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Occurrence of 3-MCPD and glycidyl esters 
during potato chip production: effect of oil 

type, frying count and chlorine based 
textural enhancer usage

In this study, potato chips were produced in a laboratory-scale with identical production 
flowsheet to the chips industry to investigate the effect of vegetable oil type and calcium 
chloride (CaCl2) content of blanching water on the formation of glycidyl esters (GE) and 
bound 3-MCPD during potato chip production. Various amounts of CaCl2 (0%, 1%, and 
2%) were used as blanching agent to enhance the textural properties as used in industry. 
Potato chips were fried using refined sunflower oil, refined canola oil, and refined palm 
olein in a small-scale industrial fryer. GE contents were 4.2 mg/kg, 5.78 mg/kg and 5.78 
mg/kg and bound 3-MCPD contents were 1.2 mg/kg, 2.2 mg/kg and 3.0 mg/kg for po-
tato chips fried in sunflower oil, canola oil, and palm olein, respectively. Also, the bound 
3-MCPD content of the final product was increased as the amount of CaCl2 in blanching 
water was increased. In general, bound 3-MCPD contents were increased gradually as 
the frying counts increased with the same batch of frying oil whereas GE contents fluctu-
ated.
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1. INTRODUCTION

3-Monochloropropane-1,2-diol (3-MCPD) and glycidyl esters (GE) are well-
known process contaminants of which esterified forms can exist in oils and 
fat products and free forms can be found in several processed foods [1, 2]. 
According to the formation pathway of the 3-MCPD, acyloxonium ions and 
GE are formed from monoglycerides (MAG) and diglycerides (DAG) because 
of high temperature applications. The presence of organic or inorganic 
chlorine ion causes the formation of 3-MCPD, which is a chloropropanol 
substance. Since GE pathway does not necessarily need chloride ions; they 
form in vegetable oils under elevated temperatures from precursors found in 
oils such as mono and diglycerides [2-5]. Due to reported carcinogenic 
effects of 3-MCPD, The European Commission Scientific Committee on Food 
recommended the tolerable daily intake (TDI) of 2 μg free 3-MCPD/kg body 
weight for 3-MCPD esters. EFSA Panel on the Contaminants in the Food 
Chain also determined GE as possible genotoxic carcinogenic assuming a 
complete hydrolysis of the esters to free glycidol following ingestion [6]. 
European Commission limited the maximum GE level to 1 mg/kg for 
vegetable oils and fats placed on the market and to 0.5 mg/kg for vegetable 
oils and fats destined for the production of baby foods [7].
Temperatures higher than 180°C causes bound 3-MCPD formation while 
temperatures above 230°C also accelerates GE formation in oils and fats. 
Different concentrations of GE and bound 3-MCPD's have been frequently 
reported in many studies for refined vegetable oils [2, 4, 8-11]. GE and bound  
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