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Summary

Thermal processes play an extremely important role in the formation of quality indicators of green tea.
The main technological process is fixation, which can be carried out by various methods: roasting,
steaming, hot air and electrophysical methods. Fixation is essential in green tea processing to inactivate
the polyphenol oxidase enzyme. In Georgia, green tea is mainly made from local plant populations
using the roasting method. Making green tea is an energy intensive process. The paper presents the
results of research on the influence of fixation methods on quality, chemical and safety parameters of
green 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 green tea
fixed by electromagnetic induction(Georgian patent 7427 B. 2022) and evaporation, and is superior to
the product obtained by the roasting method. The antioxidant activity of tea extracts is in direct
correlation with the total amount of polyphenols. 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
tea in accordance with established standards.
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Introduction

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 a more valuable and

Georgian Scientists/Js®mggeo d93609Mgdo ¢. 6 N 2, 2024 | 395



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 manifestation of the qualities
of Georgian green tea [2]. Tea production is one of the most energy-intensive industries in the
agricultural sector. In the cost of finished 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 important.
The purpose of the main technological process 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 electrophysical 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-producing countries, the difference lies in the methods of
processing, technological methods and equipment [3, 4].

Polyphenols, primarily catechins, shape the most important taste properties and biological activity of
green tea. The comprehensive studies showed the high P-vitaminsactivity, antioxidantanti-
inflammatory, antimicrobial, antiviral, anticancer and anticoagulant activities of these substances. The
ability 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. Green tea epigallocatechin gallate has the
pronounced ability to prevent obesity and metabolic syndrome [5 - 15].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 period of raw material production, the technological
process and some other factors. Quality control of green tea involves determining the water extract,
the total amount of polyphenols and catechins, and other compounds.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 [16].

The purpose of the work is to study the influence of fixation methods on the quality, chemical and
safety indicators of green tea.

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 Agricultural University of Georgia (Georgian patent 7427
B. 2022) and a new green tea technology developed 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
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polyphenols and individual catechins was conducted in the following tea samples made by different
methods of fixation: 1 - fixed with steaming, 2 - fixed with induction, 3 - fixed with roasting. The
analyseswere conducted usingstandard methods and the methods provided in literary sources [20-
25].Catechins were determined by high pressure liquid chromatography. Chromatographic analysis
was performed on a high-pressure liquid chromatograph Agilent 1260 Infinity (USA), using a Supelco-
C18 chromatographic column (25 cm x 4.6 mm, 5 um), at a temperature 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 278 nm .

From raw materials produced in a different ecosystem, 70 m and 165 m above sea level (respectively,
Likhauri and Anaseuli, Ozurgeti municipality), toxic elements were determined in 2 samples (Li and
An) of green tea made with new technology: lead (Pb), arsenic (As ), cadmium (Cd), mercury (Hg) and
copper (Cu)io The analyses were performed using an Atomic Absorption Spectrometer (AAS 6 000) in
accordance with the requirements for the quality and safety of food raw materials and food
products.Zinc (Zn), manganese (Mn) and iron (Fe) have also been studied [16, 26].

Chemicals. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich USA. Folin-
Ciocalteu reagent was obtained from Merck, Germany. All other chemicals used in the study were of
analytical grade.

Sample preparation and extraction. Since setting up and consuming tea usually involves a one-time
distillation, it should be noted from the beginning, Therefore, the data does not claim to be a complete
reflection of the number of compounds present in the plant material.

For analysis, we took 0.5 g of each sample, added 35 ml of hot water, delayed extraction from 20
minutes to 2 hours, and took 60 ul from each sample and determined the antioxidant activity and
fenolic compounds of Folin-Ciocalteu method.

For analysis, we took 0.5 g of each sample, added 50 ml of hot water, delayed extraction for 20 minutes,
and took 10 ul from each sample and analyzed it on a high-pressure chromatograph.

Determination of total phenolic content  The total phenolic content of the tea fractions extracts were
determined by using Folin-Ciocalteu reagent following a slightly modified method of Folin-Denis [8].
Gallic acid was used as a reference standard for plotting calibration curve. A volume of 0.5 mL of the
tea extract was mixed with 0,5 mL of the Folin-Ciocalteu reagent (diluted 1:10 with de-ionized water)
and were neutralized with 1 mL of sodium carbonate solution (20%, w/v) and was added 8mL DD
water. The reaction mixture was incubated at room temperature for 30 min with intermittent shaking
for color development. The absorbance of the resulting blue color was measured at 725 nm using double
beam UV-VIS spectrophotometer (UV Analyst-CT 8200). The total phenolic contents were determined
from the linear equation of a standard curve prepared with gallic acid. The content of total phenolic
compounds expressed as mg/g gallic acid equivalent (GAE) of dry extract.

Determination of antioxidant activity by DPPH- scavenging assay. The free radical scavenging activity
of the tea extracts, also of the standard solution (ascorbic acid) were investigated using 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging method as reported in the literature [8]. The assay mixture
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contained 2 mL of 1.0 mmol/L DPPH radical solution prepared in methanol and 1 mL of standard ( in
concentration 75 pg/mL) or extract solutions. The solution was rapidly mixed and incubated in dark at
room temperature for 20 min. The decrease in absorbance of each solution was measured at 515 nm
using UV/Vis spectrophotomer. Gallic acid, a well known antioxidant was used as positive control
while DPPH radical solution with 1 mL ethanol was taken as blank. The percentage of radical
scavenging (%) was calculated by the following formula: % Free radical scavenging activity = 100 X
[Absorbance of control - Absorbance of sample]/ Absorbance of control

Statistical analysis  The results are expressed as mean+SEM. Student's t-test was used to analyze level
of statistical significance between groups. P<0.05 was considered statistically significant.

Results and Discussion

Table 1 shows the results of the study of the influence of fixation methods on the quality and chemical
parameters of green tea.

The results of a comparative study of methods for fixing tea leaves showed that in terms of basic
technological and technical indicators, the induction method is superior to the use of a device with an
electric heater. At the same time, it should be especially noted the possibility of significant savings in
energy costs for the fixation process[19].]. As a result of more intensive destruction of chlorophyll,
under the conditions of a new technological process, the smell and taste of fresh greens is destroyed,
the tea leaf acquires an olive-green color, which characterizes the quality of green tea. Changes are
taking place in the composition of amino acids and polyphenols.

Table 1. Effects of fixation methods on the quality and chemical parameters of green tea

Name of indicator Tea leaf fixation method and equipment
Patent GEP 2022 7427 B | Industrial equipment
(Experimental) (Control)

Water extract, % 38,2 37,8

Total polyphenols, % 18,9 18,5

Caffeine,% 2,58 2,54

Amino acids, mg/100 g 1,41 1,32

Chlorophylls,ug/mgp 2,1 2,3

Organoleptic indicators:

- aroma and taste Subtle delicate aroma, Delicate aroma,
pleasant taste with pleasant taste with
astringency astringency

- liquor
Transparent, light green,

with a yellowish tinge Transparent, light

green
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Figure 1. presents the results of the chromatographic separation of catechins from green tea
extracts fixed by different methods.
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Fig. 1. Chromatograms of experimental green tea

1 - fixed with steaming;2 - fixed with induction;3 - fixed with roasting.

The chromatograms shown in Figure 3. show the 5 major peaks (sample 2) of catechins by time
retention (min): catechin — 4,56, epigallocatechin — 6,88, epicatechin — 1,.86, epigallocatechin gallate -
12.89, epicatechinal — 20,46 (gallic acid—3,04 and caffeine-9,82).

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
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induction method and steaming, epigallocatechin gallate is practically equal and more present than
that made by the roasting method.
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Fig. 2. Comparative amounts of five catechins in experimental green tea extracts (mg/qg)
1 - fixed with steaming; 2 - fixed with electromagnetic induction; 3 - fixed with roasting.

Based on the results of quantitative determination of catechins, the high content of total catechins and
epigallocatechin gallate in tea extracts fixed by induction and evaporation was confirmed. Induction-
fixed tea retains more simple catechins than fixed with steaming (Fig. 2).
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Fig. 3. Total amount of polyphenols (PF), mg/g and antioxidant activity (AOA). %

1 - fixed with steaming;2 - fixed with induction;3 - fixed with roasting.

The results of the conducted research show a direct correlation between the antioxidant
activities of the studied tea extracts and the total amount of polyphenols. According to these indicators,
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the sample of green tea with fixed steam (1) stands out, slightly inferior to it is green tea fixed with
electromagnetic induction (Fig. 3).

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

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 practically identical and many times less than the
permissible limit value. (Table 2).In addition, we additionally studied the following elements: zinc (Zn),
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 information about the safety of Georgian tea.

Conclusion

1. The results of the study of catechins in experimental green tea extracts using the high-performance
liquid chromatography method (HPLC) showed that epigallocatechin gallate is more quantity there n
the green tea fixed by the induction method and by 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 - epigallocatechingallate. The
antioxidant activity of tea extracts is in direct correlation with the total amount of polyphenols.

2. 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.
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gogdbsgool gommEgdol gog3egbs 8f3569 Bsol badolbmd®mog 95B39bgdergd by

0. 3303300, 0. Bb0zz0830¢0?, 3. givodz0w0?, b. 4ma0s?, . B0 330830 0%, B. meErodgt, 9.
23Md®OMbody’

Wodo®mm3gamls 53560 1b03gmHLoG 0, hool, LmdGHOM303Mw0 3M)EH“IOGOOL s Bsol

369039 mdoL 0bLEGHOGHMG0, 39dbozol 99360969350 MIBHMOO, LodsMmZ9w ML brgwols
39mOBgmdoL 8936096090535 535009800 535009803ML0; 2mdooliol Labgwdfozm bsdgogobm

603960L0G G0, BYIgOEOBM doMEJIbmemyool 0blEOEHME0, domEwmyool dg3bogMgdsms
©MJGHMO0, 30:Mm7ILMO0; 20d0wobolb Labgwdfoxnm LsdgoEobm Mboggdlio@gdo, bsdgoobm
30m@H9dbmermaool 0BLEOEWGH0, 9390930H0 MIEMOO; ‘MdoEoLOL Lobgedfozgm
L5890 E0bM Mbo3ggMLOEGE B0, LsAgEOE0bM domEgdbmemaools 0blEGHOEHME0, Aoyl MO;
*0d0olol bobgedfonm LsdgoEobm boggMLo@g@o, BsdgoEobm dom@gdbmemyool
0bLEGOGHG0, B50LEM6E0; BoJoMMNZgEML 5xMMME0 Mb039MLOGIE0, Bsob,
bBBOBHOM30391000 3 GHMJOOL s Bsol IMYH39mdOL 0BLEOGHME0, 535090)M0 MIEMMO; ’
L5JoMMZIW MU 53MMW0 MB039OLOE IGO0, BS0L, LMBEGHOM3039O 39w EHMOJdOL s Bools
9090390 mdob 0bLEOGHWE0, 535009d0MM0 MIGHMEOO

BLEGHMIGHO

d03569 Bsols bomolbmdMogzo 85B39693¢9d0L Bsdmyse0dqdsdo vsm®mgls 9609369 m3zs6 M@l
O G39096 MdMHO 3OMEILYd0. F935M0 BHYIbMmwmyom®o 3MmiEgbos  RoJusE0s, MOl
56086990 gdss Bsol gmmeEools dgobyogo  39M6EJOOL  0bsgBH035308 s Foldo Fgdsgzswo
JodomMo  bogmomgdol  Lofilgol By mdsdgmdsdo  godbo®mgds.  dG3s6g  Bool  ©@sTBIYdS
969630393500 3OMEgLos. 659MMITo  dm3gdmwos B30y Bsol boGolbmd®mog, Jodme s
MBsgOObMgool 3539698 gdBg  BoJusgool  FgmMmEIdOL  A93egbol  33¢ng30L  F9YPq00.
994b39M0d9bEGH Mo  dG3569 Bsol  gJuB®oIBHIOOL  35BHIH0bYdOL  Topswo bsdolbol  mbgzso
JOMAoGmy®msgzool dgmmoom (HPLC) gsdmygbgdom dqufogerol 999ag0ds obggbs,  GI
999G boGHMmo  0bmzool dgmmom  (Logstmzggarml 3s@gbGo 7427 B. 2022) s
OMOMJ30m  BoJuoMgdme )36y Bs0To, 930gIWM3ISBHIBOb  AOSGHO  3M9JBHOIMIS©
0565065 ML [eMmImagbowo @y 5©0gds@gds  Fmborgzol dgmMmEom  ITBIIOIME
360m@MIAL. Bsol gduBEogdBHgool sbE0mJloIBEHWMMO 5J3H03MdGO0 300306 30MHYS3E05T0d
300%396Mg30L LogMmM MoMmEIbMBLML. BHMJLozMGmo gargdgb@gdol: Byzos (Ph), @s®modbsbo
(As), 3sdonmdo (Cd), ggdaberolfigscro (HY), UL3owgbdo (Cu),s s30Mgm3g: mwomos (Zn),
35639630  (Mn), ©306s (Fe)  s@™ING-dLmEMd30Mwo  B3gddomdg@mol  (AAS 6 000)
2900ggbgd0m. 330930l 99093900 5IBEIMGOL JoOME0 B0l MLSTROPHBMIOOL Fo®ow boolbl
s3gbomo bmMIgdol Jobggom.
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