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ABSTRACT

Acrylamide is a probable human carcinogen that is formed during heating of carbohydrate-rich foods. The formation goes via the Maillard
reaction between the precursors sugars and the amino acid asparagine, and at the same time brown colour, taste and crispiness are formed.
Most mitigation strategies have been devoted to industrially prepared foods, and data on acrylamide in home-cooked foods are scarce. For
national food authorities there is a need to collect such scientific data as a basis for advice to consumers on healthy cooking. In this study,
the concentrations of the acrylamide precursors, asparagine and sugars (glucose, fructose and sucrose), were determined in four potato
varieties (‘Asterix’, ‘Bintje’, Princess’ and ‘Superb’), grown at two different locations in the south of Sweden. Nitrogen had been given at
two levels (60 and 120 kg N/ha) during growth. Potato wedges were prepared and roasted in two domestic ovens according to common
home-cooking practices and analysed for acrylamide. The acrylamide concentrations ranged from 57 to 457 pg/kg dry matter. Nitrogen
fertilisation had no significant effect on precursor content or acrylamide levels. The growth location had a large influence on the content
of sugars in the tubers and on the content of acrylamide in the roasted potato wedges. The temperature profiles in the ovens fluctuated and
differed between the ovens and our results indicate that there is a need for better temperature control in domestic ovens. For a 200 g
portion of oven roasted potato wedges, the acrylamide content may be estimated to range from 3 to 27 pg giving a significant contribution

to the dietary acrylamide intake.
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INTRODUCTION

The aims of this study were to examine the influence of
growth location and N-fertilisation on the concentrations of
asparagine and sugars in four potato varieties, and the
amount of acrylamide in potato wedges after oven roasting
using common domestic cooking practise. The potatoes
were grown at two different locations in the south of
Sweden and with two levels of nitrogen fertilization.

Acrylamide has been classed as a probable human car-
cinogen (IARC 1994) and therefore it was of great concern
to the food industries when Swedish researchers reported
high levels of acrylamide in carbohydrate rich food such as
fried potato products (Tareke e al. 2002). Acrylamide for-
mation routes have been investigated extensively and it is
generally agreed that the main way of formation goes via
the Maillard reaction between reducing sugars (glucose and
fructose) and the amino acid asparagine (Mottram et al.
2002; Stadler et al. 2002; Amrein ef al. 2003; Becalski et al.
2003; Yaylayan et al. 2003). The high levels of acrylamide
in potato products (Becalski ef al. 2004) result from a rela-
tively high amount of acrylamide precursors in potatoes
(Olsson et al. 2004; De Wilde et al. 2006). The genotype of
the potato, together with soil, fertilization and weather con-
ditions during growth, influence the initial sugar content
(Burton et al. 1989; Olsson et al. 2004; Kumar et al. 2004),
but the content of free amino acids, for example, asparagine
that is the main nitrogen source in potato tubers, is mainly
influenced by genotype (Olsson et al. 2004; Amrein et al.
2004; De Wilde et al. 2005).

Much work to minimize the content of acrylamide has
been devoted to potato crisps and French fries (Stadler
2005; Pedreschi et al. 2007), but literature data for home-
prepared potato dishes are rare (Biedermann-Brem et al.

2003; Jackson et al. 2005; Eerola et al. 2007; Skog et al.
2008; Romani et al. 2008). For national food authorities
there is a need to collect scientific data on how to reduce
the formation of acrylamide during home-cooking as a basis
for advice on healthy cooking not only for households, but
also for restaurants and catering enterprises.

MATERIALS AND METHODS
Potatoes

Three relatively new potato varieties, Asterix, Princess and Superb,
and one well established variety, Bintje, were grown at two dif-
ferent locations, Ballingslov (B) and Gétala (G), in the south of
Sweden. Fertilizers (120 kg N/ha or 60 kg N/ha), herbicides and
fungicides against late blight had been applied according locally
established practice (Hagman and Olsson 2006). The tubers were
harvested in September 2006, and after wound healing for two
weeks at 15°C, the storage temperature was slowly reduced. Then
the potatoes were stored at 6°C at 98% relative air humidity for 6
weeks. The dry matter contents of the tubers were 20-23% for all
varieties except for Princess, 15-16%.

Experimental methods

The oven roasting experiments were performed in two ordinary
household ovens (size 35%x30%45 c¢m; Cylinda and Electrohelios)
according to recipes in common Swedish cookery books; conven-
tional heating was used. Preliminary experiments were performed
to establish proper cooking conditions to obtain good sensory pro-
perties. The potato wedges were weighed before and after cooking.

The length of the tubers was 6-8 cm. The potatoes were
peeled and cut into six wedges. One wedge from each tuber was
used for the analysis of glucose, fructose, sucrose and asparagine;
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Table 1 Contents of glucose, fructose, sucrose and asparagine in tubers before oven roasting expressed on dry matter basis (n=2), and acrylamide content
in roasted wedges expressed as pg/kg dry matter (DM). The potatoes were grown at Ballingslov (B) or Gétala (G).

Variety Raw potatoes Roasted wedges
Potato Fertilisation Growth Dry matter  Glucose Fructose Sucrose Asparagine Acrylamide  Acrylamide
variety (Kg N/ha) place (%) (mg/g DM) (mg/gDM) (mg/gDM) (mg/gDM) Ovenl Oven 2
(ng/kg DM)  (ng/kg DM)

Asterix 60 B 22 5 5 2 9 106 81

120 B 21 3 3 3 9 88 68

60 G 23 18 17 7 10 257 219

120 G 23 20 21 11 10 357 286
Bintje 60 B 22 4 3 3 9 151 52

120 B 21 4 3 3 9 81 72

60 G 23 14 11 13 9 246 68

120 G 23 15 14 25 10 456 104
Princess 60 B 16 30 24 5 11 283 255

120 B 15 31 26 4 11 285 106

60 G 17 33 32 7 11 424 213

120 G 16 35 35 7 11 305 193
Superb 60 B 21 10 9 8 9 172 57

120 B 20 12 12 7 11 236 80

60 G 22 29 28 26 9 385 165

120 G 21 35 35 31 12 457 154

these wedges were immediately frozen and stored at -18°C until
analysis. The oven temperature was set to 200°C, and thermo-
couples, type K, 0.1 mm, were used to monitor the temperatures in
the ovens and at the surface of the wedges. For each potato variety,
the wedges were randomly divided and 250 g were put into an al-
minium tray; frying fat (Arla, butter and rapeseed oil, 15 mL) was
poured over the wedges. Four trays at a time were put into the
oven; the potato wedges were roasted for 60 min, and were turned
over and partly mixed after 25 min. A skewer was used to confirm
that the potatoes were cooked. The cooked potato wedges were
frozen, freeze-dried and stored at -18°C before acrylamide ana-
lysis.

Analyses

The dry matter contents of the potatoes and the roasted potato
wedges were determined as described previously (Viklund et al.
2007). The asparagine concentration was determined after deri-
vatisation using HPLC and a fluorescence detector, and the glu-
cose, fructose and sucrose concentrations using gas chromatog-
raphy and a flame ionization detector (Olsson et al. 2004). The
cooked potato samples were sent for determination of the acryl-
amide contents using HPLC.

Statistical analyses

Statistical analyses were performed using Minitab Statistical Soft-
ware v.13 (Minitab Inc., Pennsylvania State College, USA). Signi-
ficant differences were evaluated with the general linear model
followed by Tukey’s multiple comparisons test. A value of P <
0.05 was considered significant.

RESULTS AND DISCUSSION

In our study, all roasted potato wedges had an appetizing
appearance with a golden yellow surface and the wedges
were soft inside. Acrylamide was found in all cooked sam-
ples but at different concentrations, see Table 1. There was
some temperature difference between the two ovens (data
not shown), but generally the samples with the highest
acrylamide content were the same in both ovens for all vari-
eties. Performing cooking experiments in ordinary house-
hold ovens may give larger variations in acrylamide con-
tents than in laboratory-scale experiments; but there is a
need of more literature data on acrylamide in home-cooked
potato dishes as a basis for advice on healthy cooking.

One of the aims of the study was to find out if the
growth location and fertilisation level influence the precur-
sor content, and thus the acrylamide content in the cooked
product. Table 1 gives the concentrations of the precursors

41

glucose, fructose, sucrose and asparagine in the potatoes
before oven roasting. The precursors in Asterix, Bintje and
Superb, grown at location G, are at the same level as ob-
served in a previous study (Skog et al. 2008). Comparing
data within each of the two growth locations, it is clearly
seen that the fertilisation level (60 or 120 kg N/ha) did not
have any pronounced effect on the concentration of the pre-
cursors. This is in accordance with results from other stu-
dies (De Wilde ef al. 2006; Viklund et al. 2007). The levels
of glucose, fructose and sucrose showed large variations
between the growth locations for all varieties except Prin-
cess, and were significantly lowest in potatoes grown at
location B. Asterix and Bintje, grown at location B, had the
lowest content of glucose and fructose. In a Norwegian
study, two different potato varieties, Saturna and Paik, were
grown at three different locations, without fertilisation, and
some variations in the contents of reducing sugars were
observed (Knutsen et al. 2009). The levels of asparagine did
not differ significantly between varieties and growth loca-
tions. Other studies have also shown that the asparagine
content is not significantly influenced by growth location
and fertilisation levels (De Wilde ef al. 2006; Meulenaer et
al 2008; Knutsen et al. 2009). The impact of growth loca-
tion is indeed interesting and shows that such information is
important for the design of future studies on acrylamide in
potato products.

The contents of acrylamide in the roasted wedges are
shown in Table 1. The concentrations of acrylamide, ran-
ging from 52 to 457 pg/kg dry matter with the highest
levels found in wedges from Princess. The concentrations
are at the same level as found in a previous study on oven
roasted potato wedges (Skog et al. 2008). The results differ
somewhat between the two house-hold ovens, and generally
the acrylamide concentrations are higher in oven 1. How-
ever, the magnitude of the concentrations follows the same
order with a few exceptions. Interestingly, the acrylamide
concentrations in wedges made from potatoes grown at
location B were lower than in wedges from growth location
G. This is probably due to the much lower total sugar levels
in these tubers. The sugar concentration has earlier been
shown to have an impact on the acrylamide levels in for
example French fries and crips; for example, the acrylamide
content in French fries made from different potato varieties
grown in Ireland was positively correlated to the content of
fructose and glucose (Brunton ef al. 2007). Our results indi-
cate that if the sum of glucose and fructose is 10 mg/g per g
dry matter or below, see for example Asterix and Bintje
grown at location B, the acrylamide levels are less than 151
pg/g dry matter (oven 1) and 81 pg/g dry matter (oven 2).
At higher sugar concentrations, a pronounced increase of
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the acrylamide concentrations was observed. This is in ac-
cordance with results from many other studies (for a review
see Haase 2006). However, in our study we did not find a
simple mathematical relation between sugar content and
acrylamide levels.

Our data clearly show that oven roasted potato wedges
may give a significant contribution to the acrylamide intake.
The dry matter content of the wedges were 30-35% and
thus an ordinary sized portion of oven roasted potato wed-
ges (200 g), may contain 3 to 27 ug acrylamide. The intake
of acrylamide varies with eating habits, and the mean val-
ues for adults have been reported to be around 0.2-0.5 pg
acrylamide per kg body weight and day (for a review see
Viklund 2007). In a Swedish report, it was found that potato
crisps, French fries and fried potato products accounted for
36% of the acrylamide intake (Svensson ef al. 2003).

The experiments were performed using “controlled”
domestic cooking practices and the recorded temperature
profiles showed that none of the ovens had enough heating
capacity to reach the set temperature 200°C within 15 min
after loading 1 kg of wedges. Generally, the consumer is not
aware of the actual oven temperature which often can be
different from the temperature setting. There is a need for
better temperature control in domestic ovens as recom-
mendations regarding oven temperature are one of the most
critical means to reduce the formation of acrylamide in
roasted potato products.

CONCLUSIONS

In conclusion, there is a large difference between potato
varieties concerning sugar content and ability to form acryl-
amide during heating. Our results show that the growth
location had high impact on the sugar concentrations in the
tubers and on the acrylamide levels in the roasted wedges.
The sugar content was not influenced by N-fertilisation.
The asparagine content did not differ significantly between
the potato varieties irrespective of growth location and fer-
tilisation. The oven temperature which is an important fac-
tor in the formation of acrylamide may fluctuate in domes-
tic ovens and differ from the set temperature. An ordinary
sized portion of oven roasted potato wedges may give a
significant contribution to the intake of acrylamide.
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