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Abstract

Ethyl carbamate, which is also known as a possible human carcinogen, is formed by ethanolysis of N-carbamyl

compounds such as carbamyl phosphate, urea, or citrulline. NaCl that is highly present in fermented foods was suspected
to have an influence on ethyl carbamate formation. This study was designed to determine the effect of NaCl on the
chemical reactions upon incubation of ethanol with the N-carbamyl compound in a 25% NaCl solution or in the absence
of NaCl, and to find a possible association with the formation of ethyl carbamate. While the amount of ethyl carbamate
formed in a urea solution with the addition of NaCl was increased up to 26%, the amount formed with citrulline or
carbamyl phosphate in the presence of NaCl was decreased up to 30% and 40%, respectively. This indicates that NaCl
should be considered as a potential factor influencing the rate of ethyl carbamate formation from its precursors.
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Fig. 1. Proposed pathway for the chemical reaction of N-
carbamyl compounds with ethanol to form ethyl carbamate.
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Fig. 2. Scheme for the incubation of ethanol with N-carbamyl
compounds. Reactions of 0.6 M N-carbamy| compounds with 0.6 M
ethanol were carried out in 25% NaCl solution (w/v) or nanopure
water at 25°C. The chemical reaction was stopped by analyzing the
samples at 3 and 20 day.
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Fig. 3. Total ion chromatogram of ethyl carbamate formed after the incubation with carbamyl phosphate and ethanol, and mass spectra
of ethyl carbamate and n-propyl carbamate used as an internal standard.
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Table 1. Ethyl carbamate formation after the incubation of ethanol with N-carbamyl compounds or arginine at 25°C in the 25% NaCl

solution or in the absence of NaCl"

Citrulline Urea Carbamy!-P? Arginine
Control” NaCl" Control NaCl Control NaCl Control NaCl
pH 6.47 6.18 7.58 7.68 5.62 5.49 5.72 5.98
Ethyl carbamate 105+ 6.4 69+2.7 349 +30.3 439+ 44,1 221+42 123+ 10.1 0 0
Yield (mg/mg) 3.3x 107 2.2% 107 3.2x10° 4.1%x10° 12x10° 6.7x% 107 - -

0.6 M ethanol was added to 0.6 M N-carbamyl compounds. citrulline or urea, and 0.6 M arginine. After 20 days of incubation at 23°C with an
exception of carbamyl phosphate, each mixture was analyzed by gas chromatography coupled with mass spectrometry detector. Data are expressed

as means (ng) = standard deviation (n=3).

IThe reactions of 0.6 M carbamyl phosphate with 0.6 M ethanol were stopped at third day because carbamy! phosphate was known to be very
reactive to ethanol. Data are expressed as means (pg) + standard deviation (n=3).

“The mixtures were incubated in nanopure water.
YThe reactions were carried out in 25% NaCl solution (wW/v).
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Fig. 4. Differences of ethyl carbamate formed after the incubation of ethanol with N-carbamyl compounds at 25°C in the 25% NaCl
solution or in the absence of NaCl (control). The concentrations of precursors were adjusted to 0.6 M, which was based on citrulline with the
lowest solubility in water. A: the mixture of carbamyl phosphate and ethanol after 3 days of incubation at 25°C, B: the mixture of arginine
(control for the substrate), citrulline, or urea with ethanol after 20 days of incubation at 25°C. Data are expressed as means + standard deviation
(n=3). ¥***: significantly different from control (p < 0.001), *: (» < 0.05).
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