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ABSTRACT

An analytical method is described for ultra-trace determination of methyl carbamate and ethyl
carbamate in locally produced fruit wines. The quantitative analysis involves with dichloromethane
extraction followed by 30-fold preconcentration using C,, SPE prior to measurement by capillary
GC-FID. Under the optimized conditions, a good linearity of their calibration curves was obtained in
the range of 0.1-50.0 mg/L with r? > 0.994. LOD and LOQ were 3.3-16.7 pg/L and 11.1-55.6 pg/L,
respectively. The averaged recovery of these carbamates was ranged of 82.2-95.2% with RSD <
8.76%. The procedure was applied to determine both carbamate residues in various local wine
samples. It was found that the concentration range of methyl carbamate (6.9-24.1 pg/L) was rather
fluctuated and higher than that of ethyl carbamate (2.6-4.3 pg/L), suggesting that is a certain residual
background contamination naturally occurring in the wine fermentation.

Key words: Methyl carbamate, Ethyl carbamate, Wine, Preconcentration,
Solvent extraction, Solid-phase extraction, Gas chromatography.

INTRODUCTION

Ethyl carbamate, commonly called
urethane, occurs naturally in most fermented foods
and beverages''°. Previous studies indicate that
urea is the main precursor and that it reacts with
ethanol under specific conditions to form ethyl
carbamate during wine ageing and storage®. Due
to its carcinogenic effects in humans, maximum
allowable levels in beverages were set by the

United States (recommended only) and Canada
(30 mg/L for table wines; 100 mg/L for ports and
sherries; 150 mg/L for distilled spirits; and 400
mg/L for fruit brandies, cordials, and liqueurs).
The determination of ethyl carbamate in alcoholic
beverages faces some difficult problems due to its
low concentration and also high matrix interferences.
Most of the reported methods for ethyl carbamate
analysis employ solid-phase extraction, liquid-
liquid extraction and preconcentration prior to gas
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chromatographic separation®'?2. Some methods still
include an additional extraction cleanup step*®. Ethyl
carbamate detection is usually performed by mass
spectrometry'+7815 either on electron or chemical
ionization?*24, Other detection techniques such as
Hall electrolytic conductivity detection and thermal
energy analyzer in nitrogen detection have also
been applied®2¢. GC-FTIR was selectively applied
to determine ethyl carbamate in alcoholic beverages
and foods 7. HPLC with fluorescence detection of
ethyl carbamate in samples was also carried out'.

Concerning on pesticide residues in
agricultural fields and their products, one may focus
to pay attention on such local vegetables and fruits
that are subject to provide raw material for food
and beverage production, possibly originated from
water consumption and/or wastewater drainage®’22.
Besides, naturally occurring ethyl carbamate, cyanide
conversion into ethyl carbamate can be catalyzed by
Cu(ll) 2. Ethyl carbamate precursor is known to be
genetically related lactic acid bacteria?. However,
trace amount of methyl carbamate residue in those
samples is still limited. Thus, an analysis of both
carbamates in commercially available wine products
would be an important subject for quality control of
such alcoholic beverages consuming worldwide.

The aim of this study was to determine both
methyl carbamate and ethyl carbamate residues in
local Thai wines using a simple but reliable technique
that may be easily used in laboratories with a large
throughput of samples. Since the amount of the
carbamates residues in wine is in ultra-trace level,
solvent extraction with dichloromethane for the
selectivity of analyte and followed by C, solid-phase
extraction for the preconcentration was carried out
prior to separation by GC-FID. Method validations of
the extraction and separation procedures were also
investigated.

MATERIALS AND METHODS

Chemicals

The standard compounds of methyl
carbamate and ethyl carbamate both analytical grade
were from Sigma Aldrich (USA). Dichloromethane,
diethyl ether, methyl alcohol, t-butanol (used as
internal standard) and sodium sulfate all analytical
grade were purchased from Carlo Erba (ltaly). Ethyl
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acetate and hexane were also analytical grade from
Lab Scan (Thailand). Solid-phase cartridge (Vertical
C-18, 500 mg) was used. Deionized water was
obtained by using Milli-Q water purification system
from Millipore (Massachusetts, USA).

Instruments

The quantitative analysis of both carbamates
in the extracts of wine samples was conducted by
GC-FID (Trace GC 2000, Thermo Finnigan, ltaly).
The capillary column was DB-5 (30 m x 250 im
i.d., 0.25 im film thickness). Helium was used as
carrier gas at a flow rate of 1 mL/min. The column
temperature program was investigated in details
including split ratio of the injection port and carrier
gas flow rate. Other operating conditions used were
as follows: injection temperature 150°C, detector
temperature 250°C and injection volume 1 iL. Other
instruments including pH meter (Denver Instrument
model 251, USA), centrifuge machine (Hermle Z300,
Germany), rotary evaporator (Blchi rotary R-200,
Germany), analytical balance (Sartorius AC211S,
Germany) and drying oven (Fisher Scientific,
Australia) were also used.

Wine samples

Wine samples, both white and red wines,
locally produced from various kinds of typical
Thai fruits and herbal plants were purchased from
supermarkets and the “OTOP” (One Tumbon One
Product) centre in Khon Kaen and other provinces
in Thailand including five samples of selected white
wines: green grape wine, pineapple wine, lychee
wine, pandanus leave wine and rice grain wine, and
five samples of selected red wines: red grape wine,
roselle flower wine, Thai herbal plant Krashine-dum
wine), Thai blueberry fruits Mao wine, and strawberry
wine.

Sample preparation

Extraction of methyl carbamate and ethyl
carbamate residues from the selected wine samples
was carried out. This procedure was based on
liquid-liquid extraction (LLE) followed by cleanup and
preconcentration with solid-phase extraction (SPE).
In the first step, the optimum conditions for LLE were
investigated in detail including the effects of solvent
type (hexane, diethyl ether, dichloromethane (DCM)
and ethyl acetate), volume of the solvent used (5-20
mL), sample volume (5-50 mL), extraction time (5-60
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min) and concentration of NaCl (1-20%, m/v). Next,
SPE (C,,; 500 mg, 3 mL) was performed by using
3 mL of dichloromethane used for sample elution.
Finally, 1 mL of the extract was filtered through 0.45
pm nylon membrane prior to injecting into GC-FID.

Method validation

Linearity was investigated from the
calibration plots of standard mixtures of methyl
carbamate and ethyl carbamate. All standard
mixtures were prepared by dilution of stock
standard solution. Limit of detection (LOD) and
limit of quantitation (LOQ) were investigated by
linear regression. Linear least-squares regression
parameters were calculated based on the analysis
of ten replicates of both carbamates at five different
concentration levels.

The precision of the proposed method was
presented as the repeatability and reproducibility of
retention time and peak area. For intra-day precision,
the standard mixtures of methyl carbamate and
ethyl carbamate were analyzed in five replicates
within a day. For inter-day precision, the standard
mixtures of methyl carbamate and ethyl carbamate
were analyzed in five replicates for three different
consecutive days.

RESULTS AND DISCUSSION

Optimum conditions for solvent extraction and
solid-phase extraction

Since wine samples contained high total
solids contents as their matrix effect which can be
obscured or interfered the analyte target, particularly
at ultra-trace level, in the sample pretreatment prior
to determination by GC-FID. Some experimental
parameters including type of organic solvent, volume
of the extraction solvent, sample volume, extraction
time, salt concentration, and volume of the elution
solvent for sample cleanup/preconcentration were
thus optimized consequently in details using real
wine sample as a model for both solvent extraction
and solid-phase extraction/preconcentration.

Effect of organic solvents

Four kinds of organic solvents with
different polarity including hexane, diethyl ether,
dichloromethane (DCM) and ethyl acetate were an
alternative choice of the common extraction solvents
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used in this study. It was found that, besides hexane
and diethyl ether, both of DCM and ethyl acetate gave
rather high peak area ratios of methyl carbamate (MC)
and ethyl carbamate (EC) with similar results as shown
in Fig. 1. However, ethyl acetate was known as one
of major aroma constituents commonly found in wine
samples, at which still appeared in GC chromatogram
(data not shown). Thus, DCM was used as the
extraction solvent.

Effect of volume of the extraction solvent

For 25 mL of wine sample, the effect of
volume of DCM was varied between 5 and 25 mL
while other conditions were kept constant. Figure
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Fig. 1: Effect of different organic solvents on
the extraction of methyl carbamate and
ethyl carbamate in wine sample

2 shows that an increasing of the volume of the
extraction solvent between 5 mL and 20 mL resulted
in higher peak area ratios of both MC and EC, except
for 25 mL of DCM their response signal decreased.
Therefore, using 20 mL of dichloromethane could be
suitable extraction solvent and was used for further
study.
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Fig. 2: Effect of different volume of
dichloromethane on the extraction of methyl
carbamate and ethyl carbamate in wine sample
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Effect of sample volume

In contrary, the effect of sample volume of
wine was also investigated between 5 mL and 50 mL
when using 20 mL DCM as the extraction solvent.
It was found that the optimum sample volume,
expressed as the peak area ratio in this case, was
about 25 mL for both kinds of the carbamates (Fig.
3).

1.000 1

0.800 A
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Effect of the extraction time

The extraction time by using any extraction
technique is one important factor to be concerned,
since it mostly affects directly to remove all the target
analytes from the sample matrices. In this study, the
extraction time was varied between 5 and 60 min
as shown in Fig. 4. It was clearly shown that the
extraction time of 15 min was the suitable choice as
fast step as for the optimum conditions.
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Fig. 3: Effect of sample volume on the
dichloromethane extraction of methyl
carbamate and ethyl carbamate

Effect of the salt concentration

In any separation between two kinds of
nonpolar and polar solvents, the ionic strength of
the electrolyte in aqueous phase depends on salt
concentration. Thus, to get better separation it is
needed to try to use NaCl as a common salt. As
shown in Fig. 5, 10% (m/v) NaCl was chosen at which
it give rising of the peak area ratio of ethyl carbamate,
while that of methyl carbamate kept no change in its
response.
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Fig. 5: Effect of sodium chloride concentration
on the dichloromethane extraction of methyl
carbamate and ethyl carbamate in wine sample
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Fig. 4: Effect of the extraction time on
the dichloromethane extraction of methyl
carbamate and ethyl carbamate in wine sample

Effect of volume of the elution solvent

For SPE, the elution volume of the solvent
used was also studied according to get the highest
preconcentration factor of both the analytes.
Since it was aimed to find out at ultra-trace level
of the carbamate residues in wine samples, the
experimental trial was conducted with C18-SPE with
a minimal eluate between 1 mL and 10 mL of DCM
(Fig.6). It was found that 3 mL of DCM was practically
chosen in this study due to rather high peak area
ratios of both the carbamates.
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Fig. 6: Effect of elution volume of dichloromethane

on solid-phase extraction of methyl carbamate
and ethyl carbamate in wine sample
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Optimum conditions for GC-FID

Although the separation by GC is based
on volatile property of the analyte, the column
temperature program of these carbamates and its
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internal standard (1.S.), tbutyl alcohol, should be
carried out between 50 °C and 220 °C (Table 1). It
was found that single gradient temperature from 50
to 100 °C with 8 °C/min ramp rate was a suitable

Table 1: Retention time of both carbamates and #-butyl alcohol

as L.S. with different column temperature programs

Compound/

Retention time (min)

Temp. program 50-100°C 50-150°C 50-200°C 50-220°C
Methyl carbamate 6.11 3.85 3.87 3.90
-Butyl alcohol 6.41 4.03 4.05 4.10
Ethyl carbamate 8.36 4.77 4.78 4.81

Table 2: Effect of split ratio of the injection
port on peak area ratio of both carbamates

Compound/ Peak area ratio

Split ratio 10:1 30:1 60:1
Methyl carbamate 0.03 1.86 1.56
Ethyl carbamate 3.37 3.50 3.09

Table 3: Effect of different flow rate of carrier
gas on retention time of the compounds used

Compound/ Retention time (min)

Flow rate (mL/min) 1.0 1.5 2.0 25
Methyl carbamate 6.11 473 3.84 3.27
t-Butyl alcohol 6.41 4.95 4.05 3.46
Ethyl carbamate 8.36 7.10 6.20 5.48

Table 4: The optimum operating conditions of GC-FID used

Parameter

Condition

Column temperature program
Detector temperature

Injector temperature

Injection mode/ split mode
Injection volume

Carrier gas

Make up gas

Flow rate

50-100°C (Ramp rate 8°C/min)
250°C

150°C

Split ratio of 30:1

1L

Helium

Nitrogen

1.0 mL/min
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condition, resulting in a reasonable analysis time of split ratio of the injection port ranging from 10:1,
within 10 min. While other temperature ranges 30:1, and 60:1 is also optimized as well (Table 2) .
did not give good high resolution between methyl At the split ratio of 30:1 the peak area ratios of MC
carbamate and |.S. used. Since capillary GC always and EC were rather higher than the other ones. Thus,
limits its injection volume of sample (1 pL), the effect  the higher peak area ratio was obtained, the better

Table 5: Precision for the GC measurement of methyl carbamate
and ethyl carbamate for intra-day and inter-day analysis

Compound Relative standard deviation (%)
Intra-day (n = 10) Inter-day (n = 3x10)
t, Peak area t, Peak area
Methyl carbamate 0.45 6.72 0.49 6.92
Ethyl carbamate 0.28 8.76 0.49 8.29

Table 6: Method validation of methyl carbamate and ethyl carbamate

Parameter Methyl carbamate Ethyl carbamate
Linear range (mg/L) 0.5-50.0 0.1 -20.0

Working range (mg/L) 0.5-5.0 0.1-0.5
Regression equation y = 0.3502x - 0.1007 y =0.4121x - 0.0092
Correlation coefficient, r? 0.9948 0.9942

Limit of detection (pg/L) 11.1 3.33

Limit of quantitation (pg/L) 55.6 16.7

Precision (as %RSD) <6.92 <8.76

Recovery (%) 82.2-91.2 82.4-95.2

Table 7: Recovery of methyl carbamate and ethyl
carbamate in real samples spiked with 200 pg/L
of each of the standard carbamates

Sample Recovery (%)

Methyl carbamate Ethyl carbamate

Red grape wine 83.77+2.15 85.13+3.56
Mao wine 90.76+3.27 95.24+4.86
Krachaidam wine 89.96+4.11 92.88+5.47
Roselle wine 91.23+3.76 82.44+4.96
Strawberry wine 86.16+4.76 87.15+£5.32
Green grape wine 88.69+4.89 82.77+5.50
Rice wine 89.48+1.11 95.24+5.61
Lychee wine 82.19+2.65 93.89+2.24
Pandanus wine 89.65+4.58 92.88+4.91
Pineapple wine 87.58+1.75 83.78+4.88

Mean + RSD; n=3
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Table 8: The concentration (pg/L) of methyl
carbamate and ethyl carbamate in wine samples

Wine sample Methyl carbamate

Ethyl carbamate

1027

Red grape wine N.D. 3.06+0.12
Mao wine 9.28+0.69 3.06+0.05
Krachaidam wine 6.86+0.42 3.35+0.05
Roselle wine N.D. 2.58+0.34
Strawberry wine N.D. 4.30+2.38
Green grape wine N.D. 3.49+0.14
Rice wine 7.42+0.30 3.11+0.28
Lychee wine N.D. 3.09+0.16
Pandanus wine 24.06+1.46 3.39+0.09
Pineapple wine 22.47+0.55 3.63+0.61

N.D.: Not Detectable, Mean + SD, n =3

accuracy and precision was a subject to perform
the method validation. In addition, an analysis time
of the separation by GC can be minimal, if flow rate
of the carrier gas is controlled to deal with linear
velocity of the analytes. Thus, the flow rates higher
than 1.0 mL/min i.e. 1.5, 2.0 and 2.5 mL/min were
also performed (Table 3). It was found that the
resolution between methyl carbamate and 1.S. was
not well done even though it gave shorten the last
peak, ethyl carbamate, within about 6 min.

The operating conditions of GC-FID were
thus ready to run with reliable and accuracy output
which consisted of the split ratio, 30:1; 1 pL injection
volume; temperature programming from 50°C for
5 min; 8°C/min to 100°C for 1 min with injector
temperature, 150°C; detector temperature, 250°C;
helium gas for the carrier gas with flow rate 1.0
mL/min. The optimum GC operating conditions are
shown in Table 4. Under the optimized conditions of
LLE and SPE, the analytical separation of methyl
carbamate (MC) and ethyl carbamate (EC) by GC-
FID was achieved within 10 min. The retention times
of MC, t-butanol as internal standard (I.S.) and EC
were 6.11, 6.40 and 8.36 min, respectively, (GC
chromatogram not shown).

Analytical figures of merit

For quantitation analysis of both MC and
EC by GC-FID after the preconcentration method
with C-18 SPE, the method validation including
selectivity, linearity, precision and accuracy was
investigated. Precision of the proposed method

gave the relative standard deviation (%RSD) less
than 0.5 and 9.0 for retention time and peal area,
respectively (Table 5). Linearity of calibration curve
was extensively wide over range from 0.1 to 50.0
mg/L with the correlation coefficient greater than
0.994. Limits of detection and quantitation of MC
and EC were found to be 3.3-16.7 pg/L and 11.1-
55.6 ug/L (Table 6) expressed as an analytical signal
three times and ten times of the standard deviation
of background signal, respectively. The recoveries
of real samples were found in the range of 82-95%
(Table 7). The proposed method was successfully
applied to determine methyl carbamate and ethyl
carbamate in local wine samples at ultra-trace level
(Table 8).

This procedure was based on liquid-
liquid extraction (LLE) followed by cleanup and
preconcentration with solid-phase extraction
(SPE). In the first step, LLE was done under the
optimum conditions: kind of solvent for extraction
(dichloromethane), volume of solvent (20 mL),
sample volume (25 mL), extraction time (15 min) and
concentration of NaCl in salting out (10% m/v). Next,
SPE (C,,; 500 mg, 3 mL) was performed by using
3 mL of dichloromethane used for sample elution.
Finally, 1 mL of the extract was filtered through 0.45
pm nylon membrane prior to injecting into GC-FID.

In the present study, liquid-liquid extraction
in association with solid-phase extraction method
for the analysis of methyl carbamate and ethyl
carbamate in local Thai wine samples by GC-FID
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was carried out. The GC-FID system was used
in order to achieve the optimum conditions for
simple and rapid determination of trace amounts
of the carbamate compounds. Under the optimized
extraction conditions, the sample pretreatment
method was accounted as preconcentration factor
of 30-fold, even if the contents of methyl carbamate
was still not detectable. The obtained results are
shown in Table 8.

CONCLUSION

In conclusion, both of methyl carbamate and
ethyl carbamate are important organic compounds
commonly found in the fermentation process of wine,
besides other compounds including trace metals
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and pesticides were also occurred as background
contamination at trace and/or ultra-trace level.
Therefore, their quality control of these compounds
particularly the carbamates must be done being
either in the standard level or not excess the
maximum residue limits (MRLs) of wine. In this study,
the contents of both carbamates in these local wine
samples were still found less than the standard level
of MRLs (200 pg/L for carbamate in wine).
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