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Introduction

The use of tea as a soft hot drink began 5,000
years ago (Gutman and Ryu, 1996). Tea came to
Europe in 1610 by a Dutch ship, although it has been
consumed as early as 1560 by Jesuit Father Jasper de
Cru according to a written document (Sartor, 2007).
Americans contributed to tea science by inventing tea
bags (Bassi et al., 2019).

Nowadays, tea is the second most consumed
drink worldwide (de Almeida et al., 2019). There are
three large tea groups with different uses: (1) those
obtained from the tea plant (Camellia sinensis (L.)
Kuntze) (Chan et al., 2011); (2) those obtained from
different medicinal plants (herbal teas); and (3) those
obtained from flowers, seeds, and fruit peels. Green
and black teas are processed differently during
manufacturing. Green tea is made by inactivating the
enzymes in the fresh leaves of tea (C. sinensis (L.)
Kuntze), either by firing or steaming, thus preventing
the enzymatic oxidation of catechins (Wang et al.,
2000). Black tea is made by a polyphenol oxidase
catalysed oxidation of fresh leaf catechins
(fermentation process) (Wang et al., 2000).
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Tea and herbal infusions represent one of the
significant sources of phenolics in the human diet
(Dimitrios, 2006). Major flavonoids in teas are very
well-investigated and well-known (Kanwar et al.,
2012; Stodt and Engelhardt, 2013; Veljkovi¢ et al.,
2013; Yashin et al., 2015). The strong antioxidant
nature of tea polyphenols is attributed to their
phenolic hydroxyl structure in which the electrons
have a conjugation effect. Catechin and other
polyphenols act as antioxidants in vitro by
sequestering metal ions, and scavenging reactive
oxygen and nitrogen species (Kanwar et al., 2012).
Also, tea polyphenols were documented to prevent
and treat various diseases. Epidemiological studies
suggest a correlation between tea consumption and
reduced risk of type 2 diabetes, and beneficial effects
on cardiovascular and metabolic health and immunity
(Yan et al., 2020).

The investigation of the influence of time and
temperature on the content of total flavonoids in teas
was performed earlier to a limited extent (Wang et al.,
2000; Ligor et al., 2008), and UHPLC and HPLC
analyses in the investigation of storage time on
phenolic compounds present (Silarova et al., 2017;
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Zhou et al., 2020; Zheng et al., 2021). The
degradation of flavonoids upon heating, evidenced
through the decrease in values, was investigated
extensively (Song et al., 2015; Snoussi et al., 2022).
Previously, the effect of temperature and time was
studied on selected teas from the black, green, and
white tea classes in a very small number of cases
(Hajiaghaalipour et al., 2016). White tea was the
subject of one more study on the effect of temperature
and time on antioxidant capacity and total phenols
(Perez-Burillo et al., 2018).

The present work thus aimed to perform the
extraction of flavonoids from four types of teas, and
determine computationally through the obtained
models on the optimal conditions for the extraction of
flavonoids. Also, the effect of storage, time, and
temperature was investigated on the contents of
detected phenolic compounds in studied teas (black,
green, raspberry, and cherry). To the best of our
knowledge, nobody before us investigated the
influence of specified values of time and temperature
on the content of flavonoids in the studied herbal teas.
There are published studies, however, on the
influence of time and temperature on the antioxidant
properties, sensory attributes, and metabolic profiles
of some black, white, Oolong, and green teas (Wang
and Xu, 2014; Castiglioni et al., 2015; Perez-Burrilo
etal., 2018; Jin et al., 2019).

The obtained results can be useful for the
storage management of different types of teas, and the
recommendations for the best results for the
extractions of flavonoids from teas. The obtained
results can also be applied in the food industry to
achieve the best results in flavonoid extraction, and
for tea consumers to get the best health benefits from
drinking tea.

Materials and methods

Chemicals

Sodium hydroxide, sodium nitrite, and
aluminium chloride hexahydrate were purchased
from Merck® (Darmstadt, Germany). Standards of
phenolic compounds: gallic acid (J & K Scientific,
Chaoyang District Beijing, China), protocatechuic
acid (Roth, Karlsruhe, Germany), caffeic acid
(Sigma), procyanidin B2 (Fluka), (+)-catechin
(Sigma-Aldrich, St. Louis, MO, USA), (-)-
epicatechin (Sigma-Aldrich, St. Louis, MO, USA),
rutin (Merck®, KGaA, Darmstadt, Germany), morin
(Merck®, KGaA, Darmstadt, Germany), quercetin

(Sigma-Aldrich, St. Louis, MO, USA), and
delphinidin-3-O-sambubioside and cyanidin-3-O-
sambubioside were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Formic acid and acetonitrile were
of HPLC-grade, and obtained from J. T. Baker®.

Instruments

An Agilent 8453 UV/Vis spectrophotometer
(Agilent Technologies, Santa Clara, California, USA)
was used for absorbance measurements and spectra
recording, using optical cuvettes of a 1 cm optical
path. Deionised water (0.05 puS/cm) was obtained
from the MicroMed high-purity water system (TKA
Wasseraufbereitungssysteme GmbH).

An HPLC Agilent-1200 series with UV-Vis
DAD (Agilent Technologies, Santa Clara, California,
USA) was used for multiwavelength and fluorescence
detection for the acquisition of the emission response.

pH of teas from tea bags was measured using a
pH meter (Hanna Instruments, USA) previously
calibrated using buffer solutions (pH 4.00 and 7.00).

Samples

The tea bags used for the investigation were
green tea (C sinensis (L.) Kuntze), black tea (C.
sinensis (L.) Kuntze), cherry tea (Prunus cerasus L.),
and raspberry tea (Rubus idaeus L. 1753, not Blanco
1837 nor Vell. 1829 nor Pursh 1814 nor Thunb.
1784). Tea bags of green and black teas contained
leaves. Cherry tea bags had cherry aroma, hibiscus
flower, apple fruit, rose hip fruit, orange peel, and
elderberry. Raspberry tea bags contained raspberry
aroma and black tea.

Effect of steeping time and temperature on total
flavonoid content

The plant material was taken from the tea bags
and ground using a mortar and pestle. Then, 1 g was
weighed (the precision on the 4™ decimal place) from
each tea sample. The weighed tea sample was poured
with 80 mL water at temperatures 60, 70, 80, 90, and
100°C, and steeped for 5, 10, 15, and 20 min. The
samples were filtered through cotton wool into a
volumetric flask (100 mL), and filled with deionised
water up to the mark.

Effect of steeping time and temperature on selected
phenolic compounds contents

The plant material was taken from the tea bags
and ground using a mortar and pestle. Then, 1 g was
weighed accurately from each tea sample. The
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weighed tea sample was poured with 80 mL water at
temperatures 60, 70, 80, 90, and 100°C, and steeped
for 5, 10, 15, and 20 min. The samples were filtered
through cotton wool into a volumetric flask (100 mL),
and filled with deionised water up to the mark.

Effect of storage time and temperature on total
flavonoid content

From the tea bags kept in the fridge, at room
temperature (25°C), and 35°C, at different storage
times (10, 20, 30, 40, and 50 days) after the tea boxes
opening, the plant material was taken and well ground
using mortar and pestle. 1 g was weighed accurately,
poured with 80 mL deionised water at the temperature
100°C, and after 10 min, the sample was filtered
through cotton wool into the volumetric flask (100
mL), and filled with deionised water up to the mark.

Effect of storage time and temperature on selected
phenolic compounds contents

From the tea bags kept in the fridge, at room
temperature (25°C), and 35°C, at different storage
times (10, 20, 30, 40, and 50 days) after the tea boxes
opening, the plant material was taken and well ground
using mortar and pestle. 1 g was weighed accurately,
poured with 80 mL deionised water at the temperature
100°C, and after 10 min, the sample was filtered
through cotton wool into the volumetric flask (100
mL) and filled with deionised water up to the mark.

Determination of total flavonoids

The content of total flavonoids was determined
spectrophotometrically using AICI; (Yang et al.,
2007). The reaction mixture was prepared using 0.25
mL of the sample, 3 mL of deionised water, and 0.3
mL of 5% NaNO,. After 5 min, 3 mL of AICIl; was
added, and then after, 2 mL of NaOH and deionised
water to 10 mL. Absorption was measured at 510 nm.
Based on the absorbance using the calibration curve,
the concentration (mg/mL) of total flavonoids in the
extracts was determined. Flavonoid content was
expressed as a milligram equivalent of catechin per
gram of the tea (mg CE/q).

HPLC analysis of selected phenolic compounds

The equipment used was an HPLC Agilent-
1200 series with UV-Vis DAD for multi-wavelength
detection and fluorescence detection for the
acquisition of the emission response. The column was
thermostated at 30°C. After injecting 5 pL of the
sample, the separation was performed in an Agilent 5

um ZORBAX Eclipse XDB-C18 4.6 = 150 mm
column. Two solvents were used for the gradient
elution = A: H,0 + 5% HCOOH, and B: 80% ACN +
5% HCOOH + H;0. The elution program used was
as follows: from 0 to 10 min, 0% B; from 10 to 28
min, gradually increased 0 - 25% B; from 28 to 30
min, 25% B; from 30 to 35 min, gradually increased
25 - 50% B; from 35 to 40 min, gradually increased
50 - 80% B; and finally for the last 5 min, gradually
decreased 80 - 0% B (Mitic et al., 2012). All
guantifications were carried out with external
standards. The identification of individual
compounds was based on the retention times of the
original standards, where available, and spectral data.
Monitoring of the eluate was performed at 520 nm for
the identification of anthocyanins, 360 nm for the
identification of flavonols, and 280 nm for the
identification of phenolic acids. Flavan-3-ols were
monitored at 275/322 nm (hexAem) With a
fluorescence detector. The results were expressed as
mg/g dry weight.

Full factorial design

Full factorial design for each investigated tea
sample was performed using full factorial design in
JMP® Trial 16.2.0 (SAS Institute Inc., USA). The
value of total flavonoids was set to reach the target,
and the steeping temperature and duration (in the first
case) and storage temperature and duration (in the
second case) were used as factors.

Results and discussion

Investigated aqueous solutions of teas from tea
bags showed similar pH values = black tea, 5.18;
green tea, 5.54; sour cherry, 4.80; and raspberry, 5.05.
Tea polyphenols are pH-sensitive, but at 4 and 25°C
they were shown to remain stable at pH of 3 - 6 (Zeng
et al., 2017). pH of teas is very important in the
analysis of biologically active forms of compounds
responsible for the health effects of these aqueous
solutions. The stability of phenolic compounds
strongly depends not only on the pH of the buffers
and storage time, but also on the structure of the
phenolic compound (Friedman and Jurgens, 2000).

Effect of steeping time and temperature on total
flavonoid content

The influence of steeping time and temperature
on total flavonoid content was assessed at 5, 10, 15,
and 20 min, and 60, 70, 80, 90, and 100°C (Table 1).
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These values were chosen based on usual practice in
preparing tea infusions.

When the tea bag was steeped for 5 min at
60°C, the total flavonoid content was 18.08 mgCE/g,
and then with the increase in temperature, this
increased and reached the value of 31.98 mgCE/g at
100°C for black tea. A similar trend was observed
when black tea was steeped for 10 min: the content of
total flavonoids went from 26.85 mgCE/g at 60°C to
37.23 mgCE/g at 100°C. In the case of 15 min, the
maximal value was observed at 70°C (43.49 mgCE/qg)
for black tea. This value was not achieved when black
tea was steeped for 20 min, except at 100°C, when the
value of 47.15 mgCE/g was observed. For green tea,
the content of total flavonoids was higher at 60°C for
5 min compared to black tea of 37.64 mgCE/g. For 10
min, the maximal content of total flavonoids for green
tea at 60°C was 47.31 mgCE/g, and a similar situation
was observed for 15 min (53.30 mgCE/g) and 20 min
(54.58 mgCE/g). Fruit teas - sour cherry and
raspberry, showed similar behaviour: minimal values
of total flavonoids for 5 min were observed at 60°C
(28.79 mgCE/qg for sour cherry and 28.48 mgCE/qg for
raspberry), and maximal values at 100°C (35.32
mgCE/g for sour cherry and 43.88 mgCE/g for
raspberry). However, for 10 min, they showed
different behaviour: maximal values for the content
of total flavonoids at 80°C for sour cherry was 38.43
mgCE/g, and at 100°C for raspberry was 45.54
mgCE/qg. Similar behaviour was observed for 15 and
20 min, with no simple trends in the values for total
flavonoids. The data showed that extraction
dominated at lower temperatures (an increase in the
value of total flavonoids), followed by degradation (a
decrease in the value of the content of total
flavonoids). Tea polyphenol (-)-epigallocatechin-3-
gallate stability has been investigated, and it was
found that its stability would be affected by its
physical state, the concentration of reactants, oxygen
levels, pH, and relative humidity (Li et al., 2013). Tea
catechins are the most vulnerable to oxidation,
epimerisation, degradation, and polymerisation upon
heating (Ananingsih et al., 2013). Epimerisation and
degradation of tea catechins follow the first-order
kinetics (Wang et al., 2008). Different behaviour of
green tea compared to other investigated tea samples
(black, sour cherry, and raspberry tea) was expected
because it was earlier found that two specific points
exist for (-)-epigallocatechin gallate (EGCG), the
most abundant catechin in green tea: 44 and 98°C,

due to specific reactions (Wang et al., 2008). The
specific point for some of the investigated tea samples
(black, green, sour cherry, and raspberry) with longer
steeping time was 100°C (except raspberry tea, which
occurred earlier), as reported before (Ananingsih et
al., 2013).

Response surface methodology (RSM) - full
factorial design considering the time (5, 10, 15, and
20 min) and temperature of water (60, 70, 80, 90, and
100°C) (Figure 1A) was used to computationally find
the optimum values of time and temperature for the
extraction of flavonoids from each tea, where there is
still a low degree of degradation. Previously, RSM
was used in tea-related studies to estimate the optimal
extraction time, extraction temperature, and their
interactions among other parameters on instant sweet
tea yield (Liu et al., 2021).

For black tea (p < 0.0001), it is good to keep
tea for 14.5 min at 73.6°C. For green tea (p = 0.0008),
80°C and 12.9 min. For sour cherry tea (p = 0.0002),
69.7°C and 16.2 min. For raspberry tea (p < 0.0001),
74°C and 14.5 min. Further heating and steeping
would cause degradation, which was evident through
the decrease of the values (Table 1). The degradation
of flavonoids was previously found to follow a first-
order reaction model in dark chocolate and myrtle
samples (Wang et al., 2008; Pavlovic et al., 2017;
Snoussi et al., 2022).

Effect of steeping time and temperature on selected
phenolic compounds contents

Investigating the influence of time and
temperature on the content of phenolic compounds is
a prerequisite for the understanding of the nature of
compounds present in foods and their interactions
(Friedman and Jurgens, 2000). It was found that
heating temperature had a significant effect on total
phenolic content and total flavonoid content. In
contrast, heating time did not have a significant effect
on the phytochemicals and antioxidant activity in the
case of garlic (Alide et al., 2020).

There is a published research on the HPLC
analysis of polyphenolic compounds in black tea,
where among the determined catechins in fresh
leaves, the most abundant was epigallocatechin
gallate, followed by epigallocatechin, and epicatechin
gallate (Wu et al., 2021). They aimed to explore the
effect of fermentation time and temperature on the
content of polyphenolic compounds (Wu et al.,
2021). In our study, the content of seven phenolic
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Figure 1. (A) Prediction profiler with maximum desirability (1) regarding steeping temperature and
duration for: (a) black, (b) green, (c) sour cherry, and (d) raspberry teas. (B) Prediction profiler with

maximum desirability (1) regarding storage temperature and duration for: (a) black, (b) green, (c) sour
cherry, and (d) raspberry teas.
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compounds was monitored during different durations
and temperatures using HPLC DAD in black tea
sample: gallic acid, caffeic acid, rutin, morin,
quercetin, (+)-catechin, and procyanidin B1 (Table
2). The content of gallic acid in black tea showed an
increasing trend, except in three cases (5 min, 80°C;
10 min, 70°C; and 20 min, 80°C). Caffeic acid,
quercetin, and procyanidin B1 contents in black tea
showed an increasing trend across all parameters. A
very similar situation was seen for rutin (except at 15
min and 80°C) and morin (except at 10 min and
80°C).

Fruit teas available at the market in the United
Kingdom were investigated for their catechins
contents (Khokhar and Magnusdottir, 2002), and no
catechin was detected. In our investigation, in the
case of raspberry, eight compounds were quantified
based on the available standards: gallic acid, caffeic
acid, (+)-catechin, (-)-epicatechin, procyanidin B1,
rutin, delphinidin-3-O-sambubioside, and cyanidin-
3-0O-sambubioside (Table 2). The content of gallic
acid in raspberry tea showed an increasing trend,
except in one case (10 min, 90°C). A similar trend
was observed for caffeic acid with two exceptions (5
min, 100°C; and 15 min, 70°C). (+)-Catechin showed
very unusual behaviour with some exceptions from
the increasing trend (5 min at 80 and 90°C; 15 min at
90°C; and 20 min at 70°C) compared to quantified
phenolic acids. (-)-Epicatechin showed similar
behaviour to (+)-catechin, an increasing trend with
some exceptions (5 min at 70°C; 15 min at 90°C; 20
min at 80°C; and 100°C). Procyanidin B1, similar to
the observed trend in black tea, showed an increasing
trend, except in the case of 5 min at 70°C, 10 min at
70°C and 100°C, 15 min at 90°C, and 20 min at 80°C.
Different behaviour in raspberry of procyanidin B1
compared to black tea can be explained by different
matrices, which obviously influenced its extraction
and degradation processes. Rutin content increased
with increasing temperature, except in the following
cases: 5 min at 100°C; 15 min at 70°C; and 20 min at
70°C. Delphinidin-3-O-sambubioside was the most
abundant phenolic compound, and its content
increased with increasing temperature. Cyanidin-3-
O-sambubioside content increased with increasing
temperature except in the cases: 10 min at 70°C; 15
min at 80°C; and 20 min at 70°C.

In cherry tea, nine phenolic compounds were
determined (Table 2): gallic acid, caffeic acid, (+)-
catechin,  (-)-epicatechin,  (-)-epigallocatechin,

procyanidin B2, procyanidin B3, delphinidin-3-O-
sambubioside, and cyanidin-3-O-sambubioside.
Gallic acid content increased with increasing
temperature except in the following cases: 5 min at
100°C; 15 min at 90°C; and 20 min at 90°C. Caffeic
acid showed even more irregular behaviour with
increasing temperature: 5 min at 80 and 90°C; 20 min
at 80°C; and 100°C. (+)-Catechin content also
showed irregular trend with increasing temperature at
5 min at 80 and 90°C, 10 min at 90°C, 15 min at 90°C,
and 20 min at 90°C. (-)-Epicatechin content showed
deviation from the increasing trend at 5 min at 80°C;
10 min at 90°C; 15 min at 80°C; and 20 min at 90°C.
Procyanidin B2 showed increasing trend in all cases
with increasing temperature, except for 5 min at
80°C, and 15 min at 80°C. Procyanidin B3 content
showed increasing trend in all cases with increasing
temperature, except at 10 min at 80°C, 15 min at
100°C, and 20 min at 80°C. Delphinidin-3-O-
sambubioside, similar to raspberry tea, was cherry’s
tea most abundant phenolic compound. At the same
time, with the increase in temperature, the content of
this compound increased in all cases. Cyanidin-3-O-
sambubioside content increased with the temperature
increase in all cases, except for 15 min at 80°C, and
20 min at 70°C.

In green tea, ten phenolic compounds were
quantified (Table 2): gallic acid, protocatechuic acid,
caffeic acid, rutin, morin, quercetin, (+)-catechin, (-)-
epicatechin, procyanidin B2, and procyanidin B3. A
different HPLC-based method was developed earlier
to analyse gallic acid, caffeine, and five catechins in
green tea using a C18 reversed-phase column
(Theppakorn and Wongsakul, 2012). With the
increase in temperature, the content of gallic acid
increased, except in one case (20 min at 90°C).
Protocatechuic acid content increased in all cases
with the increase in temperature, except for 5 min at
90°C, 10 min at 80°C, 15 min at 80°C, and 20 min at
70°C. Caffeic acid content increased with the increase
in temperature, except for 10 min at 80 and 90°C, 15
min at 70°C, and 20 min at 100°C. Rutin content
increased with the increase in temperature, except in
one case (15 min at 100°C). Morin content showed
similar behaviour to rutin, except at 15 min at 90°C.
Quercetin content increased with the increase in
temperature, except for the following cases: 10 min at
100°C, 15 min at 70°C, and 20 min at 70°C. (+)-
Catechin content increased with the increase in
temperature, except in one case (10 min at 100°C).



Krstié¢, J., etal./IFRJ 31(5): 1165 - 1184

1172

wT v00+¥8¢ /9T Vv00+6E€EC 6V0 TOO0O+c0C L&€¢C VOO0O+69T 8¢ Vv0O0O+89T Kiiaqdsey apisoignquues
S0 TO0F¥CZ YT C00F9ET €60 TO0FL0T 68T <200F90T 82T TOOF8L0 Ausydinos -O-g-uIpiueAd
69T TO0+€9 ¥0°¢ TO0F6v vv'e TOFTY T€T SO0FT8E 8T S00Fc¢9e  Ausgdsey apisolqnquies
€T'T S00Fcrvy 980 €00F.LyE 20T €00FE€6C GZT €00FO0Ore ¢I'T 200F6LT Ausydunos  -O-g-uipiuiydieq
80C TOO0F8Y00 €TC TO0OF.¥OO €9C TOO0F8E00 0LC TOOO0F.LE00 8LC TO00F9E00 Ausydnos £g UIPILEAIOI]
€T TO00+T800 6T TO000+9S00 /LT¢ TOOO+9¥00 LZ'¢ TO0OO0O+¥r0'0 LTy T00°0+1200 usalio o
YT'T €000F€920 96T €000FESTO T19C €E000FSITO 9T <2000F0CT0 6SC ¢000FLL00 Alaydinos 2 UIPILEAOI]
LTC T00+9%Y0 0.0 TO00+cPT'0 8.0 TOOO+8CT0 TOT TOOO+6600 LI'C T000+9¥00 usal9 o
GGT 2000F62T0 99T <2000F82T0 T9T ¢000F¥ZT0 96T 2000F20T0 <6T <2000F+0T0 Ausqdsey 19 uIpIUeA20Ig
¥G'0 T000+98T0 ¢S50 TOOO+¢9T0 G900 TOOO+¥STO 690 TO0O0O+SPTO 060 TOOO+TITO %elg o
90 2000F/600 GT'Z <C000FE600 €€ €000FE600 ¢LT TO00F8S00 8EC TO00Fcr00 Auaydoinos uiydsyedo|fedid3-(-)
G8'0 €000+¢SE'0 €0'T €000+T6C0 GL'0 <¢000+99C0 / pu 0ST 2000F¥ST0 Ausqdsey
0€T ¥000F80€0 TOT €000F.620 TIST ¥000FG920 6VT ¥000F6920 LT'CZ ¥000F¥8T'0 Aldydnos uiyoayestd3-(-)
¢6'T T00+¢S0 6€T TO0+¢L0 8¢ TOO+*870 0L¢ TO0+LE0 LTv T00*¥C0 usalio
T9T <2000+¥¢T0 8LT <000+<TT0 / pu 69T ¢000F8IT0 /8T <2000F90T0 Auaqdsey
2€T 200FTST 227 €00FGET 8YT 200FGET VT  200FTIVT €€C 200F980  Auaydunos uIypa1E-(+)
g€y T00*¢€C0 ST'T <¢000*¥.T0 920 TOOO+TETO <CT'T TOOO+6800 TST TOO0+9900 usalo ) uIw g
99T €000+¢6T0 08¢ vOOOF+EYTO TI'C €000+cyT'0 LZ'C¢ €000+CETO0 89¢C €000+<CITO Aoe|g
8.T T00+990 ¢8T1T TO0+SS0 80¢ TOO+8y0 €9¢ T00+8E0 VLT €000+CLTO usali9 unaIaNg
LTy T00*¥C0 690 TO00+¥69T0 9.0 TOOO+cCETO G660 TOOO+S0TO0 TOT TO0+*660 A%e|d '
LS5  v00+¢T'T 8¢ €00+80T ¥I'T TOO0O+880 99T TO0+¥90 €EO0E VO0O+CETO usalo ULIOW
¢9T T00+¢90 8¢ TO0O+8F0 99¢ TO0+6€0 LT¥ T00+¥C0 999 TO0O+8TO A9¢eld ’
080 <2000FTGZ0 €L0 <2000FE€SC0 980 <2000FEECO TOT <C000F86T0 ¥9T <2000F2eT0 Ausqdsey
¢¢T 100+¢80 ¢6T TO0O+¢S0 96T TOO+TS0 v0o¢c T100+*6v0 8.¢ TOO+9€0 usalo unny
¢g¢  €00*6TT OTT TOO*T60 PST TOO0O*S90 <¢LT T00+850 €ET¢ T0O0+LPO A%e|d
8¢ €00+*TCT vb¢c ¢O0+¢80 €T¢ <¢0O0*¥60 TST TO0+990 99¢ TOO0+6E0 usslo p1oe 2INyI31830304d

/ pu 82T 2000F9ST0 96T €E000FESTO LTZ €000F8ETO OST <C000FEET0 Alaqdsey
69T <¢000+81T0 / pu €T T000F2800 9TT TO00F9800 64T TOO0F9500 Audydinos pIoE D131180)
¥9'T T000+T90°0 ¢8T TO0O0+SS00 ¢¢¢ TOOO+S¥0'0 €0C TOO0O+EEOO 9L TOOO+TeO0 usalo o
T0T T000+*6600 ¥9T TO00+T900 G8T TOOO+¥S00 0L¢C TOOO+.EOOD LS'€ TO00+8200 J9eld
88¢ vOO0+6ET 80E€ VYOOF+0ET €€¢ €00F6ST PEC €E00+8CT 8EC €E00F9CT Auagdsey

/ pu €20 <2000F€.80 Lv0O €000F¥EI0 G90 ¥OOOF9T90 TOT V000FL6E0 Aldydnos DI2E 21][eS)
Gy'e L00+¥€0¢ 60€C 90+F¥6'T <Lv 900+.¢T S€9 900+<TT ¢¢¢ TO0O+SPO usai9 o
8T T00+8L0 L9T T00+¥090 ¥r¢c TOOFTIVO 26T TO0+<cS0 99¢ TO0+6E0 7oe|g
asd as+m™ asd as+m™ asyd as+"™ asd as+"™ asd as+"™ ol punoduwiod uoneIng

0,001 0,06 0,08 0.0L 0,09 dljousayd

‘uoneinp pue ainjesadws) Buidaals uo paseq seal Allagdsel pue ‘A1iayd ‘usalb Moe|q ur (6/6w) s)usiuod J1jouayd [e10] ‘g 9jqel



1173

Krstié, J., et al./IFRJ 31(5): 1165 - 1184

660 700+ 10V 280 €00 +99°¢ G880 €00 +¢S¢E / pu [A) 70’0 +€0°€ Al1sqdsey apisoignquies

¥8'0 ¢0'0+8¢€'¢ ¢5'0 TO0+€E6'T 0€T C00F VST 197 200F 92T ¥0'¢ Z2000¥86'0  Ausydunos -O-g-uIpiuekd

290 S00+TT'8 0€0 ¢0'0+T99 LGS0 €00+¢C'S LL0 €0'0+88°¢€ T16°0 €00+ TEE A11aqdsey apisoignquies

€e0 €00 +¢6'8 80 G0'0 + L6'S 80 70'0 ¥ 88'F 96°0 YOOFGTY 90 T00F /T2 Ausyounos  -O-g-uipiuydie@

6€'€ <¢000+6S00 ¥0'¢ TOO0+6¥00 / pru 8¢z TO00FZV00 9S5C T000F6E00 Ausydinos £9 UIPILEAIOId

90'T TO00+¥600 GST'T TOO0O+.800 €ZT TOOO+T800 G8T TOOO0O+¥S00 ¢<¢¢¢ TO0O0+6Sv00 usalo o

ZU'T €000F.920 #TT 2ZO00FS.LTO €0C €000F8YT0 ZST ¢000FZETO0 92€ €000¥F2600 Auisydinos 2 UIpIUeAd0Ig

€0’¢ TO0+€E0 87'T €E00°0+¢€020 / pu 7.0 TOOO+GETO 90T TOO0O+1v600 usalo o

9¢'T ¢000+6ST0 ¥ZT <¢O00+T9T0 6V'T <C000+FVETO / pu G8'T Z000F80T0 Ausqdsey 19 uIpIueA20Ig

790 TOOO0+S8T0 /LSS0 TOOO+¥.TO /90 TOOO+8YTO 890 TOOO+9YPTO 080 TO00+SCTO Adeld o

Q'€  v00'0+STT'0 / pru GT'Z 2000F€600 6ST TOOOFE900 S8T TO00FP¥S00 Ausydinos ulyosyeso|febid3-(-)

0.0 t000F/9S50 €80 €£000F29€0 960 €000FZTE0 GL0 <2000¥F99Z0 6TT <2000F89T'0 Ausqdsey

8T'T +000+8EE0 / Pu ¢6'0 €000+¥Ce0 9LT SG000+v820 LTIV T00F 20  Ausyo anos uryosyeold3-(-)

vTT TO'0+880 68'T TO0F €SO 96T TO0+ TS0 80°¢ TO0+8Y0 98¢ TO'0OFSE0 usalo

¥OT €000F/.820 ¥ET €000F¥E€CZ0 GIT ¢000F¥.TO0 9TT 2000F2.T0 08T ¢2000FTTT0 Ausqdsey

6L'T €00+89T / pu vE'T C00+F67'T 8E'T C00+ar'T 90T T00F¥6'0  Ausyd Inos uIypa1e-(+)

7’0 TO00+8¢C0 00V TO'0+52°0 E7'0 TO0O0+¢EC0 TS0 TOOO+86TO0 890 TOOO+9YTO usalo ' UIw o7

¥.'T €000+¢.T0 G8T €000+¢9T0 TT'¢ €000+cvT0 ¢L0 TOOO+6ET0 ¥80 TOOO+6TTO 1oe|g

69T TO'0+€90 79’1 T0O'0+99°0 LT1°¢ TO0+91°0 €9°¢ TO0+8€E0 €0'¢ TO0+€E0 usalo unsaIeNd

68t T0O'0+920 GE'Y TO0F€CO G9'T €E000+¢8T0 TT¢C €000+¢kT0 ¥6'¢ €000+¢C0T0 deld ’

STAYA €00FEET [AN) TO'0¥68°0 [ XA TO0OF T80 ¢ET TO0F9.0 12'¢ €000+¢CET0 usalo ULIO

GE'T TO0O+vL0 6L'T TO'0+95°0 a8t T0'0+9¢°0 0L'€ T00+ .20 00'v TO0+52°0 Aoeld ’

69'0 <¢000+68¢0 8.0 <¢000+.9¢0 8.0 <¢000+95¢0 V60 <¢000+S0C0 / Pu Al1aqdsey

€90 TO0+6S'T ¢L'0 TO0+8E'T L8'T 00+ 40T ¢T'T TO'0+68°0 [AAr4 TO'0+ 410 usal9 unny

08¢ €00+ .0T V11 TO'0+88°0 Sr'T TO0+690 79'T TOOFT90 28’1 TO'0F+9S0 Aoe|g

8r'l ¢00+GE'T €8T ¢00+60°T / pru A TOO+TLO G8'T TO0O+¥S0 usalo p13e 21nyd31ed3010.d

660 €000FE0E0 2ZT'T €000F¥8920 06T €000F8STO <ZET <2000F2STO0 /ST 2000F.2T0 Ausgdsey

¥9'T 2000F2ZT0 G8T <Z000F80T0 GOT TOOOFS600 90T TOOOF¥600 TST TOO0F9900 Ausydinos DIoE D131587)

6€'0 TO0'0+¢2L00 / pu / pu vv'¢ TO0O0O+Tv¥00 O00F TOO00+SC00 usalo ’ ’

89°¢ €E000+<ZTT0 L¥'T TOO0O+8900 6T TO0O0O+9S00 €9°¢ TOO0O+8EOO 98¢ TO00+SEOO Aoe|d

¥8'T v0'0+ LT¢C 09'T €0'0+00¢ 6v'T €00F¢0¢ Gq'T €00F€6'T 16T €00+ /91T Kiisqdsey

GG0 /J000FG/ZT 0Z0 2000¥F/860 ¢90 SO00¥FZI80 670 ¥000OFG080 660 +000FZ0r0 Ausysinos pI9e 21][eD)

LE'E L0'0+80°¢ Ev'e 900 +GL'T [ASld 700+ 6591 0Le S00+GET YA TO'0+890 usalio ) )

90T TO0+¥6°0 8¢'T T0O'0+8L0 6L°T TO0+9S0 €9¢ TO0OF8E0 [AAr4 TO0+S¥'0 Adeld

asd as "o asd as ¥ asd asF" asd as "o asd as "™ punodwod

ea| uoneing

0,007 0,06 0,08 0,0. 0,09 dljousyd




Krstié¢, J., etal./IFRJ 31(5): 1165 - 1184

1174

160 ¥00F8EY 660 POOF20V / pu 2T v00F.Zz€ 6TT €00¥15¢  Ausqdsey apisolgnguies
LL0 200¥8SC Y0 TOOFETZ TET 200FEST OET 2ZO0FVST / pu Ausyounos  -O-g-ulpiuekd
T90 GOOFST8 ¥.0 S00¥8L9 180 GSOOF¥T9 GS€ <200F€9S ¥.0 ¥00Fcys  Ausqdsey apisolgnquies
960 TOFPO0T 2€0 200FE€Z9 60 200F¥0S TZ0 TOOF¥8Y S0 200F€L€ Ausyounos  -O-g-upluiydie@
/ pu 6/T TO00F9S00 96T TO00FTIS00 €€C TO0O0OFEFO0 0LZ TO00FLEOO Alaydnos £8 UIPILEAY0IY

60T TO00F2600 90T TO00OF¥600 SET TOOOF¥200 GFT TOOOF6900 ¢LT T000F8S0°0 Ul o

/L0 2000FT920 OTT <000F18T0 / pu 9T'Z €000F6ST0 90C ¢000F.600 Auaydinos 28 UIpIUEASOI
e TO0OFTE0 ¥¥O TOO0¥8220  / pu G50 TO00F28T0 29Z 2000FSL00 Ul o

€T 2000F29T0 / pu €0Z €000F8YT0 S80 TOOOFSITO 880 TO0O0FEITO Ausqdsey 18 UpIUEAL0Ig
TS0 TO00F/6T0 ¥S0 TOOOF¥8T0 850 TOOOFZLT0 990 TOOOFTISTO 290 T000F6VT0 Xoelg ..

v/'T 2000FGTT0 88C €000F¥0T0 260 TOO0F80T0 6ET TO00F2/00 /LT TO00F890°0 Audydinos uiyosyeso|ebid3-(-)
G0 v000FT1880 / pu 6,0 €000FT8E0 S90 <c000F60S0 GOT <CO00FT6TO Aueqdsey

80 €000F0S€0 2€T P00O0OFYOE0  / ‘p'u €8T Y000F¥6620 61T €000FE€520 Ausyounos  ulyosreord3-(-)
82T TO0F8.0 TST TO0F990 80C TO0F8y0 LTC TO0F9Y0 2z TOOFTIVO usalo

660 €000F20€0 / pu 90T <¢000F88T0 8ET <c000FSPTO LLT ¢000FETT0 Ausqdsey

65T €00F68T / pu T6T €00F/GT 2Z€T 200¥2ST €8T 200¥60T  Ausyonos .
880 TO00F¥9Z0 6S0 TO00FSSC0 9¥'0 TOOOF6TZO 670 TOOOFSOZO 950 T000FS8LTO usalo : e
9/v TO0FTZO LTT 2O00FTLTO 2€T 2O000FISTO TOE ¥OOOFEETO0 9rZ €00°0F2ZT0 Yoelg

¥ST TO0FG90 ¢/T 100¥850 ¢8T T00¥SS0 8€¢ 1T00¥2r0 ¢€C TO0FEYO usal9 U01N0)
€60 €000F22€0 /LT TO0F¥Z0 ¥S¥ T00F2Z0 9.¢ TO0OFTZ0 T90 T000F¥ITO xoelg .

897 €00F2IT / pu G0T T00F¥S60 90T T00F¥60 80C T00F8F0 usal9 LI

6T ZO0FE0T 95T TO0F¥90 ¢LT TO0F8S0 95¢ TO0F6E0 22€ TOOFTIEO xoelg .

0.0 ¢000F/820 TL0 ¢000%1820 LLO 2000F65C0 / pu 9¢T 2000F.¥T0 Ausqdsey

280 TO0F2ZT €90 TO0F8ST TOT TO0F660 95T TO0OF¥90 28T TOOFSS0 usal9 unny

980 TOOFOTT 08Z €00F.0T €8T T0O0FSL0 €€T T0O0FGL0 LTZ TOOFOr0 xoelg

Oz €00FSZT 19C €00FSTT / pu 0.7 <200F¥.0 €0€ 200%990 sl PIOE 0INYjJ81eI0101d
290 2000F¥2€0 L0T €000¥6.20 OLT €000F9.T0 v8T €000FE9T0 €8T €£000F#9T0 Auasqdsey

TST 2000F2ET0 95T <2000F82T0 06T 2000FSOTO TOT TOOOF6600 9ST TO00F 4900 Auaydinos DIoE 2151380
€80 TO00OFTZT0 060 TOOOFTITO VT TOO0OF8900  / pu €0'€  T00'0 F€£0°0 usal9 T

0LZ €000FTITO 95T TO00F¥900 2¢LT TOOOF8S00 9S5C TOOOF6E00 ¥6Z T000F¥EQO xoelg

0T €00FT€C ST €00F€C ¥ST €00FG6T GST €00Fv6T 9TZ €00F6ET  Ausqdsey

670 G000 FSTOT  / ‘p'u 70 ¥000F¥2860 ¥v0 +000F¥T60 6/0 €000FGST90 Auayoinos D198 29
I 900F6£Z 257 SOO0FSTZ 86C GOOF89T G9C VOOFIST 22E E00FE60 Ul S

68  YOOFYOT 2T TO0F9L0 T9T TO0F290 64T TO0F9S0 €€Z TOOFEYO Yoelg
asd aS¥™ asd aS¥™ aSd as¥™ asd aS¥™  asd as¥™ eal punodwod soneana

2,007 2,06 2,08 .0. 2,09 d1jousyd




1175

Krstié, J., et al./IFRJ 31(5): 1165 - 1184

"Pa19319p 10U 'pP°U

9.0 70’0 +62'S LL°0 €00+ 68°€ G80 €00+ ESE / pu v0'T €0'0+68¢ Ki1sgdsey apisoignqwres
70T €00+ .6'¢C G0 ¢0'0+.9¢ ev'o TO'0+¢E¢C / pu wT 200FZ¥'T  Ausydunos -O-g-uipiuekd
650 T0+69T 690 TOFVVT L0 700+ ¢v'8 6€0 €00F29.L 0€0 ¢0'0+8599 Ki1sqdsey apisolgnquies
LT €0+G'LT 20 ¢0'0+8¢'8 A0 ¢00+T29 190 €0'0+98'S 2c0 T00F 677  Ausyounos  -O-g-uipiuydis@
T¥'¢ <¢000+€800 v6'¢ <¢000+8900 / pu 6ST TO00F €900 /LT'Z TOOOF9700 Audyd Inos £g UIPILEAIOIY
/ pru 7.0 TOOO+GETO G6'0 TOOO+SOTO /L6'0 TOOO+€EOTO 860 TOOO+¢OTO usalo h
2.0 2000%6/20 09T €000F/8T0 88T €000F09T0 €TC €000FTPT'0 06T ¢000FSOT0 Ausyodnos 29 UIpIUEeA20Id
16T T0'0+990 AN TO0+€EV0 G680 ¢000+SEC0 OF0 TOOO+TSCO TCZT <¢000+99T0 usalo o
60T <¢000+*¥8T0 vI'0 <000+G.LTO / pu ¥9'T 2000F22T0 /9T 2000F02T0 Ausqdsey 19 uIpIueA20.d
0S50 TO0O0O+86T0 %S0 TOOO+98TO0 S0 TOOO+¥8T0 €90 TOOO+8STO0 890 TOOO+9¥TO Ade|d o
60¢ €000+EVT0 / Pu 02€ ¥000FSZT0 ¥80 TOOOF6TIT0 €0'C €000F6600 AldYdInoS ulydseso|febid3-(-)
/ pu T90 ¥000F¥659°0 6G0 ¢C000F/EEC0 +80 €000F9SE0 62T €000F€€Z0 Ausqdsey
¥8'0 000+ V.0 / Ppu ZTT $000F9S€0 22T ¥000F6Z80 [60 €000F60£0 Ausydinos uryosyeold3-(-)
/ pu (AN} TO0F92°0 A TO'0¥89°0 vq'T TO0¥990 QLT TO'0F /G0 usalo
G8'0 €000+1vS€'0 ¢80 <¢000+¥Pc0 TS0 TOOO+V6ETO / Py ZLT 2Z000F9TT0 Ausqdsey
Q9T 70’0 +¢v'¢ / pru 6T°¢C 70’0+ 281 6G°¢ 00+ ¥S'T 190 T00¥0ST  Ausyo anos uIypate-(+)
¢80 €000FS99€0 GE€0 TOO0O+S820 9€0 TOOOFT8CO 8E0 TOOO+¢29C20 6£0 TOOO+8SCO usalo ' uIw 0z
VT €000+¢TC0 99T €000+*¢8T0 850 TOOOFTLTO 96¢C¢ V0O00OFFSETO0 TLO0 TOOOFTYTO Aoe|g
9C'T TO0+6L0 8¢'T TO'0+8L0 GE'T TO0+vL0 ¢L'T TO'0+8S0 6v'T TO'0+ .90 usalo unea1aNgd
€9°¢ TO'0+8€0 €0e TO0+€E0 €6'0 €000+¢¢e0 6V0 TOOO+S0C0 G9T €000+¢8T0 Aoe|d ’
YXAYA €00¥FCET S0'€ 700FTET 80'¢ 700 F0€'T 09°¢ VO0FTT'T 78’17 TO0F99°0 usalo ULIO
LL'E 70'0+90'T 9T'T TO'0+98°0 A TO'0+89°0 av'e TO0¥ 620 78'¢ T00+9¢°0 Aoe|d )
7G50 <¢000+89€0 990 <¢000+¢c0E0 SL0 <¢000+89C0 / pu T€T 2000F2ST0 Ausqdsey
€90 TO0+89'T .0 TO0+VET 6T'T TO0F¥8°0 LE'T TO0FELO0 79T T00+¢290 usalo unny
16'T €00+ /ST 990 TO0O+TST 7.0 TO0O+VET [AVN) TO'0+86'0 69T TO'0+65°0 Aoe|d
vee €00+VE'T 18T ¢00+.0T 90T TO0+¥6°0 / p'u A T00+890 usalo p1de J1nyasiedoloid
68'0 €000+.EE0 €T €000+€EVC0 62T €000+€ECO0 6T €000+cCECO / ‘pru Ai1sgdsey
€0 VvO0O0O+CETO LT'C¢ €EO000+8ETO / pu 98'Z €000 FS0T0 66C <2000F.900 Ausydinos pIoe J1311e7)
/ Pu G8'0 TOOOFS8TTO0 ¢<¢¢T TO00F¢800 #ST TOO0FS900 / pu usalo T
T9¢ €000+STT0 GET TOOO+*¥.00 GS¥T TOOO¥6900 98T TOOO+ES00 V6C¢ TOOO+1E00 Adeld
€T'T €0'0+99¢ Ge'T €00+ ¢dc'¢ €8'T 700+ 8T'¢ ¢S'T €00F.6T €917 €00+¥8'T Aiisqdsey
820 €000F¥S0T T¥r0 +000F¢860 TF0O +000F¥G860 EV0 ¥000FLZ60 790 +000F8290 Ausydnos DI2E 21][eS)
a8'T 90'0+4c'€ €49'¢ 900 + LE¢ Gcg'¢ 900+ L9¢ 8¢'¢ ¥00+¢2C'T Wi TO0O+TLO usalo ’ ’
YA 700+ <291 7T TO'0+06°0 €eT T0O0+GL°0 [AAN) T0O'0+¢8°0 96T TO0+TS0 Aoe|g
asd as "o asd as "o asd as+" asd as "o asd as "o punodwod
ea| uonesng
0,007 0,06 0,08 0.0L 0,09 dljousyd




1176 Krstié¢, J., etal./IFRJ 31(5): 1165 - 1184

(-)-Epicatechin content increased with the increase in
temperature, except for 5 min at 100°C, and 20 min
at 100°C. Procyanidin B2 content increased with the
increase in temperature, except in several cases (10
min at 80°C, 15 min at 80°C, and 10 min at 80°C).
Procyanidin B3 content increased with the increase in
temperature, except in the following cases: 15 min at
100 and 20°C.

The investigation on the effect of steeping
temperature and duration on various tea infusions
obtained from teas packed in bags, among them,
black and green teas, showed somewhat different
results (Yang et al., 2007). A higher number of
exceptions from the increasing trend of particular
phenolic compounds with the increase in temperature
in the case of raspberry and cherry teas could have
been attributed to the very complex matrix in both
cases, thus affecting the processes occurring within
their agueous system.

Effect of storage time and temperature on total
flavonoid content

Many flavonoid compounds (e.g.,
procyanidins and catechins) are heat-sensitive, and
can undergo chemical degradation during heat
processing or even storage (Ananingsih et al., 2013).
Therefore, it was important to investigate the total
flavonoid content depending on the storage
temperature and time. Previously, we investigated the
effect of storage temperature and thermal processing
on catechins, procyanidins, and total flavonoid
stability in commercially available cocoa powders
(Mrmosganin et al., 2015).

The effect of storage provides valuable data on
keeping different types of tea under different storage
conditions (Table 3). When tea bags of black tea were
kept at 4, 25, and 35°C, the maximal value of total
flavonoids was observed on the 40" day (37.27,
49.34, and 44.64 mgCE/q, respectively). A somehow
different trend was obtained in the case of green tea
under different storage temperatures (4, 25, and
35°C); maximal values on the 40" day of storage were
observed at 4 and 25°C (48.84 and 55.39 mgCE/g,
respectively), and at 35°C on the 50" days of storage
(58.76 mgCE/qg). Irregular behaviour was observed
for black and green teas, and fruit teas (sour cherry
and raspberry).

Storage conditions effects were investigated
before on the content of total flavonoids in chocolate.
Similar to our study, it was found that they degraded

faster at elevated temperatures than at lower
temperatures (Pavlovic et al., 2017). This is in
accordance with some earlier studies on strawberry
and pineapple juices (Odriozola-Serrano et al., 2009;
Zheng and Lu, 2011). However, it was proposed that
the extraction method is also important besides
storage for the bioavailability and stability of
flavonoids (Liu et al., 2022). Storage conditions were
also investigated on the quantity of tea catechins. It
was observed that the lower storage temperature
extended the catechins half-life (Demeule et al.,
2002), and that a significant amount of catechins was
degraded after six months of storage (Friedman et al.,
2009). The aromatic and sensory quality of
Huangshan Maofeng tea was preserved when it was
stored at lower temperatures (Dai et al., 2019).

Computationally, the best results, based on the
obtained model for full factorial design (p = 0.0032)
for black tea were 33.2 days at 4°C (Figure 1B), for
green tea (p = 0.0002), 23.2 days at 19.6°C (Figure
1B), and for raspberry (p = 0.0023), 33.7 days at
13.4°C (Figure 1B).

Effect of storage time and temperature on selected
phenolic compounds contents

Seven compounds were monitored in black tea
during different numbers of storage days and
temperatures: gallic acid, caffeic acid, rutin, morin,
quercetin, (+)-catechin, and procyanidin B1 (Table
4). At 4°C for 50-day period, the contents of gallic
acid, caffeic acid, rutin, morin, and (+)-catechin did
not show a regular trend. The contents of quercetin
and procyanidin B1 at 4°C showed an increasing
trend during the 50-day storage period. Quite good
regularity was observed for all quantified compounds
at 25°C for 50-day storage period with few
exceptions: caffeic acid at the 30" day of storage,
quercetin at the 40" day of storage, and procyanidin
B1 at the 30" day of storage. An irregular trend for
the quantified phenolic compounds was also observed
at 35°C, except for (+)-catechin content, which
showed a regular increasing trend.

Eight compounds were quantified and
monitored during the 50-day storage period at 4°C in
the fridge for the raspberry tea (Table 4): gallic acid,
caffeic  acid, (+)-catechin, (-)-epicatechin,
procyanidin B1, rutin, delphinidin-3-O-
sambubioside, and cyanidin-3-O-sambubioside. An
increasing trend was noticed in all cases, with one
exception per compound, except gallic acid and
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delphinidin-3-O-sambubioside, for which a regular
increasing trend was observed over the 50-day
storage period: for caffeic acid, (+)-catechin, and
cyanidin-3-O-sambubioside at the 50" day of storage,
for (-)-epicatechin and rutin at the 40" day of storage,
and for procyanidin B1 at the 30" day of storage. The
increasing trend contents upon storage at 25°C was
noticed in all quantified compounds, except for (+)-
catechin on the 40" day of the storage, (-)-epicatechin
and procyanidin B1 on the 20" day of storage, and
delphinidin-3-O-sambubioside at the 50" day of
storage. An increasing trend in the quantities of the
monitored compounds was observed in general, apart
from caffeic acid and cyanidin-3-O-sambubioside at
the 30" day of storage, rutin at the 50" day of storage,
and delphinidin-3-O-sambubioside at the 40" day of
storage.

In cherry tea extract, nine compounds were
quantified and monitored during 50-day storage at
different temperatures: gallic acid, caffeic acid, (+)-
catechin,  (-)-epicatechin,  (-)-epigallocatechin,
procyanidin B2, procyanidin B3, delphinidin-3-O-
sambubioside, and cyanidin-3-O-sambubioside
(Table 4). An increasing trend during the storage time
at 4°C with some irregularities was observed for all
quantified compounds, except (+)-catechin and
delphinidin-3-O-sambubioside, where an increase of
the content was observed throughout the whole
storage period. A more regular increasing trend of the
contents of the quantified phenolic compounds was
observed during the storage period at 25°C.
Exceptions from this regular trend were shown by (-
)-epicatechin, procyanidin B2, and procyanidin B3 on
the 40" day of storage. A similar situation was seen
for the investigated tea and phenolic compounds
when the tea bags were kept at 35°C.

The contents of ten phenolic compounds were
monitored in green tea under different temperatures
during 50-day storage: gallic acid, protocatechuic
acid, caffeic acid, rutin, morin, quercetin, (+)-
catechin, (-)-epicatechin, procyanidin B2 and
procyanidin B3 (Table 4). Only gallic acid and morin
showed a regular increasing trend over the storage
period at 4°C. Various quantified phenolic
compounds were observed upon storage at 25°C:
rutin, morin, (+)-catechin, and procyanidin B3. A
significantly higher number of irregularities from the
increasing trend of the contents of phenolic
compounds upon storage at 35°C were noticed. Only
(+)-catechin showed regular increasing trend over the
50-day storage period.

Conclusion

The experimental study on aqueous solutions
of four types of tea: black, green, sour cherry, and
raspberry did not give easily interpretable results due
to the complex nature of compounds and processes
involved. Extraction is a dominant process at lower
elevated temperatures, followed by degradation and
other reactions that increase the value of total
flavonoids. When tea bags of black and green tea
were kept at 4, 25, and 35°C, the maximal value of
total flavonoids was observed on the 40" day (except
for green tea at 35°C, when it was observed at the 50"
day). For sour cherry and raspberry teas, irregular
behaviour was observed. Computationally, for the
investigated tea samples (black, green, sour cherry,
and raspberry), it was found that the optimal
temperatures were between 70 - 80°C, and the
optimal durations were between 12 - 16 min. The
performed approach can be applied to any tea,
providing data applicable to the food industry in
obtaining the most beneficial effects from drinking
tea.
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