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Objective: After determining that acrylamide (AA) occurred in carbohydrate-rich foods through frying and roasting as a
result of heat treatment, protein-rich foods have also been found to occur in lower levels of acrylamide today. Acrylamide
formation in studies of high-risk foods are French-fries and chips, biscuits, bread and cereals. Its formation is also
identified in protein content rich food in Turkish cuisine such as döner, kebap, meat and poultry products. The
International Agency for Research on Cancer has classified acrylamide in food as a 'Group 2 Possible Carcinogenic to
Humans'. Due to the AA evaluated as potential carcinogens, numerous studies have been done to reduce AA formation in
cooked products. This article aims to provide a better understanding of the chemistry and biology of acrylamide in food,
and can lead to the development of food processes to decrease the acrylamide content in the diet.
Methods: Medline, Embase, Cochrane Central Register of Controlled Trials databases were used for searching acrylamide
information.
Conclusions: Various heat treatments applied in food for preparation, processing and storage such as frying, baking,
sterilization, roasting, grilling and even drying can lead to physical and chemical changes. Studies of AA have reported
that it is important to determine the formation of AA in carbohydrate and protein-rich foods after heat application over
120ºC. It occurs at lower concentrations in protein rich foods (eg. döner, kebap, grilled meat and chicken) and is not
formated in raw and boiled food.
Comment: The total amount of acrylamide in food can be reduced significantly by suitably processing as well as raw
materials added to the product.
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1. Introduction
Acrylamide may have a risk for public health. Acrylamide (AA, 2-propenamid was first found by Christian Moureau in
Germany as a chemical compound in 1893 [1]. Acrylamide is the most active compound which has been researched
among food contaminants, on which acrylamide heat effect has been applied [2]. Thereafter, many researchers have
released publications stating that they found Acrylamide at different amounts in several food substances [1, 3]. The
existence of chemical acrylamide in food was published in a press release in April 2002 by the Swedish National Food
Administration (SNFA) and Stockholm University. According to that release, it is presented to the attention of the
public that "carbohydrate rich foods" contain high degrees of acrylamide which is a chemical substance that has the
potential to cause cancer in fried and baked foods [4, 5]. The International Cancer Research Center (IARC, 1994)
classifies acrylamide in the "2A group", that is, "it is a potential carcinogen for people".
Product variables and process variables are two factors that influence the formation of AA. While the product
variables are things such as asparagine, sugar type and concentration, pH, water content and the food matrix, the
process variables are things such as the temperature and the time.
Acrylamide influences the genotoxic, carcinogenic, neurotoxic, reproduction and development toxicity [6].
According to the classification system of the European Union (EU), AA has toxic effects on the carcinogenic, mutagen
and reproduction [7, 8, 9].
According to the WHO directive for drinking water quality, it is stated that 1 liter drinking water contains 0.5 μg
acrylamide. This figure in the European Union is 0.1μ g/lt water [10]. Acrylamide has been found to be carcinogenic
with a standard 2 years bioassay works in lab rats. It is known that it causes benign and malign tumors. AA has been
included in the drinking water of lab rats at 2 mg/kg/day in two independent animal work groups and it has been
approved that it is carcinogenic. At the same time, this result is valid for brain tumors, spinal cord and other tissues [10].
The objective of this article is to focus on the formation mechanism of the acrylamide found in some products and
provide complied information or the strategies to decrease it in food.
Materials and Methods: Medline, Embase, Cochrane Central Register of Controlled Trials databases were used for
searching acrylamide information.

2. Formation of Acrylamide in Foods
Acrylamide has two forms which are monomeric and polymeric [11]. Acrylamide is one of the elements that have a
negative effect on human health and are formed as a result of heat treatment. Acrylamide is a water-soluble vinyl

monomer used in the synthesis of the polyacrylamides and involves polar functional groups in different physical and
chemical characteristics and the monomer form is created in food [3, 12, and 13]. This monomer is an amide, involving
unsaturated double bonds and it appears as a crystal while it is white and shows resolution at room temperature. It is
odor free and has high solubility in water. It is polymerized immediately once it is dissolved or exposed to oxidative
agents. The heat of the solution is 84.56oC and the boiling temperature is 1256oC. It is a unique compound since its
polymeric form is a water proof gel [1].
It has been indicated that the monomeric form of acrylamide has a toxic effect on the nervous system and has an
anemic effect as well and it is a carcinogen in lab animals [1, 11]. It is possible that the level of acrylamide in the diet
can form higher than the other known carcinogens. Formation of acrylamide depends on the temperature and time and
the ambient temperature needs to be in excess of 100oC for acrylamide to form. It has been reported that acrylamide has
been formed by a reaction of specific amino acid with reducing sugar (Maillard reaction) during the formation of
browning around 120 0C. Furthermore, formation of AA is affected by the period of cooking, food source, and type of
the food and cooking temperature. The World Health Organization (WHO) and Food and Agriculture Organization
(FAO) state that foods which are processed or cooked at high temperatures can considerably contain AA and this can
cause a risk for the health of the people [14]. When the ambient temperature increases to 180oC, the formation of the
acrylamide maximizes.

3. Probable Mechanisms
Even if all of the formation mechanisms of acrylamide are not known, there are positive results as to the formation
mechanism. Alternatively, it can react to form the "Schiff base", which expresses the Maillard reaction with free sugar
and free amino acids. It has been put forward that during the formation mechanism of the acrylamide, the Schiff base is
formed, which is an indecisive by-product, from the reaction of asparagines with carbonyl after the decarboxylation in
the Strecker type reaction. Acrylamide is formed with 3- aminopropanamid with hydrolysis of the decarboxlate Schiff
base and thereafter the dissolution of ammoniac.
Besides, the high degree lipids that are generated due to reducing lipids (blown oil acid or glycerol) pave the way for
the formation of AA. Acrolein is a three carbon aldehyde and resembles the structure of acrylamide. Acrolein enters
into the oxidation reaction and generates an acrylic radical by-product. AA is generated upon the existence of the two
type nitrogen resources but acrolein is not required in the alternative formation mechanism of the AA [15]. For this
reason, acrolein is accepted as the beginning of acrylamide. Acrolein can turn into acrylamide with basic chemical
transformations [16]. Acrylamide is not constituted in fat, which are used in deep frying in the food production industry
[17].
Sugar alcohols or polyols (sorbitol, xylitol) do not react to Maillard reactions. This means that when baked products
are sweetened with sorbitol, the color does not or rarely changes during baking. The reaction of large sugar is slower
with amino acids. Pentose sugars (5 carbon atom), such as ribose, react faster than the hexose sugars (glucose, fructose)
and disaccharide (sugar, lactose). With its two amino groups, lysine from the amino acids, reacts faster and causes the
formation of a brown color. The formation of the Maillard reaction is avoided since some flavor compounds are formed
in some circumstances such as sterilized dairy products. An excessive heat application may result in the loss of quality
since it changes the structure and flavor as well as odor compounds. The loss of essential amino acids such as lysine due
to the Maillard reaction significantly affects the biological values of the proteins in foods [18].
It has been observed that the asparagine rate in the asparagus is at a high level (11000-94000 mg/kg) and AA may be
formed at high rates in asparagus under the proper circumstances in the resources which state that asparagine is the
major pioneer of acrylamide in foods [19, 20].
No acrylamide is formed when glucose, glycine and cystine or methionine amino acids are heated to 185°C [21].
They only form acrylamide at trace amounts when glutamine and aspartic acid are exposed to heat (0.5–1 mg mol-1)
[21].
This work has been undertaken by the Marmara Research Center (MAM), affiliated with the Scientific and
Technological Research Council of Turkey (TUBITAK). It has been observed that acrylamide is found in the crust,
which is largely consumed by the Turkish people and no acrylamide formation is available in the bread [22]. TUBITAK
observed that rice, tahini halva, kebab, doner kebab, grills, rye bread have AA at lower than the measurable amount and
French fries and several bakery products have the highest rates in Turkey. According to the recent research, meat and
poultry products such as döner, grills and kebab, which have an important place in Turkish cuisine, have been examined
in terms of the acrylamide content and the level of acrylamide has been observed between the ranges of 25-250µg/kg
[23].

4. Factors Affecting the Formation of Acrylamide in Foods
The existence and concentration of molecules such as asparagines and reducing sugars have influence on the formation
of AA. The heat, heat density and water activity, which are used in the processing technologies and relative

concentration of these molecules, have effects on the formation of AA. Asparagine concentrations and reducing sugars
for each of the three products have been affected by the cultivation conditions (season, watering and fertilization)
harvest season and storing conditions. Redundancy of the reducing sugars and asparagine concentration for cereal
affects the formation of AA. On the contrary, asparagines are seen more in potatoes and reducing sugar concentration
affect the formation of AA [24].
AA formation in green beans of coffee is not affected by reducing the sugar content and shows a weak correlation
with the asparagine concentration. During coffee roasting, AA is not accumulated and its formation and degradation
(deformation) happen concurrently. While free asparagine seems to be a limiting factor for the formation of the
acrylamide, the concentration of the reduced sugar is affected less. 20% of the AA which has been formed in the
beginning, is formed during roasting. Roasted and ground coffee contains 170–351 μg/kg AA. The subsequent
degradation is observed during storing. It is reported that acrylamide mainly occurs for the affiliation with the coffee
ground compounds and roasted coffee matrix. It is required to take more notice of such degradation since the amount
changes depending on the period of the storing to guess the exposure rate. For that reason, it is recommended to have a
moderate coffee consumption [21]. No relation has been observed between the amount of sugar and AA formation
during the baking or roasting process [25].
According to gender, age and ethnic group, the suggestion is to consume between 0.3 and 0.8 µg/kg. According to
the 2002 evaluation by WHO and FAO, AA exposure per day is 0.3-0.8 µg/kg body weight [26]. There is a requirement
to drastically decrease exposure since there is no threshold value of the effect for genotoxic carcinogens. According to
WHO, cancer risk is 1/100.000 when we are exposed to AA 1µg/day throughout our life. Risk assessment of these
compounds, containing the toxicological and exposure status has to be conducted [26].

5. Precautions to Decrease the Formation of Acrylamide in Food
Well baked products contribute to the total AA intake due to containing AA concentrations. Decreasing the cooking
period or heat in formation of Acrylamide effectively diminishes the formation of AA [27, 28]. The studies about
decreasing the formation of acrylamide cover the characteristics of the raw material. For example, the effect of
conditions such as the harvest year, variety, storage conditions in potato products on the level of the acrylamide has
become a subject for many studies. Furthermore, there are many findings that antioxidants decrease the formation of
acrylamide in food which has heat treatment at high temperatures applied [29].
To sum up, refined cereal products increase cereal consumption. Well baked products contribute to the total AA
intake due to them containing AA concentrations. Decreasing the cooking period or heat in formation of Acrylamide
effectively diminishes the formation of AA. Gertz and Klostermann reported that the formation of AA accelerates over
175oC. It is stated that the formation of AA decreases by 50% when the temperature of the frying oil is decreased from
185oC to 165°C in French fries; and when it is decreased from 190oC to170oC, it decreases by 68% and from 190oC to
150oC, formation of AA decreases by 88% [26, 30].
To sum up, it has been stated that elements such as potato type, the agriculture system, vaccination, damp, heat
density, enzyme and the addition of some minerals and amino acids, carbonyl (R-CHO), the concentration of the
compounds, harvest time (seasonal changes), asparagine amount, pH, cooking rules, additives, storing period and the
degree and vaccination have a significant effect on the formation of AA concentration [26, 31].

6. Discussion
According to the evaluation by the World Health Organization (WHO) and FAO in 2002, exposure to acrylamide is 0.30.8 µg/kg/day body weight. Neither value measurement over the predictions nor biological process is understood well.
A mechanism has yet to be found to stop the formation of acrylamide. It is known that AA is constituted in some foods
which are cooked or processed at high temperatures and it increases with the waiting period at a high temperature.
In brief, acrylamide can be formed through different mechanisms, which contain the reactions of carbohydrates,
protein and amino acids, lipids or other micro food elements in food treated with heat. As it is observed in the studies, to
control the level of acrylamide is to start from the selection of the raw material of which the product will be
manufactured. There can be a significant decrease in the amount of acrylamide with the optimization of the processing
conditions and suitable raw material. Cooking conditions to be carried out on food should be systematic and common
analysis methods should be developed.
It is recommended for individuals to take adequate and balanced nutrition, to increase their food and vegetable
consumption, decrease total fat intake and fried food consumptions. It goes without saying that people who are living in
Turkey are very lucky to have a culture of braising in the cooking pot.
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