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Abstract: (1) Background: beverages based on extracts from Camellia sinensis are popular worldwide.
Due to an increasing number of processed teas on the market, there is a need to develop unified
classification standards based on chemical analysis. Meanwhile, phytochemical characterizations
are mainly performed on tea samples from China (~80%). Hence, data on teas of other provenances
is recommended. (2) Methods: in the present investigation, we characterized lyophilised extracts
obtained by infusion, maceration and methanolic extraction derived from tea samples from China,
Japan, Sri Lanka and Portugal by phytochemistry (catechins, oxyaromatic acids, flavonols, alkaloids
and theanine). The real benefits of drinking the tea were analysed based on the bioavailability of the
determined phytochemicals. (3) Results: the infusions revealed the highest total phenolic contents
(TPC) amounts, while methanolic extracts yielded the lowest. The correlation matrix indicated that the
levels of phenolic compounds were similar in the infusions and methanolic samples, while extractions
made by maceration were significantly different. The differences could be partially explained by the
different amounts of (-)-epigallocatechin gallate (EGCG), (-)-epicatechin gallate (ECG) and gallic acids
(GA). The catechin percentages were significantly lower in the macerations, especially the quantity of
EGCG decreases by 4- to 5-fold after this process. (4) Conclusions: the results highlight the importance
of the processing methodology to obtain “instant tea”; the composition of the extracts obtained with
the same methodology is not significantly affected by the provenance of the tea. However, attention
should be drawn to the specificities of the Japanese samples (the tea analysed in the present work was
of Sencha quality). In contrast, the extraction methodology significantly affects the phytochemical
composition, especially concerning the content of polyphenols. As such, our results indicate that
instant tea classification based on chemical composition is sensible, but there is a need for a standard
extraction methodology, namely concerning the temperature and time of contact of the tea leaves
with the extraction solvent.

Keywords: phytochemical composition; Camellia sinensis; HPLC; catechins; natural product; Theaceae

1. Introduction

Tea (Camellia sinensis (L.) Kuntze (Theaceae)) is one of the oldest beverages in the world.
Although Pacific Asia is the dominant region for tea drinking, consumption of tea and tea-
based beverages have been increasing in Europe and in USA. According to recent statistics
(2017), 68% of people in the UK drink tea day to day, and over 159 million Americans
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drink tea every day. The global market for tea revenue is about US$ 214,761 million and is
expected to grow each year by 6.9% until 2023 (https://www.statista.com/outlook/cmo/
hot-drinks/tea/worldwide, accessed on 21 June 2021). In fact, tea is nowadays a drink
associated with several health benefits and has been adopted by stressed urban consumers.
Consuming green tea prevents lifestyle-related diseases and, therefore, reduces morbidity
as reported by several studies [1], including cancer [2–5], and cardiovascular diseases [6–8].
Several epidemiological studies have showed that tea consumption is associated with
decreased mortality rates due to lifestyle-related diseases [9–13].

In addition, the COVID-19 pandemic pushed up the consumption of tea worldwide.
Consumers perceive tea as a healthy drink with a variety of benefits related to the ability
of its constituents to act as a booster of the human immune systems. For instance, recent
studies suggest that EGCG may inhibit the replication of SARS-CoV-2 [14].

Despite its popularity, tea cultivation is confined to certain regions of the world due
to specific requirements of climate and soil. Most of the tea is produced in Asia, with
China, India and Sri Lanka being the main producers. The oldest location for producing
green tea on the European continent is the Azores Islands, an archipelago located in the
westernmost part of Europe. Due to the increase in the availability of many processed teas,
as an alternative to the classic six tea types, there is a need to develop a standard for tea
classification based on chemical analysis, as a substitute to the classic classification based
on the processing methods, as recognised by experts from the International Organization
for Standardization. Meanwhile, the sources for quantities of phytochemicals in sample
teas are mostly coming from China (~80%) (https://www.iso.org/committee/47918.html,
accessed on 30 September 2021) and as such, data on phytochemical quantification of tea
deriving from other provenances is recommended to increase data diversity. In addition,
most of the published data do not follow the accepted standard guidelines concerning,
e.g., good practice for sampling, standardisation for extraction methods and profiling the
phytochemicals.

We have previously quantified the constituents of tea cultivated in the Azores (Por-
tugal) [15]. However, we come across difficulties getting useful data, when searching for
analytical results concerning the phytochemical composition of green teas harvested in dif-
ferent Asian areas for comparison purposes. This problem arises from the non-standardized
diversity of extraction methods and conditions of analytical methodologies. Consequently,
we realized there was a need to quantify phytochemicals of tea samples cultivated in other
countries, using identical techniques and conditions for quantification and extraction. Thus,
the composition of infusions, macerations and methanolic extracts of teas from China,
Japan and Sri Lanka were determined by HPLC-DAD. While infusion is the method of
preparation of tea from leaves or powdered leaves, “instant tea” is becoming more and
more used. Hence composition analysis of extracts from other mediums and/or with
higher extraction times are useful for comparison. Thus, the results of the phytochemical
characterizations (catechins, oxyaromatic acids, flavonols, alkaloids and L-theanine) are
presented and discussed in a comparative way. Furthermore, an analysis of the real benefits
of drinking the tea is made based on data concerning the bioavailability of the determined
phytochemicals.

The analysis of the results will allow an assessment to be made of the extent of the
influence of pedoclimatic factors on the composition of the teas. This will contribute with
data to the development of quality standards and will verify the differences in compositions
of extracts that are due to extraction methodologies, assuming the latter have a special
relevance in industrial production of “powdered tea extracts”.

2. Materials and Methods
2.1. Solvents, Reagents and Standards

Commercial samples of green tea leaves of various provenances were purchased on
the Portuguese market. Samples were identified according to their provenance as A for
Azores (Green tea Gorreana), C for China (Green tea from China), J for Japan (Japanese

https://www.statista.com/outlook/cmo/hot-drinks/tea/worldwide
https://www.statista.com/outlook/cmo/hot-drinks/tea/worldwide
https://www.iso.org/committee/47918.html
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Sencha green tea) and SL (Pure green tea from Sri Lanka). The teas used for extraction were
gathered after blending samples from different batches.

All solvents and reagents from various suppliers were of the highest purity needed for
each application. Methanol (LC-MS) and formic acid (p.a.) were obtained from Fluka Ana-
lytical (Munich, Germany), acetonitrile (LC-MS) from Sigma-Aldrich (Steinheim, Germany).
The Folin–Ciocalteu reagent was from Merck. Reference standards of L-theanine (>99%),
caffeine (>99%) and (-)-epigallocatechin gallate (>99%), (+)-catechin (>99%), (-)-epicatechin
(>99%), (-) epicatechin gallate (>99%), (-)-epigallocatechin (>99%) gallic acid (>99%),
kaempferol-3-glucoside (>99%) neochlorogenic acid (>99%) o-caffeoylquinic acid (>99%)
quercitin-3-D-galactoside (>99%) were purchased from Sigma–Aldrich Corp (St. Louis, MO,
USA). Water from a Milli-Q purification system (Simplicity- UV. Millipore Corp. France)
was used for sample preparation and analysis.

All standards were prepared as stock solutions in methanol or water (theanine).
Working standards were made by diluting stock solutions to yield concentrations ranging
between 5 µg ×mL−1 and 10 mg ×mL−1.

Stock/working solutions of the standards were stored in darkness at −18 ◦C.

2.2. Extraction Methodology

Extraction method 1 (tea infusions): hot tea infusions were prepared for samples
coming from China (C), Japan (J) and Sri Lanka (SL) by pouring purified water at 90 ◦C on
1.5 g of tea and brewing for 5–7 min according to commercial indications. They were then
filtered through Whatman membrane filters 0.45 µm, lyophilised and stored, yielding dry
extracts [% (w/w)] of 43.2% for C1, 18.3%for J1 and 20.0% for SL1.

Extraction method 2 (aqueous macerations): 1.5 g of one type of green tea was placed
in a 250 mL Schott flask and 100 mL water was added. The flask was covered, and the
plant was macerated for 48 h at room temperature in the dark. The pH of the extracted
aqueous solutions was less than 5.0. The water fraction was removed by filtration through
Whatman membrane filters mixed cellulose ester 0.45 µm, lyophilised and stored yielding
dry extracts [% (w/w)] of 20.6% for C2, 26.2% for J2 and 33.8% for SL2.

Extraction method 3 (methanolic extracts): dried plant material (1.5 g) was thoroughly
mixed with methanol (3 × 50 mL) for 20 min. Collected extracts were filtered and cen-
trifuged (3000 rpm. 15 min) and the solvent was evaporated, yielding dry extracts [% (w/w)]
of 12.5% for C3, 6.4% for J3 and 11.3% for SL3. All powdered extracts were kept frozen
(−18 ◦C) until further use.

2.3. Total Phenolics Content (TPC)

Total phenolics were estimated using the Folin–Ciocalteu colorimetric following a
method described previously [16] with a small modification. Briefly, 300 µL of the extract
(1 mg × mL−1) was diluted in a 10.0 mL volumetric flask to which 1.0 mL undiluted
Folin–Ciocalteu reagent was added. Immediately 5.0 mL 20% (w/v) Na2CO3 was added.
After 30 min incubation at room temperature, the absorbance was measured at 735 nm and
compared to a pre-prepared gallic acid calibration curve. Determinations were performed
in triplicate. Results were expressed as milligram of gallic acid equivalents (GAE) per gram
of extract.

2.4. HPLC-DAD Analysis

The analysis was performed using the same methodology applied previously for
characterization of green tea coming from the Azores [15]. An analytical HPLC unit with
diode-array detection device (Thermo Scientific Dionex Ultimate 3000 (Thermo Fisher
Scientific Inc., Germering, Germany)) equipped with a C18 column (15.0 × 0.46 cm, 5 µm
particle size) from Supelco was employed. The solvent system used was a gradient of
water–formic acid (19:1) (A) and methanol (B). At a solvent flow rate of 0.9 mL/min
and starting with 5% methanol, a gradient was implemented to obtain 15% B at 2 min,
25% B at 8 min, 30% B at 15 min, 35% B at 21 min, 45% B at 23 min, 45% B at 25 min,
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50% B at 26 min, 55% B at 28 min, 70% B at 30 min, 75% B at 34 min and 80% B at
36 min. Spectral data from all peaks were accumulated in the range 200–400 nm, and
chromatograms were recorded at 280, 320 and 350 nm. For all analyses the injection volume
was 10 µL, and oven temperature was controlled at 25 ◦C. Chromatographic data was
processed with a Chromeleon™ 7.2 Chromatography Data System Software (Thermo Fisher
Scientific Inc., Germering, Germany). Peak integration was performed automatically using
baseline-to-baseline integration. When necessary (noisy baseline or co-eluting peaks), a
manual correction of erroneous automated data system integrations was performed. The
compounds in each sample were identified and quantified by comparing their retentions
times and peak area in the chromatograms relative to external standards.

The quantification of theanine was performed according to Song et al. [17] at 200 nm
using the following elution program with a flow rate of 1 mL/min: 0–2 min: 2% acetonitrile,
98% ultrapure water; 2–20 min: percentage of acetonitrile increased linearly from 2% to
20%; 20–25 min: percentage of acetonitrile increased linearly from 20% to 21%; 25–35 min:
50% acetonitrile, 50% ultrapure water; 35–40 min: percentage of acetonitrile decreased
linearly from 50% to 2%; and, 40–45 min: 2% acetonitrile, 98% ultrapure water.

2.5. Statistical and Data Analysis

A completely randomized design was used with three replications. Statistical analysis
was performed using SPSS v. 24 (IBM Corp. Armonk, NY, USA). Data for all analyses were
expressed as mean ± standard error. Analysis of Variance (ANOVA) followed by Tukey’s
HSD post-hoc test for multiple comparisons was used to assess the statistical differences
among means (p ≤ 0.05). The graphical representations were made with Sigma Plot V10.

3. Results

Values obtained for the total phenolics content (TPC) expressed in mg GAE/g ex-
tract are presented in Table 1. In Table S1 the sum of all the phenolic compounds (sum
phenolic) measured by HPLC-DAD is shown as well as the quantified (−)-epicatechin
(EC), (−)-epicatechin gallate (ECG), (−)-epigallocatechin (EGC), (−)-epigallocatechin gal-
late (EGCG) and (+)-catechin (C). This table also contains the amounts of quercetin-3-
D-galactoside (Q-3-gal), kaempferol−3−glucoside (K), and the oxyaromatic acids 3-O-
caffeoylquinic (o-CQA) and neochlorogenic (5-O-caffeoylquinic) (NCA), and gallic acids
(GA). Table S2 lists the quantification of the alkaloids (caffeine and theophylline) and the
amino acid L-theanine.

Table 1. Total phenolic content and antioxidant activity in green teas of different geographic prove-
nance: C (China); A (Azores); J (Japan); SL (Sri Lanka); (1-infusion, 2-maceration, 3-methanolic extract).

Tea Sample TPC *
(mg GAE/g Extract) Ref.

C1 92.883 ± 3.196 d This work
C2 65.007 ± 1.399 f This work
C3 56.017 ± 1.125 g,h This work

A1 151.843 ± 6.857 a [15]
A2 111.793 ± 1.575 b [15]
A3 85.179 ± 1.776 d,e [15]

J1 79.147 ± 1.976 e This work
J2 62.133 ± 2.052 f,g This work
J3 52.087 ± 1.126 h This work

SL1 102.927 ± 4.636 c This work
SL2 80.683 ± 1.168 e This work
SL3 63.384 ± 1.125 f,g This work

* Values expressed as mean± standard deviation obtained from 3 measurements per replicate. For each parameter,
different lowercase superscripts indicate statistically significant differences (p < 0.05).
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Typical chromatograms are presented in Figure 1 providing evidence for the differ-
ences in phytochemical profiles of the tea samples studied. Because different extraction
methods led to different amounts of crude extract, the contents of phenolic were expressed
in in mg/g of extract.

Figure 1. HPLC profile of the green tea extracts at different wavelengths; in each wavelength and
from top to bottom: China tea; Azores tea; Japan tea; Sri Lanka Tea. (1) gallic acid, (2) neochlorogenic
acid, (3) epigallocatechin, (4) 4-O-caffeoylquinic acid, (5) epigallocatechin-3-gallate, (6) caffeine,
(7) epicatechin-3-gallate, (8) (+)-catechin, (9) epicatechin, (10) quercetin-3-galactoside, (11) kaempferol-
3-glucoside.

4. Discussion

In the present work, extractions were performed with two different solvents: methanol
and water. The aqueous extracts were obtained by maceration (room temperature) and by
infusion. Infusions were made following the instructions for preparation from the produc-
ers. All protocols were performed with the same conditions as in a previous work [15].

It has been reported that the content of alkaloids and catechins in green tea varies
with different plucking periods [18]. In order to diminish the differences in composition
arriving from such variability, the material used for extraction was gathered after blending
samples of teas coming from different batches, in accordance with the guidelines on quality
of herbal medicinal products/traditional medicinal products from the European Medicines
Agency Inspections.

As regards the selection of solvents (water vs. methanol) for extraction, even if
only the differences in the dissolution capacities are considered, aqueous and methanolic
extracts are expected to differ in composition, namely regarding the secondary metabo-
lites that will affect the total phenols content. In particular, methanol has been generally
found to be more efficient in extraction of lower molecular weight polyphenols, while
the higher molecular weight flavanols were better extracted with water [19]. For in-
stance, the total catechins content (TCC) of commercial samples of green teas may vary
within the range of [21.4–228.2] mg/(g dry tea) for aqueous extractions and within the
range [32.2–141.2] mg/(g dry tea) for methanolic extracts [20]. Extractions with mixtures
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of methanol/water tended to yield higher amounts of catechins than those of absolute
methanol. It is interesting to note that the range of concentrations for the aqueous extracts
was larger than that of the corresponding methanol extraction, but this could be because
yields of powder obtained for water extractions were more variable than those obtained for
methanol. The TCC for the studied samples varied within the [39.4–98.9] mg/(g of dry tea)
range for infusions and within the [11.5–21.4] mg/(g of dry tea) range for methanolic
extractions. The methanolic extractions led to lower catechins content probably because
methanol at 99% was used.

For a particular solvent, the amounts of extracted components also depended on the
extraction conditions. Extraction is a process mainly governed by diffusion and solubility.
Longer extraction periods and higher temperatures promote increased permeability of cell
walls of green tea leaves and can enable more tea catechins to move into the solution, as
these conditions enhance the solubility and diffusion coefficients. However, the solubility
of the individual catechins in the solvent may differ due to their different structure and
molecular weight. In addition, the stability of the catechins may be affected, if tea is
brewed for too long, because of an increased probability of epimerization, oxidation, and
degradation, especially under higher extraction temperatures [21]. Also, pH seems to
affect the percentages of catechins extraction due to decomposition. At pH 6 and 7, the
epistructured catechins were partially epimerized to non-epistructured catechins and both
groups were degraded for pH > 9 [22].

4.1. Total Phenolic Content (TPC) and Total Phenolics

According to Uchenna et al. [20], the mean value for TPC (mg GAE/g dry tea) pre-
sented by samples of green teas consumed in UK was 77.2 mg/g, ranging from 65.8 to
106.2 mg/g. The obtained values were within this range except for the Azorean infusion
that was higher. Independently of the provenance, the data suggest that the TPC varied as
follow: TPC (infusions) > TPC (macerations) > TPC (methanolic), see Table 1. Although a
higher TPC is related to a more effective antioxidant sample, the measured TPC for each
sample should be regard as related to the activity of a unique set of antioxidant substances:
for instance, the antioxidant activities of the infusions and methanolic extracts are probably
due to the higher content of catechins, while the high concentration of GA in maceration
suggests that this substance is the main contributor to the antioxidant activity.

In Table S1, the sum of all the phenolic compounds (sum phenolic) measured by
HPLC-DAD is shown in column 7 and total catechins content (TCC) in column 8. Catechins,
flavonols and oxyaromatic acids were the major flavonoids in green teas. Catechins them-
selves can comprise about 90% of the phenolic compounds. The phytochemical analysis of
the studied samples also showed that catechins were prevalent among the phenolics, as
seen by the ratio of TCC/TPC that rose to 90%. However, exceptions were the maceration
extracts of samples from China, Azores, and Sri Lanka (C2, A2 [15] and SL2) and infusions
from Japan (J1). Contributing to these observations were the lower or undetected concen-
trations for EGCG in the macerates of the teas from China, Azores, and Sri Lanka and the
high value for GA in the Japan infusion sample. The comparative discussion of samples
made in the next section will show that maceration solutions have a different composition
to the others. Therefore, it looks as if catechins were responsible for the TPC in infusions
and methanolic extracts, while in macerations GA could be a major contributor.

4.2. Phytochemical Characterization: Chromatographic Fingerprinting and Marker
Compound Analysis

Chromatographic methods such as HPLC-DAD are the methods of choice for the
analysis of multicomponent mixtures in tea. There are 12 catechins in total that could be
identified by chromatography but epigallocatechin gallate and epigallocatechin were the
most abundant ones, taken as constitutive of 70% of the total amount [23].
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4.2.1. Phenolic Content

Considering the number of the samples and of the quantified substances, the analysis
of the similarity of composition in terms of phenolics was made by means of a correlation
matrix (Figure 2). The matrix was made considering the previous results of the tea from
the Azores [15] and shows the correlation between the samples within their composition:
positive values indicate that the samples correlate directly; negative values indicate that
samples correlate inversely. Values shown in red were indicative of statistically sound
correlations (at a statistical level of 2 hence, they may be considered as being similar. Black
values were less than 0.8 and were indicative for samples showing a weak correlation,
which can be thus assumed as being different.

Figure 2. Correlation matrix for polyphenol composition of the samples analysed. Compositions of
infusions correlated significantly (p < 0.05) with compositions of methanolic extracts, but not with
maceration extracts. C—China tea; A—Azores tea; J—Japan tea; SL—Sri Lanka Tea; 1—Infusion;
2—Maceration; 3—Methanolic extract.

Comparing extracts obtained by the same extraction methodology, the data indicates
that infusions did not significantly differ in terms of their polyphenol composition, re-
gardless of the provenance of the sampled tea. The same conclusion can be drawn when
the methanolic extracts were compared with each other. In contrast, maceration extracts
showed significant differences in composition between samples, but macerates of the Chi-
nese tea were similar to those of Japan tea (see cells C2/J2), and the composition of the
Azorean maceration was not significantly different from that coming from Sri Lanka (see
cell A2/SL2).

With respect to the comparison of extracts made with different extraction methods, it
could be easily noted that maceration extracts differed significantly from those obtained
by infusion and by methanol: the correlation coefficients in the columns/rows for the
maceration samples C2, A2, J2 and SL2 were mostly less than 0.80, except for the Japanese
sample. In addition, maceration of the Chinese tea sample yielded an extract that was
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similar to the Japanese infusion (C2 ≈ J1), while the methanolic extract of the Chinese
sample was different from the infusion of the Japanese sample (C3 6= J1).

4.2.2. Levels of Catechins

Polyphenols are responsible for many of the healthy properties attributed to green
tea intake. The most abundant polyphenol is EGCG and is also responsible for most of
the health benefits [24]. Our results show that the content of EGCG varied between 19.6
and 68.1 mg/(g tea leaves), giving a total amount of 98–340 mg per cup if a bag of 5 g
is considered. The amount of EGCG in the J and A samples were similar (19.4 ± 0.9
and 22.9 ± 1.6 mg, respectively), while the C sample revealed approximately double
(42.6 ± 4.1 mg) and the SL sample triple (68.1 ± 14.2 mg) that of the others.

More important than the quantity extracted is the amount of catechins available for
absorption. This will provide the realistic dose that will give a certain benefit. Catechins are
compounds that are bioavailable after consumption. Both EGCG and ECG are detectable in
plasma, and it seems that they are transported and stabilized by serum albumin [25]. Both
EC and EGC appear in the blood stream as metabolized glucuronide or sulphate conjugates.
The consumption between 50 and 250 mg yielded maximal EGCG levels in the blood of
about 60% 1.5 to 2 h after intake giving a bioavailability that varies from about 60 to 204 mg
per cup for our samples [26,27].

If tea preparations are made as “soluble tea”, then a lyophilized powder is likely to
be used. Values obtained for the catechins composition of the lyophilized samples are
shown in Table S1 and in the graphic representations of Figure 3, (a) for infusions, (b) for
methanolic and (c) for maceration extracts. Previously obtained data from tea samples of
the Azores [15] have also been included into the graphics for comparison.

The prevalent catechins in the infusions were EGCG, EGC and EC with SL tea showing
the highest content. The concentration of EGCG varied from 100 to 150 mg/(g extract), i.e.,
it accounted for 10–15% of the entire extract amount. This is in accord with most literature
data [24]. Cathechin appeared in a very low quantity if compared with the remaining ones
(see Figure 3). The quantities of EGC and EC extracted were lower than 80 mg/g and of
EGG less than 4% of the extract.

Aqueous and methanolic extracts are expected to differ in composition due to the
differences in dielectric constants and polarities of the solvents. Previous results suggest
that methanol has been generally found to be more efficient in extracting low molecular
weight polyphenols [19]. However, our results suggest that methanol seems to be as
effective for catechin extraction as water except for C that was not detected by HPCL-DAD
in the methanolic samples. Also, the highest catechin content was found in the A sample
(Figure 3). These results suggest that methanol was more efficient in extracting EC and
EGG than water.

For a particular solvent, the amounts of extracted components also depend on the
extraction conditions. Extraction is a process mainly governed by diffusion and solubility.
These variables are usually enhanced by longer extraction times and/or higher tempera-
tures. The increment on the solubility of the individual catechins in the solvent may differ
due to their different structures and molecular weights. In addition, the stability of the
catechins may be affected, if tea is brewed for too long because of an increased probability
of epimerization, oxidation, and degradation, especially under higher extraction temper-
atures [21]. Our results indicate that the permanency of tea leaves in contact with water
for a long maceration period (48 h) had a considerable effect on the extract contents of
catechins (Figure 3a,c). Therefore, it can be concluded that the catechin content signifi-
cantly contributes to the differences in composition between macerations and methanolic
extracts/infusions, as already inferred in the analysis of the correlation matrix. Meanwhile,
the quantification of the individual catechins shows that there was no significant difference
in the amounts of EC, EGC and C extracted by maceration and infusion (Figure 3a,c, same
scale). In contrast, the amounts of EGCG and ECG were different: In the SL sample, EGCG
was reduced from 141.01 ± 11.54 mg/g in the infusion to an undetectable level in macera-
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tion; in the C samples, it was reduced from 105.65 ± 10.21 to 35.93 ± 3.19 mg/g; and in the
A samples from 105.13 ± 7.16 to 9.28 ± 1.42 mg/g.

Figure 3. Content of catechins in green teas in mg/g of extract of the samples, determined by HPLC
(mg/g extract); (a) Infusions; (b) Methanolic extractions; (c) Macerations; (d) GA contents in all
samples; C—China tea; A—Azores tea; J—Japan tea; SL—Sri Lanka tea; 1—Infusion; 2—Maceration;
3—Methanolic extract.

An exception was the J tea, where the catechin EGCG and ECG contents did not
significantly vary. In addition, when looking for the GA amounts (Figure 3d), the quantity
of GA extracted in the J by infusion was significantly higher than the others, while the GA
content increased by maceration for A, C and SL teas relative to infusions. In short, the
amounts of the galleted catechins lowered from infusion to maceration, but this trend was
not noticed in the J sample. The opposite happened concerning GA. This may be explained
by the occurrence of hydrolysis during maceration, as previously shown accordingly [28].
These authors concluded that epigallocatechin (EGC) and gallic acid (GA) may be prepared
by degalloylation of an epigallocatechin gallate (EGCG) extract from green tea by enzymatic
catalysis. The catechins in the SL sample tea seem to be particularly sensitive to hydrolysis.
The Japanese tea did not follow this pattern: the infusion of the J sample already contained
a significantly higher amount of GA than the other teas, which may possibly explain this
observation. According to Wang et al. [29] the extraction efficacy of GA at T = 90 ◦C was
twice that at T = 20 ◦ C under the same conditions. Thus, GA extraction should be more
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efficient with infusion than with maceration. Therefore, we hypothesize that the amounts
present in the J tea leaves were higher than in the other samples and the high GA levels of
J tea prevented the hydrolysis of the catechins during maceration. Hence, the amounts of
GA and EGCG may explain, why maceration from the J (J2) sample was not significantly
different from that prepared by infusion (J1) as shown by the matrix correlation analysis.

4.2.3. Levels of Oxyaromatic Acids and Flavonols

Table S1 lists the amount of flavonols and oxyaromatic acids found in the samples.
Figure 4 is a graphical representation of the results for the several extracts, with data
previously obtained for the Azores tea included. The graphic representation of Figure 3d
shows the amounts of GA for all the samples.

Figure 4. Content of o-Caffeoylquinic (o-CQA), gallic (GA) acids, quercetin-3-D−galactoside
(Q-3-gal), kaempferol-3-glucoside (K) and neochlorogenic acid (NCA) in green teas expressed in
mg/(g of extract), determined by HPLC. (a) Infusions; (b) Methanolic extractions; (c) Macerations.

As said, the GA amounts were higher in all macerated tea samples, probably because
the GA partly came from the hydrolysis process of other phenols. Concerning the remaining
oxyaromatic acids, infusion was more effective on the extraction of those compounds.

The values for NCA varied from 3.1 ± 0.1 to 5.6 ± 1.6 mg/g for infusions; from
1.4 ± 0.1 to 2.6± 1.2 mg/g for macerations (the A2 sample has 0.5± 0.2) and from 1.5 ± 0.1
to 2.9 ± 0.3 for methanolic extractions. Those of o-CQA were found in higher amounts
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in the infusion of the SL tea. The quantities of the compound varied between 2.2 and
4.7 mg/g in the remaining samples.

Caffeoylquinic acids are envisaged to exert a wide range of potential benefits with
therapeutic applications against Alzheimer disease [30] and for neuroprotection [31]. Most
studies indicated that only small amounts of caffeic acid (the hydrolysis product of caf-
feoylquinic acids) are identified in urine or human plasma after oral intake. Therefore,
it was concluded that ingested o-CQA is poorly absorbed (less than 1%) in animals and
humans [32–34].

The compound NCA can be absorbed either without transformation, or it undergoes
hydrolysis and conjugation in the stomach and small intestine. Absorbed metabolites reach
the maximum serum concentration within 1–2 h and are cleared from plasma within 5 to
6 h. Alternatively, NCA can be subjected to microbiota-mediated metabolism, and the Cmax
will be observed after 5–6 h after ingestion, and metabolites could be present in plasma for
1 day. The amount excreted can vary between 10 to 80% depending on the amounts of fat
and sugar consumed [35].

Some studies have pointed out that most of the ingested o-CQA amounts were de-
graded during digestion, metabolized by the intestinal microflora, and/or excreted with
faeces. However, other studies with roasted and green coffee extracts showed that con-
siderable o-CQA amounts could be identified in human plasma [36,37]. Therefore, the
question of what benefits of o-CQA can be obtained by consuming green tea remains open
to discussion.

The quantity of Q-3-gal extracted by maceration, methanol and infusion was about
the same order of magnitude, varying between 0.9 and 1.3 mg/g except for the J1 and
A3 samples that contained a slightly higher amount (~3.3 mg/g). Q-glucosides undergo
hydrolysis and set quercetin free during absorption in the gastrointestinal tract. Quercetin
inhibited the oxidation process of LDL in vitro at a concentration of about 8 mg/L, which
is in the physiological range of quercetin’s bioavailability [38], thus, contributing to the
prevention of cardiovascular injuries. It also seems that the bioavailability of quercetin did
not significantly change with the type of conjugated glucosides [39]. Thus, the bioavail-
ability of Q-3-gal may be assumed to be similar to the other conjugates. Previous studies
have suggested that after ingestion of about 150 mg quercetin-3-glucoside, the plasma
concentration peak of quercetin occurred between 20 to 60 min with concentrations around
1.3 mg/L. Therefore, the Q-3-gal present in the studied samples, especially concerning
infusions, might be effective in the prevention of cardiovascular diseases.

The levels of K detected in the extracts were similar to those of Q-3-gal. They varied
within the 0.2 to 2.5 mg/g range, except for the methanolic extract of the A sample, that
was higher.

The intake of kaempferol-rich plants has been related with cardiovascular benefits.
Some studies have examined the potential cardiovascular effects of kaempferol, and it
seems that intake of plant source dosages of was effective due to the higher bioavailability
conferred by the gluco-conjugate when compared to the aglycone form [40]. Both in vitro
and animal studies have indicated that the potential heart protection of kaempferol may be
attributed to its anti-inflammatory activities [41,42].

Anyhow, studies evaluating the bioavailability of food-derived kaempferol conjugates
are limited. In a crossover study, De Varies et al. [43] examined the digestion and absorption
of kaempferol after intake of 27 mg of kaempferol from black tea for three days. This
quantity was about tenfold the amount present in the analysed samples. The urinary
excretion was 2.5% of the amount ingested suggesting that kaempferol absorption was
higher than quercetin (0.5% urinary excretion). This indicated that the type of glycoside
in tea could have a higher bioavailability, although the quercetin content was higher in
the aqueous extracted tea samples. This was confirmed in another study, which examined
the rate of digestion and absorption of kaempferol after intake of 9 mg kaempferol from
cooked endive [44]. The 24-h urinary excretion of kaempferol was 1.9% and the plasma
peak concentration reached 0.1 µM after 5.8 h.
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4.2.4. Levels of L-Theanine

Figure 5 shows the quantified amounts of L-theanine represented graphically. Thea-
nine was undetectable in methanolic extracts and higher in maceration for teas from the
Azores, Japan, and Sri Lanka.

Figure 5. Content of theanine in green teas expressed in mg/g of extract for infusions and macerations,
determined by HPLC. C—China tea (in green); A—Azores tea (in blue); J—Japan tea (in yellow);
SL—Sri Lanka Tea (in red); 1—Infusion; 2—Maceration.

L-theanine, a typical amino-acid of green tea has been widely studied due to its
beneficial properties for humans, as it interacts in diverse physiological and biochemical
pathways: among others, L-theanine has been shown to elicit a significant effect on the
general state of mental alertness by increasing α-wave brain activity and the reduction of
anxiety [45]. Further, it was linked to the inhibition of the in vivo and ex vivo growth of
human non-small cell lung cancer and leukaemia cell lines, as well as with the induction
of apoptosis in four cancer cell lines of breast, colon, hepatoma, and prostate [46]. The
amounts of theanine were higher upon maceration for all samples except for the Chinese
tea. However, the contents were higher than 100 mg/g extract for all samples.

The most recent study made of the uptake kinetics of theanine (L-Glutamic acid
γ-(ethylamide)) [47] suggested that L-theanine is rapidly absorbed with its maximum
plasma concentration occurring 0.8 h after intake of 100 mg, but also is rapidly hydrolysed
into ethylamine and glutamic acid (ethylamine and glutamic acid increased in plasma and
were excreted by urine). Furthermore, a minor part of L-theanine was not hydrolysed and
may be retained in erythrocytes. Thus, the functional effects of L-theanine intake may result
from L-theanine, ethylamine, or glutamic acid.

4.2.5. Levels of Alkaloids

Caffeine was the most abundant xanthine (Table S2). There are numerous biological
effects attributed to this molecule, as it exerts its effects on cognitive and physical function
through adenosine A1 and A2a receptor blockade in the CNS and peripheral tissues.
Methanolic extracts yielded significantly higher content of caffeine except in the SL tea
(Table S2 and Figure 6). The concentration of extracted theophylline was similar in all
extracts and provenances except for the infusion and methanolic extractions of the Azorian
tea and for the infusion sample obtained with the Sri Lanka tea (Figure 6).



Beverages 2022, 8, 13 13 of 16

Figure 6. Graphical representation of the content caffeine and theophylline in green teas expressed in
mg/g of extract, determined by HPLC. C—China tea (in green); A—Azores tea (in blue); J—Japan
tea (in yellow); SL—Sri Lanka Tea (in red); 1—Infusion; 2—Maceration; 3—Methanolic extract.

5. Conclusions

Phytochemical characterizations (catechins, oxyaromatic acids, flavonols, alkaloids
and theanine) and total phenolic contents (TPC) of aqueous (infusion and maceration) and
methanolic extracts of Camellia sinensis samples from different provenances (China, Japan
and Sri Lanka) were performed. The Azorean tea displayed the highest TPC value. Also,
for all teas TPC followed the trend TPC Infusions > TPC Macerations >TPC Methanol.

The levels of catechins, flavonols and oxyaromatic acids obtained for extract samples
deriving from different areas were compared by a correlation matrix method, which showed
similar compositions of the infusions and methanolic samples, while extractions made
by maceration were significantly different. Maceration extracts of the samples from the
Azores and Sri Lanka were also significantly different from those from China and Japan.
The differences can be partially explained by the amounts of EGCG, ECG and GA found in
the samples. While catechins approach 90% of the total measured phenols in infusions and
methanolic extracts, the percentage lowers significantly in macerations due to the lower
amount of catechins present in A, C and SL samples and due to the high amount of GA,
suggesting the occurrence of hydrolysis during the long period of contact of tea leaves with
water. Japanese tea is an exception, which could be related to the fact that Japan tea has
higher amounts of GA in the leaves than the others. These results highlight the importance
of continuing the extraction by infusion in tea processing to obtain the “instant tea”. In
particular, for EGCG, the catechin to which many of health benefits are attributed, the
maceration process can lower 4- to 5-fold the quantity obtained compared with infusion. It
should be noted that methanol is also effective in extraction of C.

L-theanine, was present in higher amounts in the Chinese tea sample, if it was
obtained by infusion. In contrast, more theanine was extracted by maceration than
by infusion in teas from the Azores, Japan, and Sri Lanka. The content of caffeine
and theophylline was not significantly different in the analysed samples, but the trend
methanolic < infusions < macerations was observed, with the exception of the SL tea.

Infusion compositions of A tea are not significantly different from those of C tea. The
SL tea has higher amount of caffeine than others and J tea has more GA.

The art of cultivating tea was introduced to the Azores by Chinese experts at the end of
the 19th century. Tea in China, Indonesia and Japan is cultivated in areas with high humidity
in acidic soils and with well-marked dry and rainy seasons. In contrast, the Azores has
volcanic soils, mild climate with temperatures varying between 13 ◦C to 26 ◦C and with
relative humidity of the air quite constant throughout the year, not reaching the saturation.
Despite the climatic differences, the phytochemical characterization concerning the typical
substances of green tea (catechins and theanine) revealed that tea from the Azores compares
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well with those coming from China and Japan. However, the characteristic climate of the
Azores prevents the appearance of red spider and other pests that tend to appear during
the rainy seasons. Thus, the production can be carried without resorting to fungicides and
pesticides allowing to offer a high-quality organic tea.

The work here presented highlights the importance of the processing methodology to
obtain “instant tea”: the composition of the extracts obtained with the same methodology
was not significantly affected by the provenance of the tea. However, attention should be
drawn to the specificities of the Japanese samples (the tea analysed in the present work
was of Sencha quality). In contrast, the extraction methodology significantly affected the
phytochemical composition, especially concerning the polyphenols content. As such, our
results indicate that instant tea classification based on chemical composition is sensible, but
there is a need for a standard extraction methodology, namely concerning the temperature
and time of contact of the tea leaves with the extraction solvent. For this work, representa-
tive samples were obtained from Portugal, but to confirm these trends, it is necessary to
perform comparative analysis with more samples sold in other countries.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/beverages8010013/s1, Table S1: Content of catechins in green teas in mg/g of extract of the
samples, determined by HPLC (mg/g extract); C—China tea; A—Azores tea; J—Japan tea; SL—Sri
Lanka Tea; 1—Infusion; 2—Maceration; 3—Methanolic extract.; TCC—total catechins; TPC—Total
phenolic content, Table S2: Content of L-theanine, caffeine and theophylline in green teas expressed
in mg/g of extract. C—China tea; A—Azores tea; J—Japan tea; SL—Sri Lanka Tea; 1—Infusion;
2—Maceration; 3—methanolic extract.
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