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ABSTRACT

This review article provides a comprehensive overview of acrylamide toxicity and the various methods
used for its determination. Acrylamide is a chemical compound that has raised significant concerns due
to its potential health risks, particularly in relation to its presence in food products. The article discusses
the toxicological effects of acrylamide exposure and the associated health implications. Furthermore, it
explores the different analytical techniques and detection methods employed for the quantification of
acrylamide in various matrices, including food and biological samples. The review also addresses the
current challenges and future perspectives in the field of acrylamide analysis, aiming to contribute to a

better understanding of its toxicity and the development of effective control measures.
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Introduction

Acrylamide (Figure 1) is a chemical compound that has gained significant attention in recent
years due to its potential toxicity [1]. It is formed when certain foods are cooked at high

temperatures, particularly through processes such as frying, roasting, or baking [2]. This



http://www.ijnc.ir/

International Journal of New Chemistry, 2025, 12 (1), 53-59 D. Abdolkhani

chemical is a concern because studies have shown that it may have carcinogenic effects in
animals and potentially in humans as well [3]. As a result, there has been a growing interest in
understanding the potential health risks associated with acrylamide exposure and in finding ways
to minimize its presence in our food supply [4]. One of the primary concerns surrounding
acrylamide is its potential to cause cancer [5]. Studies in laboratory animals have shown that
exposure to high levels of acrylamide can lead to the development of several types of cancer,
including tumors in the mammary glands, thyroid, and testicles [6].

Figure 1. Acrylamide structure

While these findings are concerning, it is important to note that the doses of acrylamide used in
these studies were much higher than what would typically be encountered through the diet [7].
Nonetheless, the possibility that acrylamide could pose a cancer risk to humans has prompted
regulatory agencies and public health organizations to take action to minimize exposure [8]. In
addition to its potential carcinogenic effects, acrylamide has also been linked to other health
concerns [9]. Studies have suggested that high levels of acrylamide exposure may be associated
with an increased risk of neurological damage, including nerve damage and impaired cognitive
function [10]. While the evidence for these effects in humans is less clear than the evidence for
cancer, it is still an area of concern that warrants further investigation [11]. Given these potential
health risks, there has been a concerted effort to understand how acrylamide forms in food and
how its presence can be minimized [12]. Acrylamide is formed through a chemical reaction
between certain amino acids and sugars that occurs when foods are cooked at high temperatures
[13]. This process, known as the Maillard reaction, is responsible for the browning and flavor
development that occurs during cooking [14]. While acrylamide formation cannot be completely
eliminated from cooked foods, there are steps that can be taken to reduce its presence.

Regulatory agencies and public health organizations have also taken steps to address acrylamide
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exposure [15-17]. For example, the U.S. Food and Drug Administration (FDA) has issued
guidance to the food industry on ways to reduce acrylamide levels in food products.
Additionally, some countries have implemented regulations or guidelines for acrylamide levels
in certain foods, such as potato products or coffee [18-20]. Hence, determination of acrylamide is
of great importance and in the following the developed analytical techniques for analysis of

acrylamide will be discussed in details.

High-performance liquid chromatography (HPLC)

High Performance Liquid Chromatography (HPLC) is a powerful analytical technique that
separates compounds based on their interactions with the stationary phase and mobile phase. In
the context of acrylamide determination, HPLC is employed to detect and quantify the levels of
acrylamide in food products, environmental samples, and industrial processes. The process of
acrylamide determination by HPLC involves several key steps. First, the sample is prepared and
extracted to isolate the acrylamide. This may involve extraction with organic solvents or other
techniques to concentrate the analyte. Once the acrylamide is extracted, it is then injected into
the HPLC system for analysis. In HPLC, the sample is pumped through a column packed with a
stationary phase, which interacts with the analyte based on its chemical properties. The mobile
phase, typically a liquid solvent, carries the sample through the column. As the sample travels
through the column, the components separate based on their affinity for the stationary phase.
Acrylamide will elute from the column at a specific retention time, allowing for its detection and
quantification. Detection of acrylamide in HPLC can be achieved using various methods, such as
UV-Vis spectroscopy or mass spectrometry. UV-Vis detection relies on the absorption of light
by the analyte at a specific wavelength, while mass spectrometry provides highly sensitive and
selective detection based on the mass-to-charge ratio of ions produced from the analyte.
Quantification of acrylamide in HPLC is typically achieved by comparing the peak area or height
of the analyte to a standard curve generated from known concentrations of acrylamide. This
allows for the determination of the concentration of acrylamide present in the original sample.
Overall, acrylamide determination by HPLC is a valuable tool for assessing the levels of this

compound in various samples. Its high sensitivity, selectivity, and precision make it a preferred

D. Abdolkhani




International Journal of New Chemistry, 2025, 12 (1), 53-59 D. Abdolkhani

method for regulatory compliance, quality control, and research purposes. As concerns about
acrylamide in food and environmental sources continue to grow, the use of HPLC for acrylamide

determination plays a crucial role in ensuring safety and regulatory compliance.
Gas chromatography coupled with Mass spectroscopy (GC-MS)

Acrylamide determination by gas chromatography-mass spectrometry (GC-MS) is a widely used
method for the analysis of acrylamide in various food products. This analytical technique allows
for the precise quantification of acrylamide levels in food samples, providing valuable
information for food safety and quality control. The process of acrylamide determination by GC-
MS involves several key steps. First, the food sample is prepared and extracted to isolate the
acrylamide compound. This extraction step is crucial for obtaining accurate results, and various
extraction methods such as solid-phase extraction or liquid-liquid extraction can be employed
depending on the specific food matrix. Following extraction, the isolated acrylamide is then
subjected to gas chromatography, which separates the individual components of the sample
based on their chemical properties. The separated acrylamide compound is then introduced into
the mass spectrometer, where it is ionized and fragmented into characteristic ions. The resulting
mass spectra are then analyzed to identify and quantify the acrylamide present in the sample.
GC-MS offers several advantages for acrylamide determination, including high sensitivity,
selectivity, and reproducibility. These attributes make GC-MS an ideal technique for the reliable
quantification of acrylamide in complex food matrices. Additionally, GC-MS can be used to
analyze a wide range of food products, including baked goods, fried products, and coffee, among
others. Overall, acrylamide determination by GC-MS plays a critical role in ensuring food safety
and regulatory compliance. By providing accurate and reliable data on acrylamide levels in food
products, this analytical method helps to inform risk assessment and management strategies,
ultimately contributing to the protection of public health. As research and technology continue to
advance, GC-MS will remain a valuable tool for acrylamide analysis, supporting ongoing efforts
to mitigate the potential health risks associated with this compound in food.

Enzyme-Linked Immunosorbent Assay (ELISA)

The ELISA method is widely used for its high sensitivity and specificity in detecting target
molecules, making it a suitable choice for acrylamide analysis. To begin the analysis, the
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prepared samples according to the established protocol, ensuring proper extraction and dilution
to obtain accurate results. The ELISA plate was then coated with a specific antibody that binds
specifically to acrylamide. After the coating, the samples and standards were added to the plate
and allowed to incubate, allowing any acrylamide present in the samples to bind to the antibody.
Following the incubation period, the plate was washed to remove any unbound substances,
leaving only the acrylamide-antibody complexes attached to the plate. A secondary antibody
conjugated to an enzyme was then added, which binds to the acrylamide-antibody complexes.
This allowed for the detection of the bound acrylamide through a colorimetric reaction. After a
final wash to remove any unbound secondary antibody-enzyme conjugates, a substrate solution
was added to the plate. The enzyme catalyzed a reaction with the substrate, resulting in a color
change that was measured using a spectrophotometer. The intensity of the color was directly
proportional to the amount of acrylamide present in the samples and standards. By comparing the
absorbance values of the samples to those of the standards, we were able to quantify the levels of
acrylamide present in the samples. Our results provide valuable information regarding the
acrylamide content in the tested samples, contributing to food safety and quality control
measures. In conclusion, the ELISA method proved to be an effective tool for determining
acrylamide levels in the provided samples. Its high sensitivity and specificity make it a valuable
technique for analyzing acrylamide in various food products, aiding in regulatory compliance
and quality assurance efforts.

Conclusion

Acrylamide is very toxic and as a consequence its determination is of great importance. In this
review paper, the toxicity of acrylamide was discussed and its analytical techniques were
compared with each other in details. Among the different established methods including HPLC,
GC-MS and ELISA, ELISA seems to be the perfect one because HPLC and GC-MS required
expensive instrumentation and time-consuming sample treatment and analysis procedures. But
ELISA can be coupled with UV-Visible Spectrophotometer which is an economic and available
analytical technique. It is suggested that in future studies researchers focus on colorimetric and

also electrochemical sensors owing to their simplicity and being economic.
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