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A novel procedure to measure the antioxidant capacity of yerba maté extracts
Procedimento padronizado para avaliar a capacidade antioxidante dos extratos de erva-mate

Vanessa Graciela HARTWIG1*, Luis Alberto BRUMOVSKY2, Raquel María FRETES2, Lucila SÁNCHEZ BOADO2

1 Introduction
Mate or yerba maté (Ilex paraguariensis Saint Hil.) is a tree 

that grows in the central region of South America. A nutrient 
tea-like infusion commonly consumed in several South 
American countries is prepared from its leaf fraction. Due to 
its antioxidant capacity, the final product is used mainly in 
beverage industries, mostly energy drink industries, in Arabic 
countries, and more recently in the United States and Europe 
(HECK; SCHMALKO; GONZALEZ DE MEJIA, 2008)

Several studies on yerba maté have reported the presence 
of xanthines such as caffeine and theobromine, saponines, 
and several phenolic compounds, mainly chlorogenic acids 
and dicaffeoylquinic acid derivatives (FILIP  et  al., 2000; 
SCHINELLA  et  al., 2000; RAMIREZ-MARES; CHANDRA; 
GONZALEZ  DE  MEJIA, 2004; BORTOLUZZI  et  al., 2006; 

GUGLIUCCI  et  al., 1996); Dudonne  et  al. (2009) reported 
200  mg gallic acid equivalents per  g of powder extract and 
Bravo  et  al. (2007) reported 45  mg caffeoyquinic acids per 
g of dry samples. It has also been reported that yerba maté 
extracts have an in vitro antioxidant capacity (AOC), which is 
due to the presence of polyphenolic compounds that have an 
antioxidant capacity equal to or higher than that of ascorbic 
acid and vitamin E (FILIP et al., 2000; SCHINELLA et al., 2000; 
RAMIREZ-MARES; CHANDRA; GONZALEZ DE MEJIA, 2004; 
GUGLIUCCI et al., 1996; CHANDRA; GONZALEZ DE MEJIA, 
2004; GONZALEZ DE MEJIA  et  al., 2005). Dudonné  et  al. 
(2009) placed yerba  maté  aqueous extracts between the fifth 
plant extracts with higher antioxidant activity among 30 selected 
plants analyzed. Several methods have been proposed to measure 

Resumo
Extratos de erva-mate têm a sua capacidade antioxidante in vitro atribuída à presença de compostos polifenólicos, principalmente ácidos 
clorogênicos e derivados do ácido dicafeoilquínico. Embora DPPH seja um dos ensaios mais utilizados para avaliar a capacidade antioxidante 
dos compostos puros e extratos de plantas, o fato de que há uma padronização pobre na sua aplicação torna as comparações entre os diferentes 
extratos muito difíceis. Visando conseguir uma técnica padronizada para medir a capacidade antioxidante de extratos de erva-mate, propomos 
o seguinte procedimento: 100 μL de uma diluição do extrato aquoso são misturados em duplicata, com 3,0 mL de uma solução de trabalho de 
DPPH em metanol absoluto (100 µM.L–1), com um tempo de incubação de 120 minutos no escuro a 37 ± 1 °C e, em seguida, a absorbância é 
lida a 517 nm contra o metanol absoluto. Os resultados devem ser expressos em equivalentes de ácido ascórbico ou de equivalentes de Trolox 
em percentagem de massa (g% de matéria seca), a fim de facilitar as comparações.
Palavras-chave: DPPH; erva-mate; capacidade antioxidante; Ilex paraguariensis.

Abstract
Yerba maté extracts have in vitro antioxidant capacity attributed to the presence of polyphenolic compounds, mainly chlorogenic acids 
and dicaffeoylquinic acid derivatives. DPPH is one of the most used assays to measure the antioxidant capacity of pure compounds 
and plant extracts. It is difficult to compare the results between studies because this assay is applied in too many different conditions 
by the different research groups. Thus, in order to assess the antioxidant capacity of yerba maté extracts, the following procedure 
is proposed: 100 µL of an aqueous dilution of the extracts is mixed in duplicate with 3.0 mL of a DPPH ‘work solution in absolute 
methanol (100 µM.L–1), with an incubation time of 120 minutes in darkness at 37 ± 1 °C, and then absorbance is read at 517 nm against 
absolute methanol. The results should be expressed as ascorbic acid equivalents or Trolox equivalents in mass percentage (g% dm, dry 
matter) in order to facilitate comparisons. The AOC of the ethanolic extracts ranged between 12.8 and 23.1 g TE % dm and from 9.1 
to 16.4 g AAE % dm. The AOC determined by the DPPH assay proposed in the present study can be related to the total polyphenolic 
content determined by the Folin-Ciocalteu assay.
Keywords: DPPH; yerba maté; antioxidant capacity; Ilex paraguariensis.
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To evaluate the correlation between TPC and AOC against 
DPPH radical, yerba maté extracts were prepared in a sealed 
Erlenmeyer flask mixing 30 g dm (dry matter) and an ethanol/
water solution (concentration (E) ranged between 25 and 
75% w/w) using different Liquid to Solid Ratios (LSR) (ranged 
between 5.2 and 10.8 g liquid.g–1 of dry solid) (Table 2). Next, 
the mixture was heated to 60 ± 1 °C in a thermostatic bath for 
30 minutes with intermediate shaking Subsequently, the extracts 
were filtered (pore diameter = 1 mm).

To study the effect of incubation temperature on the free 
radical scavenging capacity of the extracts, the yerba maté 

the antioxidant capacity of pure compounds and plant extracts, 
among them DPPH is one of the most used assays because it is a 
low-cost and simple technique and does not require sophisticated 
equipment; but its results depend highly on the conditions of the 
test used, e.g. the final concentration of the extracts, the initial 
concentration of the DPPH solution, the incubation time, and the 
solvent used for the DPPH solution (DUDONNE et al., 2009). The 
assay conditions vary a lot between the different research groups 
(Table 1); therefore the comparisons between the AOC of different 
extracts even from the same plant material are very difficult, and 
it is thus necessary to standarize the assay conditions to assess the 
AOC of yerba maté extracts. The aim of the present research was 
to propose a procedure to standardize the determination of the 
antioxidant capacity of yerba maté extracts. To achieve this, the 
Total Polyphenol Content (TPC) and the antioxidant capacity of 
the yerba maté extracts were determined; the no-interference of 
caffeine was verified; and the AOC of two pure substances well-
recognized for their action against the free radical DPPH and the 
repeatability and reproducibility of the method was evaluated.

2 Material and methods

2.1 Reagents

For the determination of the total polyphenol content, Folin-
Ciocalteu’s phenol reagent (Fluka, Argentina), chlorogenic acid 
(MP Biomedicals, Argentina) and anhydrous sodium carbonate 
(99% purity, Anedra, Argentina), methanol (Merck, HPLC 
grade), and ethanol 96°, were used. For the determination of 
the antioxidant activity, DPPH (1,1-diphenyl-2-picrylhydrazyl, 
Sigma, Argentina), ascorbic acid (Sigma Ultra, Argentina), and 
Trolox (6-hydroxy-2.5.7.8-tetramethylchroman-2-carboxilic 
acid; Aldrich, Argentina) were employed. For the determination 
of the caffeine content, caffeine (Sigma Ultra, Argentina) and 
methanol (Merck, HPLC grade, Argentina) were used.

2.2 Material

Several yerba maté samples were purchased from a local 
industry in Apostoles, Misiones, Argentina. The leaf fraction of 
each sample was ground to pass a 4 mm screen and then sifted 
through a 40-mesh sieve.

2.3 Equipment

Absorbance measurements were recorded with a UV/Vis 
spectrophotometer (Spectrum SP-2102, photometric accuracy 
0.3% T, spectrum bandwidth: 2 nm). All samples were analyzed 
in 10 mm quartz cells at room temperature.

2.4 Sample extraction

Yerba maté extracts were prepared using 30  g dm (dry 
matter) and an ethanol/water solution (75% w/w) with a ratio 
of 6 g liquid.g–1 of dry solid in a sealed Erlenmeyer flask and 
then kept in a thermostatic bath at 60 ± 1 °C for 30 minutes 
with intermediate shaking. Next, the extracts were filtered (pore 
diameter = 1 mm, and the recovered volume was recorded. 

Table 1. Summary of some representative publications DPPH using 
antioxidant assay.

Initial concentration of 
DPPH (µM)

References

4 Pineda Rivelli et al. (2007)
25 Göktürk Baydar,  

Özkan and Yaşar (2007)
60 Brand-Williams,  

Cuvelier and Berset (1995)
190 Kevers et al. (2007)
500 Elzaawely, Xuan and Tawata (2007), 

Chen et al. (2005)
Reaction medium

Methanol Pineda Rivelli et al. (2007),  
Kevers et al. (2007)

Ethanol Lo Scalzo (2000), Karioti et al. (2004)
Toluene Wettasinghe and Shahid (2000)
Methanol buffered (pH 5.5) Chen et al. (2005)
Incubation time (minutes)
5 Kevers et al. (2007)
15 Meda et al. (2005)
30 Chen et al. (2005)
60 Paixão et al. (2007)
120 Pineda et al. (2007)
1440 Thaipong et al. (2006)

Wavelength (nm)
515 Paixão et al. (2007), Brand-Williams, 

Cuvelier and Berset (1995),  
Thaipong et al. (2006), Saito et al. (2007)

517 Pineda et al. (2007), Chen et al. (2005), 
Meda et al. (2005)

Table 2. Total polyphenol content and antioxidant capacity for 
extraction with several liquid to solid ratio and ethanol concentration.

RLS E CPT CAO-ET CAO-EAA
6 25 11.0 ± 0.00a 18.6 ± 0.07a,d 13.2 ± 0.05a,b

6 75 8.2 ± 0.15d 14.1 ± 0.35e 10 ± 0.26e

10 25 13.4 ± 0.40b 21.8 ± 1.49b,c 15.5 ± 1.04c,d

10 75 9.7 ± 0.60c 14.3 ± 1.12e 10.1 ± 0.79e

10.8 50 12.8 ± 0.20b 23.1 ± 0.46b 16.4 ± 0.35d

5.2 50 9.6 ± 0.00c 17.2 ± 1.01d 12.2 ± 0.7a

8 85.25 7.0 ± 0.15d 12.8 ± 0.01e 9.1 ± 0.01e

8 50 12.7 ± 0.27b 22.2 ± 0.45b 15.7 ± 0.32d

Data are expressed as means ± SE. Values bearing different letters are significantly different 
at p ≤ 0.012. LSR (liquid to solid ratio, g liquid/g dry solid); E (ethanol concentration, 
%w/w); TPC: Total polyphenol content (g CAE.100 g–1 dm); AOC-TE: antioxidant activity 
(g TE.100 g–1 dm); AOC-AAE: antioxidant activity (g AAE.100 g–1 dm).
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DV = volume of the extract dilution (mL), %H = percentage of 
moisture in wet basis (g), and x = amount of standard used in 
the reaction (µg of standard) derived from the standard curves.

DPPHss * 100R
DPPHo

= 	 (1)

0.1*x*DV*10*OVAOC
m *(100 %H)YM

=
−

	 (2)

The amount of total polyphenols in yerba maté extracts 
used in the reaction (PU) was calculated with (Equation  3), 
and the amount of DPPH radical used in the reaction (DU) was 
calculated with (Equation 4), both expressed in µg, where CoPT 
was the concentration of total polyphenols in the original extract 
(µg CAE.mL–1 of original extract), DV was the dilution volume 
of the extracts (mL), MW was the molecular weight of the DPPH 
radical (394.32 g.mol–1), and DPPHo was the concentration of 
the DPPH radical in the working solution (μmol.L–1) (initial 
concentration), calculated from the absorbance profile of the 
radical.

TPCoPU
10*DV

= 	 (3)

3*MW*DPPHoDU
1000

= 	 (4)

2.7 Effect of temperature on the free radical scavenging capacity

To study the effect of incubation temperature on the free 
radical scavenging capacity of the yerba maté extracts, the 
reaction mixture was incubated for 120 minutes in the dark at 
four temperatures (20, 25, 30, and 40 °C).

2.8 Repeatability and reproducibility

To evaluate the repeatability and reproducibility of the 
method, the extraction procedure was in accordance with the 
method described by the ISO 14502-1 (INTERNATIONAL…, 
2004). The conditions to determine the repeatability were 
obtained using the same method in an identical test material 
in the same laboratory by the same operator using the same 
equipment within a short interval of time, and the conditions 
to determine the reproducibility were obtained using the same 
method in an identical test material in different laboratories 
with different operators using different equipment.

The values of repeatability, each of which is the average of 
five replicate test determinations, were calculated for test results. 
Three laboratories participated for each sample, and four test 
results per material were obtained; two samples were analyzed.

2.9 Statistical analysis

In order to evaluate the data, a linear regression, analysis of 
variance (pv ≤ 0.05) and Pearson`s Correlation techniques were 
used. Data are expressed as the means ± standard error of two 
independent experiments carried out in duplicate.

3 Results and discussion
It is known that DPPH is one of the few stable and 

commercially available radicals capable of accepting an electron 

extracts were prepared using 0.200 ± 0.001 g of each sample 
in an extraction tube and 5  mL of methanol (70%  v/v) at 
70 °C. The extract was heated at 70 °C and mixed by vortex 
for 10 minutes. After cooling at room temperature, the extract 
was centrifuged for 10 minutes. The supernatant was decanted 
in a graduated tube. The extraction step was repeated twice. 
Both extracts were pooled and the final volume was adjusted 
to 10 mL with cold methanol (70% v/v) (ISO/FDIS 14502-1) 
(INTERNATIONAL…, 2004). One milliliter of the extract was 
diluted with water to 30 mL.

All the extractions were carried out in duplicate.

2.5 Determination of total polyphenol content

The Total Polyphenol Content (TPC) was determined 
using the Fol in-Ciocalteu method (ISO 14502-1) 
(INTERNATIONAL…, 2004). The content was expressed as 
chlorogenic acid equivalents (CAE; g % dm) using a chlorogenic 
acid (0-50 µg.mL–1, R2 = 0.9995) standard curve. Each extract 
sample was diluted with water at 1:5 ratio and then 1:100.

One mililiter of the diluted sample extract was transferred 
in duplicate to separate tubes containing 5.0 mL of water-diluted 
Folin-Ciocalteu’s reagent (10% v/v). Next, 4.0 mL of a sodium 
carbonate solution (7.5% w/v) was added. The tubes were then 
allowed to stand at room temperature for 60 minutes before 
absorbance was measured at 765  nm against distilled water. 
The concentration of polyphenols in the samples was derived 
from a standard curve of chlorogenic acid ranging from 0 to 
50 µg.mL–1 (R2 = 0.9995). The total polyphenol concentration 
in the original extracts (TPCo) was expressed as µg CAE.mL–1 
of the original extract.

2.6 Determination of the antioxidant activity by  
the DPPH assay

The antioxidant activities of the extracts were determined 
as a measurement of radical scavenging using the DPPH 
radical. Briefly, 100 µL of an aqueous dilution of the extracts 
was mixed in duplicate with 3.0 mL of a DPPH work solution in 
absolute methanol. The mixture was incubated for 120 minutes 
in the dark at room temperature, and the absorbance was then 
measured at 517 nm against absolute methanol. For the blank 
probe, the 100 µL of diluted yerba maté extracts were replaced 
with 100 µL of absolute methanol.

For the DPPH radical absorbance profile, 100  µL of 
absolute methanol was mixed with 3.0 mL of a DPPH solution 

(DUDONNE  et  al., 2009) in absolute methanol, and the 
absorbance was measured immediately in a dark room; the range 
of the investigated DPPH concentrations was 10-200 µmol.L–1.

The results of the assay were expressed as ascorbic acid 
equivalents and Trolox equivalents (AAE; TE; g  %  dm) and 
calculated as percentage of residual DPPH radical remaining at 
steady state, calculated with (Equation 1), where DPPHss was the 
concentration of radical DPPH at the steady state and DPPHo 
was the concentration at time zero (initial concentration), 
both expressed as µmol.L–1. The AOC was calculated using 
(Equation 2), where OV = volume of the original extract (mL), 

CAE.mL
g.mol
�g.mL
�g.mL
CAE.mL
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absorbance decrease until the steady state was reached once 
the DPPH work solution was added to the sample solution. 
The dilutions of the yerba maté extracts tested were 1:75, 1:100, 
1:150, 1:200, 1:250, 1:300, 1:400, and 1:500. 

The reaction was developed in the dark at room 
temperature. The steady state was reached at 3, 20, and 
120 minutes for ascorbic acid, Trolox, and yerba maté extracts, 
respectively. The incubation time observed in yerba maté 
extracts was in agreement with the incubation time reported 
by Pineda  Rivelli  et  al. (2007) for the AOC assessment in 
hydroalcoholic and aqueous yerba maté extracts by the DPPH 
assay.

The concentration of the standards ascorbic acid and Trolox 
(dissolved in methanol and diluted in water) were derived from 
the following standard curves ranging from 0 to 1.2 mmol.L–1, 
y = –3.9808x + 99.996, (R2 = 0.9984) and y = –2.7675x + 99.054 
(R2 = 0.9991), respectively, where y = %R at the steady state and 
x = amount of standard used in the reaction (µg of standard). 
According to Dae-Ok et al. (2002) the AOC of ascorbic acid is 
higher than that of Trolox.

The kinetic curves for the reaction between the DPPH 
radical and the standards or the polyphenols from the extracts 
for several mass ratios (µg  EAC.µg–1 of DPPH) tested are 
presented in Figures 3, 4, and 5, respectively. An example of the 
significant reduction of the concentration of the radical DPPH in 

or a hydrogen radical to become a stable molecule. This radical 
has a maximum UV-vis absorption in the range between 515 
and 519 nm (Figure 1), and it is used to evaluate the antioxidant 
capacity of specific compounds or extracts. The reaction is 
based on the color fading that takes place when its radical 
form is reduced by an antioxidant (AH), or by a radical specie 
(Re). The reaction progress is conveniently monitored by the 
decrease in the absorbance until the reaction reaches a plateu 
(BRAND-WILLIAMS; CUVELIER; BERSET, 1995). The basic 
reaction model is described in (Equation 5 and 6).(HUANG; 
OU; PRIOR, 2005) 

. DPPH   AH DPPH-H    A+ → + 	 (5)

. . üü§üüüü+ → 	 (6)

Both ascorbic acid, which is a natural antioxidant, and 
Trolox, which is a synthetic water soluble compound equivalent 
to vitamin  E, are common antioxidants used as standards 
to compare the antioxidant potential. (CHAN  et  al., 2010; 
SHARMA; BHAT,2009).

According to Sharma and Bhat (2009), a good linear 
absorbance profile of DPPH radical diluted in methanol was 
observed in the range of DPPH concentrations between 10 
and 200  µmol.L–1 (Figure  2). It is desirable that the radical 
concentration during the assay varies in the range of accurancy 
of most spectrophotometers (0.4 < A < 0.9). Since above 0.9, 
the measurement is probably not accurate, and below 0.4, 
the differentiation between the sample and its reference may 
be difficult, 100  µmol.L–1 was chosen as the work solution 
concentration.

The DPPH radical concentration in the reaction mixture 
at any time was estimated from the absorbance profile of the 
DPPH radical, y = 0.0103 c – 0.0013, where c = concentration 
of the DPPH radical (µmol.L–1) (R2 = 1) in the range between 
10 and 100 µmol.L–1.

The length of the assay for the two standards and the 
yerba  maté diluted extracts was estimated monitoring the 

Figure 1. Absorbance of DPPH radical solution at tested wavelengths.

Figure 2. Absorbance of DPPH radical solutions prepared in methanol.

EAC.�g
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The TPC of the yerba maté extracts obtained was 
8.25 ± 0.15 g CAE % dm, the total polyphenol concentration 
CoPT was 20.772  ±  1.019  mg  CAE.mL–1, and the AOC was 
10 ± 0.26 g AAE % dm and 14.1 ± 0.35 g TE % dm.

A linear relationship between AOC and TPC (R2 = 0.9874) 
can be observed in the range between 0 and 0.168 μg CAE.μg–1 
DPPH radical. Therefore, the ethanolic extracts of yerba maté 
should be diluted to ensure a polyphenol concentration of 
the diluted extract (TPCo) in the range between 90 and 
105  µg  CAE.mL–1, so that the mass ratio between total 
polyphenol of the extract/radical DPPH is in the range 
between 0.075 and 0.088. On the other hand, when extracts are 
obtained according to the procedure described in the standard 
ISO 14502-1 (INTERNATIONAL…, 2004), the TPCo should 
be in the range between 130 and 150 µg CAE.mL–1.

As observed in a previous study (BENZIE; STRAIN, 1996), 
caffeine had no radical scavenging activity.

Numerous examples of the application of the Folin-
Ciocalteu assay to assess the AOC of natural products may 
be found in the literature (HUANG; OU; PRIOR, 2005; 
TURKMEN; SARI, 2006). In most cases, total phenols 
determined by the Folin-Ciocalteu method are correlated 
with the antioxidant capacities confirming the value of the 
Folin-Ciocalteu test. In the present study, in order to evaluate 
the correlation between TPC and AOC against DPPH radical, 
eight different extracts from yerba mate using several solvent 
mixtures were assessed (Table 2); although the results showed 
that TPC varied considerably as a function of solvent nature, a 
high positive and significant correlation was found between the 
TPC and AOC using the DPPH method (Pearson’s correlation 
coefficient, r2: 0.96). This result indicates a relationship between 
phenolic compound concentration in yerba maté extracts and 
their free radical scavenging capacity. Therefore, the AOC 
determined by the DPPH assay proposed in the present study 
can be related to the total polyphenolic content determined by 
the Folin-Ciocalteu assay.

the reaction mixture due to the free radical scavenging activity 
of the yerba maté extracts can be seen in Figure 5. It can also 
be observed that the most diluted extracts reached the steady 
state at shorter reaction times.

Figure 3. Time course of scavenging of the DPPH radical by Trolox.

Figure 4. Time course of scavenging of the DPPH radical by Ascorbic 
Acid (AA).

Figure 5. Time course of scavenging of the DPPH radical by yerba maté 
extracts.

CAE.mL
CAE.<03BC>g
CAE.mL
CAE.mL
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suggested procedure should be as follows: 100 µL of an aqueous 
dilution of the extracts must be mixed in duplicate with 3.0 mL 
of a DPPH work solution in absolute methanol (100 µmol.L–1), 
with an incubation time of 120 minutes in darkness at 37 ± 1 °C; 
and the absorbance must be read at 517 nm against absolute 
methanol. 

For the blank probe, the 100 µL of the diluted extracts must 
be replaced for 100 µL of absolute methanol and the absorbance 
read at 517 nm must be 1.05 ± 0.05.

The results of the assay should be expressed as ascorbic 
acid equivalents or Trolox equivalents in mass percentage (dry 
matter) in order to facilitate comparisons.

The ethanolic extracts of yerba maté should be diluted to 
ensure a polyphenol concentration of the diluted extract in the 
range between 90 and 105 µg CAE.mL–1, so that the mass ratio 
between total polyphenol of the extract/radical DPPH is in the 
range between 0.075 and 0.088. In contrast, when extracts are 
obtained according to the procedure described in the standard 
ISO 14502-1(INTERNATIONAL…,2004), the TPCo should be 
in the range between 130 and 150 µg CAE.mL–1.

Caffeine presented no radical scavenging activity against 
DPPH radical.

The AOC determined by the DPPH assay proposed in the 
present study can be related to the total polyphenolic content 
determined by the Folin-Ciocalteu assay.

The present proposed procedure has shown to be 
appropriate for the assessment of the in  vitro antioxidant 
capacity of Ilex paraguariensis extracts and may contribute to 
they quality control. It can also be applied for the assessment 
of the antioxidant capacity of other plant extracts such as black 
and green tea or coffee.
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Nomenclature

A absorbance
AA Ascorbic Acid
AAE Ascorbic Acid Equivalents
AOC antioxidant capacity
CAE Chlorogenic Acid Equivalents
dm dry matter
DPPHo concentration of radical DPPH at zero time (initial concentration)
DPPHss concentration of radical DPPH at steady-state 
DU mass of DPPH radical used in the reaction
DV Dilution Volume
g% dm g equivalents per 100 g of dry matter
OV recovered volume
PU mass of total polyphenols in yerba maté extracts used in the reaction
TE Trolox Equivalents
TP Total Polyphenols
TPCo Total Polyphenol Concentration in the original extract.
TPC polyphenol total content
R2 correlation coefficient
r2 Pearson´s coefficient
%R percentage of residual DPPH radical remaining at steady state
v/v volume / volume
w/w weight/weight
w/v weight/volume


