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Research regarding carcinogens in meats we cook 
When you prepare meats do you worry about it causing cancer? There is research 
now showing that when preparing foods at very high temperatures like frying and 
grilling over an open flame, certain carcinogens can develop. The two most current 
carcinogens include heterocyclic amines (HCAs) and polycyclic aromatic 
hydrocarbons (PAHs) these are chemicals formed during that heating process in 
the muscle of the meats, including beef, pork, fish, and poultry. These carcinogenic 
properties are produced from reactions between creatine (creatinine), amino acids 
and reducing sugars via Maillard reactions during high temperature cooking of 
meat, especially grilling, frying and barbecuing for extended times. Therefore, the 
formation of these carcinogens are influenced by the type of meat, the cooking 
time, the cooking temperature, and the cooking method.  Ongoing studies are 
investigating the associations between meat intake, meat cooking methods, and 
cancer risk. However, when looking deeper into the how foods are metabolized 
into the body, proteins have to be broken down a particular way for the body to 
correctly use it for energy and muscle build-up.  
 
All the carcinogenic PAHs are actually procarcinogens that turn into active 
molecules and ultimate mutagens during the metabolism process. Binding of two 
molecules that are mutated can disrupt the normal process of copying DNA, and 
lead to the formation of cancer. PAHs formation depends on the wood type and 
composition oxygen concentration in the combustion chamber, coal temperature 
during combustion in the range of 500–700 °C and duration of the smoking 
process. Analyses have shown that nearly 99% of all PAHs are found in the outer 
layer of dry sausages. For minimization of the content of PAHs in meat, possibly 
fat-free material should be processed at a lower temperature during a longer time 
avoiding contact of food with an open fire, especially with a fire located below the 
object to be heated. However, the processing method must guarantee the 
inactivation of all possible bacterial or endogenous toxins.  
 
Long-term cooking of meat at high temperatures produces heteroaromatic amines 
(HAA). Epidemiological studies have shown that HAAs may be associated with an 
increased risk of colorectal, breast, prostate, pancreatic and other cancers.  HAAs 
are predominantly formed at temperatures of 120–250 °C. The results show that 
cooking at low temperatures (around 100 °C; e.g. boiling in water and steaming 
with or without previous browning) lead to an insignificant production of 
mutagenic agents. However, grilling and barbecuing, the most common methods 
for the preparation of fatty meat, usually require higher temperatures (above 200 
°C) that already promote HAA formation. Thus, controlling temperature is 
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important in minimizing the formation of HAAs, and their intake can be reduced 
by not consuming the exterior meat layer. 
 
Also, there is some research focused on how marinades can have effect on 
producing or not producing these carcinogens. Marinades can be used for different 
reasons including flavor, tenderness and moistness of meats. These marinades can 
also be used as a barrier between the meat and the hot fire. Some go as even far to 
believe the marinade can help decrease the chance of the meat forming the cancer 
causing agents to form. One research group looked at the different sugars that can 
be used in marinades to determine formation of the HCA in marinated grilled 
chicken. The aim of the study was to determine the effect of different types of 
sugar on the formation of heterocyclic amines (HCA) in marinated grilled chicken. 
Chicken breast samples were marinated with table sugar, brown sugar, and honey. 
The internal temperature, weight loss, free amino acids, sugars, and HCA were 
determined. The concentrations of all types of HCA in samples that were 
marinated with table sugar were significantly higher than brown sugar; whereas 
those are marinated with honey had the lowest HCA concentrations To help 
decrease the formation of HCA, this study results to using honey to partially 
replace the table sugar for the purpose of giving a sweet taste in the marinated 
grilled meat. A second study I found was effect of marinating grilled beef meat to 
observe polycyclic aromatic development. 
Seven marinade treatments containing 1) basic marinade, which include sugar, 
water, onion, turmeric, lemongrass, salt, garlic, coriander and cinnamon, 2) basic 
oil, 3) Commercial marinade. 4) basic oil and lemon juice, 5) basic lemon juice, 6) 
basic oil and tamarind and 7) commercial tamarind were applied on meat samples 
before charcoal grilling. The study showed significant reduction of PAH in beef 
samples treated with the acidic marinade (containing 1.2% lemon juice). The basic 
lemon > basic > basic oil and lemon > basic oil was the best order of marinade 
treatment. However, the duration of marinating was not a significant factor in PAH 
reduction. The third study I looked at was to determine the HCA and PAH content 
in meat (pork, chicken and beef) when barbecued at home. The analysis of PAH 
showed a higher concentration of PAH in beef compared with pork and chicken. In 
general, a correlation between the HCA content and the surface color of the meat 
was found, the darker the color the higher the HCA concentrations. 
 
 

 


