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ABSTRACT

The paper presents the results of studies of catechins and antioxidant activities of extracts of various experimental and commercial

types of tea by using High-performance liquid chromatography method (HPLC). The best solvent eluents of the stationary phase of

this method and the two different detection waves have been established. The study presents catechins and antioxidant activities of 12

different kinds and origins of experimental and commercial tea extracts. The quantitative composition of the four catechins in commer-

cial tea samples has been studied in detail. Due to the chemical composition of raw materials and processing technology, high values of

antioxidant activity and amount of catechins - epigallocatechingallate and epigallocatechine in experimental and commercial samples

of Georgian green, red and black tea have been determined.

Keywords: Tea, Catechins, Antioxidant activity, HPLC, Individual catechins, Tea leaf.

*Corresponding author: Temur Revishvili; E-mail address: t.revishvili@agruni.edu.ge

Background

Tea is produced from the plant Camelia sinensis
(L) O. Kuntze, as result of the technological process-
ing, the most important taste properties and biologi-
cal activity of which are determined by polyphenols,
primarily catechins. Fundamental studies have con-
firmed the high P-vitaminsactivity, antioxidant,an-
ti-inflammatory, antimicrobial, antiviral, anticancer
and anticoagulant activities of these substances.The
ability of catechins shows to alleviate cardiovascu-
lar, atherosclerotic, and hypertensive diseases, to
reduce harmful level of cholesterol in the body.To
a large extent, the positive action and quantity of
epigallocatechingallate determines the health bene-
fits of green tea. Tea consumption is correlates with
low incidence of cardiovascular disease and cancer
[1 - 9]. Green tea epigallocatechin gallate is charac-
terized by a pronounced ability to stop obesity and
metabolic syndrome [10 - 15]. High therapeutic

and prophylactic properties are also maintained by
catechin conversion products - theaflavins [16].Tea
consumption can play an important role in provid-
ing the human body with antioxidants[17].

The antioxidant activity of tea is due to pheno-
lic compounds and individual catechins, the amount
and ratio of which depends on the plant variety, en-
vironmental conditions, the period of raw material
production, the technological process and some oth-
er factors [18]. Tea quality control, in accordance
with the requirements of international and national
standards, provides for the determination of both
the total number of polyphenols as well as catechins
[19, 20].

Comparative data on the individual catechins
and antioxidant activities of Georgian tea products
by various technologies, including imported tea
products, are quite scarce [21].

The aim of this paper is to study the individual
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catechins and antioxidant activities of ready-made
tea extracts of different types and origins.

Research objects and method

The following experimental and commercial tea
products are used as research objects:

1. Tea leaf polyphenols concentrate;

. Fixed tea leaf;

. Experimental Georgian green tea;

. “Greenfield” (Georgian green tea);

. “Shemokmedi” (Georgian green tea);
. “Royal Richards” (Chinese green tea);
. “Gurieli” (Georgian green tea);

. Experimental Georgian red tea;

. Indian black tea (BOPF);

. Experimental Georgian black tea;

10. Georgian black tea “Kolkhida”;

11. Black tea granulated (CTC).

Extracts are obtained in the same way as tea tast-
ing and consumer tincture preparation, with single
extraction of samples. Consequently, the obtained
data do not claim a complete quantitative analysis
of the compounds present in the plant material. To
prepare the extracts for the analysis of antioxidant
activities, 35 ml of boiling water is added to a 0.5
g tea sample. The extraction process takes 20 min-
utes. The 60 ul sample is taken from the extracts ob-
tained and antioxidant activities are determined. To
obtain catechin analysis extracts, 0.5 ml of boiling
water is added to a 0.5 g sample of tea, the dura-
tion of the process being 20 min. The 10 pl sam-
ples taken from the extracts are analyzed by high
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performance liquid chromatography. High perfor-
mance liquid chromatograph Agilent 1260 Infinity
(USA) and chromatographic column Supelco - C18
(25 cm X 4.6 mm, 5 um), temperature 250 C. Roll-
ing phase - acetonitrile, 1% acetic acid dissolved in
desalinized water to purify Accepted using system
Millipore (Merck, Germany) were used. Detection
is performed using a single-signal ultraviolet de-
tector at different wavelengths - 210 and 278 nm.
The calibration curve is constructed at different
concentrations of epigallocatechin gallate. The total
amount of phenolic compounds and antioxidant ac-
tivity in experimental and commercial tea products
were determined using the relevant methods in the
literature [19, 22, 23].

Statistical analysis

The results are expressed as mean+SEM. Stu-
dent’s t-test was used to analyze level of statistical
significance between groups. P<0.05 was consid-
ered statistically significant.

Results and Discussion

The study results show a direct dependence be-
tween the antioxidant activity of tea extracts and the
total amount of polyphenols (Fig. 1). Indicators dis-
tinguished the liquid concentrate of fixed tea leaf
polyphenols made by special technological process
[22]. According to a study of the total amount of
antioxidant activities and polyphenols, tea samples
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Fig. 1. Total amount of polyphenols (PF), mg/g and antioxidant activity (AO) R=1/S sec. x1000 in tea

1-Tea leaf polyphenols concentrate; 2 - Fixed tea leaf; 3 - Experimental Georgian green tea;

4 - “Greentield” (Georgian green tea); 5 - “Shemokmedi” (Georgian green tea);

6 - “Royal Richards” (Chinese green tea); 7 - “Gurieli” (Georgian green tea);

8 - Experimental Georgian red tea; 9 - Indian black tea (BOPF); 10 - Experimental Georgian black tea;
11 - Georgian black tea “Kolkhida”, 12 - Black tea granulated (CTC)
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data were different. The total amount of polyphe-
nols in black tea extracts was quite high as green
tea, although they are characterized by fewer anti-
oxidant activity properties. This is due to the fact
that catechins of high antioxidant activity are oxi-
dized in black tea extracts.

The total amount of polyphenols in black tea
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sample extracts is also quite high, although this type
of product is characterized by less antioxidant ac-
tivity. This may be due to the lack of epigallocate-
chin gallate, which causes antioxidant activity in the
extracts of these products, or the lack of secondary
compounds that are also characterized by high anti-
oxidant activity in vitro experiments.
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Fig. 2. Chromatographic profiles of green tea extracts according to different elements and detection wave:

A- Acetonitrile — water 1% acetic acid 15 : 85, detection at 278 nm;

B —Acetonitrile — water 1% acetic acid 20 : 80, detection at 278 nm;

C —Acetonitrile — water 1% acetic acid 15 : 85, detection at 210 nm
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Fig. 2 presents the results of a study of the chro-
matographic separation of catechins under two dif-
ferent variants of the eluent ratio. At relatively high
concentrations of acetonitrile (20:80) the division
proceeds more rapidly, and the peak of the last cat-
echin epicatechin gallate leaves the column earlier
according to the retention of time. Although the
eluent is acetonitrile - water, the chromatography
time is longer at 15: 85, but the separation peaks
are more pronounced. Especially in the beginning,
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when the division is underway into major catechins.
Important fact is that the peak of the epigallocate-
chin gallate is pronounced and can be counted most
accurately. From the obtained data it can be seen
that 210 Under the conditions of Nm wave detec-
tion, the intensity of the corresponding peaks of the
catechins increases, while that of caffeine and other
compounds decreases (Fig. 2 (C). This is important
for determining the degree of catechin separation
and their identification.
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Fig.3. Chromatographic profile of black tea

Fig. 3 shows the chromatographic profiles of
black tea catechins. Acetonitrile water 1% acetic
acid 15:80 was used as the eluent. Chromatograms
show that the concentrations of epigallocatechin
gallate as well as gallocatechin, epigallocatechin
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and epicatechin are low in black tea extract. At the
same time increased peaks, which according to time
constraints and literary data [22] can be considered
as representatives of the Teaflavins and Thearu-
bugins (Fig. 3, peaks from left 2 and 3).
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Fig. 4. Commercial green tea chromatograms: A -"Greenfield”; B - “Shemokmedi”

The chromatograms shown in Figure 4 reveal the four major peaks of catechin by time retention (min):
4.2 - epigallocatechin; 7,6 - epicatechin; 9.1 — epigallocatechin gallate and 22.7 — epicatechingallate.
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Fig.5. Comparative amount of four catechins in commercial green tea extracts:
“Greenfield”; 2- “Shemokmedi”; 3 - “Richards”; 4 - “Akhmad”; 5 - “Gurieli”

Based on the results of quantification of cate-
chins, the high content of epigallocatechin gallate
in commercial green tea extracts “Greenfield” and
“Shemokmedi” has also been verified (Fig. 5). On
the other hand, compared to imported green tea,
Georgian commercial tea “Shemokmedi” and “Gu-
rieli” contain more epigallocatechin. It is notewor-
thy that the epigallocatee, like the epigalocatechin-
galat, is also characterized by high biological activ-
ity, as evidenced by the literature [14, 15].

The study results of experimental tea extracts
show high rates of red tea in terms of total phenols,
antioxidant activity and individual catechins (Fig.
6), which is due to the use of a new technological
process for making this type of tea.

It is planned to continue the work of creating
and researching new types of tea products with high
catechin substitution, high antioxidant activity, low
caffeine and distinctive taste properties in the future.
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Fig. 6. Chromatographic profiles of experimental red tea samples
Conclusion gian tea catechins in 1952, which gave scientists

1. The best eluent solvents under the stationary
phase conditions of the high performance chro-
matographic method are selected. Detection of
compounds at 278 and 210 nm under two different
wave conditions allows to increase catechin peaks
and more accurately identify these substances.

2. Catechins and antioxidant activities of 12 dif-
ferent types and origins of experimental and com-
mercial tea extracts have been studied by using a
high pressure chromatographic method. Particular
catechins are examined in detail: epigallocatechin-
gallate, epigallocatechin, epicatechin and epicat-
echinghallate.

3. High rates of experimental and commercial
tea products of Georgian population with antioxi-
dant activity and catechins are established - Accord-
ing to the amount of epigallocatechin gallate and
epigallocatechin. the high substitution of epigalo-
catechingallatein the commercial Georgian green
tea extract “Shemokmedi” is worth emphasizing.

4. Along with the distinctive taste properties,
high rates of experimental red tea have been shown
in terms of total phenolic compounds, antioxidant
activity and individual catechins, resulting from in-
stantaneous and deep inactivation of oxidizing en-
zymes in the technological process of making this
product.

The manuscript is dedicated memory of the late
Professor Mikhail Zaprometov, who was a promi-
nent scientist in the field of biochemistry of phenolic
compounds. It was during the study of the biochem-
ical study of Georgian tea, that Mikhail Zaprometov
obtained the first crystalline compounds of Geor-
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even more incentive and opportunity for research.
The idea of working on tea catechins arose during
the celebration of the 100 th anniversary of the birth
of Mikhail Zaprometov, the memory of which is
dedicated to the present article.

The authors thank Prof. emeritus Dr. N. Amrhein
(ETH Zurich) for his important tips and discussion.
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