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Thermal processes play an extremely important role in shaping the quality indicators of green tea.
The primary technological process is fixation the purpose of which is to inactivate the oxidative
enzymes of the tea leaf and keep the chemical compounds in it in their original state. Producing green
tea is an energy-intensive process. The cost of electricity is 20% of the base cost of production. The
price reduction is one of the most important objectives. An innovative energy-saving technological
device for fixing a tea leaf based on the method of induction was developed (Georgian Patent 7427 B.
2022) and on its basis, a new energy-saving green tea technology. The paper presents the data of
research and development of new energy-saving technologies and parameters of green tea
production, the results of studying technological level of fixation methods and equipment, quality
and chemical indicators and a safe finished product. The use of new fixation device and technology
significantly reduces the cost of electricity and the cost of finished tea. The results of the study of
catechins in experimental green tea extracts by high-performance liquid chromatography (HPLC)
showed that epigallocatechin gallate is equally present in the green tea fixed by electromagnetic
induction and evaporation and is superior to the product made by the roasting method. According
to the results of research, toxic elements: lead (Pb), arsenic (As), cadmium (Cd), mercury (Hg),
copper (Cu), as well as: zinc (Zn), manganese (Mn), iron (Fe) absorption spectrometer (AAS 6 000),
confirmed the high level of safety of Georgian green tea in accordance with the established standards.
© 2023 Bull. Georg. Natl. Acad. Sci.
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Green tea is produced from tender shoots and
leaves of Camelia sinensis (L) O. Kuntze using
special technological processes of fixing, pre-
drying, rolling and drying. According to its
chemical composition, pharmacological action and
physiological activity, green tea is more valuable

and healing product than other types of products,

due to the high content of polyphenols and
catechins in it [1]. The optimal balance of the total
amount of polyphenols, catechins and other
quality-determining compounds in the tea leaves
creates the best conditions for the maximum mani-
festation of the qualities of Georgian green tea [2].

Tea production is one of the most energy-intensive

© 2023 Bull. Georg. Natl. Acad. Sci.
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industries in the agricultural sector. In the cost of fi-
nished tea, a significant part, about 25% constitutes
energy costs. Reducing energy costs and the cost of
tea products is an important objective, which is
indeed possible as a result of the use of alternative
energy sources and innovative technologies.

In the formation of quality indicators of green
tea, the role of thermal processes is extremely imp-
ortant. The purpose of the main technological pro-
cess of fixation is to inactivate oxidative enzymes
and fix the chemical compounds contained in the
leaf in its original state, making the leaf elastic and
eliminating the smell characteristic of raw tea. The
fixation of raw materials is carried out in various
ways: frying, steaming, humid hot air and electro-
physical methods (high frequency current, infrared
energy, electromagnetic heating). The essence of
the technological processes of green tea, with its
thermochemical basis, is the same in all tea-produ-
cing countries, the difference lies in the methods of
processing, technological methods and equipment
[3-5].

Polyphenols and primarily catechins shape the
most important taste properties and biological acti-
vity of green tea. The comprehensive studies showed
the high P-vitamins activity, antioxidant, anti-infla-
mmatory, antimicrobial, antiviral, anticancer and
anticoagulant activities of these substances. The abi-
lity of catechins shows to alleviate cardiovascular,
atherosclerotic, and hypertensive diseases, to reduce
harmful levels of cholesterol in the body. The health
benefits of green tea are significantly determined by
the positive effects and amount of epigallocatechin
gallate. Tea consumption correlates with a low
incidence of cardiovascular disease and cancer [6-
12]. Green tea epigallocatechin gallate has the
pronounced ability to prevent obesity and metabolic
syndrome [13-17]. Tea consumption can play an
important role in providing the human body with
antioxidants. The antioxidant activity of tea is largely
shaped by phenolic compounds and individual
catechins, the amount and ratio of which depend on

the plant variety, environmental conditions, the
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period of raw material production, the technological
process and some other factors [2]. In line with both
international and national standards, tea quality
control involves the determination of the total
amount of polyphenols and catechins. [18, 19]. In
addition, the essential trace elements in humans can
be supplemented through drinking tea because tea
leaves contain potassium, manganese, selenium,
boron, zinc, strontium, and copper [20].

The traditional methods of green tea production
cannot ensure an increase in qualitative and econo-
mic indicators. The development of new techno-
logy and machinery based on modern energy-
saving methods is important.

The paper aims to research and develop new
energy-saving technology and parameters of green
tea in real conditions as well as to study fixation
methods and the technological level of equipment,
quality and chemical indicators and the safety of the

finished product.

Materials and Methods

The object of the study is an energy-saving device
for fixing a tea leaf, created at the Institute of Tea,
Subtropical Crops and the Tea Industry of the Agri-
cultural University of Georgia (Georgian patent
7427 B. 2022) and a new green tea technology deve-
loped on its basis [17,18]. During the experiments,
for the comparative analysis of the obtained data, the
existing methods and devices for heat treatment of
tea with a traditional heat source, and an electric
heater - a control option were used [19]. The study
of polyphenols and individual catechins was con-
ducted in the following tea samples made by diffe-
rent methods of fixation: 1 - fixed with steaming; 2 -
fixed with induction; 3 - fixed with roasting. The
analyses were conducted using standard methods
and the methods provided in literary sources [21,
22]. Catechins were determined by high pressure
liquid chromatography. Chromatographic analysis
was performed on a high-pressure liquid chromato-
graph Agilent 1260 Infinity (USA), using a Supelco-

C18 chromatographic column (25cmx4.6mm, Spum),
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atatemperature of 35°C. To obtain the mobile phase,
acetonitrile and 1% acetic acid dissolved in water
were used, the gradient was carried out for 20
minutes, the ratio of acetonitrile and 1% acetic acid
was from 10-90% to 20-80%, the detection of
substances was carried out using a single-signal
ultraviolet detector at a wavelength of 278nm.

From raw materials produced in a different
ecosystem, 70m and 165m above sea level (respec-
tively, Likhauri and Anaseuli, Ozurgeti municipa-
lity), toxic elements were determined in 2 samples
(Li and An) of green tea made with new
technology: lead (PDb), arsenic (As ), cadmium (Cd),
mercury (Hg) and copper (Cu). The analyses were
performed using an Atomic Absorption Spectro-
meter (AAS 6 000) in accordance with the require-
ments for the quality and safety of food raw
materials and food products. Zinc (Zn), manganese
(Mn) and iron (Fe) have also been studied [22, 23]

Results and Discussion

The development, research and testing of the new

green tea energy-saving technology in the real

environment was carried out at the experimental
base of the Institute of Tea, Subtropical Cultures and
Tea Industry of the Agricultural University of
Georgia, in Anaseuli in June - August 2023. The
technological process was carried out as follows:
green tea leaves are fed into a fixing machine, the
main components of which are: cylindrical body
placed in heat-insulating casing. The surface of the
cylindrical body is heated by an inverter heater, with
the power unit to which heating element is
connected: an inductor made of copper tube, spirally
wound around the cylindrical body. The number of
turns depends on the heating intensity. The device is
equipped with a cooling liquid circulation system in
the inventory heater inductor. The alternating current
received from the frequency converter passes
through the inductor and creates an alternating
magnetic field. The magnetic field is concentrated in
the inner region of the inductor and its magnitude
depends on the current passing through the inductor
and the number of turns. An eddy current is induced
in the walls of the tube placed inside the inductor.
The walls of the tube have electrical resistance and

Table 1. The technological level of fixation methods and equipment in the production of green tea

Tea leaf fixation method and equipment
Name of indicator Patent GEP 2022 7427 B Industrial equipment
(experimental) (control)
Productivity, kg / h 40 50
Electricity demand, kWh 4.0 45.0
The need for (?lectricity per unit of production in the 0.4 36
process of fixing, kWh/kg
The cost of electricity consumed in the process of fixin
per 1 kg of finished t}e/:a, GEL. b ¢ 0.1278 11506
Fixation uniformity, % 90.0 88.0
Organoleptic indicators: - aroma and taste, score 4.50 (+) 4.50
Water extract, % 38.2 37.8
Total polyphenols, % 18.9 18,5
Table 2. Mass fraction of toxic elements in green tea test samples
Name of indicator Limit value - Results
Green tea (Li) Green tea (An)
Lead (Pb), mg/kg not more 10.0 0.001 0.001
Arsenic (As), mg/kg not more 1.0 0.059 0.066
Cadmium (Cd), mg/kg not more 1.0 0.035 0.029
Mercury (Hg), mg/kg not more 0.1 0.017 0.018
Copper (Cu), mg/kg not more 100.0 3.60 5.13
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therefore heat is generated. In the process of fixing
tea leaves, the body of the technological device
directly participates in the generation of electro-
magnetic induction, the working surface of which is
heated by electromagnetic induction. The duration of
the fixation process is 180-210 seconds (the time of
inactivation of oxidative enzymes) at a temperature
of the steam-air mixture inside the equipment case -
145-155°C. The fixed and partially dried leaves go to
the next technological process. Pre-drying is an
essential process to bring the fixed leaves into a
condition suitable for the normal operation of the
curling process. During drying, the moisture content
of the tea leaf is adjusted to 60-64%. The fixed and
dried leaves are rolled in a new design roller, consis-
ting of a rotating cylinder, a table and a special press.
In the process of rolling for 50-60 minutes. Next, the
rolled tea mass is fed for drying to remove excess
moisture (dehydration of the product up to 3-5%),
ensuring the safety of the product and the final
formation of the specific taste properties of green tea.
The process is carried out in a drum-type tea-drying
machine of a new generation at a temperature of 80-
90°C [18]. The results of testing the new energy-
saving green tea technology in a real environment
are shown in Table 1.

The data in Table 1 show that under the new
technology, the energy consumption per unit of
finished tea in the process of fixing is 0.40kWh/kg,

which is reduced several times less than the same
indicator of existing equipment. The results of the
development and testing of the new energy-saving
technology in the real environment prove that it is
possible to reduce the cost of green tea by at least 1
GElL According to the primary qualitative and
chemical indicators, the difference between the test
and control green tea is practically not detected.

The results of the study of chromatographic
separation of catechins show that the peak of
epigallocatechin gallate is sharply defined and the
most precisely quantifiable. In green tea fixed by
the induction method and steaming, epigalloca-
techin gallate is practically equal and more present
than that made by the roasting method.

Based on the results of quantitative determina-
tion of catechins, the high content of total catechins
and epigallocatechin gallate in tea extracts fixed by
induction and evaporation was confirmed. Induc-
tion-fixed tea retains more simple catechins than
fixed with steaming (Figure).

The results of the study of toxic elements lead
(Pb), arsenic (As), cadmium (Cd), mercury (Hg)
and copper (Cu) showed that their concentrations in
green tea made from raw materials of different
natural conditions with new technology are practi-
cally identical and many times less than the permi-
ssible limit value (Table 2). In addition, we addi-

tionally studied the following elements: zinc (Zn),
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Fig. Comparative amounts of five catechins in experimental green tea extracts (mg/g)
1 - fixed with steaming; 2 - fixed with electromagnetic induction; 3 - fixed with roasting.
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manganese (Mn) and iron (Fe). The following
results were obtained for the new technology green
tea samples, respectively: (Li) and (An) : Zn: 0.397
-0.374; Mn: 0.078-0.79 and Fe: 1.046-1.263. These
data provide an opportunity to get more informa-

tion about the safety of Georgian tea.

Conclusion

On the basis of the new technical and technological
data obtained as a result of the conducted research
and testing in the real environment, a new energy-
saving technology and parameters of green tea were
developed, which ensure a significant reduction in
the consumption of electricity and the cost of the
finished product. Furthermore, with the use of the
new technology, it is possible to reduce the
consumption of electricity per unit of ready-made
tea is reduced several times during the fixing
process, and the cost price by at least 1 GEL.

The results of the study of catechins in expe-

rimental green tea extracts using the high-perfor-

docahg60¢ermgos

mance liquid chromatography method (HPLC)
showed that epigallocatechin gallate is equally
present in the green tea fixed by electromagnetic
induction and evaporation and is superior to the
product made by the roasting method. Green tea
obtained as a result of fixation by the induction
method has a high amount of both total and simple
catechins and the dominant catechin — epigallo-
catechingallate.

The results of the study of toxic elements: lead
(Pb), arsenic (As), cadmium (Cd), mercury (Hg),
copper (Cu), as well as: zinc (Zn), manganese (Mn),
iron (Fe) confirm the high-level safety of Georgian

tea in accordance with established standards.

The research was carried out within the framework
of the Shota Rustaveli National Science Foundation
of Georgia AR-22-1672 (2022-2023) state grant.
The authors extend gratitude to Prof. Irakli
Chkhikvishvili for conducting research on tea
catechins and fruitful discussion.
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Bvyamgdss Bsol gmool dg96g930 BgMHIGEEJdOL 0bsgdE0gsEos s dsldo 8gdsgsemo JodowyGo
B5g®gd0b Lsfigol 8mIsmgmdsdo gogdloMgds. 8fj3sbg Bsol sdBsYds gbgtam@Hg3zswo 3BmEy-
L05. MZONWOMYIMEGOOL JJmobgEL JbIMEIEH03MEo BIBIMKIOO To0gbL. dolo GgdoMgds

2969390036905 M3603369@m3569L 53mEsBsL. Bs@oMgdwamo 33¢0g3900L Lsgmdzgebyg 899v98530s
0bdool 8900mEBY sxdbgdwo Bsol Brmmerol ghgmamesdbmyo 0bmgsgor®mo Lsgodus-
30M 39d6memyommo ©IBsYM0 (LsdosGmzgummb 3s@gb@o 7427 B. 2022 §.) s dob 35Bsbg 9f3s-
Bg 3ol g9bgMam©sdBmao sbsgo Fgdbmermaos. 5s8GOMIJo dmEgdryeos Afzsbg Bsol 9bgMymsd-
Bma0 sbsewo $Hgdbmemyool s 35G39gEMIOIOL MYsyH 33GHgdmado 993m8s3900L s 33egg0ol -
©939%0, BogLsEgool dgmmEIdoL s EIBsEYIMPIOL FgIbmemmaor@mo Embol s 3By 3hmeemd-
0oL bomolbmd®030, J0d0MHO s MBHROGMBMYdOL 5839698 gdoL Fglifiogeols Jggagdo. sbswo
bsgodbogom sbsEys®ol s @Ggdbmermaool gsdmygbgdol 30Mmdgddo 360dzbgummabo d30My-
35 9e9dBHMMgbgH00L IBBIMR IO s IS 3OHMEMIEOL 1¥Z0MMOMDMEIDdS. gJudgHodgbdyy-
o 33569 B0l 9duEM3gdBHgooL 3sBHHobgdol Fsmswo basdolbol mbggzswo Jhmds@maMsgools dg-
omol (HPLC) 4s9myggbgdom dglfiagerols 9gegagdds 58396, Hma gangd@®masgbodw®o 0bowd-
300l 3g00MEOm s IMOMI3Eoo Boguomgdme 83567 Bs0do, g3oasmm3sdgbob goms@o 36og-
303195 0565365 560 FoHImEagbomo s s0gdadgds dmbsemzol 3900MmEom sdBsEIdME
36HMEMIGL. GHnJlozm®o gaegdgb®gdol - Bygos (Pb), s®odbsbo (As), 3sdondo (Cd), ggMdsb-
wolbfgoero (Hg), bdogrgbdo (Cu), 00mos (Zn), 3sb6956v980 (Mn), 3065 (Fe) - 5¢&mIwm©-sdm®Hd-

30o 13gdBHMmmdgE®ol gsdmyabgdom (AAS 6 000) 33¢0930L 8999 ELEHMYOIEX0S
o600 Bsol MLsgmmbmgdol 8505¢o bsMolbo sagbowo bn®dgdols dobgwzoom.
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