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APRESENTAÇÃO
O e-book “Resultados Econômicos e de Sustentabilidade nos Sistemas nas 

Ciências Agrárias” de publicação da Atena Editora, apresenta, em seus 25 capítulos, 
estudos almejando a reflexão dos impactos no cenário econômico baseando-se nos 
sistemas de produção e suas óticas nas sustentabilidade, objetivando-se o manejo dos 
recursos naturais renováveis e qualidade de vida da população mundial. 

As ciências agrárias abrange diversas áreas de conhecimento, tais como a Agronomia, 
Zootecnia, Engenharia Agrícola, Engenharia Florestal, Agronegócio, Medicina Veterinária, 
Sociologia, Economia e Administração Rural, entre outras. Ao longo dos anos tem-se 
intensificado a busca por sistemas de produção vegetal e animal de base sustentável, isto 
é, articulando a preocupação com o meio ambiente e os alicerces econômicos. No entanto, 
ainda existem alguns aspectos que devem ser elucidados, almejando o emponderamento 
das comunidades rurais e sua inserção no Agronegócio. O e-book apresenta discussões e 
reflexões dos diferentes setores agropecuários e suas contribuições na economia mundial, 
além de descrever práticas que contribuam no manejo sustentável dos sistemas nas 
ciências agrárias, e para a sociedade. 

Aos autores, os agradecimentos do Organizador e da Atena Editora pela dedicação 
e empenho na elucidação de trabalhos que irão contribuir no fortalecimento econômico e 
dimensões socioambientais. Esperamos contribuir no processo de ensino-aprendizagem 
e diálogos da necessidade da preocupação socioambiental e seus impactos positivos na 
cadeia do agronegócio, além de incentivar agentes de desenvolvimento, isto é, alunos 
de graduação, de pós-graduação e pesquisadores, instituições públicas e privadas de 
assistência e extensão rural na execução de práticas que promovam o desenvolvimento 
rural.

Uma ótima reflexão e leitura sobre os paradigmas da sustentabilidade econômica 
rural!

Cleberton Correia Santos
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ABSTRACT: The infusion of Ilex paraguariensis 
(yerba mate) is a popular drink in Uruguay, 
Argentina, Brazil, and Paraguay. Yerba mate, in 
its traditional form of consumption, is ingested 
during a prolonged time, making successive 
aqueous extractions (“mateada”). In some 
regions, yerba mate is also brewed as a tea. 
There is a great diversity of products, whose 
contribution in xhantines and polyphenols to the 
diet is difficult to assess. The industrial processing 
of yerba mate has great influence on the flavor 
and chemical profiles of the final products. The 
strategy of this research involves determining 
the chemical profiles of the most commonly 
consumed yerba mate products in Uruguay (aged 
yerba mate) and of other products consumed 
in the region such as yerba mate in teabags of 
Argentine origin and roasted mate tea of Brazilian 
origin. The semiquantitative analysis of the most 
relevant compounds (caffeine, theobromine and 
dicaffeoylquinic acids) of the infusions was carried 
out by ultra-high pressure liquid chromatography 
(UPLC), The results were interpreted in reference 
to the usual ways of consumption of each type of 
product in the region, and how this consumption 
is translated in terms of the dietary intake of the 
main components. Aged yerba mate products 
have a similar qualitative profile and high amounts 
of xanthines and polyphenols in the infusions, 
whereas roasted yerba mate presents a different 
profile. 
KEYWORDS: Ilex paraguariensis, UPLC-DAD, 
xanthines, polyphenols. 
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PERFIS QUÍMICOS DE POLIFENÓIS EM INFUSOES ACUOSAS DE ERVA MATE 
E CHÁ MATE (ILEX PARAGUARIENSIS) DE ARGENTINA, BRASIL E URUGUAI  

RESUMO: A infusão de Ilex paraguariensis (erva mate) é uma bebida popular no Uruguai, 
Argentina, Brasil e Paraguai. A erva-mate, em sua forma tradicional de consumo, é ingerida 
por um período prolongado, fazendo sucessivas extrações aquosas (“mateada”). Em algumas 
regiões, a erva-mate também é consumida como um chá. Existe uma grande diversidade 
de produtos, cuja contribuição em xantinas e polifenóis para a dieta é difícil de avaliar. O 
processamento industrial da erva-mate tem grande influência no sabor e no perfil químico 
dos produtos finais. A estratégia desta pesquisa envolve a determinação do perfil químico 
dos produtos de erva mate mais consumidos no Uruguai (erva mate estacionada) e de 
outros produtos consumidos na região, como erva mate em saquinhos de chá de origem 
argentino e chá mate torrado de origem brasileiro. A análise semiquantitativa dos compostos 
mais relevantes (cafeína, teobromina e ácidos di-cafeoílquinicos) das infusões foi realizada 
por cromatografia líquida de alta pressão (UPLC). Os resultados foram interpretados com 
referência às formas usuais de consumo de cada tipo de produto na região e como esse 
consumo se traduz em termos de ingestão alimentar dos principais componentes. Os 
produtos de erva-mate estaciona da têm um perfil qualitativo semelhante e altas quantidades 
de xantinas e polifenóis nas infusões, enquanto a erva-mate torrada apresenta um perfil 
diferente.
PALAVRAS-CHAVE: Ilex paraguariensis, UPLC-DAD, xantinas, polifenóis. 

1 |  INTRODUCTION
Ilex paraguariensis, a native plant of the subtropical and temperate regions of South 

America(CARDOZO JUNIOR e MORAND, 2016), is used to brew infusions from its dried 
leaves (“yerba mate”) in Argentina, Brazil, Paraguay, and Uruguay(BASTOS et al., 2007). 
The infusion (“mate”) is a popular drink with a bitter taste that distinguishes it from other 
plants (PAGLIOSA et al., 2009) and its traditional preparations have remained unchanged for 
more than 200 years(DELLACASSA e BANDONI, 2001). The preparation of mate consists 
in placing 30 to 50 grams of yerba mate in a recipient (traditionally made from a gourd) and a 
fraction of approximately 30 mL of hot water (at 70-85ºC) or cold water (at 5-8ºC) in contact 
with the leaves. The water is suctioned using a straw called “bombilla” which has a filter at 
the end placed in the yerba mate. Once the water is consumed, this process is repeated 
several times with fresh portions of water (HARTWIG et al., 2012). These infusions are 
called chimarrão/mate when hot water is used, and tererê when prepared with cold water 
(MACHADO et al., 2007). 

Yerba mate is also brewed using teabags which is called “mate cocido” in Argentina 
and “cha mate” in Brazil. Mate cocido contains plant material of smaller size than loose 
yerba mate products, but it undergoes the same industrial processing. On the other hand, 
cha mate is obtained from the roasted leaves of yerba mate and consumed as a black tea 
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substitute(VALDUGA et al., 2019).
The processing of the yerba mate leaves and stems consists of a series of steps: first 

a rapid draying process (400–750°C) by direct exposure to flames, called ‘‘sapeco’’, which is 
intended to inhibit enzymatic activity and reduce moisture level; a drying stage (90–350°C), 
which is performed in rotating cylinders heated by burning wood or other heating methods; 
and a subsequent grinding stage. The final product may be obtained after this step (as 
is consumed in Brazil) or it may undergo further processing such as aging of the yerba 
mate, which renders a product darker in color (as is consumed in Uruguay and Argentina) 
(ISOLABELLA et al., 2010; SCHMALKO e ALZAMORA, 2001; VALERGA et al., 2012). 
Yerba mate can also be roasted to obtain “cha mate”.

 The consumption of yerba mate infusions have been associated with health benefits, 
due to its effects as antioxidant, anti-inflammatory, anti-carcinogenic, neuroprotector and 
anti-diabetic (BRACESCO et al., 2011; CARDOZO JUNIOR e MORAND, 2016). Yerba mate 
is rich in bioactive compounds, such as polyphenols, xanthines, saponins and minerals (FILIP 
et al., 2001; GOSMANN, 1995; HECK e DE MEJIA, 2007; POZEBON et al., 2015).  Main 
xanthine components are caffeine and theobromine, and among the phenols, chlorogenic 
acids are prominent, with high concentrations of caffeoylquinic and di-caffeoylquinic acids  
(BAEZA et al., 2018; BRAVO et al., 2007; JAISWAL et al., 2010; MATEOS et al., 2018)

According to the Food and Agricultural Organization of the United Nations(FAO, 2019), 
Brazil is the largest producer of yerba mate worldwide, with around 547,000 tons per year, 
followed by Argentina (302,000 tons) and Paraguay (116,000 tons). Even though Uruguay 
does not produce yerba mate, it is the country with the highest per capita consumption, 
between 10 to 12 kg of yerba mate /person /year (DIRECCIÓN NACIONAL DE ADUANAS-
MINISTERIO DE ECONOMÍA Y FINANZAS-URUGUAY., 2020; INSTITUTO NACIONAL DE 
ESTADÍSTICA-OFICINA DE PLANAMIENTO Y PRESUPUESTO-URUGUAY., 2020).

Due to its high consumption in the region, it is relevant to study how the different 
yerba mate products may contribute to the dietary intake of polyphenols and xanthines. In 
the present work, chemical profiles of commercial samples of yerba mate products from 
Brazil, Uruguay, and Argentina were carried out using UPLC-PDA with a rapid, simplified 
extraction method. 

2 |  MATERIALS AND METHODS

2.1 Instrumentation
The analyses were carried out using a liquid chromatography system (UPLC Nexera, 

Shimadzu, Kyoto, Japan) equipped with DAD detector (SPD-M30A PDA),autosampler (SIL-
30A), and a column oven (CTO-20A, kept at 35°C). Separation was performed in a Restek 
Raptor ARC-C18 reversed-phase column (100 × 2.1 mm and 2.7 µm) (Restek, Bellefonte, 
PA, USA). Data were acquired and processed using the LabSolutions software (version 
5.52 SP2, Shimadzu). Spectrophotometric measurements were performed in a Libra S11 
Visible spectrophotometer (Biochrom, UK).
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2.2 Reagents and materials
HPLC grade acetonitrile and methanol were purchased from J.T. Baker (Mexico), 

formic acid ACS grade was purchased from Carlo Erba (Spain) and DMSO was purchased 
from Merck (Germany). Folin-Ciocalteau phenol reagent 2 N was purchased form Supelco 
(Sigma-Aldrich, USA) and ACS grade sodium carbonate from DIU (Uruguay). Aqueous 
infusions and aqueous mobile phase were prepared using ultra-pure water obtained from 
a water purifier Millipore Academic A10 (Milli-Q Gradient System, USA). Sample filters of 
hydrophilic PVDF (0.22 mm) from Waters (USA) were used before the analysis. Analytical 
standards of caffeine and theobromine were obtained from Fluka (USA), di-caffeoylquinic 
acids were obtained from PhytoLab (Germany) and gallic acid was obtained from Supelco 
(Sigma-Aldrich, USA). 

2.3 Commercial samples of yerba mate
A total of eleven commercial samples of yerba mate used in this study were purchased 

in 2017. Six commercial samples of aged yerba mate and aged yerba mate with herbs 
(presentation of 500 g, samples Mate 01 to 06) were purchased in a local market in the city 
of Montevideo (Uruguay). Roasted yerba mate tea (Mate 07) was purchased in Rio Grande 
do Sul (Brazil) and four samples of yerba mate in teabags (Mate 08 to 11) were purchased 
in Buenos Aires (Argentina).

2.4 Stock and standards solutions
Stock solutions of 1000 mg L-1 of the standards caffeine, theobromine and di-

caffeoylquinic acids were prepared in ultra-pure water, methanol: water (50:50 v/v) and 
dimethyl sulfoxide respectively. Solutions of 10 mgL-1 standards of di-caffeoylquinic acids 
(di-CGA) in methanol, and caffeine and theobromine in ultra-pure water were used to identify 
the compounds in the samples with their retention times. The concentration of calibration 
solutions for caffeine and theobromine ranged from 10 to 120 mg L-1. Stock solution of 4000 
mg L-1 of gallic acid was prepared in ultra-pure water and the concentration calibration 
solution of gallic acid ranged from 2.5 to 7.5 mg L-1.

2.5 Aqueous infusions of yerba mate
Aqueous extracts of each sample were obtained by hot aqueous infusion under high 

pressure. Five grams were extracted with 100 mL of ultra-pure water using a domestic 
espresso machine at 15 bars. A few milliliters were filtered by 0.22 μm before the analysis. 

2.6 Chromatographic conditions  
The analysis of the aqueous extracts and the standards were carried out with a flow 

rate of 0.5 ml/min, using a binary mobile phase, which consisted of a mobile phase (A) of 
water with 10 mM formic acid and a mobile phase (B) of acetonitrile. The chromatographic 
run was carried out using the following elution gradient: 0-1 min, 1% B; 1-12 min, 98% (v: v) 
B; 12-14 minutes return to initial conditions. The autosampler was at 10 °C and the injection 



 
Resultados Econômicos e de Sustentabilidade nos Sistemas nas Ciências Agrárias Capítulo 15 151

volume was 3 μL. Two genuine replicates of sample extractions were analyzed.

2.7 Total polyphenols  
Total phenolic content of yerba mate aqueous extracts were quantified using Folin-

Ciocalteau phenol reagent with a modified method using reduced amounts (SINGLETON et 
al., 1999). The samples (10 μL) were mixed with the reagent (50 μL), 150 μL of 20% sodium 
carbonate (Na2CO3) solution and 790 μL of distilled water. After 30 minutes of incubation 
at 40 °C, the absorbance at 765 nm was measured. A calibration curve with gallic acid as 
standard was used and the results were expressed as mg of gallic acid equivalents (GAE) 
per L of extract. Three replicates of sample extractions were analyzed. 

3 |  RESULTS AND DISCUSION 
The objective of this research was the chemical characterization with emphasis 

on the xanthines and polyphenols components in different products of yerba mate. For 
the study, eleven samples were purchased from regional markets, as detailed in Table 1. 
The products consumed in Uruguay are produced in Brazil, and include both aged yerba 
mate and aged yerba mate with addition of herbs (a combination of medicinal plants such 
as, e.g.: aloysia citrodora, chamomile, conyza canadensis, peumus boldus, mentha, tilia 
platyphyllos, etc.). Yerba mate in tea bags (with aged yerba mate) is produced in Argentina, 
and roasted yerba mate in Brazil. 

Sample Type of product Country
Mate 01 Aged yerba mate Brazil a

Mate 02 Aged yerba mate with herbs Brazil a

Mate 03 Aged yerba mate Brazil a

Mate 04 Aged yerba mate with herbs Brazil a

Mate 05 Aged yerba mate with herbs Brazil a

Mate 06 Aged yerba mate Brazil a

Mate 07 Roasted yerba mate Brazil

Mate 08 Yerba mate in tea bags Argentina

Mate 09 Yerba mate in tea bags Argentina

Mate 10 Yerba mate in tea bags Argentina

Mate 11 Yerba mate in tea bags Argentina

a Produced only for its consumption in Uruguay

Table 1. Samples used in this study.

The usual form of consumption of yerba mate involves a process that is difficult to 
reproduce in a laboratory, and there is not yet a consensus among authors on a standard 
type of extraction, preventing direct comparison of results. In this study, a simple and fast 
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extraction method was used to obtain aqueous extracts. Briefly, 5 grams of sample were 
extracted with water using a coffee espresso machine, and all types of yerba mate products 
were extracted in the same manner. Even though a single step is not as exhaustive as a 
series of extractions (MEINHART et al., 2010), the method offers the same end point for 
comparison of all samples. 

Total polyphenols are shown in Table 2. Yerba mate and yerba mate in tea bags 
present similar content of total polyphenols, whereas Mate 07 (roasted yerba mate) has a 
lower content. 

Sample Total Polyphenols (mg/L)

Mate 01 3202 ± 879

Mate 02 3904 ± 757

Mate 03 3617 ± 504

Mate 04 3164 ± 670

Mate 05 3058 ± 778

Mate 06 1531 ± 268

Mate 07 422 ± 122

Mate 08 2426 ± 484

Mate 09 3576 ± 669

Mate 10 2699 ± 725

Mate 11 2919 ± 306

Table 2. Total polyphenols (Folin-Ciocalteau Method).

Chemical profiles of each type of product are represented in the chromatograms of 
samples Mate 01 (aged yerba mate), Mate 07 (roasted yerba mate) and Mate 08 (yerba 
mate in teabags) that are shown in Figure 1. Xanthines and di-caffeoylquinic polyphenols 
were identified by injecting standard solutions separately for subsequent identification in the 
analysis of samples using retention times. The chemical profiles of all products are qualitatively 
similar reflecting the composition of Ilex paraguariensis. However, Mate 07 (roasted mated 
tea) presents lower concentrations of all polyphenolic components and xanthines, with a 
different profile in the relative proportions of the di-caffeoylquinic acids (shaded in Figure 
1). The main compound of the group in roasted mate tea is 4,5 di-caffeoylquinic acid,  in 
agreement with previous reports (CLIFFORD e RAMIREZ-MARTINEZ, 1990; MARQUES e 
FARAH, 2009), and attributed to the roasting process of yerba mate that produces changes 
in its composition (LIMA et al., 2016). In aged yerba mate, the most abundant di-CGA is 3,5 
di-caffeoylquinic acid, similarly to green yerba mate (LIMA et al., 2016). 
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Figure 1. UPLC-PDA chromatogram at 272 nm. Peak identification: (1) theobromine; (2) caffeine 
and (3) 3,4 dicaffeoylquinic acid, (4) 3,5 dicaffeoylquinic acid (5) 4,5 dicaffeoylquinic acid in the 

three samples. A) aged yerba mate (Uruguay), B) roasted yerba mate (Brazil) and C) yerba 
mate in tea bags (Argentina). Pando, Canelones. Source: IPTP/FQ. 
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To compare dietary intake from different products, semiquantitative results were 
obtained for the content of caffeine and theobromine. The dietary portion of a yerba mate tea 
infusion is defined as 3 grams in 200 mL of water, whereas the portion of a traditional yerba 
mate infusion is 25 grams in 500 mL. Using the proposed extraction method, estimated 
caffeine content in dietary portions of aged yerba mate (samples Mate 01 to Mate 06) in a 
traditional infusion ranged between 178 and 221 mg, and theobromine between 52 and 66 
mg. For yerba mate in tea bags (samples Mate 08 to Mate 11), caffeine in a dietary portion 
was 9 to 22 mg, and theobromine was 2 to 4.5 mg. 

For roasted yerba mate (sample Mate 07), the values were 1.3 grams for caffeine 
and 0.2 grams for theobromine. Thus, the intake of caffeine in a dietary portion of aged 
yerba mate in tea bags is 10% of the intake of aged yerba mate in traditional infusions, and 
the intake from a roasted mate tea is about 1%.  Mate, in its traditional form of consumption, 
is ingested during a prolonged time, making successive aqueous extractions (“mateada”). 
The caffeine is thus ingested in small amounts throughout a long time (hours), whereas a 
portion of yerba mate tea provides a single intake of caffeine. 

4 |  CONCLUSIONS
The fast and simple method of extraction for aqueous infusions of yerba mate 

products allowed a comparison among them. The chemical profile of the analyzed products 
is similar for all products based on aged yerba mate (yerba mate and yerba mate in teabags) 
while that of roasted mate differs. Due to the roasting process, cha mate presents 4,5 di-
caffeoylquinic acid as a main compound among the di-caffeoylquinic acids, whereas in aged 
yerba mate, the most abundant di-CGA is 3,5 di-caffeoylquinic acid. 

Both xanthines and total polyphenols have a lower concentration in roasted yerba 
mate infusions. In cha mate infusions, the intake of caffeine per serving is 1% of the serving 
of yerba mate consumed in traditional form in a gourd with a bombilla. 
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