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Abstract

The international market of green tea is growing bigger. Twenty-five powdered green teas were
collected in the market of United State, and the chemical components were compared. The
prices of them was varied very wide from $160 to $4.3 per 100 g. The powdered green teas of
high prices were labeled as Matcha for tea ceremony, and showed higher contents of
chlorophylls and free amino acids (theanine and arginine) than the teas of low prices. The teas
of high prices showed lower contents of epigallocatechin and converting percentage of
chlorophyll to pheophytin than those of the lower prices. Matcha is originally produced and
evaluated as one of the most precious tea in Japan. In spite of the large difference of the
chemical compositions from powdered green teas of the highest prices (ceremonial grade
Matcha), even the teas of the lowest prices were labeled as Matcha in the market of US. It is

needed to decide the international definition of Matcha for solving the confusion.

Dicipline: Tea industry
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Introduction

Several types of green tea are produced in Japan; the most popular type is Sencha, and Gyokuro
is the high grade tea that is produced from shaded tea leaves. Both Sencha and Gyokuro are
leaf-type teas, whereas powdered green teas have become popular, because it is no use to
prepare ‘kyusu’ (special pot to infuse tea from leaf-type green tea) and the whole nutrients can
be taken when using powdered teas. The powdered green teas are also used as an ingredients for
cooking and materials for food industry. Among powdered teas, Matcha is the special tea used
in the tea ceremony and the leaves of Matcha are harvested after long durations of shade
treatment of the tree.

Meanwhile, the market of green tea in the world is growing bigger; the world trade of green teas
are increased from less than 100,000 t in 1990 to more than 350,000 t in 2013. The export from
Japan has also been increased rapidly, from 300 t to 3,000 t in the same period. The largest
export country of tea from Japan is the United States. While we do not have any reliable
statistical data on the types of teas exported from Japan, it would be estimated that unignorable
amount of powdered teas are imported to US from Japan. Other tea producing countries aiso

export green teas to US, and it is expected that some of them are powdered tea. It is interesting



to collect powdered teas in US and compare the quality of them.

It is known that high grade Japanese green tea including in Matcha is rich in amino acids,
especially theanine and arginin (Goto et al., 1996). Matcha is cultivated under the sun-shade.
The shading is known to changes the constitution of catechins (Matsunaka et al., 2016) and
increase the contents of chlorophylls (Kohata et al. 1999). We analyzed amino acids, catechins
and chlorophylls and relative components using high-performance liquid chromatography

(HPLC).

Materials and Methods

We collected the powdered teas sold in US by mail-order. /5|5, 5O 712Dl CEF & 2
FEHES 2 C< /2 Xy, The components of these samples were analyzed in less
than four months after obtaining them. We used a HPLC system (Shimadzu, LC10ADvp) for the
analysis of this report. First, we analyzed chlorophyll a (Chl a), chlorophyll 5 (Chl b),
pheophytin @ (Phy a) and pheophytin b (phy b), according to Kohata et al. (1998) using the
HPLC, because the pigments are easily deteriorated (Haraguchi, 2002). The converting
percentage of chlorophyll to phephytin was calculated according to Kohata et al. (1999) using
the analytical results of Chl a, Chl 4, Phy a and Phy b. Next four major catechins,
epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), and
epicatechin (EC) were measured according to Maeda-Yamamoto et al. (2004). Theanne and
other free amino acids were analyzed according to our literature (Horie, 2012) using the HPLC

system, but the fluorescence-derivatization step was performed manually.

Results
i. Samples

The powdered tea samples collected was shown in table 1. The samples were shown in order of



the prices per 100 g. In table 1, the country of the production of tea leaves, the price and the size
of the package were also shown. The total of the sample was 25 and of them 16 samples were
imported from Japan, 4 samples were from China, 1 sample was from Korea, 2 samples left
showed no discrimination of the country of the production. In table 1, the prices of the samples
collected were distributed very widely, from $160 to $4.3. In Japan Matcha is a precious tea
using at tea ceremony and low grade teas are sold just as powdered green tea, however even the
teas of the lowest prices (W, X, Y et al.) were sold as Matcha in US. The teas of the highest
prices (over $30 per 100 g) were produced in Japan and the most of them were labeled as
Matcha of the ceremonial grade. Some teas of the medium grade were labeled as Matcha of the
culinary grade. In Japan organic tea are not very popular, however 16 in 25 samples were
labelled as “organic”, even the teas from Japan 11 of the 16 samples were labeled as organic.
The sample (V) were labeled as Matcha drink, and the chemical components of this sample
shown in Fig. 1, 3 and 4 were lower than those of the samples around the same price. It was
estimated that some ingredients were mixed with the powdered tea in the sample (V) to prepare
easily for drinking. The sample (V) was treated as an exception in this report.

2. Comparison of the Components

(1) Chlorophylls and related compounds

There is no official indicator defined to grade the powdered green tea in Japan, but the green
color of the tea powder is important for high grade Matcha. Kohata et al. (1999) showed Matcha
contained higher amounts of chlorophyll a and b than Sencha, and the higher grade Matcha
showed less converting percentage of chlorophyll into pheophytin than lower grade Matcha.
The contents of chlorophylls and pheopytins in the samples collected were analyzed. The
contents of Chl @ and Chl b were shown in Fig. 1. There was a tendency the samples of higher
prices contained high amounts of Chl @ and Chl b; the samples costed more than $50 per 100 g

contained more than 370 mg/100 g of Chl a and 160 mg/100 g of Chl 4 and the samples costed



less than $20 contained less than 120 mg/100 g of each chlorophyll. The converting percentage
of chlorophyll to pheophytin were shown in Fig. 2. The converting percentage of the samples
more than $50 per 100 g were less than 30%, while those less than $20 were more than 50%. In
this figure, the countries of producing the tea leaves were also distinguished. The samples
produced in Japan showed less converting percrntages than the samples of the same prices
produced in other countries.

(2) Catechins and free amino acids

Catechins are the substances related to the bitterness and astringency of tea. The contents of two
major catechins in tea (EGCG and EGC) and two major amino acids in high grade Matcha
(theanine and arginine) were compared in Figs. 3 and 4.

The contents of EGC increase according to the aging of the new shoot, and the shade treatments
depress the increase of EGC. It is expected that EGC content would be low in high grade
Matcha, which is produced from the new shoot with long shade treatment. The contents of EGC
varied between 1.0 and 4.6 g/100 g in our samples, whereas the samples costed more than $50
per 100 g contained less than 2.3 g/100g, except for the one (sample C). The contents of EGCG
varied between 5.3 and 9.3 g/100 g, whereas the samples costed more than $50 varied between
5.9 and 7.1 g/100g.

The contents of two major free amino acids, theanine and arginine were shown in Fig. 4. The
teas with higher prices showed higher contents of both amino acids, the contents of theanine and
arginine of the samples of more than $50 (with the exception of sample C) showed more than
1,500 mg/100 g and 330 mg/100 g, whereas those of the teas less than $25 showed less than 700

mg/100 g and 100 mg/ 100 g, respectively .

Discussion

[n Japan the color of Matcha is a very important quality factor and higher quality Matcha



showed lower a* values, that means stronger green color (Kohata et al., 2001a). Matcha showed
higher chlorophyll content than other kinds of green tea in Japan (Kohata et al. 1999). As the
results of analyzing powdered green teas (most of them are labeled as Matcha) collected in US,
teas of higher prices showed higher contents of chlorophylls as in Japan (Fig. 1).

The converting percentage of chlorophyll to pheophytin is known as an indicator of the tea
manufacturing process (Kohata et al. 1999). In Fig. 2, the countries of producing the tea leaves
were also distinguished. The samples produced in Japan showed less converting percentage than
the samples of the same prices produced in other countries. The samples of higher prices were
produced in Japan and it is estimated that the raw leaves were steamed to inactivate the enzyme
and dried using a special drier Tencha-ro to produce high grade Matcha. Kohata et al. (2001b)
showed that the tea manufacturing using Tencha-ro lowéred the converting percentage than
authentic machines to produce Sencha. Other less expensive samples produced in Japan were
also estimated to inactivate the enzymes using steaming, otherwise most of the teas produced in
other countries were estimated to be pan-firing to inactivate the enzymes. Miyazaki et al. (2009)
declared steamed tea showed lower a* (stronger green color) than pan-fired tea after the
manufacturing of the same lot of raw tea leaves. It is supposed that steaming is superior to
maintain chlorophylls than pan-fireing while they did not measure the chlorophyll and
pheophytin.

The contents of EGC and EGCG varied between 1.0 and 4.6 g/100 g and 5.3 and 9.3 g/100 g,
respectively in all samples, however the contents of those in the samples costed more than $50
varied between 1.0 and 2.3 g/100 g and 5.9 and 7.1 g/100g, respectively (Fig. 3) with one
exception (sample C). The contents of catechins distribute closely among the samples of high
prices. Since the samples of high prices were produced as Matcha for tea ceremony, the
cuitivars and cultivation were similar among these teas, which reflected the similarity of the

contents of catechins. On the other hand, the catechins contents of the teas costed less than $30



per 100 g varied widely. Because these teas were produced in multiple countries, the cultivars,
cultivation and/or processing were estimated to be different.

Both theanine and arginine were richer in the teas of high prices (Fig. 4). Since amino acids are
related to the umami taste of green teas and reported to be rich in high grade Matcha (Goto et al.,
1996) , it was confirmed that they were rich in the powdered teas of higher prices sold in US.
The exceptions were sample C, labeled as Matcha for tea ceremony. In sample C, the contents
of chlorophylls and amino acids were poorer and that of EGC were richer compared to the teas
of the same price zone, which means lower quality as Matcha. This tea was made in Japan, but
produced in a new growing area for Matcha. Moreover, it is labeled as organic tea. We have
other examples of organic Matcha of ceremonial grade with poor quality sold in Japanese
market (unpublished data). Organic production of tea is rare in Japan, so it means that the
technical problems remain to produce stably organic Matcha even in Japan.

In Japan most people image that Matcha is not a mere powdered green tea, but the special tea
for tea ceremony and the price of Matcha is very high compared to other kinds of green teas.
However it was found that the powdered tea with the price of less than $5 per 100 g was sold as
Matcha in US and the chemical components of such tea were much different from those of the
Matcha for tea ceremony imported from Japan. It is required to define what is Matcha and
spread the definition to the world in order to share the image that Matcha is a special tea, not
mere a powdered tea. We are now gathering and analyzing Matcha and powdered green tea

samples from Japan and other countries for the purpose.
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Tbale 1 Powdered Tea Samples collected in US

Label Country*  Organic Price (US$) Package (g) $/100 g
A Matcha, ceremonial  Japan $48.00 30 160.0
B Matcha, ceremonial Japan Oxx $37.00 25 148.0
C  Matcha, ceremonial Japan O $28.00 28 100.0
D  Matcha Japan $78.14 100 78.1
E  Matcha, ceremonial Japan O $16.50 25 66.0
F Matcha, ceremonial Japan $18.08 28 64.6
G  Matcha, ceremonial Japan @) $19.95 40 49.9
H  Matcha, culinary Japan O $35.77 100 35.8
[ Matcha, ceremonial  Japan @) $10.28 30 34.3
J  Matcha Japan $8.00 28 28.6
K  Matcha Japan O $26.99 99 213
L Greentea powder  China @) $25.00 100 25.0
M  Matcha unknown @) $24.95 100 25.0
N  Greentea powder  Japan @) $11.50 50 23.0
O Matcha China O $19.21 84 22.9
P Matcha China @) $8.99 50 18.0
Q  Matcha, culinary unknown @) $24.95 141 17.7
R Matcha, culinary Japan O $3.00 25 12.0
S  Matcha Japan $51.38 498 10.3
T  Matcha Korea O $18.99 200 9.5
U  Matcha China O $24.71 283 8.7
V  Matcha, drink Japan @) $26.24 311 8.4
W  Matcha Taiwan $18.99 272 7.0
X  Matcha Japan ) $26.49 500 9.3
Y  Matcha Taiwan $10.75 250 4.3

. country of the production of the tea leaves

%k: [abeled as organic products
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