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General Overview of the Research

The actuality: due to the economi circumstances in our country tea indu:
and produced products have been significantly reduced, while it used to hold the 5'
place among the leading tea producing countries. This field had a strong industrial
infr and scientifi hnical p ial and the majority of product wa

exported.
Tea pl ions including 64,5 th d hectare have gone down to 47,3
hectares. But today, this data has not been verified yet, as it is constantly changing.

A part of the pl has gone wild, other parts have been removed
and the production from the ined pl ions has been diminished.
Lately, the demand for tea products enriched with polyphenolic compounds
i d d ically. It is d ined that this particul d,both

rusted and rust-resistant forms contained high anticarcinogenic chnr;mer. (Jen-
kun Lin, Yu-Chih Liang, 1999

Improving the quality of prod i ing its biological values and
enlargement of assortment is possible by using non-traditional compounds that
still remain to be the most imp tasks in tea producti

In order to use Georgian tea plantations effectively, it's necessary to improve tea
ducti and chall local tea production , that will assist to meet the

requirements of inner market demands and export potentials of the country.

Having done some activities, nowadays, it's possible to produce high taste quality

Georgian tea products.

It's of great importance to study physico-chemi | prop: of modern product, in

order to rehabilitate  weed-infested tea plantations and focus on increasing

employment and improving  social- ic envi

That's why we think that it's possible to carry out qualitative and quantitative

research of Georgian tea products for its complete usage; tea enrichment with

phenolic compounds and non-traditional nutritious herbs and berries: working out

receptors for producing different new types of tea products.

The novelty of the research. Georgian tea product market has been
scientifically proved and experimentally studied for the first time; conditions of
tea pl i including d-infected ones in Georgian regions — Samegrelo,
Imereti; physico-chemical properties of modemn tea products; technological
schemes of producing tea product which is enriched with non-traditional plants;
tea production by traditional products and their processing stages; rusting level of
phenoli pounds on each p ing stage and its rust coefficient.

_ catechin rusting products

K
v unrusting catechin

the number of water soluble pheonolic materials%
with the number of water soluble pheonolic materials%
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Kexr =

Extracts of Georgian and foreign tea products and extract e.xcrctionf ) tnea
extract coefficient K extract='the number of water-insoluble phenol g

it 1.

plant products with berry I and enriched with p
and vitamins (dog-rose, hawth plant, ies, mulberry, gnt
blackberry, raspberry, p ha,),  herbal ppl (mint, ch '.
hypericum perforatum, cotinus) and quality indicators of floral natural aromatic
pound (rose, jasmi and tea prod p with non-traditional
compounds .
The purpose of the research is to: study Georgian tea product market;
h the conditions of Georgian tea pl i i the number of tea

plant raw material base according to the regions; to determine chemical properties
of modern crude material; to choose technological schemes to produce different
types of tea product, to produce tea crude material compleely, its enrichment wi}h
different raw materials containing healing and useful sul ces (herbs and fruit-
berry), technological processing of ground and packaged tea bags produ.cls.
producing receptors for different types of tea, studying some main chemical
substances of berry raw materials and drying p in natural
and by using infrared rays.
Research tasks: to fulfill the given tasks we have done the following:
- Studied the tea crude material base in Georgia ;
Ii igated physico-chemical prop of modern raw material;
- Chose the appropriate technological regulations for its full usage;

- Enrich tea prod with biol lly active d | raw
materials;

- Created anew tea assortment;

- R hed quality indi of different prod

- Studied the conditions of tea extraction;

- Researched  heat-dried tea leaves extract qualitative and quantitative
way;

- Stu);ied effects of fermentation length on the amount of water-insoluble
phenolic compounds;

- Established the optimal parameters of drying non-traditional tea
enrichment berries by using infrared rays:

- Created receptors for new enriched tea products .

Research object. The research object is Georgian tea production market;
active and weed-infected plantations of Georgian regions — Samegrelo and
Imereti; physico-chemical properties of modern tea raw materials; technological
stages of tea processing; the depth of rusting phenolic compounds on each stage
and its coefficient Ky
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The output excretion; extrusion and extracts of different types of Georgian

and foreign tea prodi i of ion coefficient in different types
of Georgian and foreign tea products Kexi the rust products of water- insoluble
tea phenoli pounds; plant prod; iched with phenoli pound and
vitamins; berry supplements (dog-rose, hawthorne plant, cranberries, mulberry,
elaegnus, blackberry, raspberry, p ha); grass suppl (mint, ch il
hypericum perforatum, cotinus) and floral natural aromatic compounds (rose,
jasmi; product P of tea prod iched with ditional
materials.

Practical values. According to the research carried out in Tkibuli region
regarding exact hectare indicator and its suitability. We think that modem
materials of 2-3 leaved tea shoots should be processed through orthodox tea

ducti hnology and its fi length shouldn't exceed 3-5 hours.
Fermented tea dehydration is prohibited in the direct sun or in the shadow without
ferment inactivation, and less quality tea material (3-5 leaved tea shoots)
processing should not be carried out by thin tea production technology for 1,5-2
hours fermentation, not only in state, but also in farming enterprises.

For measuring the quality we’ve taken the indicators: Kruge. - rusting degree

of phenolic compounds and Key. — tea extract degree.
We have determined the factors effecting tea extractor and studied rusting
p of water-insolut hins. Thearubigins TR-3 and TR-4. Its amount
in heat-dried tea product is about 4,2% and is considered to be a loss for the
consumers,

For increasing tea product quality and its assortment, we assume that we
should enrich tea with non-traditional herbs and berries which contain biologically
active substances.

For its intensification we have set optimal parameters of heat-dried berries.
It's possible to heat dry scattered berry crude product by using infrared rays, that
increases heat-dry intensification 6-8 times pared to ional method

We have firmed new tea P by the following
equality (95:5%) or (19:1): “tea with dog-rose leaves, “tea with dog-rose fruit, “tea
with red hawthorn fruit”, “tea with black hawthorn fruit”, “tea with red hawthorn
leaves”, “tea with blueberry fruit”, “tea with mulberry leaves”, “tea with
elaegnus leaves”, “tea with pyracantha fruit”, “tea with raspberry fruit”, “tea
with raspberry leaves”, “tea with raspberry leaves”, “tea with lime - tree
blossoms”, “tea with rose petals”; by the equality of (93:7 %) or (13:1) - “tea
with mulberry fruit”, “tea with cotinus fruit”, by the equality of 92:8 (%) or
(12:1) - “tea with wild blackberry fruit”, “tea with cultivated blackberry fruit”,
wtea with chamomile®, “tea with mint*, “tea with hypericum perforatum “, by the
equality of (96:4%) or (24:1) - “tea with Jjasmine petals®.
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Research approbation. main findings of the research have becn

d at Dep of Subtropical Crops Products Technology of A.kakl

Tsereteli State University (2015-2018) and published in scientific international
conference works. )

- Makvala Pruidze, Shorena Chakvetadze - ,The Classification of tea
products  throughout the World“ , Republican Scientific — Practical conference
. Young Agrarians” edition, Kutaisi, 2016, pg.36-40.

- Makvala Pruidze, Ekaterine Bendeliani, Shorena Chak d A "Mode.m
conditions of Tea Production in Georgia and the opportunities of its
impt ", Sixth I i Scientific Practical Internet-conference Work.s
Edition “Biologically Safe Nutrition Problem and business Surroundings”, Kutaisi,
2016, pg. 109-114,

- Makvala Pruidze, Shorena Chakvetadze, Ekaterffle Bendeliani - “Tea

ge enrich with  bioacti 9, 1 I Practical

e “Modern Ph y-sci and Practice”, works, Akaki Tsereteli State
University, 207, pg. 23-27.

- Kakhniashvili Ekaterine, Chakvetadze Shorena - ,Economic Effectiveness
of Tea production Enriched with Herbal Supplements”, Fourth lmcrnali‘oplI
Scientific Practical Internet-Confe work Edition “Biologically Safe Nutrition
Problems and Business Surroundings”, Kutaisi, 2014, pg.129-133.

The main pts of the di ion are published in 14 periodical

scientific works in Georgia and abroad.

Research volume and structure. The dissertation is 195 pages long and
consists of 5 chapters. It includes the list of 243 used literature resources
following by 43 timetables, 16 drawings and 22 photos.

Chapter L. General overview o

In this chapter we focus on porary ci of teap od in
Georgia and in the world, tea production in the world, tea production in erglm
tea production classification, tea quality and its influence on human, classllj(fatlon
of phenolic compound of tea and herbal crude products, antioxidant qualities of
phenolic compounds, vitamins and their significance, hiochemica'l ways of tea
processing, factors effecting tea b | and morpholog | features of
tea product supplements, their role and importance for human body and its use in
catering industry, botanical and morphological features of floral sltpplemem; (rose,
jasmine, lime tree), herbal ! (mint, ch ile, hypericum per 3
cotinus), botanical and morphological features of berry supplements (dog-rose,
hawthorne  plant, cranberries, mulberry.clacgnus  blackberry, raspberry,
pyracantha).
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Experimental part
Chapter II. Research object and methods

Technological and biochemical 1

g and lab i are carried
out in the lab of Department of Subtropical Crops Products Technology of Akaki
Tsereteli State University, Faculty of Agrarian, The main research object is
Georgian tea product market; active and weed-infected plantations of Georgian
regions — Samegrelo and Imereti; physico-chemical properties of modern tea
plants; technological sch of producing tea product, tea processing stages by
using traditional crude products ; the depth of rusting phenolic compounds on each
stage and its coefficient Krust; The output of extrusion and extracts of different
types of Georgian and foreign tea products; determining tea extract coefficient

Key, rusting products of water-insoluble tea phenoli pounds, herbal crude
products enriched with phenolic compounds and vitamins; berry supplements (dog-
rose, hawth plant, berries, mulberry, el blackberry, raspberry,

herbal I (mint, chi ile, hypericum per 5

cotinus) and floral natural flavoring (rose, jasmine); receptors for new types of
tea product enriched with non-traditional raw material,
During the research process we've utilized the following methods:
determining water and solid materials by thermogravimetric method, extract
ials by disposabl i and their heat-drying, phenolic compound
consistency by Levental method (5,82); chromatography accelerated method on a
thin layer; d ination of number of dissolved cells; defini g caffeine by spectro
photometric method; double Sp pl ic method; defining number of
essential oil by Ginzberg method; DPPH method of determining antioxidant
activity; Method of determining the total number of flavonids with AICI3 react;
Spectral method Spectral method of determination of chlorophyll and carotenoids,
catechins; PH method of measuring the total number of monomeric anodes,

Chapter IIL. Research of Georgian modern tea crude material
Together with the other data, tea production and consumption is
determined by tea chemical i and properties. Tea consists of rich
chemical constituents, such as Alkaloids-3-5%, phenolic compounds-25-30%,
vitamins, essential oil, minerals, amino acids, carbohyd , protein sub
and so on.

Its clear from the evidence, that tea plantations and their products are in
great danger. Our research aim was to study G g gional tea crude ial
plantation conditions, chemical constituents of the product, and its enrichment with
different herbal supplements.
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3.1 Crude base study in Samegrelo and Imereti

We have studied the number of active and weed-infected plnnmions. and
crude materials in Western Georgia, particularly in Samegrelo and Imereti regions.
Samegrelo region — Zugdidi, Tsalenjixa,Chxorotsyo, Khobi and Sennk_n. F.mm
Imereti region — Khoni, Tskaltubo, Tkibuli, Tchi and Sachkhere . Tkibuli tea
plantations have been studied according to related subjects.

3.1.1. The Quantitative study of tea plantations in Samegrelo
and Imereti regions

Nowadays, the total area of plantations in Sameffrelo is J|700 hectare.
(source - Geostat). Today, the majority of plantations is def and weed -
infected. ) 4 )
Tea production is one of the important fields in Imereti ecqnomlf:al
circumstances. The priorities of tea production remain their ‘slgr‘nﬁcance in socio-
economic developments of the region. Tkibuli is uniqu‘eh with its natural fu'(ure's
for producing high quality prod The prod; with ch I !
propperlics a?e pﬂigulaﬂ; different from those produced in other regions nn_d
meet the i ional dard requi The vast area of tea plantations is
weed-infected, but it's possible to reconstruct it. .
From Imereti region we have studied Tkibtl:li tea plantations according to
ics. The results are given in the chart 1.
" rel.;‘::: p!l;‘:: Tro::nrcl: in ciw of rehabilitation of 1294h. weed-infected
p ions tea products will be i d. The same thing can happen throughout
the whole country.

Existing plantations in Tkibuli region
By topic
Chart 1
[ Name of the topic Plantations Oveentng i
Gurna Existing pl pl

1 | Gurna 98 50 25 25

2 | Kikhoreti 27 8 7

3| Tsikhia 35 15 16

4| Boboti 17 2 7 5

5 | Nadzva 7 4 2 2

6 | Koreeti 6 11 5 6

7| Kitkhiji 7 12 7

8 | Antoria 1 8 B 3
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In total : 228 143
e 60 83
Orpiri 102 79 71 8
Naboslevi 40 24 7
Koka 21 6 5 11
Qveda Tchkepi 25 4 5
Zeda Tchkepi 27 22
Mandikori 9 23 6
Shukeli 7
Lafeti 4 9 4
Jonia 5 4 12 2
Okhomira 5 3 2 1
In total: 295
et 235 182 53
Khresili 386 139 30 109
131 55 7 48
Akhaldaba 30 23 10 13
Gadagma
Tskalwitela 36 24 6,5 17,5
Gadmogma
Tk iaste 67 38 5 3
Bueti 184 70 12 58
In total: 834 34
o toual 9 78 274
Satsire 738 1
Zedubani 192 ¢4 l: IBS
DAbadzveli 389 6 18 8
4 | Dzirovani 361 56 31 25
5 | Bziauri 58 3 3 0
6 | Mantchiori 25 - -
7__| Samtredia 225 8 ;
8 | Axalsopeli 350 18 9
l: Ivaneuli 32 16 9
total: 237
e 175 83 92
Jvarisa 432 140 47
Ojola 256 97 20 :;
Khorchana 71 29 20 9
Lekereti 28 9 12 7
Lashia 32 24 9 15
In total: 819 309 108 201

Kursebi
1| Kursebi 94 51 20 31
2 | Gelati 43 34 11 23
3 Gelati settlement 19 13 4 9
agaro;
4 | Motsameta 17 10 3 7.
In total: 173 108 38 70
Sochkheti
1_| Sochkheti 576 229 53 176
2 | Tsknori 346 6 47 89
3 | Dzmuisi 25 25 100
In total: 1174 490 125 365
Tsutskhvati 82 71 60 11
1. | Bueti 184 70 8 62
2. | Dzuknuri 231 94 ® 82
In total: 415 164 20 144
1. | Mukhura 132 24 12 12
In total in Tkibuli 4307 703 1294
3.1.2. Physico-chemical indi s of modern tea crude products in
Samegrelo and Imereti

From weed-infected plantation we have harvested 1-7 leaved tea shoots,

that was divided into 1-2, 3-4 and 5-7 leaved crude products. We have studied
hemical prop: of tea crude products in grelo and Imereti region. They

are given in the chart 2,3.

Chemical indicators of 1-2 leaved tea shoots in Samegrelo and Imereti
regions meet baiho black and green tea producti quil and it's possible to
produce high-quality tea product.

The comparative analysis of 1-2 leaved tea shoots from active and weed-
infected plantations in  Samegrelo and Imereti regions have revealed that the
quality of weed-infected p ions possess less chemical constituents. (chart 2).

Tea crude products from active and weed-infected plantations meet the
requirements of black and green tea p i dards and it's possible to use it
for making tea products.

Chemical constituents of 3-4 leaved tea shoots which were harvested from
weed-infested plantations were less in comparison with those from active
1 i The chemical of 5-7 leaved tea shoots from weed-infested
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lantations has d ically d ‘inoomparisonwithupperpanofthelel
shoot. It's possible to produce tea products with the help of plant supplements,

Physico-chemical indicators of 1-2 leaved tea shoots in Samegrelo and
Imereti regions

Chart 2
Humidity | tannin | Extract materials | Caffei
% | Specimen % % % ne %
S Region
| | Zugdidi 72,3 18,42 37,67 2,27
2 | Tsalenjikha 75,14 19,15 39,05 2,32
3 | Chkhorotsyu 75,62 19,27 38,18 2,30
4 | Khobi 73,33 17,98 37,24 223
5 | Senaki 74,28 18,92 38,6 225
Imereti
1| Khoni 76,1 20,77 39,14 2,63
Tsyaltubo
2 ( rehkh 76,8 262 41,52 28
Tyibuli
3 Orpiri 77,6 24,62 39,41 271
4_| Chiatura 782 25,18 39,09 2,68
5_| Sachkhere 759 24,57 39,11 2,58

Chemical indicators of 1-2 leaved tea shoots in Samegrelo and Imereti
regions meet baiho black and green tea production requirements and it's possible to
produce high-quality tea product,

The comparative analysis of 1-2 leaved tea shoots from active and weed-
infected plantations in Samegrelo and Imereti regions have revealed that the
quality of weed-infected pl ions possess less chemical i (chart 2),

Tea crude products from active and weed-infected plantations meet the
requirements of black and green tea production standards and it’s possible to use it
for making tea products,

Chemical constituents of 3-4 leaved tea shoots which were harvested from
weed-infested plantations were less in comparison with those from active
lantati The chemical of 5-7 leaved tea shoots from weed-infested
lantations has d ically d d in parison with upper part of the tea
shoot. It’s possible to produce tea products with the help of plant supplements.
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Chemical composition of raw ials of Samegrelo and I
gions 5-7 from planted gardens in foliage sprays

Chart 3
Humidif « Extract Caffeine
Ne Specimen % ty tannin% materials % %
Samegrelo ion =
1 [ Zugdidi 708 13,35 29,18 G
2 | Tsalenjikha 71,02 14,44 3085 1,81
3| Chkhorotsyu 69,19 13,98 3098 175
4| Khobi 68,28 12,07 30,09 151
5 [ Senaki 67,9 12,02 o8 152
Imereti Region
1_| Khoni 9.9 13,14 5,17 165
Tsyaltubo 7 1448 3056 181
2 | (Opurchkheti fied
Tylbull 70,15 1388 3078 174
* | ©rpiri)
4 | Chiatura 9,87 1332 3021 1,67
5 | Sachkhere 7045 141 30,69 177

3.2. Changing chemical structure of many-leaved crude tea
according to process stages )

We have studied chemical structures of 3 leaved tea shoots according to
season (June — August), regions (Samegrelo, Imereti) and processing stages from
s pmm:ons: | analysis of p ing modern crude tea of 3 leaved shoots
have revealed that crude ins enough phenoli P d: l_ﬂ.9l% and
extract materials 38,4%, that slightly lags behind the chemical constituents of 2-
3 leaved tea shoots. This indicates that high quality black and green tea products

be received from modern crude tea. . )
S According to process stages, total amount of phenolic compound (Tannins),
total amount of catechins, ) ) .
Catechin rusting products and Catechin rusting coefficient, are determined
tonly in basic crude but also in tea leaves. -
= {n order to regulate fermentation process we have studied a number of
changes in catechin tea phenoli ds and their rusting products. The
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number of non-rusting catechin and its rusted prod
chromatography method (pic. 1).

have been d ined by

Pic. 1. Ch

graphy of the cellulose thin layer

On a cellulose thin layer, tea extract of 0.2ml amount , was in the process
of 2% acetic acid chromatograph, catechin fraction was eluded by 80% spirit, as
for catechin rusting products by 60% acetone. Their amount is determined by
colour i ity on photoelectric colour d in relation with

vanilline reactor.
In the tea leave fermentation process  with various exporsition tea catechin
amount, hins rusting prod iphy | and Theorubi were
determined. Catechin rusting coefficient (K, with the following formula.

K _ catechin rusting products
o unrusting catechin
Catechin rusting coefficient reveals rusting depth of fermentation process
and it represents chemical properties for black tea products. If black tea is

qualified catechin rusting coefficient approaches | or equals it. Catechin rusting
coefficient can be changed up to 0,1-9,

From chart 4 it's evident that while crude processing the number of
rusting prodi and hins were changed in d with the stages.
Decreasing the number of catechins caused the increase of rusting coefficient, Knun
coefficient is for soft (1-2 leaved) and rough (5-7 leaved) crude 1,11 or 1,48.

The result analysis, according to catechin rusting coefficient, shows
that tea product K, through different quality crude varies from 1,2 - 1,53 , and it
indi the direct lative attitude of hin rusting to tea quality (chart 4)

Changes of phenolic compound in many-leaved tea plant crude
while producing black tea (active and weed-infected plantations)

Chart 4
Total Total Theaph:
y K=
amount of | amount I m:qa’n d | o rustprod.
N specimen phenolic of o [ et
compounds | catechin inee
(Tannin %) | s mg/gr -
1-2 leaved
Samegrelo ( Tsalenjikha)
1 [ Green leaf 19,15 94,13 @ - -
|2 | Withered leaf 17,8 87,15 - -
3 | curved leaf 17,90 63,08 73,22 1,16
4 | Fermented leaf 16,57 50,87 61,21 1,2
§ | Dried n/f 14,23 32,12 41,76 13
Tskaltubo (Opurchkheti)
1 | Green leaf 26,28 104,42 - =
2 | Withered leaf 24,51 95,14 - =
3 | curved leaf 23,17 72,33 79,98 1,11
4 | Fermented leaf 20,64 60,54 69,42 1,15
§ | Dried n/f 18,38 51,54 61,85 12
34 leaved
Samegrelo ( Tsalenjikha) -
1 | Green leaf 18,94 91,94 -
2 | Withered leaf 17,33 80,38 - =
3 | curved leaf 16,19 66,14 76,89 1,16
4 | Fermented leaf 15,54 52,05 63,15 1,21
5§ | Dried n/f 13,11 37,51 49,14 1,31
Tskaltubo (Op ti)
1 | Green leaf 18,6 92,88 - -
2 | Withered leaf 17,9 86,16 - -
3 | curved leaf 16,33 65,25 74,68 1,14
4 | Fermented leaf 15,71 49,19 60,56 1,23
5 | Dried n/f 14,48 40,80 51,00 1,25
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5-7 leaved
Samegrelo ( Tsalenjikha)
1 | Green leaf 14,44 80,03 =
2 | Withered [eaf 13,89 67.17 3
: ;:urved leaf 13,25 52,59 60,01 1,14
: bﬁed - leaf 12,12 30,10 40,23 134
10,38 20,66 31,61 1,53
Tskaltubo (O, urchkhetj .
1 | Green leaf 14,78 81,39 G
2 | Heated leaf 13,76 80,02 £
% iurved Ie:f 12,31 71,34 227 031
4 -Dru = leaf’ 11,93 49,11 36,45 0,74
10,05 34,54 51,12 148

For different types of tea prod i i i
l'r:s!mg products s}.wwed that ch ol cgmp;x;‘n :.lev: n“Tenca:‘ma::llyr::reﬁ
g a%:‘:n (gp::hxelg are  slightly higher than in the ;)roducts produced in
impo::m ke N:Ien;gkhg). It indicates that rusting coefficient can be used as an

Cliemical ll:dllchntor together with organoleptic indicators.

e '8 10 the chemical properti of the crude from Samegrelo and
L’:i;':‘:::: and the teatester indicators it's possible to get black and green
s I“VEL-Z IO:VOd and 3-4 leaved tea shoots, as for the tea product made

", crude can be used for produci i
s e o or producing compressed or brick tea,

3.2.1. Different types of tea extract and some influencing
s y factors
€t to determine the influencing factors of extract i
process, different
"""“"")"i‘;“ Pmduft! f'l\om a number of different countries have been taken and
: ; cal techniq Vi , Eder, teatester teatester
:‘;::fv)e Th”: techniques vary from each other mainly from ratio of water and
£ m"i;- and the amount of extract and its length. To identify the exact extract
" reWery has been extracted three times by using the three types of
ques to get the ive analyses
The extract of one and the same kir i

= ind of tea through different techniques in
accordance with extract number is consequently lower. Maximal amount of q:xtm:t
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can be received by Eder method , as for Vorontsov method - less amount of
extract is received and even less by teatester brewing. (pic. 2)

Pic.2. Teatester extracts of different types of tea

On average, the loss of tea extract for the users in the process of teatester i
the following: 1) for Georgian leaf tea - 4,13%; 2) for Georgian thin tea - 2,68%,
3) packaged tea - ,,Greenfild”- 3,98%; 4) for thin tea - , TWININGS-ENGLISH
BREAKFEST* - 4,4%; 5) for Ceylon thin tea - ,Dimbula”- 5,24%; 6) Chinese,
light colour, Oolong - ,TIEGUANYIN'' - 6,7%. Thus,. It depends on tea crude
and the types of productions, the level of rusting of phenolic compounds. O
average, for any kind of tea liquid the loss is about 4,52 %.

In order to get rid of the loss, it's better to brew tea product three times.

3.2.2. Qualitative and quantitative analysis of water insoluble

catechin rusting products
After three times of extraction, the brewed tea leaf possesses brown coloring
as it is ch istic for phenoli d rusting prod Our research goal i

to define qualitative and quantitative indicators of brewed tea leaf coloring.

We have taken tea samples given through different techniques - brewed
leave after three-ti i (Vi - 1, Eder method - 11, teatester
method - 111) The samples dried, and 1,5gr. and 10ml 70% acetone was added to
those samples which were of equal weight, while stirring intensively, it wag
filtrated up to 10ml of the liquid. After that we have taken the 0.2 ml of acetone
eluate and placed it on a sheet of chromatographic paper FN-16 size of (30X30),
The analysis of two-dii | ch hy was carried out in the solvent
systems: | direction : N - butyl alcohol: icy acetic acid:water - (4:1:5), II direction
— 2% icy acetic acid. After the chromatographic paper was dried, it was processed
by different reactors. All the material which appeared on chromatography had the
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pink coloring with vanilla reactor This is ch
The majority of the materials obtained in tea product by two-dimensional
chromatography has brown coloring and is different from other phenolic

ds and existing evid, ce (pic. I).

ic for phenoli d:

Pic.1. Chromatographic scheme of brewed tea leaf acetonic
extract

By qualitative and R, analysis of the materials on chromatography it’s clear
that after three-times extrac tion of a tea leaf there aren’t any catechins and low
molecular rusting product traces, Such as: theaflavins (TF), also th bigi
(TR), thearubigin 1(TRI), and thearubigin 2 (TR2),

According to the length of fermentation, after a short three-times extraction
only thearubigin 2 (TR2) and thearut igin 3 (TR3) stay in fermented tea brewing.
But after a long fermentation (3-5hours) thearubigin 2 (TR2) declines and
thearubigin 3 (TR3) and thearubigin 4 (TR4) increase,

Therefore, we've decided to determine the tea extract output and extraction
coefficient of tea product on Georgian market. For this reason, only 70% acetone
in brewed tea leaf was taken out and the rest was catechines rusting products.
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Characteristics of the materials on the chromatography

Chart 5
Ryindicator Material Coloring on chrom:
Without processing AlICK1% |
Solvent system NH Mool l
ii el i
Mm‘“x’ acid, [Visible visible visible ‘¢ 1
water 4:1:5 !
2 .% 1 -
10| E Eg il B E|E
£
£ 8 |1 5
2 [oou |o [ E| g || £ 2 Ei
z £ |z
B Q B
2 :
oo [E Rl | Lsly
3 | 004 H %g : g £
|
i -
4 | 009 °£' E - | . R
) &
2
Acets di which was ived from dried tea leaf has been

removed and only solid material was determined in grams . We have received
K in the balance with some water soluble phenolic materials, that was called
extract coefficient
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the number of water soluble ph
L e soluble pheonoli

The indicator is changeable and it depends on tea plant quality and the
length of fermentation.

The less Koy coefficient numeric value is and reaches 1, the less fermented
and high quality tea product is. Ky can be used as one of the chemical indicators
of tea quality and it is shown in its numeric indicators.

In order to increase the quantity of tea product, assortment and quantity
indicator, we have decided to enrich tea product and produce new products using
different herbal non-traditional supplements.

Chapter 4. Tea production with herbal crude

Tt IR

Studying physico- and p of modern crude
and its products has revealed that quality indicators such as: Extract materials,
Phenolic compounds, Alkaloids and so on, have been declined in tea plant crude
in comparison with the last year data. In order to increase tea quality and numeric
indicators it’s better to enrich it with non-traditional crude.

4.1. Studying the chemical indicators of rose petals

Our aim is to flavor black and green tea with raw and dry rose petals, to
enrich it with phenolic and other materials, We've taken different types of rose
petals, which were determined by their dryness, phenoli pound
essential oils and flavor with organoleptic indi The di ination of
physico-chemical indicators of rose petals carried out in newlypicked and dried
crude, as the rose petals were not significantly different from their physico-
chemical indicators except the level of their dryness and flavor. That's why the
rest of the analysis were performed on dried rose petals.

Rosa ifolia and rosa de have the best chemical indicators,
that can be used in tea product as a flavor and as a supplement.

4.2. Studying physico-chemical indicators of berry and herbal
crude

We have chosen unconventional tea crude (tea shoots and 7leaved buds), it
has been converted into black and green (thin tea) under lab conditions. Dog-
rose, hawthome plant, cranberries, mulberry, elaegnus, blackberry, raspberry,
pyracantha mint, chamomile, hypericum perforatum, cotinus raw leaves and their
fruit were added to it.

Tea product enriches with biologically active herbal supplements and
vitamins - C, B, P, PP,phenolic compounds and so on. The number of extract
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materials of different herbal supplements varies from 25,5 to 55%, and as for
total phenolic compounds it’s 7,28-25,66%.

4.2.1. Study of chemical composition in C pyracantha |

The study of chitvashilas extractive substances, their antioxidant activity,
li ds, fl id: hins, phenols and carotenoids (Table 6)

o

P p
have been studied. i
Chemical position and antioxid y (%)
Chart 6
Antioxidant e
activity
- - * i i
In-% factor F ©
Water extract_| 37,68 | 6846 | 25 2269 | 1586 | 456 | 255
d0%ethanol | ooy | a7 | so | ess | was |78 | sw
extract ~
896 ethanal 374 | 5638 | 2 4528 | 1423 | 601 | 405
extract

Chart 6 shows that Chaitivashala extracts are characterized by high heights
(63-68%). Also in Cotoneaster pyracantha | were the total number of chlorophyll
(135,63 mg / 100g), B carotene (254,11 mg / 100g) and lycopene (91,66 mg /
100g).

4.2.2. Determining the optimal parameters of drying berries tea
under infrared heating

We have studied the optimal p and some infl e i fuw'rs‘of
drying berries tea under infrared heating. For this process the infrared radiation
laboratory dryer was used.(pic.3) 2 : .

Arsynrryault, drying berries by infrared devices is chnmfmjzcd by certain
characteristics, that's the same for every kind of berries and this is confirmed by
curve analysis of optimal parameters.(pic.2,3)
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Pic. 2. Drying berries under infrared Pic.3. Speed curves of drying
heating berries under infrared heating

Pic.3. Drying berries under infrared heating in laboratory dryer

DTying process of berries under infrared heating is quite pissible and
per?pectxve. The intensification is 6-8 times more in comparison with the existin,
dryu'ng method. The number of  material loss is declined but the quality te§
tasting characteristics, storage and its stability get better. '
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4.2.3. Researching chemical constituents of cotinus leaves

We have studied different cotinus crudes: fresh leaves according to

seasons, their sequences both in raw leaves and fixed ones. We have determined
the org: ptic indi and maximal chemical i led in July and
August, extractness ranged up to 32,18-36,57, Tannin — up to 23,14-25,28 and
vitamins up to C 92-104mg%.
It has been blished that leaves, p
fl id: hins, phenolarbone acids and their antioxidant activity have been
established. With the increase of leaf age their antioxidant properties (59,69-
64,43%) and the number of anti 1 (233,44 mg) i

Cotinus is regarded to be enriched with phenoli d
it's possible to use it as a supplement.

1l P 4

and th

4.3. Tea aroma flavored with rse and ja¥mine supplement

Some experiments were carried out in the Lab in order to establish the
p for produci ic tea. We have used rose and jasmine scented
petals for flavor. The process of tea flavoring is done by coupage.

The fragrance process of raw and dried leaves was carried out, and in order
to determine the optimal quantity of the petals, we have chosen dozes with
different weights, aroma dozes included only 10% of 4,5 tea plant weight. The
best tea proportion with rose aroma is 95:5, and as for jasmine, it’s - 94:4.

4.4. Researching chemical constituents of enriched tea, organoleptic
indicators and their receptors

In order to get enriched tea with herbal supplements, we've taken tea plant
young tender and “deaf” shoots and 5-7 leaved shoots. Tea processing was
carried out for producing black and green tea. The abovementioned supplements
and fruits were added to black tea according to their weight quantities (chart 4).

We've chosen the exact quantity of tea plant and its supplements. The

ical indi and receptors are shown in the chart 6.
It’s clear from the chart that, tea | were chosen ding to their

h | and org: p for improving black and green tea quality

indicators.

In accordance with black and green tea receptors, we've chosen some supplements:
® Rosa leaves and fruit, red Hawth fruit, Hawth leaves, El

leaves, Chivalry fruit, raspberry leaves and cotinus leaves — for black and green
tea;
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® Black Hawthornen, cranberri

only for black tea;

s, mulberry, Elaeagnus and raspberry petals —

® Mulberry leaves, lime tree, chamomile, Hypericum perforatum, and Jjasmine

petals only for green tea.

Pic. 4. Technol

scheme for p

g thin tea products by using

supplements
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Chemical constituents of tea products enriched with bioactive
supplements (estimating from dry material)
Chart 7
Total
dryne | Extract quantity of recepto
Ne| Sample s materials phenolic rs
(%) (%) compounds (%)
%,
1| Black tea 30,28 14,05 100
2 | Green tea 30,56 14,62 100
Tea with dog-rose
3 ik 68 30,71 15,32 95:5 (19:1)
S
4 | Tea with dog-rose 678 3047 412 95519,y
leaves
Tea with red
5 | hawi thbFas Atk 65 305 14,06 955 (19:1)
Tea with black h
6 | Tea with red 6,04 30,52 14,14 95:5 (19:1)
hawthorne fruit fruit
Tea with hawthorne N
Vi 652 30,33 1417 95:5 (19:1)
m\—h =
8 ;';:‘l it 2 3084 1393 955 (19,
9 | Tea with mulb Y 6,1 30,07 139 w
1o | FeSwitmaBseryA T T 3017 138 (955 (10.1)
aTOBER L et |12 gl
1 J";""" e 3139 3% 937 (17
[
12 | Tea with elaegnus 653 3054 14 95:5 (19:1)
_-m\\ —
13 | Tea with pyracanta 621 3023 1394 oss (101
fruit
14 | Tea with raspberry 6,12 30,27 138 EM
6,19 30,33 1382 95:5 (19:1)
Sssedl el
598 29,63 1354 92:8 (10:1)
o]
656 29,98 1345 92:8(10:1)
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18 | Tea with lime tree

flowers 5,88 2992 13,69 95:5 (19:1)
19 | Tea with chamomile | &, 33 29.82 1
: 3,41 90:10 (9:1)
20 | Tea with hypericum
foratum 6,42 30,02 13,62 90:10 (9:1)
20 | Tea with cultivated
blackbe: 6,23 2998 14,13 90:10 (9:1)
21 | Tea with cotinus
= 65 30,68 1448 90:10 (9:1)
22 | Tea with rose petals 6,48 305
3 13,87 95:5 (19:1)
23 | Tea with jasmine
5 6,65 29,99 1375 96:4 (24:1)
However, for improvi g chemical and leptic indi of black and

green tea, we've used non-traditional materials.
Supplemented tea has enriched with biologically active and antioxidant

properties  of the materials — vitamins, micro elem
; ents and oth
constituents of the supplements, o e

Chapter 5. Economical performance account of products
enriched with tea (traditional) and berries, herbal and blooming crude
(non-traditional)

For d ining the ical perfi account i
been done by estimating 1 ton on each product.  With qumaﬁte;l::lm:xnoﬁ Il‘hu:
presented products exceed the similar ones. The additional benefit through
Improving the average quality on each product is the following: aromatic tea 2,12
lari -1 kg; h':rbul tea—7,08 lari -1kg; tea with berry fruit - 7,52 lari — lkg '
) I‘r:) s;:;:ie :f t,ho; fact d_m, while producing the offered products lhe.qunlily of
~ to- drin| ucts i il ise i
i 46,33}’-4 el II;I;‘:VBS 100 and the profitability of enterprise increases,

Conclusions
The research conclusions that are carried out let us form the following:

L. The conditions of Georgian tea plantations (active, weed-i i
i , weed-infected and
expressed in hectares don’t coincide with the official data, On the b:‘;;e:z‘
the research of tea plantations in Tkibuli region , that needs to be proved, it's
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officially recognized, in case of restoring 1294 hectare weed-infected tea
plantation in Tkibuli region, crude base will be increased. Similarly, the
crude base throughout Georgia may be increased too with the help of its
research,
According to raw material base in Imereti and Samegrelo regions, and on the
h of chemical pounds of 1-2 leaved shoots taken from active and
weed-infected plantations it's clear that the chemical compounds of 1-2
leaved shoots taken from weed-infected plantations lag behind the chemical
compounds of 1-2 leaved shoots from active plantations: Tannin and extract
materials on average by 2%, as for caffeine - 0,5%. The chemical
compounds of 1-2 leaved shoots meet all the requirements of  processing
Baiho black and green tea and it’s possible to produce high quality ready-to-
drink tea,

Comparative analysis of ch ds in 3-4 leaved shoots taken
from active and weed-infected plantations show, that the chemical
compounds of crude from weed-infected plantations is less than those from
active plantation. It's possible to get average quality black and green tea.

Different kinds of tea prod iched with ditional herbal bi
materials can be received by 5-7 leaved shoots taken from weed-infected
plantations.

It's proved that from physico-chemical indicators tea plant from Tsalenjixa
and Opurchxeti was exceptional. Black tea was produced from this crude by

h of orthodoxal technology of thin tea production. Main chemical
indicators and rusting coefficients were established , as one of the chemical

indicators of quality K= “2techin rusting products
unrusting catechin

We have studied qualitative and leptic prop: of Georgian and
foreign tea products existing on Georgian market. We have determined the
factors influencing extract ion (extract seq length, proporti
between water and tea). Extract excretion increases with the number of
steeping, which is proved by ining phenoli pounds  of rusting
products on a steeped leaf.

In order to avoid loss of extract sub while ing tea prodi it's

advisable to steep tea plant three times. In case of singl: extrraclion. the
number of lost extract substances is about 4,52%.

The rusting products of phenoli pounds on a steeped leaf were studied
by 70% acetone eluate piece of paper through double chromatography. It
d that hins rusting high molecul; b stay on a steeped

leaf ~ thearubigin 2(TR2), thearubigin 3( TR3) and thearubigin 4 (TR4), that
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hardly or even don't dissolve in water and therefore, it’s not a loss for
consumers,

1t’s proved that according to the length of fermentation, after triple extraction
(1,5-2hours) only thearubigin 2(TR2) and thearubigin 3( TR3) stay on a
fermented steeped tea liquid, but after a long fermentation (3-5 hours) only
thearubigin 2(TR2) stays, whereas thearubigin 3( TR3) decreases and
thearubigin 4(TR4) increases,

The coefficient of water soluble rusting prod of phenoli ds,
thearubigin 4(TR4) have been determined.

fermentation. The less Koy coefficient numeric value is and reaches I, the
less fermented and high quality the tea product is. Tea extract coefficient
K (expressed in numbers) can be used as one of the chemical indicators
of tea product quality.

In order to enrich” low quality traditional tea product, we've studied
physico-chemical indi of non-traditi crude ( leaves and fruit of
dog-rose, hawthorne plant, cranberries, mulberry, elaegnus, blackberry,

raspberry, p a, mint, ch: ile, hyp perforatum, cotinus,
rose and jasmine),
B 11 3

R 35 flavaiti tachs
phenolarbone acids and thejr antioxidant activities have been studied in the
water and ethyl alcohol extract of the fetus. It was established that
hitvashilas extracts are ch ized by high inhibition, which is 63-68%.
Determination of the trunk leaves, phenoli pounds, flavonids,
catechins, phenolarbone acids and their antioxidant activity have been
established. With the increase of leaf age their antioxi
(59,69-64,43%) and the number of anti

We've set the optimal parameters of heating non-traditional crude under
infrared heating. (dog-rose, hawthorne plant, cranberries, mulberry,
clacgnus, blackberry, raspberry fruits),

We've lain  technologi h of tea pi enriched with non-
traditional  crude and new product receptors ~ tea with berries, herbal tea

indicators of ready-to-drink tea products made from different quality tea
crude and new products enriched with non-traditional crude.In comparison
with the basic one, I tea was enriched with the sub;
which are biologically active and have i perties — vi
micro elements and other useful materials that supplements contain.

ins,
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18.

"ve worked out the receptors of black and green tea new products
that ar‘z eenvreis:hed with non-traditional crude with the fo]]owin.g"p:roenmpue‘
and equity ratio. (95:5%) that's (19:1): “tea with dog-foseAfNIl - I-'fab:w 4
red hawthorne fruit”, “ tea with black hawthorne fmln”, “ tea witl ac“
hawthorne leaves”, * tea with cmnlmry fruit™, * tea with mulb«cn:y lem"S};
* tea with elaegnus leaves”, “ tea with [ime tree flowers’ . lea. 7w:/l
raspberry”, “ tea with raspberry leaves”, « (o with rose pml.s“. (9%'8 n/a))
or (13:1) ratio * tea with mulberry"‘. “ tea with elaegnus n"un 9|2 (1;1
or (12:1) ratio, “ tea with wild bl.ckbgn-y", “tea with cu l.'.‘i.'
blackberry”, “tea with ch ile”, “tea with hyperi perforatum”.” tea
with mint”, “tea with cotinus™; (96:4%) o (24:1) ratio — “tea with jasmine
ot i i hil ing
In spite of improving mady-lo-dm:ll.( product quaht)_' while process
the offered products, profit and profitability of the enterprise will increase.
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