
Abstract

High consumption of meat was shown to be positively associated with increased risk of some types 
of cancer. Meat could be involved in carcinogenesis via carcinogenic substances related to cooking 
and processing, e.g. nitrate, heterocyclic amines, polycyclic aromatic hydrocarbons. The evaluation of 
exposure to carcinogens from the diet is estimated using food frequency questionnaire and instrumental 
analysis. However, there is a lack of methods suitable to use by individual consumer enabling individual 
dietary hazards assessment. The purpose of this paper was to introduce the fast estimation method of 
dietary exposure risk to cooked meat-related carcinogenic substances, which could be easy to use by 
individual consumer. The method was based on special, formula which includes factors related to meat 
processing and cooking involved in carcinogens formation. It allows to calculate the hazard category and 
shows cooking procedures which lower the risk. The method may be helpful for every family to reduce 
intake of meat-related carcinogenic compounds, thus decreasing the risk of cancer.
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Introduction

Meat, especially red, is an important component of so called 
Western style diet [1]. In developed Western countries meat is 
consumed everyday. Average meat consumption is ca. 100 kg per 
person per year (in Europe ca. 80 kg, in USA ca. 125 kg). In contrast, 
average meat consumption in developing countries is ca. 30 kg per 
person per year or less [2]. Diet contains high meat level shows many 
nutritional benefits. Meat is very good source of protein, iron, zinc, 
B-vitamins and vitamin A. The bioavailability of iron and folate from 
meat is higher than from plant foods such as grains and vegetables. The 
weakness, however, is the high content of cholesterol and saturated 
fatty acids, and homocysteine which is formed during meat protein 
metabolism. These compounds are positively associated with plasma 
low density lipoprotein (LDL) concentrations and the risk of coronary 
heart disease [3,4]. Although iron is essential for prevention of anemia, 
a too high intake, especially of heme iron, is related to the endogenous 
formation of N-nitroso substances in the gastro-intestinal tract thus 
may be a risk factor for some types of cancer e.g. colon cancer [5-7]. 
Meat and meat-based products are almost always cooked before being 
eaten. The cooking process not only destroys pathogenic or spoilage 
microorganisms but also enable digestion and develops food taste, 
color, flavor and texture specific to the cooked product. However, 
despite high nutritional value, cooked meat may be also a source of 
carcinogenic substances related to cooking procedure and processing. 
The most important carcinogenic substances occurring in cooked 
meat are: nitrate, heterocyclic amines (HCAs) and polycyclic aromatic 
hydrocarbons (PAHs).

Meat is usually divided into red meat (beef, pork, mutton/lamb, 
horse, goat), processed meat (all meat products, including ham, 
bacon, sausages, hot dogs, salami) and white meat (poultry, including 
chicken, hen, turkey, duck, goose, unclassified poultry, and rabbit 
(domestic). Red meat is usually cooked in higher temperature and 
longer than more delicate white meat. Moreover red meat contain 
higher amount of heme iron as well as carnitine and creatine 
which are the main source of HCAs formation. High consumption 
of meat, particularly red, processed and strongly heated has been 
related to an increased risk of some types of common cancers. Many 
epidemiological studies showed the link between meat consumption 
and colorectal, pancreatic, bladder, breast, and prostate cancers [8,9]. 
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Meat could be involved in carcinogenesis via multiple carcinogenic 
compounds related to cooking and processing [10].

Due to very high risk of cancer in the Western societies there is a 
need to decrease the exposure to carcinogenic substances also these 
from the diet, especially form meat. Lot of consumers prefer well 
done strongly heated meat and meat products like charcoal-grilled, 
fried or roasted at home, outdoor or in restaurants [11]. Such food 
is characterized by highly evaluated sensory properties, mainly taste 
and flavor and dark, flavorful crust formed during cooking [12,13]. 
However, most consumers do not realize the risk of such cooking 
procedures which can result in elevated formation of substances 
dangerous to human health [14]. The individual evaluation of 
exposure to carcinogenic substances from the diet may be based 
on food frequency questionnaire and instrumental analysis. Such 
evaluations can be performed by dietitians who consider individual 
person food intake data and formulate recommendations related to 
the whole diet. However, there is a lack of methods which could be 
easy to use by individual consumer enabling diet-related hazards 
assessment. The purpose of this paper was therefore to introduce the 
fast estimation method of dietary exposure to cooked meat-related 
carcinogenic substances, which could be easy to make by individual 
consumer. The method allows avoiding or diminishing potentially 
severe diet-related health hazards.

Meat-related carcinogenic substances

Carcinogenic substances are produced in a wide variety of cooked 
or processed meat and fish [15]. Substances found in cooked meat 
with the highest carcinogenic activity are: N-nitroso substances, 
heterocyclic aromatic amines (HACs) and polycyclic aromatic 
hydrocarbons (PHAs).
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The N-nitroso substances fall into the category of dietary 
carcinogens and are known to be a risk factor for colon cancer. 
Ingestion of nitrate and nitrite can result in the endogenous formation 
of N-nitroso compounds. The main dietary sources of these 
substances are cured meat, pickled fish and vegetables. N-nitroso 
substances (N-nitrosodimethylamine) may be present in meat. They 
are used as component of curing salts which preserve the pleasant 
pink color of red meat [16]. Also a high intake of heme iron with 
meat is related to the endogenous formation of N-nitroso substances 
[9]. Iron can cause oxidative stress and DNA damage, and heme 
iron can catalyze endogenous formation of N-nitroso substances, 
which are potent carcinogens. The mechanism is not known, but 
heme iron has a catalytic effect on the endogenous formation of 
carcinogenic N-nitroso substances and the formation of cytotoxic and 
genotoxic aldehydes by lipoperoxidation. After eating meat, the large 
intestine is rich in nitrogenous residues which undergo endogenous 
N-nitrosation increasing the risk of carcinogens exposure [5,17]. It 
was shown that N-nitroso compounds may promote gastric, bladder 
and oesophageal cancers [10,18].

HCAs are a group of procancerogenic substances identified in meat, 
cooked to the well done stage, in pan drippings and in meat surface that 
shows a crispy brown crust. The higher is the cooking temperature the 
higher level of HCAs in meat. HCAs undergo metabolic activation by 
N-hydroxylation of the exocyclic amine group, to produce a common 
proposed intermediate, the arylnitrenium ion, which is the critical 
metabolite implicated in toxicity and DNA damage [19]. HCAs 
are formed in high-protein content food during heat-treatment in 
temperatures over 160°C. The higher temperature of meat treatment 
the more HCAs are formed [20]. Precursors of HCAs are free amino 
acids found in muscle tissue mainly creatine, creatinine as a result of 
Maillard reactions in conditions typically applied for preparation of 
meat dishes [15]. HCAs are formed when creatine, other amino acids 
and glucose are heated together at high temperatures range from 125 
to 300°C (275-572°F) or cooked for long periods of time. HCAs form 
at lower end of this range when the cooking time is long, at the higher 
end of the range HCAs are formed within minutes [21]. The less 
creatine and creatinine content in meat, the fewer HCAs are formed 
[15]. Meat acidity (pH) also plays an important role during Maillard 
reactions which occur depending on the environment acidity. Hence 
the formation of HCAs depends also on meat acidity [20]. 

The highest level of HCAs is usually determined in meat juice 
exuded from meat during cooking. The juice is rich in free amino 
acids and has contact with high temperature of cooking which result in 
elevated HCAs formation. Due to rich, pleasant flavor, the meat juice 
together with meat fat, which also exudes from meat during cooking, 
are components of gravy commonly used as dressing for meat dishes? 
More than 20 HCAs have been identified. HCAs produce strong 
carcinogenic and mutagenic action [22]. Amounts of HCAs found in 
commercially processed foods or prepared in restaurant range from 
0.1 to 14μg/kg. Laboratory fried samples may have much high levels 
of HCAs, over 300 μg/kg, such level was measured in grilled chicken 
breast [23].

The most carcinogenic of the HCAs is MeIQ (2-Amino-3,4-
dimethylimidazo(4,5-f-quinoline) [24]. Dietary exposure to HCAs 
contributes to the development of cancer by causing mutations in 
genes, causing new cells to grow in an uncontrolled manner and form 
a tumor. Epidemiological studies have linked consumption of well-
done meat with an increased risk of colon or rectum cancers [25].

PAHs are formed by the incomplete combustion of organic matter. 
PAHs are present in the atmosphere, water, sediments, tobacco smoke, 
and food. In food PAHs are generated during meat smoking and 
grilling. About 660 different compounds belong to the PAHs group 
7 of which show carcinogenic, mutagenic and teratogenic properties 
[26]. As a desired consequence of smoking, phenolic substances are 
generated, which are importance for the sensory properties of smoked 
meat products and antioxidative properties. In some countries high 
amount of smoked meat is consumed, e.g. in Germany about 60% of 
meat products are smoked [27]. 

The most well known carcinogenic PAHs is benzo(a)pyrene. 
Processing of food (such as drying and smoking) and cooking of 
foods at high temperatures (grilling, roasting, frying) are major 
sources generating PAHs [25]. Levels as high as 200 μg/kg food 
have been found for individual PAHs in smoked fish and meat. In 
developing countries where smoking is carried out in traditional way 
at very high temperature the mean total PAHs in the smoked sardines 
ranged from 510 μg/kg to 1460 μg/kg [28]. In barbecued meat, 130 μg/
kg has been reported, whereas in uncooked foods the values range of 
0.01-1 μg/kg [29]. There are several mechanisms of PAHs formation 
such as melted fat that undergoes pyrolysis when dripping onto the 
heat and pyrolysis of the meat due to the high temperature. PAHs 
amounts found in commercially processed or restaurant foods reach 
up to 1 μg/kg in a liquid smoke flavoring. Laboratory fried samples 
have greater amounts of PAHs, up to 38 μg/kg in hamburgers [23]. 
Charcoal grilling is an intense thermal process which can result in 
very high PAHs formation in meat. However, if dripping of melted 
fat onto the heat source is prevented, less PAHs will be formed in the 
grilled meat [30]. Understanding the processing conditions that form 
PAHs can lead to using cooking procedures greatly reducing their 
occurrence in meat.

Meat consumption and cancer

Much of the global variation in cancer incidence has been attributed 
to environmental influences, including dietary preferences. Diets 
high in meat, particularly red or processed meat may be associated 
with carcinogenesis. Most of epidemiological studies confirm that 
colorectal cancer risk is positively associated with high consumption 
of red and processed meat and in a less extend with poultry or fish 
meat [9,31]. Moreover, meat-cooking methods such as frying and 
doneness level increase risk of colorectal and other cancers [11,32]. 
Also high level of salt usually used in grilled or processed meat may 
additionally increase gastric cancer risk [9].

Despite colorectal or gastric cancer risk epidemiological studies 
report positive associations between intake of meat cooked in high-
temperature and pancreatic cancer [8]. Findings provided also 
support for an increased risk of bladder cancer with total dietary 
nitrite and nitrate plus nitrite from processed meat [10]. Steck et 
al. showed a dose-response relationship between doneness levels of 
meat consumed and breast cancer risk [33]. Women who consumed 
hamburger, beef steak, and bacon meats consistently very well done 
had a 4.62 times higher risk than that of women who consumed the 
meat rare or medium done. Risk of breast cancer was also elevated 
with increasing intake of well-done to very well-done meat. Thus 
consumption of well-done meats and exposures to heterocyclic 
amines and other compounds formed during high-temperature 
cooking may play an important role also in the risk of breast cancer.

World Cancer Research Fund and American Institute for Cancer 
Research report based on an extensive review of the existing evidence
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concluded that research supporting the association between red and 
processed meat intake and colon cancer risk was convincing [34]. The 
risk of colon cancer was estimated to increase by 29% for every 100 
g/d increase in red meat consumption and by 21% for every 50 g/d 
increase in processed meat.

Hazard factors of carcinogens presence in cooked meat 

There are many hazard factors which influence the carcinogenic 
substances level in cooked meat. Some of them may be estimated by 
each consumer. The most important hazard factors are meat type, 
cooking temperature (external), cooking method, turning over during 
cooking, dark, flavorful crust formation, meat doneness, seasonings 
and marinating, gravy consumption, serving size or vegetables and 
fruits intake with meat.

Meat is usually divided on red meat, processed and white. Red 
meats are usually cooked in higher temperature and longer than more 
delicate white meats which may results in higher HCAs concentration. 
Additionally due to higher level of heme iron also the risk of exposure 
to N-nitroso compounds is higher, especially when processed meat 
is cooked and consumed (e.g. hamburgers, sausages). So meat type 
influence the potetntial level of health hazardous compounds [9].

High temperature of cooking is strongly associated with formation 
of carcinogenic substances. It was shown that temperature increase 
by 400C (from 1600C to 2000C), as well as lengthening the frying 
time can cause even fourfold increase in HCAs content [21]. The 
most hazardous is cooking in direct open flame contact with meat, 
e.g. traditional charcoal-grilling or roasting. In Western societies 
charcoal-grilling is preferably chosen by consumers during summer 
time picnics and open air parties, which results in higher dietary 
exposure risk to HCAs and PHAs. In many developing countries 
meat cooking in contact with open flame to is a traditional cooking 
technique. Thus consumer dietary habits and preferences also strongly 
influence the exposure risk to meat-related carcinogenic substances.

Cooking methods using high or very high temperatures like 
grilling/barbecuing, pan frying, broiling, traditional roasting increase 
HCAs formation. When cooking in direct meat contact with open 
flame the cooking temperature is high and fat burning results in PHAs 
formation which penetrate to meat with smoke. Boiling, oven roasting 
in bags, as well as deep-frying cause the formation of a smaller amount 
of HCAs [20].

Long-time grilling, broiling or frying of a portion of meat on one 
side, without frequent turning over causes a longer contact of the meat 
with the heat source and contributes to an increase in amine level 
in the more browned outer part. It was demonstrated that frequent 
turning over of meat during the frying process can be an important 
factor lowering the content of HCAs [35]. It was shown that when 
meat was turned over just once at 5 min there was a great effect of pan 
temperature on the formation of the HCAs. If the meat was turned 
every minute during cooking, much less of the HCAs was detected. 
So cooking at a lower surface temperature (160-180°C) and turning 
the meat over every minute greatly reduces the formation of HCAs 
when meat frying [36].

Dark flavorful crust is formed when cooking in high temperature. 
The highest temperature the crust if more dark, crispy and flavorful 
until it starts to burn. Color and flavor of the crust is an effect of 
Maillard reactions of free amino acids with sugars which also result 
in HCAs formation. The darker crust the more HCAs is formed. 

Moreover, well done or very well done meat consumption is positively 
correlated with cancer due to high HCAs formation during cooking 
in high temperature. Meat doneness level depends on cooking 
temperature and time. Very well done outer meat surface can 
contain even 20 - 300 times higher level of HCAs than in the case 
of microwave cooking. This is why it is recommended to remove 
the burnt fragments of meat [37]. Dietary exposure risk to harmful 
compounds influence also serving size of cooked meat. The highest 
serving size the longer time of cooking is needed. Long time of 
cooking in high temperature results in elevated risk of carcinogenic 
substances formation. Unprocessed meat serving sizes is ca. 85 g, or 
a portion which is about the size of a deck of playing cards or bar of 
soap. Processed red meat serving size is usually lower, e.g. bacon - 2 
slices (13g), hot dogs - one (45g) [4].

Many consumers enjoy meat consuming with gravy, which consist 
of meat juice and fat run naturally from meat during cooking. Meat 
juice contains lot of free amino acids which are easily transforming 
to HCAs in high temperature of cooking. The higher temperature the 
more dark meat juice and the highest HCAs level. However, spices 
used in meat can effectively reduce HCAs formation. The most 
effective are rosemary, sage and garlic [38]. Onion added to minced 
meat, e.g. hamburger, was found to be a beneficial way to reduce 
mutagenicity. Antioxidant substances present in species and virgin 
olive oil e.g. phenolic compounds also reduce formation of HCAs 
during cooking [15]. Also, marinating of meat before cooking with 
acid, oily marinades containing virgin olive oil, lemon juice and 
natural spices like onion, garlic, rosemary can reduce the formation 
of some carcinogen compounds such HCA and PAH during the 
cooking process [30,39]. Nevertheless, some authors suggest that 
flavor enhancing monosodium glutamate (MSG) which occurs in 
commercially available meat seasoning blends may increase the 
content HCAs during cooking in high temperature [40].

Vegetables and fruit consumption together with meat may diminish 
the dietary exposure to meat-related carcinogenic substances due 
to fiber and natural antioxidants content. An inverse association 
between fruit and vegetables and colon cancer risk was observed 
among individuals with elevated intakes of red and processed meat 
[41,42]. Fiber, in the form of vegetables, bran or resistant starch, does 
not reduce the level of N-nitroso substances, HCAs and PHAs level, 
although carcinogens contact time to intestinal mucosa is reduced by 
acceleration of peristaltic [5].

There are also other hazard factors of meat-related carcinogenic 
substances formation during cooking like creatine and creatinine 
content, glucose content and meat pH. However, these factors can not 
be estimated by the consumer.

Estimation of dietary exposure to meat-related carcinogens

Many epidemiologic studies showed that a diet with high level of 
meat and caloric intake increases risk of some cancers [43]. Exposure 
to carcinogenic substances present in the diet depends on both 
food consumption patterns and the concentration of the particular 
substance in foods consumed. Exposures to carcinogenic substances 
present in food are usually evaluated by food consumption data 
collected using food frequency questionnaire method. This method 
indicates how often specific foods are consumed. Collected data are 
elaborated by dietitians who, based on known carcinogenic potency of 
some food substances, can formulate recommendations related to the 
one’s or whole population diet. Rodrigues-Hernandez et al. evaluated 
carcinogens intake by chemical analysis of typically consumed meat
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products and elaboration of sophisticated formula [44]. However, 
there is a lack of methods which could be easy to use by individual 
consumer enabling diet-related hazards assessment.

To estimate individual’s probability of meat-related carcinogenic 
substances intake a special formula called Meat Carcinogenicity Index 
(MCI) was elaborated (see below). The formula includes hazard factors 
related to cooking procedures. The formula summarized evaluations 
of particular hazard factors of carcinogenic compounds occurrence 
in cooked meats which are: meat type (MT), cooking temperature 
(external) (CT), cooking method (CM), turning over during cooking 
(TC), dark, flavorful crust formation (CF), meat doneness (MD), 
seasonings and marinating (SM), gravy consumption (meat juice) 
(GC), serving size (SS), vegetables and fruits intake with meat (VF). 
Hazard factors and hazard factors variants are specified in Table 1. The 
proposed MCI formula is as follow:

MCI = MT + CT + CM + TC + CF + MD + SM + GC + SS + VF

MCI formula is intended for particular meat dish and can be 
calculated by each consumer. Summarized value of all hazard factors 
estimated grades shows the probability of carcinogenic substances 
intake i.e. the probable risk of dietary exposure to these substances. 
The proposed formula includes particular hazard factors which 
reflect possible level of carcinogenic substances in cooked meat. 
Factors included meat type, cooking procedures including cooking 
temperature, cooking method, turning during cooking, brown crust 
formation, meat doneness level, meat seasonings, meat juice (gravy) 
consumption, serving size and vegetables and fruits intake [45]. 
Calculating the probability grade for each hazard factor only one, 
of mentioned in Table 1, hazard factors variants can be selected. 
Depending on hazard factor variant chosen during estimation the 
following hazard grades were assigned for each hazard factor: 0 – no 
risk; 1 - medium risk, 2 - high risk; 3 - very high risk; 4 - extremely 
high.

The higher MCI value the higher dietary exposure risk to meat-
related carcinogenic substances. According to the summarized values 
of MCI five levels of hazard categories, reflecting dietary exposure risk 
to meat carcinogens, were specified. These are: very low – with total 
value from 4 to 7; low – with value from 8 to 11; medium – with value 
from 12 to 15; high – with value from 16 to 20 and very high - with 
value from 21 to 25 (Table 2).

It is well established that high meat consumption elevare exposure 
risk to meat-related carcinogens. Average meat consumption in 
developed Western societies is ca. 100 kg per person per year i.e. 275 
g/d. Some consumers can eat more than 200 kg per year and other, 
very small quantities. Nevertheless, based on meat consumption data 
per individual consumer during specified period of time average meat 
consumption per day or per year may be established. Additionally we 
estimate average structure of consumed meat. About ½ of the totally
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consumed meat is bought as raw meat and cooked at home usually 
by pan frying, roasting or grilling. These allow estimating dietary 
exposure risk to meat carcinogens in relation to meat consumption 
which is shown in Table 3.

Hazard factor Hazard factor variants Assigned 
hazard 
grade

Meat type (MT) Processed meat* (MT1) 3

Red meat (raw) (MT2) 2

White meat (raw) (MT3) 1

Cooking temp. (external) 
(CT)

Very high temp. (>200ºC) 
(CT1)

4

High temp. (160-190ºC) 
(CT2)

3

Medium temp. (130-155ºC) 
(CT3)

1

Low temp. (100-125ºC) 
(CT4)

0

Cooking method (CM) Grilling/barbecue, pan 
frying, broiling, traditional 
roasting (CM1)

3

Roasting in bags (CM2) 2

Boiling, stewing or 
microwaving (CM3) 

0

Turning over during 
cooking** (TC)

Often – every minute (TC1) 1

Rarely (TC2) 2

Dark, flavorful crust 
formation (CF)

Very high – partly burnt 
surface (CF1)

4

High – brown and crispy 
crust (CF2)

3

Low – light brown and soft 
crust (CF3)

1

Very low – pale and soft 
crust (CF4)

0

Meat doneness (MD) Well done (MD1) 3

Medium done (MD2) 2

Rare done (MD3) 1

Seasonings and 
marinating (SM)

Natural spices or acid oily 
marinates (SM1) 

0

Only salt or none (SM2) 1

Gravy consumption 
(meat juice) (GC)

Yes (GC1) 2

No (GC2) 0

Serving size (SS) Large - 150-200 g (SS1) 2

Small - 50-100 g (SS2) 1

Vegetables and fruits 
intake with meat (VF)

Yes (VF1) 0

No (VF2) 1

Table 1: Hazard factors of carcinogenic compounds occurrence in 
cooked meat.
* meat and meat products red and white, cured with nitrate (bacon, 
sausages) or/and smoked 

** refers to meat grilled/barbecued, pan fried or traditionally roasted.

MCI total value Hazard category

4-7 very low

8-11 low

12-15 medium

16-20 high

21-25 very high
Table 2: Suggested interpretation of MCI index value indicating hazard 
categories of dietary exposure to carcinogenic substances in particular 
meat dish.
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Regarding the association between meat intake and cancer the 
World Cancer Research Fund and American Institute for Cancer 
Research advices to consume less than 500 g of red meat per week, 
i.e. less than 71 g/d or 24 kg/year, minimize intake of processed meat 
and avoid cooking meat at very high temperatures [34]. Regarding the 
cardiovascular health the American Heart Association recommend 
consumption of no more than 180 g of meat per day. Due to fatty 
acids composition and cholesterol content fish, poultry without the 
skin, and trimmed lean meats should be chosen [46]. However, it 
was shown that the cooking procedure may influence the level of 
carcinogenic compounds in meat, also in fish, poultry and lean meat. 
Nevertheless, such consumption level allows classifying the dietary 
exposure risk to meat-related carcinogenic substances as low. In many 
countries average meat consumption level is high e.g. in USA, Spain, 
Australia which is ca. 120 kg per capita per year [2]. Such consumption 
level allows classifying the dietary exposure risk to meat-related 
carcinogenic substances as high. However, some consumers eat much 
more meat which may elevate the exposure risk to very high.

Conclusion

Exposures to meat-related carcinogenic substances among 
individuals, depending on dietary preferences and methods of meat 
preparation, vary greatly. Raw meats should usually not contain 
high amounts of N-nitroso compounds and HCAs or PAHs which 
level increase during processing and cooking. Reducing the cooking 
temperature seems to be the most practical way to reduce formation of 
HCAs, but avoiding the conditions where the temperatures are below 
those needed to kill harmful bacteria is also important. The formation 
of PAHs can be reduced by not exposing the food directly to the heat 
source and resulting smoke when grilling foods. The cooking process 
is responsible for the formation of HCAs and PAHs from natural 
constituents in foods, with cooking time and temperature being 
important determinants in both the qualitative and the quantitative 
formation of these compounds. Also marinating meat with acid, oily 
marinades containing natural spices like onion, garlic, rosemary, virgin 
olive oil and lemon juice can reduce the formation of HCAs and PAHs 
during the cooking process. Additionally avoiding consumption of 
meat juice or gravy and vegetable and fruit consumption together wit 
meat limits dietary exposure to meat-related carcinogenic substances.
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Even health-conscious consumers find it hard to maintain a healthy 
diet. However, food quality and safety is of paramount concern to 
modern consumers. MCI calculation method may be a suitable tool 
for each consumer to estimate the dietary exposure risk to meat-
related harmful compounds in the diet. It allows to calculate the 
hazard category and shows cooking procedures which lower the risk. 
This method may be helpful for every family, as well as for quality 
control personnel within restaurants and catering companies, to 
reduce dietary exposure to meat-related carcinogenic substances, thus 
decreasing the risk of cancer.

Competing Interests

  The author declare that she has no competing interests.

References

1. Daniel CR, Cross AJ, Koebnick C, Sinha R (2011) Trends in meat 
consumption in the USA. Public Health Nutr 14: 575-583.

2. FAO (2009) The state of food and agriculture. 

3. Mozaffarian D, Micha R, Wallace S (2010) Effects on coronary heart 
disease of increasing polyunsaturated fat in place of saturated fat: a 
systematic review and meta-analysis of randomized controlled trials. PLoS 
Med 7: e1000252.

4. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, et al. (2012) Red 
meat consumption and mortality: results from 2 prospective cohort studies. 
Arch Intern Med 172: 555-563.

5. Bingham SA, Hughes R, Cross AJ (2002) Effect of white versus red meat 
on endogenous N-nitrosation in the human colon and further evidence of a 
dose response. J Nutr 132: 3522S-3525S.

6. Joosen AM, Kuhnle GG, Aspinall SM, Barrow TM, Lecommandeur E, et al. 
(2009) Effect of processed and red meat on endogenous nitrosation and 
DNA damage. Carcinogenesis 30: 1402-1407.

7. Hebels D, Sveje K, de Kok M, van Herwijnen M, Kuhnle G, et al. (2011) 
N-nitroso compound exposure-associated transcriptomic profiles are 
indicative of an increased risk for colorectal cancer. Cancer  Lett 309: 1-10. 

8. Anderson KE, Mongin SJ, Sinha R, Stolzenberg-Solomon R, Gross 
MD, et al. (2012) Pancreatic cancer risk: associations with meat-derived 
carcinogen intake in the Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial (PLCO) cohort. Mol Carcinog 51: 128-137.

9. Cross AJ, Pollock JR, Bingham SA (2003) Haem, not protein or inorganic 
iron, is responsible for endogenous intestinal N-nitrosation arising from red 
meat. Cancer Res 63: 2358-2360.

10. Ferrucci LM, Sinha R, Ward MH, Graubard BI, Hollenbeck AR, et al. (2010) 
Meat and components of meat and the risk of bladder cancer in the NIH-
AARP Diet and Health Study. Cancer 116: 4345-4353.

11. McKenna DR, Lorenzen CL, Pollok KD, Morgan WW, Mies WL, et al. (2004) 
Interrelationships of breed type, USDA quality grade, cooking method, and 
degree of doneness on consumer evaluations of beef in Dallas and San 
Antonio, Texas, USA. Meat Sci 66: 399-406.

12. Reicks AL, Brooks JC, Garmyn AJ, Thompson LD, Lyford CL, et al. (2011) 
Demographics and beef preferences affect consumer motivation for 
purchasing fresh beef steaks and roasts. Meat Sci 87: 403-411.

13. Shrestha S, Cornforth D, Nummer BA (2010) Process optimization and 
consumer acceptability of salted ground beef patties cooked and held hot 
in flavored marinade. J Food Sci 75: C607-612.

14. Danowska-Oziewicz M (2009) The influence of cooking method on the 
quality of pork patties. J Food Procc Preser 33: 473-485.

15. Kikugawa K (2004) Prevention of mutagen formation in heated meats and 
model systems. Mutagenesis 19: 431-439.

16. Bruning-Fann CS, Kaneene JB (1993) The effects of nitrate, nitrite and 
N-nitroso compounds on human health: a review. Vet Hum Toxicol 35: 521-
538.

17. Bastide NM, Pierre FH, Corpet DE (2011) Heme iron from meat and risk 
of colorectal cancer: a meta-analysis and a review of the mechanisms 
involved. Cancer Prev Res (Phila) 4: 177-184.

Meat daily 
consumption, g

Meat servings 
per day*

Meat 
consumption 
per year, kg

Estimated 
exposure 
risk to 
meat-related 
carcinogens

< 50 <1 <18 Very low

50-100 1-2 19-36 

101-150 2-3 37-55 Low

151-200 3-4 56-73 

201-250 4-5 74-91 Medium

251-300 5-6 92-110 

301-350 6-7 111-127 High

351-400 7-8 128-146 

401-450 8-9 147-164 Very high

>450 >9 >165 
Table 3: Dietary exposure risk to meat carcinogens in relation to meat 
consumption.
* standard meat serving is 50-75 g.

http://dx.doi.org/10.15344/ijcnd/2015/102
http://www.ncbi.nlm.nih.gov/pubmed/21070685
http://www.ncbi.nlm.nih.gov/pubmed/21070685
http://www.fao.org/docrep/012/i0680e/i0680e.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20351774
http://www.ncbi.nlm.nih.gov/pubmed/20351774
http://www.ncbi.nlm.nih.gov/pubmed/20351774
http://www.ncbi.nlm.nih.gov/pubmed/20351774
http://www.ncbi.nlm.nih.gov/pubmed/22412075
http://www.ncbi.nlm.nih.gov/pubmed/22412075
http://www.ncbi.nlm.nih.gov/pubmed/22412075
http://www.ncbi.nlm.nih.gov/pubmed/12421881
http://www.ncbi.nlm.nih.gov/pubmed/12421881
http://www.ncbi.nlm.nih.gov/pubmed/12421881
http://www.ncbi.nlm.nih.gov/pubmed/19498009
http://www.ncbi.nlm.nih.gov/pubmed/19498009
http://www.ncbi.nlm.nih.gov/pubmed/19498009
http://www.ncbi.nlm.nih.gov/pubmed/21669488
http://www.ncbi.nlm.nih.gov/pubmed/21669488
http://www.ncbi.nlm.nih.gov/pubmed/21669488
http://www.ncbi.nlm.nih.gov/pubmed/22162237
http://www.ncbi.nlm.nih.gov/pubmed/22162237
http://www.ncbi.nlm.nih.gov/pubmed/22162237
http://www.ncbi.nlm.nih.gov/pubmed/22162237
http://www.ncbi.nlm.nih.gov/pubmed/12750250
http://www.ncbi.nlm.nih.gov/pubmed/12750250
http://www.ncbi.nlm.nih.gov/pubmed/12750250
http://www.ncbi.nlm.nih.gov/pubmed/20681011
http://www.ncbi.nlm.nih.gov/pubmed/20681011
http://www.ncbi.nlm.nih.gov/pubmed/20681011
http://www.ncbi.nlm.nih.gov/pubmed/22064143
http://www.ncbi.nlm.nih.gov/pubmed/22064143
http://www.ncbi.nlm.nih.gov/pubmed/22064143
http://www.ncbi.nlm.nih.gov/pubmed/22064143
http://www.ncbi.nlm.nih.gov/pubmed/21159449
http://www.ncbi.nlm.nih.gov/pubmed/21159449
http://www.ncbi.nlm.nih.gov/pubmed/21159449
http://www.ncbi.nlm.nih.gov/pubmed/21535526
http://www.ncbi.nlm.nih.gov/pubmed/21535526
http://www.ncbi.nlm.nih.gov/pubmed/21535526
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4549.2008.00269.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4549.2008.00269.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/15548753
http://www.ncbi.nlm.nih.gov/pubmed/15548753
http://www.ncbi.nlm.nih.gov/pubmed/8303822
http://www.ncbi.nlm.nih.gov/pubmed/8303822
http://www.ncbi.nlm.nih.gov/pubmed/8303822
http://www.ncbi.nlm.nih.gov/pubmed/21209396
http://www.ncbi.nlm.nih.gov/pubmed/21209396
http://www.ncbi.nlm.nih.gov/pubmed/21209396


Citation: Kolanowski W, Trafialek J (2015) Fast Estimation Method of Dietary Exposure to Carcinogenic Compounds in Cooked Meat for Individual Consumer 
Use. Int J Clin Nutr Diet 1: 102. doi: http://dx.doi.org/10.15344/ijcnd/2015/102

18. Keszei AP, Goldbohm RA, Schouten LJ, Jakszyn P, van den Brandt PA 
(2013) Dietary N-nitroso compounds, endogenous nitrosation, and the 
risk of esophageal and gastric cancer subtypes in the Netherlands Cohort 
Study. Am J Clin Nutr 97: 135-146.

19. Turesky RJ, Le Marchand L (2011) Metabolism and biomarkers of 
heterocyclic aromatic amines in molecular epidemiology studies: lessons 
learned from aromatic amines. Chem Res Toxicol 24: 1169-1214.

20. Skog K, Solyakov A (2002) Heterocyclic amines in poultry products: a 
literature review. Food Chem Toxicol 40: 1213-1221.

21. Skog K, Johansson MA, Jägerstad MI (1998) Carcinogenic heterocyclic 
amines in model systems and cooked foods: a review on formation, 
occurrence and intake. Food Chem Toxicol 36: 879-896.

22. Zheng W, Lee SA (2009) Well-done meat intake, heterocyclic amine 
exposure, and cancer risk. Nutr Cancer 61: 437-446.

23. Knize MG, Salmon CP, Pais P, Felton JS (1999) Food heating and 
the formation of heterocyclic aromatic amine and polycyclic aromatic 
hydrocarbon mutagens/carcinogens. Adv Exp Med Biol 459: 179-193.

24. Sugimura T (1997) Overview of carcinogenic heterocyclic amines. Mutat 
Res 376: 211-219.

25. Weisburger JH (2002) Comments on the history and importance of aromatic 
and heterocyclic amines in public health. Mutat Res 506-507: 9-20.

26. Diggs DL, Huderson AC, Harris KL, Myers JN, Banks LD, et al. (2011) 
Polycyclic aromatic hydrocarbons and digestive tract cancers: a 
perspective. J Environ Sci Health C Environ Carcinog Ecotoxicol Rev 29: 
324-357.

27. Hitzel A, Pöhlmann M, Schwägele F, Speer K, Jira W (2013) Polycyclic 
aromatic hydrocarbons (PAH) and phenolic substances in meat products 
smoked with different types of wood and smoking spices. Food Chem 139: 
955-962.

28. Essumang D, Dodoo D, Adjei J (2012) Polycyclic aromatic hydrocarbon 
(PAH) contamination in smoke-cured fish products. J Food Comp Anal 27: 
128-138. 

29. Alomirah H, Al-Zenki S, Al-Hooti S, Zaghloul S, Sawaya W, et al. (2011) 
Concentrations and dietary exposure to polycyclic aromatic hydrocarbons 
(PAHs) from grilled and smoked foods. Food Control 22: 2028-2035. 

30. Farhadian A, Jinap S, Faridah A, Zaidu I (2012) Effects of marinating on the 
formation of polycyclicaromatic hydrocarbons (benzo(a)pyrene, benzo(b)
fluoranthene and fluoranthene) in grilled beef meet. Food Control 28: 420-
425. 

31. Sandhu MS, White IR, McPherson K (2001) Systematic review of the 
prospective cohort studies on meat consumption and colorectal cancer 
risk: a meta-analytical approach. Cancer Epidemiol Biomarkers Prev 10: 
439-446.

32. Sinha R, Chow WH, Kulldorff M, Denobile J, Butler J, et al. (1999) Well-
done, grilled red meat increases the risk of colorectal adenomas. Cancer 
Res 59: 4320-4324.

33. Steck SE, Gaudet MM, Eng SM, Britton JA, Teitelbaum SL, et al. (2007) 
Cooked meat and risk of breast cancer--lifetime versus recent dietary 
intake. Epidemiology 18: 373-382.

34. World Cancer Research Fund/American Institute for Cancer Research 
(2007) Food, nutrition, physical activity and the prevention of cancer: 
a global perspective. Washington, DC: American Institute for Cancer 
Research.

35. Tran NL, Salmon CP, Knize MG, Colvin ME (2002) Experimental and 
simulation studies of heat flow and heterocyclic amine mutagen/carcinogen 
formation in pan-fried meat patties. Food Chem Toxicol 40: 673-684.

36. Salmon CP, Knize MG, Panteleakos FN, Wu RW, Nelson DO, et al. (2000) 
Minimization of heterocyclic amines and thermal inactivation of Escherichia 
coli in fried ground beef. J Natl Cancer Inst 92: 1773-1778.

37. Zimmerli B, Rhyn P, Zoller O, Schlatter J (2001) Occurrence of heterocyclic 
aromatic amines in the Swiss diet: analytical method, exposure estimation 
and risk assessment. Food Addit Contam 18: 533-551.

38. Murkovic M, Steinberger D, Pfannhauser W (1998) Antioxidant spices 
reduce the formation of heterocyclic amines in fried meat. Z Lebensm 
Unters Forsch A 207: 477-480.

39. Gibis M (2007) Effect of oil marinades with garlic, onion, and lemon juice on 
the formation of heterocyclic aromatic amines in fried beef patties. J Agric 
Food Chem 55: 10240-10247.

40. Tai C, Lee K, Chen B (2001) Effects of various additives on the formation of 
heterocyclic amines in fried fish fibre. Food Chem 75: 309-316. 

Int J Clin Nutr Diet                                                                                                                                                                                                IJCND, an open access journal                                                                                                                                          
                                                                                                                                                                                                                                   Volume 1(1). 2015. 102    

       Page 6 of 6

41. Koushik A, Hunter DJ, Spiegelman D, Beeson WL, van den Brandt PA, et 
al. (2007) Fruits, vegetables, and colon cancer risk in a pooled analysis of 
14 cohort studies. J Natl Cancer Inst 99: 1471-1483.

42. van Duijnhoven FJ, Bueno-De-Mesquita HB, Ferrari P, Jenab M, Boshuizen 
HC, et al. (2009) Fruit, vegetables, and colorectal cancer risk: the European 
Prospective Investigation into Cancer and Nutrition. Am J Clin Nutr 89: 
1441-1452.

43. Cross AJ, Leitzmann MF, Gail MH, Hollenbeck AR, Schatzkin A, et al. 
(2007) A prospective study of red and processed meat intake in relation to 
cancer risk. PLoS Med 4: e325.

44. Hernández ÁR, Boada LD, Almeida-González M, Mendoza Z, Ruiz-Suárez 
N1, et al. (2015) An estimation of the carcinogenic risk associated with 
the intake of multiple relevant carcinogens found in meat and charcuterie 
products. Sci Total Environ 514: 33-41.

45. Trafialek J, Kolanowski W (2014) Dietary exposure to meat-related 
carcinogenic substances: is there a way to estimate the risk? Int J Food 
Sci Nutr 65: 774-780.

http://dx.doi.org/10.15344/ijcnd/2015/102
http://www.ncbi.nlm.nih.gov/pubmed/23193003
http://www.ncbi.nlm.nih.gov/pubmed/23193003
http://www.ncbi.nlm.nih.gov/pubmed/23193003
http://www.ncbi.nlm.nih.gov/pubmed/23193003
http://www.ncbi.nlm.nih.gov/pubmed/21688801
http://www.ncbi.nlm.nih.gov/pubmed/21688801
http://www.ncbi.nlm.nih.gov/pubmed/21688801
http://www.ncbi.nlm.nih.gov/pubmed/12067586
http://www.ncbi.nlm.nih.gov/pubmed/12067586
http://www.ncbi.nlm.nih.gov/pubmed/9737435
http://www.ncbi.nlm.nih.gov/pubmed/9737435
http://www.ncbi.nlm.nih.gov/pubmed/9737435
http://www.ncbi.nlm.nih.gov/pubmed/19838915
http://www.ncbi.nlm.nih.gov/pubmed/19838915
http://www.ncbi.nlm.nih.gov/pubmed/10335376
http://www.ncbi.nlm.nih.gov/pubmed/10335376
http://www.ncbi.nlm.nih.gov/pubmed/10335376
http://www.ncbi.nlm.nih.gov/pubmed/9202758
http://www.ncbi.nlm.nih.gov/pubmed/9202758
http://www.ncbi.nlm.nih.gov/pubmed/12351140
http://www.ncbi.nlm.nih.gov/pubmed/12351140
http://www.ncbi.nlm.nih.gov/pubmed/22107166
http://www.ncbi.nlm.nih.gov/pubmed/22107166
http://www.ncbi.nlm.nih.gov/pubmed/22107166
http://www.ncbi.nlm.nih.gov/pubmed/22107166
http://www.ncbi.nlm.nih.gov/pubmed/23561196
http://www.ncbi.nlm.nih.gov/pubmed/23561196
http://www.ncbi.nlm.nih.gov/pubmed/23561196
http://www.ncbi.nlm.nih.gov/pubmed/23561196
http://www.sciencedirect.com/science/article/pii/S0889157512000786
http://www.sciencedirect.com/science/article/pii/S0889157512000786
http://www.sciencedirect.com/science/article/pii/S0889157512000786
http://www.sciencedirect.com/science/article/pii/S0956713511002258
http://www.sciencedirect.com/science/article/pii/S0956713511002258
http://www.sciencedirect.com/science/article/pii/S0956713511002258
http://www.sciencedirect.com/science/article/pii/S0956713512002071
http://www.sciencedirect.com/science/article/pii/S0956713512002071
http://www.sciencedirect.com/science/article/pii/S0956713512002071
http://www.sciencedirect.com/science/article/pii/S0956713512002071
http://www.ncbi.nlm.nih.gov/pubmed/11352852
http://www.ncbi.nlm.nih.gov/pubmed/11352852
http://www.ncbi.nlm.nih.gov/pubmed/11352852
http://www.ncbi.nlm.nih.gov/pubmed/11352852
http://www.ncbi.nlm.nih.gov/pubmed/10485479
http://www.ncbi.nlm.nih.gov/pubmed/10485479
http://www.ncbi.nlm.nih.gov/pubmed/10485479
http://www.ncbi.nlm.nih.gov/pubmed/17435448
http://www.ncbi.nlm.nih.gov/pubmed/17435448
http://www.ncbi.nlm.nih.gov/pubmed/17435448
http://www.aicr.org/assets/docs/pdf/reports/Second_Expert_Report.pdf
http://www.aicr.org/assets/docs/pdf/reports/Second_Expert_Report.pdf
http://www.aicr.org/assets/docs/pdf/reports/Second_Expert_Report.pdf
http://www.aicr.org/assets/docs/pdf/reports/Second_Expert_Report.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11955674
http://www.ncbi.nlm.nih.gov/pubmed/11955674
http://www.ncbi.nlm.nih.gov/pubmed/11955674
http://www.ncbi.nlm.nih.gov/pubmed/11058620
http://www.ncbi.nlm.nih.gov/pubmed/11058620
http://www.ncbi.nlm.nih.gov/pubmed/11058620
http://www.ncbi.nlm.nih.gov/pubmed/11407752
http://www.ncbi.nlm.nih.gov/pubmed/11407752
http://www.ncbi.nlm.nih.gov/pubmed/11407752
http://link.springer.com/article/10.1007%252Fs002170050364
http://link.springer.com/article/10.1007%252Fs002170050364
http://link.springer.com/article/10.1007%252Fs002170050364
http://www.ncbi.nlm.nih.gov/pubmed/17988088
http://www.ncbi.nlm.nih.gov/pubmed/17988088
http://www.ncbi.nlm.nih.gov/pubmed/17988088
http://www.sciencedirect.com/science/article/pii/S030881460100200X
http://www.sciencedirect.com/science/article/pii/S030881460100200X
http://www.ncbi.nlm.nih.gov/pubmed/17895473
http://www.ncbi.nlm.nih.gov/pubmed/17895473
http://www.ncbi.nlm.nih.gov/pubmed/17895473
http://www.ncbi.nlm.nih.gov/pubmed/19339391
http://www.ncbi.nlm.nih.gov/pubmed/19339391
http://www.ncbi.nlm.nih.gov/pubmed/19339391
http://www.ncbi.nlm.nih.gov/pubmed/19339391
http://www.ncbi.nlm.nih.gov/pubmed/18076279
http://www.ncbi.nlm.nih.gov/pubmed/18076279
http://www.ncbi.nlm.nih.gov/pubmed/18076279
http://www.ncbi.nlm.nih.gov/pubmed/25659303
http://www.ncbi.nlm.nih.gov/pubmed/25659303
http://www.ncbi.nlm.nih.gov/pubmed/25659303
http://www.ncbi.nlm.nih.gov/pubmed/25659303
http://www.ncbi.nlm.nih.gov/pubmed/24828131
http://www.ncbi.nlm.nih.gov/pubmed/24828131
http://www.ncbi.nlm.nih.gov/pubmed/24828131

