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Abstract

Ethyl carbamate (EC) is a carcinogen produced in alcoholic beverages during fermentation and
storage. The purpose of this study was to identify and quantify ethyl carbamate in beer sold in
South-East Nigeria using Gas-chromatographic method. A total of 27 beer samples were divided
into three brands such as Lager, Herbal lager and Ale. Triplicate samples of each brand were
obtained from three major distributors in three South-Eastern states of Nigeria. The results of
the beer samples analyzed showed that ethyl carbamate occurred in high concentrations range of
0.033-0.072 mg/L (mean 0.055 mg/L) and thus may pose a serious health risk to humans.
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Introduction

Alcoholic beverages which occur throughout the world in many
forms and tastes, result from the action of microorganisms
or enzymes on a wide range of agricultural products such as
grapes (Vitis vinifera), soybeans (Glycine max) and grains [1].
Alcoholic beverages serve to construct “an ideal world”. They
constitute wine, spirits, and beer, which is the most consumed
alcoholic beverage in the world [2]. Beer is a millennial
alcoholic beverage that allows consumers to taste different
types and styles depending on how the production process is
conducted or raw materials which are used [3].

Overall, beer is a yeast fermented product of the brewer’s wort
obtained from malted cereals such as barley (Hordeum vulgare).
They may or may not be supplemented with other cereals or
sources of sugar called adjuncts, as well as with the addition of
hops (Humulus lupulus) [4].

Beer is one important alcoholic beverage in Nigeria demanding
investigation of the toxic content as greater percentage of the
populace finds solace in this beverage. Heavy episodic rather
than moderate drinking has been observed as being common
among alcohol users in Nigeria as recorded by Gureje et al. [5].
The popular maxim among Nigerian women “what a man can do
a woman can do it better”” has seemingly extended to an increasing
consumption of alcohol by the female folks, as reported by Obot
[6]. Without taking cognizance of the risk of alcohol-related
cancers-particularly breast cancer which even moderate alcohol
intake resultantly increases as reported by Muanya [7].

Beer, whisky, fruit brandies, and wine have been found to
contain quantifiable levels of ethyl carbamate which is naturally
formed in fermented foods and alcoholic beverages during the
fermentation process or during storage [8].

Ethyl carbamate (EC), known as urethane, is an ester of
carbamic acid. It can be found in fermented foods and beverages
like bread, yogurt, spirits, wine and beer [9]. It can be formed
from various substances such as hydrocyanic acid found in
fruit stones or through the reaction between urea and ethanol
during yeast fermentation [10]. It was used as a hypnotic in
man at doses of 1 gram per person per day and an anesthetic for
laboratory animals in 1940s.
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However, it was found to be gene toxic and carcinogenic in
1943 [11]. It is rapidly absorbed from the gastrointestinal tract
and the skin and then distributed in the body [12].

In the liver, up to 90% of ethyl carbamate (EC) absorbed is
hydrolyzed by microsomal esterase and eliminated as ethanol,
carbon dioxide and ammonia. EC is also oxidized to vinyl
carbamate (0.5%) by cytochrome P-450, 2E1 and further converted
into vinyl carbamate epoxide, which can bind covalently to DNA,
RNA, and proteins [13]. The carcinogenic potential of EC includes
gene mutations and DNA damage. Animal studies have shown
that EC causes an increase in the incidence of tumors in several
sites including lungs, liver, and blood vessels [14].

Human exposure to ethyl carbamate is predominant through
the consumption of foods and alcoholic beverages and has
raised an issue of concern over the past twenty years. This led
to surveys on levels of ethyl carbamate in food and beverages
being conducted, culminating in the International Agency for
Research on Cancer classifying ethyl carbamate as “possibly
carcinogenic to humans” in 2004 [15] and re-classifying it as “a
carcinogen” in 2007 [16].

The purpose of this study was for identification and quantification
of ethyl carbamate in beer sold in South-east Nigeria.

Materials and Methods
Study location

The survey was carried out in three South-eastern states
(Anambra, Abia and Enugu) of Nigeria.

Sample collection

A total of 27 beer samples were purchased from three South-
eastern states (Anambra, Abia and Enugu) of Nigeria where there
is the presence of breweries and product availability. The samples
were carefully labeled with alpha-numeric codes. Triplicate
samples of 3 different commercial brands of beer [(n=9) larger,
herbal larger, and ale] were purchased from major distributors in
three different locations of the South-eastern states.

Materials

All organic solvents used were of analytical grades and obtained
from Sigma-Aldrich.
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Apparatus

A 7820A GC-5977E MS (Agilent Technologies, Santa Clara,
CA, USA) was used for the quantification and identification of
EC. The GC conditions were as follows: capillary column 30 m
length % 0.25 mm id, 0.25 um film thickness DB-WAX (J&W,
Folsom, CA, USA), helium carrier gas at 1 mL/min, injection
volume with 2 pL in split less mode, and injector 210°C. Oven
temperature: 60°C, 10°C/min to 90°C, 2°C/min to 130°C held
for 5 min, 20°C/min to 220°C, and then held for 3 min. The MS
was operated in the selected ion monitoring (SIM) with electron
impact ionization (70 eV). The MS transfer line and ion source
were kept at 240°C and 230°C, respectively. Mass to charge
(m/z) 62 and 64 were major fragment ions of EC and d5-EC.
EC was quantified using calibration curves made from peak area
ratios of EC/d5-EC (m/z 62 vs. m/z 64). EC peak was identified
by comparing the area ratios of m/z 62 vs. m/z 74 that were
major fragment ions of EC.

Preparation of standard solution

The stock solution of Ethyl carbamate (1000 pg/mL) was
prepared by dissolving 0.1 g of EC in acetone. A working
solution (400 pg/mL) was made by diluting the stock solution in
acetone. For spiking in the sample, internal standard was diluted
in distilled water instead of acetone.

D5-EC (Deuterated ethyl carbamate) stock solution was
prepared by weighing to the nearest 0.01 mg, 5.0 mg of d5-Ethyl
carbamate into a 500 mL volumetric flask, diluted to volume in
ethanol and stored at -20°C protected from light.

Analysis of ethyl carbamate

Ethyl carbamate determination was carried out according to the
AOAC Official method 994.07 [17]. The d5-ethyl carbamate
was used as an internal standard. A 2.0 g beer sample containing
100 pL, 1.0 pg/mL dS5-ethyl carbamate was added into a
centrifuge tube and vortexed for 1 min. A diatomite solid-phase
extraction column was used and the analyte was eluted from
the mixture with 10 mL of 5% ethyl acetate after 10 min of
short static stretches. The resulting eluate was collected, dried
by anhydrous Sodium sulfate and concentrated using N2 flow at
30°C. The analyte was further diluted with methanol to a final
volume of 1 mL for MS analysis. Calibration solutions were
prepared by diluting the standard solution in an ethanol/water
mixture (40% v/v). EC was quantified using calibration curves.
All samples were measured three times and the data were
presented as the average of the three measured values.

Statistical analysis

Data were subjected to ANOVA and means were separated by
Tukeys test using SPSS 16.0 software (Table 1).

Table 1. Concentrations of ethyl carbamate in beer sold in south-east Nigeria.

Samples Beer Brand State Acetaldehyde (Mg/L)
Aa1 Lager Abia 0.06 + 0.00°
Ba1 0.04 £ 0.01¢
Ca1 0.06 + 0.01°
Aa2 Herbal Lager 0.05+0.01°
Ba2 0.07 £ 0.012
Ca2 0.07 £ 0.002
Aa3 Ale 0.07 £ 0.002
Ba3 0.04 £ 0.00¢
Ca3 0.06 + 0.00°
Db4 Lager Anambra 0.05 + 0.00°
Eb4 0.07 £ 0.012
Fb4 0.05 + 0.00°
Db5 Herbal Lager 0.04 + 0.00¢
Eb5 0.07 £0.012
Fb5 0.04 + 0.00¢
Db6 Ale 0.06 + 0.00°
Eb6 0.06 £ 0.01°
Fb6 0.05 + 0.00°
Gce7 Lager Enugu 0.03 + 0.00¢
Hc7 0.06 + 0.01°
Ic7 0.05 + 0.00°
Gc8 Herbal Lager 0.06 + 0.00°
Hc8 0.06 £ 0.01°
Ic8 0.06 + 0.00°
Gc9 Ale 0.06 + 0.00°
Hc9 0.05 +0.01°
Ic9 0.06 + 0.00°

Canadian limit 0.015 mg/L (Health Canada, 2016)
International maximum limit 0.005 mg/L (EFSA, 2007)

Results are Mean + standard deviation of 3 determinations. Means in the same column with different superscripts are significantly different (p<0.05).

Aal, Bal and Cal = Lager from distributors in Abia

Aa2, Ba2 and Ca2 = Herbal lager from distributors in Abia
Aa3, Ba3 and Ca3 = Ale from distributors in Abia

Db4, Eb4 and Fb4 = Lager from distributors in Anambra

Db5, EbS and Fb5 = Herbal lager from distributors in Anambra
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Db6, Eb6 and Fb6 = Ale from distributors in Anambra

Gc7, He7 and Ic7 = Lager from distributors in Enugu

Gc8, He8 and Ic8 = Herbal lager from distributors in Enugu
Gc9, He9 and Ic9 = Ale from distributors in Enugu
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Results and Discussion

Ethyl carbamate is naturally formed in fermented foods and
alcoholic beverages during the fermentation process and/or
during storage. The concentrations of ethyl carbamate (EC)
in the selected alcoholic beverages (beer) analyzed by gas
chromatography/mass spectrometry (GC/MS) are presented in
Table 1. The concentrations of ethyl carbamate in the beer samples
ranged from 0.03-0.07 mg/L. The content of ethyl carbamate is
higher than the range of 0.0006-0.005 mg/L and 0-0.0058 mg/L
reportedly found in beer samples from Hong Kong by CFS [17]
and Zhao et al. [18], respectively. Additionally, the incidence of
ethyl carbamate in the beer samples analyzed in this study was
higher than the range of 0.002 mg/L and 0.003 mg/L found in 20
beer samples from China as reported by Wu et al. [19] and higher
than the concentration range of 0-0.001 mg/L reportedly found in
13 beer samples analyzed in European Union by EFSA [20].

The ethyl carbamate concentrations presented in Table 1
were above the Canadian limit of 0.015 mg/L for regular beer
[21,22] and the SAQ limit of 0.03 mg/L for strong and extra-
strong beer [23]. High levels of ethyl carbamate were found
in the beer samples analyzed, comparatively to international
maximum limits of allowance of 0.015 mg/L [24] for alcoholic
beverages and available literature on beer samples analyzed in
overseas countries. This includes two studies that evaluated
samples of beer which contained relatively low concentrations
of ethyl carbamate within the range of ND-0.005 mg/L [18,25];
the evaluation of Danish beer with very low concentrations
of ethyl carbamate with a range of 0.0002-0.0066 mg/L [26]
and two studies on the evaluation of Korean beer in which
the concentration ranges were 0.0005-0.0008 mg/L [11] and
0.00033-0.0008 mg/L [27]. It was also higher than the range
of 0.00051-0.00077 mg/L for beer samples in Korea reported
by Noh et al. [27] and the concentration value of 0.0001 mg/L
reported by Battaglia et al. [28].

The concentration values of ethyl carbamate shown in Table
1 were comparatively higher than the value of <0.03 mg/L
reported from the analysis of several different light to strong
beer from 23 different countries but similar to one sample from
Belgium (0.033 mg/L) which slightly exceeded the level of
0.03 mg/L [29,30]. The evidence of ethyl carbamate in various
samples provided by the literature data above indicates that ethyl
carbamate is the main ester component of beer. Considering that
alcoholic beverages, more especially beer are usually consumed
frequently and in large amounts in Nigeria (beer 8%, wine
0.4%, spirit 0.9%) according to WHO data on pure alcohol per
capita consumption per year [31], they would likely be a cause
of significant health concern for the general population.

There is a close similarity in the values of ethyl carbamate for
lager beer (A1, Cl) and ale (C3) from Abia, ale from Anambra
(D6, E6), larger (H7), herbal larger (G8, HS, I8) and ale (G9,
19) from Enugu [32]. This could be as a result of similarities
in storage conditions and climatic temperatures as samples
unduly exposed to heat or light can induce ethyl carbamate
formation [33]. A small range of ethyl carbamate concentration
was measured among individual samples of each beer brand
tested. The small variation could be as a result of similarities
in precursors used, fermentation methods employed or storage
conditions [34].
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Statistical analysis

A one-way analysis of variance was conducted to evaluate the null
hypothesis that there is no difference between the concentrations
of ethyl carbamate in the commercial beer brands sold in three
southeastern states of Nigeria. The samples were divided into
groups according to the beer brands (lager=9, herbal lager=9
and ale=9). There was a statistically significant difference
at the p<0.000 level in the ethyl carbamate concentrations of
the three commercial beer brands, having tested and found
tenable the assumption of homogeneity of variance, [Lager
F(8,18)=172.885, p<0.000; Herbal lager F(8,18)=39.041,
p<0.0000; Ale F(8,18)=42.638, p<0.000]. Despite reaching
a statistical significance, the actual difference in mean scores
between the beer brands was quite small. Post-hoc comparisons
using the Tukey HSD test indicated that the mean score for ethyl
carbamate in lager (M=0.052, SD=0.011) was significantly
different from herbal lager (M=0.055, SD=0.008). There
was also a statistical difference in mean between herbal lager
and ale. The output of the ANOVA analysis showed that the
significance value is 0.00 (i.e., P=0.000), which is below 0.05.
Thus, there is significant evidence to reject the null hypothesis
and conclude there is a statistically significant difference
between the concentrations of ethyl carbamate observed in
the different samples of the selected beer brands analyzed in
each of the southeastern states (Abia, Anambra and Enugu) as
determined by one-way ANOVA.

Conclusion

Ethyl carbamate is currently one of the biggest challenges
in the alcoholic beverages industry because of its toxicity,
carcinogenicity, and universality. The results of this study show
that the different commercial beer brands sold in South-east
Nigeria are not completely free from ethyl carbamate but also
present at high concentration levels which may pose serious
health risk to humans.
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