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Abstract. The manufactured teas may conveniently be divided into three classes: Green teas, Oolongs (delicate black teas),
and Black Teas. Several indirect methods are employed to measure the antioxidant activity of tea extracts that is basically
takes place by monitoring the inhibition of oxidation of a suitable substrate using the extracts of antioxidant materials from the
studies systems. This study is concerned with the results of electron paramagnetic resonance (EPR) spectroscopy that is utilized
to investigate several categories of green and black teas: Twining Green Tea (TGT) of London, Rabea Green Tea (RGT) of
Saudia, Chinese Green Tea (CGT) of China, English Breakfast Tea (EBT) of Ahmed Tea-London, and Rabea Black Tea (RBT)
of Saudia. Three EPR signals from all the studied samples are observed. The assignment of these signals will discussed and
correlated with the quality of leaves. Mainly, two paramagnetic species are considered to be responsible for the observed EPR
signals; manganese(II)–protein system of the leaves and a stable free radical of aromatic origin. The study will provide facts on
the dependency of radical signal on the oxidative degradation procedures of the studied samples. The intensity and feature of
Mn(II)-EPR-signal is found to be related to the disintegration of tea leaves.
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1. Introduction

China and Japan give large portions of the tea crop that is intended for export to foreign countries.
Tea leaves in these countries are used as a daily beverage and crude medicine for thousands of years.
Commonly, tea is the most widely consumed drink in the world. The nutritional and therapeutic roles of
green tea have been reviewed by Hara et al. [1]. Many pharmacological effects of tea are also evaluated
[1–5] including antitumor properties, antioxidant, antigenotoxic and anticarious activities as well as the
effect on cardiovascular and cerebrovascular diseases; it is also correlated with significant decrease in
blood cholesterol levels.

Recently, tea and green tea in particular is considered as an effective source of antioxidants that at-
tracted much attention [6,7]. Green tea extracts showed enhanced antioxidant activity in vegetable oils
and animal fats [8–10]. For example, epigalloepicatechin gallate was found [2,11] to be 20 times more
potent than ascorbic acid derivatives which have been recently utilized as alternatives to the most widely
used antioxidants in the food industry [12]; butylated hydroxyanisole (BHA) [13,14].

Several methods are employed to measure the antioxidant activity of tea extracts. Fore example, the
extracts antioxidant effectiveness is measured by monitoring the inhibition of oxidation of a suitable
substrate. After the substrate is oxidized under standard conditions, the extent of oxidation is measured
by chemical, instrumental or sensory methods [15–18].

In this study we extend our earlier EPR spectroscopy studies utilized to monitor the generation and
status of free radicals and paramagnetic species in natural fresh or partially fermented leaves [19–22].
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It will be used to examine the antioxidation activities of different categories of tea products namely:
Twining Green Tea (TGT) of London, Rabea Green Tea (RGT) of Saudia, Chinese Green Tea (CGT)
of China, English Breakfast Tea (EBT) of Ahmed Tea-London, and Rabea Black Tea (RBT) of Saudia.
The resistance against photooxidation damage was correlated by the increase of a specific sharp EPR
signal characteristic of semiquinones-type radical, and the lineshape changes of a broad EPR signal
characteristic of Mn(II). Moreover, the intensity of manganese(II) EPR signal is found to be related to
ageing and disintegration of the tea leaves.

2. Experimental procedures

All categories of the tealeaves used in this study purchased at the local market. About 1 cm height of
the studied samples was placed in 3 mm-Pyrex tube. This amount of samples has an approximate mass
of about 0.13 g.

The EPR measurements were performed on the different types of the tea leaves as received and without
any further treatment. ER-200-D-SRC series spectrometer was used to obtain the EPR spectra. Cylindri-
cal cavity has been used along with 9 GHz Microwave Bridge. The frequency was measured with a model
5342A Hewlett-packard frequency counter. The working parameters of EPR Bruker spectrometer are as
follows: time constant= 655.36 ms, mod. frequency= 25.0 kHz, mod. amplitude 10.0 G, frequency
9.60 GHz, resolution 2048 points, signal gain 1× 104, sweep width 4400 G, sweep time 167.75 s, and
sample temperature 22◦C.

The photodegradation experiments were performed using the Illuminator Power Supply from Varian
Model PS150-8. The EPR tubes containing the different types of tealeaves were illuminated by xenon
lamp at constant current (8 Amp DC) for different intervals of time.

3. Results and discussion

Figure 1 shows the recorded EPR spectra at room temperature of different types of the studied tealeaves
as received. All of the samples under investigation were recently collected from the local market and their
production date is around 01/2002 except for the old twinning green tea that is produced around 01/2000.

All the studied samples exhibit broad signals that are positioned around 3400 G and are extended
over∼500 G (see Fig. 1). Theg-factor corresponding to the broad line in Fig. 1(a) is 2.02489. A weak
sharp signal is also observed in the middle of these lines with a width of about 10 G andg-factor value
of 2.00023. These EPR-parameters and the featureless property of the sharp signal indicate that a stable
radical of aromatic origin may exist in a powder condition. Similar signal was observed in a tar matrix and
is attributed to semiquinone radical [23,24]. It has also been reported [25–27] that the macromolecular
dihydric phenolic matrices from the natural leaves stabilize semiquinone free radicals which are simply
examined by EPR spectroscopy. The overlapped sextet feature exhibited by some of the studied system
is a characteristic EPR-signal of Mn(II) that is partially unbounded to proteins [28–30]. Moreover, in the
course of the thorough examination of the EPR signal of TGT and CGT samples, a distortion at lower
magnetic fields is observed. This distortion at lower magnetic field usually takes place whenever there
are asymmetries in the electronic environment of the bonded Mn(II) [29]. Computer simulations suggest
that this spectral line arises from rhombic distortions of the bound Mn(II) ion [29].

EPR-spectrum of Mn(II) is readily recognized in biological materials by its six hyperfine lines cen-
tered aroundg = 2 [31]. Manganese(II) is an essential element and micronutrient in photosynthetic
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Fig. 1. EPR spectra of Twinning Green Tea (TGT), China Green Tea (CGT), Rabea Green Tea (RGT), Old Twinning Green Tea
(OGT), Ahmed Breakfast Tea (ABT), and Rabea Black Tea (RBT) at room temperature.

green plants and cyanobacteria. It plays a fundamental role in the catalysis of water splitting and oxygen
evolution in photosystem(II) which is a vital part of the plant survival [32,33].

The least featured broad signal of TGT in Fig. 1 is typical unresolved broad EPR line of a powder
transition metal paramagnetic species [34]. The patterns in the EPR-signals of the tealeaves compared to
the high quality tobacco leaf signal (Fig. 1(a) in [19] and [20]) indicate that the tealeaves undergo partial
Mn(II)–protein degradation but with different extent. However, the main features of TGT EPR-signal
relative to the others in Fig. 1 and to the reported [19,20] high quality tobacco leaves placed TGT as the
best quality tealeaf.

Close examination of the spectral lines in Fig. 1 shows an increase in the resolution of the Mn(II)-
sextet lines from parts RGT to RBT. The resolved broad hyperfine sextet in the tealeaves samples may
be attributed to the free tumbling of manganese. It has been shown [35,36] that the X-band EPR spec-
trum of the complex of Mn(II)–protein namely ATPase exhibit a powder line shape. These experiments
showed also that Mn(II) bound to other macromolecules namely ATP, ADP, ANP-BNP increased the
line broadening of the Mn(II)–protein spectrum. In addition, the possibly related semiquinones signal is
remarkably lower in magnitude in TGT compared to the other types of tealeaves.

The RBT in Fig. 1 is the one that exhibit most resolved sextet EPR signal among all the studied
systems and shows the most intense semiquinones signal. The presence of a well resolved sextet and an
intense quinone-free radical signals reflect the presence of partial unbounded Mn(II) as well as protein
degradation, respectively. Protein degradation is due to the well known industrial treatment of the black
tea, namely, longer fermentation process than green tea that induced structural changes in the Mn(II)–
protein. This result is in agreement with the reported [19] results of the Red-Label black tea (RLB-tea)
where both of them approach the spectrum of free manganese tumbling. Similarity between the EPR
responses from boiled tea-leaf and aqueous solutions of manganese(II) nitrate confirm this Mn(II)-freeing
mechanism.

Figure 2 shows some of the EPR spectra of TGT after illumination by a xenon lamp for 0, 15, 30,
45, 60, 75, 90, 105, 120, 150, 210, 270, 390, and 590 minutes. In this study a thorough investigation of
the photodegradation processes is conducted to quantify the effect on the different samples. Over the ten
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Fig. 2. EPR spectra of illuminated Twinning Green Tea (TGT) by xenon lamp at different time intervals in min.

hours of illumination the sextet remains almost unaffected but the distortion at the lower magnetic fields
clearly affected that is related to rhombic distortions of the bound Mn(II) ion [29]. Moreover, a slight
increase in the sharp signal with the duration of illumination after ten hours of continuous irradiation is
noticed. Although the increase in the sharp signal of the quinone-radical is not significant in green tea
even after 10 hours illumination, the distortion in the Mn(II) signal may be correlated with the startup
of the damage in the protein center. This effect is strongly correlated with the result of the period of
illumination and the intensities of the Mn(II)-signal per gram of the studied samples (Fig. 3). The results
in Fig. 3 show a strong effect of the period of illumination on the green tea leaves types than the black
tea leaves.

Although the Mn(II)-signal of the RBT is not affected that much compared to the green tealeaves as
shown in Fig. 3, its photo-oxidative result is more clearer. Figure 4 shows the EPR spectra of RBT under
illumination for similar time intervals applied on green tea samples. As the photo-oxidation proceeds,
remarkable increases in the magnitude of the quinones signal. Pryor et al. [25] and other researchers [37]
suggested that the quinone-type radical consists of a Q-QH2 system undergoing charge transfer interac-
tions. The donor is a hydroquinone (QH2) and the acceptor is a quinone (Q). Moreover, quinones are
very well known byproducts of oxidation of the phenolic systems in natural products and contribute to
the browning and pigment formation [38,39]. Hence, the fermentation processes in black tea are corre-
lated with a weak broad Mn(II)-signal (Fig. 3) and a relatively larger sharp signal of the quinone-radical
as in Fig. 1 compared to the other types of tealeaves under investigation.

The general increase in the sharp signal can be correlated with the oxidation of the phenolic systems
and the generation of the quinone-type radicals. To quantify the effect of photo-oxidation results for
the studied systems a peak-to-peak height ratio of the quinone-signal relative to the manganese-signal
entitled Relative Oxidation Intensity (ROI) is plotted versus time in Fig. 5 for both types of tealeaves. The
ROI-value increase is more significant in the case of the black tea as well as ABT. The ROI-values of the
black tea approaches a plateau after four hours illumination while the other types of tealeaves including
RBT still show very week change. At the plateau the ROI-value of the black tea is about six time that of
the green tea. The result is in very good agreement with other study comparing the antioxidant effects of
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Fig. 3. Peak-to-peak height of the Mn(II)-signal per gram of tealeaves samples after the different period of illumination.

Fig. 4. EPR spectra of illuminated Rabea Black Tea (RBT) by xenon lamp at different time intervals in min.

green tea and black tea where the study indicated that the antioxidant effect of the green tea was found to
be six times more potent than black tea [40]. This is also agree with the reported results on fermentation
of green tea to black tea where the monomeric highly antioxidant polyphenols, known as flavonols, is
oxidized to dimeric flavanols and polymeric polyphenols [12,41]. Results from Figs 3 and 5 show that
ABT is midway type of tealeaf between the green and the black tea.
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Fig. 5. Relative Oxidation Activity (ROA) for the illuminated types of tealeaves.

4. Conclusion

The three characteristic EPR signals from all the studied samples are characteristics of the presence
of the manganese(II) complex in different environments and a stable radical of aromatic origin exist in a
powder condition. The Mn(II) signal is found to be characteristic of the quality of leaf, industrial process
and illumination. The increased features in the signal reflect more damage in the protein system and more
of the free Mn(II) species. Distortion in the Mn(II) signal is also an indication on protein degradation.
The more the degradation of the Mn–protein system the less the potent is the fermented leaves. Therefore,
the manganese(II) EPR signal, according to this study and our earlier work [19,20], could be a mean of
monitoring the freshness and quality of the fermented leaves.

The intensity of the aromatic-radical signal that may be related to semiquinone radical [23–27] is
another parameter that can be used to quantify the damage in the protein system. The light irradiation
experiment, therefore, shows that although some photo degradation takes place in the green tea namely,
lowering in intensity as well as distortion at lower magnetic field which arises from rhombic distortions
of the bound Mn(II) [29], it is still much more resistive to photo-oxidation. This correlates with the
literature reports on the superior quality of the antioxidant phenols in green tea [6–9]. Moreover, the
relative oxidation intensities of the black tea is six times stronger than the green tea which is in good
agreement with other experiments performed chemical analysis on the same systems [40]. It is also
observed in Fig. 5 that the quantified values of photo-oxidative effect of OGT shows a similar effect of
the fresh green tea.
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