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Resumo: A floresta de erva-mate (llex paraguariensis) pode ser nativa (NAT), composta por
arvores nativas, de crescimento espontadneo, com espagamentos e sombreamentos variaveis,
ou composta por arvores nativas transplantadas e/ou melhoramento genético (PLANT),
cultivadas de forma densa ou em consorcio silvicultural com eucalipto, pinus e outros. Alguns
fatores como processamento industrial e forma de consumo interferem qualitativa e
gquantitativamente nos compostos bioativos da erva-mate. O objetivo deste trabalho foi avaliar o
teor de compostos fendlicos totais (TPCs) e a atividade antioxidante (AA), identificar e
guantificar os acUcares, acidos organicos e minerais presentes nas folhas de erva-mate NAT e
PLANT. Além disso, a partir das folhas com maior teor de TPCs e AA foi preparada uma
infusdo a fim de determinar a porcentagem de TPCs e minerais lixiviados e a atividade
antioxidante. Ainda, foram identificados e quantificados os principais &acidos fendlicos,
flavondides e metilxantinas presentes na infusdo. Nas folhas PLANT, foram determinados
maiores teores de TPCs (14%) e AA (27, 22 e 13%, para DPPH, FRAP e ABTS,
respectivamente) em relagéo as folhas de NAT, assim como diferentes perfis de agucares e
acidos organicos. Dessa forma, as folhas da PLANT foram escolhidas para analise e preparo
da infusdo. Verificou-se que, embora parte do conteido mineral, TPCs e AA tenham sido
retidos durante o preparo da infusdo, compostos como cafeina, teobromina, acido ascérbico,
epicatequina e acido clorogénico ainda estavam presentes, comprovando que a infuséo
preparada a partir da erva-mate plantada possui compostos com potenciais beneficios a salde.

Palavras-chave: llex Paraguariensis. Chimarrdo. Cafeina. Nativa. Plantio.

Abstract: O Yerba mate (llex paraguariensis) forest may be native (NAT), composed of native
trees, spontaneously growing, with variable spacing and shading, or composed of native
transplanted and/or plant breeding (PLANT), cultivated in dense form or as a silvicultural
consortium with eucalyptus, pinus and others. Some factors such a industrial processing and
form of consumption interfere qualitatively and quantitatively in bioactive compounds of yerba
mate. The aim of this work was to evaluate the total phenolic compounds contend (TPCs) and
antioxidant activity (AA), identify and quantify the sugars, organic acids and minerals present in
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NAT and PLANT leaves. Also, from the leaves with higher content of TPCs and AA was
prepared an infusion to determine the percentage of TPCs and minerals leached, and
antioxidant activity. There was identified and quantified the major phenolic acids, flavonoids and
methylxanthines in the infusion. In PLANT leaves, higher content of TPCs (14%) and AA (27%,
22% and 13%, for DPPH, FRAP and ABTS, respectively) were determined in relation to NAT
leaves, as well as different profiles of sugars and organic acids. That way, the PLANT leaves
were chosen for analysis and preparation of infusion. It was found that, although part of the
mineral content, TPCs and AA were retained during the preparation of the infusion, compounds
such as caffeine, theobromine, ascorbic acid, epicatechin and chlorogenic acid were still
present, proving that the infusion prepared from planted yerba mate has compounds with
potential health benefits.

Keywords: llex paraguariensis. Chimarrdo. Caffeine. Native. Intentional planting
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1 INTRODUCTION

Yerba mate (llex paraguariensis), a native plant in South America, is
consumed as chimarrao (or maté), tereré, hot or iced tea with fruit juice
(ISOLABELLA et al., 2010; MEINHART et al., 2010).

The yerba mate has antioxidant properties and act in cardiovascular
protection, as central nervous system stimulant, it has antimutagenic effect and
in weight reduction (AZAM et al., 2003; HECK & DE MEJIA, 2007; DARTORA
et al., 2011; BARG et al., 2014). The yerba mate benefits occur because of its
innumerous bioactive compounds such as saponins, phenolic acids, flavonoids
and methylxanthines, whose contents vary according the edaphoclimatic
conditions of mate tree cultivation (FRIZON et al., 2015).

Factors such as levels of radiation, progeny of plants, location and
planting way interfere in the content of phenolic compounds (DONADUZZ| et
al., 2003; HECK et al., 2008) and micro and macro nutrients from mate leaves
(GIULIAN et al., 2007; MARCELO et al., 2014). Frizon et al. (2015) evaluated
the content of phenolic compounds in mate from different regions of the State of
Paran& and observed that there is a greater content of phenolic compounds in
herbal from central State, where cultivation was jointly with eucalyptus and
different radiation levels.

The native mate cultivation is characterized by yerba mate trees from
spontaneous growth and without spacing defined between them. There is
shading or partial solar radiation level, due to the growth associated with other
tree species such as Araucaria (Araucaria angustifolia) (EFING et al., 2009,
BORGES et al., 2003).

The commercial mate cultivation consists of native plants transplanted
and/or plants from genetic improvement, cultivated in thickened form or as
forestry consortium with eucalyptus, pinus or others (FRIZON et al., 2015; PES
et al., 1995). In consortium cultivation, the solar radiation level is variable and
depends on the associated plant (PES et al., 1995).

Thus, it becomes important to check, among native mate cultivation and
intentional planting, which one provides leaves with higher phenolic compounds
content and antioxidant activity, besides determining the profile of minerals and

bioactive compounds in mate infusions.
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The bioactive compounds of mate may change qualitative and
quantitative and depending on the industrial processing and consumption form
(DARTORA et al., 2011; BOAVENTURA et al., 2013). Only part of the content
of phenolic acids, flavonoids, methylxanthines and minerals can be carried into
the aqueous fraction during the preparation of chimarréo, tereré, tea or infusion
(JACQUES et al.,, 2007; BASTOS et al., 2014; BRAGHINI et al.,, 2014).
Therefore, the determination of the content of bioactive compounds and
minerals leached from the leaves to the infusion of yerba mate provide relevant
information to the development of products with potential benefits to health,
after proper adjustment of process and formulation.

This work aimed to evaluate the total phenolic content (TPCs) and
antioxidant activity (AA), identifying and quantifying sugars, organic acids and
minerals presents in leaves of native yerba mate (NAT) and yerba mate from
intentional planting (PLANT). From the leaves with higher content of TPCs and
AA an infusion was prepared to determine the percentage of TPC, minerals,
antioxidant activity that was leaching, as well as identify and quantify the major

phenolic acids, flavonoids and methylxanthines.

2 DEVELOPMENT

2.1 Material and Methods
2.1.1 Material
2.1.1.1 Reagents

DPPH (2,2-diphenyl-1-picrylhydrazyl), TPTZ (2,4,6-tripyridyl-S-triazine),
ABTS (2,2'-azinobis-3-ethylbenzthiazoline-6-sulfonic acid), Folin-Ciocalteu
reagent, Trolox (6-hydroxy-2,5,7,8-tetramethylchromo-2-carboxylic  acid),
glucose, fructose, sucrose, stachyose, mannitol, citric acid, malic acid, tartaric
acid, lactic acid, succinic acid, acetic acid, ascorbic acid, gallic acid,
protocatechuic acid, theobromine, paraxanthine, epigallocatechin, catechin,
epicatechin, quercetin, caffeic acid, caffeine, rutin, kaempferol, chlorogenic acid,
p-coumaric acid, ferulic acid, sinapic acid, myricetin, theophylline and
trigonelline were purchased from Sigma-Aldrich (purity = 99%). Ethanol and the

other reagents were obtained from Merck (Darmstadt, Germany). HPLC grade

Revista Mundi Meio Ambiente e Agrarias. Paranagud, PR, v.6, n.02, p. 1-20, mar./set., 2021.
4-4



acetonitrile and methanol was purchased from J.T. Baker (Xalostoc, Mexico).
The ultrapure water used in the preparation of standard solutions and extraction
was produced by the Milli-Q® System (Simplicity 185, Millipore, MA, USA).

2.1.1.2 Yerba mate: plant material, extracts and infusion

Plant material from native (NAT) and intentional cultivation (PLANT) of
llex paraguariensis (Saint-Hilaire), with unknown age were obtained from
Campina do Simédo, Parana, Brazil (25°4'8" S; 51°49'31"W; altitude: 963 m).
The native cultivation was situated among Araucarias and livestock, random
spacing and variable solar radiation level. The intentional cultivation was
located nearby eucalyptus, pinus and others trees species, thickened form and
getting a higher incidence of sunlight when compared to native cultivation.

Adult leaves were harvested in March 2015 and separated according to
the origin as: native (NAT) or planted (PLANT). The leaves were washed into
water and dried in an oven with forced circulation by 24 h at 45 °C. They were
ground into knife mill to particle size less than 3.55 mm, and stored at -18 °C in
polyethylene bags covered with foil (MURAKAMI et al 2011).

The infusion was prepared by adding water at 85 °C on dehydrated and
ground leaves of mate in a proportion of 1:10 (leaves: water). The infusion was
maintained for 15 minutes, filtered in paper filter Whatman n.1 and maintained

at -15 °C until the tests which were carried out within 8 hours after the infusion.

2.1.2 Methods

2.1.2.1 Chemical Characterization of the Leaves and the Infusion

The moisture content, proteins, fibers and ashes were determined
according to the methods described by AOAC (2005). Total carbohydrates were
estimated by calculating the percentage difference of other components. The
mineral analyses were performed in an atomic absorption spectrometer (AAS,
Varian AA-140) and in mass spectrometer by inductively coupled plasma (ICP-

MS, Varian 820-MS). The results were expressed in grams per 100 g (dry
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weight basis (dw), except the moisture). All analyses were carried out in

triplicate (n = 3).

2.1.2.2 Determination of Sugars and Organic Acids from Mate Leaves and

Infusion

For identification and quantification of sugars and organic acids, 1 g of
mate leaves or mate infusion was homogenized in 10 mL of water, centrifuged
at 9056g for 15 min. The supernatant was collected and filtered in PVDF
membrane (0.22 um Millipore, Cork, Ireland).

The analyses were performed in a high performance liquid
chromatograph (LC 20, Shimadzu Co., Kyoto, Japan) with a high pressure
pump (LC-20AT), automatic injector (SIL-20AC HT), column oven (CTO-20A)
and photodiode-array detector (SPD-M20A) and refractive index detector (RID-
10A) coupled in series (HPLC-PDA-RID). Chromatographic analyses were in
isocratic mode.

The chromatographic conditions for the determination of sugars and
organic acids are described in Table 1. It was used the oven temperature of 85
°C, with ion exchange column Aminex HPX-87P (7.8 x 300 mm in ionic form
Pb?*, Biorad, CA, USA) previously balanced with 100% of ultrapure water as the
mobile phase (MiliQ®). The flow rate was set 1.0 mL/min and the cell of RID
was maintained at 40 °C. The wavelength of the PDA was set at 215 nm
beyond scanning 200 to 400 nm (PAULI et al., 2011). The data acquisition and
the integration of chromatographic peaks were performed in software LC
Solutions (Shimadzu Co., Kyoto, Japan). The analyses were performed in

duplicate (n=2) and the results were expressed in mg/g (dw).

Table 1 — Chromatographic conditions used for the determination of sugars and organic acids?

Sugars Organic acids
Mobile phase 100% ultrapure water 100% Phosphate buffer 25mM pH
24
Column Aminex HPX-87P lon CapCell Pak C18 (250 x 4.6mm x

Revista Mundi Meio Ambiente e Agrarias. Paranagud, PR, v.6, n.02, p. 1-20, mar./set., 2021.
4-6



exchange Pb?* (7.8 x 300 mm)  5um) (Shiseido Co., Ltd., Japan)
(Biorad, CA, USA)

Oven temperature (°C) 85 40
Detector temperature (°C) 40 40
Flow rate (mL/min) 1.0 1.0
Injection volume (uL) 20 20

1Source: Pauli et al. (2011)

2.1.2.3 Determination of Phenolic Content and Antioxidant Activity

The extracts were obtained from the addition of 1 g of dehydrated and
ground leaves to 10 mL 80% hydroethanolic solution (v/v). The mixture was
stirred continuously for 20 minutes at room temperature, centrifuged to 699 g/5
min and the supernatant collected. The extraction procedure was repeated two
more times. The supernatants were combined and completed with 80% ethanol
up to achieve 30 mL. The extracts were obtained in triplicate for each yerba
mate sample (n = 3). The extracts were stored at -80 °C until analysis of total
phenolic content and antioxidant activity.

The total content of phenolic content (TPC) was determined as Singleton
et al. (1999), with some modifications. The extract or infusion (0.5 mL) was
added of Folin-Ciocalteau reagent 0.9 N and 0.5 mL of sodium carbonate
solution 10% (m/v), kept in dark for 30 min and the absorbance was read at 760
nm in spectrophotometer (Biochrom Pound S22, United Kingdom). The water
was used as white. The TPC content was obtained using gallic acid as standard
(4 to 24 pg/mL) and the results were expressed in pg of gallic acid equivalents
(GAE) per g of sample (dw).

For the determination of phenolics and methylxanthines composition in
infusion, it was used ultra-high efficiency liquid chromatograph (UHPLC)
(Waters® ACQUITY UPLC® I-Class System) with HSS C18 column 1.8 um
2.1x100 mm (Waters), using two mobile phases: ultrapure water (A), and
methanol (B), with 0.05% and 0.1% formic acid, respectively. The injection
volume was 1.0 L, partial loop mode with needle overfill, 0.4 mL/min of flow
rate. The separation was performed with a gradient condition (0.00 — 10.00 min:
95% phase A; 10.00-10.10 min: 95% of phase B; 10.10 — 13.00 min: 95%
phase A). The Diode Array Detector (DAD) was used to scan the wavelengths
between 190 and 700 nm, and the reading in 270 and 320 nm. The analysis
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was carried out in 13 min. The separation and quantification were performed in
duplicate (n = 2). The results were expressed in pg/mL of infusion.

The antioxidant activity (AA) was evaluated by free radical reduction
methods 2.2 '-diphenyl-1-picrylhydrazyl (DPPH), and of the ABTS** (2.2-azino-
bis-3-ethylbenzothiazoline-6-sulfonic acid) and the ability of reduction from Fe3*
to Fe?* according to SAnchez-Gonzélez et al. (2005).

For the DPPH method, was added in a tube 1 mL of 100mM acetate
buffer, pH 5.5; 1 mL of ethanol; 0.5 mL of ethanolic solution of DPPH 250uM
and 50 pL of sample. After 15 min of incubation in the dark at room temperature
the absorbance was read at 517 nm in a spectrophotometer. The positive
control did not contain sample and blank was consisted of 1 mL of acetate
buffer and 1.5 ml of ethanol.

The radical ABTS® * was produced from the reaction of the solution of
ABTS 7 mm with potassium persulfate 2.45 mM in dark environment for 16h.
The ABTS® * was diluted in 20mM phosphate buffer (pH 7.4) to the final
absorbance of 0.700 at 730 nm. An aliquot of 10 pL of the sample was added in
tube containing 4 mL of ABTS® * and after 6 min of reaction the absorbance was
read at 730 nm.

The FRAP reagent was obtained by the combination of 25 mL of acetate
buffer (300mM, pH 3.6), 2.5 mL of TPTZ (10mM TPTZ in HCI 40mM) and 2.5
mL of iron chloride 20mM. The reagent was prepared at the time of analysis.
After 30 uL reaction of sample with 70 pl of distilled water and 900 pl of reagent
FRAP in dark environment at 37 °C, for 30 minutes, the absorbance was read at
595 nm spectrophotometer. Water was used as blank.

It was used standard curves of Trolox to DPPH (from 50 to 600uM),
FRAP (from 50 to 600pM) and ABTS (aqueous solutions of Trolox with ethanol
80%, from 0.75 to 7.5uM). The results of the antioxidant activity were expressed

in umol of Trolox equivalents antioxidant activity (TEAC) per g of sample (dw).

2.1.2.4 Statistical Analysis

The data of the analyses of mate leaves in the two cropping systems
(NAT and PLANT) were submitted to paired t-test. The Pearson test was
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applied to determine the correlation among the content of sugars, organic acids,
TPC and AA of PLANT and CULT leaves. All the statistics analysis was
performed using Statistica 7.1 (2006), at a significance level of 5%.

2.2 Results and Discussion
2.2.1 Characterization of the Mate Leaves

NAT and PLANT leaves were similar in relation to moisture content, fiber
and lipids (Table 2). The PLANT leaves had higher ashes content and total
carbohydrates (~6% than NAT) and lower protein content (~22%).
Edaphoclimatic factors such as fertilizing, luminosity, cultural practices, among
others interfere on the chemical characteristics of the leaves of mate. Several
authors (EFING et al., 2009; BRAGHINI et al., 2014; ESMELINDRO et al.,
2002) identified similar centesimal composition in leaves of Brazilian yerba
mate.

PLANT leaves had higher levels Ca, P and Fe, and NAT sample had a
higher concentration of Mg. NAT and PLANT leaves were similar in boron,
manganese (both with less than 0.02 pg/g, data not shown) and potassium
content. In general, the order of mineral concentration decreased in the
following order: P, K, Ca, Mn and Fe. Giulian et al. (2007) and Marcelo et al.
(2014) detected the same minerals, but in higher concentrations in commercial
mate.

The PLANT leaves presented a lower content of glucose and fructose
than NAT leaves (51% and 53%, respectively, Table 2), and it was not detected
sucrose, stachyose and mannitol in the samples.

The PLANT leaves presented smaller levels of malic, tartaric, succinic
and lactic acids and highest of citric and acetic acids than NAT leaves (Table 2),
possibly as a result of the genetic characteristics of this yerba mate variety and
edaphoclimatic factors of cultivation. The glucose and fructose levels were
correlated positively with citric and malic acid and negatively with succinic and

lactic (Table 1 Supplementary).

Table 2 — Chemical composition and antioxidant activity of leaves of native (NAT) and planted
(PLANT) mate
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Yerba mate

Parameters NAT PLANT
Centesimal composition (g/100 g)*
Moisture 6.74 (£1.54 4.57 (+0.67)
Proteins 16.04 (£0.45)* 12.42 (£0.56)"
Total fiber 19.79 (£0.30) 19.53 (+0.38)
Ashes 5.82 (+0.03)" 6.18 (+0.07)"
Lipids 7.75 (£0.21) 8.13 (x0.16)

Total carbohydrates

50.60 (+0.49)°

53.74 (+0.19)"

Minerals (mg/100 g) *

Potassium 667.25 (£54.02) 588.46 (£10.97)
Calcium 15.72 (+4.33)" 41.71 (£2.94)"
Phosphorus 7.13 (£0.31)" 12.64 (£0.25)
Magnesium 2.87 (x0.19)" 2.35 (x0.15)"
Iron 0.019 (+0.0003)" 0.020 (£0.0002)
Sugars (mg/g) 2
Glucose 2.12 (+0.01)’ 1.03 (+0.00)"
Fructose 2.34 (+0.00)" 1.09 (£0.00)"
Organic acids (mg/g) 2
Citric acid 0.92 (+0.02)" 1.28 (+0.05)"
Malic acid 2.55 (£0.01)" 2.17 (£0.01)

Tartaric acid

4.52 (+0.04)"

451 (+0.17)"

Lactic acid 0.75 (x0.01)" 0.34 (+0.03)"
Succinic acid 0.43 (+0.00)" 0.40 (x0.00)"
Acetic acid 0.39 (+0.00)" 0.59 (+0.00)*
Total phenolics ® and antioxidant activity *
TPCS 3.73 (+0.009)" 4.30 (£0.024)"
DPPH 1 195.62 (+2.51)° 270.15 (£5.53)"
FRAP 1 318.56 (+7.83)" 408.31 (+5.59)"
ABTST 573.32 (+7.94)" 661.02 (+31.35)"

! Results are expressed in dry basis, except moisture, as average (n = 3) + standard deviation.

2Results are expressed in dry basis, as average (n = 2) + standard deviation.
SResults are expressed in dry basis, as g of gallic acid equivalent per 100 g of sample (g

EAG/Q).

“Results are expressed in dry basis, as pmol of Trolox equivalent antioxidant activity per g of
sample (umol TEAC/g). NAT: leaves of native mate; PLANT: leaves of intentional planting.
* Values followed by different letters in the same line do not differ by t test (p < 0.05).

These results can be explained by the participation of these sugars in the
Embden-Meyerhof-Parnas pathway, since they are converted to citric acid
during cellular metabolism. These characteristics are related to the genetic
characteristics and physiology of the PLANT leaves before sample collection
and, due to the biochemical nature of the cycle, are probably not related to
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storage. Naturally, the organic acids occurring in leaves of mate as a result of
physiological biochemical processes. Both the presence and the content of
these compounds are related to secondary reactions of glycolytic way and the
Krebs cycle. According to Rizzon and Sganzerla (2007), malic acid in grape
vines is synthesized from secondary reactions of photosynthesis in mature
leaves and can use citric acid as a precursor. Souza et al. (2015) found greater
content of citric and lower of malic acid in leaves of mate.

Factors like progenies of plants, soil type, level of solar radiation,
presence and type of fertilizing in mate culture interfere in mineral and sugars
contents (DONADUZZ| et al., 2003; JACQUES et al., 2007), and consequently
in organic acids contents. Among these factors, the differences between NAT
and PLANT leaves may be related to the level of solar radiation, since the
PLANT cultivation received higher incidence of solar radiation than the NAT
trees.

The TPC content (Table 2) was 14% higher in the PLANT than in the
NAT leaves. These results were lower than related to the findings of Bravo et al.
(2007) and Chandra and Mejia (2004) in aceto-methanolic extracts from mate.
The efficiency of extraction of TPC depends on the polarity of solvent and the
methodology employed (ANDREO & JORGE, 2006). Besides, it was observed
higher antioxidant activity (AA) through the three methods in PLANT leaves
than in NAT.

It was verified a positive correlation between the contents of TPC and AA
(Table 1 Supplementary). These results confirm the ones indicated by Bravo et
al. (2007) and Anesini et al. (2012) and show that most of AA comes from
phenolic compounds. Also, it showed positive correlation among the results of
AA assessed by the three methods used in this work.

Some authors (DARTORA et al, 2011; DONADUZZI et al.,, 2003;
BRAVO et al., 2007) pointed a relationship between edaphoclimatic factors and
TPC content and AA in mate leaves. In this way, the higher incidence of
sunlight also provided higher TPC and AA to PLANT leaves.

2.2.2 Characteristics of infusion from mate PLANT leaves
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Since the typical consumption of mate is in the form of mate or tereré, an
infusion was prepared from the PLANT leaves, as they had higher TPC content
and higher AA (Table 2).

Comparing the content of minerals, TPC and AA in 1 g of PLANT leaves
and in the infusion prepared with the same mass of leaves, a reduction was
observed in these parameters (Figure 1). Probably only a part of these
compounds was dissolved in hot water and consequently was leached for the
infusion. The minerals are part of numerous physiological processes in leaves
of mate and your accessibility and solubility are related to the location and
function of each of them in the plant tissue. Ways of processing and extraction
from the leaves interfere in the minerals content spread during the preparation
of the infusion of mate (Marcelo et al., 2014; Bastos et al., 2014). So, there was
a difference in the percentage of each mineral leaching for the infusion. The
elements Mg, Ca and P had a higher retention percentage in the mate leaves
(95, 94 and 93%, respectively), while Fe and K showed a higher water solubility
and subsequent leaching (about 28 and 16%, respectively).

It was detected in the infusion: 9.4; 2.51; 0.8; 1.2; and 0.005 mg/100 g,
respectively for K, Ca, P, Mg and Fe. Although, only a fraction of the minerals
was leached, this content should be considered for the consumption of drink or
development of infusion products. Higher concentrations of minerals were
identified by Heinrichs and Malavoltam (2001) in infusions of mate.

The TPC content observed in the infusion was of 252 mg/g (dw), i.e.
almost 45% lower than the one found in PLANT leaves. This demonstrates that
only the hot water was not efficient to leaching all TPCs. Pagliosa et al. (2010)
indicate that the phenolic compounds may be linked to the polysaccharides in
the cell wall, being found in suber cells and sclerenchyma in bark from residues
from mate tree. This indicates that part of phenolic compounds is lignified and in
regions with difficult extraction in the tissues of the leaves of yerba mate. Bravo
et al. (2007) found lower contents of TPCs (7.76-8.12 g GAE/100 g) and higher
AA by FRAP assay (803-846 umol TEAC/g) in infusions from commercials
yerba mate than the values observed in this study.
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Figure 1 — Retention percentage in the mineral content, TPC and AA after the preparation of
mate infusion from PLANT leaves!

1 Average percent reduction calculated from the comparison between the results determined in
1 g of leaves of mate PLANT and infusion prepared from 1 g of leaves PLANT

PLANT: leaves of intentional planting

It was noted a decrease in AA of the infusion in relation to PLANT leaves,
39, 76 and 92% for the methods FRAP, DPPH, ABTS, respectively. As most of
the AA of mate is related to the TPC (BRAVO et al., 2007), it can be inferred
that the reduction on AA is related to a low leaching of TPC to infusion.

By chromatographic analysis and using 19 standards it was identified 17
compounds in PLANT infusion (Figure 2): six phenolic acids (gallic acid,
protocatechuic acid, chlorogenic acid, caffeic acid, p-coumaric acid and ferulic
acid), three methylxanthines (theobromine, paraxanthine and caffeine) and five
flavonoids (catechin, epigallocatechin, epicatechin, rutin and kaempferol). Also,
ascorbic acid and nicotinic acid were identified in the infusion, but trigonelline,
quercetin, theophylline and sinapic acid were not detected. Among the
compounds identified (Table 3), the highest relative concentration of bioactive
compounds was found for caffeine (66%), theobromine (19%), ascorbic acid
(8%), epicatechin (1.7%) and chlorogenic acid (1.5%). Bravo et al. (2007)
identified a similar profile of phenolic compounds in mate and infusion.

The caffeine content was similar to the one observed by Anesini et al.
(2012), Isolabella et al. (2010) and Meinhart et al. (2010) in leaves and infusion
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of commercial yerba mate, and higher than those indicated by Pagliosa et al.
(2010) in the waste processing of mate. Anesini et al. (2012) found higher
contents of chlorogenic acid, caffeic acid and rutin while Isolabella et al. (2010)
indicated highest content of rutin and theobromine. The p-coumaric acid and
ferulic acid were identified in mate infusion. Pagliosa et al. (2010) also detected
such compounds in leaves and in waste production of yerba mate, indicating
that both are common constituents of cell walls. The same authors identified
theophylline and 4.5 dicaffeoylquinic acid and lower contents of theobromine,
chlorogenic acid and caffeic acid.

According to Dartora et al. (2011), during the drying of mate leaves occur
plant cells disruption resulting in higher extraction of caffeine during the infusion
preparation. Possibly drying and grinding of the leaves increase the
hydroextraction and consequent leaching of methyl xanthines, phenolic acids

and flavonoids during the infusion preparation.
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Figure 2 — UHPLC chromatogram of yerba mate infusion from PLANT leaves: (a) sign in 270
nm; (b) sign extended in 270 nm

PLANT: leaves of intentional planting
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Table 3 — Concentration of bioactive compounds in infusion of yerba mate PLANT?

Compound RT (min) pg/mL

1 Trigonelline 0.498 n.d.

2 Ascorbic acid 0.651 93.51 (x£1.80)
3 Nicotinic acid 0.798 13.48 (£0.10)
4 Gallic acid 1.491 0.51 (+0.06)
5 Protocatechuic acid 2.819 3.20 (x0.10)
6 Theobromine 3.311 223.01 (x1.44)
7 Paraxanthine 4.162 0.89 (+0.05)
8 Epigallocatechin 4.415 0.055 (+0.07)
9 Catechin 4612 6.45 (+0.50)
10 Chlorogenic acid 5.166 18.13 (x2.34)
11 Cafeic acid 5.25 7.90 (£2.87)
12 Caffeine 5.345 778.87 (£1.00)
13 Epicatechin 5.605 20.25 (£0.59)
14 P-coumaric acid 6.330 2.58 (£0.22)
15 Ferulic acid 6.678 5.23 (£0.00)
16 Rutin 7.208 0.001 (+0.01)
17 Kaempferol 8.694 5.08 (£0.27)

!Results are expressed as average (+ standard deviation). Infusion at 10% (w/v), prepared from

the leaves of mate PLANT. PLANT: leaves of intentional planting

3 CONSIDERACOES FINAIS

The leaves of yerba mate from intentional planting system have higher
contents of total phenolic compounds and antioxidant activity than native yerba
mate. The leaves of yerba mate from intentional planting system present
different profiles of sugars and organic acids when compared to those of native
yerba mate.

Only a fraction of mineral (>72%) and phenolic contents (45%), and of
the antioxidant activity (39, 76 and 92% by FRAP, DPPH, ABTS methods,
respectively) are preserved in the mate infusion. Compounds such as caffeine,
theobromine, ascorbic acid, chlorogenic acid and epicatechin are leached from
the leaves to the yerba mate infusion. So an infusion of yerba mate has
potential beneficial health effect, either in direct consumption or as an ingredient

for the development of products.
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