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ABSTRACT 

Yerba-mate (Ilex paraguariensis) is a native species native from subtropical and 
temperate regions of South America. Its production process may influence its 
physicochemical composition and the final quality. In this way, this study aims to 
evaluate the major macro- and micro minerals present in the yerba mate, both native and 
cultivated, after the processing. This experiment was conducted in an industry, where 
samples of dried yerba mate were collected. In total, samples were collected from 31 
production areas, with 25 areas of cultivated yerba mate and 6 areas of native yerba mate. 
The determination of Ca, K, Mg, Na, S, Cu, Fe, Mn, and Zn was released by using 
inductively coupled plasma optical emission spectroscopy. The highest levels of 
macronutrients (Ca, K, Mg and S) and micronutrients (Cu, Fe and Mn) were detected, due 
to the management of the yerba mate plantations, which mostly receive organic or 
chemical fertilization, as well as the age of the branches and leaves, reflecting on the 
composition. In contrast, native yerba mate depends on the natural fertilization of the soil 
and the characteristics of the environment in which it is found. 

 
 
INTRODUCTION 

The yerba mate (Ilex paraguariensis) is a native 
species from subtropical and temperate regions of South 
America. It is widely used in the preparation of chimarrão, 
a typical beverage in Mercosul countries. In this context, 
the yerba mate cultivation plays an important 
socioeconomic role, as it is mainly produced on small rural 
properties (Goulart et al., 2022; Villarinho, 2023).  

The leaves of Yerba Mate can be used to prepare 
chimarrão and tereré beverages. Besides, the use of 
processed yerba mate is gaining more prominence in the 
pharmaceutical and food industry due to its content of 
essential amino acids, vitamins E, C, and the B complex. It 
has also some minerals such as potassium, magnesium, 
and manganese (Galante et al., 2023).  

According to the IBGE Agricultural Census (2017), 
619.003 tons of yerba mate were produced in an area of 

approximately 84 thousand hectares, resulting in an 
average production of 7.369 kg ha-1, in which the states in 
the South of Brazil stand out for the highest production. 
However, it is important to emphasize that the average 
production is quite variable, as it is directly related to the 
climate and crop management, which influence the 
composition and the final quality of the product (Pereira     
et al., 2021). 

The production of yerba mate occurs in two ways: 
one through plant extraction and the other through 
cultivation, or silviculture. In the extractivist system, 
branches and leaves of native yerba mate are harvested 
from the Mixed Ombrophilous Forest (MOF), while in the 
crops system, yerba mate is grown inside the MOF or in 
open fields, i. e., under full-sun plantation. Yerba mate 
produced in consortia with the MOF, as it is protected 
against the sunlight, has a better quality with a milder 
taste. Additionally, it is more economically for the 
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industry compared to yerba mate growth under full 
sunlight (Vestena & Santos, 2022).  

The leaves of plants growth in shade result in a 
larger leaf area but with lower bulk weight and 
chloroplasts when compared to leaves located in sun-
exposed areas. These exposed leaves achieve high 
photosynthetic rates, producing thicker leaves due to the 
formation of large palisade cells (Almeida et al., 2023; 
Aguiar et al., 2024). Therefore, in response to the growing 
demand and the degradation of native yerba mate 
plantation, there has been an increase in areas under full-
sun yerba mate, although it is a product of lower 
commercial value.  

Currently, the yerba mate sector needs to convert 
full-sun plantations into shaded ones, or at least, establish 
some degree of shading for yerba mate plants by reducing 
the ambient light levels (Cortese et al., 2021). On the other 
hand, native yerba mate can be an important stimulus for 
the conservation of the MOF, due to its occurrence in the 
forest understory and its significant economic value. This 
economic value that provides monetary benefits to the 
forest, contributing to forest conservation through the 
traditional management of these native yerba mate 
plantations. It is important to highlight that, in addition to 
its monetary value, native yerba mate plantation has 
significant cultural and social value for local populations 
(Chechi & Schultz, 2019). Thus, the present study aimed 
to determine the principal macro and micronutrient 
contents in yerba mate, after processing, considering the 
types of native and cultivated production from different 
areas, in order to assess whether the production system 
influences the quality of the final product. 
 

MATERIAL AND METHODS 

The coarse-ground yerba mate (cancheada) 
samples used in this experiment were collected from yerba 
mate industry located in Ilópolis – RS, in July 2023, 
totaling 31 samples of coarse-ground yerba mate, of which 
25 were cultivated and 6 were native. 

The production and processing of yerba mate 
followed the flowchart shown in Figure 1. The semi-
mechanized harvest was carried out during the winter, 
before the beginning of new sprouting, by cutting thin 
branches and leaves. Subsequently, the branches were 
reduced in size using a branch chopper. After harvesting, 
exposure of the yerba mate to heat and light was avoided 
to reduce the possibility of wilting and enzymatic 
browning, which could negatively affect the final (Nunes 
et al., 2024). 

The Sapeco operation (thermal bleaching) was 
carried out in order to avoid the browning of the yerba 
leaves after drying. With the heat, the leaves lost 
approximately 20% of its water content and acquired 
green-golden coloration characteristics of high-quality 
yerba mate. The branches remained in direct contact with 
the flame generated by the burning firewood and remained 
there for about one minute. Drying was carried out using a 
rotary dehydrator, where the material was exposed to 
heated air for approximately five minutes. In the outlet, the 
air flows in a cyclone system to cool the yerba mate as 
observed by Nunes et al. (2024), reaching in this way to 
the coarse-ground yerba mate (Figure 2a). The milling 
operation decreased the particle size until a fine powder 
was obtained. Sieving was then performed to separate the 
particles by size, followed by the packaging. 

 

FIGURE 1. Productive process of yerba mate.  
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The analyzed producing farms have distinct 
cultivation characteristics, but they share a common 
feature: cultivation areas ranging from 1,0 to 20 ha, with 
an average plant spacing of 1.5 x 2.0 m. Sample collection 
was conducted randomly, following the yerba mate 
processing in an operational industry. All samples were 
collected in triplicate and stored in laminated structure 
packaging (biaxially oriented metallized 
polypropylene/low-density polyethylene) (Figure 2b), each  

with a capacity of 0,5 kg each, using vacuum sealing to 
preserve the characteristics of the yerba mate. 

For the determination of elemental composition of 
the dry matter, the samples were ground (Figure 2c) using 
Willey-type mill (with 5 blades, 1725 rpm, 20-mesh sieve, 
ground for 3 minutes), at the Post-Harvest Laboratory 
(LAPOS) at the Federal University of Santa Maria – 
Cachoeira do Sul Campus (UFSM-CS).

 

 

FIGURE 2. Native and cultivated yerba mate samples: (a) coarse-ground yerba mate, (b) sample collection, (c) samples 
after grinding.  
 

Subsequently, the samples were sent to the 
Industrial and Environmental Chemical Analysis 
Laboratory at UFSM for further analysis.  

To determine the elemental composition, the 
samples of yerba mate underwent decomposition. 150 mg 
of each sample was weighed and placed in Teflon vials 
(100 mL internal volume) containing 6mL of concentrated, 
pre-distilled HNO3.  

The vials were properly sealed and processed in a 
microwave oven (EthosTM Easy model, Milestone, 
Denmark), equipped with a rotor capable of holding 44 
vials. The heating program consisted of: i) heating up to 
200 ºC for 25 min; ii) maintaining 200°C for 15 min; iii) 
cooling down to 50 ºC. After decomposition, the digested 
samples were transferred to polypropylene tubes and 
diluted to a final volume of 25 mL with ultrapure water.  

The determination of Ca, K, Mg, Na, S, Cu, Fe, 
Mn, and Zn was carried out using Inductively Coupled 

Plasma Optical Emission Spectrometry (ICP-OES, Optima 
4300 DV model, PerkinElmer, USA). 

The obtained results were evaluated: (i) statistically 
using SISVAR software version 5.8, and with means 
compared by Tukey’s test at a 5% probability level, (ii) 
through histogram Generation and analysis using 
Microsoft Excel Office; and (iii) by multivariate analysis 
using RStudio software, obtaining Pearson’s correlation in 
order to emphasize strong and weak associations under 
each cultivation and management condition of yerba mate. 
 
RESULTS AND DISCUSSION 

The results indicate that the type of yerba mate 
influences the composition of the main macro- and 
microminerals in the product, as shown in Table 1. It is 
observed that cultivated yerba mate presents higher levels 
of macrominerals such as Ca, K, Mg, and S. On the other 
hand, Na showed no significant difference between native 
and cultivated yerba mate. 

 
TABLE 1. Determination of Macro- and Microminerals in Yerba Mate from Native and Cultivated Production Systems. 

Yerba Mate 
Ca  

(µg g-1) 
K  

(µg g-1) 
Mg  

(µg g-1) 
Na  

(µg g-1) 
S  

(µg g-1) 
Cu  

(µg g-1) 
Fe  

(µg g-1) 
Mn 

 (µg g-1) 
Zn  

(µg g-1) 

Native 5.949b 57.27b 3.918b 41.85a 934b 7,73b 7.912b 896b 63.03a 

Cultivated 7.243a 74.95a 4.682a 47.77a 1,057a 8.79a 9.004a 1,288a 70.81a 

C.V. (%) 11.32* 40.56* 18.10* 36.41NS 11.13* 14.06* 13.08* 53.06* 28.52NS 

Means followed by the same letter do not differ from each other at a 5% probability level according to Tukey's test. NSNot Significant, 
*Significant, CV: Coefficient of Variation.  
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According to Gawron-Gzella et al. (2021), the 
primary macronutrients found in yerba mate leaves 
produced in Argentina are K, Ca, Mg, and P in amounts of 
11,350, 7,690, 6,990, and 1,370 µg g⁻¹, respectively. 
Among the trace elements, manganese and iron were the 
most abundant (680 and 120 µg g⁻¹). These findings reveal 
a difference from the results obtained in the present study, 
showing that the samples analyzed in Argentina had higher 
K and Mg contents. However, the samples from this study 
showed elevated Fe levels, both in native and cultivated 
yerba mate, with values of 7.912 and 9.004 µg g⁻¹, 
respectively.  

Calcium levels were higher than those found by 
Bastos et al. (2014) in a study on young yerba mate leaves, 
where they ranged between 1,500 and 2,700 µg g⁻¹. In 
contrast, the present research found Ca levels of 5,949 µg 
g⁻¹ in native yerba mate and 7,243 µg g⁻¹ in cultivated 
yerba mate. This difference is possibly due to the harvest 
period of branches and leaves. During the main harvest 
season (winter), the leaves are no longer young, unlike the 
secondary harvest season, which occurs shortly after new 
shoots emerge (summer). 

When analyzing the main microminerals (Table 1), 
Cu, Fe, and Mn were found in higher amounts in 
cultivated yerba mate, except for Zn, which did not show a 
significant difference between yerba mate types. Although 
Cu is known to have low mobility, as it is present in 
chloroplasts or bound to enzymes, high levels were found 
in soluble extracts from yerba mate infusions (Marschner, 
2012). This high level of Cu soluble in hot water 
contributes approximately 10% of the Recommended 
Daily Intake (RDI), the highest contribution compared to 
other elements, as accentuated by Bastos et al. (2014). 

The mineral element content obtained from young 
yerba mate leaf infusions, in relation to the recommended 
daily intake, varies from 0.5% to 11.5%, with the nutrient 
content ranking in descending order as follows: Cu > Mn > 
K > P > Mg > Fe > Zn > Ca > Na, where the morphotypes 
and progenies did not lead to differences in these nutrients 
(Bastos et al., 2014). However, the present research 
observed distinctions between yerba mate types, with the 
highest contents found in the cultivated type, which is 
predominantly fertilized with chemical and/or organic 
inputs, influencing its final composition.  

According to Prado et al. (2022), native yerba mate 
is possibly one of the most sustainable forms of 
exploitation in Brazil's native forest areas. Nevertheless, 
due to the modernization of Brazilian agriculture, yerba 

mate is increasingly being removed from its natural 
environment and cultivated as a monoculture using 
pesticides and synthetic fertilizers, altering its composition.  

In agreement with this, Nunes et al. (2024) 
emphasized that yerba mate produced under different 
morphological characteristics and cultivation systems 
exhibits distinct chemical and sensory attributes. This 
demonstrates that product quality depends on the 
characteristics of the raw material.  

Understanding the cultivation and management 
factors of yerba mate allows for the establishment of 
methods to determine product quality criteria. This leads to 
the segregation of raw materials for different purposes, 
contributing to the value chain. This distinction is evident 
within each type of yerba mate (Figure 3), where the 
samples showed significant variation in the analysis of 
potassium, manganese, sodium, and zinc. This variability 
within the same yerba mate type is attributed to cultivation 
and management practices, mainly fertilization, pruning, 
and exposure to sunlight, as younger branches exposed to 
sunlight produce a distinct product.  

In this context, Westphalen et al. (2020) analyzed 
different yerba mate cultivation conditions over five years 
to verify their direct impact on leaf phytochemical 
properties. They concluded that protein content in leaves 
increased by 8% in plants without fertilization under 30% 
shading compared to those exposed to 45% and 60% light 
intensity. Conventional water-soluble mineral fertilizer 
increased leaf protein content by 5.65% under 30% 
shading. Shading and fertilization did not alter the 
phenolic compound levels in the leaves. At 45% shading, 
there was a 12.5% increase in methylxanthine levels in the 
leaves. The conventional water-soluble mineral fertilizer 
increased the total methylxanthine content by 6.29% when 
yerba mate was grown under 45% light intensity. This 
study concluded that different cultivation conditions result 
in phytochemically heterogeneous products, which 
significantly impact yerba mate quality.  

Meanwhile, leaves in shaded areas develop a larger 
surface area but have a lower specific weight than those 
exposed to sunlight, as observed by Aguiar et al. (2024). 
The effects of yerba mate cultivation methods are also 
noticeable in chimarrão, as noted by Bastos et al. (2018). 
Their study found that chimarrão, composed of 70% 
leaves and 30% stems, made from yerba mate harvested 
during the main season generally had higher nutrient 
levels, whereas leaves sampled during the secondary 
harvest had higher water-soluble nutrient levels.
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FIGURE 3. Histograms of macro- and micro minerals evaluated in native and cultivated yerba mate: (a) calcium, (b) copper, 
(c) potassium, (d) iron, (e) magnesium, (f) manganese, (g) sodium, (h) sulfur, (i) zinc. 
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When comparing native (Figure 4a) and cultivated 

(Figure 4b) yerba mate using the Pearson's Correlation 
Network, negative relationships, represented in red, were 
mainly observed in the native type, particularly between 

sodium and manganese, magnesium, potassium, iron, and 
calcium. In contrast, the cultivated yerba mate showed a 
weaker negative correlation between Na-Mn, as well as 
between Zn-Mn. 

 

 
FIGURE 4. Pearson correlation network for macro- and micro minerals in yerba mate samples: (a) native yerba mate, (b) 
cultivated yerba mate. 

 
Despite the negative correlation between most 

macro- and micro minerals and sodium in native yerba 
mate, these minerals had lower levels than in cultivated 
yerba mate, though Na showed no significant difference 
(Table 1). This pattern likely results from cultivation and 
management practices, as cultivated yerba mate receives 
frequent fertilization and pruning, which enhance plant 
nutrition and increase the mineral content in processed 
yerba mate.  

Commercial yerba mate samples sold in South 
America showed significant variation in Zn content: 79.4 
µg g⁻¹ in Argentina, 44.2 µg g⁻¹ in Brazil, 57.1 µg g⁻¹ in 
Uruguay, and 77.3 µg g⁻¹ in Paraguay (Pozebon et al., 
2015). Zn levels in yerba mate leaves can also vary 
significantly within the same country. For example, studies 
in southern Brazil (Rio Grande do Sul, Santa Catarina, and 
Paraná) reported Zn concentration ranging from 14 to 179 
µg g⁻¹ (Motta et al., 2020. Similar pattern was observed in 
commercial products, where Zn levels ranged from 54.5 to 
67.6 µg g⁻¹ (Ulbrich et al., 2022). The present study found 
a Zn content average of 69.29 µg g⁻¹. 

According to Neves & Fior (2020), yerba mate 
plants grown without Zn exhibited a decrease in growth, 
and the younger leaves displayed a characteristic "fading" 

between the veins. As the deficiency intensified, the leaves 
became leathery, wrinkled, and the veins shortened. 
Therefore, Zn deficiency compromises important 
physiological events and, consequently, the plant's growth 
and development due to the reduction in chlorophyll 
content (Oliveira et al., 2009; Marschner, 2012).  

As Gabira et al. (2023) point out, with the 
modernization of Brazilian agriculture, yerba mate tends to 
be removed from its natural environment and grown in 
monoculture, with the use of pesticides and synthetic 
fertilizers. This new cultivation system is capable of 
increasing productivity by up to 160% in just four years 
after planting, in super-dense conditions, consisting of 
more than 25 thousand plants per hectare. Another 
distinguishing factor is that the cultivation system uses a 
larger amount of nitrogen, resulting in an 86% increase in 
total leaf productivity and a large number of young 
branches and leaves, which impacts biomass growth and 
opens new markets for the crop. 

When analyzing the overall interactions between 
minerals (Figure 5), regardless of the type of yerba mate, 
positive correlations stand out, especially between Mn-Ca 
and S-C. This result is similar to that found in cultivated 
yerba mate, due to its higher incidence in the experiment.
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FIGURE 5. General Pearson correlation network between the macro and micronutrients evaluated in the yerba mate samples. 
 
Studies by Długaszek & Kaszczuk (2020) on 

infusions of hibiscus, horsetail, nettle, and yerba mate, also 
revealed a positive correlation between Ca-Mg. As 
observed by Li et al. (2022) in an experiment with green 
tea that the use of organic fertilization promoted an increase 
in Ca and Mg in the tea, establishing a positive relationship.  

According to Pandolfo et al. (2003), native yerba 
mate plantations are typically established in acidic soils 
with high levels of exchangeable aluminum and low 
available phosphorus. Established yerba mate plantations 
are located on soils that have usually been limed and 
cultivated with annual crops, presenting better fertility 
conditions. For crops like yerba mate, in which a large 
amount of green biomass is removed from the field, 
replenishing nutrients in the soil is essential for 
maintaining its fertility and improving the plant's 
productive potential. These researchers observed that the 
highest levels of Ca and Mg are found in the absence of 
potassium fertilization and organic fertilizer. This can be 
attributed to the competitive inhibition of K with Ca and 
Mg, meaning that an increase in the concentration of K in 
the soil may decrease the absorption of these two elements 
by the plant. 
 
CONCLUSIONS 

  The type of yerba mate affected the composition 
of macro- and microminerals. 

  Cultivated yerba mate showed higher levels of 
Ca, K, Mg, S, Cu, Fe, and Mn due to cultivation and 
management factors, including greater use of chemical 
fertilization and periodic harvesting. 

  Although valued by consumers, native yerba 
mate did not exhibit a high mineral content. 
 
ACKNOWLEDGMENTS 

The authors thank the Federal University of Santa 
Maria (UFSM), the Graduate Program in Agricultural 
Engineering (PPGEA), the Postharvest Laboratory 
(LAPOS), the Research Group at Postharvest Innovation: 

Technology, Quality, and Sustainability, the Laboratory of 
Industrial and Environmental Chemical Analyses 
(LAQUIA), Ervateira De Valérios, the Coordination for 
the Improvement of Higher Education Personnel 
(CAPES)-Financial Code 001, the National Council for 
Scientific and Technological Development (CNPq)- 
number 304966/2023-1, and the Research Support 
Foundation of the State of Rio Grande do Sul 
(FAPERGS)- number 24/2551-0001150-1 for providing 
scholarships, financial support, and physical spaces for 
conducting the experiments.  
 
REFERENCES 

Aguiar, N. S., Gabira, M. M., Duarte, M. M., Tomasi, J. C., 
Hansel, F. A., Lavoranti, O. J., Deschamps, C., Helm, 
C. V., & Wendling, I. (2024). How shading levels 
affect bioactive compounds in leaves of yerba mate 
clones. Biochemical Systematics and Ecology, 113, 
104796. https://doi.org/10.1016/j.bse.2024.104796 

Almeida, A. G., Tormena, C. D., Aguiar, N. S., Wendling, 
I., Rakocevic, M., Pauli, E. D., Scarminio, I. S., 
Bruns, R. E., & Marcheafave G. G. (2023). Direct 
NIR spectral determination of genetic improvement, 
light vailability, and their interaction effects on 
chemically selected yerba-mate leaves. 
Microchemical Journal, 191, 108828. 
https://doi.org/10.1016/j.microc.2023.108828 

Bastos, M. C., Cherobim, V. F., Reissmann, C. B., 
Kaseker, J. F., & Gaiad, S. (2018). Yerba mate: 
Nutrient levels and quality of the beverage depending 
on the harvest season. Journal of Food Composition 
and Analysis, 69, 1-6. 
https://doi.org/10.1016/j.jfca.2018.01.019 

Bastos, M. C., Reissmann, C. B., Keseker, J. F., Pauletti, 
V., Gaiad, S., & Sturion, J. A. (2014). Mineral 
content of young leaves of yerba mate. Pesquisa 
Florestal Brasileira, 34(77), 63-71. 
https://doi.org/10.4336/2014.pfb.34.77.594 



Marcela T. Nunes, Paulo C. Coradi, Dalmo P. de Oliveira, et al. 
 

 
Eng. agríc., Jaboticabal, v.45, special issue 1, e20240210, 2025 

Chechi, L. A., & Schultz, G. (2019). Inovação, 
conhecimento e aprendizagem: um estudo sobre 
Arranjos Produtivos Locais de erva-mate no sul do 
Brasil. Mundo Agraria, 20(43), e108. 
https://doi.org/10.24215/15155994e1 

Cortese, I. J., Castrillo, M. L., Onetto, A. L., Bich, A. B., 
Zapata, P. D., & Laczeski, M. E. (2021). De novo 
genome assembly of Bacillus altitudinis 19RS3 and 
Bacillus altitudinis T5S-T4, two plant growth-
promoting bacteria isolated from Ilex paraguariensis 
St. Hil. (yerba mate). Plos One, 16(3),1-17. 
https://doi.org/10.1371/journal.pone.0248274 

Długaszek, M., & Kaszczuk, M. (2020). Assessment of the 
nutritional value of various teas infusions in terms of 
the macro- and trace elements content. Journal of 
Trace Elements in Medicine and Biology, 59, 
126428. https://doi.org/10.1016/j.jtemb.2019.126428 

Gabira, M. M., Girona, M. M., Desrochers, A., Kratz, D., 
Da Silva, R. B. G., Duarte, M. M., & Wendling, I. 
(2023). The impact of planting density on forest 
monospecific plantations: An overview. Forest 
Ecology & Management, 534, 120882. 
https://doi.org/10.1016/j.foreco.2023.120882 

Gawron-Gzella, A., Chanaj-Kaczmarek, J., & Cielecka-
Piontek, H. (2021). Yerba Mate—A Long but 
Current History. Nutrients, 13, 3706. 
https://doi.org/10.3390/nu13113706 

Galante, M., Brun, L. R., Mandón, E., Mazzobre, M. F., 
Pacchioni, A. M., & Boeris, V. (2023). Insights into 
yerba mate components: chemistry and food 
applications. Studies in Natural Products Chemistry, 
79, 383-433. https://doi.org/10.1016/B978-0-443-
18961-6.00004-4 

Goulart, I. C. G. R., Santin, D., Brasileiro, B.P. (2022). 
Fatores que afetam a produtividade na cultura da 
erva-mate. Ciência Florestal, 32(3), 1346-1367. 
https://doi.org/10.5902/1980509863661 

Instituto Brasileiro de Geografia e Estatística-IBGE (2017). 
Censo Agropecuário 2017. Disponível em: 
https://sidra.ibge.gov.br/pesquisa/censo-
agropecuario/censo-agropecuario-2017. Accessed Aug, 
2022.  

Li, H., Hu, Z., Wan, Q., Mu, B., Li, G., & Yang, Y. 
(2022). Integrated application of inorganic and 
organic fertilizer enhances soil organo-mineral 
associations and nutrients in tea garden soil. 
Agronomy, 12(6), 1330. https://doi.org/10.3390/agron
omy12061330 

Marschner, P. (2012). Mineral nutrition of higher plants. 
3rd. ed. San Diego, Academic Press, 695 p. 

Motta, A. C. V., Barbosa, J. Z., Magri, E., Pedreira, G. Q., 
Santin, D., Prior, A. S., Consalter, R., Young, S. D., 
Broadley, M. R., & Benedetti, E. L. (2020). Elemental 
composition of yerba mate (Ilex paraguariensis A.St.-
Hil.) under low input systems of southern Brazil. 
Science of The Total Environment, 736, 139637. 
https://doi.org/10.1016/j.scitotenv.2020.139637 

Neves, O. S. C., & Fior, C. S (2020). Sintomas visuais de 
deficiência de macronutrientes, micronutrientes e 
toxidez por sódio em erva-mate. Revista Agrária 
Acadêmica, 3(4), 66-77. 
https://doi.org/10.32406/v3n42020/66-77/agrariacad 

Nunes, M. T., Coradi, P. C., & Silva, A. B. (2024). 
Production, postharvest and processing of the yerba 
mate: a review on technological advances and quality 
from raw material to the final product. The Journal 
Of Horticultural Science and Biotechnology. 
https://doi.org/10.1080/14620316.2024.2396006 

Oliveira, R. H., Lima, M. J. S., Pereira-Junior, H. Á., 
Rebouças, T. N. H., Morais, O. M., Guimarães, B. V. 
C., & Nolasco, C. A. (2009). Caracterização de 
sintomas visuais de deficiência de micronutrientes em 
tomateiro do grupo salada. Semina: Ciências Agrárias, 
30(sup1), 1093-1100. https://doi.org/10.5433/1679-
0359.2009v30n4Sup1p1093 

Pandolfo, C. M., Floss, P. A., Da Croce, D. M., & Dittrich, 
R. C. (2003). Resposta da erva-mate (Ilex 
paraguariensis st. hil.) à adubação mineral e 
orgânica em um latossolo vermelho aluminoférrico. 
Ciência Floresta, 13(2), 37-45. 
https://doi.org/10.5902/198050981740 

Pereira, M. G., Guareschi, R. F., Pinto, L. A. S. R., Matos, 
T. S., Ferrari, A. C., & Silva, C. F. (2021) Soil 
organic matter in areas under yerba mate cultivation 
and swine waste application. Floresta, 51(3), 567-
575. https://doi.org/10.5380/rf.v51 i3.70954 

Pozebon, D., Dressler, V. L., Marcelo, M. C. A., De 
Oliveira, T. C., & Ferrão, M. F. (2015). Toxic and 
Nutrient Elements in Yerba Mate (Ilex paraguariensis). 
Food Additives & Contaminants: Part B, 8, 215-220. 
https://doi.org/10.1080/19393210.2015.1053420 

Prado, F. H., Milano, M. Z., Dortzbach, D., Cazella, A. A., 
& Desconsi, C. (2022). O processo social de 
construção de indicação geográfica: desenvolvimento 
territorial sustentável no Planalto Norte Catarinense. 
Desenvolvimento e Meio Ambiente, 59, 110-133. 
https://doi.org/10.5380/dma.v59i0.76293 

Ulbrich, N. C. M., Do Prado, L. L., Barbosa, J. Z., Araujo, 
E. M., Poggere, G., Motta, A. C. V., Prior, A. S., 
Magri, E., Young, S. D., & Broadley, M. R. (2022). 
Multi-elemental analysis and health risk assessment 
of commercial yerba mate from Brazil. Biological 
Trace Element Research, 200(3), 1455–1463. 
https://doi.org/10.1007/s12011-021-02736-9 

Vestena, L. R., & Santos, E. R. (2022). Dinâmica têmporo-
espacial da territorialização de produção da erva-
mate (Ilex paraguariensis) no Brasil de 2008 a 2018. 
Revue Franco-Brêsilienne de Géographie, 55. 
https://doi.org/10.4000/confins.46204 

Villarinho, R. M. (2023). sistema cultural de la yerba mate 
como patrimônio cultural do Mercosul. Revista 
Brasileira de Tecnologias Sociais, 10(1), 1-9. 
https://doi.org/10.14210/rbts.v10n1.p1-9 

Westphalen, D. J., Angelo, A. C., Rossa, Ü. B., Bognola, I. 
A., & Martins, C. E. N. (2020). Impact of different 
silvicultural techniques on the productive efficiency 
of Ilex paraguariensis A.St. Hill. Agroforestry 
Systems, 94, 791-798. 
https://doi.org/10.1007/s10457-019-00451-y 

 


