLC grade (Sigma Aldrich 
Chemie), deionized water (HP 340 Deionizer, Pu-
rite, Thame, United Kingdom).

Design of the experiment
Spice extracts were prepared in the following 

way: 2 g of dried ground homogenized spices were 
extracted with 50 ml of a methanol-water mixture 
(4:1; v/v) for 1 h at laboratory temperature using 
a laboratory shaker (Innova 2000, New Brunswick 
Scientific, Edison, New Jersey, USA) at 3.3 Hz and 
then all extracts were filtered. Antioxidant capacity 
of spice extracts was determined before heat treat-
ment by the assay described in detail previously 
[19] and expressed as antiradical DPPH-scaveng-
ing capacity, thiobarbituric acid number, reducing 
power, and total phenolic compounds. The extracts 
were added to the model potato matrix, thorough-
ly stirred, and the solutions in sample tubes sealed 
with Teflon caps underwent heat intake at 180 °C 
for 20 min (Thermochem Metal-block, Thermo-
stat Liebisch Labortechnik, Bielefeld, Germany). 
Model potato matrix consisted of the equimolar 
mixture of L-asparagine monohydrate and D-glu-
cose monohydrate (0.2 g), potato starch powder 
(1.0 g), and the extracts themselves (4.0 ml). In 
case of eugenol testing, solution of eugenol of dif-
ferent concentrations were added to the model 
matrix. After the heat treatment, the sample was 
cooled to laboratory temperature and acrylamide 
was extracted with 2 × 5 ml of methanol in an 
ultrasonic bath (Teson 1, Tesla, Banská Bystrica, 
Slovakia) at 60 °C for 20 min and centrifuged at 
500 × g for 5 min (MLW T52.1, MLW Zentrifu-
genbau, Engelsdorf, Germany). All samples were 
prepared in triplicates. Acrylamide was analysed 
by GC-MS (Agilent 6890/MSD 5973 inert, Agi-

previously treated either with phenolic antioxi-
dants from cranberry and oregano or coated with 
chickpea batter. They showed that formation of 
acrylamide in fried potato chips is not an oxida-
tive phenomenon and can be reduced by the pro-
tective effects of chickpea proteins. Phenolic anti-
oxidants stimulated the formation of acrylamide 
with oregano or did not change with cranberry ex-
tracts. Oregano has also been reported to possess 
strong antioxidant capacity [14]. FERNANDEZ and 
co-workers [15] studied the possibility of reduc-
ing the formation of acrylamide in potato chips by 
adding a flavonoid-containing spice. The addition 
of flavonoids caused a decrease in acrylamide con-
tents by about 50%. It is possible that flavonoids 
can react with acrylamide precursors both in lipid 
oxidation and in Maillard reaction routes and thus 
significantly reduce acrylamide formation [15]. As 
a pioneer contribution to the reduction of acryla-
mide in various foods by natural antioxidants, the 
addition of antioxidants of bamboo leaves (AOB) 
to potato crisps and French fries can be consid-
ered. It has been reported that approximately 
75% reduction in acrylamide was achieved by the 
addition of 0.1% and 0.01% (w/w) AOB, respec-
tively [16]. However, even this case was ambiguous 
since results of acrylamide contents in both potato 
crisps and French fries showed opposite concen-
tration-dependent relationships in different ranges 
of AOB treatments. Such reverse tendencies may 
relate to the inherent property of antioxidants and 
the antioxidant capacity of food matrices, which is 
called “antioxidative paradox” [16]. Recently, the 
suppressing effect of rosemary extract on the acry-
lamide contents was confirmed [17] as well as that 
of green tea flavonoids epicatechin or epigallocate-
chin gallate in an aqueous food model. A different 
point of view was applied by SUMMA et al. [18] who 
found a direct correlation between the concentra-
tion of acrylamide and the antioxidant capacity 
in cookies and demonstrated that combined long 
baking time, high protein content in the samples 
and low moisture could simultaneously increase 
the acrylamide level and the antioxidant capacity 
in the cookies.

The work reported here focuses on the reduc-
tion of acrylamide in a heated potato model ma-
trix by addition of methanol-water extracts of four 
spices (pimento, black pepper, marjoram, and 
oregano). Antioxidant capacity of these extracts 
was determined by four assays (determination of 
DPPH-scavenging capacity, thiobarbituric acid 
number, reducing power, and total phenolic com-
pounds). Finally, correlation between the antioxi-
dant activities of spice extracts and their impact on 
acrylamide reduction was demonstrated.
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lent Technologies, Santa Clara, California, USA) 
in NCI mode at conditions established previously 
[20]. Analyses were done running in duplicates.

RESULTS AND DISCUSSION

Impact of spice extracts on acrylamide contents 
in a model potato matrix

Analysis of acrylamide contents showed that 
addition of each spice extract resulted in a signif-
icant reduction of the acrylamide contents. The 
most pronounced decrease (75%) was observed 
with the application of pimento extract. Oregano 
and marjoram extracts caused a decrease of ap-
prox. 60% and the black pepper extract caused 
a decrease of approx. 50% (Fig. 1). These results 
suggest that there is a real possibility of minimiz-
ing the acrylamide contents by the addition of 
natural antioxidants, which was observed in some 
cases in previous studies [15, 16]. Although the 
mechanism of the effect of antioxidants on acry-
lamide level has not been explained yet, one hy-
pothetical mechanism contributing to the acryla-
mide formation is a pathway via acrolein, which 
is formed by the degradation of lipids, mainly oxi-
dized fatty acids or glycerol. Acrolein may react by 
oxidation to generate acrylic acid or by formation 
of an intermediate acrylic radical [12]. Both inter-
mediates could then induce acrylamide formation 
in the presence of nitrogen source under favour-
able reaction conditions. Therefore, the addition 
of antioxidants seems to block the oxidation of 
acrolein to a certain extent and further reduce the 
generation of acrylamide. However, in the absence 
of lipids, as in the case of this study, the mentioned 
blocking mechanism cannot be considered. An al-
ternative to the proposed mechanism involving in-
teraction of reactive saccharide fragments with the 
conjugate system of polyphenols, is a mechanism 
in which the polyphenols scavenge free radical 
fragments of saccharides otherwise being interme-
diates in a reaction sequence leading to acrylamide 

[21]. Different elimination reactions are also pos-
sible since the polymerization of acrylamide can 
be initiated by heat or peroxide radicals [17] or by 
inorganic salts [6, 7].

Antioxidant capacity of spice extracts
For the clarification of differences in the effect 

of particular spices on acrylamide contents, anti-
oxidative properties of all extracts before its use 
in model mixtures were determined. These prop-
erties were expressed as DPPH radical-scavenging 
capacity, thiobarbituric acid number, a measure-
ment of reducing power (ability of the extract to 
reduce Fe3+ to Fe2+), and the determination of to-
tal phenolic compounds expressed as the amount 
of gallic acid. By the above mentioned methods, 
pimento extract was found to show the highest 
values in all parameters except for total phenolics 
contents, while black pepper extract displayed the 
lowest values in all parameters except for the re-
ducing power (Tab. 1).

Finally, the relationship between particular 
antioxidant capacity of spice extracts and the acryl-
amide level was attempted to be defined (Fig. 2). 

Tab. 1. Antioxidant activity of the spice extracts before heat treatment.

Thiobarbituric number* DPPH [%] Reducing power** Total phenolic compounds***

Pimento 0.3068 ± 0.0072 77.11 ± 1.34 1.926 ± 0.021 1931 ± 71

Marjoram 0.2410 ± 0.0038 65.48 ± 0.12 1.797 ± 0.039 2251 ± 21

Oregano 0.2005 ± 0.0040 58.79 ± 1.25 1.536 ± 0.005 1918 ± 46

Black pepper 0.0828 ± 0.0043 46.67 ± 0.74 1.657 ± 0.037 377 ± 9

* - thiobarbituric acid number expressed in absorbance units at 532 nm, ** - reducing power expressed in absorbance units 
at 700 nm, *** - total phenolic compounds expressed as mg equivalent of gallic acid per 1 l of the extract.

Fig. 1. Effect of the spice extracts on acrylamide 
contents expressed as mmol acrylamide per mol 
asparagine in model potato matrix after heat treatment 
(180 °C, 20 min).
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The best correlation was ascertained at DPPH-
scavenging capacity, reducing power and thiobar-
bituric acid number with correlation coefficients 
r = –0.996, –0.978, and –0.919, respectively. Slight-
ly weaker correlation was found with total phenol-
ic compounds (r = –0.854). It means that higher 

antioxidant capacity of the extracts before the heat 
treatment resulted in a larger suppression of the 
generated acrylamide. These results point out that 
spices have a good potential to reduce acrylamide 
during the heat treatment probably due to their 
high antioxidative properties. Actually, these most 
efficient spices include high levels of phenolic com-
pounds such as eugenol in pimento, and carvacrol 
in marjoram and oregano, which is the reason of 
their high antioxidant capacities [22]. Eventually, 
a relationship was found also between concentra-
tion of added eugenol itself and the generated 
acrylamide (Fig. 3), which confirmed the liabil-
ity of phenolic compounds in the suppression of 
acrylamide. Interestingly, the effect of flavonoids 
epicatechin and epigallocatechin gallate on the 
Maillard reactions, to form adducts with saccha-
ride fragments due to a carbonyl-trapping capacity 
of the compounds, was reported recently [17]. The 
presented results suggest that polyphenolic com-
pounds and radical-scavenging antioxidants may 
inhibit acrylamide formation in a similar way as 
they inhibit Maillard reactions.

Fig. 2. Correlation between acrylamide contents (as mmol acrylamide per mol asparagine) after heat treatment 
(180 °C, 20 min) and DPPH-scavenging activity (A), reducing power expressed in absorbance units at 700 nm 
(B), thiobarbituric acid number expressed in absorbance units at 532 nm (C), and total phenolic compounds 
expressed as mg equivalent of gallic acid per 1 l of the extracts (D) added to the model potato matrix.

Fig. 3. Correlation between eugenol concentration 
and acrylamide contents after heat treatment (180 °C, 
20 min) in the potato model matrix.



 Acrylamide mitigation by spice antioxidants

 5

CONCLUSIONS

In this study, a positive effect of the addition 
of methanol-water extracts of spices on the sup-
pression of acrylamide formation was observed, 
and a correlation between antioxidant capacity of 
these extracts and the acrylamide level was ob-
served. The role of eugenol as an important phe-
nolic compound frequently present in spices was 
also confirmed.
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