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Abstract: 

Introduction. Yerba mate, a traditional beverage prepared from the leaves of Ilex 

paraguariensis, originates from South America but has gained increasing popularity worldwide. 

It has also attracted considerable interest among physically active individuals due to its high 

content of methylxanthines, chlorogenic acids, saponins, polyphenols, and other bioactive 

compounds. Its potential ergogenic and health-promoting properties have made yerba mate an 

increasingly important subject of research in the field of sports medicine and exercise science. 

Background. Current evidence suggests that yerba mate exerts pleiotropic health-promoting 

effects on the human body and may influence exercise performance through multiple 

physiological mechanisms. Studies indicate that yerba mate consumption may modulate 

glucose homeostasis, lipid metabolism, and cellular metabolism, while also exerting 

stimulatory effects and enhancing antioxidant capacity. However, the available evidence 

remains heterogeneous, and the assessment of yerba mate effects requires careful critical 

evaluation. 
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Aim: This narrative review aims to summarize and discuss the current evidence regarding 

the physiological effects of yerba mate consumption and its potential benefits for exercise 

performance. In addition, this review synthesizes the available evidence on the safety profile 

of yerba mate and the potential risks associated with its consumption. 

Conclusions. Yerba mate appears to be a promising natural supplement with potential 

ergogenic and health-promoting benefits. Nevertheless, the current evidence remains limited. 

Further studies are required to confirm its efficacy and clarify the underlying physiological 

mechanisms. 

Key words: Yerba mate, Ilex  paraguariensis, physical activity, supplements, physical activity 

1. Chemical Composition 

Nutrition is one of the fundamental factors influencing the body's capacity to perform and adapt 

to physical exercise (1). Beyond meeting energy and nutrient requirements, increasing attention 

has been directed toward foods containing bioactive compounds that may modulate 

physiological responses and selected aspects of exercise performance (2). One of the products 

that has attracted considerable scientific interest in recent years is yerba mate, a traditional 

South American beverage prepared from the leaves of Ilex paraguariensis A.St.-Hil., 

which is now consumed worldwide (3). Interest in yerba mate may have grown due to an 

increasing number of studies evaluating its potential effects on energy metabolism, 

physiological responses to exercise, and selected markers of exercise performance (4). In 

addition to its potential effects on exercise-related outcomes, it is important to assess the safety 

of yerba mate consumption and to identify the mechanisms underlying its observed 

physiological effects (5). A critical synthesis of the current knowledge on the effects of yerba 

mate consumption on exercise performance and the safety of its use appears warranted. 

Yerba mate is a beverage prepared from the dried leaves and young stems of Paraguayan holly 

(Ilex paraguariensis A.St.-Hil., Aquifoliaceae), which has been consumed for centuries as part 

of the cultural heritage of South American countries, particularly Argentina, Paraguay, Uruguay, 

and southern Brazil. Originally, the beverage was consumed by indigenous populations, 

especially the Guarani people, who attributed stimulating properties to yerba mate and used 

it to alleviate hunger and fatigue. During the sixteenth and seventeenth centuries, the cultivation 

and trade of yerba mate were expanded by Jesuit missionaries, contributing to its widespread 

use and economic importance throughout the region. Traditionally, the infusion is prepared 

by pouring water at approximately 65–80°C over the dried plant material in a vessel known 



as a matero and consumed through a metal filtering straw called a bombilla.  A characteristic 

feature of yerba mate is that the same dried leaves can be infused repeatedly, allowing the 

beverage to be consumed over an extended period without replacing the leaves (5, 6). 

In recent years, yerba mate has gained popularity beyond South America, attracting growing 

interest from both consumers and the scientific community. Moreover, the leaves of Ilex 

paraguariensis are recognized in EMA monographs and have also been included in a 

pharmacopoeial monograph (5). The aim of this review is to present and critically evaluate the 

current evidence regarding the effects of yerba mate consumption on physiological processes 

in the human body, exercise performance, energy metabolism, and safety. 

2. Chemical Composition 

The growing popularity of yerba mate in the commercial market and the increasing scientific 

interest in this beverage are attributed to its high content of various bioactive compounds, 

including phenolic acids, flavonoids, methylxanthines, and saponins. These compounds 

are thought to contribute to the broad range of biological effects attributed to yerba mate, 

including the modulation of lipid and glucose metabolism, as well as neurostimulatory, anti-

inflammatory, and antioxidant effects (7, 8). This section describes the main bioactive 

compounds found in yerba mate. 

2.1. Factors Influencing the Chemical Composition of Yerba Mate 

The chemical composition of yerba mate is not constant and depends on various factors related 

to the origin of the raw material, cultivation conditions, processing methods, and preparation 

of the infusion (7). The method of infusion preparation, particularly water temperature, 

extraction time, and the number of successive infusions, affects the amount of bioactive 

compounds released from the dried leaves into the beverage, thereby influencing its final 

chemical composition and biological properties (9). 

2.2. Methylxanthines 

The principal and most extensively studied compound in this group is caffeine. Caffeine exerts 

a stimulatory effect on the central nervous system. Adenosine receptors, which caffeine 

antagonizes, are involved, among other functions, in the regulation of sleep, memory, 

concentration, learning, and the perception of fatigue. Caffeine also exerts a diuretic effect (10). 

Studies have also demonstrated its potential ergogenic effects, including improvements 

in muscle strength and exercise performance (11). During the first infusion, the average caffeine 



concentration in the liquid was 17.79 ± 3.49 mg/g (9). Apart from caffeine, yerba mate also 

contains theobromine and theophylline, which have also stimulatory effects on the central 

nervous system (12). However, high caffeine intake has also been shown to be associated with 

an increased risk of anxiety symptoms and sleep disturbances (13). 

2.3. Polyphenolic Compounds and Flavonoids 

Yerba mate is rich in polyphenolic compounds and flavonoids with antioxidant and anti-

inflammatory properties. Among these polyphenols, chlorogenic acids are the predominant 

group (7). Studies suggest that chlorogenic acids may play a role in the regulation of glucose 

metabolism (14). The main flavonoid in yerba mate is rutin, which may modulate enzymes 

involved in pro-inflammatory pathways and exhibits anti-inflammatory, antioxidant, and 

antitumor potential (7, 15). 

2.4. Saponins 

Saponins represent one of the major groups of bioactive compounds found in yerba mate, beside 

methylxanthines and polyphenolic compounds.  

Studies indicate that saponins present in yerba mate exhibit pleiotropic activities, including anti-

inflammatory, hypocholesterolemic, and immunomodulatory effects (10). A study have 

demonstrated that yerba mate saponins exhibit anti-inflammatory activity, partly through 

the inhibition of the iNOS/NO and COX-2/PGE2 pathways, which play important roles 

in the development of the inflammatory response. In addition, yerba mate saponins have been 

shown to reduce the production of pro-inflammatory cytokines, such as interleukin-1β (IL-1β) 

and interleukin-6 (IL-6), and to limit the activation of the transcription factor nuclear factor 

kappa B (NF-κB). Although saponins are present in yerba mate in lower concentrations 

than methylxanthines and polyphenolic compounds, the available evidence suggests that they 

may make a significant contribution to the overall health-promoting effects of this beverage 

(16). 

3. Effects of Yerba Mate Consumption on Human Physiology 

Due to its rich composition, yerba mate exerts a wide range of biological effects on the human 

body. This section provides a detailed overview of selected physiological effects of yerba mate 

that may be relevant to physical activity and exercise performance. 

3.1. Glucose Metabolism 



Several studies have investigated the effects of yerba mate on glucose metabolism. A meta-

analysis published in 2025, which included seven randomized controlled trials, demonstrated 

a significant reduction in postprandial glucose levels (p = 0.001) among participants consuming 

yerba mate compared with control groups. Beneficial effects on glucose metabolism were also 

observed in terms of lower HbA1c levels (17). 

Furthermore, yerba mate consumption has been associated with lower HOMA index values (17, 

18). It shows the relationship between glucose and insulin dynamics and are used to assess 

insulin sensitivity. A lower HOMA index value indicates greater tissue sensitivity to insulin and 

lower insulin resistance (19, 20). 

3.2. Lipid Metabolism 

Gebara, K.S. et al. reported in a randomized crossover intervention study that, among 

individuals with a Framingham Risk Score classified as intermediate to high, consumption 

of yerba mate extract resulted in a 10% increase in high-density lipoprotein cholesterol (HDL-

c) levels compared with baseline values. However, this effect was observed only in this specific 

subgroup. When all participants were analyzed independently of their cardiovascular risk 

category, no statistically significant differences in the lipid profile were observed (21). 

A 2025 meta-analysis that included, among other studies, studies investigating the effects 

of yerba mate on lipid metabolism found that its impact on the lipid profile appears 

to be limited. (17) Another meta-analysis published in 2022 also found no significant 

differences in total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density 

lipoprotein cholesterol (HDL-C), or triglyceride levels. However, the authors noted 

that the available studies investigating the effects of yerba mate consumption on lipid 

metabolism were small and heterogeneous. Therefore, further research is needed to confirm 

these findings (22). 

3.3.Cardiovascular System 

In a randomized, controlled, blinded, crossover trial, participants in the intervention group 

consumed yerba mate for 8 weeks to assess its cardiometabolic effects. The study demonstrated 

a reduction in systolic blood pressure in the yerba mate group, while heart rate remained 

unchanged. In addition, reduction in LDL-c levels also was also observed. In the yerba mate 

group, reductions in ghrelin and glucose-dependent insulinotropic polypeptide (GIP) levels 

were also observed. Markers of inflammation, including tumor necrosis factor-alpha (TNF-α) 



and interferon-gamma (IFN-γ), both of which are pro-inflammatory cytokines, were also 

reduced (23). Another significant contributor to cardiovascular risk is impairment of endothelial 

function (24). The study additionally assessed markers of vascular endothelial function. 

Investigations found that yerba mate consumption had no significant effect on the levels 

of vascular cell adhesion molecule-1 (VCAM-1) or intercellular adhesion molecule-1 (ICAM-

1). Elevated levels of these adhesion molecules are associated with vascular inflammation 

and are markers of subclinical atherosclerosis and predictors of future cardiovascular events 

and mortality (23). 

Gao et al. investigated the effects of yerba mate on vascular endothelial function 

in hyperlipidemic rats fed a high-fat diet. The study demonstrated reduced levels of endothelin 

(ET), which is involved, among other processes, in vasoconstriction, and thromboxane B2 

(TXB2), which promotes platelet aggregation. In contrast, increased levels of nitric oxide (NO) 

and 6-keto-prostaglandin F1α (both exert vasodilatory effects) were observed. Furthermore, 

yerba mate consumption was associated with increased expression of the hepatic low-density 

lipoprotein receptor (LDL-R). These findings suggest that yerba mate may exert protective 

effects on vascular endothelial cells and may contribute to the prevention of atherosclerosis  

(25-28). 

Another study evaluated the antioxidant effects of yerba mate. The findings showed that long-

term yerba mate consumption increased the expression of antioxidant enzyme genes and total 

antioxidant status, as well as reducing lipid peroxidation (29). 

3.4. Metabolism and Energy Homeostasis 

Current evidence suggests that yerba mate may modulate energy metabolism through multiple 

physiological pathways, including mitochondrial function and adipose tissue metabolism. 

These effects may contribute to changes in body weight and body composition, although 

the available evidence remains heterogeneous. 

Walton et al. in their study (2023) investigated mitochondrial efficiency in tissues involved in 

metabolic regulation, including skeletal muscle, adipose tissue, and the liver, in healthy adult 

mice. The study showed that mice consuming yerba mate for 4 weeks had greater mitochondrial 

efficiency in skeletal muscle, as indicated by a higher ATP:O2 ratio, compared with mice 

that did not consume yerba mate. Moreover, the ATP:O2 ratio in adipose tissue mitochondria 

was significantly lower in the yerba mate group than in the control group. No significant 



changes in mitochondrial efficiency were observed in hepatocytes. Yerba mate consumption 

was also associated with a reduction in body weight in the mice (30). 

Another study found that yerba mate consumption in ovariectomized mice increased 

the expression of sirtuin 1 (SIRT1) and uncoupling protein 1 (UCP1) in white adipose tissue. 

This protein expression profile may suggest the induction of “browning” of adipose tissue. 

Browning process is characterized by the transformation of white adipocytes toward 

a phenotype more resembling that of brown adipocytes, which are involved in thermogenesis 

(31). This phenomenon has been suggested to have beneficial effects in the context of various 

metabolic disorders (32). 

There are studies that reported potential beneficial effects of yerba mate consumption on body 

weight reduction. A randomized, double-blind, placebo-controlled trial demonstrated that 

12 weeks of yerba mate supplementation (a total daily dose of 3 g) was associated with 

significant reductions in body weight and body fat percentage (p = 0.036 and p = 0.030, 

respectively), as well as a significant decrease in waist-to-hip ratio (WHR) (p = 0.004), 

compared with the placebo group  (33). However, a 2025 meta-analysis did not provide 

conclusive evidence of a weight-reducing effect of yerba mate. An analysis of eight randomized 

controlled trials found no statistically significant differences in BMI or waist circumference 

between participants consuming yerba mate and those in the control groups (17). 

3.5. Nervous System and Cognitive Function 

Yerba mate contains several compounds, which have well-established stimulatory effects 

on the central nervous system. These include primarily caffeine, as well as other 

methylxanthines – theobromine and theophylline (12). 

Furthermore, some evidence suggests that yerba mate may exert neuroprotective effects. 

In a study involving mice treated with pentylenetetrazole to induce seizures, yerba mate 

consumption was associated with a lower frequency and shorter duration of tonic-clonic 

seizures compared with the water-treated control group (34). 

In a study using cultured dopaminergic neurons, yerba mate promoted neuronal development 

and exhibited dose-dependent neuroprotective effect. Chlorogenic acid and theobromine, 

both compounds present in yerba mate, also demonstrated neuroprotective potential when 

tested individually. However, their effects were weaker than those of yerba mate, although 

stronger than effect of caffeine (35). These findings suggest that yerba mate may have potential 



protective effects against Parkinson’s disease. However, these findings are based on in vitro 

evidence, and further studies are needed to confirm this effect. 

3.6. Antioxidant and Anti-inflammatory Effects 

Walton et al. demonstrated in a 2023 study in mice that yerba mate consumption was associated 

with alterations in the glutathione (GSH)/glutathione disulfide (GSSG) redox potential in liver 

cells. This change was associated with a significant increase in GSH concentrations 

(p = 0.0449), while GSSG concentrations remained relatively stable (p = 0.0251). 

These findings suggest that yerba mate consumption promotes a more reduced intracellular 

environment and may enhance the cellular capacity to buffer oxidative stress  (30). 

In another randomized crossover intervention study published in 2020, a significant reduction 

of 19% in IL-6 concentrations was observed in the group receiving Ilex paraguariensis 

A.St. Hil. extract. This finding may be relevant given that IL-6 is a pro-inflammatory cytokine 

involved in the regulation of inflammatory responses  (21). 

In another study, the researchers observed suppression of nuclear factor kappa B (NF-κB). 

This factor is a key transcription factor involved in pro-inflammatory signaling pathways (36). 

The study also demonstrated reduced expression of p-IκB-α and p-GSK-3β, molecules located 

upstream within this pro-inflammatory signaling pathway (37). Furthermore, in a study 

conducted in mice with pleuritis, yerba mate consumption not only reduced the release of pro-

inflammatory cytokines but also increased levels of interleukin-10 (IL-10), an anti-

inflammatory cytokine (36). 

4. Yerba Mate and Sport 

Current evidence suggests that yerba mate may influence exercise performance 

and physiological responses to physical activity. This section presents selected evidence 

on the effects of yerba mate on sports performance and physical activity. 

4.1.Effects on Physical Performance 

A randomized controlled trial involving 11 well-trained male cyclists demonstrated 

that participants who consumed 5 g of yerba mate daily for 5 days had higher resting adrenaline 

concentrations than those in the placebo control group (p = 0.002). Moreover, the study 

demonstrated a small but statistically significant improvement in performance during a cycle 

ergometer test (p = 0.0278). Furthermore, the yerba mate group exhibited 23% greater fat 

utilization at 30–50% of maximal oxygen uptake (VO2max) than control group (4). 



Due to its high caffeine content, yerba mate may increase energy expenditure both at rest 

and during exercise. A randomized study involving 14 participants demonstrated that yerba 

mate consumption increased energy expenditure derived from fatty acid oxidation by 24% 

during exercise at submaximal intensities below 70% of peak oxygen uptake (𝑉𝑂2peak). 

Moreover, the greatest increase was observed at 40% and 50% of 𝑉𝑂2peak. Moreover, no 

negative effect of yerba mate consumption on maximal exercise performance was found (38). 

Additionally, in a 2022 study involving 10 healthy men, no statistically significant differences 

in muscle strength were observed one hour after yerba mate consumption compared 

with the placebo group. These findings suggest that acute yerba mate intake does not 

significantly affect muscle strength during exercise (39). 

4.2. Psychological Effects of Yerba Mate on Exercise 

Evidence regarding the effects of yerba mate on psychological responses to exercise is limited. 

In a randomized controlled trial published in 2017 and involving 12 healthy women, Alkhabib 

et al. investigated perceived satiety, Profile of Mood States, and fatty acid oxidation. During 

exercise, participants consuming yerba mate showed significantly higher Profile of Mood States 

scores for focus, energy, and concentration compared with the placebo group (p < 0.05). 

In contrast, scores for prospective food consumption, hunger, and desire to eat were 

significantly lower in the yerba mate group (p < 0.05) (40). 

It should also be noted that yerba mate contains caffeine, theobromine, and theophylline, 

which have well-established stimulatory effects on the central nervous system (12). 

4.3.Effects on Recovery After Exercise 

Panza et al. investigated the effects of yerba mate consumption in healthy men on muscle 

strength and markers of oxidative stress following maximal isometric elbow flexion. The study 

showed that, 24 hours after exercise, the rate of strength recovery was 8.6% higher in the yerba 

mate group than in the control group. This finding may suggest a beneficial effect of yerba mate 

on the recovery of muscle strength. However, no significant differences were observed 

at 48 or 72 hours after exercise. The authors emphasized that the precise mechanisms 

underlying this effect remain unclear. They suggested that the observed differences may 

be related to the anti-inflammatory and antioxidant properties of yerba mate. However, these 

findings require confirmation in further studies (41). 



Another study investigated the effects of a preparation containing Ilex paraguariensis extract 

on wound healing in malnourished mice. Selected wound-healing parameters assessed 

in the study indicated a potential beneficial effect of extract supplementation on tissue repair 

processes. However, these findings require further investigation and confirmation in subsequent 

studies (42). 

5. Safety Profile 

Yerba mate has potential to exert beneficial effects on human health; however, its consumption 

may also be associated with certain health risks. 

5.1. Adverse Effects 

There are some evidence that linked yerba mate consumption to an increased risk of esophageal 

cancer. 

The International Agency for Research on Cancer (IARC) has classified the consumption 

of very hot beverages (above 65°C) as probably carcinogenic to humans (43). Moreover, 

Lubin, J.H. et al. in a study conducted in South America, demonstrated that the temperature 

at which yerba mate was consumed was linked to the risk of esophageal squamous cell 

carcinoma. Higher beverage temperatures were associated with a greater risk of esophageal 

cancer. In contrast, neither the duration nor the frequency of yerba mate consumption was 

associated with an increased risk (44). These findings suggest that the increased risk 

of esophageal cancer is primarily attributable to the consumption of very hot beverages rather 

than to consumption yerba mate consumption itself (45, 46). 

Gastrointestinal adverse effects have also been reported, including nausea, heartburn, 

and irritation of the oral or gastric mucosa. Other reported adverse effects include insomnia 

and tachycardia (47, 48). 

5.2. Contaminants 

Ready-to-use Ilex paraguariensis A. St.-Hil. leaves used for infusion contain polycyclic 

aromatic hydrocarbons (PAHs), particularly benzo[a]pyrene. These compounds are recognized 

as harmful to human health and have been classified as carcinogenic to humans (49). 

PAHs are also present in fresh leaves; however, their concentrations in the final beverage may 

be influenced by leaf-processing methods, particularly roasting, as well as by the techniques 

used to prepare the infusion (50). 



5.3. Interactions 

Studies demonstrate that yerba mate inhibited the activity of cytochrome P450 3A4 (CYP3A4), 

cytochrome P450 1A2 (CYP1A2), and cytochrome P450 2E1 (CYP2E1) (10, 51). 

Inhibition of cytochrome P450 enzymes involved in drug metabolism may impair drug 

elimination, potentially resulting in drug accumulation or the accumulation of intermediate 

metabolites (52). However, there is currently insufficient evidence to establish that interactions 

between yerba mate and medications are clinically significant. 

6. Conclusions 

The available evidence indicates that yerba mate is a rich source of bioactive compounds, 

including polyphenols, methylxanthines, and saponins, which may exert potentially beneficial 

effects on human health and metabolism. Studies suggest that yerba mate may have a beneficial 

effect on glucose metabolism; however, its effects on lipid metabolism, in particular, remain 

unclear and require further investigation. Numerous studies have also reported potential anti-

inflammatory, antioxidant, and neuroprotective effects of yerba mate. Nevertheless, the current 

level of evidence does not support considering yerba mate a significant therapeutic intervention 

for the treatment of disease, although it may constitute a component of a healthy diet. 

Of particular interest are findings regarding the potential effects of yerba mate on physical 

performance, metabolic regulation during exercise, and post-exercise recovery. Studies suggest 

that yerba mate may have the potential to modulate energy metabolism during physical activity, 

improve mood, and promote post-exercise recovery. However, the available evidence is based 

mostly on studies involving small study populations. The rationale for the use of yerba mate 

in physically active individuals and athletes requires confirmation in larger, well-designed 

clinical trials. 

Disclosure 

Author Contributions: 

Conceptualization: O.S., B.G., A.S., J.L.; methodology: O.S.,B.G.,G.K.; literature search and 

investigation: O.S., A.S., P.K., J.Pa., L.R; writing original draft preparation: O.S., .G., A.S., J.L., 

D.K.-O., J.Prz.; review and editing: O.S., J.L., N.W.; supervision: O.S., M.W., M.B. 

All authors have read and agreed to the published version of the manuscript. 

Supplementary Materials: not applicable. 



Funding: this research received no external funding. 

Institutional Review Board Statement: not applicable. 

Informed Consent Statement: not applicable.  

Data Availability Statement: the data supporting the findings of this study are available within 

the article's bibliography. Data sharing is not applicable to this article. 

Acknowledgments: not applicable. 

Conflict of interest: The authors declare no conflict of interest. 

Use of Generative AI: During the preparation of this manuscript, the authors used ChatGPT 

(OpenAI, GPT-5.3-mini) for support with translation, language editing, stylistic improvement. 

All AI-assisted content and editorial suggestions were critically reviewed, processed, and 

verified by the authors with their best knowledge and the current medical evidence available in 

the scientific literature, including the studies cited in the reference list. Authors take full 

responsibility for the substantive content of the publication. 

 

1. Costa MS, Toscano LT, Toscano LLT, Luna VR, Torres RA, Silva JA, et al. Ergogenic 

potential of foods for performance and recovery: a new alternative in sports supplementation? 

A systematic review. Crit Rev Food Sci Nutr. 2022;62(6):1480-501. 

https://doi.org/10.1080/10408398.2020.1844137 

2. Crowe KM, Francis C. Position of the academy of nutrition and dietetics: functional 

foods. J Acad Nutr Diet. 2013;113(8):1096-103. https://doi.org/10.1016/j.jand.2013.06.002 

3. José MFB, Machado RP, Araujo PAB, Speretta GF. Physiological effects of yerba maté 

(Ilex paraguariensis): a systematic review. Nutr Rev. 2023;81(9):1163-79. 

https://doi.org/10.1093/nutrit/nuac109 

4. Areta JL, Austarheim I, Wangensteen H, Capelli C. Metabolic and Performance 

Effects of Yerba Mate on Well-trained Cyclists. Med Sci Sports Exerc. 2018;50(4):817-26. 

https://doi.org/10.1249/mss.0000000000001482 

5. Gawron-Gzella A, Chanaj-Kaczmarek J, Cielecka-Piontek J. Yerba Mate-A Long but 

Current History. Nutrients. 2021;13(11). https://doi.org/10.3390/nu13113706 

6. Colpo AC, Rosa H, Lima ME, Pazzini CE, de Camargo VB, Bassante FE, et al. Yerba 

mate (Ilex paraguariensis St. Hill.)-based beverages: How successive extraction influences the 

https://doi.org/10.1080/10408398.2020.1844137
https://doi.org/10.1016/j.jand.2013.06.002
https://doi.org/10.1093/nutrit/nuac109
https://doi.org/10.1249/mss.0000000000001482
https://doi.org/10.3390/nu13113706


extract composition and its capacity to chelate iron and scavenge free radicals. Food Chem. 

2016;209:185-95. https://doi.org/10.1016/j.foodchem.2016.04.059 

7. Palavicini SMS, Puton BMS, Jacques RA, Valduga E, Backes GT, Paroul N, et al. 

Bioactive Compounds of Ilex paraguariensis: A Critical Update on Extraction, 

Gastrointestinal Stability, and Technological Applications. J Food Sci. 2025;90(11):e70679. 

https://doi.org/10.1111/1750-3841.70679 

8. Rząsa-Duran E, Kryczyk-Poprawa A, Drabicki D, Podkowa A, Sułkowska-Ziaja K, 

Szewczyk A, et al. Yerba Mate as a Source of Elements and Bioactive Compounds with 

Antioxidant Activity. Antioxidants (Basel). 2022;11(2). 

https://doi.org/10.3390/antiox11020371 

9. Najman K, Rajewski R, Sadowska A, Hallmann E, Buczak K. Changes in the 

Physicochemical and Bioactive Properties of Yerba Mate Depending on the Brewing 

Conditions. Molecules. 2024;29(11). https://doi.org/10.3390/molecules29112590 

10. Draim M, Rostkowska A, Kupisiak S, Pasierb N, Rękas B, Kosowska M, et al. Yerba 

Mate: The Natural Boost Your Body Craves. Quality in Sport. 2025;43:61359. 

https://doi.org/10.12775/QS.2025.43.61359 

11. Bilondi HT, Valipour H, Khoshro S, Jamilian P, Ostadrahimi A, Zarezadeh M. The 

effect of caffeine supplementation on muscular strength and endurance: A meta-analysis of 

meta-analyses. Heliyon. 2024;10(15):e35025. https://doi.org/10.1016/j.heliyon.2024.e35025 

12. Heck CI, de Mejia EG. Yerba Mate Tea (Ilex paraguariensis): a comprehensive review 

on chemistry, health implications, and technological considerations. J Food Sci. 

2007;72(9):R138-51. https://doi.org/10.1111/j.1750-3841.2007.00535.x 

13. Lisik BP, Sado A, Simlat A, Skowierzak F, Szada-Borzyszkowski K, Rogowska W, et 

al. Energy Drinks as a Risk Factor for Systemic Disorders: The Role of Caffeine and Taurine - 

A Literature Review. Journal of Education, Health and Sport. 2026;92:72516. 

https://doi.org/10.12775/JEHS.2026.92.72516 

14. Peng BJ, Zhu Q, Zhong YL, Xu SH, Wang Z. Chlorogenic Acid Maintains Glucose 

Homeostasis through Modulating the Expression of SGLT-1, GLUT-2, and PLG in Different 

Intestinal Segments of Sprague-Dawley Rats Fed a High-Fat Diet. Biomed Environ Sci. 

2015;28(12):894-903. https://doi.org/10.3967/bes2015.123 

15. Cui S, Xia Q, Xiong W, Wang Z, Zhang X, Wang W, et al. A Review of the Plant 

Sources, Chemical Properties, Pharmacological Effects, Pharmacokinetics, Toxicity, and 

Clinical Applications of Rutin. Chem Biodivers. 2026;23(2):e02064. 

https://doi.org/10.1002/cbdv.202502064 

https://doi.org/10.1016/j.foodchem.2016.04.059
https://doi.org/10.1111/1750-3841.70679
https://doi.org/10.3390/antiox11020371
https://doi.org/10.3390/molecules29112590
https://doi.org/10.12775/QS.2025.43.61359
https://doi.org/10.1016/j.heliyon.2024.e35025
https://doi.org/10.1111/j.1750-3841.2007.00535.x
https://doi.org/10.12775/JEHS.2026.92.72516
https://doi.org/10.3967/bes2015.123
https://doi.org/10.1002/cbdv.202502064


16. Puangpraphant S, de Mejia EG. Saponins in yerba mate tea ( Ilex paraguariensis A. 

St.-Hil) and quercetin synergistically inhibit iNOS and COX-2 in lipopolysaccharide-induced 

macrophages through NFkappaB pathways. J Agric Food Chem. 2009;57(19):8873-83. 

https://doi.org/10.1021/jf902255h 

17. Li D, Yue L, Peng X, Chen L, Lin T, Huang L, et al. Yerba Maté and its impact on 

glycemic control and metabolic health: a systematic review and meta-analysis. Front 

Endocrinol (Lausanne). 2025;16:1641592. https://doi.org/10.3389/fendo.2025.1641592 

18. Derosa G, D'Angelo A, Maffioli P. Metabolic Actions of a Supplement of Ilex 

Paraguariensis (An Extract of the Leaf Standardized to 2% I-Deoxinojirimcina), White 

Mulberry and Chromium Picolinate in Nondiabetic Subects with Dysglycemia: A 

Randomized Trial. Life (Basel). 2021;11(7). https://doi.org/10.3390/life11070709 

19. Tahapary DL, Pratisthita LB, Fitri NA, Marcella C, Wafa S, Kurniawan F, et al. 

Challenges in the diagnosis of insulin resistance: Focusing on the role of HOMA-IR and 

Tryglyceride/glucose index. Diabetes Metab Syndr. 2022;16(8):102581. 

https://doi.org/10.1016/j.dsx.2022.102581 

20. Park SY, Gautier JF, Chon S. Assessment of Insulin Secretion and Insulin Resistance 

in Human. Diabetes Metab J. 2021;45(5):641-54. https://doi.org/10.4093/dmj.2021.0220 

21. Gebara KS, Gasparotto Junior A, Palozi RAC, Morand C, Bonetti CI, Gozzi PT, et al. 

A Randomized Crossover Intervention Study on the Effect a Standardized Maté Extract (Ilex 

paraguariensis A. St.-Hil.) in Men Predisposed to Cardiovascular Risk. Nutrients. 2020;13(1). 

https://doi.org/10.3390/nu13010014 

22. Masson W, Barbagelata L, Lobo M, Nogueira JP, Corral P, Lavalle-Cobo A. Effect of 

Yerba Mate (Ilex paraguariensis) on Lipid Levels: A Systematic Review and Meta-Analysis. 

Plant Foods Hum Nutr. 2022;77(3):353-66. https://doi.org/10.1007/s11130-022-00991-2 

23. Bravo L, Martínez-López S, Sierra-Cinos JL, Mateos R, Sarriá B. Yerba Mate (Ilex 

paraguariensis St. Hill.) Tea May Have Cardiometabolic Beneficial Effects in Healthy and At-

Risk Subjects: A Randomized, Controlled, Blind, Crossover Trial in Nonhabitual Consumers. 

Mol Nutr Food Res. 2025;69(15):e70065. https://doi.org/10.1002/mnfr.70065 

24. Gozhenko A, Pavlega H, Zukow W. Features of circulating in the blood desquamated 

endotheliocytes at the patients with ischemic heart disease and hypertonic disease as well as 

their comorbidity. Pedagogy and Psychology of Sport. 2025;25:66268. 

https://doi.org/10.12775/PPS.2025.25.66268 

https://doi.org/10.1021/jf902255h
https://doi.org/10.3389/fendo.2025.1641592
https://doi.org/10.3390/life11070709
https://doi.org/10.1016/j.dsx.2022.102581
https://doi.org/10.4093/dmj.2021.0220
https://doi.org/10.3390/nu13010014
https://doi.org/10.1007/s11130-022-00991-2
https://doi.org/10.1002/mnfr.70065
https://doi.org/10.12775/PPS.2025.25.66268


25. Gao H, Liu Z, Qu X, Zhao Y. Effects of Yerba Mate tea (Ilex paraguariensis) on 

vascular endothelial function and liver lipoprotein receptor gene expression in hyperlipidemic 

rats. Fitoterapia. 2013;84:264-72. https://doi.org/10.1016/j.fitote.2012.12.024 

26. Higashi Y. Noninvasive Assessment of Vascular Function: From Physiological Tests to 

Biomarkers. JACC Asia. 2024;4(12):898-911. https://doi.org/10.1016/j.jacasi.2024.09.015 

27. Petrucci G, Buck GA, Rocca B, Parish S, Baigent C, Hatem D, et al. Thromboxane 

biosynthesis and future events in diabetes: the ASCEND trial. Eur Heart J. 2024;45(15):1355-

67. https://doi.org/10.1093/eurheartj/ehad868 

28. Joannides R, Bellien J, Thuillez C. Clinical methods for the evaluation of endothelial 

function-- a focus on resistance arteries. Fundam Clin Pharmacol. 2006;20(3):311-20. 

https://doi.org/10.1111/j.1472-8206.2006.00406.x 

29. Matsumoto RL, Bastos DH, Mendonça S, Nunes VS, Bartchewsky W, Ribeiro ML, et 

al. Effects of mate tea (Ilex paraguariensis) ingestion on mRNA expression of antioxidant 

enzymes, lipid peroxidation, and total antioxidant status in healthy young women. J Agric 

Food Chem. 2009;57(5):1775-80. https://doi.org/10.1021/jf803096g 

30. Walton CM, Saito ER, Warren CE, Larsen JG, Remund NP, Reynolds PR, et al. Yerba 

Maté (Ilex paraguariensis) Supplement Exerts Beneficial, Tissue-Specific Effects on 

Mitochondrial Efficiency and Redox Status in Healthy Adult Mice. Nutrients. 2023;15(20). 

https://doi.org/10.3390/nu15204454 

31. Andrade VMM, de Moura AF, da Costa Chaves K, da Rocha CPD, de Andrade CBV, 

Trevenzoli IH, et al. Yerba mate consumption by ovariectomized rats alters white adipose 

tissue. Mol Cell Endocrinol. 2023;564:111881. https://doi.org/10.1016/j.mce.2023.111881 

32. Lizcano F. The Beige Adipocyte as a Therapy for Metabolic Diseases. Int J Mol Sci. 

2019;20(20). https://doi.org/10.3390/ijms20205058 

33. Kim SY, Oh MR, Kim MG, Chae HJ, Chae SW. Anti-obesity effects of Yerba Mate 

(Ilex Paraguariensis): a randomized, double-blind, placebo-controlled clinical trial. BMC 

Complement Altern Med. 2015;15:338. https://doi.org/10.1186/s12906-015-0859-1 

34. Branco Cdos S, Scola G, Rodrigues AD, Cesio V, Laprovitera M, Heinzen H, et al. 

Anticonvulsant, neuroprotective and behavioral effects of organic and conventional yerba 

mate (Ilex paraguariensis St. Hil.) on pentylenetetrazol-induced seizures in Wistar rats. Brain 

Res Bull. 2013;92:60-8. https://doi.org/10.1016/j.brainresbull.2012.11.008 

35. Bernardi A, Ballestero P, Schenk M, Ferrario M, Gómez G, Rivero R, et al. Yerba mate 

(Ilex paraguariensis) favors survival and growth of dopaminergic neurons in culture. Mov 

Disord. 2019;34(6):920-2. https://doi.org/10.1002/mds.27667 

https://doi.org/10.1016/j.fitote.2012.12.024
https://doi.org/10.1016/j.jacasi.2024.09.015
https://doi.org/10.1093/eurheartj/ehad868
https://doi.org/10.1111/j.1472-8206.2006.00406.x
https://doi.org/10.1021/jf803096g
https://doi.org/10.3390/nu15204454
https://doi.org/10.1016/j.mce.2023.111881
https://doi.org/10.3390/ijms20205058
https://doi.org/10.1186/s12906-015-0859-1
https://doi.org/10.1016/j.brainresbull.2012.11.008
https://doi.org/10.1002/mds.27667


36. Luz ABG, da Silva CHB, Nascimento M, de Campos Facchin BM, Baratto B, Fröde 

TS, et al. The anti-inflammatory effect of Ilex paraguariensis A. St. Hil (Mate) in a murine 

model of pleurisy. Int Immunopharmacol. 2016;36:165-72. 

https://doi.org/10.1016/j.intimp.2016.04.027 

37. Puangpraphant S, Dia VP, de Mejia EG, Garcia G, Berhow MA, Wallig MA. Yerba 

mate tea and mate saponins prevented azoxymethane-induced inflammation of rat colon 

through suppression of NF-κB p65ser(311) signaling via IκB-α and GSK-3β reduced 

phosphorylation. Biofactors. 2013;39(4):430-40. https://doi.org/10.1002/biof.1083 

38. Alkhatib A. Yerba Maté (Illex Paraguariensis) ingestion augments fat oxidation and 

energy expenditure during exercise at various submaximal intensities. Nutr Metab (Lond). 

2014;11:42. https://doi.org/10.1186/1743-7075-11-42 

39. Lobo PCB, da Silva DD, Pimentel GD. Acute Supplementation of Yerba Mate Extract 

Did Not Change Muscle Strength in Physically Active Men Following the Strength Muscle 

Test: A Pilot Clinical Trial. Nutrients. 2022;14(13). https://doi.org/10.3390/nu14132619 

40. Alkhatib A, Atcheson R. Yerba Maté (Ilex paraguariensis) Metabolic, Satiety, and 

Mood State Effects at Rest and during Prolonged Exercise. Nutrients. 2017;9(8). 

https://doi.org/10.3390/nu9080882 

41. Panza VP, Diefenthaeler F, Tamborindeguy AC, Camargo Cde Q, de Moura BM, 

Brunetta HS, et al. Effects of mate tea consumption on muscle strength and oxidative stress 

markers after eccentric exercise. Br J Nutr. 2016;115(8):1370-8. 

https://doi.org/10.1017/s000711451600043x 

42. Berengeno AL, Garona J, Salinas FJ, Belotti EM, Alonso DF, Salvetti NR, et al. 

Wound Healing Potential of a Formulation Containing Yerba Mate (Ilex paraguariensis) 

Extract: A Preclinical Study in a Rat Model of Undernutrition. J Food Sci. 2025;90(7):e70399. 

https://doi.org/10.1111/1750-3841.70399 

43. Humans IWGotEoCRt. IARC Monographs on the Evaluation of Carcinogenic Risks to 

Humans.  Drinking Coffee, Mate, and Very Hot Beverages. Lyon (FR): International Agency 

for Research on Cancer 

© International Agency for Research on Cancer, 2018. For more information contact 

publications@iarc.fr.; 2018. 

44. Lubin JH, De Stefani E, Abnet CC, Acosta G, Boffetta P, Victora C, et al. Maté 

drinking and esophageal squamous cell carcinoma in South America: pooled results from two 

https://doi.org/10.1016/j.intimp.2016.04.027
https://doi.org/10.1002/biof.1083
https://doi.org/10.1186/1743-7075-11-42
https://doi.org/10.3390/nu14132619
https://doi.org/10.3390/nu9080882
https://doi.org/10.1017/s000711451600043x
https://doi.org/10.1111/1750-3841.70399


large multicenter case-control studies. Cancer Epidemiol Biomarkers Prev. 2014;23(1):107-

16. https://doi.org/10.1158/1055-9965.Epi-13-0796 

45. Okaru AO, Rullmann A, Farah A, Gonzalez de Mejia E, Stern MC, Lachenmeier DW. 

Comparative oesophageal cancer risk assessment of hot beverage consumption (coffee, mate 

and tea): the margin of exposure of PAH vs very hot temperatures. BMC Cancer. 

2018;18(1):236. https://doi.org/10.1186/s12885-018-4060-z 

46. Loomis D, Guyton KZ, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, et al. 

Carcinogenicity of drinking coffee, mate, and very hot beverages. Lancet Oncol. 

2016;17(7):877-8. https://doi.org/10.1016/s1470-2045(16)30239-x 

47. de Morais EC, Stefanuto A, Klein GA, Boaventura BC, de Andrade F, Wazlawik E, et 

al. Consumption of yerba mate ( Ilex paraguariensis ) improves serum lipid parameters in 

healthy dyslipidemic subjects and provides an additional LDL-cholesterol reduction in 

individuals on statin therapy. J Agric Food Chem. 2009;57(18):8316-24. 

https://doi.org/10.1021/jf901660g 

48. Klein GA, Stefanuto A, Boaventura BC, de Morais EC, Cavalcante Lda S, de Andrade 

F, et al. Mate tea (Ilex paraguariensis) improves glycemic and lipid profiles of type 2 diabetes 

and pre-diabetes individuals: a pilot study. J Am Coll Nutr. 2011;30(5):320-32. 

https://doi.org/10.1080/07315724.2011.10719975 

49. Peng B, Dong Q, Li F, Wang T, Qiu X, Zhu T. A Systematic Review of Polycyclic 

Aromatic Hydrocarbon Derivatives: Occurrences, Levels, Biotransformation, Exposure 

Biomarkers, and Toxicity. Environ Sci Technol. 2023;57(41):15314-35. 

https://doi.org/10.1021/acs.est.3c03170 

50. Vieira MA, Maraschin M, Rovaris AA, Amboni RD, Pagliosa CM, Xavier JJ, et al. 

Occurrence of polycyclic aromatic hydrocarbons throughout the processing stages of erva-

mate (Ilex paraguariensis). Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 

2010;27(6):776-82. https://doi.org/10.1080/19440041003587310 

51. Feltrin C, Farias IV, Sandjo LP, Reginatto FH, Simões CMO. Effects of Standardized 

Medicinal Plant Extracts on Drug Metabolism Mediated by CYP3A4 and CYP2D6 Enzymes. 

Chem Res Toxicol. 2020;33(9):2408-19. https://doi.org/10.1021/acs.chemrestox.0c00182 

52. Li Y, Gan L, Wu Y, Liu Y, Zhang N, Jiang T, et al. A Critical Review of Cytochrome 

P450 Enzyme Inhibition by Herbal Phytochemicals: Implications for Drug Interaction 

Prediction and Herbal Safety. Phytother Res. 2026. https://doi.org/10.1002/ptr.70414 

 

https://doi.org/10.1158/1055-9965.Epi-13-0796
https://doi.org/10.1186/s12885-018-4060-z
https://doi.org/10.1016/s1470-2045(16)30239-x
https://doi.org/10.1021/jf901660g
https://doi.org/10.1080/07315724.2011.10719975
https://doi.org/10.1021/acs.est.3c03170
https://doi.org/10.1080/19440041003587310
https://doi.org/10.1021/acs.chemrestox.0c00182
https://doi.org/10.1002/ptr.70414

