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Heterocyclic amines in some Swedish cooked foods
industrially prepared or from fast food outlets and

restaurants
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Accurate assessment of human intake of mutagenic/carcinogenic heterocyclic amines (HAs) is neces-
sary for epidemiological studies and future risk assessment. Using questionnaires, the frequency of
consumption of specific dishes can be obtained at an individual level and linked to analyzed concen-
trations of different compounds in corresponding dishes. Some typical Swedish cooked meat dishes,
hamburgers and kebab, industrially prepared or from fast food outlets and restaurants, were analyzed
regarding their content of 11 different HAs. The amount of each of these compounds was below 0.1
ng/g cooked weight in most of the industrially prepared products. The total amount of HAs was hig-
hest in the kebab samples. The intake of HAs from 200 g of the dishes was estimated to range from
not detectable levels to 0.6 pg. The results of the present study indicate that the content of HAs in a
specific dish may vary with origin, and that the concentrations of HAs in commercial fried meat pro-
ducts are generally low, although some of these food items may contain elevated amounts.
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1 Introduction

Eating habits are changing in the Western world and there is
an increased tendency to rely on foods produced by the food
industry, restaurants, and fast food chains. In a survey of
eating habits in Sweden, only about 40% of those inter-
viewed claimed that they ate all their hot meals at home [1].
In another Swedish survey of eating habits, it was found
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Abbreviations: 1Q, 2-amino-3-methylimidazo[4,5-f]quinoline, CAS
no. 76180-96-6; MelQ, 2-amino-3,4-dimethylimidazo[4,5-f]quino-
line, CAS no. 77094-11-2; 1Qx, 2-amino-3-methylimidazo[4,5-f]qui-
noxaline, CAS no. 108354-47-8; MelQx, 2-amino-3,8-dimethylimid-
azo[4,5-f]quinoxaline, CAS no. 77500-04-0; 7,8-DiMelQx, 2-amino-
3,7,8-trimethylimidazo[4,5-f]quinoxaline, CAS no. 92180-79-5; 4,8-
DiMelQx, 2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline, CAS
no. 95896-78-9; PhIP, 2-amino-1-methyl-6-phenylimidazo[4,5-b Jpyri-
dine, CAS no. 105650-23-5; DMIP, 2-amino-1,6-dimethylimid-
azo[4,5-b Jpyridine; AaC, 2-amino-9H-pyrido[2,3-b]indole, CAS no.
26148-68-5; MeAaC, 2-amino-3-methyl-9H-pyrido[2,3-b]indole, CAS
no. 68006-83-7; Norharman, 9H-pyrido[3,4-b Jindole, CAS no. 244-
63-3; Harman, 1-methyl-9H-pyrido[3.,4-b Jindole, CAS no. 486-84-0;
Trp-P-2, 3-amino-1-methyl-5H-pyrido[4,3-b Jindole, CAS no. 62450-
10-3; Trp-P-1, 3-amino-1,4-dimethyl-5H-pyrido-[4,3-b Jindole, CAS
no. 62450-06-0
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that about 60% of those who ate lunch at restaurants did so
on a daily basis [2].

Heterocyclic amines (HAs) belong to a group of mutagenic/
carcinogenic compounds formed during cooking of foods,
especially muscle meat [3]. Since some HAs are considered
to be possible human carcinogens [4], much work has been
devoted to clarifying their role in the etiology of cancer.
Several epidemiological studies have shown a high meat
consumption to be associated with an increased risk for can-
cer, and it has been suggested that HAs present in cooked
meat and fish may explain some of the effect (for a review
see [5]). However, other studies have shown conflicting
results (for a review see [6]).

In order to make reliable risk estimates, there is a need for
information on the intake of HAs, and such information
may be obtained from data on levels of HAs in cooked
foods combined with data on dietary habits. The chemical
structures of some of the compounds are shown in Fig. 1.
As food preparation practices and dietary habits differ
among countries, it is important to obtain data on the
amounts of HAs in commonly eaten foods in various coun-
tries. The amounts of HAs in cooked meat vary with cook-
ing conditions, meat type, and shape of the product (for a
review see [7]), and may be influenced by the recipes, for
example, the addition of ingredients such as potato starch,
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Figure 1. Chemical structures and trivial names for some HAs.

common salt, sugar, and spices [8—12]. Marinades, brine or
seasoning that contain antioxidants, may reduce the forma-
tion of HAs [10, 13—-15].

There are a great number of reports on HAs in foods pre-
pared in the laboratory, i.e., in studies aimed at investigating
the influence of different cooking conditions on the forma-
tion of HAs (for a review see [7]). Less has been reported
on the content of HAs in foods from restaurants, fast food
outlets or ready-to-eat meals manufactured by the food
industry [16—22]. The objective of this study was to esti-
mate the content of HAs in some commonly eaten fried
meat dishes from fast food outlets, restaurants and in
industrially prepared foods ready for frying or reheating.
These data can be used together with information on dietary
habits in future risk assessments of HAs.

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2 Materials and methods

2.1 Chemicals

Solvents and chemicals were of HPLC or analytical grade.
Water was passed through a Milli-Q water purification sys-
tem (Millipore, Bedford, MA, USA). The following groups
of HAs were used as reference compounds: (i) IQx com-
pounds: IQx (2-amino-3-methylimidazo[4,5-f]quinoxa-
line), MelQx (2-amino-3,8-dimethylimidazo[4,5-f]quin-
oxaline), 4,8-DiMelQx (2-amino-3,4,8-trimethylimid-
azo[4,5-f]quinoxaline), 7,8-DiMelQx (2-amino-3,7,8-tri-
methylimidazo[4,5-f]quinoxaline), (ii) PhIP (2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine), and (iii) amino-
carbolines: Trp-P-1 (3-amino-1,4-dimethyl-5H-pyrido[4,3-
blindole), Trp-P-2 (3-amino-1-methyl-SH-pyrido[4,3-b]
indole), Norharman (9H-pyrido[3,4-b]indole), Harman (1-
methyl-9H-pyrido[3,4-b]indole), AaC (2-amino-9H-pyr-
ido[2,3-b]indole), and MeAaC (2-amino-3-methyl-9H-pyr-
ido[2,3-b]indole), and were purchased from Toronto
Research Chemicals (Toronto, Canada). The chemical pur-
ity of the synthetic references was higher than 99%, accord-
ing to the manufacturers. A mixture of the different HAs
dissolved in methanol (2 ng of each compound/uL) was
used as a spiking mixture. Materials for solid-phase extrac-
tion, diatomaceous earth, propylsulphonic acid silica (PRS)
and C,s columns (Isolute) were obtained from Sorbent AB
(Vastra Frolunda, Sweden).

2.2 Food samples

Kebab samples were obtained from two fast food outlets.
Hamburgers were obtained from a local lunch restaurant
and three fast food outlets. Ground meat and industrially
manufactured hamburgers and meat rolls intended for
reheating or frying were purchased from local supermar-
kets. The meat products were categorized into three differ-
ent groups: (A) products from a lunch restaurant or fast
food outlet, (B) cooked products intended for reheating,
and (C) ready-made or home-made products fried at home.
Specifications of the products and degree of cooking are
summarized in Table 1. The degree of cooking of the sam-
ples was judged by the colors of the surface and of the cen-
ter of the products, and was considered to be “medium
done” except for four samples that were considered to be
“well done”.

2.3 Sample preparation
The crust of the fried products (1-2 mm of the outer layer)

was removed using a scalpel, except for the kebab samples
that were very thin. All samples were freeze-dried and
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Table 1. Specification of the food products, cooking method, and level of cooking
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Food product Obtained from Ingredients Cooking method Level of cooking
A1l Hamburger Fast food chain Beef (100%) Grilled Medium
A2 Hamburger Fast food chain Beef (80%), potato, water, potato flour, common Fried Medium
salt, seasoning, potato fiber, sodium phosphate, and
potassium phosphate
A3 Hamburger Fast food chain Beef (100%), common salt, and pepper Fried Well done
A4 Hamburger Lunch restaurant,  Beef (100%), common salt, and pepper Fried Well done
in-house made
A5 Kebab Fast food chain Beef Fried Medium
A6 Kebab Fast food chain Beef Fried Medium
B7 Meat patty Supermarket Pork and beef (total meat content 67%), potato, Industrially fried, Medium
potato flour, glucose, salt, potato fiber, seasoning, chilled, reheated
onion, yeast extract, sugar, potassium glutamate,
aroma compounds, ascorbic acid
B8 Meat rolls Supermarket Pork and beef (total meat content 68%), potato, Industrially fried, Well done
water, potato flour, common salt, glucose, potato chilled
fiber, yeast extract, seasoning, onion, and garlic
C9 Hamburger Ground meat from  Beef (100%), common salt, and pepper Fried at home Medium
supermarket
C10 Hamburger Supermarket Beef (89%), water, egg, whey powder, potato flour, Industrially pre- Medium and
common salt, seasoning, and ascorbic acid pared, frozen, fried well-done
at home for
5 or 8 min

stored at —18°C until analyzed. The samples were extracted
and purified according to the solid-phase extraction method
of Gross and Griiter [23] with some modifications [24].
Briefly, the samples were homogenized in 1 M NaOH and
mixed with diatomaceous earth. Many of the products had a
high fat content and to avoid problems associated with
clogged columns, the NaOH solution was saturated with
NaCl. Ethyl acetate was used as the extraction solvent. The
method yielded two fractions, one containing IQx com-
pounds and one containing PhIP and aminocarbolines.
Extraction recovery rates for the different HAs were deter-
mined by the addition of 100 pL spiking mixture to one
sample extracted in parallel with the unspiked samples. For
each product, two or three samples were extracted and ana-
lyzed.

2.4 Identification and quantification of HAs

In a first set of experiments, the samples were analyzed by
HPLC (Varian 9010; Harbor City, CA, USA) using a photo-
diode array UV detector (Varian 9065, Polychrome) or a
programmable fluorescence detector (Varian LC 9070)
[25]. As the amounts of HAs in the cooked food samples
were low, three purified extracts containing similar samples
were pooled together. However, the complex sample matrix
contained interfering co-eluting compounds which often
made accurate quantification impossible. Thus, in the next
set of experiments, the samples were analyzed using HPLC
(Spectra-Physics P2000; San José, CA, USA) combined
with a mass spectrometer (LCQpgca ion-trap; ThermoFinni-
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gan, San José, CA, USA) as earlier described [26]. This
method was also used in an intercalibration study on deter-
mination of HAs in food products [27]. The chromato-
graphic conditions were: solvent A — water (pH adjusted to
3.5 with acetic acid)/acetonitrile, 95/5, and solvent B —
water (pH adjusted to 3.5 with acetic acid)/acetonitrile,
5/95. The effluent from the column was analyzed using
mass spectrometry with an electrospray interface. The
heated capillary temperature was set at 325°C. Nitrogen
was used as sheath gas and auxiliary gas. The MS-detector
was operated in positive mode. Analyses were achieved in
selected ion monitoring (SIM) mode. The HAs were identi-
fied and quantified with Xcalibur software (ThermoQuest,
San José, CA, USA), using retention times and mass spectra
from reference samples of known concentrations, run under
the same conditions.

3 Results and discussion

3.1 Common dishes and cooking methods

A pilot study was performed to establish the most com-
monly served meat dishes in lunch restaurants. A small
group of chefs (13) was asked to report the five most com-
monly served meat dishes and the corresponding cooking
methods. Chicken was the most common dish, followed by
meatballs, loin of pork, “Falun sausage” and meat patties.
Oven roasting was the most common cooking method, how-
ever, meat patties were usually fried. Some of the chefs
reported that they first fried the meat to obtain an appetizing
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surface and that it was then cooked through in the oven.
Studies of dietary habits in Sweden have shown that minced
meat dishes are among the most commonly eaten dishes [1,
2,28]. In a small survey on dietary habits in Sweden, frying
was reported to be the most commonly used cooking
method: 61% of the hot meat meals were fried on weekdays
and 54% on Sundays, and 55% of the main dishes included
meat on weekdays and 66% on Sundays [1]. In another sur-
vey of dietary habits in Sweden, it was found that of those
who ate lunch at restaurants, one out of four chose to eat a
dish containing a piece of whole meat; other common
dishes included minced meat or sautéed meat [2]. Based on
these data, we decided to investigate the content of HAs in
various fried minced meat products.

3.2 Identification of HAs and extraction recoveries

In the first set of experiments, the identities of MelQx, Trp-
P-1, AaC, and MeAoC in the samples were confirmed by
on-line recorded UV spectra of the compounds together
with reference spectra. The sample matrix was, however,
very complex and the chromatograms showed many peaks
originating from interfering compounds. This prompted us
to analyze the samples using LC-MS. Generally, HAs
detected with the UV detector were also detected with MS
and good agreement was found between the concentrations
of HAs determined with the two methods. Some HAs were
more frequently found with MS than with UV detection
which implies that equipment with low detection limits, for
example, LC-MS, is useful when analyzing low levels of
HAs. Another way of improving the analysis using UV
detection is to reduce the amounts of interfering substances
by the addition of an extra purification step [29], but the
recovery may be somewhat reduced.

The extraction recoveries varied with the compound and, to
some extent, also with the food product. Average recoveries
varied from 40 to 70% for the IQx compounds, 55 to 100%
for PhIP, and for the aminocarbolines the recovery varied
from 20 to 80%. When the recovery of HAs was investi-
gated using different commercial brands of solid-phase
extraction cartridges [30], the highest variation in the recov-
ery was observed for Trp-P-1 and Trp-P-2, ranging from 3
to almost to 60%, and the detection limits were estimated to
be 0.002 ng/g for most of the HAs. Using LC-MS in our
study, the limit of quantification was estimated to be
0.01 ng/g cooked product but sometimes higher depending
on the sample matrix.

3.3 Concentrations of HAs

Using LC-MS, HAs were found in all samples but one and
the results, corrected for incomplete recovery, are summar-
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ized in Table 2. The amounts are calculated as ng per g
cooked food product and are given as the average of two
determinations. The difference between duplicate determi-
nations was generally below 20%. Using only the outer
layer of the food samples increased the detection sensitivity,
however, the amounts of HAs may be slightly underesti-
mated due to the presence of low amounts of HAs in the
inner parts of the products [32, 33]. In earlier studies, the
amounts in the inner parts ranged from not detectable up to
15-30% of the total of MelQx and PhIP (for samples fried
at the highest temperatures) [32].

The concentrations of HAs ranged from not detectable
levels up to 0.40 ng/g for the IQx compounds, 0.43 ng/g for
PhIP and 0.75 ng/g for the aminocarbolines. Our data are in
the same range as those in the literature, from other studies
on HAs in minced meat products from restaurants, fast food
outlets or industrial sources, see Table 3 [16—22, 30]. For
example, MelQx has been reported to range from not
detectable up to 1.8 ng/g and PhIP from not detectable up to
18.4 ng/g [16]. Interestingly, Trp-P-1, Trp-P-2, AaC, and
MeAaC were detected in several samples in amounts up to
0.69 ng/g cooked weight. To our knowledge, the presence
of Trp-P-1, Trp-P-2, AaC, and MeAaC has not previously
been reported in this type of commercially cooked food, but
in commercial meat extracts [24]. Furthermore, data on
these aminocarbolines in laboratory-cooked minced meat
products are scarce but in general, the concentrations are in
agreement with our data (for a review, see [3]).

3.4 Various recipes and modes of cooking

The total amount of HAs in industrially fried food (meat
patty and meat roll) was lower than in fried food from the
restaurant, fast food outlets, and in the meat dishes cooked
at home. A possible explanation for this may be the use of
different and well-controlled cooking conditions in industry
where the meat is usually heated for a short time to obtain a
crust, typically by contact frying or deep-fat frying, and is
then cooked through in an oven. Frying is a common
method of cooking in restaurants and fast food outlets, as
well as in homes where cooking time and temperature may
be less well controlled. The highest levels of HAs were
found in the two kebab samples; probably the heating con-
ditions had been more extreme than for the other food sam-
ples. The influence of cooking time is illustrated by an
experiment where prefabricated hamburgers were fried for
either 5 min according to the instructions on the package or
for 8 min. The amounts of IQx compounds and PhIP in the
5 min sample were below 0.01 ng/g, while the 8§ min sample
contained up to 0.14 ng/g. These results indicate that con-
trolling the cooking time is of importance for keeping the
HA formation at a minimum level. Some of the tested prod-
ucts contained other ingredients such as common salt,
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Table 2. Amounts of HAs (ng/g cooked weight) in cooked meat products analyzed using LC-MS

Hamburger Kebab Meat roll Meat patty Hamburger
HA Al A2 A3 A4 AS A6 B7 B8 Cc9 C10 C10
(5min) (8 min)
IQx 0.02 0.05 0.14 -9 0.16 0.40 - - - <0.01 0.14
MelQx 0.02 0.06 0.18 0.029 0.14 0.24 nd nd 0.17 <0.01 <0.01
7,8-DiMelQx 0.02 nd¥ nd - 0.16 0.16 - - - <0.01 0.04
4,8-DiMelQx 0.03 0.01 nd - 0.22 0.09 - - - <0.01 0.05
PhIP 0.06 0.04 0.03 DY 0.22 0.25 nd 0.03 0.43 0.02 0.05
NH 0.13 nd 0.52 - nd 0.71 - - nd - -
H 0.01 nd 0.02 - 0.75 nd - - nd - -
Trp-P-2 0.13 0.04 0.35 0.08 0.45 0.69 nd 0.10 0.21 0.06 -
Trp-P-1 nd nd 0.62 0.09 nd nd nd 0.11 0.29 0.09 -
AaC 0.02 0.03 0.09 nd 0.52 0.12 nd nd nd nd -
MeAoC 0.02 0.01 0.05 nd 0.16 0.06 nd 0.02 nd nd -
Total 0.46 0.24 2.00 0.19 2.78 2.72 nd 0.26 1.10 0.17 0.28

a) nd, not detected

b) Not analyzed

¢) UV-detection

d) Detected, but the presence not confirmed with UV

Values are the mean of duplicate determinations and are corrected for incomplete recovery.
A, lunch restaurant or fast food outlet; B, cooked products intended for reheating; C, ready-made or home-made products fried at home

Table 3. Literature data on contents of HAs (ng/g) in commercially cooked ground meat products

Food type 1Q MelQ MelQx DiMelQx PhIP Ref.
Hamburger 0.2-1.8 nd-0.1 1.8-184 [16]
Hamburger 1.0-1.0 0.3-0.2 0.5-1.8 [17]
Ground beef nd nd nd [18]
Beefburger 0.1 0.4 0.4 0.1 nd [19]
Ground beef 0.26—0.68 0.1-0.28 nd [20]
Ground beef <0.1-0.3 nd—0.1 0.1-0.6 [21]
Ground beef nd nd nd nd 0.3 [22]
Meatballs 0.2 0.3 0.7 0.2 0.6 [19]

sodium phosphate, potato, potato flour, and/or potato
fibers. These ingredients confer a better water-holding
capacity, thus reducing the transport of precursors towards
the surface during cooking [8]. This may explain the low
amounts of HAs in these products.

3.5 Intake

The concentrations of HAs in the cooked meat dishes in our
study were used to indirectly assess the intake from eating
200 g of the food items studied. These calculations resulted
in estimates of the total intake of HAs of less than 0.6 pg.
This is in agreement with results from another study on the
content of HAs in Swedish foods in which the daily intake
of HAs was estimated to be 0.003—0.94 ug per person [19].
Other studies on the intake of HAs based on concentrations
in cooked food have revealed levels varying from 0.04 to
8.4 ng/day per person (for a review, see [5]).

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

4 Concluding remarks

For epidemiological studies and future risk assessment it is
necessary to increase our knowledge on exposure levels to
HAs. Accurate assessment of the human intake of HAs
requires data on these compounds in common cooked
foods. Our study shows that the concentrations of HAs in
commercial fried meat products are generally low, but that
some food items may contain elevated amounts. Taken
together, our data show that ingredients and cooking condi-
tions can influence the concentration of HAs in the cooked
products.

We thank MSc P Brglez and MSc T. Cucu for excellent tech-
nical assistance. This work was supported by the Swedish
Council for Forestry and Agricultural Research, The Dir. A.
Pahlsson Foundation, The Royal Swedish Society of Science
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Commission of the European Communitys specific RTD
programme, “Quality of Life and Management of Living
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Resources”, QLK1-CT99-001197, “Heterocyclic Amines in
Cooked Foods — Role in Human Health”. It does not neces-
sarily reflect Commission’s views and in no way anticipates
the Commission s future policy in this area.
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