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A B S T R A C T   

Acrylamide is carcinogenic for humans. Foods rich in carbohydrates cooked at high temperatures have a high 
content of this substance. Potatoes are one of the most consumed foods in the world and French fries are one of 
their most common cooking methods. French fries represent 10–49% of the acrylamide intake in the European 
Union and around 55% in USA. The aim of this study was to evaluate the effect that β-cyclodextrin and β-CD- 
carvacrol complexes, acting as an ingredients into the vegetal oils used in the frying process, had in the con-
centration of acrylamide, antioxidant activity, oxidation stability, color, volatile compounds and sensory analysis 
of French fries. Both compounds increased the antioxidant activity and the oxidation stability of the potatoes. 
The addition of β-carvacrol into the oil (sunflower and extra virgin olive oil) reduced up to 40% the formation of 
the acrylamide in the frying process. The addition of β-cyclodextrin reduced the content of acrylamide (15%) 
when the temperature of frying was 185 ◦C and the oil used was extra virgin olive oil. Consumers did not detect 
the type of oil and/or the treatment and prefers a product fried at 175 ◦C instead 185 ◦C.   

1. Introduction 

Acrylamide is a neurotoxic and genotoxic substance for humans 
(Dearfield et al., 1995; Erkekoglu & Baydar, 2014) and it is classified as 
potential carcinogenic molecule for humans by the European Food 
Safety Authority (EFSA, 2015). Several studies have demonstrated that 
foods rich in carbohydrates will have a high acrylamide content when 
produced by using a thermal process at temperatures above 120 ◦C and 
low moisture through Maillard reactions (Elmore et al., 2015; Taubert, 
Harlfinger, Henkes, Berkels, & Schömig, 2004; Y. Zhang & Zhang, 
2007). Besides, carbohydrate-rich foods, acrylamide can be also found in 
coffee, dairy products for babies and children, fruit and vegetables, and 
meat and fish products (Rannou, Laroque, Renault, Prost, & Sérot, 
2016). 

Potatoes (Solanum tuberosum L.) are one of the most consume food in 
the European diet; they are cooked using many different heat treatments 
and sold under many different formats. Children is the segment of 
population with the biggest consumption of French fries and potato 
chips (Molina Périz, Mañes, & Manyes, 2016). 

In Spain, a yearly consumption of ~2.4 kg of processed potatoes is 

estimated (MAPAMA, 2017), so it is essential to identify potential 
carcinogenic or dangerous substances, including acrylamide, for 
humans in this type of foods. 

In 2015, the European Food and Safety Authority (EFSA) published 
that the daily intake of acrylamide causing a low, but measurable, in-
crease in the occurrence of cancer in humans is 170 μg kg− 1 body 
weight, bw, (EFSA, 2015). 

In 2017, the European commission published regulation 
22017/2158 establishing mitigation measures and benchmark levels to 
reduce acrylamide in foods, identifying a benchmark level of 500 μg 
kg− 1 for French fries. These strategies can be implemented by mitigation 
approach, such as good hygiene practice and application of procedures 
based on hazard analysis and critical control point (HACCP) principles 
(European Commission, 2017). However, it is necessary to highlight that 
home-cooking practices for food preparation have not been considered 
in the estimation of this risk (Mesias, Delgado-Andrade, Holgado, & 
Morales, 2018). It is very important not only to establish maximum 
values for the residues of these potentially toxic compounds but also to 
offer recommendations about their home preparation/cooking. 

Mesías and Morales (2015) analyzed the acrylamide content in 18 
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flavor, and even overall liking) (Table 3). 

4. Conclusion 

The acrylamide content in French fries was reduced by 40% by 
adding β-carvacrol (1 g L− 1) in the frying oil (sunflower and extra virgin 
olive oil). The addition of β-cyclodextrin led to a 15% reduction in 
acrylamide concentration, but only when the potatoes were fried at 
185 ◦C and using EVOO. In the rest of the conditions, there were no 
statistically significant differences. Furthermore, the addition of these 
compounds increased antioxidant activity, reduced oxidation, and 
reduced the browning of French fries during the frying process. The 
main conclusion we can draw from the affective sensory analysis carried 
out is that the temperature conditioned the choice of consumers. Con-
sumers did not detect the type of oil and/or the treatment it was carrying 
(β-cyclodextrins and β-carvacrol), or in other words, this was not an 
enough reason for which to choose their choice. 
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acrylamide, furans, heterocyclic amines and browning during the Maillard reaction 
in foods. Food Research International, 90, 154–176. https://doi.org/10.1016/j. 
foodres.2016.10.037 

Regulation (EU). (2017). 2017/2158 of 20 november 2017 establishing mitigation measures 
and benchmark levels for the reduction of the presence of acrylamide in food. L304 C.F.R.  

Roby, M. H. H., Sarhan, M. A., Selim, K. A.-H., & Khalel, K. I. (2013). Evaluation of 
antioxidant activity, total phenols and phenolic compounds in thyme (Thymus 
vulgaris L.), sage (Salvia officinalis L.), and marjoram (Origanum majorana L.) extracts. 
Industrial Crops and Products, 43, 827–831. https://doi.org/10.1016/j. 
indcrop.2012.08.029 

Satyal, P., Murray, B. L., McFeeters, R.L., & Setzer, W. N. (1016). Essential oil 
characterization of Thymus vulgaris from various geographical locations. Foods, 5, 
70. doi: https://doi.org/10.3390/foods5040070. 

Serpen, A., & Gökmen, V. (2009). Evaluation of the Maillard reaction in potato crisps by 
acrylamide, antioxidant capacity and color. Journal of Food Composition and Analysis, 
22(6), 589–595. https://doi.org/10.1016/j.jfca.2008.11.003 

Soncu, E. D., & Kolsarici, N. (2017). Microwave thawing and green tea extract efficiency 
for the formation of acrylamide throughout the production process of chicken 
burgers and chicken nuggets. Journal of the Science of Food and Agriculture, 97(6), 
1790–1797. https://doi.org/10.1002/jsfa.7976 

Taubert, D., Harlfinger, S., Henkes, L., Berkels, R., & Schömig, E. (2004). Influence of 
processing parameters on acrylamide formation during frying of potatoes. Journal of 
Agricultural and Food Chemistry, 52(9), 2735–2739. https://doi.org/10.1021/ 
jf035417d 

Thompson, J. D., Chalchat, J. C., Michet, A., Linhart, Y. B., & Ehlers, B. (2003). 
Qualitative and quantitative variation in monoterpene co-occurrence and 
composition in the essential oil of Thymus vulgaris chemotypes. Journal of Chemical 
Ecology, 4, 859–880. https://doi.org/10.1023/a:1022927615442 

Torres Mariela, M., Martínez Marcela, L., & Maestri Damián, M. (2005). A multivariate 
study of the relationship between fatty acids and volatile flavor components in olive 
and walnut oils. Journal of the American Oil Chemists’ Society, 82(2), 105–110. 
https://doi.org/10.1007/s11746-005-1050-0 

Tsutsumiuchi, K., Hibino, M., Kambe, M., Okajima, N., Okada, M., Miwa, J., et al. (2005). 
Effect of carbohydrates on formation of acrylamide in cooked food models. Journal of 
Applied Glycoscience, 52(3), 219–224. https://doi.org/10.5458/jag.52.219 
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