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ABSTRACT  

Tea is the second most consumed beverage worldwide after water. Mate tea is an infusion from 
Ilex paraguariensis, a native plant of South America, gaining interest for its health benefits in the 
prevention of chronic diseases. Stevia Rebaudiana is a potential sweetener for reduction of sugar 
consumption. In this study, the effect of pressure and temperature on mate tea leaves and mate tea 
mixed with Stevia Rebaudiana were evaluated with respect to total phenolics (TP), total 
antioxidant activity (TAA), and individual phenolic compounds, including chlorogenic acid and 
caffeic acid. Mate and mate sweetened with Stevia (2.5% w/v) were treated at 10-600 MPa and 
25-120ºC for 1-5 min. The TP and TAA were determined using spectrophotometric methods. 
Caffeic acid and chlorogenic acid were quantified by high performance liquid chromatography. 
The TP and TAA contents of mate tea leaves significantly increased after treatment compared to 
the control. High amounts of TAA (116.33±1.38 FeSO4.7H2O (mM) of mate tea leaves were 
obtained at 120 ºC/100 MPa/1 min while high amounts of TP (137.49±1.29 mg GAE/g) were 
extracted at 120 ºC/600 MPa/1 min. Also, after treatment at 120 ºC/600 MPa/1 min, Stevia addition 
resulted in an increase of up to 70% of TP and up to 60% of TAA compared to the control. 
However, the extraction of TP, and TAA of mate sweetened with Stevia was lower than mate 
samples treated without Stevia at all conditions investigated. These results highlight the potential 
use of high pressure processing assisted by temperature to increase antioxidant activity and 
extraction of total phenolics and caffeic acid of mate and mate sweetened with Stevia Rebaudiana. 
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1. INTRODUCTION  

Mate tea, from the leaves of IIlex paraguariensis, is originally from the southern part of South 
America, consumed primarily in Brazil, Paraguay, Uruguay, and Argentina. IIlex paraguariensis 
is used in the preparation of mate tea with hot water (chimarrão) and cold water (tererê). In 2016, 
the consumption per capita of mate tea in Uruguay was 19 litres, making them the world’s leading 
consumers of mate [1]. Recently, mate tea has gained great interested in Asia, United States, and 
Europe due to its health benefits and functionality, including antioxidant, stimulant, diuretic, 
hypocholesterolemic, hepatoprotective and anticarcinogenic effects. These health benefits are 
associated to the presence of bioactive compounds, including chlorogenic acid (51-388 µg mL-1), 
caffeic acid (0.66-4.14 µg mL-1), rutin (43.40 µg mL-1), quercetin (10.25 µg mL-1) and 
theobromine (88.92 µg mL-1) [2]. Studies have demonstrated that the consumption of chlorogenic 
acid (100 mg/kg/day) might decrease blood pressure, oxidative damage in the brain, and prevent 
chronic diseases including, diabetes, bacterial infections, inflammation and cancer [3]. Caffeic acid 
has exhibited effective antioxidant activity in vitro by 2-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical scavenging (92.9% ABTS radical decrease), 1,1-diphenyl-2-picryl-
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hydrazyl free radical (DPPH) scavenging (93.9% DPPH radical decrease) and ferric thiocyanate 
method in a linoleic acid system (75.8%) at the concentration of 20 µg/L caffeic acid [4].  
Mate tea is currently consumed with additives like sucralose. However, high intake of sucralose 
can lead to chronic and degenerative diseases, including type II diabetes, obesity, and 
cardiovascular diseases [5]. Stevia Rebaudiana, a non-caloric sweetener, is 100-300 times sweeter 
than sucrose, being an alternative to reduce sugar consumption [6]. Epidemiological studies have 
reported that a product sweetened with Stevia has the potential of managing type-2 diabetes [7]. 
Glycosides of Stevia leaves include stevioside (5.8±1.3% dry leaves), rebaudioside A (1.8±1.2% 
dry leaves) and rebaudioside C (1.3±1.2% dry leaves). Some studies have evaluated the effect of 
Stevia addition on phenolic compounds of fruit and tea beverages. Stevia addition on Roselle 
(Hibiscus sabdariffa L) beverage increased quercetin, gallic acid and rosmarinic acid during 
storage [8]. The addition of Stevia rebaudiana (1.25-2.5%w/w) in fruit-orange-oat beverage 
increased concentration and bioaccesibility of total phenolic content, total antioxidant capacity, 
total carotenoids and total anthocyanins [9].  
Various processing techniques have been used to extract bioactive compounds from Mate Ilex 
paraguariensis and Stevia rebaudiana. Supercritical CO2 (25.5 MPa/70 oC/0.9-1.2 g CO2/min /7h) 
extracted 94, 68, and 57% of initial caffeine, theobromine, and theophylline contents from mate 
leaves [10]. Also, 51 compounds, mainly esters, fatty acids, hydrocarbons, phytosterols, alcohols, 
xanthines and vitamin E were only identified on mate tea leaves extracts (25.5 MPa/40 oC/10 h) 
using methanol and hexane as solvents [11]. High pressure processing at 500 MPa/25oC/1 min was 
used to extract caffeine from green tea leaves (4.0±0.22% yield of caffeine). The same extraction 
yield was obtained at room temperature for 20 h [12]. High pressure processing assisted by 
temperature is an emerging technology that consists in applying high hydrostatic pressure (10-800 
MPa) at uniform heating (25-120 oC) for short period of time (3-60 min). Various studies have 
reported the effect of high pressure processing and high pressure assisted by thermal processing 
on increasing total anthocyanin, total carotenoids, flavonoids, total phenolic content and 
antioxidant activity of plant materials and fruits, including grape by products, green tea, and Stevia 
rebaudiana leaves [13-14]. However, no data is available on the effect of high pressure processing 
assisted by temperature on mate tea and mate tea sweetened with Stevia. Therefore, the objective 
of this study was to investigate the effect of high pressure assisted thermal processing on total 
antioxidant activity, total phenolic content, and specific bioactive compounds of mate tea and mate 
tea sweetened with Stevia.  
2. MATERIALS AND METHODS 
2.1. Materials 

Yerba mate was purchased at a local market in Edmonton, AB with a proximate composition 
of 76.4% carbohydrates, 12.6% protein, 0.5% lipids, 5.3% moisture, and 5.3% ash. Yerba mate 
was ground, sieved (mean particle size of 500 µm) and stored at 4oC for further analysis. Stevia 
Rebaudiana powder, SweetLeaf Stevia®, was obtained in a local market in Edmonton, AB and 
stored at 4oC for further analysis.  

Chemicals such as (−) epigallocatechin (EGC, ≥95%), (−) epicatechin (EC, ≥90%), 
(−)epigallocatechin gallate (EGCG, ≥ 95%), (−)epicatechin gallate (ECG, ≥98%), chlorogenic acid 
(CA, ≥95%), caffeic acid (CF, ≥98%), rutin hydrate (RT, ≥98%) and quercetin (QC, ≥95%) were 
purchased from Sigma-Aldrich (Oakville, ON, Canada). 
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2.2. Methods  
High Pressure Processing assisted by Temperature (HPPT) 
A four-vessel system (Apparatus U111 Unipress, Warszawa, Poland) was used. Each vessel has a 
capacity of 8 mL. The vessels were heated with a circulator thermostat (Lauda Proline RP 855 
Low Temperature, Lauda-Konigshofen, Germany) using propylene glycol as the pressure 
transmission fluid. Polypropylene tubes (Cryogenic vial, Fisher Scientific, Pittsburgh, PA) of 3 
mL were filled with samples that were pressurized to 10, 100, and 600 MPa at temperatures of 25, 
75, and 120°C with holding times of 1 and 5 min. The samples were pressurized at a rate of 10 
MPa s-1. At the end of the holding time, the vessels were decompressed, and the samples were 
removed immediately from the high-pressure vessels, cooled down with ice and stored at -18 °C 
for further analysis. 
Determination of total antioxidant activity (TAA) 
The TAA was determined using the FRAP assay with slight modifications [15]. A buffer acetate 
of pH 3.6, 10Mm tripyridyltriazine (TPTZ) and 20mM ferric chloride solution were mixed in a 
ratio of 10:1:1 (v/v/v) to prepare the FRAP solution. The FRAP solution (3 mL) reacted with the 
extract solution (0.1 mL) and distilled water (0.3 mL). Then, the mixture was vortexed for 10 s 
and incubated at 37 oC in a water bath for 30 min. The absorbance was read at 593 nm using a UV-
VIS spectrophotometer (Jenway 6320D, Standford, United Kingdom).  
Determination of total phenolic content   
The Folin-Ciocalteu method was used to determine total phenolic content [15]. Briefly, a sample 
aliquot (0.04 mL), distilled water (3.10 mL) with Folin-Ciocalteu reagent (0.20 mL) was vortexed 
for 10 s. Then, sodium carbonate (20% w/v; 0.60 mL) was added and vortexed for 10 s. The 
mixture was incubated for 2 h in dark at room temperature (23±2 oC). The absorbance was 
measured at 765 nm using a UV-VIS spectrophotometer. The result was expressed as milligrams 
of gallic acid equivalents per gram of sample (mg GAE g-1). 
Determination of individuals bioactive compounds 
Individual bioactive compounds were analyzed with an HPLC system (Shimadzu 20, Kyoto, 
Japan) equipped with a Phenomenex Luna column (5 mm, 4.6 x 150 mm, 35 °C) at 268 nm and a 
flow rate of 1 mL/min. Solvents A (0.5% formic acid in water) and B (0.5% formic acid in 
methanol) were run with 8% B, 27% B for 25 min, 30% B for 32 min, 100% for 36-41 min and 
finally back to initial concentration (8%) for another 42 and 47 min.  
Statistical analysis  
Results were expressed as mean ± standard deviation of at least three replications and analyzed 
using the R Studio software. One-way ANOVA was used to analyse the data, p <0.05.  
 
3. RESULTS AND DISCUSSIONS 
3.1. Total antioxidant activity of mate and mate + stevia  

Total antioxidant activity (TAA) of mate and mate + stevia after treatment at 10–600 MPa/25-
120 ◦C/1-5 min is shown in Fig. 1. The TAA values for treated and untreated mate were 88-116 
and 28.98±1.03 FeSO4.7H20 (mM), respectively. An increase in temperature from 25 to 120 ◦C 
resulted in a significant increase of mate tea TAA. The TAA values of mate tea increased more 
than 300% at conditions of 10 MPa/120 oC/1 min compared with untreated mate. The highest value 
of TAA was achieved at 100 MPa/120 oC/1 min (116.33±3.46 FeSO4.7H20 (mM)). This increase 
of TAA is attributed to the disruption of cell membranes, improving the extractability of 
antioxidant compounds after HPPT. It is also suggested that high pressure and temperature could 
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deprotonate charged groups, disrupt hydrophobic bonds in cell membranes, and inactivate 
peroxidase and polyphenoloxidase enzymes, resulting in high antioxidant activity. 
No study reported the effect of HPPT on antioxidant activity of mate tea. However, various studies 
reported the effect of pressure and/or temperature in other food matrices. Increases of TAA 
contents by 68% and 19% were observed in asparagus juice (121 oC/3 min) and carrot purees after 
thermal processing (70oC/2 min), respectively [16].  

The TAA values for mate tea sweetened with Stevia Rebaudiana were 49-71 FeSO4.7H20 
(mM) (Fig 1b). The highest value of TAA was achieved at 600 MPa/120 oC/1 min (71.15±0.34 
FeSO4.7H20 (mM)) while the TAA lowest value was obtained at 600 MPa/120 oC/5 min 
(49.09±2.56 FeSO4.7H20 (mM)). At conditions of 600 MPa/120 oC/1 min and 600 MPa/120 oC/5 
min, the TAA values of mate tea sweetened with stevia increased by 146% and by 69.5%, 
respectively, compared with untreated mate samples. This increase in TAA can be attributed to the 
superoxide radical scavenging activity of Stevia leaf extract [17]. An increase in TAA (393-762%) 
was reported for untreated and treated fruit juice mixture (papaya 32.5% v/v, mango 10% v/v, and 
orange 7.5% v/v) sweetened with Stevia rebaudiana (1.25-2.5% w/v) at 300-500 MPa, 5-15 min, 
and 15-32oC.  
 

 

 
 

 
 

Figure 1. Total antioxidant activity of untreated and: (a) treated mate and (b) treated mate + stevia. 
(UM: untreated mate, UMS: untreated mate + stevia, TMS: treated mate + stevia) 
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3.2. Total phenolic content (TP) of mate and mate + stevia  
The effect of high pressure assisted by temperature (10-600MPa/1-5min/25-120oC) of mate 

and mate sweetened with Stevia for total phenolics before and after treatment is presented in Fig. 
2. In general, treated mate had higher TP compared to untreated mate tea. The process condition 
of 100 MPa/120 oC/5 min showed significant increase in TP content (187.23±10.29 mg GAE/g) 
compared to untreated mate (11.94±0.46 mg GAE/g). The increase of TP content can be related to 
an increase of individual phenolic components extractability after HPPT. 

In this study, higher TP content was obtained (41% more) using high pressure processing 
assisted by temperature (100 MPa/120 oC/5 min) compared to 50% acetone extraction [18]. Earlier, 
the TP content of mate after extraction using different solvents (water, 50-100% acetone, 50-10% 
dimethylformamide, 50-100% ethanol, and 50-100% methanol) was reported. The highest TP 
content was obtained using 50% acetone (120.4±1.49 mg/g) at 100 oC for 10 min. 

The TP contents for lime, mandarin and lemon citrus peels were reported, where an increment 
of 9%, 12%, and 20%, respectively, were observed at 300 MPa/10 oC/3 min [19]. Similarly, an 
increase of TP content of mango pulp by 7-27% relative to the untreated sample after treatment at 
400-600 MPa/40-60 oC/ 5-15 min was reported [20].  

The Stevia addition resulted in a significantly increase of TP content compared to untreated 
mate tea at all conditions investigated (10-100MPa, 120oC, 1-5 min). The highest TP content was 
achieved at 600 MPa/120oC/1 min (69.87 mg GAE/g) (Fig 2b). These results can be attributed to 
the presence of phenolic and flavonoid components on Stevia rebaudiana, and its capacity of 
acting as an antibrowning agent, minimizing oxidation [21]. Increases of TP contents of 22% and 
18% were reported for a juice mixture of papaya (32.5%, v/v), mango (10%, v/v) and orange 
(7.5%, v/v) with Stevia (1.25% w/v), and with Stevia (2.5% w/v), respectively, after treatments at 
500 MPa/25oC/15 min [14].  

 
Figure 2. Total phenolic content of untreated and: (a) treated mate, (b) treated mate + stevia. 

(UM: untreated mate, UMS: untreated mate + stevia, TM: treated mate, TMS: treated mate + stevia) 
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Fig. 3 shows chlorogenic and caffeic acid contents of untreated and treated mate at 25-120 
oC/600 MPa/1-5 min. The concentrations of chlorogenic acid and caffeic acid determined by 
HPLC of untreated mate were 8.25 mg/g mate and 6.48 mg/g mate, respectively. The amount of 
caffeic acid on mate samples gradually increased with the increase of temperature from 25 oC to 
120oC at 600 MPa. The highest amount of caffeic acid was achieved at 120oC/600MPa/1min. 
However, a slight decrease was observed at 120 oC/600MPa/5 min, probably due to degradation 
of caffeic acid to hydroxytyrosol (3,4-dihydroxyphenylethanol), protocatechuic aldehyde (3,4-
dihydroxybenzaldehyde), and 4-vinylcatechol (2-hydroxy-4-vinylphenol) [22]. 
Chlorogenic acid contents decreased about 41% and 91% at 25oC/600MPa/1min and 
120oC/600MPa/5 min, respectively, probably due to chlorogenic acid isomerization, transforming 
5-O-caffeolquinic acid into caffeic acid [23]. It was reported a decrease of 90% of 5-CQA content 
of green coffee samples after aqueous extraction at 80oC/15 min due to chlorogenic acid 
isomerization and transformation to 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, quinic acid, 
and caffeic acid [24]. 
 

 
 

Figure 3. Chlorogenic acid and caffeic acid (mg/g) of untreated and treated mate at 600 MPa. 
(UM: untreated mate) 
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evaluated. The Stevia addition reduced the extraction of TP and TAA compared to mate without 
Stevia at all conditions investigated. This study showed that high pressure processing assisted by 
temperature is an alternative treatment to increase bioactive compounds extractability (except for 
chlorogenic acid), improving nutritional and functionality of mate and mate sweetened with Stevia.   
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