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Abstract Free amino acids are important chemical compo-
nents which impact the taste of green tea infusion. The
hydrolysis of water-insoluble protein in the green tea residue
helps to increase the contents of free amino acids components
except theanine. Studies indicate that the hydrolysis of the tea
protein could be restricted due to interaction of polyphenols
with protein. The experiment indicates that the hydrolysis of
tea protein by protease is the main trend when the polyphenols
concentration is lower than 5 mg ml™', however, the proteins
(including tea protein and protease) would interact with
polyphenoles instead of hydrolysis when the concentration
of polyphenols is higher than 5 mg ml™". The hydrolysis of
tea protein is absolutely restrained when concentration comes
to 10 mg ml".

Keywords Free amino acids - Protease - Tea protein - Green
tea residue - Hydrolysis

Introduction

Tea is one of the most popular beverages, and widely
consumed in the world. Green tea is popular in most Asian
areas, especially in China and Japan. Green tea was found
to have important physiological properties and potential
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health benefits due to the presence of many compounds
such as catechins, amino acids, caffeine and minerals
(Cabrera et al. 2006). It contains about 1-4% free amino
acids on dry basis (Alczar et al. 2007). It has been
demonstrated that there was a good positive correlation
between the green tea quality and the content of amino
acids (Chu et al. 1997). The brothy, sweet, umami taste of
green tea is due to amino acids (Thippeswamy et al. 2006),
especially theanine. Theanine is the most important free
amino acids in tea, accounting for about 40% of total free
amino acids by weight (Li et al. 2008), and existing only in
the free (non-protein) form (Lekh et al. 1999). However, the
contribution of amino acids is limited because the content
of free amino acids in green tea is low.

Green tea contains about 21-28% proteins on dry basis
(Gu et al. 2002). However, protein in plant cells is hardly
water soluble because of its hydrophobic nature and the
disulphide bonding between protein molecules. Proteolytic
enzyme helps to catalyze the hydrolysis of tea protein,
releasing peptides and free amino acids, which help to
advance the taste quality of tea infusion and restrain the
formation of tea cream. Zheng and Zeng (2003) reported
that, after the hydrolysis of green tea extract by pectinase
and papain, the membrane flux and aminonitrogen of tea
extract were increased, while the viscosity of tea extract
was decreased. At the same time, protease could be easily
interacted by polyphenols, and the proteolytic activity
would be inhibited. Huang et al. (2002) found that
poplyphenols interacted with papain, bromelain and trypsin,
and then inhibited their proteolytic activities. Polyphenols
were also found to be capable of binding and precipitating
some digestive enzymes such as pepsin, alpha-amylase and
lipase, suggesting that they may possess antinutritional
properties (He et al. 2006). Many other enzymes, such as
decarboxylase (Bertoldi et al. 2001), squalene epoxidase
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(Abe et al. 2000) and ribonuclease (Ghosh et al. 2004) were
found to be denatured by polyphenols.

However, there is little information on how to avoid the
interfering of polyphenols and to increase free amino acids
contents by hydrolyzing tea protein with protease to
improve the taste quality of tea infusion. The objective of
this study is to investigate the effect of polyphenols on the
hydrolysis of green tea residue protein catalyzed by
protease, which is derived from a selected strain of
Aspergillus oryzae.

Materials and methods

Materials Yulu green tea, steam processed in Yuhang
County of Zhejiang Province in China, was bought from
market and used as tea material. Polyphenols (98% purity)
was bought from Taiyo Green Power Co., Ltd. (Wuxi,
China), which was extracted from green tea and contained
about 70% catechins. Free amino acids components and
other chemical reagents were bought from Sigma-Aldrich
China (Shanghai, China). Protease G (Amano Enzyme Inc.,
Nagoya, Japan) is a proteolytic enzyme developed for
protein hydrolyzates rich in amino acids, which is manu-
factured by a unique fermentation process with a selected
strain of Aspergillus oryzae. Protease G has high proteinase
activity, and the proteolytic combination system is possible
to hydrolyze various proteins at high level. The peptidase
activity is not less than 1,250 unit g ' by LNA method,
which was assayed using L-leucyl-a-napthylamide as
substrate according to the method of Elleman (1974). The
optimum temperature and pH were 45°C and 6.0-9.0, while
the stable pH range was 4.0-9.0.

Preparation of green tea infusion and residue Three grams
of tea samples (20—60 mesh) were used for extracting,
added with 120 ml distilled water (1:40, w/w) at 90°C for
10 min, and then quickly cooled down to 45°C by a glass
condenser with tap water (15°C). The green tea extract was
separated by four-layer muslin cloth (200 mesh). The
clarified extract was labeled as infusion A, and the residue
was labeled as residue A. And the green tea extract before
separating was the mixture of infusion A and residue A.

Comparison of two hydrolysis approaches Two different
hydrolysis approaches (Fig. 1), with or without tea extract,
for the hydrolysis of tea protein in the residue were used in
this experiment. Firstly, the mixture of the infusion A and
the residue A were hydrolyzed with 0.05% (w/v) Protease
G at 45°C for 5 h, defined as the hydrolysis of tea
extracting mixture (HTEM). Secondly, the residue A added
with 120 ml distilled water were also hydrolyzed with
0.05% (w/v) Protease G at 45°C for 5 h, defined as the
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Fig. 1 Two hydrolysis approaches of green tea residue protein

hydrolysis of tea residue after extracting (HTRE). After
hydrolysis, the protease was inactivated by heating treat-
ment (90°C, 10 min), and then the hydrolysis products were
separated by four-layer muslin cloth (200 mesh). The
products of the first approach hydrolysis were labeled as
infusion B and residue B, and the products of the second
time hydrolysis were labeled as infusion C and residue C.
Each treatment had a corresponding control, in which the
protease was inactivated with heating treatment (90°C,
10 min) before hydrolysis.

Effect of polyphenols concentration on the hydrolysis
Green tea residue (residue A) added with 120 ml solution
of different polyphenols concentrations (0, 1, 3, 5, 10 and
20 mg ml ') were hydrolyzed with 0.05% (w/v) Protease G
at 45°C for 5 h. After hydrolysis, the protease was
inactivated by heating treatment (90°C, 10 min), and then
the hydrolysis products were separated with four-layer
muslin cloth (200 mesh). Each treatment had a
corresponding control, in which the protease was inacti-
vated with heating treatment (90°C, 10 min) before
hydrolysis.

Analysis of total amino acids and total nitrogen The
content of total amino acids in the tea infusion was
determined with a spectrophotometer (UV-2550, Shimadzu
(Suzhou) Instruments Manufacturing, Co., Ltd., Suzhou,
China) by ninhydrin dye method (Zhao et al. 2008). The
content of total nitrogen in the tea residue was determined
using the Kjeldahl method (Rai et al. 2010).

Analysis of polyphenols The content of polyphenols in the
tea infusion was determined by the spectrophotometric
method with FeSO,, 3.5x10°> M potassium sodium tartrate
and buffer (Liang et al. 2003). Tartrate solution: 1 FeSO, g
and 5 g KNaC4H4O4 were dissolved in distilled water and
made up to 1,000 ml. One ml tea extract (non-inoculated),
4 ml distilled water and 5 ml tartrate solution were added in
a volumetric flask. Absorbance (E1) at 540 nm of the
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Table 1 Contents of chemical
components in the tea residues Treatments Total nitrogen Free amino acids B Polyphenols
and infusions (mean+s.d.) In tea residue (%) Content in tea infusion (mg ml ")
A 33.2+0.30% 0.45+0.01° 4.3+0.07*
B 30.9+0.12° 0.56+0.01° 4.4£0.09*
B control 31.9+0.75°¢ 0.48+0.02° 4.3+0.05*
The means (n=3) with the same C 28.7+0.854 0.22+0.03¢ 0.50+0.09°¢
letter in the same column are not ¢ ¢ontrol 31.6+0.09 0.06=0.01¢ 0.32+0.07¢

significantly different (P>0.05)

reaction solution was determined in a 1 cm photometer
cuvette by Shimadzu UV-2550 spectrophotometer. Absor-
bance (E2) at 540 nm of a control reaction solution
(containing 5 ml distilled water, 5 ml dyeing solution and
15 ml buffer) was determined as earlier. The content of tea
polyphenols was calculated by the following equation: TP
(mg *1"")=(E; — E»)x3.9133x10°.

Analysis of free amino acids components Five ml tea
infusion was evaporated and the dried sample was dissolved
in 0.02 N HCI. Free amino acids components were determined
with an amino acid analyzer (Hitachi 835-50, Japan). The
relevant configurations were a single microbore stainless steel
column (2.6 mm inside diameter by 15 cm in length) with a
maximum of 5 programmable eluting buffers and one
regenerant. The column material was Hitachi Custom
Cation-Exchange #2619 F resin. Buffers and ninhydrin flow

rates 0.25 and 0.30 ml/min respectively. Briefly, amino acids,
separated by cation-exchange chromatography, were detected
spectrophotometrically after postcolumn reaction with ninhy-
drin reagent. The contents of free amino acids components in
samples were calculated according to the area normalization
method (Zhao et al. 2008).

Sensory evaluation Nine evaluators were randomly select-
ed to undertake the preference test, aiming at the mouth
feeling, taste and the overall acceptance of the green tea
infusions. The Hedonic 9-point scale was used (9=like
extremely, 5=neutral, 1=dislike extremely). The results
were statistically analyzed to show the acceptance of the
sample evaluation (Ibanoglu et al. 2006).

Statistical analysis Results are presented as mean value (at
least three replicates). One-way ANOVA was performed to

Table 2 Contents of free amino acids components in the tea infusions (mg 1!, mean+s.d.)

Free amino acids components A B Control B C Control C

Asp 69.3+3.42° 75.2+3.00° 91.2+42.58° 1.4+0.08° 1.6+0.83°
Ser 60.7+3.58° 59.6+4.75 73.0+3.58° 7.841.25¢ 9.5+1.75¢
Glu 14.5+0.75 21.2+1.83° 20.7+1.00° 0.17£0.08° 3.92+0.00¢
Gly 4.1+1.25° 3.9+0.92% 7.8+1.50° 2.6+0.33° 3.9+0.50¢
His 14.2+1.92° 18.5+1.67° 18.4+1.92° 1.6+0.00° 5.7+1.83¢
Arg 12.8+1.50° 13.941.08° 19.0+3.08° 0.17+0.00° 8.3+0.00¢
Thr 9.5+2.50° 8.6+1.08" 10.8+0.92° 1.0+0.17° 1.7+1.17°
Ala 7.542.58" 9.3+2.33% 11.7+1.50° 1.5+0.17° 1.4+0.42°
Pro 16.3+£1.25% 14.7+0.58° 17.242.33 0.42+0.17° 2.4+0.75°
Cys 0.94+0.10° 5.0+2.58° 7.9+1.67° 7.3+0.33° 57.6+2.25°
Tyr 10.2+0.92° 10.8+1.58° 12.3+2.33° 3.1+0.50° 17.9+1.08°
Val 8.8+0.58" 12.3+2.08" 15.5+2.17° 1.4+0.00° 11.1£1.67¢
Met 53+1.17° 8.6+1.33° 13.1£0.67° 3.3+1.08° 7.1+0.33°
Lys 15.3+1.83% 14.6+0.63" 28.7+1.00° 3.5+0.33° 35.6+2.50¢
Tle 7.5+0.75° 8.0+0.42% 11.4+1.58° 1.6+0.25° 17.7+£1.924
Leu 9.5+1.08° 9.2+0.72° 13.7+2.00° 4.1+0.58° 20.8+3.00¢
Phe 5.7+1.25° 14.1+1.17° 18.9+1.25° 2.5+0.58¢ 10.0£2.17°
Thea 89.2+2.92% 84.2+4.75° 88.3+1.17° 0.57+0.16° 0.71+0.11°
Total 361.1+25.17° 391.5+17.00° 479.4+19.23° 43.9+2.4° 216.8+17.17¢

The means (n=3) with the same letter in the same column are not significantly different (P>0.05)
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Table 3 Sensory scores of

green tea infusions (mean<s.d.) Green tea infusion Mouth feeling Taste Overall acceptance

A 6.2+1.22% 6.4+131% 7.3+£0.32°

B 6.7+1.14* 6.9+£1.37* 8.1:£0.44°

B control 6.0+1.41%° 6.3£1.22% 7.0+0.52°
The means (n=9) with the same C 4.7+0.59° 42130 5.2+0.41°¢
letter in the same column are not C control 3.240.52¢ 3.841.03¢ 4.1+0.53¢

significantly different (P>0.05)

analyze the variance and significance amongst the means
using SPSS (Version 13.0, SPSS Inc., Chicago, USA).

Results and discussion

Comparison of two hydrolysis approaches Both of the two
hydrolysis approaches help to increase the contents of free
amino acids in the tea infusions, compared to the controls
(Table 1). It is found that the increase of free amino acids
content in infusion B is much lower than that in infusion C,
compared to the corresponding controls. The total nitrogen
contents of the corresponding tea residues are reduced.
Protein is the main nitrogenous component of tea leaves,
which contributes about 21-28% of tea leaf weight. Most of
the tea protein is water-insoluble, and only a part of the tea
protein is hydrolyzed by the protease in this study. The total
nitrogen content of the residue C is lower than that of the
residue B. The results indicate the hydrolysis degree of the
tea residue protein by HTRE is larger than that of HTEM.
The contents of free amino acids components are
different in the hydrolysis products of different hydrolysis
approaches (Table 2). Compared to the controls, the two
hydrolysis approaches both help to increase the contents of
most free amino acids components. And there are many
free amino acids components, of which the increase is
larger than 10 mg 1" in the hydrolysis products, such as
asparagine (Asp), serine (Ser) and lysine (Lys) in the
infusion B, and cysteine (Cys), tyrosine (Tyr), valine (Val),
Lys, isoleucine (Ile) and leucine (Leu) in the infusion C.
Scharbert et al. (2004) reported that Asp, Ser, glutamic
(Glu), proline (Pro) and alanine (Ala) tasted sweet or
umami in the black tea infusion, while Tyr, Val, Ile, Leu

and phenylalanine (Phe) tasted bitter. Table 3 shows the
sensory evaluation in mouth feeling, taste and the overall
acceptance of green tea infusion with or without protease
treatment. The results reveal that the quality attributes of the
infusion B are all better than those of the control, while there
are only the mouth feeling and overall acceptance of the
infusion C better than those of the control. Theanine exists
only in the free (non-protein) form (Lekh et al. 1999). In this
study, it is also found that theanine could be easily extracted
and it can not be hydrolyzed from tea protein. The different
increases of free amino acids contents in the hydrolysis
products hydrolyzed by different approaches may be due to
the different concentrations of the polyphenols that can be
interacted with protease and inhibit the proteolytic activities,
which was also observed by Huang et al. (2002).

Polyphenols and protein were both found as the main
components of tea cream in semifermented tea infusion
(Chao and Chiang 1999) and green tea infusion (Liang et
al. 2002), and they could be interacted with each other.
Proteases are proteins, which can interact with polyphenols.
When the protease hydrolyzes the protein and releases free
amino acids, it also reduces the chance of the bonding
between polyphenols and protein.

Effect of polyphenols concentration on the hydrolysis of tea
protein The effect of polyphenols concentration on the
hydrolysis of tea protein is shown in Table 4. With the
increasing of polyphenols concentration, the increase of
free amino acids content in the hydrolysis products is
decreased, compared to the controls. It reflects that the
hydrolysis of tea protein is affected by the polyphenols
concentration. And when the polyphenols concentration
comes to 10 mg ml ', the hydrolysis of tea protein is

Table 4 Effect of polyphenols

on the hydrolysis of the protein Polyphenols (mg ml™" Free amino acids Polyphenols

in green tea residue (mg ml ',

mean+s.d.) Hydrolysis Control Hydrolysis Control
0 0.35+0.02° 0.06+0.02° 0.36+0.04" 0.18+0.00*
1 0.29+0.01° 0.070.02° 1.1£0.01° 0.70:£0.01°
3 0.22+0.01°¢ 0.08+0.01° 2.6+0.07¢ 1.8+£0.24°¢
5 0.17+0.01¢ 0.08+0.02° 4.0£0.12¢ 3.4£0.019

The means (n=3) with the same 10 0.06+0.00° 0.06+0.01* 8.3+0.04° 7.3+0.08°

letter in the same column are not 2 0.06=0.00° 0.06=0.01° 16.3=0.11° 15.0+0.12°

significantly different (P>0.05)
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absolutely restrained. Polyphenols and protein were both
found to be the main components of tea cream (Yin et al.
2009). Enzymes are also proteins, which can be interacted
with polyphenols. And the polyphenols can form ionic and
hydrogen bonds with amino-, hydroxyl- and carboxyl
groups of proteins (Fickel et al. 1999). It was observed
that the ester bond-containing catechins, such as EGCG and
ECG, possess greater ability to inhibit enzymes (Bertoldi et
al. 2001). It was also observed that there were many
hydrophobic amino acids present in enzyme, such as
proline, phenylalanine and tyrosine, and polyphenols would
strongly bind enzymes through hydrophobic association
(He et al. 2006). The occurrence of hydrogen bond and
hydrophobic association would change the enzyme molec-
ular configuration, resulting in an impact on the enzyme
activities. From this study, it is suggested that the tea
protein tend to be hydrolyzed by protease and free amino
acids are released when the concentration of polyphenols is
lower than 5 mg ml™'. However, the polyphenols would
tend to interact with tea protein and protease when the
concentration of polyphenols is higher than 5 mg ml™".

Conclusion

Free amino acids are important chemical components which
impact the taste of green tea infusion. The contents of the free
amino acids are increased after hydrolyzing the protein in green
tea residue. Experiments based on the hydrolysis with different
concentrations of polyphenols indicate that the tea extract
interfere the hydrolysis of tea protein, mainly due to the
polyphenols. With the increase of polyphenols concentration, it
becomes stronger to restrain the hydrolysis of tea protein, and
when the polyphenols concentration increases to 10 mg ml ",
the hydrolysis of tea protein is absolutely restrained. To
increase the free amino acids content by hydrolyzing the
protein in green tea residue, it is suggested to limit the
polyphenols concentration in the hydrolysis system, and the
concentration of polyphenols should be lower than 5 mg ml™".
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