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Abstract: It was believed that catechins produced theaflavins (TF) and low molecular weight, chromatographically resolved
thearubigins (TR) in the presence of polyphenol oxidase (PPO). So, the changes of oolong tea PPO activity, tannin, TF, TR
contents were considered. Green tea leaves were going through the stages: fresh tea — withering — fermentation — dried
inactivated enzyme — final products. Tea samples in the stages were conducted. Enzyme PPO from tea samples was extracted
by 0.1M phosphate buffer (pH 7.5), addition of 1% PEG (v/v). PPO activity was determined by a spectrophotometer at 420nm
with pyrocatechol as standard. The results showed that the PPO activity increased from fresh tea leaves (100%) to the
withering stage (111.89%), decreased steadily in the rolled 1 (96.83%). Then, the PPO activity fluctuated continuously, peaked
at the incubated 2 and 3 and fell sharply after that. The enzyme activity in the final product was 7.95% compared with the fresh
one. PPO activity had a positive influence on the TF/TR ratio and catechins depletion.
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1. Introduction

Tea, Camellia sinensis L., is a rich source of compounds
with bioactive properties, such as antioxidant and
antimicrobial activities [1]. According to Muigai Ngure
Francis et al (2009), the quality of black tea is dependent on
the total theaflavin and theaflavin digallate levels. Theaflavin
determined compression (density), brightness, color,
cavitation and thearubigin related to the intensity and color
of black tea [2-4]. Theaflavin is the product of oxidation
compounds under catalytic catechin polyphenol oxidase
enzyme (PPO). During the catalytic reaction, H,O, is
generated. Now, peroxidase (POD) will participate in the
metabolic reactions theaflavin, thearubigin [5].

Polyphenol oxidase (PPO) plays a key role in the
oxidation of flavanols to black tea components such as
theaflavins (TF) and thearubigins (TR). The polyphenol
oxidase (PPO) activity has been reported to be higher in
internodes compared with leaves; and, among the leaves,
tender leaves have higher enzyme activity than mature leaves
[6, 7]. The levels of polyphenol oxidase (PPO) activity and
the polyphenolic content changed significantly with plucking

season and shoot maturity. No significant difference was
observed between the total polyphenolic content of the cold
storage withered and traditionally withered samples [8].

Microwave cooking is also increasingly used as a time-
saving technology but it induces severe changes in the lipids,
such as hydrolysis and oxidative reactions that lead to quality
and nutritional losses. According to Ricardo Malheiro et al,
(2012) white and green tea aqueous extracts were used to
increase olive oil stability under microwave cooking because
of their wealthy antioxidants [1]. It indicated that the tea
antioxidants were endurable under microwave heating.
Moreover, the effect of enzyme inactivation by microwave
heating time was determined on the quality of tea. And the
preservation qualities of green tea harvested were greatly
enhanced by microwave heating [9].

In this study, the changes of PPO activity in oolong tea
manufacturing and the relationship of PPO activity and
phenolic compounds was conducted. The tea samples were
divided into 2 parts: an inactivated enzyme group — treated
by microwave (group 1) and an active enzyme group (group
2). The inactivated enzyme one was used to analysis the total
polyphenol, tannin contents and PPO activity. For the other
one, TF and TR content was analysis.
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2. Materials and Method
2.1. Materials

The green tea - raw material for Oolong tea production,
which was made from the leaves of Camellia sinensis L. in
April, 2014, was kindly provided by Cau Tre Tea Factory
(Lam Dong province, Vietnam).

2.2. Moisture

Tea moisture was measured using a vacuum oven based on
an international standard method [10].

2.3. Determination of Total Polyphenols of Tea Samples

In due to protect tea polyphenol compounds, 5¢g fresh tea
shoots were inactivated enzyme by using microwave heating
in the high-pressure reactor 1100W (Microwave Sharp 33L
R-399VN (S) 1100W) for 20 seconds before using.

For determination of total polyphenols 1 g of tea powder
(group 1) was added to 30ml in a 100 ml flash and boiled in
100°C for 30 minutes. Then, the solution was filtered, cooled
to room temperature. It was diluted to 100 ml with distilled
water after that.

The tartrate solution was prepared by dissolving 1g of
FeSO, and 5g of KNaC,H,O4 in distilled water, and the
volume is made up to 1000 ml. The phosphate buffer
solution consists of 85% (v/v) of Na,HPO,solution and 15%
(v/v) of KH,PO, solution.

In according to Yao et al (2006), one milliliter of tea
solution, 4 ml of distilled water and 5 ml of tartrate solution
were taken in a volumetric flask and then diluted to 25 ml
with phosphate buffer solution. The mixture absorbance was
measured at 540 nm using spectrophotometer. The tea
samples were analyzed in duplicate for total polyphenols [10,
11].
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Total polyphensl (4g) =

where

E: absorbance reading

V,: total volume of the solution (250 ml)

V,: the volume used for the measurement (1 ml)

W: dry weight of the tea sample

The polyphenol content was 3.914 (mg.ml") when the
absorbance value was 1.0 [12]

2.4. Determination of Tannic Acid Content by HPLC
method

Iml the above solution after using to determine the total
polyphenol was diluted to 10ml with methanol. After that,
the solution was filtered through a 0.45um membrane. Then,
the solution was analyzed by HPLC method, tannic acid as a
standard.

Ug tannic acid = PPy, qne peig X — X 100
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Analysis conditions: The mobile phase (Metanol: water
(30: 70 v/v)); mobile phase speed: 0.75 ml/min; C18 column,
Detector Diod Array; injection volume: 5ul; 280nm [13-15].

2.5. Determination of PPO Activity

10g tea powder (group 2) was added into a 100ml beaker
(coated foil), added 50 ml phosphate buffer solution (pH 7.5
supplemented with polyethylene glycol 1% (w/v)). The
mixture was stirred for 30 min at 4°C. After being filtered,
the supernatant was centrifuged at 3000 rounds within 10
minutes.

0.05ml the supernatant, 2.85ml phosphate buffer solution
(pH 8) and 0.1ml pyrocatechol solution 0.05M was added
into a cuvette and the absorbance value at 420nm was
recorded. One unit of PPO activity was defined as the
amount of enzyme needed to metabolize pyrocatechol into a
umol benzoquinone per minute.

Ax3x10®

FPO activity = = m

Where,

€420 benzoquinone — 24300M-lcm-1 [16]
A: the absorbance value at 420nm
t: the reaction time (min)

2.6. Estimation of Theaflavins (TF), Thearubigins (TR) by
Spectrophotometry

TF and TR are the products of catechin metabolism under
the influence of polyphenol oxidase. To evaluate the
performance of the PPO, the tea of group 2 were investigated.

2.5 g of tea powder (group 2) was added to 25ml in a 100
ml flash and boiled in 100°C for 30 minutes. Then, the
solution was filtered, cooled to room temperature and diluted
to 50ml with the distilled water. The contents of TF, TR were
calculated from the absorbance values based on the
description of tea researchers Takeo and Oosawa (1976) [6,
17]

2.7. Statistical Analysis

The analysis of variance of the quality parameters and
chemical composition data was analyzed by the Statgraphics
Centurion XV software. The significance of differences at a
5% level between averages was determined by one-way
ANOVA using T-test.

3. Results and Discussion

3.1. The Metamorphosis of Tea Leaves in Qolong Tea
Manufacturing

The Oolong tea manufacturing was divided into stages:
fresh — withering — fermented — dried — final product. In
particular, the fermented process was divided into smaller
stages: incubated and rolled many times. The temperature of
fermentation was maintained between 15 - 18°C. This was
the optimal enzyme temperature. John B. Cloughley (1980)
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had investigated the impact of temperature on enzyme
activity during fermentation of black tea industry [18]. The
impact of temperature on the rate of inactivation was also
much greater on polyphenoloxidase (PPO). Their results
showed that the activity of peroxidase (POD) changed
significantly (Figure 1), the PPO also decreased with
increasing temperature.
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Figure 1. Effect of temperature on enzyme inactivation during fermentation
of Indian hybrid seedling
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Figure 2. The metamorphosis of tea leaves in Qolong tea manufacturing

The shapes of tea leaves from the fresh to the incubated 3
stage changed negligibly (Figure 2). In particular, the
structures of tea leaves from the fresh stage to the incubation
period 1 were withered as a result of respiration and some of
the physiological and biochemical changes. According to
Tombs and Mashingaidze (1997), the total catechin content
decreased during withering. Epigallocatechin (EGC),
gallocatechin (GC), epigallocatechin gallate (EGCG) and
epicatechin gallate (ECG) reduced while the epicatechin (EC)
increased [19]. Theaflavins (TF) and thearubigins (TR) was
the product of the decomposition of catechins compounds
under the catalysis of PPO and POD. PPO activity decreased
during withering as a result of the evaporation. In India, the
withering method seemed to be a little influence of PPO or
POD. PPO activity was restored after the leaves are

withering provide additional moisture. The activity of the
enzyme decreases as the temperature increases [18].

The tea samples from the rolled 1 to incubated 3 period,
the young leaves were shanked, toughened, dried and dark
green slowly. At the dried period, the shape was changed
significantly. The moisture content was down more than 30%
to make the edge become crunchy. Then, the tea leaves were
cooled at room temperature to help their structure toughen
again. Leaf morphology after shaping and moisture drying to
less than 5% was observed in the final product period (Figure
2).

3.2. Changes of Polyphenol Oxidase Activity in Oolong Tea
Manufacturing

Generally, the PPO activity decreased in Oolong tea
processing. In fresh tea, its activity was high (100%),
increased to 111.89% in the withering, decreased steadily in
the rolled 1 (96.83%). Then, the PPO activity fluctuated
continuously, peaked at the incubated 2 and 3 and fell
sharply after that. The enzyme activity in the final product
was 7.95% compared with the fresh one. The results were
similar to the study of Pradip K. Mahanta et al (1993). But
the object of his research was the black tea, but basically,
fermented teas are experiencing the fresh, withering, rolled
and fermented stage [20] (Figure 6).
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Figure 3. Changes of polyphenol oxidase activity in Qolong tea
manufacturing.
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Figure 4. Specific enzyme activities of PPO and PO at different stages of
manufacture [20]
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3.3. Changes of Phenolic Compounds in Oolong Tea
Manufacturing
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Figure 5. Changes of total polyphenol and tannic acid in Oolong tea
manufacturing.

The fluctuations in total polyphenol and tannic acid
content were similar and have the same downward trend
PPO enzyme activity (In Figure 3). However, both tannic
acid and total polyphenol increased slightly in the withering
stage and decreased slowly after that. In the final stage, the
total polyphenol and tannin content were 7.11% and 0.6%,
respectively.

Theaflavins (TF), thearubigins (TR) and bis flavanols

were three components influenced on the color of the tea
liquors. Overall, the TF/TR ratio and total color had a closer
relationship. According to Yao et al (2006), the average
levels of TF and TR in black tea samples were 0.75% and
7.61%,, respectively; in green tea were 0.18% and 7.42%,
respectively [10]. On the other hand, the results of the TF,
TR contents in group 1 were similar to their content in green
tea, but in group 2 looked like the black tea. According to
Ferruzzi et al (2010), the fermented tea was unlike green tea,
in the production process, under the action of the enzyme
polyphenol oxidase, the catechin monomer was oxidized and
create a complex mixture of polyphenols include theaflavin,
theasinensin, oxidation and polymer complex has not been
described, such as thearubigin [20-23].

Total color (%0) TFIR
23 0.13

2
2

01
13
—=— Total color
—4—TF/TR

0.03

0 t t + + t + t + + 0 Stage of
0 1 2 3 4 ) [ 7 8 9 10 processing

Figure 6. Changes of TF/TR content and total color in QOolong tea
manufacturing

Table 1. The relationship of TF, TR and PPO activity

Group 2 (natural/untreated enzyme)

Group 1 (assisted by microwave treatment)

Stage PPO activity (U) TR (%) TF (%) TF (%) TR (%) ATF(%)  ATR (%)
Fresh 100.00 +2.16 * 791+0.14° 0.47+0,025®  0.07 +0.009 * 7.34+0.55 % 0.010 0.060
Withering 80.03+1.10™ 6.92+0.08°  048+0,025°  0.05+0.009° 8.15+0.315% 0.007 0.069
Incubated 1 82.94 +0.54° 6.03+0.39  0.37+0,025%  0.05+0.007° 7.86 + 0.343 *¢ 0.006 0.061
Rolled 1 64.45+0.51 ¢ 630+0.69%  040+0,015°  0.11+0.009 7.79+0.673 ™ 0.014 0.063
Incubated 2 60.54 £ 1.57°¢ 599+048  0.33+0,025¢  0.09+0.007 © 73140273 ® 0.012 0.054
Rolled 2 74.46 + 6.45 % 5.48+0.16 ¢ 0.44+0,025%  0.10+0.007 © 7.50 +0.208 * 0.013 0.080
Incubated 3 86.04+ 139" 6.13+£0.28° 0.36+0,025%  0.08+0.007 ™ 8.53+0.439¢ 0.010 0.059
Dried 26.10+5.98° 8.53+£0.24% 0.08+0,025°  0.11+0.007 ¢ 6.65+0.258° 0.016 0.010
Final product 542+ 1.69 ¢ 1233+044°  0.16+0,0252  0.16+0.006 " 12.32+0.343°¢ 0.013 0.013

The data represented by the table were the averages of triplicates + standard deviations. Letters above the bar indicate significant different values. Different
lowercases letters on the histongraphs with the same pattern indicate the significant differences (P < 0.05)
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Figure 7. Tea manufacture — major steps and corresponding types of tea
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3.4. The Relationship of PPO Activity and Total Polyphenol,
Tannic Acid Content

Under the effect of microwaves, the polyphenols were
protected from the effects of the intracellular enzyme.
Comparison of total polyphenols, tannic acid contents and
the activity of PPO in Figures 3 and 5, the total polyphenol
and tannin content peaked in withering stage. It was similar
to PPO activity.

3.5. The Relationship of PPO Activity and ATF, ATR
Content

In table 1, TF, TR content in group 1 and 2 was analyzed.
It was showed that the fluctuation of TF/TR ratio was similar
to the total polyphenol, tannic acid contents. It peaked in the
withering, rolled 1, rolled 2 and incubated 3 periods. It was
the same to the relationship between PPO activity and total
polyphenol content, total tannin. In group 2, the TF content
was higher than the group 1. However, the TR in group 1
was higher than the group 2. It means that there was a
transformation between TF and TR.

4. Conclusion

The present study outlines the significance of enzymes to
Oolong tea quality by demonstrating the changes they
undergo during various cultural and manufacturing
operations. The PPO activity was strong in the incubated
stages. Under the effect of microwaves, the polyphenols
were protected from the effects of the intracellular enzyme.
Therefore, the potential applications in microwave
processing technologies for the production of tea were
possible.
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