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Green tea cateachins (GTC). namely (—) epicatechin (EC), (=) epicatechin gallate (ECG), (-)
epigallocatechin (EGC), and (—) epigallocatechin gallate (EGCG), have been studied extensively for
their wide-ranging biological activities. The goal of the present study was to examine the stability
of GTC as a mixture under various processing conditions. The stability study demonstrated that
GTC was stable in water at room temperature. When it was brewed at 98 °C for 7 h, longjing GTC
degraded by 20%. When longjing GTC and pure EGCG were autoclaved at 120 °C for 20 min, the
epimerization of EGCG to (—) gallocatechin gallate (GCG) was observed. The relatively high amount
of GCG found in some tea drinks was most likely the epimerization product of EGCG during
autoclaving. If other ingredients were absent, the GTC in aqueous solutions was pH-sensitive: the
lower the pH, the more stable the GTC during storage. When it was added into commercially
available soft drinks or sucrose solutions containing citric acid and ascorbic acid, longjing GTC
exhibited varying stability irrespective of low pH value. This suggested that other ingredients used
in production of tea drinks might interact with GTC and affect its stability. When canned and bottled
tea drinks are produced, stored, and transported, the degradation of GTC must be taken into
consideration.
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INTRODUCTION

Green tea catechin (GTC) derivatives, namely (-)
epicatechin (EC), (—) epigallocatechin (EGC), (—) epi-
catechin gallate (ECG), and (—) epigallocatechin gallate
(EGCG), have recently received much attention as
protective agents against cardiovascular disease and
cancer (1-5). GTC is also believed to have a wide range
of other pharmaceutical activities including being an-
tihypertensive (6), antioxidative (7—10), and hypolipi-
demic (11-13).

Canned and bottled tea drinks are getting popular
worldwide (14). Although total catechins in green tea,
oolong tea, and black tea have been reported, informa-
tion on the catechin composition of canned and bottled
tea drinks is limited (15 and 16). We have analyzed
fourteen brands of canned and bottled tea drinks and
eleven brands of green, black, and oolong teas which
are mostly consumed in Hong Kong. The green teas
analyzed had total catechins ranging from 8 to 15 g/100
g dry leaves, whereas canned tea drinks contained only
0.3—35 mg total catechins per 100 mL. It was found that
(—) gallocatechin gallate (GCG) only accounted for less
than 1.5% of total catechins in green tea. But GCG could
reach as much as 50% of total catechins in some tea
drinks. We speculate that the relatively high GCG level
in canned and bottled tea drinks is derived from thermal
conversion of EGCG. It is particularly important to
protect GTC from degradation before it is consumed.
There has been no study to date examining the long-
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term stability of GTC in canned tea drinks during their
manufacture, storage, and transport. The goal of the
present study was, therefore, to examine (i) conversion
of EGCG to GCG during the sterilization (autoclave)
step in production of canned and bottled tea drinks; (ii)
thermal stability of GTC as a mixture under various
processing conditions; and (iii) long-term stability of
GTC in drinks during their storage.

MATERIALS AND METHODS

HPLC Analysis of Tea GTC Extracts. The method
described by Agarwal et al. (17) and modified by us (10) was
used to extract total GTC from eleven brands of dry tea leaves
available in the Hong Kong market. The individual catechin
derivatives in tea extracts were quantified using a Shimadzu
LC-10AD HPLC (Tokyo, Japan) equipped with a ternary pump
delivery system as described previously (18). In brief, tea
extracts (10 uL, 0.5 mg/mL) were injected onto the column
(Hypersil ODS, 250 x 4.6 mm, 5 m, Alltech, Deerfield, IL) via
a rheodyne valve (20-L capacity, Shimadzu, Tokyo, Japan). An
eluting mixture of H,O containing 0.05% H,SO,, acetonitrile,
and ethyl acetate (86:12:2, vol/vol/vol) was used at a flow rate
of 1 mL/min. The individual catechin derivatives were moni-
tored using a UV detector at 280 nm (UVIS-205, Alltech,
Deerfield, IL), quantified and calibrated using (+) catechin as
an internal standard. ldentification of each catechin derivative
was confirmed by comparison of retention time and co-
chromatography with authentic standards of EC, EGC, ECG,
EGCG, and GCG, which were obtained from Kurita Industrial
Co., Ltd, Tokyo, Japan.

Catechin Composition of Canned or Bottled Tea
Drinks. Fourteen brands of canned or bottled tea drinks were
purchased from several local supermarkets in Hong Kong.
After the drinks were shaken vigorously, 10-ml aliquots of each
were mixed with 0.1 mL of (+)-catechin internal standard
solution (3 mg/mL). The mixture was then extracted twice with
an equal volume of ethyl acetate. The ethyl acetate phase was
saved and subjected to HPLC analysis.
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Table 1. Catechin Composition of Some Green, Oolong, and Black Teas (g/100 g dry tea leaves)?

Chen et al.

EGCP

EC

longjing
bi-luo-chun
yun-nan-lu-cha
xin-yang-mao-jian
lu-zhu-cha

wu-yi-wu-long
shui-xian
guan-yi

fu-zhou-hong-cha
li-zhi-hong-cha
liu-an-gu

0.59 + 0.02 (6.03%)¢
1.86 + 0.12 (17.40%)
0.16 + 0.02 (1.26%)
0.36 + 0.05 (2.49%)
0.35 + 0.10 (4.38%)

0.21 + 0.02 (4.54%)
0.16 + 0.01 (3.86%)
0.25 + 0.02 (5.08%)

trace
trace
0.01 = 0.00 (1.96%)

0.53 + 0.05 (5.42%)
0.32 + 0.04 (3.00%)
1.41 £ 0.11 (11.11%)
0.79 + 0.10 (5.47%)
0.56 + 0.14 (7.00%)

0.34 + 0.05 (7.34%)
0.37 + 0.3 (8.94%)
0.37 + 0.03 (7.52%)

trace
0.05 + 0.00(13.16%)
0.11 + 0.01 (21.56%)

EGCG ECG GCG total®
green tea
6.47 + 0.31 (66.15%) 2.05 + 0.12 (21.00%) 0.14 £ 0.03(1.43%) 9.78 +0.58
7.10 £ 0.56 (66.42%) 1.32 +0.12 (12.35%) 0.09 + 0.02 (0.84%) 10.69 + 0.67
4.70 + 0.32 (37.04%) 6.30 + 0.43 (49.65%) 0.12 &+ 0.04 (0.95%) 12.69 + 1.12
10.44 + 0.71 (72.30%) 2.67 + 0.20 (18.49%) 0.18 £ 0.04 (1.25%) 14.44 + 0.92
5.66 + 0.31 (70.75%) 1.34 +0.12(16.75)  0.09 + 0.02 (1.13%) 8.00 + 0.54
oolong tea
3.26 +0.20 (70.41%) 0.71 + 0.07 (15.33%) 0.11 4+ 0.02 (2.38%) 4.63 + 0.36
2.80 +0.23 (67.63%) 0.73 +0.06 (17.63%) 0.08 & 0.03 (1.93%) 4.14 +0.37
3.49 £ 0.32 (70.93%) 0.72 + 0.10(14.63%) 0.09 + 0.04 (1.83%) 4.92 + 0.32
black tea
0.13 £ 0.01 (54.17%) 0.11 + 0.01 (45.83%) trace 0.24 +0.01
0.16 + 0.02 (42.11%) 0.17 + 0.02 (44.74%) trace 0.38 +0.10
0.31 +0.03 (60.78%) 0.08 + 0.01 (15.69%) trace 0.51+0.11

a Data are expressed as mean + SD of n = 6. ® EGC, epigallocatechin; EC, epicatechin; EGCG, epigallocatechin gallate; ECG, epicatechin
gallate; GCG, gallocatechin gallate. ¢ Total = sum of EGC, EC, EGCG, ECG, and GCG. 9 Percentage of total catechins. Trace < 0.01

mg/100 g dry tea

leaves

Table 2. Composition of Green Tea Catechins in Canned or Bottled Tea Drinks (mg/100 mL)?

tea

EGCP

EC

EGCG

ECG

GCG

total®

Hakuyou oolong

0.25 + 0.02 (0.77%)¢

0.17 + 0.1 (0.53%)

12.97 + 0.92 (40.15%)

3.05 + 0.21 (9.44%)

15.86 + 0.23 (49.10%) 32.30 +1.28

Japanese jenmai 0.65 + 0.10 (2.32%) 0.62 +0.03 (2.11%) 10.95 + 0.81 (39.11%) 3.11 £+ 0.11 (11.11%) 12.67 + 1.34 (45.25%) 28.00 + 0.97
Japanese 0.78 £0.13 (2.18%) 0.42 +0.02 (1.18%) 13.03 £+ 1.16 (36.48%) 3.63 £+ 0.32 (10.16%) 17.86 + 0.73 (50.00%) 34.17 £+ 2.35
Vita-lemon 0.19 + 0.03 (0.88%) 4.75 4+ 0.12 (21.91%) 8.82 + 0.56 (40.68%) 5.35 =+ 0.33 (24.68%) 2.57 + 0.11 (11.85%) 17.7 +1.12
Snapple lemon-  trace 0.34 +£ 0.0 (19.32%) 0.82 + 0.10 (46.59%) 0.60 + 0.10 (34.09%) trace 1.76 +£0.12
flavored iced

Refresh lemon-  trace 0.18 £ 0.0 (60.00%) 0.12 + 0.1 (40.00%) trace trace 0.30 £ 0.10
flavored iced

Nestea sweet trace trace trace 0.64 + 0.10 (100) trace 0.64 +0.10
Nestea, peach trace 0.03 £ 0.00 (100%)  trace trace trace 0.03 + 0.00
flavoring

Nestea, natural trace 0.09 + 0.0 (100%) trace trace trace 0.09 + 0.00
lemon

Crystal spring trace 0.26 + 0.03 (12.26%) 1.14 +0.12 (53.77%) 0.72 £+ 0.10(33.96%) trace 2.12 +£0.20
honey dew

Crystal spring 0.03 £ 0.00 (1.45%) 0.06 +0.00 (2.91%) 58.3 +0.13 (58.25%) 0.77 £+ 0.14 (37.38%) trace 2.06 £0.21
apple

Crystal spring 0.07 £ 0.00 (2.78%) 0.24 +£0.04 (9.52%) 1.37 +£0.10 (54.37%) 0.84 £+ 0.11 (33.33%) trace 252 +0.23
peach

Bo bo trace 0.14 + 0.00(28.57%) 0.35+ 0.10 (71.43%) trace trace 0.49 +£0.10
Hi-C lemon trace 0.10 + 0.00 (38.46%) 0.16 + 0.05 (61.53%) trace trace 0.26 + 0.06

a Data are expressed as mean + SD of n = 6. P EGC, epigallocatechin; EC, epicatechin; EGCG, epigallocatechin gallate; ECG, epicatechin
gallate; GCG, gallocatechin gallate. ¢ Total = sum of EGC, EC, EGCG, ECG, and GCG. 9 Percentage of total catechins. Trace < 0.01

mg/100 mL drinks.

Thermal Stability of GTC Derivatives in Aqueous
Solution. Ten ml of longjing GTC water solution (5 mg/mL)
was heated in a water bath at 37 °C and 98 °C, or autoclaved
at 120 °C for 20 min. The sample (50 uL) was taken and mixed
with 50 uL of catechin solution (1 mg/mL) as an internal
standard. The change in individual catechin derivatives was
monitored using HPLC as described above.

Conversion of EGCG to GCG during Autoclave.
Longjing GTC or pure EGCG (50 mg) was dissolved in 100
mL of either citric acid—sodium citrate buffers (0.1 M) with
pH 3—4, or NaH,PO,—Na,HPO, (0.1 M) buffers with pH 5—6.
Each solution was then autoclaved for 20 min at 120 °C. The
changes in total GTC and EGCG, and formation of GCG, were
monitored using HPLC as described above.

Long-Term Stability of GTC in Soft Drinks. To examine
the long-term stability of GTC in canned or bottled tea drinks,
longjing GTC (0.5 mg/mL) was dissolved in distilled water
(control) or in solutions with varying pH. To examine the
effects of common ingredients used in making the soft drinks,
longjing GTC was also dissolved in sucrose solutions (0.15
g/mL) with addition of citric acid (2 mg/mL) or ascorbic acid
(11 mg/mL). After being autoclaved at 120 °C for 20 min, all
samples were sealed in sterilized plastic tubes and placed in
the dark at room temperature for 6 months. The remaining
GTC was measured every month during the storage. In some
cases, longjing GTC (0.5 mg/mL) was dissolved in commercially
available soft drinks (Coca-Cola, 7-Up, Pepsi, and Cream Soda)
and then sterilized using the membrane filter (0.20 um,

Millipore, Bedford, MA). The soft drinks containing longjing
GTC were similarly sealed and stored in the dark for six
months.

RESULTS

The content of epicatechin derivatives in different
brands of tea is shown in Table 1. Although the total
GTC varied with tea type, the composition is relatively
consistent in green tea. Among four brands of green tea,
namely longjing, bi-luo-chun, xin-yang-mao-jian, and lu-
zhu-cha, EGCG was most abundant (>66% of total
GTC), followed by ECG (>11%), EC, and EGC. In yun-
nan-lu-cha, ECG was most abundant (49.65% of total
GTC) instead, followed by EGCG, EC, and EGC. The
HPLC analysis showed that the yield of total GTC in
green tea was 8.0—14.4 g/100 g dry tea leaves. In
contrast, the tested black tea contained very little GTC
(0.24—0.51 g GTC/100 g dry tea leaves) and oolong tea
had a moderate amount of GTC (4.14—4.92 g/100 g dry
tea leaves).

Many canned or bottled tea drinks are available in
the local markets. Fourteen types of tea drinks produced
locally or imported from different countries have been
analyzed for their content of GTC. As shown in Table
2, the content of GTC in these tea drinks differed
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Figure 1. Stability of green tea catechins (GTC) in distilled
water heated at 37 °C and 98 °C. Data are expressed as
means + SD of n = 6 samples.
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Figure 2. Stability of green tea catechins (GTC) in buffer
solutions with varying pH during autoclaving at 120 °C for
20 min. Data are expressed as means + SD of n = 8 samples.
Means with different letters (a—d) differ significantly at
p < 0.01.

significantly. Three brands of canned or bottled tea
drinks from Japan, namely Hakuyou oolong tea, Japa-
nese genmai tea, and Japanese tea, contained relatively
greater amounts of GTC (>28 mg/100 mL) as compared
with other tea drinks. The percentage composition of
individual catechins in these three drinks was different
from that in green tea. Green tea contained mostly
EGCG. In contrast, the three Japanese tea drinks
contained mostly GCG (>45%), followed by EGCG (36—
40%), EGC (0.7—2.3%), and EC (0.5—2.2%).

Thermal stability of longjing GTC was examined in
the present study. The time course of remaining GTC
is shown in Figure 1. About 20% of GTC was lost when
GTC was heated in water for 7 h at 98 °C. In contrast,
GTC in water remained unchanged for the same period
at 37 °C (Figure 1).

Effect of the autoclave process used for sterilization
in manufacture of tea drinks on the stability of longjing
GTC or pure EGCG was also studied in the present
work . After being autoclaved for 20 min at 120 °C, only
76% of GTC remained in water (Figure 2). The stability
of GTC in solutions during autoclaving was pH-depend-
ent. As shown in Figure 2, GTC was relatively stable
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at pH 3 and 4, but it degraded readily at pH 5 and 6
during autoclaving. As shown in Figure 2, 80% of
longjing GTC in a solution of pH 6 was lost during
autoclaving for 20 min.

When longjing green tea was heated at 80 or 95 °C
in water, HPLC analysis demonstrated that a HPLC
peak following that of EGCG was gradually becoming
bigger with heating (Figure 3). This peak was later
identified as GCG. A 50-mg portion of GCG was col-
lected and purified from the heating solution of longjing
GTC using a semipreparative C-18 column (Spherisorb
ODS-1, 250 x 4.6 mm, 10 uM, Isco, Inc., Lincoln, NE).
The structure of GCG was confirmed using *H NMR and
13C NMR as previously demonstrated by Seto et al. (19).
The 'H NMR spectrum of GCG was similar to that of
EGCG, except for differences in the chemical shifts and
coupling constants at 2-, 3-, and 4-H. The ¥C NMR
chemical shifts of GCG were close to those of EGCG,
but the slight differences were observed in the shifts at
C-2, C-3, and C-4. As a result, GCG (2S:3R) is an
epimerization product of EGCG.

Effect of temperature on formation of GCG was
examined in the present study. The results showed that
the higher the temperature, the greater the epimeriza-
tion of EGCG to GCG (Figure 4). The formation of GCG
from EGCG was pH-sensitive. As shown in Figure 5,
the formation of GCG was most efficient at pH 5 when
EGCG was autoclaved at 120 °C for 20 min.

A six-month evaluation of long-term stability of GTC
in canned or bottled tea drinks was conducted. As shown
in Figure 6, 23% of GTC was degraded at 6 months after
sterilization if it was dissolved in distilled water. For
the same period, 55% of GTC was degraded if it was
dissolved in the pH 4 buffer, whereas more than 90%
of GTC was lost when pH was increased to 5. It was
confirmed that stability of GTC was pH-sensitive.
Sucrose, citric acid, and ascorbic acid are commonly used
ingredients in canned and bottled tea drinks. When
longjing GTC was dissolved in sucrose solution (0.15
g/ml, pH 4.0), it degraded similarly to GTC which was
dissolved in distilled water (Figure 7). When longjing
GTC was dissolved in a solution containing 0.15 g/mL
sucrose and 2 mg/mL citric acid (pH 3.02), it degraded
faster than GTC which was dissolved in distilled water
or the less-acidic 0.15 g/ml sucrose solution (Figure 7).
Ascorbic acid was protective to GTC for the first month
after sterilization. Afterward, it accelerated degradation
of longjing GTC (Figure 7). When added to three popular
soft drinks, longjing GTC was degraded up to 45% in
7up (pH 3.23) for 6 months, whereas it was completely
degraded in Pepsi (pH 2.60) and Coca-Cola (pH 2.61)
only for four months (Figure 8).

DISCUSSION

Tea is one of the most widely consumed beverages in
the world. Recently, canned and bottled tea drinks are
getting popular in China. It is generally believed that
catechin derivatives are active components responsible
for beneficial effects associated with drinking tea. The
present study measured the amount of GTC in fourteen
selected canned and bottled tea drinks. Surprisingly, it
was found that GTC content was very low when
compared with that of tea traditionally prepared in a
porcelain cup or teapot. In China, drinking tea is an
everyday pleasure, and it is simply prepared by pouring
hot water (400 mL, 90—100 °C) onto 4—5 g of dry tea
leaves in a tea cup. After the tea leaves are soaked and
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Figure 3. HPLC profile of longjing green tea catechins (GTC).
A, before heating at 98 °C; B, 7 h after heating at 98 °C in
distilled water. Peak identification: EGC, epigallocatechin; C,
catechin (internal standard); EC, epicatechin; EGCG, epigal-
locatechin gallate; ECG, epicatechin gallate; and GCG, gallo-
catechin gallate.

have precipitated into the bottom of the tea cup, the
infusion is ready for service. The present analysis
showed that dry green tea contains approximately 10%

Chen et al.
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Figure 4. Formation of (—) gallocatechin gallate (GCG) when
longjing green tea leaves were heated in distilled water at 80
and 95 °C. Data are expressed as mean + SD of n =5 samples.
Means at the same time point with different superscript letters
(a, b) differ significantly at p < 0.01.

20
S
Qo b
S T
St
[=]
S 104
=
1
£
i
(-}
=
0

H,O0 pH3 pH4 pH5 pHo6

Figure 5. Effect of pH on the formation of (—) gallocatechin
gallate (GCG) when epigallocatechin gallate (EGCG) was
autoclaved at 120 °C for 20 min. Data are expressed as
means + SD of n = 8 samples. Means with different letters
(a—e) differ significantly at p < 0.01.

GTC. Thus, one will ingest 400—500 mg GTC if one cup
of tea drink is brewed traditionally. In contrast, one will
ingest only 3—60 mg GTC when one canned or bottled
tea drink (250 mL) is consumed. The reasons that
canned and bottled tea drinks available in the com-
mercial market have such low content of GTC are
unclear. Perhaps, the starting tea materials are respon-
sible, because a high amount of GTC is expected if green
or oolong tea is used in making the canned or bottled
tea drinks. In addition, the possibilities of thermal
degradation of GTC during processing and loss of GTC
during storage cannot be eliminated.

The thermal stability of GTC in brewed tea drinks
has not been thoroughly examined. When pure longjing
GTC was heated at 98 °C for 15 min, a 10—15% loss of
GTC was observed for the first half hour (Figure 1).
Heating for an additional 6 h led to only an additional
5% loss of GTC. Perhaps the initial oxygen concentra-
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Figure 6. Long-term stability of longjing green tea catechins
(GTC) in distilled water (control) and buffer solutions with
varying pH after autoclaving at 120 °C for 20 min. Data were
expressed as mean + SD of n = 6 samples. Means at the same
time point with different superscript letters (a—d) differed
significantly at p < 0.01.
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Figure 7. Long-term stability of longjing green tea catechins
(GTC) in (1) distilled water (control), (2) sucrose solution (0.15
g/ml, pH 4.0), (3) sucrose solution containing citric acid (2 mg/
mL, pH 3.02), and (4) sucrose solution containing ascorbic acid
(11 mg/mL, pH 2.55). All solutions were autoclaved at 120 °C
for 20 min. Data were expressed as means + SD of n = 6
samples. Means at the same time point with different super-
script letter (a—c) differed significantly at p < 0.01.

tion was higher in the tea solution so that oxidation of
GTC was extensive. Additional heating for several hours
and water vapor generated upon heating would decrease
the oxygen concentration in the solution and reduce the
contact or reaction between oxygen and GTC.

Temperature is one of the important parameters in
determination of GTC stability. In contrast to that of
heating at 98 °C, no loss of GTC could be observed when
longjing GTC solution was maintained at 37 °C for 7 h.
This implies that traditional preparation of tea drinks
using freshly boiled water does not degrade very much
GTC,; probably less than the 15% identified on the basis
of the present observation (Figure 1). The present
results suggest that GTC is stable in aqueous solution
at room temperature.

One of the important steps in manufacturing canned
and bottled tea drinks is sterilization for longer shelf
life. The stability of longjing GTC during autoclaving
was therefore examined. It was clear that degradation
up to 23% occurred when longjing GTC was simply
dissolved in water and then autoclaved at 120 °C for
20 min (Figure 2). However, the degradation was pH-
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Figure 8. Long-term stability of longjing green tea catechins
(GTC) added in distilled water (control) and soft drinks. The
soft drinks containing longjing GTC were sterilized using
Millipore 0.20-um filter. Data were expressed as mean + SD
of n = 6 samples. Means at the same time point with different
superscript letters (a—d) differed significantly at p < 0.01.

dependent. The higher the pH value of the medium, the
greater the percentage of longjing GTC that degraded.
When longjing GTC was dissolved in pH 6 buffer,
degradation of the longjing GTC was extensive: up to
more than 80% (Figure 2). The observed pH-dependent
stability was in agreement with the reports by Chen et
al. (20), Zhu et al. (18), Suematsu et al. (21), and
Komatsu et al. (14).

The long-term stability of GTC in canned and bottled
drinks is currently unknown. To assess the quality and
shelf life of canned and bottled drinks, it is particularly
important to examine the long-term stability of GTC.
The present study clearly demonstrated that the stabil-
ity of GTC was pH-dependent in the absence of other
ingredients. The higher the pH, the more unstable the
GTC (Figure 6). For the drinks with pH below 4.5, half
of the GTC would remain for at least 3 months. The
effects of some common drink ingredients, including
sucrose, citric acid, and ascorbic acid, on the stability
of GTC were not consistent. Sucrose appeared to have
no effect, but citric acid accelerated the degradation of
GTC (Figure 7). Ascorbic acid was unique: it protected
at the first month and then promoted the degradation
of longjing GTC. The present observation supported the
view that ascorbic acted as both antioxidant and prooxi-
dant (22 and 23). The short-term protective effect of
ascorbic acid was in agreement with the previous report
by Chen et al. (20). When added to Coca-Cola (pH 2.6)
and Pepsi (pH 2.6), longjing GTC exhibited poorer
stability than it did in 7up (pH 3.23). This suggests that
other ingredients in tea drinks may interact with GTC
and affect its stability. To maximize the shelf life of GTC
in canned and bottled tea drinks, the formulation of
ingredients has to be carefully optimized. We are
currently studying the effect of individual ingredients
in tea drinks on the stability of GTC.

It should be noted that the relative percentage of GCG
accounted for only 0.84—1.43% of the total GTC in green
tea, whereas in some canned or bottled tea drinks
(namely Hakuyou oolong tea, Japanese jenmai tea, and
Japanese tea), it increased to more than 45% of the total
GTC (Table 2). This led us to speculate that thermal
sterilization would convert EGCG to GCG. To demon-
strate this, we were able to show the formation of GCG
when longjing GTC as a mixture, or pure EGCG, was
autoclaved at 120 °C for 20 min (Figures 3 and 4). The
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result was in agreement with that of Seto et al. (19),
who studied the epimerization reactions of EGCG, EGC,
ECG, and EC. It was found that EGCG, ECG, EGC, and
EC were susceptible to epimerization and converted to
their corresponding epimers, namely GCG, (—)-catechin
gallate (CG), (—)-gallocatechin (GC), and (—)-catechin
at 120 °C for 30 min. It was therefore concluded that
GCG present in canned and bottled tea drinks was
produced during the sterilization step in their manu-
facture. However, there were no or little amounts of CG,
GC, and (—)-catechin detected in these canned or bottled
tea drinks because their corresponding epimers GCG,
EGC, and EC in tea leaves were relatively minor as
compared with EGCG.

In conclusion, the content of GTC varies among green
tea, black tea, and oolong tea. Green tea, which is a
nonfermented product, has the greatest amount of GTC,
whereas black tea has the lowest content of catechins
because it was extensively oxidized during fermentation.
Oolong tea has moderate amount of GTC because it was
a partially fermented product (15). The stability study
demonstrated that GTC was stable in water at room
temperature. HPLC analysis revealed that about 10—
15% GTC would be lost if tea was prepared and brewed
in boiling water. The present results showed that GCG
in tea drinks was most likely an epimerization product
of EGCG during autoclaving. The long-term stability of
GTC during storage was governed by several factors
including pH and the other ingredients used in produc-
tion of the tea drinks. Although GTC might have many
beneficial effects, the prevention of its degradation must
be taken into consideration when tea drinks are pro-
duced, stored, and transported.
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