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Abstract
Mate is an infusion made from the dried leaves of yerba mate (Ilex paraguariensis). Yerba mate may be an important source of
essential elements but could contain toxicologically relevant metals. Macroelements (Ca, Mg, Na, K), trace elements (B, Ba, Sr,
V, Li, Ni, Fe, Zn, Cu, Cr, Co, Mn, Mo), and toxic metals (Al, Cd, Pb) content have been determined in 32 samples of yerba mate
by ICP-OES (inductively coupled plasma—optical emission spectrometry) with the aim of determining the element content of
yerba mate leaves and the influence of temperature in the extraction of these elements from the plant to the infusion, and
estimating the dietary intake for each element studied. The highest element contents have been found in infusions prepared with
hot distilled water (70–75 °C); the most noteworthy are K (303 mg/L), Mn (4.85 mg/L), and Al (4.52 mg/L). The consumption
recommended by the producers (500 mL infusion/day) contributes significantly to the daily intake of essential elements such as
Mn,Mg, and Cu. This consumption does not pose a health risk, although it is necessary to assess the risk/benefit of Ni intake from
mate consumption for people with impaired renal function (500 mL/day accounts for 52.2% of the TDI).

Keywords Ilex paraguariensis . Yerba mate infusions . Dietary intake . Risk assessment . Toxic metals . Macroelements . Trace
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Introduction

Mate is a stimulating drink prepared with the dried
leaves of Ilex paraguariensis, a tree belonging to the
Aquifoliaceae family (Heck et al. 2008; Folch 2010)
which is widely grown in southern Argentina, Brazil,
Paraguay, and Uruguay (FAO/STAT 2007; Ilany et al.
2010). As a result of globalization and migratory flows,
yerba mate is now found in other parts of the world and
is marketed in Europe and the USA, where its consump-
tion is increasing because of the promotion of its

possible beneficial effects (Schinella et al. 2000;
Lukomska et al. 2015).

The mate is traditionally prepared in a rounded metal con-
tainer known as a “pot”, in which dried yerba mate leaves are
placed, and hot water is poured on them (Lukomska et al.
2015). However, the preparation method of the mate has been
modernized, and there are now various ways to prepare it such
as the cold infusion, using water at room temperature and
dipping the yerba mate repeatedly in the water (Lukomska
et al. 2015).

Although yerba mate is considered nothing more than an
infusion in Europe and the USA, the ancient tribes of southern
America originally used yerba mate as a medicinal remedy for
gastrointestinal problems and headaches, among others
(Bragança et al. 2011).

Yerba mate contains a large number of active compounds,
among which is chlorogenic acid which is a polyphenolic
compound known for its antioxidant and anti-inflammatory
activity and for reducing the risk of diabetes in people with
obesity (Bastos et al. 2007; Xu et al. 2009; Bracesco et al.
2011; Ma et al. 2015; Yan et al. 2017). Chlorogenic acid is
the major compound of yerba mate infusions accounting for
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42% of the total compounds (Bracesco et al. 2011). It also
contains caffeine (34.4 mg/100 g), which is responsible for
its energizing and stimulating effect (Dellacassa and
Bandoni 2001; Heck and De Mejia 2007) and essential ele-
ments for the human body such as calcium (Ca), magnesium
(Mg), iron (Fe), zinc (Zn), and potassium (K) (Binaghi et al.
2011). Themacrolements (Na, K, Ca,Mg) are required in high
concentrations by the human organism, while the trace ele-
ments (Fe, Zn, Cu, Cr, Co, Mo, Mn) are necessary in smaller
quantities and make up a part of different enzymes such as
ferroxidase or cytochrome C oxidase (EFSA 2013; Rubio
et al. 2017a; Rubio et al. 2018a). Macroelements and trace
elements have recommended intake values.

Despite the contribution of essential elements and their
beneficial effects, the consumption of yerba mate may pose
risks for the health of the consumer. The absorption and accu-
mulation of toxic and non-essential metals by this plant from
the ground require risk evaluation and analysis to ensure its
food safety (Copello et al. 2011).

Trace elements, such as lithium (Li), nickel (Ni), vanadium
(V), boron (B), barium (Ba), or strontium (Sr), are found nat-
urally in the environment and in food, as they are essential
elements for plants and some organisms (Rubio et al. 2012; Lo
Surdo 2016; Rubio et al. 2017a). These elements do not have
recommended intake values. High Li intake could cause seri-
ous damage to humans as they can produce hypothyroidism,
blindness, nausea and kidney damage (González-Weller et al.
2013), or Sr, whose toxicity is due to the ability of Sr to bind to
phosphates, resulting in insoluble compounds that cause phos-
phorus deficiency (Nielsen 2004).

Toxic metals such as aluminum (Al), cadmium (Cd), or
lead (Pb) are contaminants, mainly from anthropogenic
sources. They are characterized for not being biodegradable
and for their tendency to accumulate in the environment
(Shaheen et al. 2016; Hardisson et al. 2017; Rubio et al.
2018b). These metals, even in low concentrations, can cause
toxic effects.

Al is a neurotoxic agent that accumulates in the brain pro-
ducing neurodegenerative diseases (Hardisson et al. 2017;
Rubio et al. 2017b). Cd acts by interfering with the enzymatic
reactions involving Zn, because both are divalent metals and
are related (Rubio et al. 2006). It is noteworthy that the leaves
of plants, such as yerba mate, are the part of the plant that
accumulates the highest concentrations of Cd (Rizwan et al.
2017). Pb causes damage to the central nervous system (CNS)
and nephropathies (Rubio et al. 2005; González-Weller et al.
2015; Luis et al. 2015; Rubio et al. 2018c).

For all of the above, the objectives of this study were to
determine the contents of macroelements (Ca, Na, K, Mg),
trace elements (Fe, Zn, Cu, Cr, Co, Mn, Mo, B, Ba, Sr, V,
Li, Ni), and toxic metals (Al, Cd, Pb) in 32 samples of differ-
ent yerba mate brands using ICP-OES (inductively coupled
plasma–optical emission spectrometry), to establish the

nutritional profile and evaluate the risk from the intake of toxic
elements, as well as to evaluate the influence of the tempera-
ture of the water used to make the infusion in the transfer of
elements from the dried yerba mate leaves to the infusion.

Material and methods

Samples

A total of 32 dried yerba mate (Ilex paraguariensis) samples
from 13 different brands from Argentina, Paraguay, Brazil,
and Uruguay were purchased between February 2017 and
April 2017 in hypermarkets and markets in the Canary
Islands (Spain). The samples were taken to the laboratory
and stored in their original packaging. Table 1 shows the char-
acteristics of each analyzed sample.

Sampling treatment

Treatment and analysis of the samples have been carried out
using chemical reagents of analytical grade and distilled water
of high purity from a Mili-Q purification system (Milipore,
MA, USA). The glassware material and porcelain capsules
(Staatlich, Germany) have been previously washed with lab-
oratory detergent (Extran MA 02, Germany) and distilled wa-
ter of high purity.

In order to study the degree of solubility of the studied
elements, as well as the influence of the temperature in the
preparation of the infusions, the preparation of the samples has
been carried out by means of two different procedures that are
described below.

Treatment of the yerba mate dry leaves

The leaves were weighed in triplicate, 10 g of each sample
previously homogenized in porcelain capsules (Staatlich,
Germany). They were dried in an oven (Nabertherm,
Germany) at 70–80 °C for 24 h. They were then subjected
to acid digestion using 2–3 mL of 65% HNO3 (Honeybell
Fluka, Germany) to eliminate organic matter, until nitric acid
evaporation in a hot plate (Nabertherm, Germany).

Once the digestion of the organic matter was complete, the
samples were placed in a muffle furnace (Nabertherm,
Germany) for incineration. The temperature-time program
used was 400 ± 20 °C/24 h, with a progressive rise in temper-
ature of 50 °C per hour (Luis et al. 2015). Once the beige ashes
were obtained, they were dissolved in 25 mL volumetric
flasks with 1.5% HNO3 solution and transferred to sterile
and hermetic polyethylene containers for analysis.
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Treatment of the hot and cold yerba mate infusions

A total of 10 g of each previously homogenized sample
were weighed in beakers. After which, 50 mL of dis-
tilled water was added at room temperature (25 °C) in
case of the cold infusion (Lukomska et al. 2015) and at
70–75 °C in the case of the hot infusion for 10 min.
The liquid was then transferred to a sterile hermetic
container of 50 mL using laboratory filter paper. The
process was repeated two more times dipping the yerba
mate in again and collecting the filtrate in the same
container up to a total volume of 100 mL. This proce-
dure was performed in triplicate for each sample.

The next step was to take a 50 mL aliquot of each infusion
and place it in porcelain crucibles (Staatlich, Germany), fol-
lowing the same procedure of desiccation, acid digestion, and
incineration described above for samples of the dried yerba
mate leaves.

Method and quality control

The determination of elements was performed using
atomic emission spectrometry, using an inductively
coupled plasma–optical emission spectrometer (ICP-
OES) Thermo Scientific iCAP 6000 Spectrometer series
model (Waltham, MA, USA). This method is the most
sui table for the simultaneous determinat ion of
macroelements, trace elements, and toxic metals in food
as it is a fast, reliable, sensitive, and automated technique
(Hardisson et al. 2017).

The instrumental conditions were the following: gas
flow (nebulizer gas flow, auxiliary gas flow) 0.5 L/min,
approximate radio frequency (RF) power of 1.2 kW,
flow of the sample injection of the sample to the pump
of 50 rpm, and stabil ization time of 0 s. The

wavelengths (nm) of the analyzed elements were the
following: Al (167), B (249.7), Ba (455.4), Ca
(317.9), Cd (226.5), Co (228.6), Cr (267.7), Cu
(327.3), Fe (259.9), K (769.9), Li (670.8), Mg (279.1),
Mn (257.6), Mo (202.0), Na (589.6), Ni (231.6), Pb
(220.3), Sr (407.7), V (310.2), and Zn (206.2).

The instrumental limits of quantification, calculated
by analyzing 15 targets under reproducible conditions
(IUPAC 1995) for each element, were the following:
0.012 mg/L (Al), 0.012 mg/L (B), 0.005 mg/L (Ba),
1.995 mg/L (Ca), 0.001 mg/L (Cd), 0.002 mg/L (Co),
0.008 mg/L (Cr), 0.012 mg/L (Cu), 0.009 mg/L (Fe),
1.884 mg/L (K), 0.013 mg/L (Li), 1.943 mg/L (Mg),
0.008 mg/L (Mn), 0.002 mg/L (Mo), 3.655 mg/L (Na),
0.003 mg/L (Ni), 0.001 mg/L (Pb), 0.003 mg/L (Sr),
0.005 mg/L (V), and 0.007 mg/L (Zn).

The precision and accuracy of the method were
checked by a strict quality control, using certified refer-
ence materials (CRM) of matrices similar to the samples
under study, which had been subjected to the same
treatment and analysis as the samples. The quality con-
trol was based on the percentage of recovery of each
analyzed element (Table 2). The materials chosen were
SRM 1515 apple leaves and SRM 1548a typical diet,
both from the National Institute of Standards and
Technology (NIST). The recovery percentages obtained
were greater than 97%. In addition, a statistical analysis
was carried out concluding that there were no signifi-
cant differences between the concentration found and
the one certified by the manufacturer.

Statistical analysis

The statistical analysis of the samples was conducted to deter-
mine the existence or not of significant differences (p < 0.05)

Table 1 Data on the analyzed
yerba mate samples Origin Code No. samples Composition Format (kg) Packaging

Argentina A1 4 Prepared with leaves and twigs ½ Plastic

A2 4 ½ Plastic

A3 4 ½ Plastic

A4 2 ½ Plastic

A5 2 ½ Plastic

A6 2 ½ Plastic

A7 2 ½ Paper bag

A8 2 1 Plastic

Paraguay P1 2 ½ Plastic

P2 2 ½ Plastic

Brazil B1 2 Prepared only with leaves ½ Paper bag

B2 2 1 Plastic

Uruguay U1 2 ½ Plastic
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between the two preparation methods of the infusions, as well
as with the dried yerba mate leaves. This analysis was per-
formed using the IBM Statistics SPSS 22.0 for Mac™
software.

Firstly, the distribution of the data was studied by the
Kolmogorov-Smirnov and Shapiro-Wilk tests (Rubio et al.
2017b). Given that the data did not follow a normal distribu-
tion, nonparametric tests such as the Kruskal-Wallis test and
the Mann-Whitney U test were used (Gutiérrez et al. 2008;
Jaudenes et al. 2018).

Results and discussion

Element contents in the analyzed yerba mate samples

Table 3 shows the mean concentrations (mg/kg dry weight)
and standard deviations (SD) of the elements in yerba mate
leaves. As regards the macroelements, the most noteworthy
concentration was found in Ca (3450 ± 554 mg/kg dry
weight), followed by K >Mg >Na. The highest concentra-
tions were found in yerba mate samples identified as P1, from

Table 2 Concentration (mean ±
SD, n = 3) of the reference
materials and recovery study (%)
of the analyzed elements

Material Metal Concentration
(mg/kg)

Obtained concentration
(mg/kg)

Recovery
(%)

SRM 1515 apple leaves Na 24.4 ± 1.2 24.3 ± 0.8 99.6

K 1.61 ± 0.02 1.57 ± 0.04 97.8

Ca 1.526 ± 0.02 1.570 ± 0.05 102.3

Mg 0.271 ± 0.01 0.260 ± 0.03 98.1

Fe 80.0 ± 0.0 79.6 ± 0.2 99.5

Mn 54.0 ± 3.0 54.8 ± 6.2 101.5

Cu 5.64 ± 0.24 5.58 ± 0.32 98.9

Zn 12.5 ± 0.3 12.7 ± 0.5 101.9

Cr 0.30 ± 0.00 0.29 ± 0.03 97.8

Mo 0.094 ± 0.01 0.09 ± 0.02 99.4

Co 0.09 ± 0.00 0.09 ± 0.03 101.5

B 27 ± 2 27 ± 1.5 99.9

Sr 25 ± 2 24.6 ± 4 98.3

Ni 0.91 ± 0.12 0.92 ± 0.18 100.6

Al 286 ± 9 285.1 ± 26 99.7

Pb 0.470 ± 0.024 0.470 ± 0.04 100.3

Cd 0.014 ± 0.00 0.014 ± 0.003 99.3

SRM 1548a typical diet Na 8132 ± 942 8001.9 ± 476 98.4

K 6970 ± 125 6858.5 ± 318 98.4

Ca 1967 ± 113 1961.1 ± 158 99.7

Mg 580 ± 26.7 580 ± 26.7 97.7

Fe 35.3 ± 3.77 35.6 ± 5.17 101.3

Mn 5.75 ± 0.17 5.71 ± 0.36 99.3

Cu 2.32 ± 0.16 2.34 ± 0.29 100.7

Zn 24.6 ± 1.79 24.3 ± 1.32 98.7

Mo 0.26 ± 0.02 0.26 ± 0.05 98.6

B 4.16 ± 0.04 4.23 ± 0.02 101.8

Ba 1.10 ± 0.10 1.13 ± 0.09 102.5

Sr 2.93 ± 0.10 2.91 ± 0.25 99.2

Ni 0.37 ± 0.02 0.38 ± 0.04 102.3

V 0.26 ± 0.03 0.26 ± 0.06 100.6

Al 72.4 ± 1.52 71.2 ± 3.23 98.3

Pb 0.044 ± 0.000 0.044 ± 0.013 98.9

Cd 0.035 ± 0.015 0.036 ± 0.006 102.2

Standard addition
method

Li 0.2 ± 0.02 0.19 ± 0.03 95.0
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Paraguay, with levels of 6166 ± 482 mg Ca/kg d.w., 3831 ±
284 mg Mg/kg d.w., and 1245 ± 130 mg Na/kg d.w. A study
conducted by Pozebon et al. (2015) found in yerba mate leaf
from Paraguay, a concentration of Ca (6947 ± 710 mg/kg) and
Mg (4597 ± 287 mg/kg) similar to the concentration, was
found in the present study.

The essential trace element concentrations that stand out
were in Mn (66.4 ± 30.2 mg/kg d.w.) and Zn (32.5 ±
11.9 mg/kg d.w.), followed by Fe > Cu >Mo > Cr. High con-
centrations of Fe, Zn, Cr, and Mn were found in samples P1,
A6, A5, and P2, which indicate some type of contamination.
These samples, originating from the northeast of Argentina
and southern Paraguay, come from areas near the delta of
the Paraná River. The Paraná River is one of the longest in
South America, which, due to anthropogenic activities, is
highly polluted with concentrations of Cd, Pb, Fe, and Mn
exceeding the limits recommended by the legislation of these
countries (Cataldo et al. 2001; Puig et al. 2016). Therefore,
these high concentrations may be due to the proximity of the
Paraná River to where these plants grow.

As for the non-essential elements, the concentration levels
of Sr (20.4 ± 4.40 mg/kg d.w.) and B (20.3 ± 3.21 mg/kg d.w.)
are noteworthy; the rest of the non-essential elements follow
the sequence of concentration of Ba> Li > V > Ni. Again,
samples P1, A6, A5, and P2 had high concentrations of B,
Ba, Li, Ni, andMn that could be explained taking into account
the poss ible contaminat ion of the Paraná River
abovementioned.

A previous study conducted byWróbel et al. (2000) shows
levels of Mn (2223 ± 110 mg/kg), Fe (166 ± 19 mg/kg), Cr
(2.24 ± 0.15 mg/kg), Cu (11.1 ± 0.15 mg/kg), and Ni (4.6 ±
0.2 mg/kg), which are lower than levels found in the present
study. However, the referenced study was conducted in 2000,
so the levels of these elements could vary among the years.

Of the toxic metals, Al was found in the highest concen-
tration with an average level of 90.4 ± 50.9 mg/kg d.w. The Al
levels found by Pozebon et al. (2015) in yerba mate leaf from
Paraguay (384 ± 63 mg Al/kg) and Argentina (347 ± 60 mg
Al/kg) are higher than the levels recorded in the present study.
The Al concentration in the environment has increased due to
both anthropogenic activities such as bauxite extraction or
aluminum industries, as well as natural soil erosion and acid-
ification activities (Sjögren et al. 2007; Hardisson et al. 2017).
The concentrations found in the samples mentioned above
(P1, A6, A5, P2) for toxic elements are again quite high com-
pared with the rest of the samples.

Tables 4 and 5 show the concentrations (mg/L) and stan-
dard deviations found in the hot and cold prepared infusions.
The highest concentrations of macroelements were found in
the hot prepared infusions, in which the K level (303 ±
42.2 mg/L) is worth mentioning, followed by Mg >Na > Ca.
The results obtained by Olivier et al. (2012) shown a level of
K of 133.4 mg/L (33.35 mg/250 mL); this value is lower than

the obtained in the present study. The statistical analysis re-
vealed significant differences (p < 0.05) in Ca and Mg levels
between both types of infusions.

Regarding the essential trace elements, the highest concen-
trations were found in the hot prepared infusions, the most
notable of which were the contents of Mn (4.85 ± 1.36 mg/
L) and Zn (2.24 ± 0.41 mg/L). The remaining microelements
followed the sequence Cu > Fe > Cr >Mo. Except for V, the
concentration of non-essential metals is higher in the hot pre-
pared infusions, especially B (1.47 ± 0.23mg/L) and Ba (0.46
± 0.10 mg/L), followed by Li > Sr > Ni > V. Once again, the
recorded levels of toxic metals were higher in hot prepared
infusions, with Al having the highest average concentration of
4.52 ± 0.98 mg/L. A study conducted by Gomes da Costa
et al. (2009) shows Al levels in mate tea between 2.23 and
2.50 mg/L.

The statistical study showed that theMo and Ni levels were
significantly different between both infusions. Cd and Al
levels were statistically significant between the two types of
infusions (hot and cold infusion). Temperature influences on
the extraction of the elements from the leaf of yerba mate to
the infusion.

The study conducted by Bragança et al. (2011), in which
the content of some trace elements and toxic metals was de-
termined in infusions of different brands of yerba mate from
Brazil prepared with hot water reported mean concentrations
of: Cu (0.03–0.06 mg/L), Zn (0.41–1.0 mg/L), Al (0.32–
1.7 mg/L), Fe (0.12–0.23 mg/L), and Mn (2.3–7.0 mg/L).
The above concentrations are lower than those obtained in
the present study, both for hot and cold prepared infusions,
except for Mn, whose mean concentration was lower than that
found in the abovementioned study. The differences found
may be due to multiple factors such as the soil, mode of prep-
aration, season, and origin (Barbosa et al. 2015).

Extraction percentage of the studied elements
in infusions

Taking into account the average concentrations of each ele-
ment obtained in the samples of dried leaves of yerbamate and
those obtained in the infusions prepared both with hot and
cold water, the percentages of extraction of both infusions
were calculated as follows:

Extraction %ð Þ ¼ Element concentration in yerba mate infusion

Element concentration in dried yerba mate leaves
� 100

The percentages of extraction of the studied elements in the
hot prepared infusions were the following: Al (5.0%), B
(7.2%), Ba (4.4%), Ca (1.9%), Cd (2.8%), Cr (7.0%), Cu
(11.1%), Fe (1.3%), K (9.4%), Li (10.3%), Mg (7.1%), Mn
(7.3%), Mo (5.4%), Na (8.0%), Ni (13.5%), Pb (3.5%), Sr
(1.8%), V (7.9%), and Zn (6.9%),whereas the percentages of
extraction for the cold prepared infusions were the following:

Environ Sci Pollut Res (2020) 27:21341–2135221346



Ta
bl
e
4

C
on
ce
nt
ra
tio

n
(m

g/
L
)
an
d
st
an
da
rd

de
vi
at
io
n
of

an
al
yz
ed

el
em

en
ts
in

th
e
ye
rb
a
m
at
e
ho
ti
nf
us
io
n
sa
m
pl
es

C
od
e

C
a

C
o

C
r

C
u

F
e

K
M
g

M
n

M
o

N
a

Z
n

A
1

85
.5
±
20
.7

<
L
O
Q

0.
03

±
0.
01

0.
45

±
0.
10

0.
22

±
0.
12

29
2
±
97
.9

19
0
±
50
.3

5.
29

±
1.
34

<
L
O
Q

65
.5
±
35
.7

2.
19

±
0.
90

A
2

64
.8
±
4.
88

0.
02

±
0.
00

0.
59

±
0.
10

0.
33

±
0.
09

34
0
±
28
.5

17
6
±
16
.2

2.
69

±
0.
75

81
.0
±
13
.4

1.
78

±
0.
05

A
3

50
.9
±
2.
69

0.
02

±
0.
00

0.
50

±
0.
06

0.
18

±
0.
09

34
1
±
6.
14

17
2
±
7.
02

3.
05

±
1.
23

49
.1
±
15
.7

2.
11

±
0.
10

A
4

66
.7
±
4.
54

0.
02

±
0.
00

0.
47

±
0.
12

0.
24

±
0.
09

34
2
±
17
.4

19
6
±
13
.0

4.
31

±
1.
77

76
.4
±
38
.3

3.
09

±
0.
11

A
5

70
.7
±
6.
25

0.
03

±
0.
00

<
L
O
Q

0.
34

±
0.
09

31
7
±
5.
41

18
4
±
11
.8

7.
35

±
0.
65

0.
00
2
±
0.
00
0

60
.4
±
11
.3

2.
74

±
0.
17

A
6

54
.9
±
6.
74

0.
03

±
0.
00

0.
25

±
0.
08

21
6
±
17
.8

14
0
±
18
.3

4.
53

±
1.
49

0.
00
1
±
0.
00
0

46
.5
±
13
.1

2.
32

±
0.
14

A
7

55
.7
±
2.
02

0.
03

±
0.
00

0.
53

±
0.
11

0.
21

±
0.
03

31
3
±
12
.6

19
7
±
12
.3

5.
26

±
1.
12

<
L
O
Q

79
.5
±
27
.7

2.
42

±
0.
03

A
8

64
.5
±
5.
41

0.
03

±
0.
00

0.
83

±
0.
15

0.
25

±
0.
08

30
4
±
7.
42

24
9
±
11
.5

7.
28

±
1.
09

40
.4
±
5.
26

1.
89

±
0.
12

B
1

58
.5
±
8.
05

0.
01

±
0.
00

0.
52

±
0.
14

0.
43

±
0.
12

30
5
±
12
.0

19
7
±
19
.1

5.
02

±
0.
78

0.
00
1
±
0.
00
0

82
.5
±
32
.5

1.
71

±
0.
18

B
2

84
.2
±
1.
76

0.
02

±
0.
01

0.
77

±
0.
07

0.
22

±
0.
09

33
7
±
11
.9

23
4
±
5.
57

5.
24

±
1.
26

<
L
O
Q

79
.0
±
35
.5

1.
86

±
0.
18

P1
52
.7
±
2.
75

0.
03

±
0.
00

<
L
O
Q

0.
33

±
0.
20

26
1
±
12
.4

17
3
±
20
.7

4.
58

±
0.
64

0.
00
1
±
0.
00
0

45
.5
±
12
.1

2.
69

±
0.
18

P2
43
.0
±
2.
87

0.
03

±
0.
01

0.
25

±
0.
17

23
4
±
28
.4

13
8
±
16
.1

3.
95

±
1.
44

0.
00
2
±
0.
00
0

41
.3
±
23
.4

2.
00

±
0.
31

U
1

91
.5
±
1.
32

0.
02

±
0.
00

0.
80

±
0.
03

0.
26

±
0.
03

33
9
±
2.
29

26
9
±
9.
17

4.
45

±
1.
35

<
L
O
Q

11
4
±
4.
04

2.
32

±
0.
07

M
ea
n
±
S
D

64
.9
±
14
.7

<
L
O
Q

0.
03

±
0.
01

0.
58

±
0.
14

0.
27

±
0.
07

30
3
±
42
.2

19
3
±
38
.4

4.
85

±
1.
36

0.
00
1
±
0.
00
0

66
.2
±
21
.7

2.
24

±
0.
41

C
od
e

A
l

B
B
a

C
d

L
i

N
i

P
b

Sr
V

A
1

3.
36

±
0.
90

1.
14

±
0.
05

0.
35

±
0.
06

0.
00
3
±
0.
00
1

0.
42

±
0.
12

0.
17

±
0.
01

<
L
O
Q

<
L
O
Q

<
L
O
Q

A
2

4.
36

±
0.
60

1.
01

±
0.
08

0.
40

±
0.
04

0.
00
2
±
0.
00
0

0.
45

±
0.
05

0.
16

±
0.
01

A
3

3.
93

±
0.
61

1.
15

±
0.
07

0.
35

±
0.
04

0.
00
3
±
0.
00
0

0.
44

±
0.
10

0.
20

±
0.
01

0.
01

±
0.
00

A
4

4.
87

±
0.
08

1.
23

±
0.
07

0.
59

±
0.
05

0.
00
4
±
0.
00
0

0.
49

±
0.
07

0.
25

±
0.
01

0.
01

±
0.
00

0.
35

±
0.
03

0.
01

±
0.
00

A
5

4.
09

±
0.
84

1.
33

±
0.
09

0.
37

±
0.
09

0.
00
4
±
0.
00
1

0.
33

±
0.
04

0.
22

±
0.
00

0.
01

±
0.
00

0.
32

±
0.
02

0.
01

±
0.
00

A
6

3.
15

±
0.
20

1.
14

±
0.
09

0.
27

±
0.
05

0.
00
4
±
0.
00
0

0.
27

±
0.
07

0.
12

±
0.
02

0.
01

±
0.
00

0.
28

±
0.
13

0.
01

±
0.
00

A
7

5.
65

±
0.
39

1.
67

±
0.
83

0.
34

±
0.
07

0.
00
4
±
0.
00
1

0.
52

±
0.
14

0.
17

±
0.
09

0.
02

±
0.
00

0.
32

±
0.
09

0.
01

±
0.
00

A
8

3.
34

±
0.
93

0.
77

±
0.
03

0.
24

±
0.
03

0.
00
4
±
0.
00
0

0.
26

±
0.
02

0.
09

±
0.
00

0.
01

±
0.
00

0.
28

±
0.
02

0.
01

±
0.
00

B
1

2.
86

±
0.
17

1.
02

±
0.
11

0.
25

±
0.
02

0.
00
3
±
0.
00
0

0.
15

±
0.
05

0.
18

±
0.
01

0.
01

±
0.
00

0.
36

±
0.
01

0.
02

±
0.
00

B
2

5.
04

±
0.
41

1.
45

±
0.
09

0.
31

±
0.
02

0.
00
4
±
0.
00
0

0.
30

±
0.
06

0.
17

±
0.
01

0.
01

±
0.
00

<
L
O
Q

0.
01

±
0.
00

P1
2.
24

±
0.
50

0.
97

±
0.
37

0.
26

±
0.
08

0.
00
3
±
0.
00
1

0.
15

±
0.
07

0.
13

±
0.
06

0.
01

±
0.
00

0.
21

±
0.
07

0.
01

±
0.
01

P2
3.
20

±
0.
65

1.
24

±
0.
07

0.
34

±
0.
02

0.
00
4
±
0.
00
0

0.
21

±
0.
06

0.
15

±
0.
00

0.
01

±
0.
00

0.
34

±
0.
10

0.
01

±
0.
00

U
1

4.
65

±
0.
48

1.
10

±
0.
04

0.
45

±
0.
02

0.
00
5
±
0.
00
0

0.
60

±
0.
06

0.
18

±
0.
01

0.
02

±
0.
00

0.
43

±
0.
04

0.
01

±
0.
00

M
ea
n
±
S
D

3.
90

±
0.
98

1.
17

±
0.
23

0.
35

±
0.
10

0.
00
4
±
0.
00
1

0.
35

±
0.
14

0.
17

±
0.
04

0.
01

±
0.
00

0.
32

±
0.
05

0.
01

±
0.
00

LO
Q
lim

it
of

qu
an
tif
ic
at
io
n

Environ Sci Pollut Res (2020) 27:21341–21352 21347



Ta
bl
e
5

C
on
ce
nt
ra
tio

n
(m

g/
L
)
an
d
st
an
da
rd

de
vi
at
io
n
of

an
al
yz
ed

el
em

en
ts
in

th
e
ye
rb
a
m
at
e
co
ld

in
fu
si
on

sa
m
pl
es

C
od
e

C
a

C
o

C
r

C
u

F
e

K
M
g

M
n

M
o

N
a

Z
n

A
1

60
.2
±
2.
38

<
L
O
Q

0.
02

±
0.
00

0.
38

±
0.
15

0.
09

±
0.
07

31
2
±
16
.3

16
3
±
9.
24

2.
50

±
1.
16

<
L
O
Q

44
.9
±
8.
75

1.
59

±
0.
38

A
2

48
.6
±
3.
61

0.
02

±
0.
00

0.
42

±
0.
08

0.
26

±
0.
10

34
2
±
20
.8

15
4
±
13
.0

3.
77

±
0.
88

56
.8
±
4.
13

1.
45

±
0.
13

A
3

50
.6
±
3.
60

0.
02

±
0.
00

0.
51

±
0.
09

0.
32

±
0.
17

33
7
±
16
.0

15
8
±
10
.3

4.
04

±
0.
85

53
.2
±
9.
57

1.
82

±
0.
10

A
4

61
.0
±
6.
08

0.
03

±
0.
00

0.
54

±
0.
07

0.
24

±
0.
07

29
7
±
9.
07

23
0
±
13
.1

4.
09

±
0.
67

54
.5
±
4.
50

1.
88

±
0.
13

A
5

63
.7
±
2.
75

0.
02

±
0.
00

<
L
O
Q

0.
20

±
0.
13

31
6
±
5.
68

17
6
±
7.
81

4.
32

±
0.
57

48
.9
±
0.
58

2.
56

±
0.
14

A
6

63
.5
±
21
.7

0.
02

±
0.
00

0.
20

±
0.
05

25
9
±
4.
93

14
9
±
13
.9

2.
22

±
0.
37

88
.2
±
33
.0

2.
02

±
0.
12

A
7

43
.5
±
14
.0

0.
03

±
0.
01

0.
49

±
0.
23

0.
45

±
0.
31

25
6
±
83
.4

14
1
±
74
.9

4.
80

±
0.
95

52
.9
±
25
.5

2.
79

±
1.
40

A
8

51
.7
±
2.
91

0.
01

±
0.
00

0.
55

±
0.
09

0.
16

±
0.
06

36
0
±
5.
50

19
0
±
5.
06

3.
36

±
0.
44

48
.3
±
3.
37

1.
77

±
0.
11

B
1

70
.5
±
6.
38

0.
01

±
0.
00

0.
52

±
0.
02

0.
11

±
0.
04

26
1
±
16
.0

20
6
±
23
.0

2.
09

±
0.
50

45
.6
±
1.
71

1.
41

±
0.
06

B
2

49
.9
±
5.
87

0.
02

±
0.
00

0.
58

±
0.
05

0.
35

±
0.
05

30
4
±
13
.5

16
6
±
12
.9

5.
62

±
0.
58

39
.9
±
10
.4

2.
80

±
0.
13

P1
42
.3
±
15
.8

0.
02

±
0.
01

<
L
O
Q

0.
17

±
0.
02

23
7
±
56
.3

14
1
±
56
.1

3.
37

±
1.
12

40
.2
±
17
.8

1.
43

±
0.
64

P2
11
4
±
60
.1

0.
02

±
0.
00

0.
20

±
0.
03

25
4
±
6.
33

17
1
±
1.
04

3.
25

±
1.
44

10
1
±
18
.8

2.
14

±
0.
04

U
1

78
.7
±
3.
69

0.
02

±
0.
00

0.
70

±
0.
18

0.
25

±
0.
09

33
4
±
6.
25

23
5
±
14
.6

4.
01

±
0.
41

70
.3
±
9.
29

2.
10

±
0.
16

M
ea
n
±
S
D

61
.4
±
19
.0

<
L
O
Q

0.
02

±
0.
01

0.
50

±
0.
10

0.
23

±
0.
10

29
8
±
40
.3

17
5
±
31
.4

3.
65

±
1.
01

<
L
O
Q

57
.3
±
18
.5

1.
98

±
0.
49

C
od
e

A
l

B
B
a

C
d

L
i

N
i

P
b

Sr
V

A
1

4.
40

±
0.
92

1.
42

±
0.
35

0.
62

±
0.
13

0.
00
3
±
0.
00
1

0.
27

±
0.
09

0.
18

±
0.
05

0.
01

±
0.
00

<
L
O
Q

<
L
O
Q

A
2

5.
01

±
0.
24

1.
31

±
0.
13

0.
57

±
0.
05

0.
00
3
±
0.
00
0

0.
65

±
0.
00

0.
18

±
0.
02

0.
01

±
0.
00

A
3

3.
34

±
0.
76

1.
44

±
0.
06

0.
35

±
0.
04

0.
00
3
±
0.
00
0

0.
37

±
0.
11

0.
19

±
0.
01

0.
01

±
0.
00

0.
01

±
0.
00

A
4

3.
74

±
0.
61

1.
59

±
0.
08

0.
35

±
0.
03

0.
00
6
±
0.
00
0

0.
32

±
0.
07

0.
16

±
0.
00

0.
01

±
0.
00

0.
31

±
0.
02

0.
01

±
0.
00

A
5

5.
28

±
0.
39

1.
74

±
0.
09

0.
42

±
0.
03

0.
00
5
±
0.
00
1

0.
52

±
0.
00

0.
23

±
0.
01

0.
02

±
0.
00

0.
33

±
0.
01

0.
01

±
0.
00

A
6

4.
42

±
0.
16

1.
26

±
0.
18

0.
32

±
0.
02

0.
00
5
±
0.
00
1

0.
39

±
0.
00

0.
18

±
0.
02

0.
01

±
0.
00

0.
25

±
0.
02

0.
01

±
0.
00

A
7

5.
27

±
0.
84

1.
74

±
0.
11

0.
49

±
0.
02

0.
00
5
±
0.
00
0

0.
16

±
0.
11

0.
24

±
0.
01

0.
01

±
0.
00

0.
34

±
0.
01

0.
01

±
0.
00

A
8

5.
02

±
0.
32

1.
61

±
0.
06

0.
80

±
0.
03

0.
00
4
±
0.
00
0

0.
39

±
0.
00

0.
28

±
0.
03

0.
01

±
0.
00

0.
40

±
0.
02

0.
01

±
0.
00

B
1

4.
38

±
0.
63

0.
83

±
0.
02

0.
33

±
0.
09

0.
00
5
±
0.
00
1

0.
20

±
0.
14

0.
07

±
0.
01

0.
02

±
0.
00

0.
27

±
0.
04

0.
01

±
0.
00

B
2

5.
12

±
0.
60

1.
54

±
0.
02

0.
48

±
0.
10

0.
00
4
±
0.
00
0

0.
46

±
0.
04

0.
26

±
0.
00

0.
01

±
0.
00

<
L
O
Q

0.
01

±
0.
00

P1
4.
42

±
0.
95

1.
89

±
0.
20

0.
39

±
0.
02

0.
00
4
±
0.
00
0

0.
27

±
0.
08

0.
16

±
0.
01

0.
01

±
0.
00

0.
31

±
0.
02

0.
01

±
0.
00

P2
3.
57

±
1.
46

1.
25

±
0.
06

0.
33

±
0.
03

0.
00
4
±
0.
00
1

0.
23

±
0.
01

0.
13

±
0.
02

0.
01

±
0.
00

0.
26

±
0.
02

0.
01

±
0.
00

U
1

4.
77

±
0.
18

1.
47

±
0.
04

0.
53

±
0.
03

0.
02
0
±
0.
02
6

0.
54

±
0.
09

0.
18

±
0.
01

0.
01

±
0.
00

0.
46

±
0.
03

0.
01

±
0.
00

M
ea
n
±
S
D

4.
52

±
0.
65

1.
47

±
0.
27

0.
46

±
0.
14

0.
00
5
±
0.
00
5

0.
37

±
0.
14

0.
19

±
0.
05

0.
01

±
0.
00

0.
36

±
0.
10

0.
01

±
0.
00

LO
Q
lim

it
of

qu
an
tif
ic
at
io
n

Environ Sci Pollut Res (2020) 27:21341–2135221348



Al (4.3%), B (5.8%), Ba (3.3%), Ca (1.8%), Cd (1.8%), Cr
(5.5%), Cu (9.6%), Fe (1.1%), K (9.3%), Li (9.9%), Mg
(6.4%), Mn (5.5%), Na (6.9%), Ni (12.2%), Pb (3.3%), Sr
(1.6%), V (9.8%), and Zn (6.1%).
In view of the results obtained, it is confirmed that the

infusions prepared with hot water have higher percent-
ages of extraction due to a greater transfer of these
facilitated by the higher temperature (Jokic et al.
2010). It is noteworthy that, in the case of vanadium,
the greatest transfer was found in cold prepared infu-
sions. However, the transfer of the studied elements
from the dry leaves of yerba mate to the infusions is,
in all cases, less than 20%, which may be due to the
presence of proteins, fats, fibers, and compounds such
as caffeine or theobromine which can decrease the sol-
ubility of metals (Barbosa et al. 2015).
A study conducted by Sanz and Isasa (1991) concluded that

the extraction of elements from the leaves of yerba mate to the
infusion does not show the same behavior. Thus, for example,
these authors found a higher Ca content in the yerba mate
leaves (around 80–90%) than in the infusion, due to the low
solubility of this element in water, while other elements with
greater solubility will be better extracted in aqueous medium.

Dietary intake assessment

The evaluation of the dietary intake of the studied elements
was performed based on the consumption per ration suggested

by the manufacturers (500 mL infusion per day), the mean
concentrations obtained in both infusions and the recommend-
ed and maximum values that are described below (Table 6)
(Table 7).
The recommended daily requirements of the essential ele-

ments studied for adults are provided by the European Food
Safety Authority (EFSA 2019); on the other hand, the values
of tolerable daily intake (TDI) and/or tolerable weekly intake
(TWI), as well as the upper limit (UL) are provided by differ-
ent international organizations.
The consumption of 500 mL of hot prepared yerba mate

infusion would mainly contribute to the Mn intake whose
percentage of contribution to the established adequate intake
(AI) of 3 mg Mn/day (adults) is representing the 81%. The
contribution of Mn from the infusions of yerba mate is re-
markable. This essential element is necessary because it is part
of numerous enzymes such as peptidases, phosphatases, argi-
nase, and glucosyl transferases (Blanco 2006), and is neces-
sary in the metabolism of amino acids, cholesterol, and carbo-
hydrates (IOM 2001).
Mg contribution is noteworthy because its percentage of esti-

mated contribution is 27.6% formen and of 32.2% for women of
the AI set at 350 and 300 mg Mg/day for men and women,
respectively. Mg is a cofactor necessary in more than 300 enzy-
matic reactions into the human organism (Blanco 2006).
Yerba mate hot infusions contribute to the daily requirement

of Cu with 22.3% of the AI for women of 1.3 mg Cu/day
(EFSA 2019). Cu is necessary because it is part of multiple

Table 6 Estimated daily intake and percentages of contribution to the AI of the studied elements

Essential elements Guideline values (EFSA 2019) Yerba mate prepared with hot water Yerba mate prepared with cold water

C. mean
\(mg/L)

EDI (mg/day)a % AI C. mean
(mg/L)

EDI
(mg/day)a

% AI

Women Men Women Men

Ca 750 mg/day 64.9 32.5 4.33 4.33 61.4 30.7 4.10 4.10

Cu 1.3 mg/day (women), 1.6 mg/day (men) 0.58 0.29 22.3 18.1 0.50 0.25 19.2 15.6

Fe 7 mg/day (women), 6 mg/day (men) 0.27 0.14 2.00 2.33 0.23 0.12 1.71 2.00

K 3500 mg/day 303 152 4.34 4.34 298 149 4.26 4.26

Mg 300 mg/day (women), 350 mg/day (men) 193 96.5 32.2 27.6 175 87.5 29.2 25.0

Mn 3 mg/day 4.85 2.43 81.0 81.0 3.65 1.83 61.0 61.0

Mo 65 μg/day 0.001 0.0005 0.77 0.77 - - - -

Na 2000 mg/day 66.2 33.1 1.66 1.66 57.3 28.7 1.44 1.44

Znb 6.2 mg/day (women), 7.5 mg/day (men) 2.24 1.12 18.1 14.9 1.98 0.99 16.0 13.2

Znc 7.6 mg/day (women), 9.3 mg/day (men) 2.24 1.12 14.7 12.0 1.98 0.99 13.0 10.6

Znd 8.9 mg/day (women), 11 mg/day (men) 2.24 1.12 12.6 10.2 1.98 0.99 11.1 9.00

Zne 10.2 mg/day (women), 12.7 mg/day (men) 2.24 1.12 11.0 8.82 1.98 0.99 9.71 7.80

a Taking a mean daily consumption of 500 mL of yerba mate
b Considering a phytate level intake of 300 mg/day
c Considering a phytate level intake of 600 mg/day
d Considering a phytate level intake of 900 mg/day
e Considering a phytate level intake of 1200 mg/day
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enzymes, and participates in the metabolism of Fe, in the
regulation of gene expression, and in mitochondrial function
(IOM 2001; Blanco 2006).
The values found in the cold yerba mate infusion for the

analyzed elements are lower than the values found in the hot
infusions. The hot infusions contribute greatly to cover the
daily requirements of some elements.
Considering the TDI of Ni of 2.8 μg Ni/kg bw/day (EFSA

2015), the contribution percentage of Ni is 52.2%, in other
words, slightly higher than half the maximum value.
Individuals with hypersensitivity to children with kidney
problems are susceptible to damage due to Ni intake (IOM
2001). The rest of contribution percentages are below 25% of
their respective maximum admissible values.
The consumption of 500 mL/day of yerba mate infusion

does not pose a health risk for human. However, it is necessary
to monitor the levels of certain elements in the yerba mate in
order to detect possible contamination.

Conclusions

The content of toxic metals and non-essential elements found
in the dried leaves of some yerba mate brands (P1, A6, P2, and
A5) from areas close to each other indicates that these crops
could be affected by some type of environmental contamina-
tion that along with the capacity of absorption and accumula-
tion of elements of this plant can explain such high concen-
trations of them. However, the study of the element content in
the prepared infusions shows that, although there is contami-
nation, the transfer of these elements from the dried leaves to

the infusions is, in general, low and is slightly higher in the
case of the infusions prepared with hot water. Likewise, the
evaluation of dietary intake from the consumption of 500 mL
of yerba mate infusion reveals that this infusion is a notable
source of essential elements such as Mn, Mg, and Cu. While
the dietary intake of toxic metals and non-essential elements,
although not a risk to health, the maximum allowable intake of
Ni may be exceeded in cases of high levels of consumption. It
is necessary to assess the level of certain elements in yerba
mate in order to detect any contamination.

References

AESAN (Spanish Agency for Food Safety and Nutrition) (2006) Spanish
model diet for the determination of consumer exposure to chemicals.
Ministry of Health, Social Services and Equality. Madrid, Spain

AESAN (2012) Report of the Scientific Committee of the Spanish
Agency for Food Safety and Nutrition (AESAN) regarding criteria
for the estimation of concentrations for the discussion proposals for
migration limits of certain heavy metals and other elements from
ceramic articles intended to come into content with foodstuffs. J Sci
Commit 16:11–20

Barbosa JZ, Zambon LM, Motta ACV, Wendling I (2015) Composition,
hot-water solubility of elements and nutritional value of fruits and
leaves of yerba mate. Cienc Agrotec 39(6):593–603

Bastos DHM, Saldanha LS, Catharina RR, Sawaya ACHF, Cunha IBC,
Carvalho PO, EberinMN (2007) Phenolic antioxidants identified by
ESIMS from yerba mate (Ilex paraguariensis) and green tea
(Camelia sinensis) extracts. Molecules 12:423–432

Binaghi JM, Pellegrino RN, Valencia EM (2011) Bioaccesibilidad de
minerales en infusiones de yerba mate (Ilex paraguariensis St) y

Table 7 Estimated daily intake and percentages of contribution to the TWI, TDI, and/or UL of the studied elements

Non-essential and toxic
elements

Guideline values Yerba mate prepared with hot water Yerba mate prepared with cold water

C. mean
(mg/L)

EDI (mg/
day)*

% TWI**,
TDI**, or UL

C. mean
(mg/L)

EDI
(mg/
day)*

% TWI**,
TDI**, or UL

Men Women Men Women

Al 1 mg/kg body weight/week
(EFSA 2011)

TWI 4.52 2.26 23.1 23.1 3.90 1.95 19.9 19.9

B 17–20 mg/day (IOM 2001) UL 1.47 0.74 4.35 4.35 1.17 0.59 3.47 3.47

Ba 0.2 mg/kg bw/day
(SCHER 2012)

TDI 0.46 0.23 16.8 16.8 0.35 0.18 13.1 13.1

Cd 2.5 μg/kg bw/week
(EFSA 2011)

TWI 0.005 0.003 12.3 12.3 0.004 0.002 8.18 8.18

Ni 2.8 μg/kg bw/day
(EFSA 2015)

TDI 0.19 0.10 52.2 52.2 0.17 0.09 46.9 46.9

Pb 0.5 μg/kg bw/day
(AESAN 2012)

0.01 0.005 14.6 14.6 0.01 0.005 14.6 14.6

Sr 0.13 mg/kg bw/day
(WHO 2010)

0.36 0.18 2.02 2.02 0.32 0.16 1.80 1.80

V 1.8 mg/day (IOM 2001) UL 0.01 0.05 2.78 2.78 0.01 0.005 0.28 0.28

*Taking a mean daily consumption of 500 mL of yerba mate

**Taking the mean weight of an adult as 68.48 kg (AESAN 2006)

Environ Sci Pollut Res (2020) 27:21341–2135221350



en mezclas con leches fortificadas con hierro. Arch Latinoam Nutr
61(1):81–86

Blanco A (2006) Química Biológica, 8th edn. Editorial El Ateneo,
Madrid

Bracesco N, Sanchez AG, Contreras V, Menini T, Gugliucci A (2011)
Recent advances on Ilex paraguariensis research: minireview. J
Ethnopharmacol 136(3):378–384

Bragança VLC, Melnikov P, Zanoni LZ (2011) Trace elements in differ-
ent brands of yerba mate tea. Biol Trace Elem Res 144:1197–1204

Cataldo D, Colombo JC, Boltovskoy D, Bilos C, Landoni P (2001)
Environmental toxicity assessment in the Paraná River delta
(Argentina): simultaneous evaluation of selected pollutants andmor-
tality rates ofCorbicula fluminea (Bivalvia) early juveniles. Environ
Pollut 112:379–389

Copello GJ, Garibotti RE, Varela F, Tuttolomondo MV, Diaz LE (2011)
Exhausted yerba mate leaves (Ilex paraguariensis) as biosorbent for
the removal of metals from aqueous solutions. J Braz Chem Soc
22(4):790–795

Dellacassa E, Bandoni AL (2001) El mate. Rev Fitoter 1(4):269–278
EFSA (European Food Safety Authority) (2011) Statement on the evalu-

ation on a new study related to the bioavailability of aluminium in
food. EFSA J 9(5):2157

EFSA (2011) Panel on Contaminants in the Food Chain (CONTAM).
Statement on tolerable weekly intake for cadmium. EFSA J 9(2):
1975

EFSA (2013) Scientific opinion on dietary reference values for manga-
nese. EFSA panel on dietetic products, nutrition and allergies
(NDA). EFSA J 11(11):3419

EFSA (2015) Scientific opinion on the risks to public health related to the
presence of nickel in food and drinking water. EFSA J 13(2):4002–
4204

EFSA (2019) Dietary references values for EU. Adults Both Genders All
ages. http://www.efsa.europa.eu/en/interactive-pages/drvs.
Accessed 19 Feb 2020

FAO/STAT (Food and Agricultural Organization) (2007) Food and
Agricultural Organization. Statistics Division. http://faostat.fao.org/
site/408/DesktopDefaultaspx?PageID=408. Accessed 26 May 2019

Folch C (2010) Stimulating consumption: yerba mate myths, markets,
and meanings from conquest to present. Comp Stud Soc Hist
52(1):6–36

Gomes da Costa AM, Nogami EM, Visentainer JV, de Souza NE, Garcia
EE (2009) Fractionation of aluminum in commercial green and
roasted yerba mate samples (Ilex paraguariensis St. Hil.) and in their
infusions. J Agric Food Chem 57(1):196–200

González-Weller D, Rubio C, Gutiérrez AJ, Luis-González G, Caballero-
Mesa JM, Revert-Gironés C, Burgos-Ojeda A, Hardisson A (2013)
Dietary intake of barium, bismuth, chromium, lithium, and stron-
tium in a Spanish population (Canary Islands, Spain). Food Chem
Toxicol 62:856–868

González-Weller D, Rubio C, Gutiérrez AJ, Pérez B, Hernández-Sánchez
C, Caballero JM, Revert C, Hardisson A (2015) Dietary content and
evaluation of metals in four types of tea (white, black, red and green)
consumed by the population of the Canary Islands. PharmAnal Acta
6:1–10

Gutiérrez A, González-Weller D, González T, Burgos A, Lozano G,
Hardisson A (2008) Content of trace metals (iron, zinc, manganese,
chromium, copper, nickel) in canned variegated scallops (Chlamys
varia). Int J Food Sci Nutr 59(6):535–543

Hardisson A, Revert C, González-Weller D, Gutiérrez A, Paz S, Rubio C
(2017) Aluminium exposure through the diet. HSOA J Food Sci
Nutr 3:019

Heck CI, De Mejia EG (2007) Yerba mate tea (Ilex paraguariensis). A
comprehensive review on chemistry, health implications, and tech-
nological considerations. J Food Sci 72(9):R138–R151

Heck CI, Schmalko M, De Mejia EG (2008) Effect of Growing and
Drying Conditions on the Phenolic Composition of Mate Teas
(Ilex paraguariensis). J Agric Food Chem 56(18):8394–8403

Ilany T, AshtonMS,Montagnini F, Martinez C (2010) Using agroforestry
to improve soil fertility: effects of intercropping on Ilex
paraguariensis (yerba mate) plantations with Araucaria
angustifolia. Agrofor Syst 80:399–409

IOM (Institute of Medicine) (2001) Food and Nutrition Board of the
Institute of Medicine of the National Academies. Dietary reference
intakes for vitamin a, vitamin k, arsenic, boron, chromium, copper,
iodine, iron, manganese, molybdenum, nickel, silicon, vanadium,
and zinc. National Academy Press, Washington DC

IUPAC (International Union of Pure and Applied Chemistry) (1995)
Nomenclature in evaluation of analytical methods including detec-
tion and quantification capabilities. Pure Appl Chem 67:1699–1723

Jaudenes JR, Hardisson A, Paz S, Rubio C, Gutiérrez AJ, Burgos A,
Revert C (2018) Potentiometric determination of fluoride concentra-
tion in beers. Biol Trace Elem Res 181(1):187–183

Jokic S, Velic D, Bilic M, Bucic-Kojic A, Planinic M, Tomas S (2010)
Modelling of the process of solid-liquid extraction of total polyphe-
nols from soybeans. Czech J Food Sci 28(3):206–212

Lo Surdo A (2016) I metalli pesanti negli alimenti di origine vegetale.
Dissertation. Universitá degli Studi di Messina, Italy

Luis G, Rubio C, Revert C, Espinosa A, González-Weller D, Gutiérrez
AJ, Hardisson A (2015) Dietary intake of metals from yogurts
analysed by inductively coupled plasma optical emission spectrom-
etry (ICP-OES). J Food Compos Anal 39:48–54

Lukomska A, Jakubczyk K, Maciejewska D, Baranowska-Bosiacka I,
JandaK GM, Chlubek D, Bosiacka B, Gutowska I (2015) The fluo-
ride content in yerba mate depending on the country of origin and
the conditions of the infusion. Biol Trace Elem Res 167:320–325

Ma Y, Gao M, Liu D (2015) Chlorogenic acid improves high fat diet-
induced hepatic steatosis and insulin resistance in mice. Pharm Res
32:1200–1209

Nielsen SP (2004) The biological role of strontium. Bone 35:583–588
Olivier J, Symington EA, Jonker CZ, Rampedi IT, Van Eeden TS (2012)

Comparison of the mineral composition of leaves and infusions of
traditional and herbal teas. S Afr J Sci 108(1/2):Art623

Pozebon D, Dressler VL, Marcelo MCA, de Oliveira TC, Ferrão MF
(2015) Toxic and nutrient elements in yerba mate (Ilex
paraguariensis). Food Addit Contam B Surveill 8(3):215–220.
https://doi.org/10.1080/19393210.2015.1053420

Puig A, Olguín Salinas HF, Borús JA (2016) Recent changes (1973-2014
versus 1093-1972) in the flow regime of the lower Paraná River and
current fluvial pollution warnings in its delta biosphere reserve.
Environ Sci Pollut Res 23:11471–11492

RizwanM, Ali S, AdreesM, IbrahimM, Tsang DCW, Zia-ur-RehmanM,
Zahir ZA, Rinklebe J, Tack FMG, OkYS (2017) A critical review on
effects, tolerance mechanisms and management of cadmium in veg-
etables. Chemosphere 182:90–105

Rubio C, González-Iglesias T, Revert C, Reguera JI, Gutiérrez AJ,
Hardisson A (2005) Lead dietary intake in a Spanish population
(Canary Islands). J Agric Food Chem 53:6543–6549

Rubio C, Hardisson A, Reguera JI, Revert C, Lafuente MA, González-
Iglesias T (2006) Cadmium dietary intake in the Canary Islands.
Environ Res 100:123–129

Rubio C, Lucas JRD, Gutiérrez AJ, González-Weller D, Pérez-Marrero
B, Caballero JM, Revert C, Hardisson A (2012) Evaluation of metal
concentrations in mentha herbal teas (Mentha piperita, Menth
apulegium and Mentha species) by inductively coupled plasma
spectrometry. J Pharm Biomed Anal 71:11–17

Rubio C, Paz S, Ojeda I, Gutiérrez AJ, González-Weller D, Hardisson A,
Revert C (2017a) Dietary intake of metals from fresh cage-reared
hens’ eggs in Tenerife, Canary Islands. J Food Qual:1–11

Environ Sci Pollut Res (2020) 27:21341–21352 21351

http://www.efsa.europa.eu/en/interactive-ges/drvs
http://www.efsa.europa.eu/en/interactive-ges/drvs
http://www.efsa.europa.eu/en/interactive-ges/drvs
https://doi.org/10.1080/19393210.2015.1053420


Rubio C, Napoleone G, Luis-González G, Gutiérrez AJ, González-Weller
D, Hardisson A, Revert C (2017b) Metals in edible seaweed.
Chemosphere 173:572–579

Rubio C, Ojeda I, Gutiérrez AJ, Paz S, González-Weller D, Hardisson A
(2018a) Exposure assessment of trace elements in fresh eggs from
free-range and home-grown hens analysed by inductively coupled
plasma optical emission spectrometry (ICP-OES). J Food Compos
Anal 69:45–52

Rubio C, Paz S, Tius E, Hardisson A, Gutierrez AJ, González-Weller D,
Caballero JM, Revert C (2018b) Metal contents in the most widely
consumed commercial preparations of four different medicinal
plants (Aloe, Senna, ginseng, and ginkgo) from Europe. Biol
Trace Elem Res 186(2):562–567

Rubio C, Martínez C, Paz S, Gutiérrez AJ, González-Weller D, Revert C,
Burgos A, Hardisson A (2018c) Trace element and toxic metal in-
take from the consumption of canned mushrooms marketed in
Spain. Environ Monit Assess 190:237

SanzMDT, IsasaMET (1991) Elementosminerales en la yerbamate (Ilex
paraguariensis St. H.). Arch Latinoam Nutr 41:441–454

SCHER (Scientific Committee on Health and Environmental Risk) (2012
Assessment of the tolerable daily intake of barium. European
Commission

Schinella GR, Troiani G, Davila V, de Buschiazz PM, Tournier H (2000)
Antioxidants effects of an aqueous extract of Ilex paraguariensis.
Biochem Biophys Res Commun 269:357–360

Shaheen N, Irfan NM, Khan IN, Islam S, Islam MS, Ahmed MK (2016)
Presence of heavy metals in fruits and vegetables: health risk impli-
cations in Bangladesh. Chemosphere 152:431–438

Sjögren B, Iregren A, Elinder CG, Yokel RA (2007) Chapter 17:
Aluminum. In: Nordberg GF, Fowler BA, Nordberg M, Friberg L
(eds) Handbook on the toxicology of metals, 3rd edn. Academic
Press, Amsterdam

WHO (World Health Organization) (2010) Strontium and strontium com-
pounds. CICADs 77:1–63

Wróbel K, Wróbel K, Urbina EMC (2000) Determination of total alumi-
num, chromium, copper, iron, manganese, and nickel and their frac-
tions leached to the infusions of black tea, green tea, Hibiscus
sabdariffa, and Ilex paraguariensis (mate) by ETA-AAS. Biol
Trace Elem Res 78(1–3):271–280

Xu GH, Kim YH, Choo SJ, Ryoo IJ, Yoo JK, Ahn JS, Yoo ID (2009)
Chemical constituents from the leaves of Ilex paraguariensis inhibit
human neutrophil elastase. Arch Pharm Res 32(9):1215–1220

Yan Y, Liu N, Hou N, Dong L, Li J (2017) Chlorogenic acid inhibits
hepatocellular carcinoma in vitro and in vivo. J Nutr Biochem 46:
68–73

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Environ Sci Pollut Res (2020) 27:21341–2135221352


	Macroelement, trace element, and toxic metal levels in leaves and infusions of yerba mate (Ilex paraguariensis)
	Abstract
	Introduction
	Material and methods
	Samples
	Sampling treatment
	Treatment of the yerba mate dry leaves
	Treatment of the hot and cold yerba mate infusions
	Method and quality control
	Statistical analysis

	Results and discussion
	Element contents in the analyzed yerba mate samples
	Extraction percentage of the studied elements in infusions
	Dietary intake assessment

	Conclusions
	References




