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Abstract

Epidemiological studies have provided evidence to show that the consumption of coffee
and green tea has beneficial effects against cancer. Chlorogenic acid (CGA) in coffee and
epigallocatechin-3-O-gallate (EGCG) in tea are involved in these effects. Research also
suggests that the anticancer effects of coffee and tea may vary depending on the type of
cancer, although the reasons for this remain unclear. As bioactive food factors, CGA and
EGCG can contribute to epigenetic modification to exert their anticancer activity. One of
the anticancer mechanisms is the one associated with reactive oxygen species (ROS). CGA
and EGCG possess activities that initiate anticancer pathways by down-regulating ROS
and NF-«B, and up-regulating AMPK. CGA and EGCG can regulate non-coding RNAs,
including cancer-associated microRNAs. This review provides updated information on
how CGA and EGCG exhibit anticancer activity via ROS-dependent anticancer pathways
by regulating microRNA expression.

Keywords: coffee chlorogenic acid; tea catechin EGCG; epidemiology; cancer; microRNA; ROS

1. Introduction

Coffee and tea, made from Camellia sinensis (tea plant), are the most consumed bev-
erages worldwide [1]. Intake of these beverages is believed to have beneficial effects in
various diseases, including cancer. Chlorogenic acid (CGA) in coffee and epigallocatechin-
3-O-gallate (EGCQG) in tea (Figure 1) have been shown to contribute to these effects, and we
have discussed these aspects [2—-4].

This paper provides updated information, including observational epidemiology of
coffee and tea consumption, regulation of microRNA (miR) by CGA and EGCG, and roles
of miR in reactive oxygen species (ROS)-mediated anticancer pathways.
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Figure 1. Chemical Structures of CGA and EGCG.

2. Observational Epidemiology of Coffee and Tea Consumption

This section is divided by subheadings. It will provide a concise and precise descrip-
tion of the experimental results, their interpretation, and the experimental conclusions that
can be drawn.

2.1. Human Studies on Consumption of Coffee and Tea

Several epidemiological studies have shown the anticancer effects of coffee. A meta-
analysis reported in 2020 for observational epidemiological studies on coffee consumption
for 26 different cancers involving 364,749 cancer cases provided evidence to show that coffee
consumption is inversely associated with cancer risk of endometrium, liver, oral cavity,
pharyngeal, and skin cancers [3,5]. In addition, this meta-analysis suggested a reduced risk
for mouth, pharynx, larynx, and skin cancers. It may also be inversely associated with the
risk of breast, colon, colorectal, esophageal, and nonmelanoma skin cancers.

However, the same analysis showed that higher coffee intake was associated with an
increased risk of bladder cancer, childhood acute lymphocytic leukemia, and possibly lung
cancer. The additional results of epidemiological studies on coffee consumption reported
before 2020 are available in a previous review [3].

There have been many observational epidemiological studies on tea consumption as
well. For example, a survey in 2013 for prospective cohort and case—controlled studies
revealed that green tea consumption showed risk-reducing effects across a total of 39 cancer
sites, including breast, colon, esophagus, kidney /bladder, lung, ovary, pancreas, prostate,
and stomach cancers, whereas 46 cases showed no risk reduction [6]. In the case of black
tea, 28 and 92 cases showed risk reduction and no risk reduction, respectively, for these
cancers [6]. These findings suggest that green and black teas have preventive effects in
some types of cancer.

Additional information is available based on literature published before 2020 in our
previous review, which also contains comparisons between coffee and tea [3].

Here, updated information is presented in Table 1. This adds evidence to show the
favorable effects of green tea consumption on some types of cancer, such as breast, colon,
lung, and blood cancers, and coffee consumption on liver, endometrial, and skin cancers.
Coffee consumption may be related to the higher risk of bladder cancer. In contrast, tea
consumption is related to an increased risk of skin cancer, while daily coffee consumption
is a protective factor [7]. Tea consumption was reported to be associated insignificantly
with an increased risk for thyroid cancer [8]. Thus, green tea and coffee are likely to have
some differences in site-specific anticancer effects.
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Table 1. Anticancer effects in an observational epidemiology study of coffee and tea *.

Cancer Type

Coffee/CGA
Upregulation

Coffee/CGA
Downregulation

Coffee/CGA
No Association

Tea/EGCG
Upregulation

Tea/EGCG
Downregulation

Tea/EGCG
No Association

Bladder cancer

Zhao et al. [5]
Yu et al. [9]
Zhang et al. [10]

Hashemian et al. [11]

Hashemian et al. [11]
Zhao et al. [12]
Al-Zalabani et al. [13]
Zhang et al. [14]

Blood cancer/
lymphocytic
leukemia/childhood acute
lymphoblastic
leukemia/acute myeloid **

Zhao et al. [5]

Milne et al. [15]
Karalexi et al. [16]
Msallem et al. [17]
Flores-Garcia et al. [18]
Torres-Duarte et al. [19]

Pranata et al. [20]
Malmir et al. [21]

Mirtavoos-Mahyari
etal. [22]

Malmir et al. [21]
Cote et al. [23]
Pranata et al. [20]
Zhao et al. [12]

Karalexi et al. [16]
Mirtavoos-Mahyari
etal. [22]

Milne et al. [15]

Brain cancer/glioma

Onyije et al. [24]
Hu et al. [25]

Song et al. [26]
Pranata et al. [20]

Song et al. [26]
Pranata et al. [20]
Zhao et al. [12]
Cote et al. [23]
Creed et al. [27]

Wang et al. [28]

Breast cancer

Wang et al. [29]
Kim et al. [30]
Do et al. [31]

Schmit et al. [32]
Lin et al. [33]

Wang et al. [29]
Gianfredi et al. [34]
Zhang et al. [35]

van Die et al. [36]
Lamchabbek et al. [37]
Lin et al. [33]

Romelli et al. [38]

Shin et al. [39]

Colorectal cancer

Nordestgaard [40]

Kuo et al. [41]

Wang et al. [42]
Mackintosh et al. [43]
Kim et al. [30]
Kumar et al. [44]
Oyelere et al. [45]
Kunutsor et al. [46]
Opyelere et al. [47]
Zhang et al. [10]
Romelli et al. [38]

Schmit et al. [32]
Rosato et al. [48]
Bradbury et al. [49]
Liu et al. [50]

Wada et al. [51]
Quang et al. [52]
Romelli et al. [38]

Bradbury et al. [49]
Nie et al. [53]
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Table 1. Cont.

Cancer Type

Coffee/CGA
Upregulation

Coffee/CGA
Downregulation

Coffee/CGA
No Association

Tea/EGCG
Upregulation

Tea/EGCG
Downregulation

Tea/EGCG
No Association

Endometrial cancer

Zhao et al. [5]

Zhao et al. [5]
Nordestgaard [40]
Gao et al. [54]

Ye et al. [55]
Crous-Bou et al. [56]
Kunutsor et al. [46]

Ong et al. [57]

Zhang et al. [58]

Esophageal cancer

Masukume et al. [59]
Carter et al. [60]
Inoue-Choi et al. [61]

Zhao et al. [12]

Kaimila et al. [62]
Eser et al. [63]

Zhao et al. [12]
Qin et al. [64]

Nie et al. [53]

Gastric cancer

Martimianaki et al. [65]
Liu et al. [66]

Kim et al. [30]
Kim et al. [67]

Poorolajal et al. [68]
Liu et al. [50]
Pelucchi et al. [69]

Sasazuki et al. [70]
Huang et al. [71]

Poorolajal et al. [68]

Liver cancer

Zhao et al. [5]

Tanaka et al. [72]
Bhurwal et al. [73]
Pauwels et al. [74]
Papadimitriou et al. [75]
Kim et al. [30]

Cai et al. [76]

Chen et al. [77]

Lietal. [78]
X. Zhang et al. [79]
Chen et al. [77]

Tanaka et al. [72]

Nie et al. [53]

Lung cancer

Zhao et al. [5]
Nordestgaard [40]
Seow et al. [80]
Bunjaku et al. [81]
Jabbari et al. [82]
Kunutsor et al. [46]

Schmit et al. [32]
Jin et al. [83]

Seow et al. [80]
Huang et al. [84]
Bunjaku et al. [81]

Oral cancer

Xu et al. [85]

Neetha et al. [86]
Kim et al. [87]
Xu et al. [85]

Ovarian cancer

Shafiei et al. [88]
Huang et al. [89]

Nagle et al. [90]

Zheng et al. [91]
Huang et al. [89]
Gersekowski et al. [92]
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Table 1. Cont.

Cancer Tvpe Coffee/CGA Coffee/CGA Coffee/CGA Tea/EGCG Tea/EGCG Tea/EGCG
M Upregulation Downregulation No Association Upregulation Downregulation No Association
Grammatikopoulou
Gregg et al. [93] et al. [95]

Prostate cancer

Kunutsor et al. [46]
Zhang et al. [10]

Schmit et al. [32]
Sen et al. [94]

Perletti et al. [96]
Filippini et al. [97]
Liu et al. [98]

Sen et al. [94]

Renal cancer

Rhee et al. [99]

Hashemian et al. [11]
Chen et al. [100]

Hashemian et al. [11]

Skin cancer/
melanoma/non-melanoma

Oh et al. [101]
Nordestgaard [40]
Filippini et al. [97]
Paiva et al. [102]

Ferhatosmanoglu
etal. [7]

Oh et al. [101]

Filippini et al. [97]

Thyroid cancer

Shao et al. [103]
Kim et al. [30]

Zamora-Ros et al. [104] Fiore et al. [8] ***

Zamora-Ros et al. [104]

Pancreatic cancer

Liu et al. [105]

Nie et al. [53]

* Including results under specific conditions, e.g., the number of cups of coffee/tea consumed.

insignificant increase.

** Including effects on children due to maternal intake. *** Statistically
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When creating a correlation plot using country-level coffee consumption and age-
standardized cancer incidence based on the data of the FAO/European Coffee Report
2023-2024 (https:/ /www.ecf-coffee.org/european-coffee-report-2023-2024 / accessed on 22
October 2025) and age-standardized cancer incidence data (excluding non-melanoma skin
cancer) from WHO/IARC GLOBOCAN 2022 (https:/ /www.wcrf.org/preventing-cancer/
cancer-statistics /global-cancer-data-by-country /#global-cancer-incidence-both-sexes ac-
cessed on 22 October 2025), the results revealed a weak positive association between per
capita coffee consumption and total cancer incidence, indicating that coffee intake alone
does not explain global variation in cancer occurrence (Figure 2). However, a meta-analysis
of 59 cohort studies reported that higher coffee intake was associated with a reduced overall
cancer risk (relative risk (RR) = 0.87, 95% confidence interval (CI) = 0.82-0.92), and specif-
ically lower risks of liver, endometrial, and prostate cancers, whereas an increased risk
was observed for lung cancer (RR = 2.18, CI: 1.26-3.78) [106]. A meta-analysis review [82]
concluded that coffee consumption shows highly suggestive inverse associations with liver
and endometrial cancer risks, suggesting potential protective effects against certain cancer
types rather than overall carcinogenicity.
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Coffee Consumption (kg per capita, 2023-2024, FAO/ICO)

Figure 2. Relationship between coffee consumption and age-standardized total cancer incidence. A
correlation analysis was conducted using country-level data on coffee consumption (kg per capita,
2023-2024) from the FAO/International Coffee Organization (ICO) and age-standardized total cancer
incidence (per 100,000 population, both sexes, excluding non-melanoma skin cancer, 2022) from
WHO/IARC GLOBOCAN. The analysis revealed a weak positive association between per capita
coffee consumption and total cancer incidence (R2 =0.23), indicating that coffee intake alone does
not explain global variations in cancer occurrence. Data sources: FAO/European Coffee Report
2023-2024 (https:/ /www.ecf-coffee.org/european-coffee-report-2023-2024/, accessed on 22 October
2025); WHO/IARC GLOBOCAN 2022 (https://www.wcrf.org/preventing-cancer/cancer-statistics /
global-cancer-data-by-country/#global-cancer-incidence-both-sexes, accessed on 22 October 2025).

Some studies have found conflicting results regarding the effects of coffee and tea
consumption. These discrepancies may stem from differences in confounding factors such
as the extraction method, degree of roasting, coffee species, serving temperature, method
of quantifying consumption, beverage temperature, acrylamide contents, alcohol consump-
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tion, cigarette smoking status and healthcare accessibility, and differences in genetic and
environmental factors such as sex, race, and age, lifestyle, genetic polymorphisms, and
intestinal microbiota [107,108]. It is expected that future studies will clarify the reason for
the inconsistent results and may provide clues to establish the anticancer effects of these
beverage intakes.

A recent systematic review and meta-analysis by Zhang et al. [109] found that green
tea/EGCG consumption reduced cancer risk with statistical significance compared to
controls. These authors noted risk reduction in prostate cancer (RR = 0.43, CI = 0.22-0.83),
oral cancer (RR = 0.44, CI = 0.01-0.87), gallbladder cancer (RR = 0.72, CI = 0.51-0.94), and
hematological cancers (RR = 0.72, CI = 0.49-0.95), suggesting that green tea or EGCG intake
may prevent some types of cancer.

2.2. Human Clinical Intervention Studies on Consumption of Coffee and Tea

Human intervention studies on coffee/CGA consumption are scarce. Kang et al. [110]
conducted a phase I trial for CGA in injectable form in patients with recurrent high-grade
glioma. The results indicated that CGA has a favorable safety profile and provides certain
clinical benefits to patients with high-grade glioma relapsing following standard therapies.
This grade of CGA would promote studies to test the clinical application of CGA for various
diseases, including cancer.

A recent systematic review and dose-response meta-analysis of randomized con-
trolled trials (RCTs) by Samavat et al. [111] found that consumption of green coffee bean
extract significantly decreased systolic blood pressure (SBP) (weighted mean difference
(WMD) = —2.95 mmHg; CI = —4.27 to —1.62; p < 0.001) and diastolic blood pressure (DBP)
(WMD = —2.15 mmHg; CI = —2.59 to —1.72; p < 0.001). The anticancer effect of coffee
consumption awaits verification by future RCTs.

A comprehensive review on CGA by Gupta et al. [112] also pointed out that only a
few clinical reports have demonstrated the effectiveness of CGA as a therapeutic agent.

As for tea, habitual tea consumption is generally safe (e.g., 704 mg/day in beverage),
but higher doses of EGCG (>800 mg/day) may cause liver toxicity [113]. Filippini et al. [97]
evaluated the results of 11 RCTs on green tea supplementation. In most cases, evidence for
the beneficial effect of green tea extract on cancer was insufficient. Adverse effects of green
tea extract intake were also reported, suggesting that future RCT studies are required to
confirm green tea’s effects [97].

Polyphenon® E is a standardized catechin preparation of green tea extract and is
proposed as a topical treatment of genital warts. Its efficacy has been demonstrated in
several clinical studies [114]. Genital warts are caused by human papillomaviruses (HPVs),
suggesting their possible application to HPV-associated cancers such as cervical cancer and
lymphocytic leukemia [114]. A clinical trial showed that the treatment with Polyphenon®
E ointment or capsules or both of 51 patients with HPV-infected cervical lesions resulted in
an overall 69% response rate as compared with that of 10% in the untreated groups [115].
A review article by Norman et al. [116] reported nine clinical studies with a National
Clinical Trial number. Although Sinicrope et al. [117] reported that Polyphenon® E did not
significantly reduce the number of rectal aberrant crypt foci, further clinical intervention
studies may provide clear evidence of the anticancer effects of green tea.

3. Regulatory Effects of Coffee/CGA and Tea/EGCG on miRs

Throughout this section, we specify the concentrations of CGA and EGCG used in
each cited study (e.g., 25 uM and 50 uM CGA for miR-20a suppression, 10-60 uM EGCG
for miR-483-3p downregulation) so that readers can evaluate dose-response relationships.
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As bioactive food factors, CGA and EGCG can contribute to epigenetic modification
and exert their anticancer activity. For example, hypermethylation or hypomethylation of
DNA is closely related to tumorigenesis [118]. Lee and Zhu [119] demonstrated that CGA
inhibits the growth of cultured MCE-7 cells through the inhibition of DNA methyltrans-
ferase (DNMT), and Pal et al. [120] showed that EGCG reduces the proliferation of HeLa
cells and expression of DNMT-1. As shown below, inhibition of DNA methyltransferase
would affect the biogenesis of miRs.

EGCG is known to decrease histone deacetylase activity, leading to the increased
acetylation levels of histone H3 and H4 [121]. Combining the two findings that ionizing
radiation triggers histone modification, such as acetylation of histone H3 and histone H4,
leading to upregulation of miR-34a, and that EGCG can upregulate miR-34a, suggests that
EGCG-induced histone modifications contribute to the upregulation of miR-34a.

These are the examples to explain how CGA and EGCG can modulate miR expression.
EGCG’s ability to bind DNA and RNA [122] represents another possible mechanism. These
proposed mechanisms are based on limited in vitro evidence; thus, additional experimental
and clinical studies are required to determine whether CGA and EGCG modulate miRNA
expression through DNMT inhibition, histone modifications, direct nucleic acid binding, or
other yet to be identified pathways.

miRs, which are small single-stranded molecules (ca. 20 to 25 nucleotides), play a role
in epigenetic modification involved in tumorigenesis [4,123]. Various dietary polyphenols,
including CGA and EGCG, have been shown to regulate miRs as exemplified above and to
exert beneficial effects in diseases such as cancer. Several examples have been described in
previous papers [4]. Here we provide updated information in Table 2.

Table 2. Regulatory effects of CGA and EGCG on miRs.

miR Coffee/CGA Coffee/CGA Green Tea/EGCG  Green Tea/EGCG
Upregulation Downregulation Upregulation Downregulation
miR-7-1 Wang et al. [124]

. Gordon
miR-15a etal. [125]
miR-15b Zhang et al. [126]

. Gordon
miR-16 Tsang et al. [127] etal. [125]
miR-17 Huang et al. [128]

. Mirzaaghaei
miR-20a Huang et al. [128] etal. [129]

Siddiqui
miR-21 Wang et al. [130] etal. [131]
Fix et al. [132]

. El Gizawy et al. Banerjee
miR-21-3p []35 Zhu et al. [134] etal [1135]
miR-22 Lietal. [136]

. Dharshini et al.
miR-23b-5p [137]

Gordon
miR-25 etal. [125]

Zan et al. [138]
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miR Coffee/CGA Coffee/CGA Green Tea’/EGCG  Green Tea/EGCG
Upregulation Downregulation Upregulation Downregulation

. Dharshini
miR-27 etal. [137]
miR-27a Fix et al. [132]
miR-29 Zhu et al. [139]
miR-29a Zhu et al. [139]
miR-30c Naka%llaig]a etal.
miR-30e-3p Wang et al. [124]

Zeng et al. [141]
miR-31 Luque-Badillo
etal. [142]

. Baselga-Escudero

miR-33a etal. [143]
Toden et al. [145]

. . Kang et al. [146]

miR-34a Liu et al. [144] Mostafa
etal. [147]
Dharshini

. etal. [137]
miR-92 Gordon et al.

[125]

. Mirzaaghaei
miR-92a etal. [129]

. Chakrabarti
miR-93 Huang et al. [128] et al. [148]

. Zhou
miR-98-5p etal. [149]

. Chakrabarti
miR-99% et al. [148]

: Chakrabarti
miR-106b Huang et al. [128] et al. [148]

. Baselga-Escudero
miR-122 et al. [143]
miR-125b Zhu et al. [139] Zhu et al. [139]
miR-133a Khedr et al. [150] Wang et al. [124]

. Gordon
miR-141 etal. [125]
miR-145 Toden et al. [145]
miR-146-5p Zhu et al. [134]

Zeng et al. [141]
miR-155 El Gizawy et al.
[133]
miR-181a Wang et al. [124]

. Suetsugu et al.
miR-187-5p [151]
miR-192 Zhou et al. [152]
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miR Coffee/CGA Coffee/CGA Green Tea/EGCG  Green Tea/EGCG
Upregulation Downregulation Upregulation Downregulation
miR-199-5p Wang et al. [153]

. Gordon
miR-200a etal. [125]
miR-200¢ Toden et al. [145]
miR-203 Zhu et al. [139] Zhu et al. [139]
miR-205-3p Lietal. [136]
miR-210 Zhu et al. [139]
miR-215 Zhou et al. [152]

. Bhardwaj
miR-212-5p etal. [154]
miR-215 Zhou et al. [152]
miR-218-5p Zhu et al. [134] Lewis et al. [155]

. Arffa et al. [156]
miR-221 Tsang et al. [127]
miR-222 Wang et al. [124]
miR-296 Lin et al. [157]

. Siddiqui et al.
miR-330 [131]
miR-483-3p Kang et al. [158]
miR-485 Jiang et al. [159]
miR-548m Fix et al. [132]
miR-720 Fix et al. [132]

. Shaalan et al.
miR-1275 [160]
miR-3176 Leeetal. [161] Zhu et al. [134]
miR-5100 Sasaki et al. [162]
miR-483-3p Kang et al. [158]

Yamada et al.
let-7a [163]

Yamada et al.
let-7b [163]

Yamada et al.
let-7e [163]

CGA and EGCG have been shown to upregulate miR-200c. Davalos et al. [164] found
that all cell lines with hypermethylation at CpG islands have significant loss of mature and

pri-miRNA expression for the miR-200 family as compared with the CpG unmethylated

cell lines derived from the same tumor type, indicating that DNA methylation modulates

expression of miR.

Chang et al. [165] have demonstrated that p53 directly induces the expression of miR-

34a by promoting transcriptional activity. Since upregulation of p53 by CGA and EGCG is

well known [4], these dietary factors are expected to upregulate miR-34a.
Oncogenic miR-17 family miR-20a, miR-93, and miR-106b bind to p21 mRNA and
suppress its expression, leading to cancer development [128]. Several studies have demon-
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strated downregulation of these miRs by CGA and EGCG [4]. Figure 3 illustrates how these
miRs downregulate p21 expression.

468 474 1148 1154
p21 mRNA 5 — AGAAGUAAACAGAUGGCACUUUG —4— CCUCCCCAGUUCAUUGCACUUUG —3

..... E23 i
c CZ3

miR-20a  3'- GAUGGACGUGAUACUCGUGAAA 3' - GAUGGACGUGAUACUCGUGAAA
23
miR-93 3’ - GAUGGACGUGCUUGUCGUGAAAC 3’ - GAUGGACGUGCUUGUCGUGAAAC 2
21
miR-106b 3' - UAGACGUGACAGUCGUGAAAU 2! 3' - UAGACGUGACAGUCGUGAAAU

Figure 3. Schematic presentation of the downregulation of p21 expression by miRs. The binding of
three miR-17 family miRs (miR-20a, miR-93, miR-106b) to p21 mRNA reduces p21 protein expression.
CGA and EGCG may contribute to anticancer effects by suppressing the expression of these miRs,
thereby increasing p21 levels.

Table 2 provides an update on studies to show the regulatory effects of CGA and
EGCG on miRs. There are some differences in these regulations. This may be due to cancer-
specific differences or differences between cell subtypes of the same cancer origin. For
example, miR-125b was upregulated in cervical carcinoma SiHa cells, but downregulated
in CA33 cells and HeLa cells upon treatment with EGCG [139].

Several studies on EGCG have provided the results of microarray and next-generation
sequencing (NGS) [132,135,136,161] (Table 3). Although some of these data have been
evaluated by quantitative reverse transcription-polymerase chain reaction (qQRT-PCR),
the majority remain unconfirmed. Table 3 shows similar results to those based on qRT-
PCR, as exemplified by EGCG’s upregulation of miR-34a and let-7a, but there are some
conflicting findings. Yamada et al. [163] demonstrated that, in addition to let-7b, both
let-7a and let-7e were upregulated in a real-time PCR analysis. Although differences may
be due to those in cell types used, caution is warranted regarding data based solely on
microarray /NGS analysis.

Table 3. Microarray /NGS analysis for upregulation or downregulation by EGCG/Polyphenon-60 in
different cancer cells.

NGS analysis of human breast cancer MDA-MB-231 cells [135]

miR-15a-3p, miR-18a-3p, miR-30c-5p, miR-122-5p, miR-129-2-3p,
miR-130a-5p, miR-138-1-3p, miR-143-3p, miR-145-5p,
miR-146a-5p, miR-146a-3p, miR-150-5p, miR-155-5p, miR-184,
miR-192-3p, miR-193b-5p, miR-199a-5p, miR-214-3p, miR-215-5p,
miR-320a, miR-320c, miR-324-5p, miR-328-3p, miR-338-5p,
miR-338-3p, miR-362-5p, miR-363-3p, miR-365b-5p, miR-365a-5p,
miR-374b-5p, miR-378a-3p, miR-378c, miR-382-3p, miR-411-5p,
miR-491-3p, miR-500b-3p, miR-548am-3p, miR-548ab,
miR-550b-3p, miR-556-5p, miR-574-5p, miR-584-3p, miR-642a-5p,
miR-664b-3p, miR-676-3p, miR-1233-3p, miR-1237-3p,
miR-1249-3p, miR-1269a, miR-1272, miR-1273a, miR-1293,
miR-1908-3p, miR-3074-3p, miR-3120-3p, miR-3135b, miR-3138,
miR-3140-3p, miR-3145-3p, miR-3150a-5p, miR-3152-3p,
miR-3155b, miR-3177-3p, miR-3184-3p, miR-3605-3p,
miR-3620-5p, miR-3648, miR-3679-3p, miR-3684, miR-3909,
miR-4284, miR-4436b-5p, miR-4466, miR-4485-3p, miR-4488,
miR-4645-5p, miR-4661-5p, miR-4677-5p, miR-4707-5p,
miR-4781-3p, miR-4791, miR-4999-5p, miR-5090, miR-5697,
miR-6511a-3p, miR-6511b-5p, miR-6514-5p, miR-6515-5p,
miR-6516-3p, miR-6716-3p, miR-6729-3p, miR-6739-3p,
miR-6741-3p, miR-6753-5p, miR-6761-5p, miR-6769b-3p,
miR-6786-3p, miR-6806-3p, miR-6811-5p, miR-6851-3p,
miR-6854-3p, miR-6882-5p, miR-7111-3p, miR-7851-3p, let-7e-5p,
let-7d-5p

Upregulated by EGCG
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Table 3. Cont.

miR-17-3p, miR-19b-1-5p, miR-19b-3p, miR-21-3p, miR-26b-5p,
miR-27a-3p, miR-27b-3p, miR-30c-2-3p, miR-30d-3p, miR-33a-3p,
miR-33a-5p, miR-34b-5p, miR-99a-5p, miR-100-3p, miR-140-5p,
miR-181b-3p, miR-190a-5p, miR-197-5p, miR-217, miR-218-1-3p,
miR-296-3p, miR-301b-5p, miR-301a-3p, miR-335-5p, miR-362-3p,
miR-369-3p, miR-378, miR-450a-5p, miR-489-3p, miR-508-3p,
miR-516a-5p, miR-522-3p, miR-548u, miR-548ac, miR-548p,
miR-551b-5p, miR-570-5p, miR-577, miR-588, miR-589-3p,
miR-597-3p, miR-624-3p, miR-627-5p, miR-627-3p, miR-636,
miR-653-3p, miR-708-5p, miR-762, miR-942-3p, miR-1260b,
miR-1273e, miR-1273¢, miR-1273h-5p, miR-1277-5p, miR-1284,
miR-1538, miR-1914-3p, miR-1972, miR-1976, miR-2355-3p,
miR-3064-5p, miR-3074-5p, miR-3127-5p, miR-3140-5p, miR-3149,
miR-3163, miR-3190-3p, miR-3191-3p, miR-3199, miR-3529-3p,
miR-3613-5p, miR-3619-3p, miR-3680-3p, miR-3690, miR-3918,
miR-3944-3p, miR-4289, miR-4420, miR-4429, miR-4454, miR-4517,
miR-4668-5p, miR-4684-5p, miR-4709-5p, miR-5001-3p,
miR-5003-5p, miR-5006-3p, miR-5008-3p, miR-5196-3p,
miR-5584-5p, miR-5584-3p, miR-5699-5p, miR-6513-5p,
miR-6720-3p, miR-6726-3p, miR-6733-5p, miR-6735-5p,
miR-6750-3p, miR-6783-5p, miR-6799-3p, miR-6802-3p,
miR-6804-5p, miR-6814-5p, miR-6854-5p, miR-6856-3p,
miR-6858-3p, miR-6871-3p, miR-6876-5p, miR-6879-3p,
miR-6891-5p, miR-6895-5p, miR-7110-3p, miR-7155-5p, let-7i-3p

Downregulated by EGCG

Microarray analysis of human nasopharyngeal carcinoma CNE2 cells [136]

miR-29b-1-5p, miR-34a, miR-210, miR-1202, miR-1207-5p,
Upregulated by EGCG miR-1225-5p, miR-1246, miR-1915, miR-1973, miR-2861, miR-3162,
miR-3196, miR-3656, miR-3665, miR-4281

Downregulated by EGCG miR-205-3p

Next-generation sequencing NGS of human urinary transitional cell carcinoma BFTC cells [161]

Upregulated miRNA miR-18a-3p, miR-22-3p, miR-31-5p, miR-93-3p, miR-185-3p,

(>2-fold change) miR-484, miR-642a-5p, miR-1226-3p, miR-1285-3p, miR-3139,
miR-3176

Downregulated miRNA

(>2-fold change) miR-3116, miR-6724-5p

Microarray analysis of human breast cancer MCE-7 cells [132]

Upregulated by let-7a, miR-107, miR-548m, miR-720, miR-1826, miR-1978,
Polyphenon-60 (>1.1-fold -

miR-1979
change)
Downregulated by miR-21, miR-25, miR-26b, miR-27a, miR-27b, miR-92a,
Polyphenon-60 miR-125a-5p, miR-200b, miR-203, miR-342-3p, miR-454, miR-1469,
(>1.1-fold change) miR-1977, let-7c, let-7e, let-7¢g

Thus, NGS platforms provide a large number of findings, but these may not be
biologically robust and may lack reproducibility. Therefore, validation of these findings
would be necessary. It should be pointed out that similar research on CGA is very scarce,
although the reason for this is unclear.

4. miR Targets in ROS-Associated Anticancer Pathways

CGA and EGCG are well known to possess both antioxidant and pro-oxidant proper-
ties, as discussed previously [2]. However, since the pro-oxidant properties of CGA and
EGCG require higher concentrations (e.g., 500 uM EGCG) [166], their radical scavenging
activity is thought to primarily contribute to their anticancer activity. Accordingly, the
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present paper is concerned with the pathways in which CGA and EGCG act as radical
scavengers (see Figure 4).

CGA || EGCG
— &
ROS

miR-200c miR-106b miR146a
I Up regulated by CGA or EGCG I miR-20a miR-221 \

I Down regulated by CGA or EGCG I

miR-145%1
Let 7b
miR-25"5

miR-146a miR-21
miR-27a miR-125b
miR-133a

WNT/B-
Catenin

miR-200c*3
miR-21
miR-221
miR-483-3p"

miR-20a
miR-21
miR-27a
miR-93
miR-106b

miR-25

miR-92
miR-141

\ 4 YV V

p21 |€—[ ps3 Je——] NFxB | [mTOR
miR-16 miR-21 - - m
miR-20a miR-21 miR-34a miR-27a miR-199-5p Jf (M54
miR-93 miR-106b v v v
| Bax || Bcl-2 Survivin | Tnl-FéOt I_MMP lAngiogenesisl
v v (o
Metastasis

miR-93 l
Angiogenesis \4 \ 4 v v \ 4
Cancerctomness [Cell cycle arrest] [Apoptosis] [Inflammation] [ Cancer cell growth, invasion, metastasis ]

Tumorigenesis

*1 via PAK4, *2 via DDR1, *3 via VEGFR2, *4 via KRAS, *5 via KLF4 , *6 via OGT

Figure 4. ROS-mediated anticancer pathways involving CGA and EGCG, and microRNA regulation
of the components of this pathway. CGA’s and EGCG’s effects on miRs are presented in yellow and
green boxes, respectively.

Tables 4 and 5 summarize how miRs regulate targets in ROS-mediated anticancer
pathways. As indicated in Table 2, some miRs undergo cell type-dependent regulation (e.g.,
upregulation and downregulation) by CGA and EGCG. Tables 4 and 5 list only mRNAs
relevant to the anticancer activity of CGA and/or EGCG along this pathway.

Table 4. miRs upregulated by EGCG or CGA and their regulatory effects on proposed
molecular targets.

1 *
Dose in the Culture Effect of miR on Target

miR Medium Effective on miR Target Candidate 1, Upregulatlon{'
J, Downregulation

) 100 uM EGCG +
miR-16 Tsang et al. [127] Bcl-2 Yang et al. [167]
. 40 uM EGCG .
miR-22 Lietal. [136] Wnt/B-catenin Zhang et al. [168]
iR 10 pg/mL EGCG Wnt !

Zhu et al. [139] Tan et al. [169]
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Table 4. Cont.

Dose in the Culture

Effect of miR on Target *

miR Medium Effective on miR Target Candidate T Upregulatlon{'
J, Downregulation
, 50 uM EGCG 4
miR-34a Chakrabarti et al. [148] Bel-2 Yao et al. [170]
. 50 uM EGCG +
miR-9%a Chakrabarti et al. [148] mTOR Huetal. [171]
Caspase Ehou etal. [172]
R 100 uM EGCG '
Toden et al. [145] 1
ERK1/2 via PAK4 Wang et al. [173]
15-120 uM CGA (not 1
miR-199-5a specified) MMP via DDR1 .
Wang et al. [153] Ravindran et al. [174]
PTEN !
Soubani et al. [175]
) 100 uM EGCG - 4
miR-200c Toden et al. [145] VEGF via VEGFR2 Shi et al. [176]
AKT via KRAS +
Ding et al. [177]
N
let-7b g{grﬁgﬁfgti (1; [163] ERK Hameiri-Grossman
- [10S etal. [178]

* Findings regarding miR targets obtained not only from experiments using CGA or EGCG, but also from
those using other agents, such as drugs. AKT, AKT serine/threonine kinase 1; Bcl-2, B-cell lymphoma 2; ERK,
extracellular signal-regulated kinase; KRAS, KRAS proto-oncogene; MMP, matrix metalloproteinase; mTOR,
mammalian target of rapamycin; PAK4, p21-activated kinase 4; PTEN, phosphatase and tensin homologs deleted
on chromosome 10; VEGF, vascular endothelial growth factor; VEGFR2, vascular endothelial growth factor

receptor 2; Wnt, wingless-related integration site.

Table 5. miRs downregulated by EGCG, Polyphenon-60, or CGA and their regulatory effects on

proposed molecular targets.

Dose in the Culture

. . Effect of miR on Target *
. Medium Effective on . .
miR . . Target Candidate 1, Upregulation;
miR Unless Otherwise |, Downregulation
Stated 00 egulatio
p21 3
25 kM CGA Huang et al. [128] Huang et al. [128]
. Huang et al. [128]
miR-20a
50 pg/mL EGCG
Mirzaaghaei et al. [129] PTEN T
aaghaet et al. Dhar et al. [179] Dhar et al. [179]
PTEN
CUR: Zhang et al. 1
[180] Zhang et al. [180]
5 mg/kg CGA in mice !
Wang et al. [130] p21 Zaman et al. [181]
miR-21 Zaman et al. [181]

10 ug/mL
Polyphenon-60
Fix et al. [132]

Bcl-2
Liu et al. [182]

NF-«B
Lietal. [183]

T
Liu et al. [182]

T
Lietal. [183]
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Table 5. Cont.

Dose in the Culture

. . Effect of miR on Target *
. Medium Effective on . .
miR . . Target Candidate 1, Upregulation;
miR Unless Otherwise |, Downregulation
Stated ! €8 °
1 uM EGCG 1
Gordon et al. [125] p53 Gordon et al. [125]
iR-25 Gordon et al. [125]
m 10 pug/mL ERK1/2 via KLF4 R
Polyphenon-60 Ding et al. [177] .
Fix et al. [132] Ding etal. [177]
NF«B T
10 ug/mL Shi et al. [184] Shi et al. [184]
miR-27a Polyphenon-60
Fix et al. [132] EGFR, Bcl-2, NF-«B T
Gandhy et al. [185] Gandhy et al. [185]
miR-92 1 uM EGCG p53 4
Gordon et al. [125] Gordon et al. [125] Gordon et al. [125]
S0 kM CGA Chaij;lfjjtc;sét al '
Huang et al. [128] ’ Chakrabarti et al. [186]
. [186]
miR-93
50 uM EGCG p21 i
Chakrabarti et al. [148] Huang et al. [128] Huang et al. [128]
25 uM CGA p21 !
Huang et al. [128] Huang et al. [128]
miR-106b Huang ei al. [128]
50 uM EGCG PTEN
Chakrabarti et al. [148] Dhar et al. [187] Dhar etal. [187]
. 40 uM EGCG T
miR-125b Zhu et al. [139] NF-«B [188] Song et al. [188]
Green coffee extract
containing CGA
equivalent to 400 mg in
miR-133a RCT T
Khedr et al. [150] NF-«B [190] Wang et al. [190]
50 mg/kg EGCG in rats
Zhou et al. [189]
. P53 N
miR-141 1M EGCG [125] Gordon et al. [125] Gordon et al. [125]
NF-«B 4
CGA:[?EI]g etal, Zeng et al. [141]
miR-155 31.25 uM CGA [125]
i
PTEN
de la Parra et al. [191] de la Parra et al. [191]
PTEN +
— Sarkar et al. [193] Sarkar et al. [193]
Al miR t2211 7] SOWMEGCG [192]
egri et al. MMP?2 "
Zhang et al. [194] Zhang et al. [194]
483-3p VEGEF via OGT T
Kang et al. 30 WM EGCG [158] Kim et al. [195] Kim et al. [195]

* Findings regarding miR targets obtained not only from experiments using CGA, EGCG, or Polyphenon-60, but
also from those using other agents, such as drugs. Bcl-2, B-cell lymphoma 2; EGFR, epidermal growth factor
receptor; ERK, extracellular signal-regulated kinase; MMP, matrix metalloproteinase; OGT, O-GlcNAc transferase;
PTEN, phosphatase and tensin homologs deleted on chromosome 10; VEGF, vascular endothelial growth factor.
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5. Involvement of miRs in the Anticancer Pathway Associated with
ROS-Scavenging Activities of CGA and EGCG

Table 6 provides updated information that was given previously [2]. It shows a
continuing recognition that CGA and EGCG have the activities to down-regulate ROS and
nuclear factor-«B (NF-«B), and to up-regulate AMP-activated protein kinase (AMPK) in
various biological activities. Based on these data and our previous discussions [2,3,108],
Figure 4 depicts a proposed ROS-mediated anticancer pathway in which CGA and EGCG
can be involved. Figure 4 also includes information on how miRs, based on the data in
Tables 4 and 5, regulate the components of this pathway.

Table 6. Regulatory effects of CGA and EGCG on ROS, AMPK, and NF-«B.

AMPK Up ROS Down NF-«kB Down

Polyphenols Stimulation/ Suppression/ Suppression/
Upregulation Downregulation Downregulation

Ping et al. [196] Wo]c1e.1k e’F al. [199] Komeili-Movahhed
. Huimei Chen etal. [202]
CGA Silva et al. [197]

Saadatagah et al. [198] et al. [200] Negm et al. [203]

’ Sharma et al. [201] Lin et al. [204]

Yuan et al. [208]
Khan et al. [209]
Haoxiang Chen et al.
[210]

Peng et al. [205]
EGCG Tian et al. [206]
Wang et al. [207]

X. Lietal. [211]
Z.-D. Lietal. [212]
Zhang et al. [213]

AKT, AKT serine/threonine kinase 1; Bax, Bcl-2 associated X protein; Bcl-2, B-cell
lymphoma 2; DDR1, discoidin domain receptor 1; EGFR, epidermal growth factor re-
ceptor; ERK, extracellular signal-regulated kinase; OGT, O-GlcNAc transferase; KLF4,
Kruppel-like factor 4, KRAS, KRAS proto-oncogene; IL, interleukin; MMP, matrix met-
alloproteinase; mTOR, mammalian target of rapamycin; PAK4, p21-activated kinase 4;
PI3K, phosphatidylinositol-3-kinase; PTEN, phosphatase and tensin homolog deleted on
chromosome 10; VEGEF, vascular endothelial growth factor; VEGFR, vascular endothelial
growth factor receptor; Wnt, wingless-related integration site.

6. Perspectives

In a recent study investigating the effects of a nutritional supplement on human
obesity, Joshua et al. [214] found that consumption of a supplement containing green coffee
bean and green tea extracts resulted in significantly reduced plasma levels of miR-34a and
miR-122. A similar experimental approach would reveal the efficacy of CGA and EGCG.

In an animal experiment, Kang et al. [158] showed that oral administration of EGCG at
a concentration equivalent to daily achievable dosages of tea drinkers suppressed miR483-
3p-induced metastasis of hepatocellular carcinoma cells. EGCG induced hypermethylation
of the miR483-3p promoter region via epigenetic mechanisms, thereby downregulating
miR483-3p expression in these cells. These authors suggested that regular tea consump-
tion can suppress metastasis through downregulation of miR-483-3p, which upregulates
vimentin expression and downregulates E-cadherin expression [158], since these events are
associated with cancer invasiveness and metastasis [215].

As one of the possible mechanisms, Figure 5 illustrates how exogenous EGCG can
suppress metastasis via O-GIcNAc transferase (OGT), which is involved as a target of
miR-483-3p [195].
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Figure 5. EGCG-induced DNA methylation exerts anticancer effects through downregulation of
miR-483-3p, OGT, and vimentin.

One intriguing emerging research area involves analyzing miRs in foods that may exert
functional effects after ingestion. Zhang et al. [216] found that plant food-derived miRNAs
are present in human and animal sera, and demonstrated that one of these exogenous
mature plant miRs is functional. Huang et al. [217] found, based on an NGS analysis, the
presence of various miRs as new components of matcha, one of the green tea products.
Thus, it would be interesting to examine whether or not food-derived miRs can have
beneficial effects in human diseases, including cancer.

A recent comprehensive review by Fujimura et al. [218] pointed out that a variety of
biomolecules, such as citrus polyphenols and sulfur-containing food factors, can potentiate
EGCG sensing by 67-kD laminin receptor (67LR). Similar synergistic effects may be expected
for other polyphenols, including CGA. It would be interesting to examine whether or not
such a combination induces any changes in miRs.

7. Conclusions

Human observational epidemiological studies have yielded only limited evidence for
the reduced cancer risk by consumption of coffee and tea, although CGA and EGCG, major
bioactive constituents of these beverages, have been shown to have beneficial effects against
various types of cancer. Although a global correlation plot shows a trend of increased
risk of total cancer cases with coffee consumption, several epidemiological studies have
suggested inverse associations in some specific cancer types. Future studies, including
human clinical intervention studies, would be needed to confirm the cancer-preventive
effect of these food-derived bioactive factors.

Furthermore, coffee and tea contain a wide range of bioactive constituents besides CGA
and EGCG—such as caffeine, diterpenes, trigonelline, melanoidins, and acrylamide—that
may individually or synergistically influence cancer risk. Therefore, attributing the ob-
served anticancer effects solely to CGA or EGCG is an oversimplification; direct compar-
isons using preparations with and without these compounds or 100% purified CGA/EGCG
are necessary to clarify their specific contributions. These inconsistencies may also reflect
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heterogeneity across study populations (e.g., age, sex, smoking prevalence, and genetic
background) and differences in the concentrations of bioactive constituents present in vari-
ous coffee and tea preparations. Variation in dose or exposure level of CGA /EGCG could
result in divergent biological effects. Future studies should consider these demographic
and compositional variables when interpreting risk estimates.

CGA and EGCG share similar properties in that they can scavenge ROS, which trig-
gers the anticancer pathway leading to cell cycle arrest, apoptosis, and the prevention of
inflammation and metastasis. These polyphenols can modulate the expression/activity of
multiple components of this pathway by increasing the expression of tumor-suppressing
miRs and decreasing the expression of oncogenic miRs in general. Therefore, the effects
of these miRs may additively or synergistically enhance the anticancer effects of CGA
and EGCG.

EGCG appears to have a specific feature in that it can act via 67LR in anticancer
effects and induce miR-let-7b [163]. Although no data are available for CGA, this unique
mechanism of action may be one potential explanation for the differences between coffee
and tea consumption in cancer-specific effects observed in epidemiological studies. Further
studies would clarify the reason for the observed differences in the anticancer effects of the
consumption of coffee/CGA and tea/EGCG. In addition, most evidence described in this
review remains in vitro or indirect, and future human studies would be needed before firm
conclusions can be drawn.
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Because polyphenols are bioactive components in foods, an accurate and simple method for their

determination is required. Currently, the Folin-Ciocalteu and iron tartrate methods are utilized for

analyzing the total polyphenol content (TPC) in black tea. However, there are no scientifically based

comparative data for these colorimetric methods. Therefore, in this study, an appropriate method for

analyzing the TPC in black tea was proposed. Comparison of the efficacy of these colorimetric methods for

the analysis of fresh and fermented black tea leaf samples, including quantitative HPLC data, showed that

both colorimetric methods provided characteristic data depending on the degree of tea-leaf fermentation.

The iron tartrate method was affected by the type of polyphenols in tea leaves, whereas in the Folin-

Ciocalteu method, the reducing power of the polyphenols directly affected the total polyphenol equivalents.

Both colorimetric methods were effective for analysis of the TPC in black tea leaves.

Keywords: Folin-Ciocalteu method, iron tartrate method, black tea, polyphenols, total polyphenol analysis,

fermentation

Introduction

Plant-based foods contain polyphenols with a wide range
of complex structures. The molecular structure of polyphenols
contains numerous hydroxyl groups (Abbas et al., 2017).
Polyphenols can be divided into flavonoids, phenolic acids,
lignans, tannins, and stilbenes based on their structural
differences (Lang et al., 2024).

Polyphenols are the most common dietary antioxidants.
Their main dietary sources are fruits and plant-derived
beverages such as fruit juices, tea, coffee, and red wine.
Vegetables, cereals, chocolate, and dry legumes also
contribute to the total polyphenol intake. Research on the
antioxidant properties and disease-preventive effects of
flavonoids and other polyphenols began in 1995 (Scalbert et
al., 2005). Flavonoids, including catechins, are the most
studied polyphenols found in tea. Condensed tannins are
among the theaflavins present in black tea. Many
epidemiological studies have demonstrated that the daily

intake of black tea is inversely associated with many diseases,

such as cardiovascular disease, hypertension and cancer
(Gardner et al., 2007; Chiang et al., 2020).

The quantitative determination of polyphenols is affected
by their structural complexity and diversity. However, because
polyphenols are bioactive substances, accurate, rapid, and
methods of total (TPC)

determination are required. Currently, two simple colorimetric

simple polyphenol content
methods are used to analyze the TPC in tea. The first is the
Folin-Ciocalteu method, which is defined by the International
Organization for Standardization (ISO) as a method for
analyzing the TPC in green and black tea (ISO 14502-1, 2005).
Polyphenols in tea react with specific redox reagents (Folin-
Ciocalteu reagent) to form a blue chromophore comprising a
phosphotungstic-phosphomolybdenum complex (Fig. 1). The
maximum absorption of these chromophores depends on the
alkaline solution and concentration of phenolic compounds
(Schofield et al., 2001; Giilgin et al., 2004). Another method
is the iron tartrate method, which is specified in the Standard

Tables of Food Composition in Japan as a method for
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Folin-Ciocalteu method
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Fig. 1. Reaction mechanisms for the Folin-Ciocalteu and iron tartrate methods.

determining tannins in green tea”. The iron tartrate method
involves the quantitative reaction of phenolic hydroxyl groups
with iron ions to form complexes (Fig. 1). Although it is a
tannin determination method, the iron tartrate method can
potentially be used to determine the amounts of total
polyphenols (Nakabayashi, 1988). The iron tartrate method is
the first excellent analytical method for TPC analysis
developed in Japan, but compliance with international
standards such as ISO has been delayed. Therefore, the iron
tartrate method is rarely employed overseas. Colorimetric
reactions are widely used in UV/vis spectrophotometric
analyses, which are easy to perform, rapid, applicable for
routine laboratory use, and inexpensive (Blainski et al., 2013).
The Folin-Ciocalteu and iron tartrate colorimetric methods are
both enable simple analysis of the TPC in tea. However, no
studies have compared the colorimetric methods under the
same conditions. Therefore, herein, these two colorimetric
methods are compared in the analysis of tea leaves and are
further compared to analytical methods used internationally.
Recently, we compared the Folin-Ciocalteu and iron
tartrate methods for analyzing the TPC in green tea
(Matsushita et al., 2024). In that report, the TPC determined
by the Folin-Ciocalteu method was comparable to that
obtained by HPLC analysis. However, the TPC obtained using
the iron tartrate method was higher than that detected using the
Folin-Ciocalteu method. Thus, the Folin-Ciocalteu method is

recommended for analysis of the TPC in green tea leaves. In

addition, we conclude that for the iron tartrate method, the
factor for multiplication by the ethyl gallate concentration
must be determined, depending on the green tea variety.

After the above study, we compared the effectiveness of
the colorimetric methods for the analysis of oolong tea, black
tea, and hojicha. Tea is typically classified into three
fundamental categories based on the various processing
methods, particularly the level of fermentation: green tea (non-
fermented), oolong tea (semi-fermented), and black tea (fully
fermented) (Deo et al., 2024). In contrast to those three types
of tea, hojicha is processed by roasting autumn flush tea or
stem leftover from the production of green tea (Tan et al.,
2019). Following our previous study on green tea, we
compared the two colorimetric methods using four types of tea
leaves (green tea, oolong tea, black tea, and hojicha).

Black tea is the second most-consumed beverage
worldwide after water (Abudureheman et al., 2022). Green tea
is prepared by the immediate heat treatment of plucked leaves
to stop fermentation (oxidation). On the other hand, black tea
is made by withering and twisting the picked leaves to enable
full fermentation. Leaf fermentation affects the taste, aroma,
and appearance of black teas. For this reason, appropriate
types of leaves for black tea are produced worldwide, and there
are many varieties and blends of black tea (Ono, 2014).
Therefore, compared to green tea, it is more difficult to apply
colorimetric methods to black tea. To conduct comparative
study of black tea, tea leaves were prepared at each stage of
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Table 1. Information for green tea, oolong tea, black
tea, and hojicha samples used in this study.

Sample Collection site
green tea-1 Japan (Kagoshima)
green tea-2 Japan (Kyoto)
green tea-3 Japan (Kyoto)
green tea-4 Japan (Miyazaki)
oolong tea-1 Taiwan

oolong tea-2 Taiwan

oolong tea-3 Taiwan

black tea-1 Japan (Kagoshima)
black tea-2 Japan (Shizuoka)
black tea-3 Japan (Shizuoka)
black tea-4 Japan (Shizuoka)
black tea-5 Sri Lanka

black tea-6 Sri Lanka

black tea-7 Tiirkiye
hojicha-1 Japan (Nara)
hojicha-2 Japan (Shizuoka)
hojicha-3 Japan (Shizuoka)
hojicha-4 Japan

processing and, the same leaves were followed from the raw
material until the final processing into black tea. Using these
samples, the influence of the type of black tea leaves can be
eliminated, and the effect of black tea processing procedures
on the results of both colorimetric methods can be evaluated.
To compare the colorimetric methods, the TPC in the tea
samples is analyzed herein using HPLC. Black tea contains
theaflavins and thearubigins, which are catechins polymerized
by oxidative fermentation. However, the determination of
thearubigins by HPLC is not currently possible. Therefore, the
sum of the quantified amounts of catechins and theaflavins
from HPLC analysis was considered the TPC in the tea
samples. In this study, the TPC in black tea leaves determined
using both colorimetric methods is compared. Thus, the aim of
this study is to clarify the efficacy of both analytical methods
for the determination of green and black teas and to propose a
universal colorimetric method for determining the TPC in tea

leaves.

Materials and Methods

General experimental procedures ~ Absorption data were
obtained using a FlexStation 3 Multi-mode Microplate Reader
(Molecular Device, Tokyo, Japan). High-performance liquid
chromatography (HPLC) analysis was conducted using a PU-
2080 Plus intelligent HPLC Pump (Jasco, Tokyo, Japan), a
UV-1570 intelligent UV/Vis detector (Jasco), an LG-2080-02
HPLC ternary gradient unit (Jasco), and a Gastorr AG-40
degasser (FLOM, Tokyo, Japan). The data were analyzed
using the Chromato-PRO software (LabLab Company, Tokyo,
Japan).

Fresh leaves (28 °C) = sample-1
[
Mid-withering 16 h (28 °C)
|
Late-withering 37 min (28 °C) — sample-3

Rolled 52 min (28 °C) = sample-4

Mid-fermentation 51 min (38 °C) = sample-5

Late-fermentation 50 min (36 °C) = sample-6

\

Drying 107 min (100 °C) — sample-7

— sample-2

Fig. 2. Sampling of tea leaves at various stages
during preparation of black tea leaves.

Tea samples  Collection sites of the tea samples using
in this study (green tea, oolong tea, black tea, and hojicha) are
shown in Table 1. However, the identification of cultivated
species of these teas is difficult because each sample
comprises a mixture of different varieties. Tea samples were
provided by Y. N., one of the authors, and were stored at room
temperature (25-28 °C) and in the dark until use. Figure 2
shows the tea leaf samples at each stage of black tea
production using the same fresh leaves (sei 7/32) sample-1:
fresh leaves, sample-2: mid-withering leaves, sample-3: late-
withering leaves, sample-4: rolled leaves, sample-5: mid-
fermentation leaves, sample-6: late-fermentation leaves, and
sample-7: dried leaves. These tea leaf samples (sei 7/32) were
collected from Ikumi Tea Garden in Shimada City, Shizuoka
Prefecture, Japan. The leaves were stored in a freezer at —20 °C
until use. All samples were extracted using procedures
consistent with those described in ISO 14502-1 (Matsushita et
al., 2024). First, 50 mL of 70 % methanol was added to 0.2 g
of the ground tea samples. The mixture was then stirred and
extracted in a thermostatic incubator (Taitec, Tokyo, Japan) at
70 °C for 10 min. The extracted solution was subsequently
cooled at 25°C and centrifuged at 3 500 rpm (Hitachi
Industrial Equipment Systems, Tokyo, Japan) for 10 min; the
supernatant was carefully decanted. The extraction procedure
was repeated twice. The supernatant was concentrated by
evaporation and completely dried under nitrogen gas. To
eliminate errors due to extraction conditions, all tea extracts
used in the Folin-Ciocalteu, iron tartrate, and HPLC analysis
methods were samples extracted under the above conditions.
Folin-Ciocalteu method The method described by the
ISO (ISO 14502-1, 2005) was used in this study. Tea extracts
were prepared in water at a final concentration of 100 ng/mL.
For the calibration curve, 1 mg/mL gallic acid (Fujifilm Wako
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Pure Chemical, Osaka, Japan) solution was diluted to final
concentrations of 10, 20, 30, 40, and 50 pg/mL. The
absorbance was measured at 765 nm. The TPC was calculated
as gallic acid equivalents.

Iron tartrate method The method described in the
Standard Tables of Food Composition in the Japan 2020 (8th
revision) Analysis Manual’) were used in this study. Tea
extracts were prepared in water at a final concentration of 200
pg/mL. To construct the calibration curve, 1 mg/mL ethyl
gallate (Tokyo Chemical Industry, Tokyo, Japan) solution was
diluted to final concentrations of 10, 20, 30, 40, and 50 pg/mL.
The absorbance was measured at 540 nm. The TPC was
calculated by multiplying the ethyl gallate equivalent by 1.5.

Quantitative analysis of catechins and theaflavins in tea
extracts at each stage of black tea production using HPLC
Tea extracts were diluted with water at a concentration of 5
mg/mL and passed through a 0.22 pm membrane filter (AS
ONE, Osaka, Japan). The catechins and theaflavins in the tea
extracts were quantitatively analyzed using HPLC under the
following conditions column: Capcell Pak UG 120 C18 (5 pm,
4.6 x 250 mm, Osaka Soda, Osaka, Japan); flow rate: 1.0
mL/min; solvent A: 0.1 % phosphoric acid in H20; solvent B:
acetonitrile and 0.1 % phosphoric acid in H20 (2:3); gradient
conditions: linear gradient from B% (time) = 30 % (0 min) to
75 (25 min) to 100 (35-45 min); and detection wavelength:
280 nm. The temperature of the column oven was set to 40 °C
and the injection volume was 10 pL. (—)-epigallocatechin
(EGC), (-)-epicatechin (EC), (—)-epigallocatechin gallate
(EGCg), and (—)-epicatechin gallate (ECg) (Tokyo Chemical
Industry), gallic acid, theaflavin (TF1), theaflavin-3-gallate
(TF2a), and theaflavin-3,3'-digallate (TF3) were used as
standards for constructing the calibration curves of each
compound. The limits of detection (LOD) and quantification
(LOQ) of each compound were 0.1 and 0.3 pg/mL,
respectively (defined as signal-to-noise ratios of 3 and 10,
respectively). The tea extracts were independently analyzed
three times, and the standard deviation (SD) was calculated.
The purity of all compounds separated by HPLC at a
wavelength of 280 nm was > 99.6 %.

Statistical analysis The data were expressed as the
mean + SD (n = 3). Statistical differences between the data
were assessed by one-way analysis of variance with Tukey’s
test for quantitative analysis of the TPC (p < 0.05).

Results and Discussion

TPCs in green tea, oolong tea, and hojicha from different
collection sites were analyzed. Then, the results of the
respective samples obtained via the Folin-Ciocalteu method
and the iron tartrate method were compared. Some tea samples
showed significant differences in TPC values with asterisks by
the two colorimetric methods, and some did not (Fig. 3).

green tea-1 (Se=—m—mp
green tea-2
green tea-3
green tea-4
oolong tea-1
oolong tea-2 H
oolong tea-3
black tea-1
black tea-2
black tea-3 o *
black tea-4
black tea-5 = S
black tea-6
black tea-7
hojicha-1
hojicha-2 -
hojicha-3

hojicha-4 - D

0 50 100 150 200 250 300 350
TPC (mg/g of extracts)

M Folin-Ciocalteu method M Iron tartrate method

Fig 3. TPC in green tea, oolong tea, black tea, and
hojicha extracts by Folin-Ciocalteu and iron
tartrate methods. Asterisks (*) indicate significant
differences in TPC determined by the Folin-
Ciocalteu and tartrate methods for each sample (p
<0.05).

Trends indicating that there was not enough difference in the
TPC determined by the two colorimetric methods were show,
except for the green tea samples.

Next, the two colorimetric methods were applied to
analyze the extracts of the leaves with the respective steps
from the fresh leaves to the final products of black tea leaves.
Among the three methods (Folin-Ciocalteu, iron tartrate, and
HPLC), the iron tartrate method gave the highest TPC values
for the respective tea samples with relatively low levels of
oxidative fermentation (sample-1 to -3) (Fig. 4). Black tea with
low levels of oxidative fermentation indicated a condition
similar to that of unfermented green teas. Consequently, this
trend was similar to that observed in our previous study on
green teas (Matsushita, 2024) and was due to the similarity of
the components in the tea samples with low fermentation
(sample-1 to -3) to those of green teas. However, in tea
samples with advanced fermentation (sample-4 to -7), the total
polyphenol values determined by both colorimetric methods
were comparable.

As described above, the procedure for tea leaf
fermentation affected the TPC determined by both
colorimetric methods. Through oxidative fermentation, the
catechins in fresh tea leaves are converted into low- and high-
molecular-weight polyphenols. Therefore, the polyphenol
components in tea leaves plausibly affected the colorimetric
measurements. Theaflavins, low-molecular-weight catechin
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Fig 4. TPC in tea extracts from sample-1 to -7 determined by Folin-Ciocalteu method, tartrate method, and HPLC
analysis. Values followed by different letters indicate significant differences in TPC determined by the three methods

for each sample (p < 0.05).

polymers, are coupled components of o-quinones formed by
the oxidation of catechol and pyrogallol (Kusano et al., 2015).
On the other hand, the high-molecular-weight polyphenols,
thearubigins, are most likely formed from catechins, not
theaflavins, as intermediates (Yanase, 2022). The theaflavins
and thearubigins are formed competitively, and tea leaves that
undergo advanced oxidative fermentation contain more of
these components. The Folin-Ciocalteu method involves an
indirect color reaction of polyphenols through the reduction of
phosphotungstic acid, whereas the iron tartrate method
involves a direct color reaction of iron ions and polyphenols.
The absorbance of polyphenols complexed with iron ion varies
depending on the type of polyphenol (Iwasa and Torii, 1962).
In tea samples rich in catechins, the TPC determined using the
iron tartrate method was higher than that determined using the
Folin-Ciocalteu method, indicating the need to revise the
standard substance used as the total polyphenol equivalent.

In contrast, in tea samples with high theaflavin and
thearubigin contents, the TPC determined by both colorimetric
methods was equivalent. This also indicates the validity of
ethyl gallate as a standard substance for analyzing samples rich
in theaflavin and thearubigin. The color reaction in the Folin-
Ciocalteu method depends on the reducing power of the
polyphenols, such as the number of hydroxyl groups and
conjugated double bonds. Because the Folin-Ciocalteu method
is not affected by anything other than the reducing power of
polyphenols in the color reaction, it proposed that the reducing
power of the polyphenols was equivalent to the amount of total
polyphenols.

The TPC determined by HPLC in sample-5 to -7 was
lower than that determined by the Folin-Ciocalteu and iron

tartrate methods. This is expected because sample-5 to -7

contained more complex catechin polymers, such as
thearubigin, which could not be quantified in this HPLC
analysis. Detailed data on thearubigins are still lacking.
Further research on thearubigins, which are abundant in
fermented teas, such as black tea, is desirable. In this study,
two colorimetric methods were used to determine the TPC in
tea leaves. The TPC is the sum of individual components, such
as catechins, theaflavins, and thearubigins. Polyphenols have
different functionalities and activity levels depending on their
type. Therefore, the TPC is not directly related to functionality.
Notably, although the TPC of sample-1 was the highest in this
experiment, this does not mean that the tea leaves of sample-1
have the highest functionality.

In summary, in the determination of TPC in tea leaves,

the iron tartrate method was greatly affected by the type of
polyphenol in the tea leaves, whereas with the Folin-Ciocalteu
method, the reducing power of the polyphenols properly
reflected the value of the total polyphenol equivalent. Both
colorimetric methods were effective for analyzing the TPC in
black tea, which contains high amounts of theaflavin and
thearubigin. However, the cost and safety of the reagents used
in experiment and the experimental time are also important
factors. Therefore, the experimenter must decide which
colorimetric method is most appropriate.
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Fig. S1. Structures of catechins, gallic acid, and theaflavins 1: (-)-
epigallocatechin (EGC), 2: (-)-epicatechin (EC), 3: (—)-epigallocatechin gallate
(EGCg), 4: (—)-epicatechin gallate (ECg), 5: gallic acid, 6: theaflavin (TF1), 7:
theaflavin-3-gallate (TF2a), 8: theaflavin-3,3'-digallate (TF3).
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Fig. S2. HPLC chromatograms of the methanol extracts of black tea sample-1 to -7. Peak identification 1: (-)-
epigallocatechin (EGC), 2: (—)-epicatechin (EC), 3: (-)-epigallocatechin gallate (EGCg), 4: (—)-epicatechin gallate
(ECg), 5: gallic acid, 6: theaflavin (TF1), 7: theaflavin-3-gallate (TF2a), 8: theaflavin-3,3'-digallate (TF3).
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APETLTEBY, NMDA FEMEDO 7 LF V2
YR INVT FLFY) oL EL AL
TWw7=Z&25, SAMPSINIZBITA 7 V4 3
CEEENE, 2V UEEME, BXO VT FL
) AEEN R E ORRREIN T AR S T
Wb,

NMDA MBI IZ ANV 54 F ¥ D
&4 AWML, CREB(cyclic AMP response
element binding protein) ® V) ¥ AL % 5] &
s, RN (LTP) oL b Hh vy
RN TR (A PAT A (ol A= el I A o
C(PKC) &Y, SAMPS ~ 7 A O il H5 R
BV E & H IR L TnD I b,
SAMPS 51281 5 ¥ F 7 A TEB O T H3%
AHNTW5S.

4) BEZX ML ZXEI PO N T B

et

AL A N L A ZRALHTZE CHUL I FARE D
—DTHhY, SAMPS OJifi, IFliEds & LT
ERIE Y 7 ooy BRIRE OBEA SAMR]
WCHRETS>TWEIEPHEIRTWAS.
—R & L CHiliRMLE% % CTd 5 SOD (superoxide
dismutase), # % 5 —+¥, GPx(glutathione
peroxidase ) A% SAMPS ? i &2 KKz g,
BT TLTWwAZ LR, I hay MY 7oK
REAN DS IR A SAMP8 THELTWwWA
EARIBENT VWD, — /T, 7U=FIHhN
HEACTBILWE OB G512 X Y, FERS v
N7 ORI S, FiyDERR¥H R
BREOIK T2 s s &, Hay —HlRIc
£ o TH SAMP8 DELEDILT R R AL R H
T BT, FHLEROMTIH & & &Ik
NOMFEREWE OB Z 5 Z & 23

HEINTWS.

5 #DY BT

SAMP8 ¥ ZATid# 7D ¥ BALHILAE L
ThBY, ZTOZALIIE Cdk5/p25 IEHED BN &
Cdk5 D LRI TS, T2 ApD
BRIy BT H L AHME ST
W,

6) BIEF, 2> /57 BORBEL""

SAMP8 ORiIZ BT 2 BIZTFR 5 ¥ 757 HD
FHZIZOVWTIEEZ L DM fThbhTh
D, ZITRZO—MEMMNT S, FI2UAE,
SAMP8 xR & L7 bT Y A7) T+ — A fif
- BT RIS CETEBY, £
No X BLHERETESHOEEKGELE 5 2 C
Wwh,

a. HIFREICRBIET 5&EF

SAMP8 @ i B T & 45 i B 12 GDNF (glial
cell line-derived neurotrophic factor) % NT-3
(neurotrophin-3), NGF (nerve growth fac-
tor) @ mRNA OFB L X)L H SAMRI (2~
KL<, HEERREOKTICEY L Tw AR
»Hb.

b. ADBEEETF

ApoE (apolipoprotein E), MR (mineralocor-
ticoid receptor) ® mRNA OFHIFMELTF L, —
# TAPP X % 7, Bcl-2(B-cell/CLL lympho-
ma2), PS-2(presenilin-2) ® mRNA L ~N)L2SEH
FILHTF o TWDLILEIIRENT VD,

c. ®ERIE, ¥ TFHIVREICEEL ZEEF

SAMP8 D& Tld, HIEKISICEEES 5 7
EH A ¥ CCLIY DR A RIS EFEH L
TWRZERRWESRTwE Y, AT,
Tan UBRRE, BURIEY AT A, TRV F—
G, SRS, MIlaEHE % EICBES 2 88
¥, BIOZORFREY OFBIZEALB R N E
nTws,

d. IEY 1251y 7 BIEH"

SAMP8 Tix, SAMR]L 2T Y = £
TA v I RBHiEZTRTVWI ErHE I T
BY, DNADAF AL L R b~ Bk &0
FFRIR 1B A SAMPS O EA LAY G- L T
HIEPRENTWS, F72, miRNA  HE

SR Sk
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R EZHS TWA I EAWMEEN TV S,
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FEHIBR R EBy, 4 R VY T F VR ERL
Sl & 2R O AT EOWFEH A THILT
&7, FoAE, SCREMIENC X % FRAIBERE LGS
X, WGPHE R & Efb e OFE,» S SER SN
TWw5b,

4. SAMP10

1) SAMP10/TaldrSlc

a. ITBZ1{t

a) PR EICBT 2 0%

B [l R © SAMP10 28 SAMR1 12 T
RO TAED SNDL 2 EBWEENT
Wn 23, SAMP10/TaldrSle I2B L Tid, %
B[] b B IC X B AL FRIC BV T 12 Hiln E
TSAMRI £ DEVIZR SR ZWY . —F, T
FLITR T SAMP10-ASglt2 TiZ 12 AW cH &%
RO T AR S b,

b) G847 E), BEHY XA

Ji& 8 2 BB %2 B il K 9k BB T U, SAMP10
<7 Z1X SAMR] =7 A & Folik UCHiE 28019
OFFEERTIEDS MY, MRS 1) o
THOEMNGZEFT VIR EEZLNT WA,
SAMPS & FBEICBEH V) X 2 DB RT Y,

b. #HiERIE"

a) KB EC 31T % Zkii

SAMPIO i 0 s 1 B 5 a2 L &
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HHN, KM E=2—a e & b
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& & DITHEAL, YFTALEELIIHEFETDH
. WHENRE = 2 — 0 v ORI, N
Ll IR R B X LR R S v
T4 SRR 2 o TR L, TEIm RS
R IE IR X 0 D13 2 D ICIRA R A
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|2 DNA A & & b2 L, MkgEmn
ICZEFF VLB ARPERT L. Zhbid

t N OIMEZEAL TR SN B MO LIZEBL L T
Wb,
b) ¥4 AL Y REBOUEZHE) I 20
7 DEAL

SAMPI0 ¥ A TIiZSAMRI ¥ 7 A &L ILEL L
TIL-18 B L ' IFN-y ® mRNA OFEBLAVH T
W2k, IL6, TNF-a 3 & OHEREES » o3
2 & -1(MCP-1) mRNA O FEBLAIEGZ AL HY
MTrzERRENTS, F72, SAMPIO
<~ AESAMRI 7 AL ) EMILI 70 s
VT AEEMLTEY, ZEiE L3 s T
BIIENRE > T 5.

c. BIEF - 22NV HORRE®R"""

SAMPI0 TlZ Fgfl (fibroblast growth factor
1) OBLRFICERNPAEL, IEH 7% Fafl & 3
JEDPWATHRHEN W RS, THE
IRIED—HE o TNBEEEZ LN TV A,
$72, £ I FEACHGTTHIAT4yTIT
)+ —¥ (SMase) 25 KMiEE TIEMESIZ P
FERMCHINT A2 &, WHICBIT B X
Ui b 5 ¥ AR— % — 3 OFHADIMEI L
BKTT5ZE&HEINTNS, T, F—3
I U EBEAY SAMPL0 = 7 2 OAT BN IZ 5
LTWAIMEEEITRIZE N TS,

SAMPI0O ¥ A TIZSAMRI ¥ 7 2 & [LEE L
T, KM EIZ BT 5 — R b s F AR
F# (nNOS) OB M & & IZmL, NO
BMAS KB N BV % Bel-2 5847 K b —
VARMAEL, WELOMEE D] X 3HE
W5 EREINT VD,

2) SAMP10-ASglt2 ¥

BRI ICBWT TV a — 20 Z#H
9 SGLT2 ICERASHE L2282k, R
PEDSHE S N5 FFURR OFEIRZ 7R §. MU
DR TITHEHEROBMZ L2 XY b 5 BRI
BTV DA, IR 0K T 2 W)
BB IZ 7R A SAMP10/TaldrSle & %7 % 5T
H 5. SGLT2 DT X % BbE R o KL
Z DM SAMP R TIRBIZE SN TRV,
¥ 72 SAMP10-ASglt2 Tl&, APP 773 —D
A 3= OH T Aplpl (amyloid beta precursor
like protein 1) ® mRNA OIS A #1211
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RIS Y F T AMERRICART R TH Y, MEH
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DER < A% V7RG EE R E i
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SGLT2 A3 W D M 22 & 50, 4,
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Let’s try Sencha and Matcha
2025

Matcha

It’s a cultural tea in
Japan

SR DA ER R RE

~JAPANESE CULTURE AND TEA~

2025% 48 4 H(£)15:00~16:00

RFBAWRLIH— encha

It's the most popular
tea in Japan

AT | S
Speakers Tea Science Center What is tea
%?ﬁ‘»’ﬁéﬁﬂ%t)’i— »Originally, tea is a medicine.

h-k

b IET et

Yoriyuki NAKAMURA

,2}2 “I- Tea have different chemical components from other
A ' plants

B~ w(Caffeine

% Catechins of Gallate type

‘ % Theanine (Free Amino Acid)
sh
1'* %E i TR 4#Eh Nong The oldest medicinal book g Oythers (Fluorine, Aluminum etc.)
Michiko HAYASHI

%IEJ E? W The story of tea began in ancient china, before the Christian era.
Yoko KAMEOKA Shen Nong was an early emperor, scholar, herbalist and agriculture
of god in posterior.

He is famous for the discovery of the efficacy of tea, which acts as

an antidote against the poisonous effects of some seventy herbs.

Also, he found that tea is a drink to be so exciting and exhilarating.

https://dfns.u-shizuoka-ken.ac.jp/labs/tsc/

Tea has a history of at least 2,000

SHOAE

, Tea has a history of at least 2000 years
TOday S Agenda o 100 500 1000 1500 2000
Han _Tang Sohg _ Yuan Ming Qing China
Nara Heian / KamakuraMuromadiEdo Melli Heisel
1 BAROE TIORAR (a9 [l (il

About Japanese Tea-Lightly steamed sencha tasting
2 REATHRZBNTHELS
Let's try Sencha in a Kyusu!
3 HEROFE
About Matcha
4 HERZBEHTENTHELS
Let’s try Matcha!
5 BHICEBARBREHMERLTHLD
Let’s try tasting various teas

The Classic of Tea;

Written by Lu Yu in the Tan% Dynasty of
China, the Classic of Tea is "an
encyclopedia of tea that is still read
today even though it was written more
than'1,200 years ago.

Chinese green tea : Pan fired te.
Japanese green tea : Steamed tea

The origin of tea drinking is unknown; in China it has begun to drink at least over
2000 years ago.

Tea preparation and serving methods were first introduced in Japan from Chin

a
almost 1200 years ago. Steaming or boiling was only tea way to prepare tea at that
time, and the methods still practicing in Japan.

However, in China, steaming and boiling process were changed into the pan fired

method from the 4ge of Song. Alongside, oolong tea was introduced around the 15th

century, and black tea was developed from oolong tea in the 17th century. A new tea
. blossomed in the world from 18thto 19th century.



Various types of tea can be made from the same tea leaves

Different kinds of tea in the world

In the long history of tea production, many types of tea have been developed.

In general, tea is classified depending on the degree of fermentation (activation of
oxidizing enzyme contained in the leaves).

Green tea Fnon—fermer_\ted tea): After being plucked, fresh leaves of tea .
immediately treated with high temperaturein order to inactivation of oxidizing
enzyme of leaves.

Black tea (fermented tea): The leaves are withered, rolled, and incubated for 5 to
20 hours without applying high temperature for fermentation.

During this step (fermentation process), oxidizing enzyme are especially active and
change catechin to the oxidized form.

Differences in ingredients between green tea and black tea

The chemical contents of green tea
and black tea infusion (Dry weight %)

Green tea Black tea

This slide shows the comparison of

Total Catechin  15-30 3-10 chemical contents of green tea and black
Theaflavin 0 2-6 tea infusion.

Polyphenol 2 3

Flavox.lol 3 24 catechins content than black tea.
Theanine 3 3

Organic Acids 2 2 « The infusion of green tea has lower
Caffeine 3-6 3.6 theaflavins and flavanol content than
Vitamine C 0.4 0 black tea.

The infusion of green tea has higher

Black tea does not contain Vitamin C.

The main types of Japanese tea and production

The main types of Japanese Tea
Regular Sencha

Sencha(75%)
Heavily Sencha
Gyokuro(1.2%) Sencha This i the most populr
ype ofea i Japan

green
Tamaryokucha
fecs 1%) T pound i sone
mortr into Matcha (Powdered
Te) and uwsed in @t
Matcha ceremony,
Bancha(13.3%) Hojicha

“This is lower grade tea, made.

from Bancha by roasting at
sbout 200C for a few
minues.

Reprocessed Hojicha,
teas Genmaicha efc.

Japanese Green Tea Production

Japanese tea is processed by steaming to stop oxidation, then kneading and dr\{jng.
Steaming is a characteristic of Japanése green tea, and it is a method of heating tea
leaves that is rare in the world.

Japanese tea can be divided into %okuro and tencha, which are grown under cover,
and sencha and bancha, which arethe other types.

In addition, there is also a classification of tea that is repelled in _a process such as
sorting, that is, stem tea, sprout tea, powdered tea, and raw material tea for tea bags.

Japan's tea producing areas and production volumes

f\wg’ 4

o e
SVQ)’ Aved and production of tea
TR (20200

Profisture | Aren | Peoduction
Field in Snow o) | o)

15200 25,200

s360] 23900

270|469

Taso|  toss
1556|2208
50| teet
10| 199

525 £

705 1s7

3203 5300

S7.069| 68121

ing Ligth Shading Field

In Japan, tea farming is prolific mostl¥] in the southwestern half of the Japan for
adaptability of the climatic conditions of the tea growing.

The total production of tea in Japan in 2021 was about 78 thousand tons and area was
about 38 thousand hectors.

General, Japanese %reen,tea, produced from the beautiful tea fields, achieves the
highest ‘quality and the highest yield in the world. This is due to the introduction of
superior cultivars and newly mechanized cultivation systems.

%)n JatpfaT, _yzr)]ttj can sometimes see snow-covered tea gardens, but this is a rare and

eautitul si .

iells?,hshadl%g is covered from sunlight/ to produce high grade tea like Gyokuro and
atcha.

Matcha is one of the representative teas of Japan

Production Process of Matcha .
Grinding stages

Processing stages

Tea leaf cooling spread

Tencha, which are known as the finest tea in Japan, is

made from the leaves grown under the ceiling-shelf

covering. ‘Tea grinder (special stone mill
Tencha dryer (‘Tencha-ro’) designed for matcha grinding)

‘Tencha, the raw material for matcha, s grown under cover. Cultivation under cover reduces the catechin content and increases the amino acid content,

tea leaves are steamed typically within 2-3 hours after plucking to inactivate the enzymes activities in the leaves and then dried without rolling
‘Tencha-ro consist of a furnace and an exhaust gas duct, and several steps perforated bet conveyers (3-5 steps) with brick walls. And, Tencha s
grinded by the stone and becomes Matcha. Matcha for ceremony arade is ground by the special stone mill, designed for grinding tencha, rotated by a
specially developed electric motor. The median particle diameter of matcha powder i less than 20 pm,

In chanoyu, through exchanges of

hospitality and appreciation, the host

and guests can share a quite,

heartwarming, peaceful time and

reach a state of spiritual

enlightenment so called Wa-Kei-Sei-
vaku.

Wa-Kei-Sei-Jyaku (fog#a)

“Wa” : open each other’s heart.
ch other.

rrounding

r spirit.
tain a spirit of
s

Matcha,
Itis possible to consume

vitamin A (beta carotene), vitamin E (tocopherol),

dietary fiber etc which can not be ingested with tea .
brewed in teapot.

How to brew Japanese green tea

Amino acid

The soluble rate of chemical component is also
different depending on water temperature.

Caftein®

Catechins N . N
Amino acid elutes at low temperatures, but Caffeine

and Catechin are hardly eluted. Major chemical
component is easy to elute when the is high.

Low « Soluble rate — High

Regarding the taste of major temperature component:
+ amino acid is Umami
Low <« Watertemp. — High - catechins is astringent
« caffeine is bitter

Image of the soluble rate of chemical component
on different water temp.

taste of tea and the functions are different.

Standard Brewing Method for Japanese Green Tea

Number of Volume Volume Temperaure Volume Infusion
persons  of of tea of hot of hot time
served teacup water water This table shows the general methods to brewing of
= Gyokuro, Sencha, Houjicha and Bancha.
persons ml 1 T ml seconds
High grade 3 40 10 50 60 150 The hot water is lower and the amount of hot water
Gyokuro is lower as much as tea that enjoys umami like
Middle grac 3 40 10 60 60 120 gyokuro and high grade Sencha.
High grade 3 100 6 0 170 120
Sencha - On the other hand, houjicha and bancha that enjoy
Midde grac 5 150 10 90 430 60 the aroma have high hot water temperature and
Houjicha 5 M0 15 10 60 % hot water volume.
Bancha 5

240 15 100 650 30 .

So, of course, by the different component amount, the



How to make Japanese tea

Cool down by pouring

(2]

Place the tea leaves into

) Bancha, Houjicha 5

(2]

:he boiled water into the tea pot. :‘l:‘:g :Leo:.ea leaves Into mﬂmﬁéﬁ:ﬁm o
(!:\a bglt';; i 6-10 g for 3-5 people About 15 g for steeping for about 30 sec.
cooled by this 5 people Be sure to use

method) boiled water.

(3]

Pour the cooled down
water into the tea pot

Water temp. 70-90 'C is poured.

Steeping time @ Serving temp.

60-120 sec. 50-65 C
S

S=

N

Serve equally into each tea
cup until the final drop

@ 75C

008

&

Serve into each tea cup
equally until the final
drop is poured.

Serving temp.

gﬁ
= -

The point is to brew tea at a low temperature to enjoy the umami, and at a high temperature to enjoy the aroma.

Physiological functions of Japanese green tea components

Soluble  (‘First serving
13% Water soluble
SecondljcoNER s
~serving | Catechins,
10% | Caffeine,
Third | Polysaccharide,
~serving | Amino acids,
N S 7% Saponin, GABA,
Insoluble crude fibers, Li i \ o Vitamin C,
Chlorophyl, Carotene, Vitamin E, \f‘:!“":::::' Vitamin B,
Protein, Others 5% Fluoride, Others
Physiological fi of green tea
Groen Tea 6, onts Functiors
Anti-oxidative, radioprotective, Anti-
mutagenic, Anti-tumor, Enzyme
i inhibitory, Anti-hypercholesterolemic,
e L (O oN e peralycemio) Fat redicing Anti=
hypertensive, Anti-ulcer, Anti-bacterial
etc.
v o ::cmeva\ of atigue, Sleepy feeing, Duretic
Vitamin C__150~250mgh Removal of stress. Cold prevention
Viamin B 1ngy  ERCHOMetbolcacion of cabohyates and
anino acids
Vitamin E___25~70mgh_Ant oxidaive, Ading prevention
7 amino - )
Datore agig | M~02% Aot hypetenive
Flavonoids __0.6~0.7% _Haltosis prevention
Theanine __06~2 _Anti i
—

Green tea contains about 35% water soluble compounds, including catechins,
caffeine and amino acids et al.

On the other hand, the remaining 65 % of the components of tea are water
insoluble compounds, including fiber, vitamin E, carotene, protein and
chlorophyll et al.

In the case of serving green tea, the 13% of soluble component in the green
tea dissolves in hot water with first serving. And second serving is 10%, and
third serving is 7%.

catechins

Catechins, caffeine and theanine are the most important chemicals and
catechins shows various physiological functions, such as anti-oxidative,
Anti-cancer, fat reduce et al. Caffeine show removal of fatigue, sleepy
feeling. Theanine show anti-hypertensive effects. The benefits of tea
drinking in both aspects of mental and physical health have been
discussed for thousand years in China and many other countries where
the tea is consumed. Recently, with the advance of modern chemistry,
components of tea have been analyzed and health benefits argued in the
past been attributed to the tea element. In particular, as for catechins in
green tea a great many effects have been studied and a number of
functionalities have been proved.

Various functions of Catechin and Theanine

Functionalities of catechin

DI IR A A ST PP AR Y

Memory retention in

Antioxidant
Antimutagen
Cancer-fighting
Oxidation resistant
Anti-atherogenic

Lowers blood cholesterol
Lowers fat absorption
Antibacterial, antivirus
Prevents cavities
Improves intestinal flora
Eliminates odors
Controls blood pressure
Etc. Etc. Etc.

ingested catechin

[ Green tea catechins
T
f fosin)
H .
o
‘ w
o DR—t m

Senscemeuslectd e (SANPIO) s e o wih g, & i
e drk lc, s e, ek o a1 hE B e ot hen

+ Reducesblood pressure
Regulates cranial nerves
performanc
Prevents vascular dementia

« Strengthensanti-tumor agents

+ Improves cell infiltration resistance

from lung cancer

Effect of theanine on
psychosocialstress

Functionalities of theanine

Cancer development and actions of tea catechins

calumansnityet
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spoptose

Cetlaesn

Angiogensss.
¥ inniiton
| stimuiaton

Cancer progresses (hrough several stages as it develops including
initiation, promation, progression, and metastasis.

Green tea catechins have been shown to exert anti-cancer effects
at cach of these stages.

*
== o * *
% "
*

Anti-viral effect of tea catechins
against influenza
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“Tea catechins bind 10 the spikes on
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the surface of influenza virus and
inhibit viral adsorption onto the host
cell surfce, thus preventing infection

Comparison of the inc
influenza infection

Modern life causes stress in many people. Long term stress is believed to trigger depression and cardiovascular diseases,
and accelerate senescence. When psychosocial stress was applied to mice by confrontational housing, the survival time of

mice was significantly shorter than of mice in group housing.

However, by intaking theanine in these mice, their lifespan .

becomes longer. So, theanine suppresses senescence by reducing psychosocial stress

e

Matcha is a highly functional superfood

Modern life can cause stress in people, and the accumulation of

induced alterations with dietary supplements

stress is strongly linked fo various diseases. Intervention of stress-

is a potential

therapeutic strategy for a healthy life. Reducing stress with matcha

may become a new health-giving strategy for achieving good daily life.

The power of theanine in matcha

Theanine exhibits an excellent stress-reducing effect on mice and
humans. However, the effect of theanine is antagonized by caffeine
and epigallocatechin gallate (EGCG), which are two major components
of green tea. In contrast, the stress-reducing effect of theanine is
enhanced by arginine, which is the second most abundant amino acid
in Japanese matcha. An effective stress-reducing outcome is only
possible when the molar ratio of (caffeine (C) + EGCG (E)) / (theanine
(T) + arginine (A}) is 2 or less. Matcha with a CE/TA ratio of 2 or less is
high-grade matcha, and if the ratio is greater than 2, it is a low-grade

matcha in terms of reducing stress.

Stress reduction by high-grade matcha

As a marker of stress, salivary a-amylase activity (SAA) was measured.

High-grade matcha

Low-grade matcha

Theanine A e

{Eace:
Epigallocatechin
callate)
CE/TA=179 CE/TA =10.64
Caffeine (C) + EGCG (E)
Molar ratio of CE/TA=

Theanine (T) + Arginine (A)
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The basal level of sAA before matcha intake was not different between s d
the participants of high-grade and low-grade matcha groups. The e;ao'ﬁf:.:ﬁ; ‘E‘:’:’;{;ﬂ
participants drank matcha (3 g/500 mL water) for a week. The level of 0 Matcha drink. P
SAA after matcha intake was significantly lowered in the high-grade _ s o
matcha group. Similarly, when eating cookies containing matcha (4.5 g/ %An é,,n
3 pieces), sAA was significantly reduced in the high-grade matcha éan M= E:n M -
group. Both drinking high-grade matcha or eating cookies with it E» 8 é g ] 5 ;”
reduced stress. On the other hand, there was no change in stress in the 3o aﬁi % 3w é 5 %
low-grade matcha group. High-grade Lowgrade Highgo Tauiigiads
High-grade matcha marketed in Japan and other countries
The stress-reducing effect of matcha marketed in Japan and 15 - Japan 15 [ Other countries
other countries was assessed. When people ingested 3 g of
these matcha per day, a st ducing effect was 1
About half of matcha sold in Japan is expected to reduce £
stress versus only one brand of matcha marketed in other 5 . i
countries. Almost all matcha brands in other countries had & b
low amounts of theanine and arginine and high amounts of 5 Y i
caffeine and EGCG. Matcha is essentially rich in theanine N —— S — o
and poor in catechin, but not all marketed matcha satisfies R . o
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these two conditions.

Theanine (mglg)

If you want fo relieve stress with mafcha a high-grade mafcha should be selected (CE/

Theanine (mg/g)
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The main types of Japanese tea and production

Regular Sencha

2 0 2 5 ‘The main types of Japanese Tea

Heavily Sencha
Sencha ‘This is the most popular
type of tea in Japan.

Steamed green
teas

This is ground in a sione
morar into Matcha (Powdered.
Tes) and used in 8 tea
ceremony:

Tencha(1.2%) H Matcha ]

Bancha(13.3%)

Hojicha
T

WELLCOME TO
UNIV. OF SHIZUOKA

e tea, made

ha by roasting at

Reprocessed
teas

Hojicha, ‘
efc.

Japanese Green Tea Production
Japanese tea is processed by steaming to stop oxidation, then kneading and dr\{jng.
Steaming is a characteristic’ of Japanése green tea, and it is a method of heating tea
leaves that is rare in the world.

Japanese tea can be divided into ¥]okuro and tencha, which are grown under cover,
and sencha and bancha, which arethe other types.

Tea Science center In addition, there is also a classification of tea that is repelled in a process such as
sorting, that is, stem tea, sprout tea, powdered tea, and raw material tea for tea bags.

I
Japan's tea producing areas and production volumes

Let’s try Sencha and Matcha

N
P
?;/ “Avod and production of ton
5 om0

Matcha N\ e p——
It’s a cultural tea in

Japan

Severe Shading Field Ligth Shading Field

In Japan, tea farming .is prolific mostl¥] in the southwestern half of the Japan for
adaptability of the climatic conditions of the tea growing.

The total production of tea in Japan in 2021 was about 78 thousand tons and area was
about 38 thousand hectors.

General, Japanese %reen,tea, produced from the beautiful tea fields, achieves the
highest ‘quality and the highest yield in the world. This is due to the introduction of

superior cultivars and newly mechanized cultivation systems.

Sencha
, {)ré aJL?t‘i)faLIT’Siy?]% can sometimes see snow-covered tea gardens, but this is a rare and
It S the mOSt POPU/af Alsg,hshadl%g is covered from sunlight/ to produce high grade tea like Gyokuro and
atcha.
tea in Japan °
I I

Matcha is one of the representative teas of Japan

Production Process of Matcha s
Grinding stages

Various types of tea can be made from the same tea leaves

Processing stages

Toa loaf cooling spread

Different kinds of tea in the world

Tencha, which are known as the finest tea in Japan, is
made from the leaves grown under the ceiling-shelf
covering.

Tea grinder (special stone mill
designed for matcha grinding)

Tencha dryer

Tencha, the raw material for matcha, is grown under cover. Cultivation under cover reduces the catechin content and increases the amino acid content.
The tea leaves are steamed typically within 2-3 hours after plucking to inactivate the enzymes activities in the leaves and then dried without rolling
‘Tencha-ro consist of a furnace and an exhaust gas duct, and several steps perforated bet conveyers (3-5 steps) with brick walls. And, Tencha s
grinded by the stone and becomes Matcha. Matcha for ceremony grade Is ground by the special stone mil, designed for grinding tencha, rotated by a

spedally developed electric motor. The median particle diameter of matcha powder i less than 20 p

In the long history of tea production, many types of tea have been developed. In chanoyu, through exchanges of

hospitality and appreciation, the host
and guests can share a quite,

In general, tea is classified depending on the degree of fermentation (activation of 3
oxidizing enzyme contained in the leaves). heartvarning, peacefultime and

Green tea Fnon-fermented tea): After being plucked, fresh leaves of tea Sraga, e s cated WarketSet
immediately treated with high temperaturein order to inactivation of oxidizing
enzyme of leaves.

Wa-Kei-Sei-Jyaku (fog#a)

« Black tea (fermented tea): The leaves are withered, rolled, and incubated for 5 to
20 hours without applying high temperature for fermentation. apen cach other's heart.
r surrounding

tain a spirit of N
ness It is possible to consume
vitamin A (beta carotene), vitamin E (tocopherol), .

During this step ifermentationcf)rocess), oxidizing enzyme are especially active and
. dietary fiber etc which can not be ingested with tea
pot.

change catechin to the oxidized form.

rewed in teapot.



How to brew Japanese green tea

The soluble rate of chemical component is also
different depending on water temperature.
Catechins
i Amino acid elutes at low temperatures, but Caffeine
and Catechin are hardly eluted. Major chemical
component is easy to elute when the is high.

Low « Soluble rate — High

Regarding the taste of major temperature component:
+ amino acid is Umami

« catechins is astringent

+ caffeine is bitter

Low « Watertemp. — High

Image of the soluble rate of chemical component
on different water temp. So, of course, by the different component amount, the

taste of tea and the functions are different.

Standard Brewing Method for Japanese Green Tea

Number of Volume Volume Temperaure Volume Infusion
persons  of of tea of hot of hot time
served teacup water Water This table shows the general methods to brewing of
= Gyokuro, Sencha, Houjicha and Bancha.
persons ml g T ml seconds
High grade 3 40 10 50 60 150 The hot water is lower and the amount of hot water
Gyokuro - is lower as much as tea that enjoys umami like
Midde grac 3 4 10 60 60 120 gyokuro and high grade Sencha.
High grade 3100 6 0010 120 - )
Sencha On the other hand, houjicha and bancha that enjoy
Middle grad 5 150 10 9 430 60 the aroma have high hot water temperature and
Houjicha 520 15 100 650 30 hot water volume.
Bancha 5 240 15 100 650 30 .
I

How to make Japanese tea

Bancha, Houjicha

Memory retention in mice ingested catechin

(2]

Place the tea leaves into

Cool down by pouring

Place the tea leaves into

:g: boiled water into the tea pot. the tea pot. boiled water and leave it
re b::?; e 6-10 g for 3-5 people steeping for about 30 sec.
cooled by this

method) %o%
(4]

Serve equally into each tea
cup un?i?m ¥lnal drop Serve into each tea cup
is poured. equally until the final

00®

About 15 g for
5 people Be sure to use
. boiled water.
00

Pour the cooled down
water into the tea pot

Water temp. 70-90 C
Steeping time @ Serving temp. drop is poured.
60-120 sec. 50-65 C Serving temp.

¥ & 7 gl

The point is to brew tea at a low temperature to enjoy the umami, and at a high temperature to enjoy the aroma.

Physiological functions of Japanese green tea components

Green tea contains about 35% water soluble compounds, including catechins,
caffeine and amino acids et al.

[/ Soluble ([ Firstserving On the other hand, the remaining 65 % of the components of tea are water
13 Water soluble insoluble compounds, including fiber, vitamin E, carotene, protein and
Secong | COMPOnents chlorophyll et al.

In the case of serving green tea, the 13% of soluble component in the green

serving | Catechins, - . ot
105 | Caffeine, tea dissolves in hot water with first serving. And second serving is 10%, and
St | Pitsaccbaride, third serving is 7%.

Amino acids, Crystals of tea catechins
B Saponin, GABA, .
! Insoluble crude fibers, Lipid, Vitamin C,
Chlorophyl, Carotene, Vitamin E, I Vitamin B,
Protein, Others Fluoride, Others
Physiological functions of green tea
Groen Tea 6, onts Functiors

Anti-oxidative, radioprotective, Anti-
mutagenic, Anti-tumor, Enzyme
inhibitory, Anti-hypercholesterolemic,
Anti-hyperglycemic, Fat reducing, Anti-
hypertensive, Anti-ulcer, Anti-bacterial

Catechins 10~18%

Catechins, caffeine and theanine are the most important chemicals and

et
Caffeine 3~qy  Removal of fatigue, Slecpy feeling, Diuretic catechins shows various physiological functions, such as anti-oxidative,
eto. Anti-cancer, fat reduce et al. Caffeine show removal of fatigue, sleepy

Vitamin C___150~250mgh Removal of stress, Cold prevention feeling. Theanine show anti-hypertensive effects. The benefits of tea

Excitometabolic action of carbohydrates and drinking in both aspects of mental and physical health have been

i B MY ey discussed for thousand years in China and many other countries where
Vitamin E 25~70mgh _Anti oxidative, Aging prevention the tea is consumed. Recently, with the advance of modern chemistry,
7 amino components of tea have been analyzed and health benefits argued in the

butyrip acid 01024 Ant hypertensive past been attributed to the tea element. In particular, as for catechins in

Flavonoids. 06~0.7% _Halitosis prevention green tea a great many effects have been studied and a number of

Theanine. 06~2% Anti functionalities have been proved.

Pour the proper quantity of

Various functions of Catechin and Theanine

Functionalities of catechin Functionalities of theanine

Cancer development and actions of tea catechins

.

Antioxidant Reduces blood pressure

Improves intestinal flora (celideat)
Eliminates odors
Controls blood pressure
Etc. Etc. Etc.

Cancer progresses through several stages as it develops including
initiation, promotion, progression, and metastasis.

Green tea catechins have been shown to exert anti-cancer effets
at each of these stages.

3 Antimutagen + Regulatescranial nerves

+ Cancer-fighting performance oy i

+ Oxidation resistant + Preventsvascular dementia S

« Anti-atherogeni + Strengthensanti-tumoragents K % Metastass
- :o:::: :.::: g:.‘m,sum . Impr:vts(ellin'il(rallonisisun(e f{i}g*f* ﬁ‘i:j:;f"
« Lowers fat absorption from lung cancer nitaen pramotion Pogresn ,@

+ Antibacterial, antivirus Effectof theanine on F—— o

+ Prevents cavities T el

Effects of catechins on influenza virus %
R e ¥ * X *
N\ // =

Groon toa catechine

Control

4 -
Young [ —- Aged fr byt taechins

0 i 20 ) w s o . = L ="
~ . e b Ao Blood P e i ih
» Teu catechins bind to the spikes on . )

e [Effect of theanine o mean biood presure in normal and spontancous the surface of influenza virus and ot Comar

e N . inhibit viral adsorption onto the hOSt  Cynparion of the incidence of

RSP p—— cel surfce, hus preventng infcton | Gombarien of e

Modern life causes stress in many people. Long term stress is believed to trigger depression and cardiovascular diseases,

and accelerate senescence. When psychosocial stress was applied to mice by confrontational housing, the survival time of

mice was significantly shorter than of mice in group housing.  However, by intaking theanine in these mice, their lifespan
becomes longer. So, theanine suppresses senescence by reducing psychosocial stress .

Matcha is a highly functional superfood

Modern life can cause stress in people, and the accumulation of

‘ stress is strongly linked to various diseases. Infervention of stress-
k induced alterations with dietary supplements is a potential

S therapeutic strategy for a healthy life. Reducing stress with matcha
may become a new health-giving strategy for achieving good daily life.

The power of theanine in matcha
Theanine exhibits an excellent stress-reducing effect on mice and High-grade matcha  Low-gradematcha
humans. However, the effect of theanine is antagonized by caffeine Theaninc

and epigallocatechin gallate (EGCG), which are two major components

of green tea. In contrast, the stress-reducing effect of theanine is

enhanced by arginine, which is the second most abundant amino acid

in Japanese matcha. An effective stress-reducing outcome is only

(z6¢6:
Epigallocatechin
llate)

possible when the molar ratio of (caffeine (C) + EGCG (E)) / (theanine

CE/TA=1.79 CE/TA =10.64

(T) + arginine (A}) is 2 or less. Matcha with a CE/TA ratio of 2 or less is
Caffeine (C) + EGCG (E)

high-grade matcha, and if the ratio is greater than 2, it is a low-grade 5 Mt b i ) B
ara g g Molarratio of CE/TA= | “Theanine (T) + Arginine (A)

matcha in terms of reducing stress.

THANK YOU

THIS ONCE-IN-A-LIFETIME

ENCOUNTER IS A TREASURE
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What is tea?

»Originally, tea is a medicine.

Tea is made from Camellia sinensis

Tea have different chemical components from other
plants

* Caffeine

% Catechins of Gallate type

* Theanine (Free Amino Acid)

% Others (Fluorine, Aluminum etc.)

Shen
Nong

The oldest medicinal book

The story of tea began in ancient china, before the Christian era.

Shen Nong was an early emperor, scholar, herbalist and agriculture
of god in posterior.

He is famous for the discovery of the efficacy of tea, which acts as
an antidote against the poisonous effects of some seventy herbs.
Also, he found that tea is a drink to be so exciting and exhilarating.

Tea has a history of at least 2000 years
0100 500 1000 1500 2000

Han [Tang Sohg Qing_China
Nara Heian Kamakura MuromaciEdo Moiji Heisei

Yuan Mi

'[ Chingse orut

Japanese green tea has

a history of 1200 years. ea i

> (il
Chlnese green tea : Pan fired te.

Japanese green fea : Steamed tea
The origin of tea drinking is unknown; in China it has begun to drink at least over
2000 years ago.

The Classic of Tea;

Written bY1 Lu Yu in the Tanq_ Dynasty of
China, the Classic of Tea is  an
encyclopedia of tea that is still read

today even though it was written more
than 1,200 years ago.

Tea pre€aration and serving methods were first introduced in Japan from China
almost 1200

years ago. Steaming or boiling was only tea way to prepare tea at that
time, and the methods still practicing in Japan.

However, in China, steaming anq boilirég process were changed into the pan fired
method from the a?e of Song. Alongside, oolong tea was introduced around the 15th
csfntury, acpd black e? was developed froR‘n oolong tea in the 17th century. A new tea
blossomed in the world from 18thto 19th century.

Various types of tea can be made from
the same tea leaves

Different kinds of tea in the world

In the long history of tea production, many types of tea have been developed.

In general, tea is classified depending on the degree of fermentation (activation of
oxidizing enzyme contained in the leaves).

Green tea fnon-fermented tea): After being plucked, fresh leaves of tea

immediately treated with high temperaturein order to inactivation of oxidizing
enzyme of leaves.

Black tea (fermented tea): The leaves are withered, rolled, and incubated for 5 to
20 hours without applying high temperature for fermentation.

During this step gfermentatipn Jarocess), oxidizing enzyme are especially active and
change catechin to the oxidized form.



The soluble rate of chemical component is
different on water temp,

Amino acid
— —

[JEeca

Catechins

EGC

Low « Soluble rate — High

North-china rout

North china= Korea= Japan Image of the soluble rate of chemical component
on different water temp.

Low « Watertemp. — High

EJ ecc | ecca

Oldest root (about A.D.600) . HL
The major component and the taste of tea
Central china rout . . Theanine Sweet, Umami The soluble
Amino Acids . ) ; L rate of
Introduction of the cake tea. Gultamic acid Umami, acidity H
’ - - - Catechins
powder tea (About A.D.1100) Epicatechin Bitter i
¢ Chtechins Epigallocatechin Bitter H; High
South china rout Epicatechin gallate Astringent, Bitter water temp.
Tntroduce of pour tea:(Abbut Epigallo catechin gallate Astringent, Bitter L; Low
A.D.1600) Caffeine Bitter Watclrotcmp.
I I

The main types of Japanese tea Matcha is one of the representative teas
= — Tencha, the raw material for matcha, is grown under cover.

The main types of Japanese Tea

Cultivation under cover reduces the catechin content and
increases the amino acid content. The tea leaves are

Sencha(75%)

Heavily Sencha steamed typically within 2-3 hours after plucking to
Gyokuro(1.2%) Sencha This is the most popular inactivate the enzymes activities in the leaves and then dried
type oftea in Japan. without rolling. Tencha-ro consist of a furnace and an

exhaust gas duct, and several steps perforated belt
conveyers (3-5 steps) with brick walls. And, Tencha is
grinded by the stone and becomes Matcha. Matcha for
ceremony grade is ground by the special stone mill, designed
for grinding tencha, rotated by a specially developed electric
motor. The median particle diameter of matcha powder is
less than 20 pm.

Tencha
This is ground in 3 stone

green
teas

Tamaryokucha
1%)

Tencha(1.2%) }—{ Matcha
Bancha(13.3%)

Reprocessed Hojicha,
teas Genmaicha etc.

Tencha, which are known as the finest tea in
Japan, is made from the leaves grown under
the ceiling-shelf covering.

fon 2 at Production Process of Matcha S5
about 200C for a few Grinding stages
minutes

Processing stages

Tea leaf cooling spread
Japanese Green Tea Production

Japanese tea is processed by steaming to stop oxidation, then kneading and dr){ing
Steaming is a characteristic of Japanese green tea, and it is a method of heating tea
leaves that is rare in the world.

Japanese tea can be divided into };okuro and tencha, which are grown under cover,
and sencha and bancha, which arethe other types.

In addition, there is also a classification of tea that is repelled in a process such as

sorting, that is, stem tea, sprout tea, powdered tea, and raw material tea for tea bags. Matcha.

It is possible to consume

vitamin A (beta carotene), vitarmin  (tocopheral),

2 dietary fiber etc which can not be ingested with tea
Tea grinder (special stone mill brewed in teapot.

. Tencha dryer (‘Tencha-ro’) designed for matcha grinding) '

Sencha is an everyday tea of Japan Sprits of “Chanoyu / Sado’

In chanoyu, through exchanges of
hospitality and appreciation, the host
and guests can share a quite,
heartwarming, peaceful time and
reach a state of spiritual
enlightenment so called Wa-Kei-Sei-
Jyaku.

Wa-Kei-Sei-Jyaku G40

2

“Wa” : open each other’s heart.
“Kei” : respect each other.
Sei” : purify your surrounding
and your spirit.
“Jyaku”: maintain a spirit of
quietness




Physiological functions of Japanese green tea

Green tea contains about 35% water soluble compounds, including catechins,
caffeine and amino acids et al.

[/ Soluble  (First serving  ________ On the other hand, the remaining 65 % of the components of tea are water
o Water soluble insoluble compounds, including fiber, vitamin E, carotene, protein and
Secand | COMPONENtS chlorophyll et al.
i (@ In the case of serving green tea, the 13% of soluble component in the green
108 Caffene, tea dissolves in hot water with first serving. And second serving is 10%, and
. :.:uo Thrd | Polysaccharide, third serving is 7%.
B - serving | Amino acids, Crystals of tea catechins
e 7% | Saponin, GABA,
Insoluble crude fibers, Lipid, \ Vitamin C,
Chlorophyl, Carotene, Vitamin E, | A::r‘:::"" Vitamin B,
Protein, Others 5 8 Fluoride, Others
Physiological fi of green tea
Groen Tea 6, onts Functiors

Anti-oxidative, radioprotective, Anti~
mutagenic, Anti-tumor, Enzyme
inhibitory, Anti-hypercholesterolemic,
Anti-hyperglycemic, Fat reducing, Anti-
hypertensive, Anti-ulcer, Anti-bacterial

Catechins 10~18%

Catechins, caffeine and theanine are the most important chemicals and
catechins shows various physiological functions, such as anti-oxidative,
Anti-cancer, fat reduce et al. Caffeine show removal of fatigue, sleepy
feeling. Theanine show anti-hypertensive effects. The benefits of tea
drinking in both aspects of mental and physical health have been
discussed for thousand years in China and many other countries where
the tea is consumed. Recently, with the advance of modern chemistry,
components of tea have been analyzed and health benefits argued in the
past been attributed to the tea element. In particular, as for catechins in

etc.
jo— gy Removal of fatigue, Sleopy fesing, Dioetc

Vitamin € 150~250mgh Removal of stress. Cold prevention
Vitamin B 1.4meh Excitometabolic action of carbohydrates and
amino acids.

Vitamin E 25~70mgh _Anti oxidative, Aging prevention

TAMO 002k Ant hypertensive

butyric acid
Flavonoids 0.6~0.7% _Halitosis prevention green tea a great many effects have been studied and a number of
Theanine 06~2%  Anti i functionalities have been proved.

I

Matcha is a highly functional superfood

Modern life can cause stress in people, and the accumulation of Stress
‘ ‘ stress is strongly linked to various diseases. Intervention of stress-
k induced alterations with dietary supplements is a potential
g therapeutic strategy for a healthy life. Reducing stress with matcha
may become a new health-giving strategy for achieving good daily life.

The power of theanine in matcha

Theanine exhibits an excellent stress-reducing effect on mice and Low-grade matcha

High-grade matcha
humans. However, the effect of theanine is antagonized by caffeine Theanine
and epigallocatechin gallate (EGCG), which are two major components
of green tea. In contrast, the stress-reducing effect of theanine is

enhanced by arginine, which is the second most abundant amino acid

in Japanese matcha. An effective stress-reducing outcome is only

possible when the molar ratio of (caffeine (C) + EGCG (E)) / (theanine

Eoce:
Epigaliocatachin
gallate)

CE/TA =10.64

(T) + arginine (A)) is 2 or less. Matcha with a CE/TA ratio of 2 or less is CEMA=ER _ _

Caffeine (C) + EGCG (E)
Molar ratio of CE/TA= Theanine (T) + Arginine (A)

high-grade matcha, and if the ratio is greater than 2, it is a low-grade

matcha in terms of reducing stress.

Stress reduction by high-grade matcha

Measurement of salivary

As a marker of stress, salivary a-amylase activity (sAA) was measured il
. =
The basal level of sAA before matcha intake was not different between Fw
the participants of high-grade and low-grade matcha groups. The ewh:”': ‘M::;::
- bt @ pioces)
participants drank matcha (3 g/500 mL water) for a week. The level of 0 [ Matcha drink Py
SAA after matcha intake was significantly lowered in the high-grade 50 o
7 7
matcha group. Similarly, when eating cookies containing matcha (4.5 g/ fw
3 pieces), SAA was significantly reduced in the high-grade matcha e | B - [
group. Both drinking high-grade matcha or eating cookies with it £ |2 ;’ i= =
i = B o T =S
reduced stress. On the other hand, there was no change in stress in the 3o : BH : B s lH :
5 5
low-grade matcha group. High-grade Low.grad High-grade _ Lowgrade
High-grade maicha marketed in Japan and other countries
The stress-reducing effect of matcha marketed in Japan and 15| Japan % Othercouiitries
other countries was assessed. When people ingested 3 g of
2 2
these matcha per day, a st ducing effect was
About half of matcha sold in Japan is expected to reduce €4 E,
. < b
stress versus only one brend of matcha marketed in other & . e ]
countries. Almost all matcha brands in other countries had & . i = C 167
o
low amounts of theanine and arginine and high amounts of . Y S
3
caffeine and EGCG. Matcha is essentially rich in theanine P, )
and poor in catechin, but not all marketed matcha satisfies . . .
o 10 20 30 40 50 0 10 20 30 40 50

these two conditions.

you want fo relieve sfress with maf

Try Sencha and Matcha
How 1o make Japanese tea

Matcha

Sencha (Gyokuro) )

Cool down by pouring Place the tea leaves into
the boiled water into the tea pot.

tea cups. . T

(About 5 C is 6-10 g for 3-5 people
cooled by this

method) i
Pour the cooled down Serve equally into each tea
water into the tea pot cup until the final drop
Water temp. 70-80 ‘C s poured.

Steeping time

60-120 sec.

o “5® W e

The point is to brew tea at a low temperature to enjoy the umarmi, anu at a myn temperawure w enjoy e aroid.
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Leading body %1)

. (-FEC +(-}EGC = TF1 Theaflavin 8.0
(-)-ECG(+(-)-EGC = TF2 A Theaflavin 3-0-gallate 300
(--EC +(-)-EGCG = TF2 B Theaflavin 3-o-gallate ~ 20.0

(-)-ECG +(-}-EGCG= TF3 Theaflavin 3,3"-di-o-gallate 40.0

1) The ratio in Total Theaflavins of Black tea
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