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Characterization of beer samples is of interest because their compositions affect the taste and stability of beer and, also, consumer
health. In this work, the characterizations of 20 Romanian beers were performed by mean of Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) and Isotope Ratio Mass Spectrometry (IRMS) in order to trace heavy metals and isotopic content of them.
Major, minor, and trace metals are important in beer fermentation since they supply the appropriate environment for yeast growth
and influence yeast metabolism. Beside this, the presence of the C

4
plants in the brewing process was followed. Our study has

shown that the analyzed beers indicated the presence of different plant types used in brewing: C
3
, C
3
-C
4
mixtures, and also C

4
,

depending on producers. Also the trace metal content of each sample is presented and discussed in this study. A comparison of the
beers quality manufactured by the same producer but bottled in different type of packaging like glass, dose, or PET was made; our
results show that no compositional differences among the same beer type exist.

1. Introduction

Beer is a product of a yeast alcoholic fermentation of extracts
of malted cereals, usually barley malts, with or without a
starchy material, and to which hops are added. All natural
components used for brewing, including water, cereals, bar-
leys, and yeasts, are themain endogenous sources ofmetals in
beer. For that reason, themineral composition of beer reflects
the composition of ingredients used for brewing and refers to
processes involved in a beer production.The characterization
of beer samples has received a lot of interest because their
composition can affect the taste and stability of beer and
consumer health [1].The assessment of the total composition
of beer, including the determination of major, minor, and
tracemetals, is of particular interest and notice to the brewers
and the consumers since, independent of the concentration
and type, they might be essential or toxic in the human body
and they can also have an influence on the brewing process
and the quality of beer in view of the flavor stability or the
formation of haze [2]. Information on the total metal content
of beer is recognized to be valuable for differentiation and
classification of beer [3–5]. This is because metals are very
good descriptors reflecting the composition of natural raw

products (water, cereals, hops, and yeasts) used for brewing
and indicating processes involved in beer manufacturing, as
well as beer storage and ageing.

There is growing interest in the application of ICP-MS
to foods analysis, for the purposes of ensuring food safety
and ensuring flavor/quality. Inductively coupled plasmamass
spectrometry (ICP-MS) is a multielement technique with a
wide range of analytical applications, with high selectivity and
sensitivity and low analytical limits, so that it is an excellent
tool for detailed characterization of elemental composition
of beverages. ICP-MS can also be used for identifying cases
of food adulteration and confirming origin by trace element
“fingerprinting.” Within the last few years, stable isotope
analysis has gained increasing importance in authenticity
control of food and food ingredients.

The use of stable isotope analysis provides one of the
most effective tools to detect food adulteration and is based
on measurements of stable isotope contents either on a
product or a specific component it the product. In the case of
carbon, the carbon isotope ratio in food products is directly
related to their botanical origin. Thus, carbon isotope ratios
(𝛿13C) represent a valuable tool to detect the presence of C

4

plants (corn, cane sugar, etc.) in the brewing process due to
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the isotopic differences that appear between the two plants
categories: C

3
(barely, rice, etc.) and C

4
plants (corn, cane

sugar, etc.).
The application of multivariate statistical techniques such

as analysis of variance (ANOVA) and cluster analysis (CA)
offers the possibility to understand the large amount of
data generated by analytical techniques based on the overall
properties of the samples and to perform a classification
without the need for additional compositional chemical data
[6]. ANOVA analysis (comparison between groups) is a
statistical method which is used for revealing the differences
between two or more means from distinct groups. Cluster
analysis is an unsupervised pattern recognition that is trying
to determine relationships between objects (samples) without
using any prior information about these relationships [7].

2. Materials and Methods

The samples were purchased from local markets and repre-
sent themost well-known beer commercialized onRomanian
market. Twenty different blonde, dark beer samples bottled in
various forms as glass bottles, dose, or PET were used in this
study in order to evaluate market available beers quality. All
of them contained alcohol between ranges of 4.5–7% reported
to the whole beer volume.

2.1. Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) Analysis

2.1.1. Apparatus. The analytical measurements were carried
out with a PerkinElmer ELAN DRC (e) ICP-MS apparatus,
equipped with a Meinhard nebulizer and glass cyclonic spray
chamber for pneumatic nebulization.

2.1.2. Materials and Reagents. Ultrapure deionized water
(18MΩ⋅cm−1) from a Milli-Q analytical reagent grade water
purification system (Millipore) and ultrapure concentrated
HNO

3
(Merck) were used. A solution with Mg, Cu, Rh, Cd,

In, Ba, Ce, Pb, andU (10 𝜇g⋅L−1) from Perkin-Elmer was used
for ICP-MS optimization procedures. ICP-MS calibration
was established with a multielement standard solution with
twenty-nine elements (ICP-MS Standard, Matrix: 5% HNO

3
,

Perkin Elmer Life and Analytical Sciences, 10mg⋅mL−1)
and a Silicium ICP-Standard (SiO

2
in NaOH 2%, Merck,

1000mg⋅L−1 Si).

2.1.3. Sample Preparation. As an analytical sample, beer is a
very complexmatrix with a relatively high content of different
organic compounds originated from brewery processing
and saturated with carbon dioxide. In order to eliminate
errors caused by carbon dioxide bubbles, beer samples were
firstly degasified by stirring 20mL of each sample in normal
conditions for 20 minutes. Beer samples were then filtered by
passing a beer portion through a 0.45𝜇mpore sizemembrane
filter and for complete degasification process was repeated
three times.

To avoid the clogging of the nebulizer, samples were
prepared by simple 20-fold dilution and acidification. In this

survey, following a method described by Diegor et al. [8] for
wines, 2.5mL of ultrapure nitric acid was added to 2.5mL
of beer sample in a Teflon receptacle, tightly closed. Six such
receptacles were inserted in a devicemade of six stainless steel
cylinders mounted between two flanges to confer pressure
resistance. The whole system was put in an oven at 200∘C for
12 hours. A colorless solution resulted and ultrapure water
was added up to 50mL. Thus the beer sample was diluted
1 : 20.

2.1.4. ICP-MS Determination. A primary analysis was per-
formed using semiquantitativemethod available with Perkin-
Elmer ICP-MS instrumentation. The analytical method was
“Total Quant”; this is a software feature unique to the Elan
ICP-MS systems for quantifying 81 elements with accuracy
errors lower than 20% for most elements, in a sample by
interpretation of the complete mass spectrum.

The operating conditions are listed below: nebulizer
gas flow rates: 0.95 L⋅min−1; auxiliary gas flow: 1.2 L⋅min−1;
plasma gas flow: 15 L⋅min−1; lens voltage: 7.25V; and ICP RF
power: 1100W.

The experimental conditions used for the quantitative
experimentswere dwell time per amu: 50ms, sweeps/reading:
45, reading/replicates: 2, replicates: 2, time/run: 85 s, and
RPq: 0.25. For each sample analysis three replicates were
performed. Calibration curves were obtained with aqueous
reference solutions for all analytes and the linearity of these (6
points) was considered acceptable (𝑅 > 0.999).The detection
limits were calculated as the concentrations of an element
that gave the standard deviation of a series of ten consecutive
measurements of blank solutions. Detection limit values of
elements as 𝜇g⋅L−1 in ICP-MS were found to be 0.003 for Al,
0.0004 for As, 0.0009 for Ba, 0.0011 for Cd, 0.0013 for Cu and
Cr, 0.012 for Ni and Zn, 0.003 for Mn, and 0.004 for Pb. The
obtained standard deviation was in the range 2.2–10%.

To ensure that the results obtained for the analyses
were accurate, recovery tests were carried out for a beer
sample spiked with a 2 𝜇g⋅L−1 standard solution. Recovery
of each analyte was calculated in relation to added element
concentration (2𝜇g⋅L−1) for three replicates of this level of
concentration (𝑛 = 3). The % of recovery for all elements was
within the interval of 75–108%.

2.2. Isotopic Ratio Mass Spectrometry (IRMS). The procedure
of IRMS consists in measuring the isotope ratio of an analyte
converted into a simple gas, isotopically representative of
the original sample, before entering the ion source of an
IRMS.The values were expressed in 𝛿‰against international
standards—Vienna Standard Mean Ocean Water for 𝛿18O
and 𝛿2HandVienna PeeDeeBelemnite for 𝛿13C.The isotopic
values were expressed using the formula

𝛿 = (
𝑅sample

𝑅standard
− 1)× 1000, (1)

where 𝑅 is the ratio between the heavy and the light isotopes
and 𝑅sample is the isotopic ratio of the sample, while 𝑅standard
is that of the reference material.
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Table 1: The concentration of major metals in studied beers (mean and RSD %).

Crt.
number Sample code Producer Package type Metal concentration [mg⋅L−1]

Na Mg Ca K P Si Fe
1 W1 Producer 1 PET 29.4 ± 0.8 38.2 ± 1.7 11.2 ± 0.5 88.6 ± 3.5 96.4 ± 2.2 13.4 ± 0.5 0.5 ± 0.05
2 W2 Producer 2 Dose 5.2 ± 0.2 41.2 ± 1.7 28.2 ± 1.5 86.2 ± 3.6 81.6 ± 1.7 11.4 ± 0.5 0.5 ± 0.05
3 W3 Producer 3 Dose 10.5 ± 0.3 69.5 ± 2.2 29.2 ± 1.5 135.2 ± 12.8 138.0 ± 4.1 15.6 ± 0.7 1.0 ± 0.07
4 W4 Producer 3 Glass 11.5 ± 0.2 73.2 ± 3.5 34.6 ± 1.7 138.2 ± 13.3 138.5 ± 4.0 12.8 ± 0.5 2.4 ± 0.2
5 W5 Producer 4 Dose 25.3 ± 0.8 50.1 ± 3.0 34.7 ± 1.7 114.4 ± 10.2 97.1 ± 2.2 11.3 ± 0.5 0.3 ± 0.03
6 W6 Producer 5 Dose 31.3 ± 1.0 47.8 ± 3.4 41.8 ± 2.3 107.5 ± 10.5 66.0 ± 1.2 14.2 ± 0.6 2.5 ± 0.2
7 W7 Producer 6 Glass 25.6 ± 0.8 84.7 ± 5.8 28.9 ± 1.4 154.8 ± 14.0 152.5 ± 5.0 13.5 ± 0.5 1.3 ± 0.09
8 W8 Producer 6 Dose 25.0 ± 0.8 84.3 ± 5.0 33.1 ± 1.8 147.3 ± 10.9 132.4 ± 3.8 14.4 ± 0.6 2.7 ± 0.2
9 W9 Producer 7 Dose 17.1 ± 0.4 42.1 ± 1.7 11.3 ± 0.4 104.1 ± 8.5 99.0 ± 2.5 13.1 ± 0.5 4.2 ± 0.4
10 W10 Producer 8 Glass 34.3 ± 1.2 71.6 ± 3.3 30.3 ± 1.5 144.4 ± 10.3 148.9 ± 5.0 13.3 ± 0.5 3.5 ± 0.3
11 W11 Producer 8 Dose 11.6 ± 0.4 78.7 ± 4.2 32.8 ± 1.5 138.6 ± 13.0 109.6 ± 2.7 15.0 ± 0.7 0.4 ± 0.02
12 W12 Producer 9 Glass 44.2 ± 1.2 84.2 ± 5.5 29.2 ± 1.5 197.0 ± 18.5 121.9 ± 3.0 12.9 ± 0.5 0.2 ± 0.02
13 W13 Producer 10 Glass 37.2 ± 1.0 62.4 ± 2.0 53.2 ± 2.8 115.3 ± 9.5 105.3 ± 2.8 13.7 ± 0.5 2.6 ± 0.2
14 W14 Producer 11 Glass 18.9 ± 0.4 58.5 ± 2.8 28.8 ± 1.4 129.2 ± 10.4 132.5 ± 3.6 15.2 ± 0.7 0.2 ± 0.01
14 W15 Producer 2 PET 8.8 ± 0.2 66.2 ± 2.0 62.2 ± 3.4 126.7 ± 9.7 130.7 ± 3.6 14.8 ± 0.6 0.6 ± 0.03
16 W16 Producer 12 Dose 13.8 ± 0.3 75.5 ± 3.2 37.2 ± 1.7 145.8 ± 10.3 107.9 ± 2.5 13.9 ± 0.6 2.3 ± 0.2
17 W17 Producer 12 PET 13.4 ± 0.3 75.2 ± 4.0 38.7 ± 1.7 154.3 ± 13.9 112.1 ± 2.9 15.7 ± 0.8 1.1 ± 0.08
18 W18 Producer 12 Glass 13.4 ± 0.5 71.3 ± 3.7 29.7 ± 1.5 144.4 ± 10.0 154.3 ± 5.1 13.9 ± 0.6 0.2 ± 0.01
19 W19 Producer 13 PET 154.9 ± 10.2 22.5 ± 1.1 15.9 ± 0.8 29.8 ± 2.3 89.0 ± 1.9 13.2 ± 0.4 2.3 ± 0.2
20 W20 Producer 14 PET 100.3 ± 8.7 29.7 ± 1.1 7.8 ± 0.4 39.8 ± 4.0 109.6 ± 6.5 20.0 ± 1.5 1.0 ± 0.1

For oxygen-18 determination 5mL of beer (neither cen-
trifuged nor filtered) was equilibrated with CO

2
for 15 hours

according to the CEN:ENV 13141:1997 method at 25 ± 0.1∘C.
The carbon dioxide was then extracted and purified. The
18O isotopic content of the water samples was then analyzed
using a stable isotope ratio mass spectrometer IRMS (Delta
V Advantage, Thermo Scientific). The isotopic values were
calibrated against laboratory-used standards (working stan-
dard 1, with 𝛿18O = −11.54 ± 0.1‰; working standard 2, with
𝛿
18O = −7.14 ± 0.1‰; and working standard 3, with 𝛿18O =
−2.96 ± 0.1‰).

The measurements of 𝛿13C from dried beer were carried
out on an elemental analyser (Flash EA1112 HT, Thermo
Scientific), coupled with an isotope ratio mass-spectrometer
IRMS (DeltaVAdvantage,Thermo Scientific). For the quality
control of our analysis, three working standards were ana-
lyzed at the beginning of each sequence; then three replicas
from each sample were measured. NBS-22 oil with a certified
value of −30.03‰ versus PDB (Pee Dee Belemnite) was
used as standard. The limit of uncertainty was ±0.2‰ for
determination of both 𝛿13C and 𝛿18O.

The one-way ANOVA analysis was applied on data
obtained from ICP-MS measurements, meaning Na, Mg, Ca,
K, P, and Al concentrations. This analysis was performed in
order to reveal if the means of the selected groups (PET, dose,
and glass) were statistically different. Thus, as independent
variable, type of packed material was chosen and mineral
content was selected as dependent variable. Cluster analysis
was performed for grouping the variables instead of cases. In

our work, the cases were represented by each beer sample,
from different producers, in different packed materials.

3. Results and Discussion

3.1. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
Analysis. The determination of the total metal composition
of beer, including major, minor, and trace metals, is of
particular interest to brewers and consumers. Depending on
the concentration and type,metalsmay be essential or toxic to
the human body and can also affect the brewing process and
beer quality in view of flavor stability and haze formation.

3.1.1. Major Elements. Table 1 presents the concentration of
major metals in studied beers. The results given in Table 1
are the average concentration of three replicates analyses.The
relative standard deviation (RSD%) is given below the mean
values.

The concentrations of K, Na, Ca, and Mg were in the
range of 29.87–197.08mg⋅L−1, 5.25–154.93mg⋅L−1, 7.80–
62.23mg⋅L−1, and 22.59–84.76mg⋅L−1, respectively. Our
results showed that the measured concentrations were in the
range of concentrations reported by the literature [3, 5, 9].
For example, for beers produced in different countries, the
following concentrations of macroelements were obtained:
for Ca (40–140mg⋅L−1-Britain, 29.0–86.2mg⋅L−1-Spain, and
3.80–108mg⋅L−1-Germany), for K (135–1100mg⋅L−1-Britain,
22.9–496mg⋅L−1-Spain, and 22.9–496mg⋅L−1-Germany),
for Mg (60–200mg⋅L−1-Britain, 42.0–110mg⋅L−1-Spain, and
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23.7–266mg⋅L−1-Germany), and for Na (21.90–230mg⋅L−1-
Britain, 3.95–103mg⋅L−1-Spain, and 1.19–120mg⋅L−1-
Germany).

Regarding the characterization of beers according to the
producers, it can be concluded that there are not notable
differences between them. The beers manufactured by pro-
ducers 13, 14 (W

19
, W
20
) present higher concentrations of

sodium (for W
19
over the maximum Na concentration limit

in beer); meanwhile the quantities of Mg, K, and P are in
the lower limits as compared with the other samples. The
beers from producers 10 (W

13
), 2 (W

2
, W
15
), 5 (W

6
), and 12

(W
16
, W
17
, W
18
) occupy the first place in terms of average Ca

content (concentration of Ca > 35mg⋅L−1), while the beers
manufactured by producers 6 (W

7
, W
8
), 9 (W

12
), and 12

(W
16
, W
17
, W
18
) occupy the first place in terms of average

Mg content (concentration ofMg > 74mg⋅L−1) and K content
(concentration of K > 141mg⋅L−1).

Among the same beer type manufactured by a certain
producer, but different packed (glass, dose, or PET), no
differences in macro elements content were observed sug-
gesting that the same raw materials were used in the brewing
process. So, for the beers manufactured by producer 3 (W

3
,

W
4
), by producer 6 (W

7
, W
8
), by producer 8 (W

10
, W
11
),

and by producer 12 (W
16
, W
17
, W
18
), there are not notable

differences from mineral content point of view. For the beer
manufactured by producer 2 (W

2
, W
15
), there are some

differences in terms of K, Ca, and P, but insignificant. The
essential elements for all beer samples follow a descending
order as K > P >Mg > Na > Ca.

3.1.2. Minor and Trace Elements. Metals found in investi-
gated beers may originate also from many other adjunctive
substances added during the brewing processes in order to
control the fermentation and the maturation processes that
might take place in beer. Another exogenous source of metals
in beer can be the contamination from different components
of the brewery equipment, for example, pipes, fluid lines,
vessels, and tanks in which beer is fermented, conditioned,
filtrated, carbonated, and packed, as well as the containers, for
example, kegs, casks, and cans, in which the product of the
final quality achieved is kept during storage and transport.
Metal concentrations found in the investigated beers are
given in Table 2. The results given in Table 2 are the average
concentration of three replicates analyses.

Lead and cadmium are among the most abundant heavy
metals and are particularly toxic [10, 11]. The source of lead
in beer and in other alcoholic beverages could be the con-
tamination of raw material and/or technological processes.
Arsenic is present in food and beverages because of its
wide distribution in the environment from the sources being
either natural or anthropogenic. Uncontrolled intake of As
into the organism could be potentially toxic, and although
the European Union Council [12] and the World Health
Organization [13] established the permissible level 10𝜇g⋅L−1
only for As in drinking water, the legislation concerning As
contents in different kinds of foods and beverages including
beer as a widely consumed beverage exists in some countries.
Spain fixed at 100 𝜇g⋅L−1 as the tolerable amount of As in

beer. Ireland [14] and the United Kingdom recommended
500𝜇g⋅L−1 and Bulgaria, Czech Republic, Hungary, and
Slovenia [15] recommended 200𝜇g⋅L−1. The arsenic aver-
age content of studied beers was 3.55 ± 0.19 𝜇g⋅L−1 (min
0.6 𝜇g⋅L−1, max 8.72 𝜇g⋅L−1) while the cadmium average was
0.06 ± 0.01 𝜇g⋅L−1 (min <0.001, max 0.42𝜇g⋅L−1). In our
study, as well as in previously reported results, the lead and
cadmiumwere present in low concentrations (Table 3). Some
authors reported Pb content varying from 13 to 52 𝜇g⋅L−1
in Brazilian beer samples [1] or from 0.001 to 0.006 𝜇g⋅L−1
in Spanish beer samples and from 0.003 to 0.024𝜇g⋅L−1 in
German beer samples [5, 9]. Donadini et al. in a 2008 survey
[16] reported that the average content of Pb in beers from
the Italian market was 1.83 𝜇g⋅L−1; Iwegbue [17] reported Pb
levels varying from <0.001 to 0.047 𝜇g⋅mL−1 in canned beers
in Nigeria. A more complete survey was administered by
Sherlock et al. [18] who monitored lead in beers from the
UK market in 1986 showing a minimum of 10𝜇g⋅L−1 and a
maximum of 200𝜇g⋅L−1.

Some upper limits for themetal concentrations in natural
alcoholic drinking are given by Romania under number
975/1998 regarding the approval of hygienic and healthy food
[19]. The upper limits for As, Cd, Pb, Zn, and Cu are 0.1,
0.05, 0.3, 1.0, and 1.0mg⋅L−1, respectively. The levels of the
toxic metals, As, Cd, and Pb, were very low, being much
smaller than or just about 15 𝜇g⋅L−1 in all samples, much
below themaximumallowable concentrations of thesemetals
concentration.

Investigations to date concerning Mn have been focused
on its importance as a yeast nutrient [20]. The content of this
metal in beer is mainly influenced by the cereal rawmaterials
and, during the brewing process, no significant changes
have been reported [21, 22]. The results for manganese were
between 0.004 and 0.231mg⋅L−1.

Chromium (Cr) is a trace element, which has generated
increased interest in recent years due to its essential character
[23]. The results for chromium were between 0.020 and
0.441mg⋅L−1. Nickel (Ni) is an essential element; it plays some
important role in biological systems [24]. The results for Ni
were between <1 × 10−6 and 0.187mg⋅L−1.

Copper comes from the rawmaterials and metal ions can
also be introduced from substances added during brewing,
such as hops, acids, bases, silica gel, other additives or
stabilizers, and dilution water [25, 26]. It is recommended
that brewers not exceed copper concentrations greater than
0.05mg⋅L−1 [27]. For these reasons, copper determinations
are deemed important and should be included in every beer
analysis. Concentrations of iron and cooper were between
0.212 and 4.216mg⋅L−1 and between 0.026 and 0.073mg⋅L−1,
respectively. Some authors reported Fe and Cu content vary-
ing between 0.096 and 0.920 𝜇g⋅L−1 and between 0.024 and
0.080 𝜇g⋅L−1, respectively, in Spanish beer samples, between
0.040 and 1.550 𝜇g⋅L−1 and between 0.019 and 0.800 𝜇g⋅L−1,
respectively, in German beer samples, and between 0.041
and 1.060 𝜇g⋅L−1 and between 0.022 and 0.160 𝜇g⋅L−1, respec-
tively, in other beer samples [5, 9, 28, 29]. The highest mean
levels of cooper were observed for the beers manufactured



Journal of Chemistry 5

Ta
bl
e
2:
M
et
al
co
nc
en
tr
at
io
n
in

be
er

sa
m
pl
es

de
te
rm

in
ed

by
IC
P-
M
S.
C
on

ce
nt
ra
tio

n
in
𝜇
g⋅
L−

1
±
st
an
da
rd

de
vi
at
io
n.

Sa
m
pl
ec

od
e

A
lc
oh

ol
%

M
et
al
co
nc
en
tr
at
io
ns

[𝜇
g⋅
L−
1
]

A
l

Ba
N
i

M
n

As
C
d

Pb
Cu

Zn
Cr

W
1

4.
8

9
0
.6
±
3
.8

1
0
.9
±
0
.2
7
.5
4
±
0
.7

2
4
.8
±
0
.9
0
.6
±
0
.0
2

<
0.
00
1

0
.7
±
0
.0
6
3
9
.0
±
0
.9
8
9
.2
±
8
.6

1
0
5
.1
±
2
.4

W
2

5
6
4
.6
±
2
.9

5
.2
±
0
.2

5
.2
±
0
.4

4
4
.7
±
1
.5

4
.9
±
0
.2

<
0.
00
1

<
0.
00
1
2
9
.8
±
0
.7

<
0.
00
1

1
1
1
.1
±
2
.5

W
3

5
1
2
4
0
.2
±
4
7
.7
2
0
.5
±
0
.4
1
2
.5
±
1
.2

5
7
.2
±
2
.0
1
.9
2
±
0
.1

<
0.
00
1

2
.9
±
0
.2
5
5
4
.6
±
1
.3

<
0.
00
1

9
7
.6
±
2
.2

W
4

5
2
9
4
.7
±
1
1
.4
3
0
.1
±
0
.6

<
0.
00
1

8
0
.1
±
2
.8
3
.2
2
±
0
.1

<
0.
00
1

3
.3
±
0
.3
5
8
.6
±
1
.4
1
0
3
.6
±
9
.9

2
5
.6
±
0
.5

W
5

4.
6

7
6
.3
±
3
.3

7
.1
±
0
.2

<
0.
00
1

3
9
.5
±
1
.4
4
.7
8
±
0
.2

<
0.
00
1

<
0.
00
1
5
0
.7
±
1
.2
2
1
7
.0
±
2
0
.0
4
8
.0
±
1
.1

W
6

4.
5

4
1
3
.3
±
1
5
.9
2
8
.2
±
0
.6

<
0.
00
1

5
2
.5
±
1
.8

1
.5
±
0
.1

<
0.
00
1

1
.6
8
±
0
.1
4
4
0
.8
±
0
.9

<
0.
00
1

4
4
1
.7
±
1
0
.1

W
7

5
2
0
6
.7
±
8
.1

3
5
.3
±
0
.7
4
0
.5
±
3
.8

1
2
3
.4
±
4
.3
3
.4
±
0
.2

<
0.
00
1

1
.4
±
0
.1
6
3
.2
±
1
.5
3
5
.6
±
1
.4

2
5
4
.9
±
5
.8

W
8

5
9
7
0
.5
±
3
7
.4
4
8
.3
±
0
.9

7
.2
±
0
.6

1
4
8
.9
±
5
.2
4
.2
±
0
.1
0
.0
8
±
0
.0
0
3
0
.4
±
0
.0
3
5
2
.0
±
1
.2
7
4
.1
±
3
.4

2
7
0
.3
±
6
.2

W
9

4.
8

2
6
1
7
.6
±
1
0
0
.8
1
6
.1
±
0
.3
1
2
.7
±
1
.2

6
7
.8
±
2
.4

2
.5
±
0
.1

<
0.
00
1

0
.5
±
0
.0
5
4
4
.0
±
1
.0

4
.0
±
0
.2

4
2
2
.3
±
9
.7

W
10

5
2
1
8
.5
±
8
.5

1
5
.0
±
0
.3
3
2
.7
±
3
.0

9
8
.4
±
3
.4

5.
1
±
0
.2

<
0.
00
1

2
.5
±
0
.2
7
3
.6
±
1
.7
1
0
6
.4
±
8
.1
3
1
8
.8
±
7
.3

W
11

5
9
5
8
.4
±
3
6
.9
1
1
.8
±
0
.3

<
0.
00
1

7
1
.7
±
2
.5

8
.1
±
0
.5

<
0.
00
1

2
.4
±
0
.2
6
5
.9
±
1
.6
1
1
1
.3
±
8
.6

6
2
.7
±
1
.4

W
12

7
8
9
.3
±
3
.7

1
4
.8
±
0
.3
1
8
7
.1
±
1
7
.5
9
0
.5
±
3
.2

1
.5
±
0
.1

<
0.
00
1

4
.1
0
±
0
.3
5
4
5
.3
±
1
.0
2
1
5
.4
±
1
9
.9
7
8
.3
±
1
.8

W
13

5
9
6
.1
±
4
.0

4
4
.5
±
0
.9
2
6
.2
±
2
.4

1
6
2
.4
±
5
.7
3
.9
±
0
.1
7
0
.1
±
0
.0
6
2
.9
±
0
.2
5
3
6
.8
±
0
.8

<
0.
00
1

3
9
.1
±
0
.9
0

W
14

5
1
6
0
.3
±
6
.3

1
5
.2
±
0
.4

<
0.
00
1

5
2
.2
±
1
.8

2
.1
±
0
.1

<
0.
00
1

1
.5
±
0
.1
5
9
.3
±
1
.4
5
4
.0
±
3
.8

3
5
.5
±
0
.8

W
15

5
2
5
7
.6
±
1
0
.0
2
0
.3
±
0
.4
5
5
.0
±
5
.1

8
6
.2
±
3
.0

8
.7
±
0
.5

0
.3
±
0
.0
8

3
.1
±
0
.2
3
8
.6
±
0
.9
7
0
4
.2
±
5
4
.4
8
4
.2
±
1
.9

W
16

5
2
7
0
.7
±
1
0
.5
1
4
.6
±
0
.3
5
1
.9
±
4
.8

7
2
.2
±
2
.5

2
.2
±
0
.1

0
.4
±
0
.0
9

1
.3
±
0
.1
6
3
.3
±
0
.9
2
5
3
.0
±
2
3
.3
2
6
2
.3
±
6
.0

W
17

5
4
7
6
.8
±
1
8
.4
1
7
.5
±
0
.4
2
5
.5
±
2
.4

6
3
.2
±
2
.2

2
.8
±
0
.1

<
0.
00
1

2
.7
±
0
.2
6
2
.6
±
1
.5
2
1
4
.3
±
1
9
.8
1
4
9
.5
±
3
.4

W
18

5
1
7
3
.4
±
6
.8

2
3
.0
±
0
.5

<
0.
00
1

5
8
.2
±
2
.0

2
.5
±
0
.1

<
0.
00
1

1
.5
±
0
.1
5
2
.1
±
1
.2

<
0.
00
1

2
0
.3
±
0
.4

W
19

4.
8

9
4
8
.4
±
3
6
.5
7
5
.7
±
4
.5

7
.8
±
0
.7

4
.2
±
0
.2

3
.7
±
0
.1

0
.2
±
0
.0
7
1
2
.6
±
1
.7
2
5
.9
±
0
.6
4
2
1
.0
±
3
8
.6
2
0
9
.6
±
4
.8

W
20

4.
8

1
1
2
8
.6
±
8
6
.4
6
2
.9
±
3
.5

<
0.
00
1

2
3
1
.7
±
1
0
.2
2
.9
±
0
.1

<
0.
00
1

6
.5
±
0
.5
5
5
.4
±
1
.2
2
8
1
.0
±
1
8
.7
9
4
.9
±
2
.2



6 Journal of Chemistry

Table 3: The isotopic values (𝛿13C and 𝛿18O) of investigated beers.

Crt. number Sample code Producer Package type 𝛿
18OvsSMOW (‰) ±

0.5 (𝑘 = 2)
𝛿
13CvsPDB (‰) ± 0.5

(𝑘 = 2)
1 W1 Producer 1 PET −11.6 −23.9
2 W2 Producer 2 Dose −11.6 −23.0
3 W3 Producer 3 Dose −10.2 −27.0
4 W4 Producer 3 Glass −9.6 −27.0
5 W5 Producer 4 Dose −10.0 −23.1
6 W6 Producer 5 Dose −9.6 −22.6
7 W7 Producer 6 Glass −9.8 −26.3
8 W8 Producer 6 Dose −9.5 −25.7
9 W9 Producer 7 Dose −10.7 −23.1
10 W10 Producer 8 Glass −10.0 −25.8
11 W11 Producer 8 Dose −11.5 −26.2
12 W12 Producer 9 Glass −10.4 −25.6
13 W13 Producer 10 Glass −10.1 −23.1
14 W14 Producer 11 Glass −9.6 −23.7
15 W15 Producer 2 PET −9.8 −22.6
16 W16 Producer 12 Dose −10.5 −26.2
17 W17 Producer 12 PET −10.9 −26.5
18 W18 Producer 12 Glass −9.0 −26.3
19 W19 Producer 13 PET −9.0 −16.2
20 W20 Producer 14 PET −8.8 −22.7

by producer 8 (W
10
, W
11
), with an average concentration of

0.069mg⋅L−1, while for the beer manufactured by producer
13 (W

19
) the smaller level of cooper was observed, an average

value of 0.026mg⋅L−1.
Zinc constitutes about 33mg⋅kg−1 of an adult body mass

and it is essential as a constituent of many enzymes involved
in several physiological functions, such as protein synthesis
and energy metabolism [30]. The results for zinc were
between <1 × 10−6 and 0.704mg⋅L−1. Our data for the studied
beers are below themaximum allowable concentrations of Zn
and Cu from Romanian legislation [19].

It is interesting that, among the same beer type man-
ufactured by a certain producer, there are high differences
for Zn concentrations, for example, the beers manufactured
by producer 2 (W

2
, W
15
), whose Zn concentrations are <1

× 10−6mg⋅L−1 for beer W
2
and 0.704mg⋅L−1 for beer W

15
,

or the beers manufactured by producer 3 (W
3
, W
4
), whose

Zn concentrations are <1 × 10−6mg⋅L−1 for beer W
3
and

0.103mg⋅L−1 for beer W
4
.

Our results are also compared with allowable limits
for drinking water [13]. Typical regulated elements and
allowable limits for Ba, Pb, Cd, Cu, Zn, Mn, Al, As, Ni,
and Cr are 0.7mg⋅L−1, 0.01mg⋅L−1, 0.003mg⋅L−1, 2mg⋅L−1,
5mg⋅L−1, 0.4mg⋅L−1, 0.1mg⋅L−1, 0.01mg⋅L−1, 0.02mg⋅L−1,
and 0.05mg⋅L−1, respectively. For Al, Ni, and Pb, the concen-
tration of ten samples and one sample, respectively, is above
the limit for drinking water.

Beer is a widely consumed food product (very often
packed in dose) and the measurement of the aluminium
content in beer is of interest, and taking into account the
above-mentioned concern regarding the possible association
of an excessive aluminium intake with some disorders, it is
of interest to measure the aluminium content in beer. It has
been shown that levels range from 5 to 10mg⋅L−1 of dissolved
aluminium in soft drinks or even higher in canned beers
without affecting flavor, colour, or clarity. Aluminium in beer
originates, mainly, from brewing raw materials (water, hops,
malt, yeast, and adjuncts) [31, 32].The presence of aluminium
was detected in analyzed beers, even though results varied
widely (0.064–2.617mg⋅L−1).

In addition to the endogenous metal ion contact of
foodstuffs, numerous steps during processing and packaging
may add to the metal ion load. Another important factor to
bear in mind is the packaging of beer [33]. Levels >1.0mg⋅L−1
can be reached in foodstuffs due to possible transfer of
aluminium from containers placed in an acid medium (opti-
mum pH 3.8), although it was demonstrated that the use
of varnished containers reduces this possibility [34]. It has
been demonstrated by some researchers that the content of
aluminium in canned beers is slightly higher than in bottled
beers. In addition, the content of aluminium in doses beers
increases during the period of storage [35]. The analytical
results showed that the beers stored at room temperature
contained more Al fact that it is one of the drinks with major
content of this element and in addition its availability is high.
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Silicon is an important essential trace element; the rec-
ommended daily intake is about 10–25mg⋅L−1. The concen-
tration of silicon in beer depends primarily on two factors.
First, the silicon content of beer rises with the original
wort concentration, and second, during decoction mashing,
silicon is leached much more than in the case of infusion
mashing [36]. The silicon concentrations in our study are
varying between 11.30 and 20.02mg⋅L−1.

According to different researches, it has been suggested
that silicon may interfere in the toxic-kinetic of aluminium.
Silicon has a unique ability to bind the aluminum body and
eliminate this harmful mineral in the body. Some studies
on aluminium determinations point out that higher doses of
silicon (up to 118mg⋅L−1) also administered in drinking water
were shown to effectively prevent aluminium gastrointestinal
absorption [37]. Since in our study the concentration of
free aluminium ranges from 0.064 to 2.617mg⋅L−1 (and
the concentration of silicon in beer ranges from 11.30 to
20.02mg⋅L−1) it would be sequestered by the silicon prevent-
ing any plausible absorption in the intestinal tract.

In the present study, comparisons were made between
the aluminium concentrations of beers analyzed from doses
and those from glass bottles to investigate whether the
storage medium has influence on the chemical composition
of beers. Results showed significantly higher aluminium in
dose beers samples. For example, aluminium concentration
of dose beers W

3
(1.240mg⋅L−1), W

8
(0.970mg⋅L−1), W

11

(0.958mg⋅L−1), and W
16

(0.270mg⋅L−1) exceeds the alu-
minium concentration of bottled glass beer sample from the
same producers W

4
(0.294mg⋅L−1), W

7
(0.206mg⋅L−1), W

10

(0.218mg⋅L−1), and W
18
(0.173mg⋅L−1), respectively.

3.2. Isotopic Ratio Mass Spectrometry (IRMS). Beers contain
mainly four ingredients: water, malted barley, hops, and
yeast. Beside these, beers might incorporate other minor
ingredients like spices, natural flavors, or additional sugars
or starch to increase the alcohol content of the final product.
Malted barley extract contains primarily maltose [38] and
maltotriose [39], and generally less fermentable forms of
sugar, while some sugars as corn sugar are not only less expen-
sive but also mostly sucrose, which is easily metabolized by
the yeast. The addition of corn sugar to beer would lead to a
decrease of brewing time and also would increase the alcohol
content with a minimum content of ingredients [40].

The stable carbon isotope ratio has been widely used to
trace the presence of sugar/alcohol obtained fromC

4
plants in

beverages that are traditionally made from C
3
plants because

𝛿
13C value of organic carbon reflects the photosynthetic

pathway. This detection is based on the fact that the stable
carbon isotope ratios (expressed as 𝛿13C) of C

3
and C

4
plants

are different, with ranges from −11‰ to −14‰ for C
4
plants

and those of C
3
plants varying between −24‰ and −32‰

[41–43]. In the C
3
plants category includedmost of the grains,

including barley, while the C
4
plants category contain the

plants which produce the most inexpensive sugars available
on the market, being commonly used as additives to certain
alcoholic beverages like maize, sorghum, and sugar cane [44,
45].

In beers, water is the main constituent, so in this case the
principles of isotope hydrology could be applied [46]. The
isotopic signature of hydrogen and oxygen (𝛿2H and 𝛿18O)
in water could vary due to isotope fractionation processes
occurring during the water cycle. For the annual variation
of isotopic ratios of hydrogen and oxygen (𝛿2H and 𝛿18O)
of water from a specific location, leading to a maximum
in summer and a minimum in winter, the temperature
effect is responsible for. The isotope ratio of precipitation
varies temporally and spatially, resulting in typical regional
precipitation isotope signature.

In Table 3 the isotopic values (𝛿13C and 𝛿18O) of inves-
tigated beers are presented. The oxygen isotopic ratios 𝛿18O
are varying between −8.8 and −11.6‰, reflecting the isotopic
differences that appear both among the water sources avail-
able to each producer and different time periods in which the
beer was manufactured. In our studied beer samples the 𝛿13C
values ranged between −16.2 and −27‰; these results suggest
the presence, in some samples, of different quantities of C

4

plants in brewing process. In their work, Brooks et al. [40]
found for European beer an average 𝛿13C value of −25.6 ±
1.5‰, whereas all the German beers had a 𝛿13C value more
negative than −25.5‰, indicating only C

3
carbon in these

samples. In their calculation of the ratio of C
3
-C
4
carbon,

they assume that a beer containing only C
3
carbon source

will have a 𝛿13C lower than −25.2‰. Mardegan et al. [47]
assume taking into account the confidence interval equation
proposed by Sleiman et al. [48] that beers with a mean of
𝛿
13C value of −25.5‰ (in the range of −25.9 and −26.5‰)

contain 100% malt. In our study, the highest obtained 𝛿13C
valuewas for sampleW

19
(𝛿13C=−16.2‰), indicatingmainly

the use of C
4
plants in its brewing process. Also, for samples

W
1
, W
2
, W
5
, W
6
, W
9
, W
13
, W
14
, W
15
, and W

20
the use of

C
4
plants in brewing process was observed, but in a smaller

quantity as compared with sampleW
19
, suggesting a mixture

of C
3
and C

4
sources. In contrast, the beer manufactured by

producers 3, 6, 8, 9, and 12 had 𝛿13C value more negative
than −25.6‰, indicating that only C

3
plants were used in the

brewing processes.
For beers manufactured by producers 3 and 6 which are

bottled in dose or in glass, the isotopic differences which
appear between the same beer types are in the range of
experimental errors, suggesting that the beers were produced
in the same period of time and the used row materials were
the same. Also, for the beers manufactured by producers 8
and 12, there are not notable differences in terms of 𝛿13C
values among the same beer type but bottled in different
packages; meanwhile there are some notable differences in
terms of 𝛿18O. This means that that during the brewing
process the used row materials were the same, but most
probably the beers were produced in different time periods
and from here the notable differences in 𝛿18O value.

From all these observations it can be concluded that,
among the same beer type manufactured by a certain
producer, but packed in glass, dose, or PET, there are no
differences in terms of the raw materials that are used in the
brewing process.
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Figure 1: Dendrogram grouping the beer samples according to their mineral content.

3.3. Statistical Analysis. After running ANOVA analysis on
data sets, it could be distinguished which element differed
from one pack material to another. Three mineral elements,
namely, Mg (𝑝 = 0.057), K (𝑝 = 0.029), and P (𝑝 = 0.016),
had the𝑝 value under 0.05 and could statistically differentiate
between the three types of packed material. By conducting
the post hoc test, namely, Tukey’s test, the elements which
differed from one packed materials to another were revealed.
Thus, PET differed from glass through the Mg and K content
(𝑝 value for Mg is 0.057—even though it was a bit higher
than 0.05 we took it into consideration—and for K was 0.029,
resp.). Glass from dose material differed only through the P
content (𝑝 value was 0.016). Unexpectedly, Al could notmake
a statistically significant difference between dose, PET, and
glass. One reason for this result could be that aluminium,
when used as a component of beverages packaging (dose), is
in most cases covered by a polymeric film (surface coating or
laminated plastic film) and the level of migration is extremely
low [49].

The most common classifying method is hierarchical
cluster analysis. In this study the clustering method was the
linkage between groups, with square Euclidian distance as an
interval measure. All individual samples were grouped into
three major clusters (Figure 1). The first cluster comprises 14
samples and the second one 5 samples and the last cluster is
made of only one distinctive sample (W

9
Prod7 dose).

In order to find out the differences between the three
clusters, ANOVA was run again, this time having as inde-
pendent variable the resulted cluster variable, obtained from
previous analysis. From the six elements used in statistical
interpretation, only Al has made a distinction between the
three clusters. Thus, cluster 3, made from a single sample,
had the highest Al content, cluster two had an average Al
content of 1049.24, and the last one had an average of Al

content of 206.384. In conclusion, when comparing groups
of samples made according to the packaging, but when a
general classificationwas tried, this was done according to the
aluminum concentration in each sample.

4. Conclusions

The purpose of this study was the determination of heavy
metal content in 20 different beers from Romanian markets,
using inductively coupled plasma mass spectrometry (ICP-
MS). Overall, the study shows that the levels of the fourteen
heavy metals studied are generally within safe limits and
compare well with levels in similar foods from other parts
of the world. The determination of beer by ICP-MS requires
a system with good sensitivity as many of the elements
are at trace concentrations. Unexpectedly, when ANOVA
test compared means from groups realized according to the
packaging materials (three groups, dose, PET, and glass), no
statistically significant differences were observed in terms
of Al. Three mineral elements, namely, Mg, K, and P, had
the 𝑝 value under 0.05 and could statistically differentiate
between the three types of packed material. Cluster analysis
successfully classified all beer samples into three clusters,
having small, moderate, and high aluminium content.

From the stable isotope analysis it can be concluded that
there are no ingredient differences among the same beer
type stored in glass, dose, or PET, manufactured by the
same producer. Thus, 𝛿13C values of the beers produced by
the same company are quite similar, while 𝛿18O presents
isotopic variations due to the different seasons in which the
beers were made, variations that naturally appear during the
hydrological cycle. Our study has shown that the analyzed
beers indicated the presence of different plant types: C

3
,

C
3
-C
4
mixtures, and also C

4
, depending on producers. The
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highest content of ethanol produced from C
4
plants was

detected in W
6
beer.
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