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ABSTRACT 3-Monochloropropane-1,2-diol esters (3-MCPDE) and glycidyl esters (GE) are the contaminants which have been

detected in many foods and are of potential toxicological concern in recent years. This study aimed to assess
whether these chemicals cause health risks in children considering their amounts in potato chips available for consumption in Turkish
market. Based on the conservative scenario in our study, the average daily intake of 3-MCPDE was estimated as 2.41 ug/kg bw while at high
exposures it was reached to 3.45 ug/kg bw. According to the average and the highest consuming levels, margin of exposures (MoEs) for GE
were calculated as 2170 and 1478, respectively. The results of this risk assessment study indicate that, daily intake levels of 3- MCPDE and GE

were exceeded the safety limits therefore constitute a significant health risk to children with current dietary habits in Turkey.
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INTRODUCTION

3-Monochloropropane-1,2-diol (3-MCPD) esters (3-MCPDE) and
glycidyl esters (GE) are the food-processing contaminants formed
during the heat treatment of refined oils. High-temperature (220-
270°C) treatments during deodorization and deacidification of
vegetable oils lead to the formation of 3-MCPDE and GE by
triggering chemical reactions such as hydrolysis and oxidative
degradation'. The cooking processes which require high
temperatures (> 160 ° C) comparable with deodorization, such as
deep frying, also lead to produce these contaminants. During these
processes, the oil is used continuously and repetitively and is also
hydrolytically and oxidatively degraded when contacted with air.
Therefore, 3-MCPDE and GE presence are also important in foods
such as bread, biscuits, cakes, smoked fish products, chips, crackers,
fries as well asinfant formulas™.

The presence of 3-MCPDE and GE in food is considered a potential
health problem.These contaminants may be presentin foods in free
form as well as in higher amounts esterified form. Studies have
shown that these chemicals are transformed into free forms, 3-
MCPD and glycidol, with hydrolysis in the gastrointestinal tract and
have the potential for toxic effects"*’. In vivo studies have shown that
the main target organs are kidneys and testes in 3-MCPD-induced
toxicity, while glycidol is a genotoxic carcinogen®. The International
Agency for Research on Cancer (IARC) classified the glycidol as
group-2A’ and 3-MCPD as group-2B°.

Real and scientific risk perception of these food contaminants can
only be established through a systematic assessment and risk
analysis that facilitates the identification of human health risks. The
presence of these chemicals in frequently consumed foods, lead the
regulatory bodies to focus on the subject to protect both
occupationally exposed workers and the public from their health
risks. European Food Safety Authority (EFSA) and Joint FAO/WHO
Expert Committee on Food Additives (JECFA) determined the
tolerable daily intake (TDI) and provisional maximum tolerable daily
intake (PMTDI) values for 3-MCPD and its esters while the margin of
exposure (MoE) was established for GE*"°.

In Turkey, the annual individual consumption of chips, which was
400gin 2004, increased to approximately 1kgin2012". Itis thought
that these amounts will increase rapidly considering the young rate
population thatis prone tosnacks in Turkey. Particularly, children are
more vulnerable than adults to chemicals because of physiological
and behavioral features. In this context, this study aims to determine
whether these chemicals have the potential for health risk in
children who consume chips more often than adults, based on the
quantity of 3-MCPDE and GE in potato chips sold in Turkey market.

MATERIALAND METHODS

The toxicological risk assessment includes the following steps; i)
hazard identification, ii) dose-response assessment, iii) exposure
assessment, iv) characterization of the risk”.

Hazard identification and dose-response assessment
Epidemiological data have revealed the health hazard as a result of
exposure to 3-MCPDE and GE. Moreover, No Observed Adverse
Effect Level (NOAEL) values have been obtained from dose-
response curves’. Thus, our study will be continued with exposure
assessment by taking the datain Turkey.

Exposure assessment

Onal et al. determined the amounts of 3-MCPD esters and glycidyl
esters in potato chips in Turkey. Briefly, in that study, a total of 24
potato chips samples from four different brands had been collected
twice with one-year intervals and 3-MCPDE and GE levels had been
determined by GC / MS method”. Among these measurements, the
highest and the mean levels of 3-MCPDE and GE were selected for
risk assessment with the conservative approach (the worst
scenario). The mean levels of 3-MCPDE and GE were 1.11 £ 1.0
mg/kg and 2.36+1.79 mg/kg, respectively. The highest levels were
2.99+0.04 mg/kg for 3-MCPDE and 6.01+0.05 mg/kg for GE. We
accepted the amount of 3-MCPDE and GE as mean + 1 SD levels for
the risk assessment. In our study, children in the age group of 7-8
years were considered as representing childhood. According to the
Obesity Investigation in Childhood in Turkey (COSI-TUR, 2013)", the
average body weight of this age group (for both gender) was
determined as 26.4 £ 0.08 kg (mean - 1 SD for the body weight was
accepted in this study) and the majority of children (60%) consume
chips 1-3 times a week. In our study, the worst scenario approach
was followed for risk the assessment, and we accepted that children
consume 1 package of chips (0.07 kg) 3 times a week.

Risk characterization

In the risk assessment for non-genotoxic chemicals, TDI values are
considered as safety limits. However, the MoE approach is used for
chemicals with genotoxic and carcinogenic potential. In this study,
TDI for 3-MCPDE and MoE for GE which were established by EFSA
were taken into consideration.

RESULTS AND DISCUSSION
Calculation ofestimated daily intake (EDI) for 3-MCPDE:

cxdc

EDI =
w

cisthe concentration of 3-MCPDE in chips (mg/kg)

dcstands for daily consumption of chips (kg)

bw represents the body weight (kg)
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dcwas calculated as 0.03 kg ((0.07 kg x3)/7).

Based on the mean level of 3-MCPDE in chips samples, EDI was
foundas 2.41 pg/kg bw.

Based on the highest level of 3-MCPDE in chips samples, EDI was
found as 3.45 pg/kg bw. The EFSA determines the tolerable daily
intake (TDI) value for 3-MCPD and its fatty acid esters as 2.0 pg/kg
body weight’. When the estimated daily intake (EDI) for the average
and the highest consumed levels of 3-MCPDE were compared to the
TDI of 2.0 pg/kg body weight established by EFSA, this age group
consumption is above the safe limit, suggesting a potential health
risk concern.

Calculation of Margin of Exposure (MoE) for GE:

T25
MoE = —

EDI
T25 represents the dose corresponding to a 25% incidence of
tumors.This valueis 10.2 mg/kg bw per day according to EFSA°.

Based on the mean level of GE in chips samples, EDI was 4.7 pug/kg
bw and MoE was 2170.

Based on the highest level of GE in chips samples, EDI was 6.9 ug/kg
bw and MoE was 1478. EFSA concluded that MoE of 25,000 or lower
would be of high health concern for exposure to GE. In our study,
since all values of MoE are below 25000, it indicates high health risk
under these circumstances.

Therisk analysis approach can be contributed to legal authorities to
evaluate the health risk related to food, set safety regulations, and
minimize the health risk by communicating with the public and the
producer. Although there are studies that determine the exposure
assessment of 3-MCPDE and GE in various food groups in different
markets, the number of risk assessment studies are very limited. In
the risk assessment study conducted in Brazilian infant formulas, it
was reported that both 3-MCPDE and GE levels were above safety
limits and can cause health risks'”. On the other hand, the levels of
the thermal processed products have been determined in
carbohydrate-rich foods, such as breakfast products, snacks, and
biscuits present on the market in Poland and found that some of
these products targeted for children contained a high amount of 3-
MCPD". EFSA has evaluated a total of 7.175 exposure data for 3-
MCPD and glycidol and reported that 3-MCPDE and GE can be found
in high amounts in many foods’. The results of our study, similar to
other risk assessment studies, point out that these high consumed
contaminants are a significant global health risk factor especially for
children who have notyetacquired healthy eating habits.

CONCLUSION

This study is the first report in risk assessment of 3-MCPDE and GE in
Turkish children consuming potato chips. The exposure of children
to these contaminants may raise a potential health concern in
childhood group. Some precautions such as reducing frequencies
of chips consumption in children, increasing food process-control
and using different cooking methods should be taken into
consideration by stakeholders including industry, government, and
parents.

REFERENCES

1. Hrncirik, K., Van Duijn, G. (2011). An initial study on the formation of 3-MCPD esters
during oil refining. EurJ Lipid SciTechnol. 113,374-379.

2. Wong, Y.H., Muhamad, H., Abas, F, Lai, O.M., Nyam, K.L,, Tan, C.P. (2017). Effects of
temperature and NaCl on the formation of 3-MCPD esters and glycidyl esters in
refined, bleached and deodorized palm olein during deep-fat frying of potato chips.
Food Chem.219,126-130.

3. Wohrlin, F, Fry, H,, Lahrssen-Wiederholt, M., Prei8-Weigert, A. (2015). Occurrence of
fatty acid esters of 3-MCPD, 2-MCPD and glycidol in infant formula, Food Additives &
Contaminants:PartA,32,11.

4, Abraham, K., Appel, K.E., Berger-Preiss, E., Apel, E., Gerling, S., Mielke, H., Lampen, A.
(2013). Relative oral bioavailability of 3-MCPD from 3-MCPD fatty acid esters in rats.
Archives of Toxicology, 87(4), 649-659.

5. Buhrke, T, Frenzel, F,, Kuhlmann, J., Lampen, A. (2015). 2-Chloro-1,3-propanediol (2-
MCPD) and its fatty acid esters: cytotoxicity, metabolism, and transport by human

intestinal Caco-2 cells. Arch Toxicol.89(12),.2243-2251.

EFSA. (2016). Risks for human health related to the presence of 3- and 2-
monochloropropanediol (MCPD), and their fatty acid esters, and glycidyl fatty acid
estersinfood. European Food Safety Authority Journal, 14(5), 4426-4485.

IARC. (2000). Monographs on the evaluation of carcinogenic risks to humans. 77,
p.469.Lyon:International Agency for Research on Cancer.

IARC. (2013). Monographs on the evaluation of carcinogenic risks to humans. 101,
p.349.Lyon:International Agency for Research on Cancer.

EFSA. (2017). Update of the risk assessment on 3-monochloropropane diol and its
fatty acid esters.EFSA Journal, 16(1), 5083.

FAO/WHO. (2016). Summary report of the eighty-third meeting of JECFA. Food and
Agricultural Organization/World Health Organization. Retrieved from
http://www.fao.org/3/a-bq821e.pdf.

Ozdemir, P, Basmacioglu Malayoglu, H. (2017). Patates isleme Endiistrisi Yan Uriinleri
ve Hayvan Beslemede Degerlendirilmesi, Tiirk Tarim — Gida Bilim ve Teknoloji Dergisi,
5(1),93-97.

Greim, H., Snyder, R. (2008). Introduction to the Discipline of Toxicology. In Toxicology
and Risk Assessment: A Comprehensive Introduction (Eds. Greim, H., Snyder, R.). West
Sussex:England, John Wiley & Sons.

Onal, B, Ozdikicierler, O., Yemiscioglu, F. (2016). Tiirkiye Piyasasinda Satisa Sunulan
Patates Cipslerinde 3-MCPD Esterleri ve Glisidil Esterleri Miktarlari. Akademik Gida,
14(3),267-274.

Saglik Bakanligi, Turkiye Halk Saghgi Kurumu, Milli Egitim Bakanlgi, Hacettepe
Universitesi. (2014). Tiirkiye Cocukluk Cagdi (7-8 Yas) Sismanlik Arastirmasi (COSI-TUR),
2013.Saglik BakanligiYayin No: 920, Ankara, Sistem Ofset.

Arisseto, A.P, Silva, W.C,, Scaranelo G.R., Vicente E. (2017). 3-MCPD and glycidyl esters
in infant formulas from the Brazilian market: Occurrence and risk assessment. Food
Control 77,76-81.

Sadowska-Rociek A, Surma M, Cieélik E. (2018). Analysis of acrylamide, 3-
monochloropropane-1,2-diol, its esters and glycidyl esters in carbohydrate-rich
products available on the Polish market. Rocz Panstw Zakl Hig.69(2), 127-137.

204 ¥ GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



