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Abstract
The beneficial health effects of tea have been described and studied for
centuries. Today, it is widely known that these health benefits are related to catechins,
secondary metabolites of plants that are included in a group of polyphenols
(flavonoids) present in high quantities in different kinds of tea. They are also
responsible for the antioxidant capacity of tea. The presence of these compounds and
their derivatives in leaves of different clones of C.sinensis was confirmed in previous
studies carried out at the Estación Fitopatolóxica Areeiro (Pontevedra). Five selected
clones cultivated in different conditions (sun and shadow) were studied, and the
aqueous extracts of their fresh young leaves were obtained in order to determine their
catechin composition.
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INTRODUCTION
Since its early history, tea consumption has been associated with numerous
health benefits. This fact has encouraged, especially during the last decades, the
proliferation of studies carried out by scientific researchers from various fields aimed
at knowing their components and applications.
Thanks to this research, today it is widely known that this drink is an important
and very rich source of polyphenols, particularly a subgroup of compounds included in
the family of flavonoids known as catechins. The total catechin content of tea varies
depending on the leaf age, the tea type and the mode of preparation; but, in general,
they all contain catechin (C), epicatechin (EC), gallocatechin (GC), epicatechin-3-gallate
(ECG), epigallocatechin (EGC) and epigallocatechin-3-gallate (EGCG), being the last one
the most abundant.
Catechins belong to the flavonoid family, one of the five in which polyphenols
are classified. They are a series of secondary plant metabolites with a colorless
appearance, which are astringent and water soluble. Its molecular structure is
composed of two or more benzene rings with different numbers of hydroxyl groups
(Figure 1).
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Figure 1. Structure of the main catechins present in tea.
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The oxidation of these compounds occurs easily, so they are excellent
antioxidants widely used in the food industry to preserve all types of food and retard
the appearance of the rancidity of fats and oils. However, not all catechins have the
same antioxidant capacity, since this property varies inversely to the oxidation
potential of the molecule, which depends on the chemical structure of each of them.
The importance of tea catechins relies not only on the property that makes
them suitable for improving food preservation, but also that they have numerous
benefits for human health. They help control weight, prevent cardiovascular diseases,
have anticancer activity, improve oral health and reduce iron levels in people with
hemochromatosis, among others.
The mechanism by which catechins contribute to weight control was explained
by European researchers in a paper published in 1999. In this study, through trials with
volunteers, they found that prolonged consumption of green tea extracts with 90 mg
of EGCG, energy expenditure increased, and the respiratory quotient of 10 healthy
young men decreased 24 hours after intake. Later, in research carried out in 2007 in
Japan that including more than 100 people, it was shown that daily consumption of
catechins for 12 weeks favored weight loss.
Scientific works developed in the last decades, in different countries,
corroborate the capacity of catechins to prevent the occurrence of coronary diseases
and the reduction of the incidence of heart attacks and mortality caused by these
types of pathologies. In fact, tea consumption (with a high content of this group of
flavonoids) combined with a diet low in saturated fats is related with low rates of heart
disease registered among the population of Japan.
Different in vitro and epidemiological studies confirmed the anti-cancer
potential of tea polyphenols and describe their mode of action. Some studies suggest
that regular consumption of green tea can reduce the incidence of a variety of cancers,
including colon, pancreatic, and stomach cancers, and other diseases.
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Another benefit of tea catechins is related to oral health. A study in England
carried out with more than 6,000 children proved that drinking tea is associated with
low levels of tooth decay. The mechanism through which this occurs was explained in
other scientific papers that found that oolong tea polyphenols inhibit the adhesion of
bacteria to the teeth surface by reducing streptococcus hydrophobia. Moreover, they
curb the appearance of tooth decay by decreasing acid production.
Besides the mentioned beneficial effects, tea flavonoids decrease iron
absorption in patients with genetic hemochromatosis, a disease that affects iron
metabolism and causes its accumulation. This ability was demonstrated in a study
carried out in Germany with 18 individuals with this pathology. For several weeks,
individuals accompanied the meals with tea instead of water, and experienced a
considerable reduction of the frequency in the practice of phlebotomies.
In spite of being highly beneficial compounds for our health, humans do not
naturally produce catechins (or any other polyphenol), so their incorporation into the
body is only made by eating food that contains them. Therefore, in the era of healthy
living habits, daily consumption of tea with a high content in catechins is a must.
Plant growth and development is regulated by environmental parameters. In
this way, light influences the biosynthesis of many compounds such as flavonoids.
Some studies have determined different catechins composition in tea obtained from
C.sinensis plants grown under sun and shade. The role of catechins is generally
considered as providing protection of plants from the damage from UV rays in sunlight,
and catechin production is seriously affected by photosynthesis.
The objective of this work was to develop an analytical method to evaluate the
catechin composition of fresh young leaves of plants belonging to an experimental
plantation of clones of C.sinensis in the province of Pontevedra. Comparison between
the catechin composition of plants cultivated in different conditions was also carried
out.
MATERIALS AND METHODS
Plant material: Young leaves from five selected Camellia sinensis clones
cultivated in different conditions (sun and shadow) were collected in June 2019 (Figure
1). All plants were grown at the Estación Fitopatolóxica Areeiro (Pontevedra, Spain),
with sprinkler irrigation and controlled fertilizer conditions. The five-year-old
specimens at the sun are in pots, while those grown in semi-shade are planted directly
in the ground under a 60% shade mesh and are almost ten years old. The selected
clones and their origins are described in Table 1.
Chemicals and reagents: All reagents used were HPLC grade. Methanol and
Acetonitrile were purchased from Fisher Scientific (USA) and Milli-Q water was
obtained using a Milli-Q system (Millipore). Standards of catechins were obtained from
Sigma-Aldrich (USA) and Extrasynthese (France).
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Figure 1. Camellia sinensis plants cultivated in the shadow (left) and in the sun
(right).
Table 1. Selected clones of Camellia sinensis and their origins.
Clone
EFA-4-Fu
EFA-13-Mo
EFA-104-Mo
EFA-106-Mo
EFA-122-Mo

Origin
Vietnam
Moreira Nursery (Fene, A Coruña,
Spain)
Moreira Nursery (Fene, A Coruña,
Spain)
Moreira Nursery (Fene, A Coruña,
Spain)
Moreira Nursery (Fene, A Coruña,
Spain)

Extraction: For catechin extraction, 1 g of fresh leaves were weighed and 100
mL of Milli-Q water were added. Samples were infused at 100 ºC for five minutes with
continuous stirring. Extracts were cooled and filtered (0.45 µm pore size filter of PTFE)
prior to injection in the HPLC-UV.
HPLC: A Varian 920-LC, equipped with a 250 x 4.6 mm x 5 µm C18 SunFire
column (Waters) and a Diode Array Detector (DAD) was used. Following the method
described by COI/T.20/Doc. nº 24, 2001; the separation and identification of the
compounds were carried out with a ternary mobile phase which comprised water 1%
V/V formic acid (A) and acetonitrile 1% V/V formic acid (B). The workflow was 1
mL/min for 82 minutes and the injection volume 20 µL. The compounds were detected
at 234 nm and 280 nm and they were properly identified using the retention time and
concordance of their spectrum at the appropriate wavelength with commercial
standards. All samples were analyzed in triplicate obtaining low standard deviation
values in all cases.
Calibration line: To determine the concentration of the studied compounds,
calibration lines were performed with a standard mixture containing: gallic acid (GA),
catechin (C), epicatechin (EC), gallocatechin (GC), epicatechin-3-gallate (ECG),
epigallocatechin (EGC) and epigallocatechin-3-gallate (EGCG). For the working standard
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solutions, the standard was diluted with methanol to obtain five standard solutions
with concentrations in the range of 10-100 mg/Kg. The calibration lines used to
quantify each catechin content of the samples studied were obtained by adding the
areas of the chromatographic peaks of all standards. All of them had a regression
coefficient (R2) up to 0.99.
RESULTS
All the samples studied presented a high catechin content. As an example, the HPLCUV chromatogram (280 nm) of clone EFA-4 is illustrated in figure 2, identifying a total
of eight peaks corresponding to seven different types of catechins and the caffeine.
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Figure 2. HPLC-UV (280 nm) chromatograms of clone EFA-4. Letters indicate each
identified compound. A gallic acid, B gallocatechin, C epigallocatechin, D catechin, E
caffeine, F epicatechin, G epigallocatechin-3-gallate and H epicatechin-3-gallate.
All samples of plants cultivated in the sun contained a lower quantity of total
catechins (TC) than the samples growing in the shadow. The TC obtained varied from
32 to 46 mg/g and from 24 to 39 mg/g for leaves of plants cultivated in the shadow
and in the sun, respectively. Significant differences between the clones studied in
different conditions were also observed (Figure 3). Thus, in clones AFA-122 and EFA104, differences in TC of more than 18 mg/g of fresh leaves were observed between
sun and shade grown plants, while in EFA-4 cultivars, the difference in TC was less than
0.1 mg/g of fresh leaves.
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Figure 3: Total catechin content of all samples from C.sinensis in different cultivated
conditions.
The composition of the catechin content of each sample was obtained. Figures
4 and 5 contain charts with the results of the five clones studied. A clear difference is
observed between the two types of samples, as the plants cultivated in the shadow
show significantly higher catechin quantities than the plants cultivated in the sun.
Moreover, a variability between the distribution of the content of each
catechin was also detected, maybe because the sunlight affects differently the
synthesis of each one. For the plants in the shadow, there is no clone that clearly has
the highest or lowest values and only short variations between the position of EGCG
and epigallocatechin were observed when comparing the clones. In the case of the
plants in the sun, the clone EFA-4 has the highest values of all catechins, gallic acid has
the lower catechin content for all clones and little differences were observed among
the catechin content of the other compounds.
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Figure 4: Catechin composition of all samples from C. sinensis cultivated in the shadow.
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Figure 5: Catechin composition of all samples from C. sinensis cultivated in the sun.
CONCLUSIONS
An efficient extraction and analysis method by means of HPLC-UV to determine
and quantify seven catechins (gallic acid, catechin, epicatechin, gallocatechin,
epicatechin-3-gallate, epigallocatechin and epigallocatechin-3-gallate) in plant extracts
from C.sinensis leaves cultivated in Galicia (Spain) was established in the present work.
The method developed has proved suitable for the determination of the
catechin composition and total catechin content present in the plant material of
C.sinensis cultivated at the Estación Fitopatolóxica Areeiro. Moreover, it was observed
that the catechin profile of the different clones and cultivated conditions showed
significant differences, being greater the catechin content in the EFA-4 clone and in all
plants cultivated in the shadow.
All clones studied presented very high total catechin values.
Although some authors suggest that the cultivation of tea plants in the sun
increases the amount of caffeine in the leaves and decreases the levels of catechins,
the results obtained showed that in our area, the ideal plant cultivation condition to
produce catechins is in the shade, as there are significant differences in catechin levels
with respect to plants cultivated in the sun.
After studying the different clones, interesting differences have been observed
among them. This feature opens the door to continue their analysis, and to select the
best clones or plants to be used as a possible natural source of catechins.
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