Metal Concentrations in Grape Spirits
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Metals are a necessity for human health as they play significant roles in biological systems. However,
contamination of food and beverages by heavy metals such as lead (Pb), iron (Fe), chromium (Cr), cadmium
(Cd), copper (Cu), cobalt (Co), Nickel (Ni) and zinc (Zn) is a major public health problem in developing
countries. In this study we evaluated the levels of Li, Be, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr,
Mo, Cd, Sh, Ba, Hg and Pb in grape spirits, including pot still spirit, neutral wine spirit and commercial
brandies. Interesting variations in the levels of metals was observed. Factors such as origin and type of
spirits influenced levels of metals in spirits. These differences in some metal levels such as copper can
be used to determine possible adulteration and in authenticity assessments of brandies. Surprisingly the
commercial brandies had higher metal concentrations when compared to pot still spirit and neutral wine
spirit. Unmatured pot still spirit had the highest copper levels. Our study shows that generally the metal
levels in most of the commercial brandies were within permissible limits.

INTRODUCTION

Metals play significant roles in biological systems (Hamada,
2016; Maret, 2016). Additionally, knowledge of metal levels
is crucial for evaluating human exposure to toxic elements
(Iwegbue et al., 2014). The non-essential metals, such as
cadmium and lead, are toxic and harmful to humans, even
when consumed at very low concentrations. An excessive
intake of metals is associated with oxidative damage, chronic
inflammatory diseases, initiation of cancer and premature
aging (Hajeb et al., 2014; Feri et al., 2015).

Grape spirit is produced by batch distillation in small
pot stills or by continuous distillation in column-still distills
(Tsakiris et al, 2016). Although wine contains different
metals, these metals are not volatile and, therefore, are not
found in the distillates. Distillates acquire their metallic
content, including aluminum and cadmium, by contact with
different metals. Copper plays a role as a catalyzer in certain
chemical reactions and in complexing unpleasant molecules
(Vogiatitzis et al., 2019). During distillation, copper has been
reported to improve the quality of the distillates by combining
with other compounds such as butyric, caproic, caprylic,
capric, long chain fatty acid and lauric acids resulting in
the formation of precipitates, hence. Caprylic, caproic, and
lauric fatty acids odor resembles that of cheese. Most of the
copper found in wines originates from copper sulfate based
disinfectant sprays used to treat vines for mildew. As far as
distillation is concerned, the presence of copper is connected

with higher-quality distillates. Accordingly, distillation in
stainless steel distillers results in poorer-quality brandies, the
quality which can be improved by the addition of exogenous
copper or copper sulfate (Tsakiris et al., 2016).

The concentration of metals in beverages depends on the
quality of the water, the raw materials and the processing
techniques (Iwegbue et al., 2014; Esteki et al., 2018). There
is dearth of information currently available on the metal
profiles of liquor beverages available in South Africa, as
well as the dietary intakes and lifelong health effects of these
metals in humans from the consumption of these products.
The objective of the present study was to determine the
concentrations of 21 metals in some alcoholic beverages,
with a view to providing information on the metal profiles
and benefits associated with the consumption of these
products.

Fraud and adulteration detection also known as food
authentication is a process, which verifies the food compliance
with its label description including the geographical origin,
production method, processing technologies and food
composition (Walker, 2017). Food and beverage fraud
represents a threat to human health, as prohibited additives
may be toxic or contaminated with pathogens, or non-
declared substitutes and production processes can cause
health problems such as allergic reactions (Gerbig et al.,
2017). The increase of food adulteration has been a challenge
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for producers, researchers, governments and consumers
(Esteki et al., 2018). In this study, metallomics was used to
verify the nature of spirits and brandy. Alcoholic beverage
adulteration, especially the varietal and geographical origin
identification of wines as a widely distributed product, has
been extensively investigated (Stanziani, 2009; Esteki et al.,
2018). Moreover, the applicability of metal levels in brandy
authenticity application still remains largely debatable.

In addition, the daily intake of the metals based on a
shot (10 ml) and per capita consumption of 3.6 L per year
pure alcohol of the tolerable daily intake of each metal was
estimated. Moreover, the use of copper and other metals as
indicators for the authentication of spirits was evaluated.

MATERIALS AND METHODS

A total of 101 spirit samples were analyzed in the study
comprising of 35 commercial brandy samples, 31 pot still
spirit (PSB) and 35 neutral wine spirit (NWS) samples.
Samples were collected from various South African
producers, and represent vintages in 2001 to 2003. Samples
are inclusive of all variations caused by grape cultivar,
geographic location, still design and vintage, and compiled
over seven years from 01/04/2000 to 31/03/2006.

Sample preparation

Samples were diluted between 10 and 24x - depending on the
alcohol content — in order to have a similar volatile content
of the samples throughout the analysis.

Trace element analysis

Trace elements were analyzed on an Agilent 7900
quadrupole ICP-MS. Samples were introduced via a 0.4 ml/
min micromist nebulizer into a peltier-cooled spraychamber
at a temperature of 2°C. The instrument was optimized for
sensitivity, with oxide formation less than 0.3%. Replicate
measurements with appropriate dwell times were done on
each analyte and all elements were measured in He-collision
mode. An internal standard (ISTD) solution containing Sc, Y,
Ge, Rh and In was introduced online to monitor instrument
drift and correct for matrix differences between samples and
standards. Appropriate internal standards were matched to
analytes according to their proximity in mass and ionization
potential while the instrument was calibrated using NIST
traceable standards from Inorganic Ventures to quantify
selected elements. During the course of the analysis, ISTD
recovery was between 90 and 110% for all samples, and
recovery for drift monitor standards between 95 and 105%.

Statistical analysis

SPSS 19.0® for Windows was used for the statistical analysis
and P<0.05 was considered significant. Univariate analyses of
variance (ANOVA) was performed to ascertain which of the
metal levels were significantly different between the spirits
analyzed while post hoc test was used to determine whether
the differences between the individual means is significant.
Results are expressed as arithmetic mean and standard
deviation. Kolmogorov-Smirnov and Bartlett’s tests were
used to check for the normal distribution of variables and the
homogeneity of variances, respectively. Linear regression
analyses among all the 21 mineral concentrations were also
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made. The Codex food standard, which is a joint Food and
Agricultural Organization (FAO)/World Health Organization
(WHO)/ Codex Alimentarius Commission (CAC) standard
(2011), was used for comparison of the daily intake of the
heavy metals. Permissible metal limit levels in liquor and
wine products as stipulated by OIV standards (www.oiv.int)
were also used in the study.

RESULTS AND DISCUSSION

The presence of metals in foods and beverages reflects
environmental conditions (Rai ef al, 2019), except for
accidental or criminal actions (Iwegbue et al, 2014).
Although calcium, potassium, copper, zinc, cobalt, iron,
magnesium and manganese are essential metals, excessive
intake might cause disease, be carcinogenic, have adverse
reproductive effects, and unfavorably impact nutrition. Also,
excessive intake of some essential metals might displace
other biologically useful metals such as calcium and zinc.
In this study, the concentrations of metals in spirits were
determined in order to check compliance with the established
regulatory control limits, determine regional metal profiles
and in addition evaluate the nutritional status of the beverage.

Commercial brandies (BC) differed significantly from
pot still spirit (PSB) and neutral wine spirit (NWS) in most
metal concentrations, where BC had significantly higher
levels (p < 0.05) as seen in Fig. la. Standard commercial
brandies are a blend of 30% PSB and 70% NWS and therefore
this result is different from what is expected. However, BC
contain aged spirit components (mostly so in the case of
PSB), whereas the NWS and PSB metal levels reflected in
the results are unaged. Therefore, the process of ageing in
wooden vats/casks could have extracted more metals into the
spirits, and ultimately the commercial brandies would have
higher metal concentrations. B, Al, V, Cr, Mn, Fe, Co, Ni,
Zn, Sr, Mo, Cd, Ba and Pb were indeed significantly higher
(p <0.05) than the NWS and PSB (table 1 and Fig. 1a).

In addition, Cu differed significantly (p < 0.05) for
all the three spirits PSB, NWS and BC. The maximum
concentrations for copper in the BC, NWS and PSB spirits
were 2842.189, 70.756 and 8598.480 pg/L respectively.
PSB had the highest levels (as expected due to copper pot
stills), while lowest levels were observed for NWS (which
is expected since column stills are not made from copper).
BC samples had Cu levels falling between PSB and NWS
(which was also expected since the commercial brandies are
produced by blending of PSB and NWS).

The recommended limit for Cu in alcoholic drinks
has been set by OIV to be between 1 000 and 5 000 pg/L.
Acute copper toxicosis has been reported to affect the
gastrointestinal systems (GI), hepatic, renal, hematological,
cardiovascular, and central nervous system (CNS). In this
study, PSB had higher copper levels than the permissible
limits. Navarro ef al. (2007) observed 8010 = 1580 pg/L Cu
levels in brandy sampled in a study carried out in Spain. An
increase in the Cu levels of the resulting distilled brandies
would be expected due to the distillation process used in
their manufacturing (Navarro et al., 2007). Iwegbue et al.
(2014) observed concentrations of Cu in the liquor samples
torange from 0.01 to 0.77 ng/mL less than the levels obtained
in this study. Copper concentrations in the range of 1.64—
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FIGURE 1
a. Metal concentration and spread levels (range) of the mineral content quantified in the different grape spirits and commercial
brandy samples. b. Shows the minimum and maximum distribution of the metals present in commercial brandy samples (BC),
neutral wine spirits (NWS) and pot still spirits (PSB). Based on the 30% PSB and 70% NWS ratio in standard commercial
brandies, the blended samples should contain between Cu levels of between 307.63 nug/L and 6040.16 pg/L as highlighted in
red dotted line in the figure (possible further dilution factor was not included in this calculation).
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TABLE 1

Estimated daily intake in pg/kg bw/day based on consumption of one shot per day (10ml) or yearly consumption (3.6 L). The
values for NWS and PSB were calculated based on the 70 and 30% maximum volumes, respectively, used in the blending of

the spirits to produce the final spirits blend.

*Element Commercial brandies NWS (70%) PSB (30%)
10mL 3600mL 10mL 3600mL 10mL 3600mL
Li 0 0 0 0 0 0
Be 0 0 0.001 0.36 3.95E-05 0.014
B 0.064 23.04 0.024 8.64 0.007 2.52
Al 0.050 18 0.008 2.88 0.003 1.08
A% 0.003 1.08 4.98E-05 0.018 0 0
Cr 0.006 2.16 0.001 0.36 0.0002 0.072
Mn 0.016 5.76 0 0 0 0
Fe 0.105 37.8 0 0 0 0
Co 0.0001 0.036 0 0 0 0
Ni 0.009 3.24 0.001 0.36 0.001 0.36
Cu 0.474 170.64 0.008 2.88 0.43 154.8
Zn 0.128 46.08 0.015 54 0.015 54
As 0 0 0.001 0.36 0.001 0.36
Se 0 0 0.003 1.08 0.001 0.36
Sr 0.009 3.24 6.78E-05 0.024 0.0002 0.072
Mo 0.002 0.72 0.002 0.72 3.88E-05 0.014
Cd 9.79E-05 0.035 8.37E-06 0.003 1.28E-05 0.005
Sb 0.00029 0.104 0.001 0.36 1.75E-05 0.006
Ba 0.001 0.501 0 0 1.36E-05 0.005
Hg 0 0 0.0005 0.18 0.0003 0.108
Pb 0.008 2.86 4.4E-05 0.01584 0.0005 0.18

*Limit of detection (LOD) for the metals quantified in the study. Trace elements were analyzed using the Agilent 7900

quadrupole ICP-MS.

Element Li Be B Al \% Cr Mn Fe Co Ni Cu
LOD 47.2 0.8 55.4 26.5 0.5 8.9 33 42.6 0.3 3.7 4.3
Element Zn As Se Sr Mo Cd Sb Ba Hg Pb
LOD 4.6 1.3 1.9 0.6 1.2 1.0 0.5 0.2 0.2 0.4

4.40 pg/mL were reported for Brazilian cachaga and other
international spirits (Nascimento et al., 1999). In Spain, Cu
concentrations ranging from 0.10 to 8.01 pg/mL for whisky,
gin, rum, liquor and brandy were reported (Navarro et al.,
2007). A Food Informatics (2005) study reported up to 0.7
pg/mL copper levels in gin, rum, brandy and whisky in
Denmark while Miranda et al. (2010) reported Cu content in
sugar cane spirits to vary from 6 600 to 6 640 ug/L.

The distilled beverages industry is expanding indicated
by the constant release of new products. On the other hand,
counterfeiters as well as cases of adulteration and dilution
of distilled spirits and liqueurs are also on the increase.

S. Afr. J. Enol. Vitic., Vol. 42, No. 1, 2021

Therefore it would be of great advantage to find an easy way
to test distilled spirits for authentication. From Fig. 1a and
1b, it is clear that there is a definite difference between PSB,
and NWS that can be explored for brandy authentication. The
copper levels (4 569 pg/L) calculated for brandy resulting
from possibly blending the minimum and maximum possible
blending ratio of 30% PSB and 70% NWS is highlighted in
dotted red in Fig. 1b. The maximum calculated copper levels
for the blended commercial samples are 4656.90 ug/L. A
study by Adam et al. (2002) showed no characteristic metal
fingerprint for the different geographical regions in Scotch
whiskies. However, the same study observed that the copper
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concentration could be used as a criterion to distinguish
between Blended or Grain Scotch from Malt Whisky where
the Malt Whiskies had a copper concentration ranging
between 390 and 480 pg/L (95% confidence limit) while the
copper concentration of the blended whiskies was between
0.14 and 0.24 pg/L. Alcoholic beverages like Brandy, Cognac
and Whisky also come into contact with copper during their
distillation. These products’ high popularity every so often
causes a potential risk for adulteration. In light of the fact
that the authenticity assessment is one of the key elements
of food or beverage product marketing, the study proposes
the use of copper and other metals as indicators for the
authenticity of spirits. A large number of samples however,
need to be collected for the results to be more conclusive. In
addition, no dilution factor was included in the calculations
as it may vary depending on cellar preferences and the
alcohol levels of the produced blend.

No lithium and minute quantities of beryllium were
detected in the analyzed spirits. Low levels of most metals
were observed in the spirits analyzed. This could be due to
that in a still the volatilization process favors the transfer
of alcohol and other aromatic and low molecular weight
compounds. On the other hand, the heavier metals remain
behind through the condensation coils (Navarro et al., 2007).
Therefore the final Li, Be, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, As, Se, Sr, Mo, Cd, Sb, Ba, Hg and Pb concentrations
present would be significantly lower in distilled products.
Equally, the transfer from the grape (Cabanis 2003; Navarro
et al., 2007) is largely conserved for fermentation products,
such as brandy base and distilling wine.

The concentrations of the iron content in the analyzed
spirits ranged between 19.167-632.361 pg/L in commercial
samples and iron was surprisingly not detected in the PSB
and NWS. Although there is no recommended standard for
iron in spirits, iron poisoning can have serious consequences
including multi-organ failure and death. The average daily
intake of iron in man between ages 20-34 years is estimated
to be 17 000 ug per day and for females 9 — 12 000 pg/day
(Salako et al., 2016) while the limit for wines is 10 000 ng/L
for wine (OIV). The concentration of iron in the BC samples
was below the limit. Iwegbue et al. (2014) observed slightly
higher levels of iron in the spirits, which varied from 0.28
to 1.48 pg/mL, similar to studies conducted by Iwegbue,
(2010), and Woldemariam and Chandravanshi, (2011) in
alcoholic beverages. Camean et al. (2001) reported higher Fe
levels ranging from ‘not detected’ to 2.03 pg/mL in Spanish
brandy while Okareh ef al. (2018) observed Fe levels of
720-4 220 pg/L in liquor products commonly consumed in
Nigeria.

The lead concentration in the spirits was below the
standard limit set by OIV in liquor products of 200 pg/L.
The levels ranged from 0 - 47.673, 0 - 0.377 and 0 - 9.016
pg/L for the BC, NWS and PSB, respectively. Lead plays
no biological role in living organisms; however, there
is no function in the human body that is not affected by
lead toxicity (Wani et al, 2015). The results obtained for
alcoholic drinks is related to the levels of lead in Brazilian
cachaga and other international spirits, reported to be in
the range of 0.035-0.25 pg/mL (Nascimento et al., 1999;
Barbeira et al., 1997). Iwegbue et al. (2014) observed mean
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Pb levels of 0.02 to 0.24 pg/mL in the alcoholic beverages,
while in 2001, Pb concentrations of 0.008-0.313 pg/mL were
observed in Spanish brandy by Camean ef al. (2001). Okareh
et al. (2018) detected 2 130—4 700 pg/L of lead in commonly
consumed alcoholic beverages flavored with herbal extract
in Nigeria, which exceeded the World Health Organization
(WHO) limits of 20 pg/L in water.

Although cobalt has a biologically necessary role as
metal constituent of vitamin B ,, excessive exposure has
been shown to induce neurological such as hearing and visual
impairment, cardiovascular and endocrine deficits (Leyssens
et al., 2017). Cobalt concentrations in the spirits evaluated in
the study varied from ‘not detected’ to 0.790 pg/L in BC while
no Co was detected in PSB and NWS. Iwegbue ef al. (2014)
observed Co levels ranging from 0 - 0.12 pg/mL and similar
Co levels have been reported in other alcoholic beverages
(Alvarez et al., 2007; Amidzi et al., 2011; Woldemariam and
Chandravanshi, 2011; Okareh et al. (2018)). Permissible
limits of 50 ug/L and 1500 pg/L (higher levels can be related
with health problems) have been reported in literature for Co
levels (Oladeji and Saeed, 2015).

The cadmium concentrations in the spirits ranged
between 0 - 0.588, 0- 0.072 and 0 - 0.256 pg/L in BC, NWS
and PSB respectively. Studies have reported that cadmium
exposure maybe linked to various types of cancer, including
breast, lung, prostate, nasopharynx, pancreas, and kidney
cancers (Genchi ef al., 2020). The observed cadmium levels
were however in conformance with standard limit of OIV
of 15 or 10 pg/L in the case of wine. The result obtained for
the non-alcoholic drinks were totally in conformance with
the standard maximum limit (0.055 ppm). The incidences of
cadmium contaminations are mostly from industrial activity,
air readily taken up by plants, water used for irrigation,
smoking and or the presence of cadmium in fertilizers (Liao
et al., 2019). Our study findings indicate Cd levels lower
than those of a study obtained by Iwegbue ef al. (2014) who
observed mean concentrations of 0.01 to 0.04 pug/mL while
Okareh et al. (2018) observed Cd levels ranging from 60
to 70 ug/L in distilled alcoholic beverages and liquors in
Nigeria.

Nickel levels ranged from 0.917 - 54.063, 0 - 7.349 and
0 - 24.501 pg/L in BC, NWS and PSB respectively. About
18% of the analyzed commercial spirits are not in compliance
with the maximum standard limit of Nickel put at 0.02 ppm
(20 pg/L) (Iwegbue et al., 2014; WHO, 2003). The major
use of Nickel is in the preparation of alloys because of its
strength, ductility and resistance to corrosion and heat.
Nickel is an essential metal, however high uptake of the
metal can accumulate in the kidneys, bones, and thyroid
glands and cause toxicity and result in lung embolism, lung
cancer, sickness and dizziness (Das et al., 2008). Iwegbue
et al. (2014) observed the mean concentrations of Ni in
alcoholic drinks to range between 0.04 and 0.13 pg/mL.

No Manganese was detected in PSB and NWS while
concentrations ranging from 5.435-94.161 png/L were
detected in BC commercial samples, lower than the
permissible level in drinking water (0.4 pg/mL, WHO,
2003). The levels observed in this study were lower than
those detected by other studies. Iwegbue et al. (2014)
observed the highest mean level of 0.33 pg/mL in aperitifs
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liquor. The concentrations of Mn in the alcoholic beverages
were also lower than those measured in wines and other
international spirits (Nascimento et al., 1999; Sauvage et al.,
2002; Pohl, 2007; Amidzi Klari et al., 2011; Woldemariam
and Chandravanshi, 2011).

There was no Arsenic in the BC samples while in the
NWS and PSB, the levels ranged from 0-7.303 and 0-22.498
pg/L, respectively. The maximum limits by World Health
Organization for arsenic in alcoholic beverages are 200 pg/L
hence the spirits analyzed in the study are in conformance.
Arsenic is usually found in the environment combined
with other elements as inorganic (e.g. arsenic trioxide) and
organic forms such as arsenates or arsenites usually found
in water, soil, or food (Silva et al, 2005). High arsenic
concentrations in whisky have been reported to be more
than 100 pg/L and some illicitly produced whisky containing
more than 400 pg/L has also been reported. The source of
arsenic contamination is usually water (Salako ef al., 2016).
A positive correlation between Cu and As in wines has been
reported to indicate the origin of both elements in inorganic
pesticides employed in viticulture (Kment er al., 2005).

Observations (axes F1 and F2: 100.00 %)

F2 (23.78 %)
o

However, no direct correlation was observed in this study
between Cu and As.

The concentrations of zinc obtained indicate low presence
of the metal in the spirits far below the maximum limit of
5 000 pg/L in alcoholic drinks (OIV). The concentrations
of zinc ranged between 7.638-770.797, 0-128.788 and
0-305.388 pg/L in BC, NWS and PSB, respectively. The
observation concurs with other studies in other countries that
found only a trace or very low Zn concentrations in alcoholic
beverages (Nascimento et al., 1999; Navarro et al., 2007,
Iwebgue et al., 2014; Okareh et al., 2018).

Chromium concentration ranged from 0-37.504,
0-4.365, 0-3.739 pg/L in BC, NWS and PSB, respectively
and the levels falls below the maximum limit of 50 ug/L,
set by WHO (2003). The use of chromium as alloy in
the preparation of cans and electroplating process might
contribute to the status of their presence in the spirits.
Chromium at low concentration is important for functions
such as catabolism of fats and carbohydrates. Similar levels
have been observed in other alcoholic beverages (Frias et al.,
2001; Sauvage et al., 2002; Pohl, 2007; Amidzi Klari et al.,
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FIGURE 2
The figure shows metal grouping and distribution based on spirit type and region in South Africa. Spirits sampled/ produced
in BreedeRiverVal and Kleinkaroo grouped together separate from those from the Coastal region and Olifants River. Pot still
spirits (PSB) had high (p < 0.05) Cu levels, while the commercial brandies (BC) had higher (p < 0.05) Ba levels, and neutral
wine spirits had higher (p < 0.05) Se levels.
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2011; Woldemariam and Chandravanshi, 2011; Iwegbue
et al., 2014). The higher levels observed in BC compared
to NWS and PSB could be due to contamination during
storage by stainless steel or by chromium oxides used for
pigmentation of bottles.

In addition to spirit differences, regional differences
were also observed in the study with reference to metal
concentrations in the analyzed spirits as shown in Fig. 2
where the Coastal region spirits had the highest Cr, Zn, Sr Cu,
Al B and Se concentrations. The use of organic pesticides on
the grapes results in a significant enhancement in mineral
content in the produced wine (Salvo et al., 2003; Navarro
et al., 2007), which could explain the observed regional
differences in the studied grape spirts. Adam et al. (2002),
using Cluster analysis showed no characteristic metal
fingerprints for the different geographical regions for trace
element analyses conducted on 35 Scotch Whiskies.

CONCLUSION

The grape spirits metal composition in South African is
still unknown. This study therefore shed some light on the
concentrations of 21 metals in South African grape wine
spirits. Interesting variations in the levels of metals was
observed where most of the analyzed metals were present
in higher levels in BC than the PSB and NWS. Our study
shows that the metal levels in the commercial brandies were
within allowed limits. Pot still spirit, before the minimum
maturation of 3 years and dilution to the minimum ABV
of 38%, had the highest copper levels. Some port still
spirits exceeded the permissible limit in alcoholic liquors.
However, future studies should evaluate the levels of Cu in
pot still brandies (after maturation and dilution) with a view
to provide information on the copper profiles and possible
toxicity as a result of dietary intake. Factors such as origin,
type of spirits and manufacturing processes contributed to
the levels of metals in spirits. The enormous differences in
copper concentrations between PSB and NWS can be used
to estimate Cu levels in the final brandy and in authenticity
assessments provided a large number of samples are analyzed
to build a database. The obtained metal level data is very
useful for compiling food composition tables, thus adding
to the existing data for these elements in the South African
Spirits.
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