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Enhanced mate tea (Ilex paraguariensis): A novel blend
with Brazilian native fruits (pitanga and jabuticaba) for health and flavor
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Abstract
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Mate tea (MT) (Ilex paraguariensis) can be consumed hot or cold, with the latter often enhanced with fruits, making it a
popular choice for health-conscious consumers. This study aimed to develop a MT beverage combined with dehydrated
pitanga (Eugenia uniflora L.) and jabuticaba (Plinia trunciflora O. Ber), both rich in nutrients. Different quantities of these
fruits (up to 30%) were tested in combination with MT, analyzing parameters like total soluble solids (Brix), acidity, pH, color,
total phenolic compounds, and tannins. The addition of jabuticaba and pitanga increased soluble solids, decreased pH, and
raised acidity. Color changes were influenced by both fruits, with jabuticaba increasing luminosity. Although the standard MT
had higher tannin and phenolic content, the addition of fruits still maintained significant levels of phenolic compounds, albeit
reduced. Principal component analysis (PCA) highlighted MT’s impact on phenolic composition, and overall, the addition of
jabuticaba and pitanga improved the beverage’s color and soluble solids content, despite a phenolic reduction.

Keywords: total phenolics; total tannins; color; Brazilian native fruits.

Practical Application: Yerba mate tea with native Brazilian fruits jabuticaba and pitanga, enriching its nutritional and sensory profile.

1 INTRODUCTION

Mate tea (MT) is made from the leaves of Ilex paragua-
riensis, a species native to South America and mainly grown in
limited regions of Brazil, Paraguay, and Argentina. Following
industrial processing, MT is commonly consumed through hot

» «

or cold infusion methods, known as “chimarrao,” “cha-mate;’
and “tereré,” respectively. Due to its rich chemical composition,
comprising various organic and inorganic compounds, MT
exhibits numerous bioactive components, particularly pheno-
lics and flavonoids, which confer anti-inflammatory, antiviral,
diuretic, and anticancer properties, thereby promoting human

health (Bastos et al., 2007; Gerber et al., 2023).

Over the past decade, MT has emerged as the second mos-
t-consumed beverage globally, experiencing a 30% surge in
consumption, trailing only water (da Silveira et al., 2017). This
escalating consumption trend underscores a growing demand
for formulations enriched with health-promoting properties
(Heck & De Mejia, 2007; Vasconcellos et al., 2022). Innovative
blends of teas, aimed at enhancing health and well-being, are
becoming more popular, offering diverse flavors and medicinal
attributes (Godoy et al., 2020; Valduga et al., 2019).

Similarly, phenolic compounds are abundant in various
native Brazilian fruits, serving as vital sources of essential nu-
trients for human health (Brito et al., 2021; Mannino et al., 2020;
Rodrigues et al., 2021). Among the Myrtaceae family, indigenous
fruit-bearing plants boast an array of secondary compounds,
known as bioactives. Jabuticaba (Plinia trunciflora) and pitanga
(Eugenia uniflora) stand out among them, renowned for their
delectable flavor profiles and high levels of phenolic compounds
and antioxidant activity (Bagetti et al., 2011; Boger et al., 2022;
de Lima et al., 2002; Migues et al., 2018; Munhoz et al., 2014;
Pereira et al., 2018; Wagner Jr. et al., 2022). Flavonoids and
anthocyanins, key constituents in these fruits, induce quinone
reductase and demonstrate antigenotoxic and antimutagenic
effects, concentration dependent, along with promising anti-
tumor properties (Dametto et al., 2017; Ditsman et al., 2017).

Pitanga is composed of 77% pulp, which is rich in carote-
noids, flavonoids, and anthocyanins, as well as significant levels
of calcium, phosphorus, and vitamin C, contributing to its po-
tent antioxidant activity (de Lima et al., 2002; Paiva et al., 2023;
Ramalho et al,, 2019). Jabuticaba, with its medicinal potential,
owing to its red and purple pigmentation, harbors phenolic
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Mate tea beverage with Brazilian native fruits

compounds that aid in cancer prevention and other diseases
(Brito et al., 2021; Mannino et al., 2020; Paiva et al., 2023; Ro-
drigues etal., 2021). Its peel is particularly rich in anthocyanins
and fibers, which combat inflammation and oxidative stress and
support gastrointestinal health.

Despite their nutritional richness, native Brazilian fruits
like jabuticaba and pitanga face challenges in postharvest
conservation, with a shelf life of merely 3-4 days. To capita-
lize on their nutritional benefits and address this limitation,
there is a growing interest in developing healthy beverages
offering unique flavors and forms. Leveraging the potential
of MT, pitanga, and jabuticaba, this study aimed to formu-
late a beverage combining this infusion with these native
Brazilian fruits.

Relevance of the work

We have developed a unique blend of mate tea infused with
Jabuticaba and Pitanga, two underutilized yet nutritionally rich
native Brazilian fruits. These fruits, often overlooked due to
limited commercial exploitation, possess significant potential
for enhancing both health benefits and flavor profiles in inno-
vative food products.

2 MATERIALS AND METHODS

For this study, matured (6 months) and toasted MT (Ilex
paraguariensis) were utilized in the infusion process (Guayaki
Yerba Mate®), following a standardized procedure provided
by the company (specific details restricted). The toasting and
maturation processes adhere to a standardized raw material
protocol for MT. Jabuticaba (JAB) (Plinia trunciflora) and pi-
tanga (PIT) (Eugenia uniflora L.) fruits were sourced from the
experimental orchard at the Universidade Tecnoldgica Federal
do Parang, Dois Vizinhos, Parand, Brazil. Fruit harvesting was
conducted at optimal ripeness.

The fruits were carefully selected, washed with running
water, and sanitized in a sodium hypochlorite solution (200
ppm). For jabuticaba, only the peel was utilized, discarding
other parts. Pitanga fruits were processed by removing the seeds.
Subsequently, the jabuticaba peels and pitanga fruits without
seeds underwent dehydration. Dehydration was carried out
using a DAS dehydrator (Model DS800N) at a temperature of
50°C until the fruits reached an approximate moisture content

Table 1. Mixture design for limited surfaces.

of 10%. Following dehydration, the fruits were ground (particle
size: 20-30 mesh), packed in plastic bags, and stored at -18°C
until further use.

2.1 Experimental design

A mixture experimental design was employed, specifically
the Design of Experiments for Limited Surface (STATSOFT
INC, 2004), with the following variables: dehydrated jabuticaba
peel and dehydrated pitanga pulp (Table 1). The standard infu-
sion formulation used consisted of 100% matured and toasted
MT. For formulations containing fruits, maximum quantities
of up to 30% relative to the toasted MT were utilized. The mi-
nimum and maximum fruit limits were established in pretests
as 0% and 30%, respectively.

For the preparation of the infusions (Table 1), 2 g of the
formulation was utilized per 100 mL of filtered potable water
at 100°C, steeped for 15 min. The beverages were then packed
in hermetic plastic bottles and stored at 4°C for analysis.

2.2 Analysis of mate tea-based beverages

The beverages were assessed for physicochemical characte-
ristics (percentage-based) through analyses of pH, total acidity,
and soluble solids as per the methods described by the Adolfo
Lutz Institute (IAL, 2008).

Instrumental color analysis was conducted using a colori-
meter (Minolta CR-300). From the L*, a*, and b* parameters,
the values of hue angle, chromaticity (C*), and total color dif-
ference (AE) were calculated using the provided Equations 1,
2, and 3. The color estimation (prospection) of the infusions
was performed using color analysis software (Research Lab
Tools), which employs the L*, a*, and b* indices. Also, a RGB
color analysis was performed using the color analysis software
(Research Lab Tools):

Hue = tan™! (%) (1)

C*x= ~Jax*2+ b %2 (2)

AE = J(AL%)? + (Aa )% (Ab %)2. (3)

Mixture design®

Original components (100%)

Pseudo components

Formulations

Mate tea X1 X2 X1 X2
Standard 100 0 0 - -
F1 70 30 1 0
F2 70 22.5 7.5 0.75 0.25
F3"(C) 70 15 15 0.5 0.5
F4 70 7.5 22.5 0.25 0.75
F5 70 0 30 0 1

X1 (jabuticaba — JAB)+X2 (pitanga — PIT) = 1 or 100%; C: Centroid; “Repetition; F: Formulation.
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2.3 Analysis of bioactive compounds

The total phenolic content was determined using the Fo-
lin-Ciocalteu colorimetric method (Singleton et al., 1999). The
results were expressed by the equation of the line derived from
the calibration curve, in mg of gallic acid/100 g of fruit. The con-
tent of condensed tannins was determined using a methodology
based on the reduction of the Folin-Dennis reagent (IAL, 2008).
The reduction of the Folin-Dennis reagent in a basic medium
by the tannins present in the sample produces an intense blue
coloration, which is measured in the visible region with a spec-
trophotometer (760 nm). For the preparation of the standard
curve, aliquots of 1-10 mL of standard tannic acid solution were
pipetted into 100-mL volumetric flasks containing 75 mL of
water. The reading was taken on the spectrophotometer at 760
nm. The result was expressed in tannic acid mg/L.

The methodology for determining individual phenolic com-
pounds was adapted from Medic et al. (2021). The analysis was
conducted using a high-performance liquid chromatography
(HPLC) system, Thermo Scientific brand, Ultimate 3000 mo-
del, with a ultraviolet/visible (UV/VIS) detector. The column
employed for phenolic compound separation was Promosil C18
5 um (250x4.6 mm), operated at 25°C. The solvents used were
as follows: Solvent A: water—0.1% phosphoric acid; Solvent B:
acetonitrile. The gradient program: initially, the concentration
of mobile phase B starts at 10% with a flow rate of 0.8 mL/min.
At 5 min, the concentration increases to 20%, maintaining the
same flow rate. By 35 min, the concentration reaches 25%, still
at 0.8 mL/min. At 50 min, the concentration peaks at 80% with
a flow rate increase to 1 mL/min. Finally, at 55 min, the concen-
tration drops back to 10%, returning to the initial flow rate of
0.8 mL/min. The identification was performed by comparing
retention times and standard spectra. The results were expressed
in mg/L of sample.

Statistical analysis of the data was conducted using analysis
of variance, and the results were subjected to Tukey’s test with a
confidence level of > 95%. For the adjustment of linear models to
construct ternary diagrams, Statistica version 10.0 (STATSOFT
INC, 2004) and Jamovi (Jamovi, 2022). Principal component
analysis (PCA) was performed to show a set of correlated and
uncorrelated variables using the R package (R.CORE).

3 RESULTS AND DISCUSSION

3.1 Physicochemical analysis

The addition of jabuticaba and pitanga fruits to the MT
formulations increased soluble solids, reduced pH, and conse-
quently increased acidity in the beverages (Table 2). Jabuticaba
and pitanga contain a significant amount of acids in their com-
position, which contribute to the reduction of the beverage pH.

The relative proportion of organic acids in fruits and vegeta-
bles varies according to the degree of maturity and growing con-
ditions (Seraglio et al., 2018). Jabuticaba and pitanga are acidic
fruits, with pH below 3.5. Organic acids and other compounds
influence the characteristic flavor of the fruit, which presents a
sweet-acidic taste and aroma (Bagetti et al., 2011). The increase
in soluble solids of the beverage occurred with the addition of
native fruits, rising from 1.1 °Brix in the Standard beverage to
up to 2.0 °Brix in formulations containing fruits. These changes
were expected and may contribute to improving preservation
conditions, sensory characteristics, and acceptability observed
in the foods (Oliveira et al., 2023; Ruiz Rodriguez et al., 2021).

The addition of jabuticaba and pitanga fruits to the MT
infusion altered the color indices (Table 3). The L* values un-
derwent variations in formulations F1 and F5 with added fruits,

Table 2. Acidity, pH, and soluble solids indices in mate tea added with Brazilian native fruits (jabuticaba and pitanga).

Formulation pH Acidity (%) Soluble solids (°Brix)
Standard 5.56 +0.14* 0.59 £ 0.000° 1.10£0.173°
F1 4.30+£0.01° 1.21+£0.129* 2.00 £ 0.000°
F2 4.27 £0.05° 1.52 £ 0.305* 1.76 £ 0.252°
F3 4.29+0.08° 1.27 £0.143* 1.70 £ 0.339*
F4 4.34+0.01° 1.32 £ 0.098* 1.70 £ 0.265*
F5 4.34+0.00° 1.21 £0.098* 1.86 £ 0.231*

Standard: 100% MT; F1: 70% MT+30% JAB; F2: 70% MT+22.5% JAB+7.5% PIT; F3: 70% MT+15% JAB+15% PIT; F4: 70% MT+7.5% JAB+22.5% PIT; F5: 70% MT+30% PIT. The results
are expressed as mean * standard deviation. The different lowercase letters indicate significant differences according to Tukey’s test (p < .05).

Table 3. Color values of L*, C*, Hue*, and AE in mate tea beverage infused with Brazilian native fruits (jabuticaba and pitanga).

Amostras L* C* Hue AE Color prospecting’
Standard 20.31+£3.91° 33.01 £3.06* 42.53+5.29° 38.78 £ 4.63®
F1 29.44 + 3.50° 27.1 £8.50® 22.96+0.51° 42.45+4.20°
F2 21.87 £0.35® 18.14£0.24° 4.45%0.11¢ 28.41+0.41°¢
F3C 23.43+2.09® 18.46 £3.18° 11.40 £2.37¢ 35.18 £9.3%"
F4 24.11 £ 5.56® 25.57 +7.80% 42.19+6.18° 39.76 £ 2.67%
F5 28.20+1.73* 28.00 + 2.50% 47.58 +4.75° 29.87 *+ 3.44¢

Standard: 100% MT; F1: 70% MT+30% JAB; F2: 70% MT+22.5% JAB+7.5% PIT; F3: 70% MT+15% JAB+15% PIT; F4: 70% MT+7.5% JAB+22.5% PIT; F5: 70% MT+30% PIT; “Color
estimation (prospection) of the infusions using the L*, a*, and b* parameters with color analysis software (Research Lab Tools). The results are expressed as the mean * standard devia-
tion. The different lowercase letters indicate significant differences according to Tukey’s test (p < .05).

Food Sci. Technol, Campinas, 44, €00390, 2024



Mate tea beverage with Brazilian native fruits

indicating an increase in brightness. Chromaticity (C*) decrea-
sed, with these indices representing a measure of color intensity.
Color estimation (Table 3) aids in demonstrating this behavior
induced by the addition of fruits to the MT infusion.

Color is one of the key attributes that can affect the con-
sumer perception of quality (Filho et al., 2008). Fruits are rich
in phenolic compounds that confer coloration, such as an-
thocyanins, which belong to a subclass of flavonoids and are
responsible for the red, blue, and purple coloring of fruits and
vegetables, and they can interact with their environment (Burin
et al., 2010; de Lima et al., 2002; Ramalho et al., 2019). The ad-
dition of fruits to MT may influence coloration due to the
presence of substances that are natural acid-base indicators in
MT (Fernandes et al., 2017). These substances can change color
according to the pH of the solution, which can vary depending
on the type and quantity of fruit added. Formulations containing
fruits showed the highest levels of L*.

Anthocyanins can exhibit different colorations, which vary
according to their diverse structural forms, and these can vary
due to factors such as temperature, pH, and potential inte-
ractions with other chemical substances (Sato & Da Cunha,
2007). An increase in hydroxyl groups in the molecule makes
the coloration more prone to blue, while additions to the num-
ber of methoxyl groups enhance the intensity of red (de Lima
etal., 2002). With an increase in pH, there is a reduction in the
number of conjugated double bonds, which, due to the proto-
nation of the flavylium cation, are responsible for the increase
in substance absorption (Bordignon et al., 2009). Consequently,
there is a decrease in anthocyanin absorption, resulting in loss
of coloration.

3.2 Phenolic compounds

The study demonstrates variations in phenolic compounds
and tannins according to the different concentrations of MT,
JAB, and PIT (Figures 1A and B). The total phenolic content
and total tannin content tended to decrease with the addition
of fruits, although the levels are still considered high in all

S F1 F2  F3 F4

Figure 1. Total phenolic compounds and tannin content in beverage
mate tea infused with jabuticaba and pitanga (Brazilian native fruits).
Standard: 100% MT; F1: 70% MT+30% JAB; F2: 70% MT+22.5%
JAB+7.5% PIT; F3: 70% MT+15% JAB+15% PIT; F4: 70% MT+7.5%
JAB+22.5% PIT; F5: 70% MT+30% PIT. The different lowercase letters
indicate the significant differences according to Tukey’s test (p < .05).

formulations (Silva et al., 2014) (Figure 1). This trend of re-
duction in the indices of these compounds due to the addition
of dehydrated fruits was expected as MT is known for its sig-
nificant levels of phenolic compounds and tannins (Frizon &
Nisgoski, 2020), and the addition of fruit pulps or juices may
dilute some of these indices. The formulation with 30% added
jabuticaba exhibited higher values of total phenolic compounds
compared to other fruit formulations. Jabuticaba demonstrates
the highest values for phenolic compounds, anthocyanins, and
antioxidant activity compared to other red-colored Brazilian
native fruits, including “pitanga,” “Araca vermelho (Psidium
cattleyanum), and “Cereja do rio grande” (Eugenia involucrate)
(Munhoz et al., 2014).

Among the main phenolic compounds present in MT
are flavonoids such as quercetin, rutin, kaempferol, and lu-
teolin, and anthocyanidins such as cyanidin and delphinidin
(Bastos et al., 2007; Bravo et al., 2007; El Khatib et al., 2023;
Gawron-Gzella et al., 2021; Heck & De Mejia, 2007). In this
study, some of these compounds (gallic acid, chlorogen-
ic acid, delphinidin, myricetin, and rutin) were evaluated
(Figure 2). The concentration of these compounds was higher
in the standard formulation (p < 0.05), without the addition
of fruits, following the trend observed in total phenolic con-
tent. The indices of individual compounds analyzed in this
study did not show differences between the formulations
with fruit (p > 0.05).

The response surface for individual phenolic compounds
was better represented by the linear adjustment (Figure 3)
and indicated that the addition of fruits contributed to lower

Figure 2. Content of individual phenolic compounds in beverage
mate tea infused with jabuticaba and pitanga (Brazilian native fruits).
Standard: 100% MT; F1: 70% MT+30% JAB; F2:70% MT+22.5%
JAB+7.5% PIT; F3: 70% MT+15% JAB+15% PIT; F4: 70% MT+7.5%
JAB+22.5% PIT; F5: 70% MT+30% PIT. The different lowercase letters
indicate the significant differences according to Tukey’s test (p < 0.05).
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concentrations of the individual phenolic compounds analy-  be significant for the individual components. The interaction
zed in this study. Although the reduction tends to be smaller  effects between phenolic compounds and fruit additives may in-
in beverages with the addition of PIT, this does not prove to  fluence their individual concentrations differently. For instance,

Gallic acid
R-sqr=,4385; Adj:,385
v=+83,146062489211"x+50,988581785899"y+62, 3830233533087 2+0,
Pitanga
0,00 ¢ 1,00

I - 80
=72
0,00 0,25 0.50 0,75 1.00 = < B2
Mate tea Jabuticaba [
Chlorogenic acid Delphinidin
R-sqr=5325; Adj. 488 R-sqr=,5902: Adj:
-sar=,5902; Adj: 5511
v=+1760,695201109"x+1044 672957377y +112, 462797977240, = +114, 882051636 15465, 304867750282y 476, 90772675 1583290,
Pilanga Pitanga
0.00 ¢ 1.00 0,00, 1,00

I - 1700
B < 1700
=< 1600 [ ERl
[ <1500 I < 106
o B o B
< <
0.25 050 075 1,00 i < 1200 0.00 0.25 0.50 0.75 I_L_lcl <7
Mate tea Jabuticaba B - 1100 Mate tea Jabuticaba — L]
Rutin Mericitin
Resqr= 6514, Adj 6182 Re-sqr= 6863, Adj 5469
v=+57 778017673654 x+27 857754523521+ 37 4B0442653379°2+0, v=+71,142368722858"x+42 892503605398y +47 434117818676°2+0,
Pitanga Pitanga
0,00 1,00 0,00 g 1,00
. 50 [ BN
Bl <48 M <64
. b [ H
Mate tea Jabuticaba = . 33 Mate tea Jabuticaba E . 34

Figure 3. Ternary diagram of the response surface of the linear model of individual phenolic compounds (gallic acid, chlorogenic acid, delphi-
nidin, myricetin, and rutin) in beverage mate tea infused with jabuticaba and pitanga (Brazilian native fruits).

Food Sci. Technol, Campinas, 44, €00390, 2024 5



Mate tea beverage with Brazilian native fruits

certain phenolic compounds may have a higher affinity for
specific fruit constituents, resulting in concentration variations.
Additionally, the fruits’ maturation stage can significantly impact
the composition and concentration of phenolic compounds, as
observed in previous studies (de Lima et al., 2002; Munhoz et al.,
2014; Seraglio et al., 2018).

There is a positive relationship between total tannins, phe-
nolic compounds, and specific ones with higher MT concentra-
tions (Figures 1 and 2). In PCA, the first principal component
(1) accounts for 64.8% of the variability among samples, while
the second principal component (2) represents 20.8% of the total
variability (Figure 4), meaning, together, they represent 85.6%
of the total variability of the data, indicating good representa-
tiveness. Considering the physicochemical data, coloration, and
phenolic compounds, a trend was observed for most compou-
nds toward the standard group, MT without fruit, which has
higher concentrations of total phenolic compounds, individual
phenolics, and tannins.

The hue, chromaticity (C*), and total color difference
(AE) parameters tended to be influenced by MT and pitanga.
The addition of jabuticaba and pitanga showed to influence
the L* coloration parameters, indicating a change in inten-
sity (luminosity) of the coloration. This behavior was expec-
ted as in addition to the pigments brought by the fruits, the
increase in acidity resulting from the addition of the fruits
contributes to the color alteration, as described previously
(Bordignon et al., 2009; Falk et al., 2014; Fernandes et al.,
2017; Sato & Da Cunha, 2007). Regarding total phenolic
compounds, the trend was for a lesser reduction with the
addition of jabuticaba, while for individual phenolic com-
pounds, there was a lesser reduction with the addition of pi-
tanga, although not significant, as previously demonstrated
(Figures 1 and 2).

w
T

5]

Principal component 2 (20.8%)

MT

-
T}ngl phenolic

-2‘5 IJIIJ 2'5 EID

Principal component 1 (64.8%)
Figure 4. Principal component analysis (PCA) of compounds, phy-
sicochemical parameters, and formulations in beverage mate tea in-
fused with jabuticaba and pitanga (Brazilian native fruits); Standard:
100% MT; F1: 70% MT+30% JAB; F2: 70% MT+22.5% JAB+7.5%
PIT; F3: 70% MT+15% JAB+15% PIT; F4: 70% MT+7.5% JAB+22.5%
PIT; F5: 70% MT+30% PIT.

4 CONCLUSION

The MT-based beverage with the addition of jabuticaba
and pitanga resulted in increased beverage acidity and added
characteristics such as coloration and soluble solids (sweetness).
Regarding color parameters, the addition of fruits enhanced the
brightness (L*) of the beverage (brighter colors), with a greater
influence from pitanga. The alteration of chemical components
such as acidity contributes to this positive color change, cha-
racteristic of the studied fruits. Furthermore, the addition of
pitanga resulted in a smaller decrease in beverage chromaticity
and hue. However, even though the addition of fruit led to a
reduction in both total and individual phenolic compounds, the
final beverage still contains high levels of these compounds due
to the unique characteristics of each component.
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