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Heterocyclic Amines in Cooked Meats

Research has shown that cooking certain meats at high temperatures creates chemicals
that are not present in uncooked meats. A few of these chemicals may increase cancer risk. For
example, heterocyclic amines (HCAS) are the carcinogenic chemicals formed from the cooking
of muscle meats such as beef, pork, fowl, and fish. HCAs form when amino acids
(the building blocks of proteins) and creatine (a chemical found in muscles) react at high cooking
temperatures. Researchers have identified 17 different HCAs resulting from the cooking of
muscle meats that may pose human cancer risk.

Research conducted by the National Cancer Institute (NCI) as well as by Japanese and
European scientists indicates that heterocyclic amines are created within muscle meats during
most types of high temperature cooking.

Recent studies have further evaluated the relationship associated with methods of
cooking meat and the development of specific types of cancer. One study conducted by
researchers from NCI’s Division of Cancer Epidemiology and Genetics found a link between
individuals with stomach cancer and the consumption of cooked meats. The researchers assessed

the diets and cooking habits of 176 people diagnosed with stomach cancer and 503 people
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without cancer. The researchers found that those who ate their beef medium-well or well-done
had more than three times the risk of stomach cancer than those who ate their beef rare or
medium-rare. They also found that people who ate beef four or more times a week had more
than twice the risk of stomach cancer than those consuming beef less frequently. Additional
studies have shown that an increased risk of developing colorectal, pancreatic, and breast cancer
is associated with high intakes of well-done, fried, or barbequed meats.

Four factors influence HCA formation: type of food, cooking method, temperature, and
time. HCAs are found in cooked muscle meats; other sources of protein (milk, eggs, tofu, and
organ meats such as liver) have very little or no HCA content naturally or when cooked.
Temperature is the most important factor in the formation of HCAs. Frying, broiling, and
barbecuing produce the largest amounts of HCAs because the meats are cooked at very high
temperatures. One study conducted by researchers showed a threefold increase in the content of
HCAs when the cooking temperature was increased from 200° to 250°C (392° to 482°F). Oven
roasting and baking are done at lower temperatures, so lower levels of HCAs are likely to form,
however, gravy made from meat drippings does contain substantial amounts of HCAs. Stewing,
boiling, or poaching are done at or below 100°C (212°F); cooking at this low temperature creates
negligible amounts of the chemicals. Foods cooked a long time
(“well-done” instead of “medium”) by other methods will also form slightly more of the

chemicals.
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Meats that are partially cooked in the microwave oven before cooking by other methods
also have lower levels of HCAs. Studies have shown that microwaving meat prior to cooking
helps to decrease mutagens by removing the precursors. Meats that were microwaved for
2 minutes prior to cooking had a 90-percent decrease in HCA content. In addition, if the liquid
that forms during microwaving is poured off before further cooking, the final quantity of HCAs
IS reduced.

One study has evaluated the content of HCAs in fast food restaurants. After evaluating
five kinds of meat products from various fast food restaurant chains, the study concluded that
there were low levels of HCAs found in fast food meat products due to factors such as cooking
temperature and time. The study suggested that greater exposure to HCAs stems from home
cooking and cooking in non-fast-food restaurants where food may be cooked to order and where
a larger amount of meat is consumed.

Studies are being conducted to assess the amount of HCAs in the average American diet,
but at present the maximum daily intake of HCAs in food has not been established. At the
moment, no Federal agency monitors the HCA content of cooked meats (how much a person
could be eating), there is no good measure of how much HCAs would have to be eaten to
increase cancer risk, and there are no guidelines concerning consumption of foods with HCAs.
Further research is needed before such recommendations can be made.

However, concerned individuals can reduce their exposure to HCASs by varying methods
of cooking meats; microwaving meats more often, especially before frying, broiling, or

barbecuing; and refraining from making gravy from meat drippings.

3.25
9/15/04
Page 3



References

10.

11.

12.

Adamson RH, Thorgeirsson UP. Carcinogens in foods: Heterocyclic amines and cancer
and heart disease. Advances in Experimental Medicine and Biology 1995; 369:211-220.

Adamson RH, Thorgeirsson UP, Snyderwine EG, et al. Carcinogenicity of
2-amino-3-methylimidazo[4,5-f] quinoline in nonhuman primates: Induction of tumors in
three macaques. Japanese Journal of Cancer Research 1990; 81(1):10-14.

Bjeldanes LF, Morris MM, Felton JS, et al. Mutagens from the cooking of food. 1.
Survey by Ames/Salmonella test of mutagen formation in the major protein-rich foods of
the American diet. Food and Chemical Toxicology 1982; 20(4):357-363.

Bjeldanes LF, Morris MM, Timourian H, Hatch FT. Effects of meat composition and
cooking conditions on mutagen formation in fried ground beef. Journal of Agricultural
and Food Chemistry 1983; 31(1):18-21.

Bogen KT. Cancer potencies of heterocyclic amines found in cooked foods. Food and
Chemical Toxicology 1994; 32(6):505-515.

Dolara P, Commoner B, Vithayathil A, et al. The effect of temperature on the formation
of mutagens in heated beef stock and cooked ground beef. Mutation Research 1979;
60(3):231-237.

Esumi H, Ohgaki H, Kohzen E, Takayama S, Sugimura T. Induction of lymphoma in
CDF1 mice by the food mutagen, 2-amino-1-methyl-6-phenylimidazo[4,5-b] pyridine.
Japanese Journal of Cancer Research 1989; 80(12):1176-1178.

Felton JS, Fultz E, Dolbeare FA, Knize MG. Effect of microwave pretreatment on
heterocyclic aromatic amine mutagens/carcinogens in fried beef patties. Food Chemical
Toxicology 1994; 32(10):897-903.

Felton JS, Knize MG, Shen NH, et al. Identification of the mutagens in cooked beef.
Environmental Health Perspectives 1986; 67:17-24.

Felton JS, Knize MG, Wood C, et al. Isolation and characterization of new mutagens from
fried ground beef. Carcinogenesis 1984; 5(1):95-102.

Hayatsu, H. Mutagens in food: detection and prevention. Florida, CRC Press, 1991.

Knize MG, Sinha R, Rothman N, et al. Heterocyclic amine content in fast-food meat
products. Food and Chemical Toxicology 1995; 33(7):545-551.

3.25
9/15/04
Page 4



13.

14.

15.

16.

17.

18.

19.

20.

21.

Layton DW, Bogen KT, Knize MG, et al. Cancer risk of heterocyclic amines in cooked
foods: An analysis and implications for research. Carcinogenesis 1995; 16(1):39-52.

Murray S, Gooderham NJ, Boobis AR, Davies DS. Detection and measurement of MelQx
in human urine after ingestion of a cooked meat meal. Carcinogenesis 1989;
10(4):763-765.

Muscat JE, Wynder EL. The consumption of well-done meat and the risk of colorectal
cancer. American Journal of Public Health 1994; 84(5):856-858.

Nader CJ, Spencer LK, Weller RA. Mutagen production during pan-broiling compared
with microwave irradiation of beef. Cancer Letter 1981; 13(2):147-152.

Pariza MW, Ashoor SH, Chu FS, Lund DB. Effects of temperature and time on mutagen
formation in pan-fried hamburger. Cancer Letter 1979; 7(2-3):63-69.

Sinha R, Rothman N, Brown ED, et al. High concentrations of the carcinogen
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) occur in chicken but are
dependent on cooking method. Cancer Research 1995; 55(20):4516-4519.

Snyderwine EG. Some perspectives on the nutritional aspects of breast cancer research.
Food-derived heterocyclic amines as etiologic agents in human mammary cancer. Cancer
1994; 74(3 Supplement):1070-1077.
Stavric B. Biological significance of trace levels of mutagenic heterocycylic aromatic
amines in human diet: A critical review. Food and Chemical Toxicology 1994;
32(10):977-994.
Wakabayashi K, Ushiyama H, Takahashi M, et al. Exposure to heterocyclic amines.
Environmental Health Perspectives 1993; 99:129-134.

HH##

Related Resources

Publications (available at http://www.cancer.gov/publications)

e Cancer and the Environment: What You Need To Know, What You Can Do
e What You Need To Know About™ Cancer
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National Cancer Institute (NCI) Resources

Cancer Information Service (toll-free)
Telephone: 1-800-4-CANCER (1-800-422-6237)
TTY: 1-800-332-8615

Online
NCI’s Web site: http://www.cancer.gov
LiveHelp, NCI’s live online assistance:
https://cissecure.nci.nih.gov/livehelp/welcome.asp
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