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Abstract

Since the last decade of the 19th century, the Camellia sinensis tea plant is commercially produced in one unique place in
Europe, the volcanic Sdo Miguel Island of the Azores Archipelago (Portugal) [1,2]. The molecular constituents of C. sinensis, in
particular the galloylated theaflavins, mainly theaflavin-3,3’-di-O-gallate (TF-3,3’-DG), have been reported to inhibit SARS-CoV-2
3-chymotrypsin-like protease (3CLpro), a crucial enzyme required for the cleavage of its polyproteins (1a and 1ab) to produce vital
individual functional proteins for viral cell replication [3]. According to Ohgitani [4] the virus treated with galloylated theaflavins,
particularly TF-3,3’-DG, at 100 uM showed less than 1/10.000 infectivity compared to untreated virus. The TF-3,3’-DG content
increased 50.91% with increased fermentation time from 1 to 3 hrs at room temperature (RT) and increased 41.26% at 35 °C
of fermentation temperature. Furthermore, TF-3,3’-DG increased 29.40% with increasing temperature from RT to 70 °C in short
extraction time (1:30 hrs) and oppositely decreased 18.44% with increasing temperature from RT to 70 °C in long extraction time
(16:00 hrs). Taking all of the in vitro reported studies by several research teams and the in vivo results comparing the COVID-19
infections (mortality per million of population) in high tea consumption (4.28%) as compared with low tea consumption countries
[5], the aim of this study was to investigate the steps of tea manufacturing conditions which lead to maximum TF-3,3’-DG content
and, given its potential impact as an inhibitor of the 3CLpro enzyme, to create a novel antiviral Azorean black tea.

Results climate, as well as by the tea processing and storage conditions.
The Table 2 shows the variability of the TF-3,3’-DG content in

The Table 1 clearly shows a low percentage (average of 95.7% ) : N )
different processing conditions. The TF-3,3’-DG content increased

lower) of infections by SARS-CoV-2 (COVID-19 mortality per
million population) in countries with a higher consumption of C.
sinensis tea as compared to countries with low tea consumption.
According to Storozhuk [6], C. sinensis tea constituents could
reduce overall risks related to COVID-19. This implies that tea
theaflavins may be effective in the prevention/treatment of
COVID-19 or the amelioration of its severity. It is well known that

50.91% with increased fermentation time from 1 to 3 hrs at room
temperature (RT) and increased 41.26% at 35 °C of fermentation
temperature. Furthermore, TF-3,3’-DG increased from 3.98 to 5.15
mg/g DW with increasing temperature from RT to 70 °C in short
extraction time (1:30 hrs) and oppositely decreased from 5.64 to
4.60 mg/g DW with increasing temperature from RT to 70 °C in long
extraction time (16:00 hrs). On the other hand, the value of TF-3,3’-

theaflavins contents in different tea samples changed according to o .
DG change in different parts of the tea plant showed higher content

different plucking seasons and are affected by many factors, such

. - . . (three times more) in bud plus 1st and 2nd leaves as compared to
as plant variety, origin of tea production, agronomic management,

3rd plus 4th leaves (data not shown).
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Table 1: Countries with “low” and “high” (above 150 g per/capita) tea consumption relatively to the total COVID-19 mortality per
millions of people and percentage of COVID-19 mortality per total infections in different countries.

L. Total COVID-19 Total COVID-19 mortality % COVID-19
Country Poﬁilil]?it;ﬁ‘sl n . L (per million mortality per total
Cases COVID-19 mortality population)® cases®
High tea consumption countries
China 1439.32 2139792 14631 10.2 0.68
Kenya 47.56 334249 5655 118.9 1.69
Mali 20.25 31171 737 36.4 2.36
Japan 125.8 9364954 31309 248.9 0.33
Low tea consumption countries
Italy 59.55 18610011 168425 2828 0.91
Spain 47.35 12818184 108111 2283 0.84
Portugal 10.31 5171236 24149 2342 0.47
France 67.39 31410383 150624 2235 0.48

“Data from Johns Hopkins Coronavirus Resource Center on July 2, 2022; ® Higher ratio means low support by Health Care Institutions

for COVID-19 patients.

Table 2: Theaflavins content from Camellia sinensis in different processing conditions (mg/g DW)?.

Extraction Oxidation/Fermentation
1h30 16h00 1h00 3h00
Theaflavins
RT 70°C RT 70 °C RT 35°C RT 35°C
TF 3.48+0.08 4.61+0.13 4.93+0.16 4.01+0.04 4.02+0.09 2.75+0.07 5.98+0.05 3.70+0.01
TF-3-G 3.38+0.02 4.11+0.07 4.82+0.05 3.52+0.13 5.93%0.13 4.65+0.06 6.93+0.03 5.38+0.03
TF-3’-G 3.31+0.07 4.25+0.04 4.72+0.08 3.88+0.08 4.46+0.11 2.88+0.04 5.43+0.06 3.57+0.04
TF-3,3"-DG 3.98+0.04 5.15+0.03 5.64+0.13 4.60+0.11 3.28+0.08 2.06+0.06 4.95+0.06 2.91+0.01

“Values are mean +SD (n =3); DW, dry weight; RT, room temperature; TF, theaflavin; TE-3-G, theaflavin-3-gallate; TF-3'-G, theaflavin-

3’-gallate; TF-3,3’-DG, theaflavin-3,3"-di-gallate.
Conclusion

The TF-3,3'-DG content in Azorean black tea was affected by the
different processing conditions. Countries with higher C. sinensis
tea consumption presented lower SARS-CoV-2 infectivity. The best
extraction time for all theaflavins is 16 hrs at room temperature
and for fermentation time the higher values was observed at 3 hrs
at RT as compared with 35 °C. This study revealed the possibility
to create a novel Azorean antiviral tea, investigating the black tea
processing conditions, to maximize the TF-3,3’-DG content as an
inhibitor of 3CLpro enzyme and, consequently, reducing the SARS-
CoV-2 infectivity as already reported by several research teams.
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