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Abstract: Tea contains about 230 chemical bioactive compounds, of which polyphenols represent the
most considerable fraction (30% of total dry weight). These compounds have relevant nutritional
and pharmacological effects on human health, exerting antioxidant activities against oxidative stress-
induced damage. The industrial processes applied in tea production can lead to qualitative and
quantitative changes in the phenolic content and composition and in antioxidant properties, thus
influencing their potential biological activities. Meanwhile, the procedure for tea preparation may
influence the quantity of the extracted phenolic compounds. In this study, the effects of different
infusion parameters, such as the water type used for infusion (tap water, distilled water, and natural
mineral water), time (3, 5, and 10 min), temperature (T = 80 °C and 100 °C), and pH (ranged between
3 and 9) were considered. The optimal infusion variables resulting from the study were obtained by
extracting phenolic compounds at T = 100 °C for 10 min, both for green (916.12-1169.81 mg GAE/g)
and black (932.03-1126.62 mg GAE/g) bagged tea samples, respectively.

Keywords: green and black tea; psychoactive beverages; infusion tea; extraction conditions; total
polyphenols; antioxidant properties

1. Introduction

Tea (Camellia sinensis) is one of the oldest beverages and widely consumed world-
wide [1]. Since tea plant cultivation needs a humid and hot climate, production is mainly
concentrated in tropical and subtropical regions. Hence, most tea is produced in large
estates in East Africa and Southeast Asia [2]. From 2004 to 2019, world tea production has
risen from 3.15 million metric tons (MMT) to 6.1 MMT, with a total trade of $7.44 B. China
alone produced around 2.8 MMT in 2019, leading the market as the primary producer and
leading exporter ($1.77 B) [3]. The other leading largest countries for the production of tea
in 2019 were India (1.4 MMT), Kenya (459 thousand tons), Sri Lanka (300 thousand tons),
and Indonesia (129 thousand tons) [4].

Tea production starts with leaf collection, which then undergo processing. During
the transformation phases, tea leaves undergo oxidative and hydrolysis processes due to
endogenous enzymes (e.g., polyphenol oxidase and peroxidase) in leaf cells [5]. Depending
on the level of fermentation and processing methods, it is possible to distinguish between
six main kinds of tea (Figure 1): yellow, white, and green tea (non-fermented), oolong tea
(semi-fermented), black tea (fully fermented), and dark tea (post-fermented) [6,7]. In green
tea, the leaves are rolled and steamed to inactivate polyphenol oxidase, thus reducing
oxidation before drying; while, in black tea production, leaves are rolled to allow the
rupture of cellular constituents, thus facilitating contact between phenolic compounds and
polyphenol oxidase.
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Figure 1. Tea processing technologies [7].

Tea is considered a psychoactive beverage, similar to coffee and chocolate drinks,
because of their stimulating effects that are mainly derived from methylxanthines (e.g.,
theophylline, theobromine, caffeine) [8]. Dried tea leaves contain about 230 chemical bioac-
tive compounds [9], of which polyphenols represent the largest fraction (30% of the total
dry weight, TDW), and they are considered to have beneficial effects on human health [10].
It is worth noting that tea consumption can have different health-promoting effects, such
as anticarcinogenic and antioxidant activities and cardiovascular and metabolic disease
prevention [5,8]. However, polyphenol profiles are markedly different among teas based
on their diverse potential biological activities. The most beneficial effects of green tea are
credited to green tea polyphenols, mainly catechins, which make up 25-35% of the TWD
of tea leaves. The remaining part is mainly composed of caffeine (approximately 3.5% of
the TDW), theobromine (0.15-0.2%), theophylline (0.02-0.04%) and other methylxanthines,
lignin (6.5%), organic acids (1.5%), chlorophyll (0.5%), and other pigments. Green tea has
been shown to exert chemoprotective, antimicrobial, cardioprotective, and immunostim-
ulatory functions [11]. In contrast, black tea polyphenols are mainly derived from the
polymerization of catechins into theaflavin (0.3-2% of TDW) and thearubigins (10-20%
of TDW) produced during fermentation [12]. These compounds, found in tea leaves and
infusions, can exert antioxidant activities against free radicals, thus protecting the human
body from oxidative stress-induced damage.

Over the years, several works concerning the antioxidant activities of infusions of
Camellia sinensis have been published. These works show the great interest of scientific
researchers in the antioxidant compounds of tea. In the literature, the polyphenol content
in green and black tea infusions is well documented [13-22]. Different studies have inves-
tigated the application of different solvents to the extraction of phenolic compounds in
green and black tea extracts [14,16,21]. Otherwise, they considered only a single type of
water (e.g., distilled water) as an extractive solvent, performing the extraction at 100 °C
for 45 min [17,18]. However, few studies simultaneously considered the optimization
of different infusion parameters of green and black teas [12,20,22]. McAlpain et al. [20]
and Zargar et al. [12] studied tea infusions obtained in water by varying only the time of
infusion (1-10 min) while keeping the temperature fixed.

Individual preferences for the consumption of tea change according to the country of
origin. Generally, tea is usually consumed after an infusion in water between 95 °C and
100 °C for a determined time [23]. In Western countries, the consumption of bagged black
tea leaves after a short infusion time (<3 min) in water at 100 °C is preferred. In India,
Pakistan, and some Middle Eastern Countries, black leaves are boiled in a pot for longer
before consumption. In China and Japan, tea is prepared by steeping green leaves in hot, not
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boiling, water, and only the second and subsequent infusions are consumed [23]. Therefore,
although the procedure for preparing tea is not the same worldwide, it is essential to keep
its active principles intact. To deepen the beneficial effects derived from tea consumption in
the laboratory setting, it is essential to understand how the total polyphenol content varies
when varying the kind of water used for the infusion and the temperature/time conditions.
Currently, most research focused on steeping times often used by consumers reported
that over 50% of polyphenols were released in the initial 5 min of infusion time [8,24].
Studies have only investigated a few steeping times, such as an extended timeframe (e.g.,
beyond the first 5 min of infusion), or have only examined a specific type of tea at a fixed
temperature [23-25].

The objective of the study was to evaluate the total polyphenol content and the
antioxidant activity by means of the Folin—-Ciocélteu method and the Diammonium salt
(ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays in black and green tea samples
after considering various infusion parameters (time, temperature, pH, type of water used
for infusion: tap, natural mineral, and distilled water). The ability to directly analyze
aqueous green and black tea extracts could replace and limit the use of organic solvents (e.g.,
methanol, ethyl acetate), which are often harmful to human health and the environment.
To date in literature, no studies have compared the application of different types of water
in the extraction of polyphenols, but they have performed a comparison between organic
solvents and only distilled or tap water [14,16,21].

2. Materials and Methods
2.1. Chemicals

Folin—Ciocalteu reagent (H3[P(W301¢)4/H3[P(Mo0301)4], gallic acid (C;HgOs), sodium
carbonate (NayCO3), Eriochrome Black T (MB 11), ammonium chloric (NH4Cl), ethylenedi-
aminetetraacetic acid (EDTA), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) di-
ammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), potassium persulfate
(K2520s3), sodium phosphate dibasic (Nap,HPO,), phosphate-buffered saline (PBS), methanol
(CH30H), and ultrapure water were purchased from Sigma-Aldrich Chemical Co., St. Louis,
MO, USA. Instead, acetic acid (CH3COOH), sodium acetate (CH3COONa), chloridric acid
(HCI), and sodium hydroxide (NaOH) were purchased from Carlo Erba, Milan, Italy.

2.2. Instruments

The following instruments were used: Bandelin Sonorex RK100H water and ultrasonic
thermostatic bath, Hanna Instruments pH211 Microprocessor pH Meter (Sigma Aldrich,
Milan, Italy)), and UV-Vis spectrophotometer (Jenway, Stone, (UK)).

2.3. Samples

Twenty commercial tea bags of two varieties (green and black ones) were collected
from local markets and tea shops. For each tea variety, n = 10 samples of three different
brands were purchased. Samples were stored in darkness at T = 15-20 °C until the day of
analysis. The results of the analyses are presented as the average of the samples for each
type of commercial tea: green and black tea bagged samples.

2.4. Aqueous Tea Extract Preparation

Before conducting polyphenol aqueous extraction, water hardness was measured as
follows: 50 mL of sample was placed in a flask, to which 4 mL of NH4Cl/NH3/EDTA and
0.2 g of MB11 were added. The solution was then titrated under stirring with 0.01 M EDTA
solution. The results were calculated as follows:

V3 x Mx10

Hardness (°F) v
4

where V3 = volume (mL) used for titration, M = molarity of EDTA, V4 = volume (mL) of
the sample tested.
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According to Das et al. [21], extraction of total polyphenols from the different tea
samples was performed as follows: commercial tea bags, which weighed between 1.5 and
2 g were opened, and 2 g of sample was weighed for each aliquot. The sample was then
placed into a glass flask with 200 mL of water for infusion: tap water (TW), high hardness
(33.5 °F) distilled water (DW), and natural mineral water (NMW), low hardness (13.3 °F).
Table 1 reports the physicochemical characteristic of water used for the analysis.

Table 1. Physiochemical characteristics of natural mineral, tap, and distilled water.

Parameter Unit NMW TP DW
Electrical conductivity at 20 °C uS/cm 668 571 6.8
pH - 7.06 7.50 7.00
Fixed residue mg/L 440 408 <1
Hardness F° 13.3 33.5 <0.01
Calcium (Ca?*) mg/L 124 104.0 -
Magnesium (Mg") mg/L 29.4 18.70 -
Sodium (Na') mg/L 4.0 4.1 -
Potassium (K*) mg/L 1.2 0.97 -
Bicarbonate (HCO3 ™) mg/L 498 399 -
Sulfates (SO427) mg/L 17.2 16.60 -
Chlorides (C17) mg/L 6.6 6.5 -
Nitrates (NO3 ™) mg/L 2 2.99 -
Nitrites (NO, ") mg/L <0.002 <0.01 -

The extraction of total polyphenols from the different tea samples was performed for
different infusion times (3, 5, 10 min) and at different temperature ratios (T = 80 °C and
100 °C), respectively (Figure 2). These time and temperature conditions were chosen to
replicate the usual homemade preparation conditions in the laboratory setting. For each
sample, analyses were performed in triplicate.

= T=80°C —  Smin

f\p 3 o

TEA Natural « T=100°C
— Mineral Water : 10min
E. e ,ﬂ Distilled Water
Tea samples
fBIa: : ;ﬁ':l‘;’; ::m} Water Type Infusion Temperature and Time

Infusion Conditions
Figure 2. Experimental and water extraction conditions for tea samples.

2.5. Polyphenols Aqueous Extraction at Different pH

To evaluate the influence of pH on the extraction of polyphenols, two types of water
were considered: natural mineral water and distilled water. The effect of pH on the
extraction capacity of total polyphenols in tea samples was examined, considering the best
conditions for polyphenol extraction (T = 100 °C for 10 min). pH values ranging between 3
and 9 were analyzed. This pH range was considered for the analysis as it reflects the pH
values of most commercial beverages (e.g., soft drinks, fruit juices) [26]. DW and NMW
were acidified by adding HCl (0.1 M) and alkalized by the addition of NaOH (0.1 M). In
addition, different buffer solutions at different pH were considered. Buffer solutions were
obtained between pH 3 and 6 using CH;COOH/CH3COONa (0.1 M) buffer, while for the
buffer solutions at basic pH (7-9), the Na,HPO,/HCI (0.1 M) buffer was used. After the
aqueous solution and buffer solution preparation, polyphenol extraction was conducted
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on commercial tea bag samples to which 200 mL of acidified aqueous solution, alkaline
aqueous solution, and buffer solution was added. All analyses were performed in triplicate.

2.6. Determination of Total Polyphenol Content (Folin—Ciocdlteu)

Total polyphenol content (TPC) was measured by spectrophotometric analysis using
the Folin—Ciocalteu method [27]. The TPC method was modified for tea infusion analysis:
1 mL of tea infusion sample was added to 0.25 mL of Folin-Ciocalteu reagent (2.0 N). After
3 min, 0.5 mL of NayCOs (7.5%, w/v) was added and brought to a final volume of 10 mL
with distilled water. The tea samples were left for 45 min in the dark at room temperature.
The absorbance was measured at A = 750 nm in cuvettes with a 1 cm path length relative to
the aqueous solution. The total content of phenols was expressed as milligrams of gallic
acid equivalent (GAE) per gram of bagged tea samples. The results were obtained through a
calibration curve ranging from 50 to 500 mg/L of gallic acid solution (y = 0.0005x — 0.0023;
R? = 0.9905).

2.7. Determination of Antioxidant Activity (ABTS and DPPH Assays)

Antioxidant activity was determined through ABTS and DPPH assays, according to a
previously reported method of Thaijpong et al. [28]. The free radical scavenging activity of
the aqueous tea extracts was assessed by measuring the decrease in absorbance at 515 nm
for DPPH® and at 734 nm for ABTS®* radical cation. Absorbance was measured in cuvettes
with a 1 cm path length relative to aqueous solution (distilled, tap, and natural mineral
water, respectively), using a UV-Vis spectrophotometer (Jenway, Stone, UK). Results were
expressed as inhibition percentage (I%) and were calculated based on Equation (1):

Ao — As

1% =
Ag

x 100 )
where Ay is the initial absorbance of the radical cation and A; is the absorbance after the
addition of tea sample extract.

2.8. Statistical Analysis

The statistical package SPSS, v.27, was used (SPSS Inc. a.s., 2000, Bologna, Italy)
to calculate significant differences between the tea samples in all the analyses. Results
were evaluated with one-way analysis of variance (ANOVA) and p-values of <0.05 were
considered significant.

3. Results and Discussion
3.1. Effect of Infusion Variables on TPC

A comparison of the polyphenol content of tea samples infused in different types of
water (tap water, natural mineral water, and distilled water) is proposed for the first time
in this manuscript.

The Folin—Ciocalteu assay has been extensively used for the determination of to-
tal polyphenol content (TPC) in different food matrices [27,29,30], including tea [20,31].
However, no studies have been simultaneously considered different infusion temperatures
(80 °C and 100 °C), different infusion times (3, 5 and 10 min). and different types of water
(distilled, tap and natural mineral water). Figure 3 shows the total phenolic content (TPC)
of green tea infusion considering the different time/temperature conditions and different
types of water used for the infusion. There was a clear increase in TPC with a longer steep
time for each type of water investigated. Moreover, an increase in TPC was observed in
green tea samples extracted at T = 100 °C for 10 min (Figure 3b). Among water types, it
was found that NMW for all three infusion times (3, 5, and 10 min) resulted in higher TPC
values (916.12-1169.81 mg GAE/g).
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a) T=80°C b) T=100°C
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2 1000 2
g § 1000
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Figure 3. Total phenolic content (TPC) in green tea samples (mg GAE/g). (a) TPC for green tea
infusion at T = 80 °C for different infusion times and types of water; (b) TPC for green tea infusion at
T =100 °C for different infusion times and types of water. Error bars are + standard deviation. Same
letters indicate a significant difference according to the ANOVA test (p < 0.05).
For black tea samples (Figure 4), the TPC is lower than that of green tea samples.
However, black tea infusion also displays the same trend as green tea, with a higher TPC
for the infusions extracted at a temperature of 100 °C (Figure 4b) than those extracted at a
temperature of about 80 °C (Figure 4a). In addition, even for black tea, NMW extracts more
polyphenols than tap water and distilled water.
a) T=80°C b) T=100°C
1200 a
3 & 1200
£ 1000 &
- § 1000
2 800 g
?g 3 800
S 600 E:
E E 600
S 400 )
5‘0 3 400
£ 200 £ 200
0 0
3 5 10 3 5 10
Time ofinfusion(min) Time ofinfusion (min)

[ @ Distilled water m Natural mineral water m Tap water ]

Figure 4. Total phenolic content (TPC) in black tea samples (mg GAE/g). (a) TPC for black tea infusion
at T = 80 °C for different infusion times and different types of water; (b) TPC for black tea infusion at
T =100 °C for different infusion time and different types of water. Error bars are +standard deviation.
Same letters indicate a significant difference according to the ANOVA test (p < 0.05).
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The greater TPC of green teas than black tea could result from their production
processes. According to Astill et al. [23], during the production of green tea, the primary
polyphenols (i.e., catechins) remain relatively intact during the process. This could be
attributable to the deactivation of enzymes that can catalyze the oxidative polymerization
of catechins by heat treatment (pan-roasting or steaming) immediately after harvesting.
In contrast, black tea production involves a leaf-breaking step to promote the enzymatic
oxidation of catechins, thus decreasing the polyphenol content.

The parameters that most influence the concentration of TPC are the infusion time and
the type of water used for the infusion preparation. Indeed, the increase in temperature
from 80 °C to 100 °C is accompanied by a slight increase in the TPC. Infusion time is the
parameter that mainly influences the extraction of polyphenols, according to the litera-
ture [12,20,22]. For commercial packs of tea, the recommended infusion time is 2-3 min;
this is recommended because an excessive concentration of polyphenols could influence
the taste of the product [32].

Therefore, the results showed that the best extraction conditions for antioxidant com-
pounds in tea is using NMW with an extraction time of 10 min at 100 °C (1126.62 mg GAE/g).
These infusion procedures could be applied to homemade preparations to keep its active
principles intact, thus strengthening the beneficial effects of its consumption [13].

3.2. Effect of pH of Aqueous Solution on TPC

In addition to the infusion time/temperature conditions, the effect of pH on the
extraction of total polyphenols from green tea samples was performed when using the
best conditions for polyphenols extraction (T = 100 °C for 10 min). In addition, only green
tea was used for this analysis, as it was the sample with the highest polyphenol content
(890.09-075.01 mg GAE/g). Figure 5 shows the values of TPC for green tea infusions in
distilled water, buffer solutions, and natural mineral water at different pH values. It is
possible to notice a decrease in total polyphenol content between pH 3 and pH 9. This
decrease of about 20% in the TPC of green tea prepared at neutral or alkaline pH is probably
due to the stability of some phenolic compounds in tea, such as catechins. It has been
shown that these compounds have greater stability at acidic pH and tend to change epimer
conformation as the pH increases, thus triggering the polyphenol degradation reactions in
tea that lead to the formation of lower molecular weight compounds and, consequently,
the loss of phenolic compounds [33]. In addition, it should be considered that, despite the
different starting pH of the distilled water, during the infusion, the pH changed until it
reached a value of 4.7 in all infusions, regardless of the initial pH value. This is in line with
the study of Vuong et al. [34], which reported a similar phenomenon in black tea samples
extracted with distilled water at different pH values. Indeed, using buffer systems, it was
possible to maintain a constant pH throughout the infusion time. A similar trend was
found at different pH values than distilled water, but the observed decrease reached almost
40% going from pH 3 to pH 9. In this case, it is possible to assume that it arises not from an
increase in degradation reactions as a decrease in the extraction efficiency of TPCs at the
different pH considered, which is in line with the study of Gadkari et al. (2015) [35], who
found a decrease in extraction efficiency in phosphate buffers in the pH range between 6
and 8 in green tea samples.
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Figure 5. TPC of green tea infusion (mg GAE/g) prepared at different pH values between 3 and 9,
in distilled water; in buffer solution, and in natural mineral water at 100 °C for 10 min. Error bars
are +standard deviation. Same letters indicate a significant difference according to the ANOVA test
(p <0.05).

As pointed out by Ananingsih et al. [33], TPC values can be related to the presence
of the ions within the mineral water. It has been reported by [36] that some metal ions
(e.g., Fe”* Fe?*, and Cu?*) form complexes that catalyze the oxidation of some phenolic
compounds (e.g., catechins). Therefore, the reduction in the TPC of green tea samples
could be attributable to the composition of the mineral water used (hardness: 13.3 °F).
In addition, the concentration of calcium ions in the natural mineral water (33.7 mg/L)
could be the major contributor to the observed decrease. The composition of tap water and
water with a high level of mineralization includes large amounts of dissolved mineral salts,
especially calcium and magnesium salts, and hydrogen carbonate ions, which can inhibit
the extraction process and react with the polyphenolic compounds [18,36], lowering the
antioxidant properties of the infusion [37]. In addition, extracts of phenolic compounds
from plants may contain various contaminants and interfering substances [21]. pH is
also an essential factor in the extraction of phenolics. Usually, a low pH in the extraction
solution can prevent the oxidation of phenolics, although they can also be eliminated
through chelation with metal ions [21]. Hence, it can be assumed that tea polyphenols
are more stable under acidic conditions and weaker under alkaline conditions. This is
confirmed because by alkalizing the mineral water at pH 9, a precipitate (Ca(OH), or
CaCO3) was formed. When performing the analysis on a filtered aliquot of the sample,
the TPC was higher than that obtained at pH 3, thus confirming the possible interaction
between polyphenols and calcium ions present in the water.

3.3. ABTS Assay of Tea Infusions

In Figure 6, the ABTS radical scavenging capacity of different green and black tea
infusions obtained with different waters (DW, NMW, and TW) at different steeping
times/temperatures. In the green tea infusion, the highest ABTS activity is observed
in the samples prepared with NMW at 100 °C for 10 min (99.73, I%), while the lowest is at
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80 °C for 3 min with TW (93.10, I%). The trend found in green tea is also observed for black
tea infusions (Figure 6).
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Figure 6. ABTS radical scavenging activity of green tea infusion, at T = 80 °C (a) and at T = 100 °C (b);
and of black tea samples, at T = 80 °C (c) and at T = 100 °C (d); in distilled water; in natural mineral
water, and in tap water. Error bars are +standard deviation. Same letters indicate a significant
difference according to the ANOVA test (p < 0.05).

Polyphenols from green tea (unfermented) and black tea infusion (fermented) are both
effective in scavenging the ABTS radical, but the differences in scavenging activities may
be due to the decrease in polyphenol concentrations during the fermentation process [12].
In addition, the water temperature does not negatively affect the antioxidant capacity,
probably creating the assumption that the chemical structure of polyphenols maintains
efficiency even at high temperatures [19,21]. In addition, the higher antioxidant activity may
be related to the total polyphenol content of the tea infusions. Indeed, higher antioxidant
activity was also found for this assay in tea infusions prepared with NMW [38].

3.4. DPPH Activity of Tea Infusions

The results show that DPPH activity increases with increasing steeping temperature
and decreases with increasing infusion time (Figure 7). The highest DPPH activity in
green tea infusions was obtained at 100 °C for 3 min (95.01, I%), whereas in black teas the
highest antioxidant activity was obtained at 80 °C for 3 min (77.29, 1%). Moreover, it was
observed that DW is the water with the greatest extraction capacity for polyphenols for
both green and black teas; this is probably due to the absence of calcium and magnesium
salts dissolved in it [37].
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Figure 7. DPPH radical scavenging activity of green tea infusion (a,b), at T = 80 °C (a) and at
T =100 °C (b); and of black tea samples (c,d) at T = 80 °C (c) and at T = 100 °C (d); in distilled water,
in natural mineral water, and in tap water. Error bars are =standard deviation. Same letters indicate
a significant difference according to the ANOVA test (p < 0.05).

Among the different infusions of tea obtained with three different types of water, there
is a reduction in antioxidant activity probably related to the concentration of Ca** and
Mg?* ions. In addition, a precipitate is observed during the analysis of samples obtained
with tap water (33.8 °F), probably because during the infusion phase, Ca?" ions interact
with polyphenols to form a polyphenol/calcium complex that is deposited on the bottom.
An aliquot of tea infusion was subjected to centrifugation and then analyzed. This proce-
dure revealed an antioxidant capacity higher than that obtained without centrifugation,
confirming the possible interaction between calcium ions and polyphenols [36,37].

Furthermore, the increase in antioxidant activity may be due to the total polyphenol
content and may be related to steeping time, leaf size, and the porosity of tea bags [12,32].

Nevertheless, the results of the DPPH assay differ from those of the ABTS assay; this
is probably related to the different type of reagents used. The DPPH reagent is a stable
nitrogen radical that interacts with peroxidic radicals involved in lipid peroxidation, while
ABTS reacts with hydrophilic and lipophilic compounds. Therefore, the reactivity of DPPH
is limited to the lipophilic fraction [39].

4. Conclusions

In this study, we evaluated the influence on polyphenol extraction from in green and
black tea matrices, of different types of water (tap, distilled, and natural mineral water)
with different hardness, different infusion times (3, 5, 10 min) and temperatures (80 °C and
100 °C). The optimal infusion variables were obtained by extracting phenolic compounds
at T = 100 °C for 10 min, both for samples of green tea (916.12-1169.81 mg GAE/g) and
black tea (932.03-1126.62 mg GAE/g) in natural mineral water. In addition, it has been
shown that, under the same infusion conditions, acidic solutions have a higher capacity for
polyphenol extraction, probably because acidic solutions stabilize polyphenols, limiting
their oxidation [35]. Therefore, the optimal infusion variables (time, temperature, water
types, and pH) could be considered for the preparation of domestic and industrial teas, as
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well as those indicated on the label, in order to obtain infusions with higher polyphenol
content and antioxidant activity and achieve greater benefit from the health-promoting effects.
Moreover, this study could be a starting point for future research, examining the number and
commercial tea types present on the market and investigating their polyphenolic profile.
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