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Abstract

Mate is an infusion made from the dried leaves of yerba mate (/lex 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 llex paraguariensis - Yerba mate infusions - Dietary intake - Risk assessment - Toxic metals - Macroelements - Trace

elements - ICP-OES

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
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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
(Braganca 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). The macrolements (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 (Gonzalez-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. 2000). 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; Gonzalez-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
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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 (llex 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% HNO; (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% HNO; solution and transferred to sterile
and hermetic polyethylene containers for analysis.
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Table 1 Data on the analyzed
yerba mate samples Origin Code No. samples Composition Format (kg) Packaging
Argentina Al 4 Prepared with leaves and twigs Y Plastic
A2 4 Va Plastic
A3 4 Va Plastic
A4 2 Va Plastic
A5 2 Va Plastic
A6 2 Va Plastic
A7 2 Vs Paper bag
A8 2 1 Plastic
Paraguay P1 2 Va Plastic
P2 2 Va Plastic
Brazil Bl 2 Prepared only with leaves Va Paper bag
B2 2 1 Plastic
Uruguay Ul 2 Va Plastic

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
suitable for the simultaneous determination 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 stabilization 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)
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Table 2 Concentration (mean +

SD, n=3) of the reference Material Metal ~ Concentration Obtained concentration Recovery
materials and recovery study (%) (mg/kg) (mg/kg) (%)
of the analyzed elements
SRM 1515 apple leaves ~ Na 244+1.2 243+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 12.54+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 353+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+1.79 243+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
\% 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 Li 0.2+0.02 0.19+0.03 95.0

method

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).

@ Springer

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
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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, AS, 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 Parana River. The Parana 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
Parana 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, and Mn that could be explained taking into account
the possible contamination of the Parand River
abovementioned.

A previous study conducted by Wrébel 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 (Sjogren et al. 2007; Hardisson et al. 2017).
The concentrations found in the samples mentioned above
(P1, A6, AS, 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
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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 +0.23 mg/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 the Mo 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 Braganca 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 Min, 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 yerba mate 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(%) Element concentration in yerba mate infusion
xtraction(%) = — :
Element concentration in dried yerba mate leaves

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:



21347

Environ Sci Pollut Res (2020) 27:21341-21352

uoneognuenb jo ywr GO7

I0FyTT
LOOFCET
I1€0F00C
8I'0F69°C
8I'0F98'1
SI'0OFILT
CIoF68'1
€0°0F YT
PI'0FCET
LTOFPLT
IT0F60°¢€
0T'0FII'C
SO'0FS8LT
060F61°C

uz

L1TFT99
YOV F Il
VETF Iy
I'CIFSSy
SSEFO6L
STEFSTY
9TSF¥ Oy
L'LTFS6L
I'EIF59%
CIF109
E8EFVIL
LSTFT'6Y
PEIFOI8
L'SEF SS9

BN

000F 100
000F 100
000F 100
100F 100
000F 100
000F 200
000F 100
000F 100
000F 100
000F 100
000F 100
000F 100

001>
A

000°0F 100°0
00T1>
0000 F 2000
000°0F 100°0
001>
000°0 F 100°0

001>
000°0F 1000
0000 F200°0

001>
O

SO'0FTEO0
Y0'0F €0
01'0F¥€0
LOOFITO

001>
[100F9¢€°0
20'0F8T0
60°0FCE0
€I'0F8C0
20'0FT€0
€0°0FSE0

001>

IS
9CTFS8Y
SCTFSHY
PP 1FS6°€
Y90 F8S
9TIFHTS
8L'0OFT0S
60'1F8TL
TUIF9TS
6V 1FEST
S90FSEL
LLTFICY
ETIFSOE
SLOF69T
PEIF6TS
uN

000F 100
000F 200
000F 100
000F 100
000F 100
000F 100
000F 100
00'0F 200
000F 100
000F 100
000F 100

001>
ad

¥'8EF €61
LI'6F 69T
191 F8€1
LOTFEL
LS'SFET
1’61 F L61
STIF6VT
CTIFLO]
€81 F 0Vl
ST FH81
0°€1F961
TOLFTL
T91F9L1
€0SF061

SN

YO0OFLITO
10°0F81°0
000FSI°0
900FECI0
10°0FLIO
[100F81°0
00'0F60°0
60°0FLI0
200FCI0
00'0F2T0
100FST0
10°0F02°0
100F91°0
[I00FLIO

IN
T F€0¢
6T TF6EE
Y8CF¥ET
PTIF19C
611 FLEE
0CIFS0¢€
W LFY0E
9TIFEIE
8'LIFIIC
I'SFLIE
Y LIFThE
PI9F IbE
S'8TFOVE
6'L6F T6T

.|

PI'OFSE0
90'0F09°0
90°'0F 10
LOOFSTO
90'0F0€°0
SO0FSI0
20'0F9T0
YI'0F TS0
LOOFLTO
Y0'0F €€0
LOOF 610
0T'0F 0
SO'0FSP0
CI0FTr o

1
LOOFLTO
€0°0F9C0
LT'OFSTO
0T0F€€0
60°0FCT0
CIOFEr0
80°0FSTO
€00FICO
80°0FSTO
600 F €0
60°0F¥20
60°0F8I°0
60°0F€€0
[ANE44]

od

100°0F ¥00°0
0000 F S00°0
0000 F #00°0
100°0F €000
000°0F ¥00°0
000°0 F €00°0
0000 F%00°0
100°0F +¥00°0
0000 F#00°0
100°0F ¥00°0
0000 F#00°0
0000 F €00°0

0000 F200°0
100°0F €00°0
PO

PI'0F8S0
€0°0F08°0

001>
LOOFLLO
YI'0F TS0
SI'0F €S0
IT0FES0

001>
CI'OFLYO
90'0F 050
0T'0F 650
0T'0FSH0
ny

0I'0FSE0
2007 S¥0
200FYE0
80°0F 970
200F 1€0
2007570
€00F¥T0
LOOFHE0
S00FLTO
60'0F LEO
S00F 650
Y0'0F SE0
¥0'0F 070
90'0F S€0

e
100F£0°0
000200
10°0F£0°0
000 €00
1007200
0007 100
0007 €00
0007 €00
00'0F €00
00'0% €00
000200
000200
000200
10°0F£0°0

D

CTOFLIT
YO OFOI'L
LOOFHT]
LEOFL60
60°0F St
I10F 201
€00FLLO
€8°0FLYT
60°0F 1T
60°0F€ET
LOOFETT
LOOFSTT
80°0F 101
SOOFPIT
q

00T1>

001>
e}

86'0F 06
8Y0FS9Y
$90F0TE
0S0F¥TT
I70F10'S
LT0F98C
€60FvE'E
6£0F59°S
0T0FSI'E
P80 F 60
80°0F L8
190F€6'€
09'0F 9
06'0F9€'€

v
LYIF619
IFS16
L8TFOEY
SLTFLTS
ILTFTHS
SO'8FS8S
'S FSP9
0TFLSS
VL9 F6'PS
STOFLOL
bS'yF L'99
69'TF60S
88 F 819
L'OTFS'S8

)

dSFUuedN
n
a
Id
d
Id
8V
LV
v
v
144
1A
[44
84
9poD
ds F ued]\
n
[«
Id
d
Id
8V
LV
v
v
144
1A
[44
v
9poD

soduues uoIsnyur joy 9jew eqIoA ) UI SJUSWAD PazAJeUE JO UONBIAdD PIepue)s pue (T/Sur) uonenuaduo) 4 ajqel

pringer

Qs



Environ Sci Pollut Res (2020) 27:21341-21352

21348

uoneognuenb jo ywr GO7

6V'0F86'1
9T'0F0I'C
POOFYI'C
P90F Yl
€I'0F08T
900F I+l
ITOFLLT
OV TF6LC
CroFeoc
YI'0F9S°C
€I'0F88L
0T'0FT8'1
[ANIESS Al
8C0F6ST

uz

S8IFELS
6C6F ¢ 0L
881 F 101
8LIFTOV
YOI F66¢
ILTF9SY
LEEFE8Y
S STF6TS
0°€EFT88
8S0F6'8Y
0SvFSHS
LS6FTES
€Iy F89¢
SLSF6VY

BN

000F 100
000F 100
000F 100
000F 100
00'0F 100
000F 100
000F 100
000F 100
000F 100
000F 100
000F 100
000F 100

001>
A

001>

001>
O

0T'0F9¢0
€0'0F9Y°0
20°0F9C°0
C00FI€0

001>
Y0'0FLTO
20°0F0¥°0
100F¥€0
200FST0
100F€€°0
200FI€0

001>

IS
10TF59°€
V0¥ 10
P1FSTE
TUTFLEE
8S°0FT9°S
0S'0F60°C
P OF9E°€E
S6'0F 08}
LEOFTTT
LSOFIEY
LY0OF 60
SSOF V0P
88°0FLLE
9I'TF0ST
uN

00'0F 100
000F 100
00'0F 100
00'0F 100
00'0F 100
00'0F 200
00'0F 100
00'0F 100
00'0F 100
00'0F 200
00'0F 100
00'0F 100
000F 100
00'0F 100

qd
YIEFSL
9'p1 FSET
TORES VA
1'9SF I¥1
6T F991
0'€TF 90T
90'S F 061
6'VLF 171
6'€1F6b1
18°LF9L1
I'€1 F0€T
€01F8S1
0'€IFHS1
YT6F €91

SN

SO'0F61°0
[10°0F81°0
00F €10
10°0F91°0
000F92°0
[10°0FL0O0
€0'0F8C0
[00F¥C0
00F8I°0
[00F €20
000F91°0
100F61°0
200F8I°0
SO'0F8I0

IN
£'0F F86C
STIFHeEE
€E9FHST
€9SFLET
S eI FH0E
091F19C
0SS F09¢
¥ €8 F 96T
€6’V F65C
89'CFII¢
LO'6F L6T
091 FLEE
8'0CTF ke
€91 FCIE

.|

PIOFLEO
60°0F S0
[100F€T0
80°0FLTO
$0'0F9¥°0
Y1'0F0T0
000 F6£°0
I0F91°0
000F6€0
000F2S0
LOOFCEO0
IT0FLEO
000F59°0
60°0FLTO

1
0I'0F€T0
60°0FST0
€0°'0F0C0
C00FLIO
SO0FSE0
YOOFI11°0
90'0F91°0
[€0F S0
SO'0F0T0
€I'0F0C0
LOOFHTO
LTOFCEO0
0T'0F9T0
LO'0OF 600

od

S00°0 F S00°0
920'0F 0200
100°0 F+00°0
000°0 F#00°0
000°0 F¥00°0
1000 F S00°0
000°0 F¥00°0
0000 F S00°0
100°0F S00°0
100°0FS00°0
0000 F900°0
0000 F €00°0

0000 F €000
100°0F €00°0
PO

0I°0F 050
8I'0F0L0

001>
SO'0F8S0
Z0°0F TS0
60°0FSS0
€TOF 610

001>
LOOF S0
600F IS0
80°0F 'O
SI'0F8E0
ny

PI'0F9Y0
€00F €S0
€00F €0
2007 6€0
01'0% 870
6007 €€0
€0°0F08°0
2007670
200FTE0
€00F 20
€00FSE0
P00 F SE0
S00F LSO
E10F29°0

eq
100F20°0
000200
000200
100F20°0
0007200
0007 100
0007 100
100F£0°0
000200
000200
0007 €00
000200
000200
000200

e

LTOF LY
YOOF LY
90°0FST'1
0T0F68'1
T00FHS'T
20°0F€8°0
90°0F 19'1
I0FPL1
8I'0F9T1
60°0F vL'1
80°0F 651
90°0F vl
EI0FICT
SCOFT1
q

001>

001>
o)

S90FTSY
8I'0FLLY
9P 1FLSE
S60F T
09'0FCI'S
€90 F €Y
€0F20°S
P80 LTS
IT0F T
6£0F8TS
190F L€
9L0FHES
¥TOF10°S
607 0r'

v
061 F+19
69'€FLSL
109 F¥11
§SIFETY
L8'SF66
8E9F S0L
16TFLIS
0PI FSEY
LITF§€9
SLTFLEY
80°9F0'19
09'€F9°0S
19°€F9'8p
8ETFT09

)

dSFuedN
n
a
Id
d
Id
8V
LV
v
v
144
1A
[44
84
9poD
dsS F ueN
n
[«
Id
d
Id
8V
LV
9V
v
144
1A
[44
v
9poD

sojdues uoIsnyur pjod djetw eqIaK oY) Ul S)UAWS[S PAZATeur JO UOHEIASD pIepue)s pue (J/Su) UONenuaouo) ¢ ajqel

pringer

As



Environ Sci Pollut Res (2020) 27:21341-21352

21349

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
(AD) 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% for men 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 Al 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 Al of the studied elements

Essential elements Guideline values (EFSA 2019)

Yerba mate prepared with hot water

Yerba mate prepared with cold water

C.mean EDI (mg/day)” % Al C.mean EDI % Al
\(mg/L) (mg/L)  (mg/day)*
Women Men Women Men

Ca 750 mg/day 64.9 32.5 433 433 614 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 2.00 233 0.23 0.12 1.71 2.00
K 3500 mg/day 303 152 434 434 298 149 4.26 4.26
Mg 300 mg/day (women), 350 mg/day (men) 193 96.5 322 27.6 175 87.5 29.2 25.0
Mn 3 mg/day 4.85 243 81.0 81.0 3.65 1.83 61.0 61.0
Mo 65 ug/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
Zn® 6.2 mg/day (women), 7.5 mg/day (men) 2.24 1.12 18.1 149 198 0.99 16.0 13.2
7n° 7.6 mg/day (women), 9.3 mg/day (men) 2.24 1.12 14.7 120 198 0.99 13.0 10.6
7n¢ 8.9 mg/day (women), 11 mg/day (men) 2.24 1.12 12.6 10.2 198 0.99 11.1 9.00
7n° 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

?Taking a mean daily consumption of 500 mL of yerba mate
® Considering a phytate level intake of 300 mg/day

¢ Considering a phytate level intake of 600 mg/day

94 Considering a phytate level intake of 900 mg/day

¢ Considering a phytate level intake of 1200 mg/day

@ Springer
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Table 7  Estimated daily intake and percentages of contribution to the TWI, TDI, and/or UL of the studied elements
Non-essential and toxic ~ Guideline values Yerba mate prepared with hot water Yerba mate prepared with cold water
elements
C. mean EDI (mg/ % TWI**, C. mean EDI % TWI**,
(mg/L) day)* TDI**, or UL (mg/L) (mg/ TDI**, or UL
[ — day)* [ —
Men Women Men Women
Al 1 mg/kg body weight/week TWI 4.52 226 23.1 23.1 3.90 1.95 199 199
(EFSA 2011)
B 17-20 mg/day (I0OM 2001) UL 147 0.74 435 435 1.17 0.59 347 347
Ba 0.2 mg/kg bw/day TDI 0.46 0.23 16.8 16.8 0.35 0.18 13.1 13.1
(SCHER 2012)
Cd 2.5 pg/kg bw/week TWI 0.005 0.003 123 123 0.004 0.002 8.18 8.18
(EFSA 2011)
Ni 2.8 pg/kg bw/day TDI 0.19 0.10 522 522 0.17 0.09 469 469
(EFSA 2015)
Pb 0.5 pg/kg bw/day 0.01 0.005 14.6 14.6 0.01 0.005 14.6 14.6
(AESAN 2012)
Sr 0.13 mg/kg bw/day 0.36 0.18 2.02 2.02 0.32 0.16 1.80 1.80
(WHO 2010)
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)

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 ug 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

@ Springer

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
Nimay 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.
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