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Abstract

The stability of green tea catechins was studied in the solid phase and in aqueous solution in the course
of storage, degradation rate values were determined depending on ambient conditions. The stability of
catechins was investigated in the course of mechanical activation; possibility is demonstrated for obtaining
a mechanocomposite consisting of plant raw material and ascorbic acid, with a higher stability.
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INTRODUCTION

Adverse external factors,  such as unhealthy
environmental conditions, radioactive and UV
radiation exposure, smoking and alcohol abuse
result in an increased level of free radical con-
centration in a human organism. The connec-
tion between the increased levels of free radi-
cal concentration in an organism and the de-
velopment of many diseases is an established
fact. For the prevention of diseases it is pro-
posed to introduce antioxidants into the diet
(food, beverages, and dietary supplements).
Using the antioxidant substances of  natural
origin those represent mainly polyphenolic com-
pounds is considered to be most safe [1].

Among beverages, tea, of course, is lead-
ing concerning the use. Tea leafs contain 6 to
16 mass % of compounds those belong to a
polyphenolic series (catechins), among those
prevail epicatechin (EC), epigallocatechin
(EGC), epicatechin gallate (ECG) and epigallo-

Fig. 1. Structural formulae:  a � epicatechin and epigallocat-
echin, b � epicatechin gallate and epigallocatechin gallate.
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catechin gallate (EGCG). The structural formu-
lae are presented in Fig. 1. To all appearance,
catechins can be considered to be one of the
most large-capacity naturally occurring antioxi-
dant resources.

Catechins are highly reactive compounds;
the most among them actively enter into the
reactions of epimerization and oxidation [2]. In
this regard, when developing the products with
a high content of catechins, particular atten-
tion should focused on oxidation processes and
the processes of degradation those could oc-
cur within the raw materials in the course of
storage and treatment.

Obtaining the antioxidants from plants is
mainly based on multiple extraction by solvents
with different polarity. According to the chem-
ical nature,  antioxidant substances represent
reducing agents to interact in a relatively ready
manner with oxygen and other oxidizers. The
technical result of the oxidation reactions in the
course of extraction with water or other liquid
solvents consists in decreasing the yield of these
substances and in difficulties in obtaining spe-
cies those are stable with respect to storage.

In recent years, mechanochemical methods
are widely used in the processing of food raw
materials, the products of plant cultivation and
animal husbandry, commercially cultivated mi-
croorganisms, wild-growing plants. The reac-
tions of main constituents of plant raw mate-
rials as it follows are under investigation:
polysaccharides (cellulose, hemicellulose, and
pectin), polyphenolic components (lignin and
humic substances),  vegetable proteins and lip-
ids. Mechanochemical methods are used in the
processing of plant raw and other biogenic raw
materials in order to produce biologically ac-
tive substances such as alkaloids, organic acids
[3] and glycosides [4], i. e., the components
whose content in the vegetable raw material is
much less than the content of main components
(usually at a level of several percent).

Many labile bioactive substances including
gallocatechins inherent in green tea are more
stable in the solid phase than in the liquid one.
However, the relative stability of gallocatechins
in the liquid and solid phases were almost not
studied, although solid-phase methods appeared
rather promising in the preparative chemistry
of a number of organic compounds [5, 6].

It is demonstrated that the isolation and stor-
age of many volatile antioxidants is much more
efficient in the presence of the second, more
stable antioxidant such as ascorbic acid [7].

The purpose of the work consisted in study-
ing the mechanical activation of catechin ex-
traction process from vegetable raw materials
as well as the effect of adding the antioxidant
(ascorbic acid) on this process, both in an aque-
ous solution or in the solid phase.

EXPERIMENTAL

Reagents and materials

As a raw material we used green tea (engi-
neering specifications TU 9191-00300570186�04,
DagomysChay Ltd.,  Russia),  analytical grade
ascorbic acid, catechol >99 % (Alfa Aesar Co.).

Mechanical activation

A weighed sample portion of green tea was
treated in a centrifugal activator mill AGO-2
(Novits Co., Novosibirsk) under the accelera-
tion of milling bodies amounting to 200, 400,
and 600 m/s2. The treatment time ranged within
1�2 min.

Obtaining the aqueous extracts

A weighed sample portion of the plant raw
material was extracted during 1 h with water
at a mass ratio between the solid and liquid
phases equal to 1 : 1000 at a room tempera-
ture. The extract was filtered using a 0.45 µm
filter in order to use for further analyzing.

Storage in air

The extract obtained was held under perma-
nent stirring in a beaker, under air and light ac-
cess. At certain time,  we took samples for analysis.

Storage without air

The extract was stored in a sealed flask with-
out air access under light. At certain times, sam-
ples were taken for analysis.
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Fig. 2. Kinetic curves for the degradation of catechins in aqueous extract: a � under access for air, b � the same in the
presence of ascorbic acid (1 mg/mL), c � in the absence of air, d � the same in the presence of ascorbic acid (1 mg/mL).

Storage in the solid phase

The sample was stored in a vacuum bag with
the access of light. At certain times samples
were taken to perform water extraction.

HPLC analysis

The analysis was performed using a Mili-
chrom A-02 high-performance liquid chromato-
graph (Econova Co., Novosibirsk). As a sorbent
we used ProntoSil 120 5-C18. The elution was
performed in a gradient mode, double distilled
water being used as eluent A, acetonitrile be-
ing used as eluent B. The detection was per-
formed photometrically at a wavelength equal
to 290 nm.

Data processing

Each experiment was conducted in five
replicates. For the kinetic data obtained for each
point we calculated the degradation reaction
constant in the pseudo first order
approximation, according to equation
k = ln ([C0]/[C])/t
where Ñ is the current concentration at time t;
Ñ0 is the initial concentration calculated by

means of the method of least squares. The con-
fidence interval was calculated for a confidence
probability level equal to 0.9.

RESULTS AND DISCUSSION

Kinetics of catechin degradation in solution

The degradation of the catechins in aque-
ous solution was investigated earlier (see e. g.,
[7]). The content of main and minor compo-
nents in the extract can vary depending on the
starting materials. Our samples contained 150 µg
of total catechins in 1 mL of the aqueous ex-
tract including EGC 60 mg/mL, EGCG 70 mg/
mL, ECG 10 mg/mL. Kinetics was studied for
the degradation of catechins, depending on air
access to the solution (Fig. 2, a). In the absence
of air the degradation exhibited slowing down
(see Fig. 2, b), however with no completely stop-
ping, which indicates the presence of other
oxidant compounds in the extract.

In aqueous solution under air access, at 20 °C
and neutral pH the total concentration of cate-
chins exhibits a 7 to 9-fold decrease within 6 h
due to the degradation of the main active in-
gredients such as EGCG and EGC. The intro-
duction of stabilizers such as ascorbic acid, re-
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Fig. 3. Kinetic curves for the degradation of catechins in
the solid phase within the plant raw material (a) and within
mechanocomposite with 10 mass % of ascorbic acid (b).

sults in a slight decrease in the catechin degra-
dation rate (see Fig. 2, b). The results obtained
are in a good agreement with the literature.

Thus, in this case the minor components
have a little effect on the degradation process
in air, which process could include a wide range
of reactions. It is believed that the main pro-
cess consists in the generation of correspond-
ing radicals in the reactions between the cat-
echines and oxygen [8] with the subsequent
polymerization of catechins. In this regard, we
carried out experiments concerning the storage
of water extracts in the absence of air.

The degradation of catechins in an aqueous
solution free of oxygen and air takes place,
too (see Fig. 2, c). First of all the reaction is en-
tered by the most reactive components (EGCG
and EGC). The duration of 90 % conversion
exhibits an increase from 6 to 96 h for EGC
from 6 to 260 h for EGCG, the remaining com-
ponents demonstrated the degradation level
less than 35 % within 96 h. Adding the ascor-
bic acid causes the rate of the reaction to de-
crease (see Fig. 2, d). The conversion level equal
to 90 % can be reached after 530 h for EGCG
and after 340 h for EGC, the other compo-
nents after 340 h exhibit the degradation level
lower than 40 %.

Thus, it is demonstrated that the degrada-
tion of catechins in the green tea extracts oc-
curs with no access for air, too. In this case,
the degradation could occur due to the epimer-
ization, oxidation and polymerization with the
other components of the extract, such as phe-
nolic acids [9, 10]. Changing the oxidation mech-
anism is also indicated by changing the ratio
between the rate constants. With no air access
the fastest degradation is observed for EGC,
whereas under air access the most reactive com-
ponent is presented by EGCG. In this case, no
significant changes in the degradation rate of
the components are observed with adding ascor-
bic acid. To all appearance, the process does
not occur according to a free radical mecha-
nism. The authors of [11] demonstrated that
many bottled teas exhibit the catechin content
to be ten times less than that in fresh extracts;
this fact could be most likely explained by the
degradation processes with no access for air.

Degradation kinetics of catechins in the solid phase

The stability of catechins in the solid phase
within the extract depends on the ambient hu-
midity level and additives in the mixture [12].
The degradation is accelerated by atmospheric
humidity level greater than 40 % at 22 °C. In
the case of such ambient humidity level the
water content in the initial solid extract exceeds
10 %. To all appearance, this value could corre-
spond to the formation of the aqueous phase,
wherein the processes of rapid degradation oc-
cur. However, owing to a small amount of wa-
ter bulk they occur much more slowly than the
degradation in solution. Moreover, in this case
the ascorbic acid plays a role of a preoxidant
and accelerates the degradation of catechins.

The process of catechin degradation in the ini-
tial plant raw material was investigated. Owing to
the absence of aqueous phase in the raw ma-
terial, the chosen value of the ambient hu-
midity level was equal to 20 %. The humidity
level of the initial raw material amounted to
6.7 %. It is demonstrated that in the solid phase
the degradation of catechins is a very slow pro-
cess (Fig. 3, a). The degradation rate of the
mechanical mixture of plant raw material and
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TABLE 1

Rate constants for the degradation of catechins in the solid and liquid phases in the approximation of pseudo-first

kinetic order, s�1

Experimental conditions ECG EGCG ECG

In aqueous extract with air access (8.7±0.7) ⋅ 10�5 (10±1.5) ⋅ 10�5 (8.0±0.9) ⋅ 10�5

In the solution of ascorbic acid (0.1 mg/mL), under air access (7±1) ⋅ 10�5 (7.7±0.6) ⋅ 10�5 (5.2±0.2) ⋅ 10�5

In aqueous extract with not access for air (9.7±1.5) ⋅ 10�6 (3.9±0.5) ⋅ 10�6 (2.1±0.2) ⋅ 10�6

In the solution of ascorbic acid (0.1 mg/mL) with no access for air (8±1) ⋅ 10�6 (4.3±0.6) ⋅ 10�6 (1.7±0.6) ⋅ 10�6

In the solid phase within the plant raw material (3.5±0.3) ⋅ 10�8 (3.0±0.2) ⋅ 10�8 (1.6±0.1) ⋅ 10�8

In the solid phase, a mechanical mixture of plant raw material
     and ascorbic acid (10 mass %) (3.2±0.3) ⋅ 10�8 (3.1±0.2) ⋅ 10�8 (1.6±0.1) ⋅ 10�8

In the solid phase, mechanical activation

     with ascorbic acid (10 mass %) (1.5±0.1) ⋅ 10�8 (1.4±0.1) ⋅ 10�8 (1.3±0.2) ⋅ 10�8

ascorbic acid does not differ from the degrada-
tion rate in the initial raw material. This could
be explained by the fact that the degradation
processes are local in nature. Thus,  since the
solid phase diffusion is extremely difficult, the
addition of solid ascorbic acid does not affect
the process.

The degradation was studied for catechins
in a mechanically activated mixture of green
tea and ascorbic acid (see Fig. 3, b). In the course
of the mechanical activation the rate of deg-
radation increases, but adding the ascorbic acid
causes slowing the degradation in the course
of storage. In the course of mechanical activa-
tion, a so called mechanocomposite is formed
[13], wherein the number of contacts between
the particles of green tea and ascorbic acid is
great; the particles of ascorbic acid are coat-
ing the particles of green tea in the mechano-
composite thereby preventing the catechins
from oxidation.

Comparative analysis of the kinetic data

The degradation of the catechins represents
a multi-stage process and includes several paral-
lel reactions and diffusion processes at the least,
however the kinetic curves are well described by
pseudo-first-order kinetic equation. Correspond-
ing rate constants are presented in Table 1.

It can be seen that the degradation rate of
catechins in the solid phase in the samples of
powder preparations under investigation are
1000 times lower than it is observed for the
solution extracts of these samples.

In solution, the ascorbic acid causes the
process of degradation to slow down, but only
to a slight extent.

In the solid phase the mechanical mixture
of ascorbic acid and green tea does not in sta-
bility from the original green tea in stability. In
order to slow the degradation in the solid phase
it is required that the ascorbic acid to form a
mechanocomposite with green tea. In this case,
the degradation rate of EGCG and EGC ex-
hibits halving.

CONCLUSION

1. The use of solid-state mechanochemical
processes allows one to reduce the loss of cate-
chins in the course of the manufacturing op-
erations producing the antioxidant preparations
of green tea.

2. The antioxidants of green tea are
about 1000 times more stable in the solid
phase (in the raw materials, in mechano-
composites obtained via joint treatment with
ascorbic acid) as to compare with antioxi-
dants in solutions.

3. Obtaining a stable mechanocomposite is
provided by mechanical treating the mixture of
green tea and ascorbic acid at the acceleration
of acting bodies equal to 20 g during 2 min.
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