IntechOpen
Recent Advances in the
Health Benefits of Tea

Edited by Christophe Hano and Samantha Drouet







Recent Advances in the

Health Benefits of Tea

Edited by Christophe Hano
and Samantha Drouet

Published in London, United Kingdom




Recent Advances in the Health Benefits of Tea
http: /dx.doi.org/10.5772/intechopen. 102174
Edited by Christophe Hano and Samantha Drouet

Contributors

Bowen Liu, Jun Zhang, Guanben Du, Xiaojian Zhou, Shuduan Deng, Graham Johnston, Tina Hinton,
Kong M. Li, Vincent Viengkhou, Sandra Kindaro, Herbert F. Jelinek, Sin Yoo Kam, Slade Matthews,
Sabila Nelson, Abdulloh Machin, Shafira Putri Widiawan, Neil Shay, Alexandra Becraft, Ruhul Amin,
Biplab Kumar Dey, Nasreddine E1 Omari, Abdelhakim Bouyahya, Samantha Drouet, Javad Sharifi-Rad,
Christophe F.E. Hano

© The Editor(s) and the Author(s) 2023

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright,
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED.
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

&

Individual chapters of this publication are distributed under the terms of the Creative Commons
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of
the individual chapters, provided the original author(s) and source publication are appropriately
acknowledged. If so indicated, certain images may not be included under the Creative Commons
license. In such cases users will need to obtain permission from the license holder to reproduce
the material. More details and guidelines concerning content reuse and adaptation can be found at
http: /www . intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of
information contained in the published chapters. The publisher assumes no responsibility for any
damage or injury to persons or property arising out of the use of any materials, instructions, methods
or ideas contained in the book.

First published in London, United Kingdom, 2023 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales,
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Recent Advances in the Health Benefits of Tea
Edited by Christophe Hano and Samantha Drouet
p.cm.

Print ISBN 978-1-80355-663-5

Online ISBN 978-1-80355-664-2

eBook (PDF) ISBN 978-1-80355-665-9



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

62(D(D+ 169,000+ 185M+

ailable International authors and editor Downloads

Our author: among the

156 Top 1% 12. 2%

Countries deliv most cited s Contributors from top 500 universities

J ook *
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

1






Meet the editors

Dr. Christophe Hano is a phytochemist and an assistant profes-
sor at the University of Orléans, France. His research interests
include plant-specialized metabolism and plant biotechnology
for nutraceutical, medicinal, and cosmeceutical applications.
He has published more than 250 scientific papers, reviews, and
book chapters in internationally renowned journals, as well as
edited one book and many journal issues.

Dr. Samantha Drouet is a plant biochemist. Her main interest is
in the valorization of plant secondary metabolites with phar-
maceutical, nutraceutical or cosmeceutical interest. She has

a strong background in green extraction methodologies and
biotechnologies. She is the author of more than 50 scientific pa-
pers, reviews and book chapters for internationally renowned
journals and publishers.






Contents

Preface

Chapter1

Green Tea and Its Numerous Health Benefits

by Ruhul Amin, Biplab Kumar Dey, Nasreddine El Omari, Abdelhakim Bouyahya,
Samantha Drouet, Christophe Hano and Javad Sharifi-Rad

Chapter2
Green Tea as An Ingredient in Food Combinations Provide Metabolic

Improvements
by Alexandra Becraft and Neil Shay

Chapter 3
Considering the Antioxidant Properties of Tea to Improve Human Health
by Sabila Nelson

Chapter 4

Green Tea with Its Active Compound EGCG for Acute Ischemic Stroke
Treatment

by Abdulloh Machin and Shafira Putri Widiawan

Chapter5

Research Progress on the Health Benefits of Scented Tea
by Bowen Liu, Jun Zhang, Xiaojian Zhou, Shuduan Deng
and Guanben Du

Chapter 6

GABA-enriched Oolong Tea: Reducing Stress in a Student Cohort May
Involve More than Just GABA

by Tina Hinton, Kong M. Li, Vincent Viengkhou, Sin Yoo Kam, Sandra Kindaro,
Herbert F. Jelinek, Slade Matthews and Graham A.R. Johnston

XI

15

31

51

67

83






Preface

Plants have always offered an inexhaustible source of active compounds for human
health and well-being. Plants and their preparations are used in various traditional
medicines for the treatment, prevention, and diagnosis of disease. Plants and tradi-
tional remedies derived from them continue to be an important source of inspiration
for so-called contemporary medicine, which can aid in the (re)discovery of new
treatments, as evidenced by the success of the antimalarial artemisinin. The discovery
of several important bioactive chemicals in plants used in traditional Chinese, Indian,
Japanese, Thai, Korean, African, American, and European medicines shows that
artemisinin is not an isolated example.

Tea is one of the most popular beverages in the world, and the second most consumed
after water. Based on evidence from cellular, animal, epidemiological, and clini-

cal studies, tea consumption has been linked to several health benefits, including
cancer chemoprevention, chronic inflammation, heart and liver diseases, diabetes,
and neurodegenerative disorders. Even though not all health advantages have been
consistently established, several clinical trial findings have provided tangible data
proving green tea’s health benefits, including cancer-protective effects. The effects

of tea processing and storage, as well as additives, on the characteristics and health
activity of tea have also been investigated.

The aim of the present book, Recent Advances in the Health Benefits of Tea, is to
combine review and research chapters to elucidate tea’s health benefits, including the
molecular targets, biological processes, and mechanisms of action involved.

Dr. Christophe Hano and Dr. Samantha Drouet
Department of Biochemistry,

University of Orléans,

Orléans, France






Chapter1

Green Tea and Its Numerous Health
Benefits

Ruhul Amin, Biplab Kumar Dey, Nasreddine El Omari,
Abdelhakim Bouyahya, Samantha Drouet, Christophe Hano
and Javad Sharifi-Rad

Abstract

Green tea is one of the most popular antioxidant drinks in the world. To make
green tea, you must first remove the leaves from Camellia sinensis. A form of tea made
from unoxidized green leaves from a tea plantation is called green tea. Several other
studies have been undertaken over the past year to evaluate whether consuming green
tea and extracts has any health benefits. In order to get the health benefits of green
tea, the nutrients in the tea must be absorbed. Green tea’s flavonoids and caffeine,
which serve to accelerate the elimination of metabolites, contribute to the antioxidant
function of green tea. Cancer, heart disease, and aging appear to be the main diseases
to be reduced or prevented by these antioxidants. The pharmaceutical and culinary
industries can use green tea due to its high potency and lack of adverse effects. Green
tea is touted as a natural remedy for a wide range of health issues. Through this, we
can better understand the immediate benefits of green tea. Prescription green tea
components are discussed along with their antioxidant, anticancer, and antiviral
actions in relation to the treatment of cardiovascular diseases (CVD).

Keywords: green tea, antioxidant, cardiovascular diseases, health benefits

1. Introduction

The Camellia Sinensis plant, from which tea is produced, is cultivated in more than
30 countries throughout the globe [1, 2]. White tea, green tea, black tea, and oolong tea
are the four varieties of tea produced [3, 4]. This type of tea is made from the same plant,
C. Sinensis, as the previous varieties. White tea undergoes the least processing, followed
by green tea, which are both unfermented, oolong tea, which is partially fermented, and
black tea, which is fermented, all of which undergo an oxidation process before being
consumed [5]. Compare to other teas, green tea is among the least oxidized. Green tea
is available in many forms, such as tea bags. Loose-leaf, instant power, and supplement
sold in capsule form. It is made from unfermented leaves with minimal processing and
contains catechin (80-90%) and flavanols (<10%) [6]. It provides a high concentration
of antioxidants called polyphenols. Currently, green tea is mostly consumed in China,
Japan, and Korea. It is responsible for improving blood circulation, lowering cholesterol
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levels, preventing a variety of cardiovascular problems, and protecting against the
harmful effects of a high-fat diet [7, 8]. Worldwide, black tea accounts for around 78% of
total consumption, and green tea accounts for approximately 20% [9, 10]. Green tea can
bring relaxation and a calm feeling to its lovers, unlike soft drinks or liquors.

2. Research methodology

Data for this research was sourced from Pub Med, Science Direct, Google Scholar,
the World Wide Web of Science, and Cochrane review. We used a variety of key-
words, including “Green Tea,” “Tea AND health Benefits,” “herb,” “herbal Medicines,”
and “Green Tea AND Cancer” to search these databases.

3. Results and discussion
3.1 History

The history of tea drinking started in 2737 BC. AD, according to Chinese tradition,
when Emperor Shen Nong, a skilled ruler and scientific trained, discovered tea by
mistake [11, 12]. Camellia species have spread from Nepal to Taiwan. Japan in East
Asia has more than 90 species, tea is the most distributed [13, 14].

Green tea is very popular in East Asia (especially in China and Japan), while black
tea is in the West. The use of tea leaves probably began in southwestern China over
3000 years ago. It was initially used only for chewing and drinking, much like using
coffee for the first time [15]. The origin of the tea plantation was estimated by Sealy
[16] around the Chinese Yunnan district, but it is not confirmed. Wild form of the
Assamica variety of C. Sinensis was discovered in India in 1835, then in Thailand and
Burma [17, 18].

3.2 Green tea composition

The chemical composition of green tea differs from climatic, seasonal, horticul-
tural, and foliar synthesis [19]. The most important components of green tea are
polyphenols. The catechins make up 80-90% of the flavonoids and about 40% of the
water solids in green tea [20]. Green tea contains more catechins than other forms of
tea. It is mainly due to post-harvest processing. The four main catechins contained
in green tea are (—)-epicatechin (EC), (—)-epigallocatechin (ECG), (—)-epicatechin
3-gallate (ECG), and (—)-epigallocatechin gallate (EGCG) [21, 22] (Figure1). EGCG,
having the high concentration, has been widely studied for its health benefits. It con-
tains (~60%), followed by EGC (~20%), ECG (~14%), and EC (~6%) (Figure 2). As
mentioned above, the amount of catechins in any specific green tea beverage can vary
greatly. At the same time, the standardized extract is available for use in addition [23].

3.3 Medicinal value of green tea
3.3.1 Antioxidant properties

Different compounds found in green tea showed significant iz vitro and in vivo
antioxidant effects. Indeed, ECGC-specific green tea originating from catechin is a
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Figure 1.
Different benefits of green tea.
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Figure 2.
Different forms of catechins.
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potent antioxidant capable of inhibiting the growth of cancer cells [24]. Green tea can
boost humoral and cell-mediated immunity and reduce the risk of cancer and cardio-
vascular diseases. ECGC is responsible for much of the chemopreventive properties
of green tea against cancer [25]. It is suggested to induce apoptosis and promote the
arrest of cell growth by alternating expression of cellular regulatory proteins [25]. As
already mentioned, green tea contains a large amount of antioxidants called polyphe-
nols. There is ample evidence supporting the ability of green tea flavonoids to prevent
tumors by suppressing free radical production [26-28]. These antioxidants can slow
or inhibit the development of cancer and heart disease, promote immune function,
and delay the aging process (Figure 1) [29-32].

3.3.2 Cardioprotective diseases protection

Cardiovascular diseases (CVD) are unpredictable problems that include various
variables. Associated risk factors include irritation, oxidative pressure, platelet total,
and lipid digestion. In recent years, many studies have focused on the possibility of
using green tea against CVD [33, 34]. Smoke-related heart disease is associated with
several risk factors. They are most common in the western world, likely due to the
lifestyle in this part of the world, which involves a diet high in saturated fats and low
physical activities [35, 36].

It has been reported that people who drink at least 3 cups of green tea per day have
a 2% lower risk of stroke compared to those who drink less than one cup a day [37].
Regular consumption of green tea tends to reduce the risk of high blood pressure.

One of the causes of high blood pressure is the lack of arterial elasticity. Over time,
this elasticity is lost and one of the causes of arterial constriction is thromboxane. The
source of hypertension is an enzyme called angiotensin-converting enzymes (ACE),
which is secreted by the kidney. Green tea has been reported to inhibit the activity of
this enzyme, which significantly lowers blood pressure [30, 38].

3.3.3 Anticancer properties

A variety of studies based on people’s dietary habits have confirmed the anti-
cancer effect of green tea [39, 40]. For example, the cancer incidence rate tends to be
low in countries like Japan, where green tea is regularly consumed. One of the benefits
of green tea is that carcinogenesis in the digestive tract is believed to be inhibited by
the action of ECGC [41, 42].

Colorectal cancer may be prevented or delayed by adopting a healthy diet and
lifestyle. Obesity increases the risk of developing abdominal cancer, especially if
the obesity is visceral and results from an unhealthy lifestyle that lasts for a long
time [43]. Colorectal cancer may be less likely to occur if EGCG consumption
inhibits tumor growth factors. Apoptosis, or programmed cell death, caused by
EGCG may also be a way to kill cancer cells. Obesity-related carcinogenesis may
be reduced by increasing insulin and leptin tissue sensitivity and decreasing blood
lipid levels. Recurrent adenomas, which in the majority of cases can progress to
colorectal cancer, may be prevented by taking green tea extract supplements [44].
According to numerous studies, EGCG supplementation can reduce the risk of
cancer in the gallbladder and bile ducts [45, 46].

Treatment, as well as prevention against cancer, may involve the use of catechins
[47]. The anti-cancer activities of vitamin C have been linked to its antioxidant
abilities [48, 49].
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3.3.4 Antiviral properties

Patients suffering from infectious disorders, including COVID-19, may benefit from
green tea’s immunomodulatory and antiviral characteristics [50, 51]. There are several
types of research on the antiviral activities of green tea, but most of them are based
on traditional accounts [8, 10, 32, 52, 53]. Despite the fact that green tea has a special
composition and ratio of bioactive components, the mechanism of action and distinc-
tive features of green tea remain a mystery. It is still possible that matcha green tea has
antiviral properties (by inactivating SARS-CoV-2), as proven by Ohgitani et al. in one of
the few trials, but additional research is required [54]. Chemicals found in green tea that

Activities Green tea Mechanisms of Action References

Active

compounds
Cardio-protective EGCG Inhibited stress-induced protein kinase activation [55, 56]
properties and other inflammation-inducing signaling pathways

Rutin Induced vascular support [57]
Anticancer Catechins Inhibited tumor growth factors [44, 47]
properties Induced cancer cell apoptosis

Vitamin C Prevented and treated cancer [48, 49]

Phenolic Inhibited cancer cell development [52]

acids Avoided metastases

EGCG Induced antioxidant effects [44, 45, 47,

Reduced inflammatory mechanisms causing 53]

hyperproliferation and onset of carcinogenesis
Increased insulin and leptin sensitivity
Decreased lipid levels

Antiviral Catechins Inhibited SARS-Cov-2 primary proteases [58-61]
properties Disrupted viral replication cycle
Inhibited HCV replication

EGCG Inhibited SARS-CoV-2 main protease and SARS- [54, 59,
CoV-2-like protease 3C 62-67]
Quercetin Inhibited SARS-Cov replication by protease [68]
inhibitors
Catechins Inhibited structural proteins and primary protease [50]
and of COVID-19
quercetin
Anti-inflammatory EGCG Reduced inflammation by neutralizing oxidative [69, 70]
properties stress
Cognitive Caffeine Inhibited the aging process of the brain by [71-74]
enhancement reversing oxidative processes, and reducing
properties neuroinflammation reduced cognitive loss likelihood
Preventive EGCG Inhibited ROS formation [75-77]

properties against
neurodegenerative
diseases

Increased insulin sensitivity
Reduced brain amyloid buildup

Table 1.
Summary of studies on green tea’s health benefits.
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have been researched for their putative properties and possible modes of action are listed
in Table1.

3.4 Anti-inflammatory properties

Many disorders are accompanied by an inflammatory response. Chemicals that
encourage the production of reactive oxygen species (ROS), which may cause cell
damage and long-term dysfunction throughout the body, can induce inflammation
and cell damage. Anti-inflammatory and antioxidant compounds have the primary
function of scavenging ROS and inhibiting inflammatory signaling [78].

EGCG, the main bioactive component of green tea, may reduce inflammation-
related side effects, such as lung damage and dysfunction, after major heart surgery,
including cardiopulmonary bypass [79, 80]. Gallstone development is less likely when
the inflammatory state is controlled by this molecule. Several genes regulate high
blood pressure, and inflammation and vascular remodeling are thought to play a role
in its development [70, 81]. The consumption of green tea drinks containing high
levels of bioactive components that regulate inflammatory processes has been shown
to reduce the risk of developing hepatitis.

3.4.1 Cognitive enhancement and neurodegenerative disease prevention

Drinking green tea has been shown to improve mental clarity and cognitive
functioning. EGCG is the key ingredient for these health benefits [76]. Age-related
cognitive declines can be influenced by several variables, including lifestyle [82].
Caffeine consumption, especially in older women, appears to have a protective effect
against cognitive deterioration [73]. Caffeine’s ability to reverse oxidative processes
and reduce neuroinflammation may help keep the brain healthy as we age [74].
Memory loss may be caused by oxidative stress, which may cause neuronal damage.
As a potent anti-inflammatory agent, caffeine administration may help to keep this
condition at bay [71]. Caffeine’s protective effects on the nervous system and its abil-
ity to delay the onset of neurodegenerative illnesses are directly related to its ability
to reduce amyloid- deposits in the brain [72]. Lipopolysaccharide (LPS)-induced
systemic inflammation plays an important role in neurodegenerative disorders. EGCG
inhibits LPS-induced reactive nitrogen species (RNS) production, showing that it is
a potent and effective neuroprotective treatment for neurological diseases caused by
inflammation [77]. Consumption of EGCG improves cognitive performance, insulin
sensitivity, and brain amyloid- formation; reduces neuroinflammation; and prevents
neuropathologies associated with neurodegenerative disorders, such as Alzheimer’s
disease.

4. Future prospects

Green tea has a unique blend of health benefits due to its bioactive components
shown in Table 1. As a result, green tea has higher concentrations of phenolic acids,
quercetin, rutin, theanine, and chlorophyll than other varieties. It is an entirely new
product that cannot be compared to any other green tea on the market today. The
administration of its infusions and extracts may be effective in the prevention of free
radicals and inflammatory disorders, as well as premature aging. The convenience
of powdered green tea makes it an excellent meal supplement. Green tea’s health
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benefits have not been properly studied. Several elements of its function, including
its interactions with the gut microbiota and its impact on infectious diseases, warrant
further study in this area. More research will be needed to prove the health benefits
of green tea, including further examination of green tea’s chemical composition,

and further in vitro and in vivo studies. Additional randomized clinical trials (RCT)
research is also required. Moreover, pharmacodynamic and pharmacokinetic aspects
of identified compounds should be investigated to validate their actions and well as
their bioavailability. On the other hand, toxicological investigations of green tea main
compounds should be carried out with different doses and several periods to validate
their safety.

5. Conclusion

Green tea antioxidants are attracting increasing attention due to their potential for
application in preventive medicine and in the food industry, as well as their pharma-
cological effectiveness and lack of adverse effects. Growing awareness of antioxidant
phytoconstituents and their use in diet and daily use may provide the human body
with potential support to combat these diseases. Green tea is becoming a natural
remedy for a wide range of health issues. With the latest technological advancements,
the different abilities of green tea have been explored. Recent use of green tea in
nanotechnology has indicated promising evidence for its bioavailability using lipid
nanocapsules and liposome encapsulation to deliver EGCG. These results are encour-
aging. Many of these properties of green tea have been discovered through numerous
preclinical studies, and there is still a lack of human clinical evidence for them. Thus
for green tea to be used as a safe and effective medicine, there is an urgent need to test
the efficacy, health, and translation guidelines.

Abbreviations

ACE Angiotensin-Converting Enzymes
CVD Cardiovascular Diseases

EC (—)-Epicatechin

ECG (—)-Epicatechin 3-Gallate

EGC Epigallocatechin

EGCG (—)-Epigallocatechin Gallate

LPS Lipopolysaccharide

RNS Reactive Nitrogen Species

ROS Reactive Oxygen Species
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Chapter?2

Green Tea as An Ingredient in Food
Combinations Provide Metabolic
Improvements

Alexandra Becraft and Neil Shay

Abstract

The objective of the studies summarized in the present chapter was to determine
if intake of walnuts alone or in combination with two or more other phytochemical-
rich foods would ameliorate some of the negative metabolic effects developed from
consumption of an obesogenic and diabetogenic, Western-style diet. The two studies
summarized in this chapter were designed the same using a C57BL/6 ] mouse strain as
amodel to induce obesity using a high fat, sugar, and cholesterol diet, while supple-
menting the diet with 1.5 servings/day of various nutrient-dense whole foods. In Part
1, walnut alone and walnut plus green tea supplementation were studied. Based on
the results of Part 1, Part 2 studied supplementation with four whole foods (walnut,
green tea, cherry, and red raspberry) in combination to determine any synergistic
effects. In both studies, the combination of two or more test foods appeared to work
synergistically to produce further changes in metabolism than compared to walnuts
alone. Key findings included attenuation of weight gain, improved circulating serum
insulin and cytokine concentrations, improved hepatic levels of protective omega-3
polyunsaturated fatty acids, as well as decreased levels of hepatic proinflammatory
fatty acids.

Keywords: obesity, high-fat diet, phytochemicals, walnut, green tea, cherry, raspberry

1. Introduction

Consumption of phytochemical-rich foods has been shown to ameliorate some of
the negative metabolic effects resulting from consumption of an obesogenic and dia-
betogenic, Western-style diet. Specifically, green tea contains a series of polyphenols
known as catechins, mainly epigallocatechin gallate (EGCG), epicatechin gallate, and
gallocatechin gallate [1]. Many of the demonstrated beneficial effects of green tea are
attributed to its most abundant catechin, EGCG. One study demonstrated that EGCG
treatment suppressed hyperglycemia, proteinuria, and lipid peroxidation. These
results also suggested that EGCG may alleviate renal damage caused by abnormal
glucose metabolism-associated oxidative stress [2]. Epigallocatechin gallate may also
modulate appetite and reduce food intake [3, 4]. Furthermore, green tea catechin con-
sumption has been shown to stimulate hepatic lipid metabolism, through mechanisms
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such as increased acyl-CoA oxidase and p-oxidation activity [1], as well as stimulate
O, consumption and energy expenditure [5].

These recent studies demonstrating the therapeutic potential of consuming green
tea catechins have led to an interest in consuming green tea and green tea extract to
remediate metabolic dysfunction. Green tea extract has been reported to stimulate
brown adipose tissue thermogenesis along with fat oxidation. It was suggested that
green tea’s thermogenic effect may be stimulated through the interaction of its high
catechin and caffeine content with sympathetically released noradrenaline [6]. In
addition, a meta-analysis conducted in 2015, demonstrated that green tea drinkers
have a reduced risk of liver disease including liver steatosis [7]. Epidemiological stud-
ies have also suggested that regular consumption of five to six or more cups of green
tea per day has pronounced cardiovascular and metabolic health benefits [8].

It is thought that some phytochemical-rich foods may work synergistically to
remediate metabolic syndrome when consumed together. Such foods of interest are
fruits like red raspberries and cherries along with polyunsaturated fatty acid-rich nuts
like walnuts. Cherries are rich in anthocyanins and have been previously observed to
improve glucose tolerance and liver lipid accumulation [9], while bioactive polyphe-
nols present in red raspberries may remediate oxidative stress and inflammation [10].
Walnuts have been shown to improve serum lipid levels as well as other cardiovascular
parameters [11].

Part 1 of this chapter summarizes research demonstrating the changes to metabo-
lism when consuming an obesigenic high-fat diet supplemented with walnut alone
and walnut plus green tea. Some results from Part 1 were previously published, see
[12]. Part 2 adds to the results from Part 1 by including a second study where four
whole foods (whole cherry and red raspberry along with walnut and green tea) were
consumed together to determine their synergistic effect, if any, on remediating meta-
bolic syndrome, again, in the context of a high-fat diet provided to male mice. Both
Part 1 and Part 2 studies were designed the same using a C57BL/6 ] mouse strain as a
model to induce obesity and study the negative metabolic effects that develop when
presented with a high-calorie Western-style diet. The hypotheses of both studies were
that consumption of the test foods would work to remediate metabolic complications
in C57BL/6 ] male mice fed a high-fat, high-sucrose, and high-cholesterol diet model-
ing an obesigenic and diabetogenic Western-style diet.

2. Part 1: effect of walnut and synergistic effect of walnut plus green tea
consumption

A rodent model using C57BL/6 ] mice fed an obesogenic and diabetogenic
high fat diet with added sucrose and cholesterol was designed to evaluate changes
in metabolism when supplemented with walnut (W) or walnut plus green tea
(W + GT). Walnuts were provided in the diets as ground nuts and the green tea was
adried powder derived from an aqueous extract of dried green tea leaves (Triarco
Industries). Diets were formulated to mimic a typical 2000 kcal/day diet with whole
walnuts added at an equivalence to 1.5 servings per day and green tea added at 1%
(wt:wt), which is consistent with normal human intake levels shown in other rodent
studies [13].

The final body weight of the HF diet group provided with walnuts alone did not
significantly differ from the HF-fed control. However, the group supplemented with
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Figure 1.

Final body weight (A) and energy intake (B) of obese male mice fed a LF or HF diet alone or one that included
walnuts alone or walnut plus green tea for 9 weeks. Values ave means + SEMs, n = 8 mice. One-way ANOVA
indicated significant differences between diet groups (p < 0.05). Values that do not shave a letter differ (p < 0.05).

additional green tea (W + GT) was significantly lower than the HF-fed control group
(p £0.05), despite consuming a similar amount of energy (Figure 1A and B). This
result is consistent with other findings demonstrating that green tea polyphenols,
specifically (—)-epigallocatechin-3-gallate, may have protective effects against obesity
by increasing thermogenesis [14-17].

Metabolomic analysis comparing 594 different hepatic biochemicals detected in
liver samples from the mice in each of the diet groups showed several metabolomic
changes, including changes in metabolites related to energetics, inflammation, and
redox homeostasis. The W + GT supplemented group showed significant increases
in S-methylmethionine, when compared to both HF (p < 0.05) and LF (p < 0.05)
control groups and the W supplemented group (p < 0.05). S-methylmethionine is
a plant-derived metabolite that can be used as a carbon source for bacterial growth
[18] which may imply beneficial effects on the host microbiome with supplementa-
tion of green tea. Additionally, increases in xanthine metabolites (e.g., paraxanthine,
theobromine, theophylline) in the W + GT supplemented group compared to both
the HF (p < 0.05) and LF (p < 0.05) control groups and the W supplemented group
(p < 0.05) were observed. This result likely reflects naturally occurring xanthine
metabolites in GT as well as liver metabolism of increased caffeine intake from GT
extract using the cytochrome P450 system.

The omega-3 polyunsaturated fatty acid linolenate was also elevated in the
walnut-supplemented diets, which may indicate potential relevance to inflammation.
Both the W and W + GT groups showed significant increases in omega-3 polyunsatu-
rated fatty acids, eicosapentaenoate (EPA), and docosapentaenoate (DPA), compared
to LF and HF control groups (Figure 2) These results suggest that walnut and green
tea supplementation may negatively regulate inflammation. However, increases in
docosapentaenoate (DHA) were not significantly altered. These results are consistent
with previous studies reporting that increased ALA consumption (herein via walnut)
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Figure 2.
Box plots demonstrating metabolomic analysis of livers of obese male mice fed a LF or HF diet alone or one that
included walnuts alone or walnut plus green tea for 9 weeks.

results in little to no change in DHA plasma lipid fractions, as large amounts of ALA
are required to endogenously convert to significant levels of DHA [19-24].
Supplementation with walnuts alone did not result in significant changes to
detected eicosanoids when compared to HF control but did show non-significant
trends toward decreased prostaglandin F2alpha (p < 0.10) and 12-hydroxyeicosa-
tetraenoic acid (HETE) such that it was statistically indistinguishable from the LF
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Figure 3.

Re%ative concentration of hepatic proinflammatory fatty acids in obese male mice fed a LF or HF diet alone or one
that included walnuts alone or walnut plus green tea for 9 weeks. Values ave means + SEMs, n = 8 mice. One-way
ANOVA indicated significant diffevences between diet groups (p < 0.05). Values that do not share a letter differ
(p < 0.05). G, walnuts plus green tea; H, high fat, HETE, hydroxyeicosatetraenoic acid; L, low fat; W, walnuts.

control group (Figure 3). However, W + GT, compared to HF control, showed a sig-
nificant decrease in 12-HETE, suggestive of declining inflammation. These results are
consistent with serum cytokine concentrations measured of MCP-1, giving additional
insight into the secretion and recruitment of activated immune cells in supplemented
mice. MCP-1 concentrations were elevated with consumption of a HF diet compared
to LF diet (p < 0.05); however, the addition of walnut reduced MCP-1 such that it was
intermediate to the LF and HF control groups and statistically indistinguishable from
the levels measured in the LF group (data not shown). The addition of green tea to
the walnut diet resulted in even further lowering of MCP-1 levels, such that they were
statistically equivalent to the LF control group (data not shown). Of note, mea-

sured concentrations of TNFa and IL-6 were both measured and saw no significant
decreases in HF + W group, but significant elevation of IL-6 was observed in W + GT
group (p < 0.05) (data not shown).

3. Part 2: synergistic effects of cherry, red raspberry, walnut,
and green tea (CRWG)

The synergistic effects of consuming whole cherry, raspberry, walnut, and green
tea in combination were determined in an independent study. The same rodent model
as Part 1, C57Bl/6 ] mice consuming an obesogenic and diabetogenic high fat diet with
added sucrose and cholesterol, was used to evaluate the synergistic impact of these
four foods on metabolism and microbiome of the ceca.

Despite consuming similar amounts of energy, the mice supplemented with
HF + CRWG had lower final body weight and change in body weight compared to
the HF diet alone (Figure 4A and B). This result is consistent with previous studies
on cherry, raspberry, and walnut consumption and reduced weight gain [25-30].
Additionally, walnut and green tea consumption have been demonstrated to increase
resting energy expenditure and thermogenesis, which may be a potential mechanism
through which decreased weight gain occurred [6, 31]. Elevation of food efficiency in
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Figure 4.

Toft;ul body weight (A) net change in body weight, (B) average weekly energy intake, (C) energy efficiency, (D)
of male C57BL/6 | mice fed either a low fat (LF) diet, a high fat (HF) diet alone, or HF plus cherry, raspberry,
walnut, and green tea (CRWG) after 10 weeks. One-way ANOVA indicated significant differences between diet
groups (p < 0.05). Values that do not share a letter differ (p < 0.05).

HF-fed mice was also attenuated with the addition of CRWG to the diet (Figure 4D).
This observation suggests that, although the CRWG group ate similar amounts of
energy as the HF control, the CRWG group was less efficient in converting the diet
to energy compared to the HF-fed control. Again, this result may be due to increased
thermogenesis initiated by the green tea and walnut consumption.

Fasting blood glucose was measured in weeks 9 and 10. Treatment groups fed HF
supplemented with CRWG had a slightly reduced fasting blood glucose, but it was
not statistically significant from the HF-fed control group (Figure 5A). In addition,
results from an insulin sensitivity test performed in week 10 showed the HF + CRWG
treatment group was not statistically different from the HF-fed control group (data
not shown). However, serum collected from the mice at necropsy was used to perform
an ELISA to quantify circulating serum insulin, which was indeed reduced with
HF + CRWG supplementation compared to HF diet alone such that it was statisti-
cally indistinguishable from the LF control mice (Figure 5B). Insulin secretion by
p-cells increases in response to insulin resistance to moderate elevated blood glucose
[32]. Therefore, initial upregulation of B-cell function in response to a HF diet may
be regulated with CRWG supplementation as evidenced by reduced serum insulin
concentrations compared to HF diet alone. The HOMA-IR and HOMA-%§ calcula-
tions support this conclusion, as the HF-fed control mice were assessed to have
greater development of insulin resistance and heightened p-cell function compared
to the HF + CRWG treatment group (Figure 5C and D). Tart cherry extracts have
been shown to increase nitric oxide (NO) production in cell and animal models [33,
34]. Similarly, (—)-epicatechin, found in green tea, may help maintain healthy blood
pressure ranges when consumed with HF diet via restoration of NO bioavailability
[35]. Increased NO production may improve insulin sensitivity and decrease glucose
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Figure 5.

Average fasting blood glucose concentration at week 9 and week 10 (A) serum insulin concentration, (B)
homeostasis model assessment of insulin resistance (HOMA-IR), (C) and homeostatic model assessment of
p-cell function (HOMA-%p), (D) of male C57BL/6 ] mice fed either a low fat (LF) diet, a high fat (HF) diet
alone, or HF plus cherry, raspberry, walnut, and green tea (CRWG) after 10 weeks. One-way ANOVA indicated
significant differences between diet groups (p < 0.05). Values that do not shave a letter differ (p < 0.05).

Tissue weights Diet groups®

LF HF HF + CRWG
Liver (g) 11+ 0.08 224+ 025 155+ 0.16®
Liver/body weight (g/g, %) 337+ 017 4.89 035" 417 £0.23®

Nalues are expressed as means + SEM of each group, values that do not shave a letter differ (p < 0.05).
Low fat diet (LF), high fat diet (HF), or HF plus cherry, raspberry, walnut, and green tea (HF + CRWG).

Table 1.
Organ tissue weights and weights as percentage of final body weight of male C57BL/6 ] mice’.

concentrations via NO-mediated increases in blood flow, resulting in more efficient
uptake of glucose by skeletal muscle [36-38]. Therefore, insulin sensitivity and p-cell
function may have been improved by CRWG supplementation because of increased
NO production from the tart cherry and green tea components of the diet.

Liver weight to body weight ratios were measured postmortem (Table1).
Liver weight and liver weight to body weight ratio of HF-fed control group was
significantly higher than the LF-fed mice, while liver weight and liver weight to
body weight ratio of HF + CRWG treatment group was reduced such that it was
statistically indistinguishable from the LF-fed control group. Additionally, stained
cross sections of the liver tissue were used to identify liver lipid accumulation in
each group. A representative image for each group is shown in Figure 6. White
globules are indicative of lipid accumulation, red staining indicates cytosol, and
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Figure 6.

Hfr:atoxylin—eosin stained liver cvoss sections of male C57BL/6 ] mice fed either a low fat (LF) diet, a high
fat (HF) diet alone, or HF plus cherry, vaspberry, walnut, and green tea (CRWG) after 10 weeks. Slides were
observed under 400x magnification (40x objective) using Nikon Eclipse 50i microscope (Nikon Corporation,
Tokyo, Japan) equipped with an Infinity 1-3C camera (Lumenera Corporation, Ottawa, ON, Canada).
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Figure7.

Lif«; lipid percentage of hematoxylin—eosin-stained liver cross sections of male C57BL/6 ] mice fed either a low
fat (LF) diet, a high fat (HF) diet alone, or HF plus cherry, raspberry, walnut, and green tea (CRWG) after
10 weeks. One-way ANOVA indicated significant differences between diet groups (p < 0.05). Values that do not
share a letter differ (p < 0.05).

dark red circles are the nuclei. Analysis of lipid percentage within the hepatocytes
of each group is shown in Figure 7. Although not significant, HF + CRWG diet did
appear to reduce liver lipid accumulation by approximately 30% compared to HF
diet alone. Typically, liver weight increases proportionally to body weight gain, thus
these results may suggest potential improvement in liver lipid accumulation in the
CRWG supplemented mice.
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Bacteria type” (%) Diet groups®
LF HF HF + CRWG
k_Bacteria 382:32° 21.0 £ 1.2° 25332

p_Bacteroidetes
c_Bacteroidia
o_Bacteroidales
f S24-7

k_Bacteria 119+ 1.6* 261+25 177 + 2.8°
p_Verrucomicrobia

¢_Verrucomicrobiae

o_Verrucomicrobiales

f_Verrucomicrobiaceae

g_Akkermansia

s_muciniphila

k_Bacteria 141+2.0 147+ 0.8 149 +1.0
p_Firmicutes

c_Clostridia

o_Clostridiales

k_Bacteria 73+13% 114 +14° 59+ 0.8
p_Firmicutes

c_Clostridia

o_Clostridiales

£ Ruminococcaceae*

k_Bacteria 48+ 0.6 63+ 0.6 197 +2.3
p_Bacteroidetes

c_Bacteroidia

o_Bacteroidales

f_Bacteroidaceae

g_Bacteroides

k_Bacteria 43+05 77+07° 38+0.5
p_Firmicutes

c_Clostridia

o_Clostridiales

f_Ruminococcaceae*

k_Bacteria 59412 2.0+0.2° 33+ 04"
p_Firmicutes

c_Clostridia

o_Clostridiales

f_Lachnospiraceae

Values are expressed as means + SEM of each group, values that do not shave a letter differ (p < 0.05).

2Some populations sequenced were not complete down to the lowest taxonomic level due to incomplete sequences for
these bacteria within the Greengenes database in QIIME2, and thus cannot be differentiated.

3Low fat diet (LF), high fat diet (HF), or HF plus cherry, raspberry, walnut, and green tea (HF + CRWG).

Table 2.
Relative frequency of the top seven bacteria in the ceca’.

The microbiome was quantified from the cecum of each mouse, and variation in
the top seven most prolific gut bacteria of each group can be seen in Table 2. Among
these bacteria, one group was from the phylum Bacteroidetes and family S24-7. This
group of bacteria has previously been demonstrated to triple in number in HF diet fed
mice that developed diabetes versus HF diet fed mice that were resistant to diabetes
development [39]. Our findings showed that LF-fed animals had significantly higher
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number of S24-7 bacteria than any of the HF-fed groups, suggesting that these bac-
teria may be beneficial for maintaining a healthy metabolism. Another study found
increased abundance of S24-7 bacteria following remission of colitis, again inferring
a positive relationship within the host [40]. This variability between studies may be
due to differences in diet formulation, animal model, and microbiome composition
analysis and demonstrates the difficulty in reaching a scientific consensus on the
beneficial and harmful effects of certain intestinal bacterial on metabolism. The
second group of bacteria were from the genus Bacteroides, which have been reported
to act commensally in the gut [41]. We observed a marked increase in Bacteroides in
the HF + CRWG group such that it was significantly higher than both the LF and HF
controls. Added fiber, especially from the raspberry component of the diet, may be a
contributing factor to the increased frequency.

One of the bacteria analyzed was from the phylum Verrucomicrobia, specifically
Akkermansia muciniphila (A. muciniphila). In the current study, we observed the
highest degree of A. muciniphila proliferation in the HF control group, which is
inconsistent with previous publications demonstrating its beneficial effect on weight
maintenance and metabolism [42, 43]. Furthermore, other reports have showed that
polyphenol intake promotes A. muciniphila growth; [44, 45] whereas, in the present
study, CRWG fed mice had lower relative abundance than the HF-fed controls. The
variability of our result with other literature could have been due to differences in diet
administration and/or microbiome analysis.

Four of the analyzed bacteria belonged to the order Clostridiales from the phylum,
Firmicutes. Members of this order have been previously associated with obesity;
however, there is still vast variability within the lower taxonomic levels [43, 46, 47].
In our findings, we observed an increased shift in the frequency of two of the four
Clostridiales bacteria in HF-fed mice. These two bacterial populations belonged to
the family Ruminococcaceae. Supplementation with HF + CRWG resulted in reduced
frequency of both Ruminococcaceae populations identified when compared to the HF
diet alone. Alternatively, we observed a decrease in Clostridiales bacteria belonging
to the family Lachnospiraceae in HF-fed mice. Supplementation with HF + CRWG
resulted in increased frequency of this population. Increased proliferation of
Lachnospiraceae with LF diet as well as polyphenol intake has been previously dem-
onstrated [48]. Thus, our findings may suggest a positive intestinal shift in bacterial
strains associated with both lean and obese phenotypes of Clostridiales bacteria with
supplementation of CRWG.

4, Conclusions

Part 1: These data suggest that supplementation with walnut and walnut plus green
tea provided at typical dietary levels may influence metabolism when consumed with
a high-fat obesogenic Western-style diet. Specifically, supplementation with walnuts
plus green tea may act synergistically to further decrease energy efficiency, improve
levels of protective omega-3 polyunsaturated fatty acids, as well as decrease levels
of hepatic proinflammatory fatty acids and cytokine markers of inflammation than
walnuts alone.

Part 2: In obese male mice, modest level of dietary supplementation with cherry,
raspberry, walnut, and green tea significantly improved circulating serum insulin
concentrations and may protect against insulin resistance and heightened f-cell
function. Our data suggests these foods may act synergistically to prevent the onset
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of metabolic syndrome. There was also profound attenuation of weight gain and food
efficiency, suggesting that these four foods may act synergistically to help with weight
maintenance. Future research investigating the synergistic effect of these four foods
in a human trial would help further elucidate how these metabolic benefits translate
to human consumption.
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Chapter 3

Considering the Antioxidant
Properties of Tea to Improve
Human Health

Sabila Nelson

Abstract

One of the highly available drinks consumed across the planet is tea. Scientists
know tea for its ability to oppose oxidation, cell death, bacterial growth and replica-
tion, inflammation, plus restorative effects of bioengineering due to the possession
of several ingredients including catechin types, caffeine, minerals, small amounts
of vitamins, and sugars. Scientists believe that tea components are responsible for
invigorating the cerebrospinal neural network and regulating wellbeing in human
beings through the mutualistic backtracking of infirmities, such as aging, due to the
interplay of extraneous harm precipitated by external elements, such as prolonged
subjection to harsh heat from the sun which may lead to dermatoheliosis. This
scenario later could cause other worrisome conditions, including erythroderma, early
aging, anatomical pathology, edema, heat stroke, progression of nonmalignant, and
malignancies in various sites. More so, researchers have linked tea use to a reversal in
initiation and development of heterometabolic irregularities existing in paltry quanti-
ties in reproductive ducts and systems which impacts procreation by proliferating
the functionality deficiencies. This chapter will explore and synthesize the literature
to advance possible modalities of activity suggested by scientific enlightenment to
enhance a better understanding of possible aspects of tea related to improving human
health.

Keywords: tea, antioxidants, catechins, polyphenols, health, disease

1. Introduction

Antioxidant properties in tea, exhibit diuretic, anticarcinogenic, and
immunity-support, which suppresses the existence and replication of microbes,
and prevent inflammation [1], the properties are instrumental in the inhibition and
cure of various disorders, including lymphoproliferative conditions, coronary arterial
and cerebrovascular maladies, malignancies, hyperglycemia, elevated vital signals,
and other nutrition deficiency ailments. The qualification of tea as a healthful drink
is premised by nutritionists on its possession of magnificent properties. Tea is utilized
by over 3 billion people in more than 160 countries across the globe and is the second-
most consumed drink, water being the leading. There is a mass global production of
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up to three billion kilograms of tea annually, extracted from the leaves, tea buds, or
delicate tea stems of the plants of the genus Camellia [1-9].

Research confirms tea (L.) Kuntze is the most widely used plant tea species, with
the most important consumers being the Europeans, particularly the British (close
to 540 milliliters per day), and a world average of 120 milliliters of tea per day, per
person. Consumers have attributed the utilization of tea as a daily libation and folk
medicine in China and several Asian states since early times to its subsumption of
profuse polyphenols that exert an opposing effect on oxidative tendencies of oxidant
elements by synchronizing the signaling pathway of Nrf2, and also vitalizing NF-kB
and MAPK pathways [2, 10].

Tea is out there in various forms, each of these tea types has different levels of
antioxidants, and analysts have classified them based on the processing methods and
fermentation method and skill, geographical, and climatic conditions. The chemical
composition of tea changes significantly during the fermentation process, resulting in
the production of theaflavins, which add to the usefulness of tea [5, 9, 11]. Consistent
with the available literature, the Chinese were the first human beings to consume
tea as juice or medicine around 2737 BC. Though the first producers of tea were only
China, India, and Kenya, consumption has now spread widely and people from many
countries on all continents of the world now cultivate and tea enjoy [5].

2. History and origin of tea

Scholars believe that Shen Nung, the second emperor of China, first recognized
tea in 2737 BCE. It was a unique coincidence that the Emperor was a cup of hot water,
while resting under a tree shade when a plant leaf blew into the hot water in the cup,
he felt a pleasant flavor and continued using tea [12, 13]. According to a narration
by Serafini et al. [14], nobody knew much about tea until 1560 when a Portuguese
man named Father Jasper de Cruz who was also a Jesuit missionary, encountered and
wrote about it.

By as early as 1657, people from England, particularly in London had already real-
ized the importance of tea as a health drink as it was being sold by a few people in the
coffee house of Garway. Later on, in 1826, the commercial selling of tea began in seals
designed by John Horniman, and later was the introduction of packages in lead-lines.
In 1870, twinings of England began a uniform blending of tea.

A few years later, in 1904, Richard Blechynden an Englishman created ice tea.
This eventuality preceded the invention of tea bags by Thomas Sullivan in 1908, a
then-renowned New York tea importer who could send tea in small silk bags to his
clients. It was until 1953 that traders finally introduced the world’s first instant tea,
which to date became a primary drink throughout Europe, North America, North
Africa, and Asia.

3. Sources of oxidants in human bodies

In its entirety, metabolic and respiratory processes in the body initiate the creation
of reactive oxygen species (ROS), such as free radicals (O,) from superoxide anions,
hydroxyl ions, and peroxides (H,0,), including some, which are highly reactive [10]
and capable of inducing oxidative ruin to fleshy and corpuscle constituents, such as
polypeptides, fats, biomolecules, and nucleic acids, when left unbalanced. Scientists
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have demonstrated that oxidative stress exacerbates the likelihood of genesis and
development of chronic disease conditions once there is an excessive build-up of large
aggregates of ROS.

Production of malondialdehyde (MDA) (a major indicator of lipid oxidation),
which is a central ingredient of oxidative stress incriminated in unpleasant health
effects explains the negative consequences of the action of oxidants on lipids and fats.
In his summary of findings, Rasaei [15] recommends a desperate need for interven-
tions, especially the utilization of green tea to augment the body’s antioxidant response
to be able to counteract oxidative stress and MDA production.

Throughout human lives, people suffer equilibrium disruptions, thanks to human
lifestyles; the food, drinking water, coupled with the composition of the air inhaled
[16-25], intense physical exercise [26-31], and stress predisposes the superfluous
formation of reactive oxygen species in human bodies. Consequently, ROS contains
free radicals that steer the emergence of oxidative stress, which vandalizes the
anatomy of the human organism, thereby causing a disruption in body functional
equilibrium, thus precipitating disorders, such as hardening of the arteries, lympho-
proliferative, and/or neurodegenerative upsets (Parkinson’s or Alzheimer’s disease),
or maybe obesity.

A fundamental hunt for straightforwardly available sources of antioxidants
perpetuates the steadiness in the middle of creating and eliminating reactive oxygen
species, examples of dominant and massively predominant antioxidants are alpha-
tocopherol (vitamin E), retinol (vitamin A and vitamin C), and also polyphenolic
compounds. The attachment to numerous health- effects, including antioxidant
validity to phenolic chemicals is based on findings from rigorous research and has
positioned phenols as a vital part of the human diet. Polyphenols can proficiently
trap oxidizing peroxide ions, and exterminate lipid radicals, ROS, and hydroxyl
radicals.

Polyphenols extracted from plants contribute significantly to decelerating senes-
cent progression and decreased contingency of neurodegenerative conditions related
to age, such as Alzheimer’s disease, Parkinson’s disease, and/or ischemic brain trauma.
Some of the natural plant resources, tea, coffee, fruits, vegetables, spices, and herbs
are rich sources of antioxidants in the form of flavonoids, which supplement the daily
menu, adding up to good health [23].

4. The antioxidant properties of tea

Since the nineteenth century to date, researchers have proclaimed that scientists
have competently isolated from tea, more than 500 chemical components, both
organic and with different relevancies in maintaining human health [9]. Research
findings have further demonstrated and attributed the potential health rewards of
drinking tea to the antioxidant nature of tea polyphenols [2]. Over 70 types of tea
polyphenols exist (catechins and epicatechin), theaflavins, flavonols and proanthocy-
anidins, kaempferol, cannabiscetin, and their glycosides [32]. The structural arrange-
ments for the main green tea catechins are shown in Figure 1.

Flavonoids from tea exhibit a stronger property that justifies its ability to neutral-
ize ROS/RNS, and, therefore, the antioxidant activity of tea is directly proportional
to the amount of flavonols present; the higher, the better. It is equally worth noting
that using tea and its components cannot take over the role of standard chemotherapy
rather, the beneficial properties of tea, particularly EGCG may be used to complement

33



Recent Advances in the Health Benefits of Tea

(-}-Epicatechin (+)-Catechin (+)-Gallocatechin {--Epigallocatechin

o o |
o o “’"
o
~o - on
R N P ,L‘
o .. -
o ] b
on
(-)-Epicatechin gallate (+-Catechin gallate (-+-Epigallocatechin gallate  (+)-Gallocatechin gallate

Figure 1.
Structural representation of the main catechins [33].
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and support the standard anticancer approach [34-36]. Figure 2 shows the multidi-
mensional role of tea flavonoids.

5. Mechanism of action of antioxidants

Although tea has quite an innumerable number of phenolic chemicals that con-
tribute in isolation or in synergy. EGCG being a major antioxidative player, is instru-
mental in combating, inflammation, proliferation, and thrombogenesis. It also has a
positive impacts on endothelial function.

Experts have surmised tea antioxidants in two ways: in the first place, EGCG
breaks the oxidant chain by donating a p-electron on its benzene ring to the avail-
able free radical, and by so doing, eliminates the invasive free radicals [12]. In this
instance, single electrons tend to the benzene ring, thereby reducing the activity of
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the hydrogen-oxygen bond in the phenolic hydroxyl group. The hydrogen in phenolic
hydroxyl groups participates in the increase and scavenging of free radicals that
compete for active oxygen and also terminate the auto-oxidation reaction of the free
radicals [10, 38]. Second, phenols remove ROS/RNS to promote the initiation of
antioxidants relevant to quenching the formation of cold product chains. Wherefore,
improve and protect the antioxidant defense system, chelate available metal ions,
strengthen co-oxidants, and/or regulate gene expressions [12, 39].

Yan et al. [10] in their research found that ROS could function at low levels as
molecular signals to regulate cellular activities, such as adaptive cellular responses
and possible cell growth. Once there is an imbalance between ROS accumulation
and the antioxidant process in the body, oxidative stress and damage to cells and
tissues become the result, leading to several health anomalies. Further corrobora-
tive evidence from research suggests an association between free radicals and the
development of diseases, such as arterial hardening, malignancies, emphysema, and
others.

Bernatoniene and Kopustinskiene [39] detail how catechins can inhibit the actions
of oxidant supporting enzymes, such as NADPH, or modulate the interaction of ligands
with receptors like TNF; they are also capable of repressing many pathways related to
oxidative stress that is responsible for the processes of inflammation. Catechins are
suspect in modulating important responses to pathogenesis-related oxidative stress
by facilitating the activities of redox-sensitive transcription factors, enhancement of
activated B cells, and activator proteins. The interactive ability of Catechins is possible
due to penetrative ability into the membranes of lipid bilayers via adsorption or pene-
tration, hydrogen bonding to protein proline residues, and power to bind to the enzyme
ATP-binding sites. Figure 3 partly explains the role of EGCG in the body.
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Figure 3.
EGCG induces the up regulation of antioxidant or detoxifying enzymes by Nrf2-ARE signaling [40].
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Researchers have also suggested the similar structures and conformational proper-
ties of both catechins and transcriptional factors as possible mechanisms for interac-
tions. Figure 4 illustrates the oxidation mechanism of catechins.

Oz et al. [1] further elucidate how an assortment of reviews has communicated
the importance of tea polyphenols as formidable antioxidants in the inactivation of
several signaling trails involved in inflammation; down-regulation of Cox-2 and Bcl-2
activities, up-regulation of protective and programmed apoptotic trajectories, and
NF-_B mediated pathways of IKK.

6. Health importance of tea antioxidant properties

In this write-up, I will highlight the oxidative impact of tea polyphenols on cancer,
cardiovascular conditions, neurodegenerative disorders, diabetes, and their role in
boosting fertility in human beings.

6.1 Cancer

The role of EGCG, as an active compound of green tea, is to deter and ameliorate
disease courtesy of its antioxidant and anti-inflammatory properties, in conformity
the with a validated myriad of study findings. Scientists have proven the effective-
ness of this green tea compound in the inhibition of carcinogenesis processes in
many types of cancer, though it is still under investigation for effectiveness in other
types. Furthermore, catechins are effective in modulating the complexity of chemical
processes in the mitochondrion and act in synergy with chemotherapeutic agents to
reduce toxicities and anti-carcinogenic outcomes [12, 35, 39, 41]. Figure 5 shows the
spectrum of EGCG action on numerous cancer sites.

Besides hampering the accumulation of ROS in human bodies to prevent cancer,
EGCG also blocks the DNA synthesis of cancer cells without interfering with the
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Figure 5.
Role of EGCG in the inhibition of numerous types of cancers [41].

division of normal body cells [10]. In an experiment aimed at establishing the role of
EGCG in stimulating hepatocytes in goats, findings revealed efficacy in promoting
cell proliferation, improving the integrity of cell membranes, and cell endurance and
function under stress from oxidation, [10, 35].

More findings by Niedzwiecki et al. [42] from several other experiments agreed
that tea polyphenols, in combination act synergistically to inhibit tumor growth
and metastasis, thus efficacious if used against multiple targets and levels of cancer
development and progression, and thus, could be a safe and efficacious approach in
cancer prevention and therapy.

Given the numerous findings, scientists recommend that medics could use the
synergistic competence of tea catechins with anticancer medications to support
therapy as well as cancer prevention [43]. Almatroodi et al. [41] further contend that
the combined therapy helps to enhance more anti-cancerous activity and reduction
of toxicities by the mitigation of the after-effects sometimes witnessed during single
chemotherapy use, which though efficacious in the treatment of cancer, and causes
adverse side effects, including malaise, hair loss, infection, nausea, and vomiting,
appetite complications, mood swings, and changes in physiologic and biochemical
processes Tang et al. [44]. See Figure 6 for illustration.

Further findings from clinical trials as discussed by Musial et al. [35] produced
interesting results which portrayed a positive response when Polyphenon E was
administered as a supplement, consisting of thriving catechins: EC, EGC, ECG,
and EGCG to patients with carcinoma effectiveness. Each capsule contained a decaf
EGCG mixture with 200 mg content. During the first phase of the experiment to
determine the required dose of EGCG, investigators established a limit of 1200 mg
EGCG as a thresh hold for future safety. They also discovered that effective preven-
tion against colorectal adenocarcinoma required consuming ten cups of tea of 150
milliliters each per day.

Other findings from reviews of in vivo and in vitro studies by Tang et al. [44]
recommended the consumption of five cups of tea per day for four weeks to achieve
anticancer effectiveness. Also, oral bacteria that could be a causative agent in oral
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The most molecular tavget of tea on targeting cancer [44].

cancer would be neutralized by drinking five cups of infusion tea extracted from two
grams of tea daily for six months; this practice also applies to reducing oxidative stress
and stopping the initiation of prostate cancer. However, a warning based on findings
from an isolated study indicated an increased risk of developing bladder cancer when
one consumed five to nine cups of tea per day [35].

6.2 Neurodegenerative diseases

Maher explains neurodegeneration as “any pathological condition which pri-
marily affects neurons,” and terms neurodegenerative diseases as an outsized and
heterogeneous group of neurological disorders that significantly affect distinct
subsets of neurons in specific anatomical locations. Of a wider variety of known
neurodegenerative disorders, four are of serious attention, thus Alzheimer’ dis-
ease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), and amyotrophic
lateral sclerosis.

Researchers believe in an increased likelihood of neurodegenerative conditions
due to suspected elevated quantities of ROS in the brain [39, 45], this lowers antioxi-
dant activity in the human brain vis-a-vis other body organs. Accelerated senescence
and neurodegeneration are caused by mitochondrial oxidative insults and impaired
electron transfer, which often weaken and affect the central nervous system.

Also noted is that oxidative products clog neurons during the aging process. This
event calls for the consumption of antioxidant compounds, precisely, catechins that
are suspects in the delay and/or stoppage of neurodegenerative processes, and declin-
ing brain function [39].

Furthermore, scientific evidence has it that polyphenols can lower the morbidity
due to PD and AD by reducing oxidative stress and regulating signaling pathways and
metal chelation. Hence, scholars believe that theanine inhibits the glutamate receptors
and regulates the extracellular concentration of glutamine, presenting the much-
desired neuroprotective effects.

Another possible way that the neuroprotective mode of action by which caffeine
and theaflavins contribute is the ability to use their antioxidant properties in antago-
nizing the adenosine receptor A2AR, respectively. Besides, the element of aromaisa
crucial factor affecting tea’s sensory quality, with over 600 volatilities identified from
the aroma of tea.
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Moreover, the legitimately generated tea volatilities from chemical reactions could
lessen brain signal dissemination, soothe stress, and experience tranquilizing effects,
but the mechanisms have not been well elucidated by experts [3]. From more findings,
EGCG suppresses TNF-aq, interleukin-1p, interleukin-6, and iNOS, in Ap energized
EOC 13.31, invigorates the extracellular antioxidants certain to nuclear factor 2, as well
as the oxygenasel (HO-1). Ultimately, EGCG also subdues nuclear factor-kB (NF-kB),
and prompts the actuation of ROS by the Af remedy, as shown in Figure 7.

Another central nervous system progressive disorder that has no cure known as
paralysis agitans derives its genesis from the destruction of brain cells that produce
dopamine. Its impact can be minimized with green tea use as a foremost recom-
mendation by several researchers. The reason for green tea predisposition is the fact
that it protects neurons, hence prevents PD, cushions dopamine neurons, provides
a shielding effect from ROS, intercepts apoptosis in the brain and CNS, and thus
prevents PD [12].

Findings by Vishnoi et al. [12] from an iz vitro study substantiated the ability
of tea to restrain the human acetylcholinesterase with an IC value of 0.03 mg/ml
and restrained B-secretase at a test concentration of 0.03 mg/ml by 38%. The study
further hypothesized that tea infusion constituted biologically functional truths,
conceivably acting in an interactive manner. Physicians could prefer this idea to retard
the progression of disease with the presumption that these principles reach the brain.

Scientists think the appliance of EGCG decreases the production of beta-amyloid,
a protein that shapes the plaque that obstructs the brains of Alzheimer’s casualties and
aggravates disease symptoms. Impeding the actions of the enzyme acetylcholinester-
ase and p-amyloidosis should be the first aspiration for the therapy for Alzheimer’s
disease [12].

Additional evidence from various studies conducted in Asia and Europe, involv-
ing over 290 participants concluded that the outset of PD and AD could amazingly
be procrastinated by up to 7.7 years when subjects take between two and three cups
of tea on a daily basis [8]. Additional studies have shown the significant roles of tea
polyphenols in the treatment of neurodegenerative diseases by protecting the systema
nervosum through improvement of learning and memory as in (AD), improvement
of nerve redox disparity, and mitochondrial affliction by balancing biological time
asin (PD), and lowering of neural vandalism after the cerebral ischemia at an EGCG
recommended dose of fifty mg/kg.

Moreover, analysts have reported that consuming an average of 400 mg/kg of
green tea polyphenols could lead to an increase in the perceptual-cognitive capacity
of patients recovering from chronic cerebral hypoperfusion by scavenging oxygen
free radicals, limitation of the creation of lipid peroxides, and mitigating the effect of
oxidized DNA, thereby enforcing a neuroprotective function [9].
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6.3 Cardiovascular disease

Cardiovascular disease (CVD) is an aggregation of ailments entailing numerous
aspects. Amongst those factors are inflammation, cumulative damage done by free
radicals, thrombolytic aggregation, and metabolic processes [12]. Other previous
studies have highlighted that habitual consumers of green tea were less likely to
suffer from diseases of the heart and cardiovascular accidents. Research published by
Harvard University further confirms a link between taking tea and wellness; drinking
at least one cup of tea daily reduced heart attacks by up to 44%.

Green tea also dramatically raises the antioxidant capacity of the blood, which in
effect shields the LDL cholesterol particles from being oxidized, limiting one part of
the heart disease pathways. Research findings further entrench that women dying
from cardiovascular disease and stroke were lower than 31% for those who consumed
five or more cups of tea every day [12].

Oxidative stress has been incriminated as a victim in the progression of various
cardiovascular infirmities, including high blood pressure, endothelial dysfunction and
hardening of arteries, ischemic heart diseases, cardiomyopathy, cardiac hypertrophy,
and congestive heart failure [39].

A summary of findings from over 150 human interventions and animal studies
involving more than 35,000 subjects between 1992 and 2017 from across the world by
Li et al. Ref. [4] has postulated that tea relaxes muscles facilitating smooth contrac-
tion, enhancing endothelial nitric oxide synthase activity, reducing vascular inflam-
mation, inhibiting renin activity, and anti-vascular oxidative stress, thus confirmed
that both tea and tea metabolites have anti-hypertensive effects in ex vivo tissue and in
vitro cell culture studies, although some controversial reports existed [39].

Correspondingly, wrap-up evidence from a plethora of studies by Serafini et al.
[14] deduced that taking a capsule containing theaflavin-enriched GTE (375 mg)
daily with two cups of GT, containing about 250 mg of total catechins could provide
tea flavan-3-ols enough to control CVDs by up to 10 mg/dL [0.25 mmol/L] of LDL.

6.4 Diabetes

Diabetes is a serious global, long-term condition with a major impact on the lives
and well-being of individuals, families, and societies worldwide [46, 47]. Diabetes
is an amalgam of metabolic conditions that cause high blood sugar and could be a
result of autoimmune and hereditary defects. High blood glucose is either because of
impaired insulin production, low cellular sensitivity to insulin, or a combination of
the two factors [48].

Diabetes is one of the top 10 causes of death among grownups, causing an esti-
mated four million deaths globally in 2017. During the same year, 2017, global health
expenditure on diabetes soared to a high USD 727 billion [49] Diabetes is into three
categories; T1D, T2D, and GDM [48].

It may not be feasible to prevent T1D but is treatable by health professionals with
insulin supplementation, whereas T2D can both be averted, and/or reversed by alter-
ing diet and management of lifestyle factors [46]. T2D is a heterogeneous disorder,
characterized by the resistance of glucose and lipid metabolism in peripheral tissues
to the biological activity of insulin, and inadequate secretion of insulin by pancreatic
B cells [12], the loss of functional p-cell mass plays a central role in the deterioration
of blood glucose control [50], inherited and/or acquired deficiencies in insulin secre-
tion and/or by decreased responsiveness of the organs to secrete insulin also called
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insulin resistance culminates into increased blood glucose, this in turn can damage
many of the body’s systems, including blood vessels and nerves [51].

Diabetes has high morbidity and mortality, attributed to its complications, such
as diabetic nephropathy, diabetic cardiovascular complications, diabetic neuropa-
thy, diabetic retinopathy, and diabetic hepatopathy [52]. An aggregate of findings
by Imran et al. [53] from several experiments using rats to determine the effects of
theaflavins and thearugibin drink on blood glucose levels indicated a reduction in
cholesterol, LDL, and triglyceride levels of experimental rats in all studies with a sig-
nificant increase in HDL. In this context, theaflavins-based drink imparted maximum
reduction in cholesterol, the highest glucose decline, and maximum insulin increase
in all studies as compared to other nutraceutical drinks.

Functional drinks can be useful for combating lifestyle-related maladies with
special reference to hypercholesterolemia and hyperglycemia. What’s more, Li et al.
[4] reported consequential therapeutic qualities of tea on hypertensive diabetic
patients where diabetics who took green tea infusions after meals, three times daily
for a period of four weeks, had their blood pressure reduced significantly. In a short
time of 15 days, both the SBP and DBP had reduced significantly by 4.6 mmHg and
3.6 mmHg, respectively.

A similar case-control study meant to determine the effects of green tea extracts
involved diabetic Japanese adults and a control group who were healthy and revealed a
noticeable drop in sugar levels with the continued use of the tea extract.

In consensus with earlier studies, further evidence was generated with findings
from more clinical trials communicating the effectiveness of tea intervention on
diabetics and patients with related complications [54], and the important biologic
activities of green tea in anti-diabetic makeup [9]. See Figure 8.

Contemporaneous studies have also imputed the anti-diabetic effect of green tea
mainly in the following mechanisms; the potential to reduce insulin resistance by

e « COMT

m\r.._-—
-

R '*’u?’ghhn mr\c»e.*m L wew.n*a*m..m S

& 8 (-" °

Y p-U(E! Kupl PI3K i

. ¥ ATP—=cAMP  [Ga™

| p-AMPK—  ARE Akt ] = ; ll
1B | ) & GSSH

| " =

} 3 I mToR Mnsop— |
NF-£B — TNF-a g + GSH

! ' S

. F. '

b \ EEFK csk3s + HSL +—PKA

' p-R1s

e iNOS }

TG — FA+GL
GLUTY, GLUT3

{2y |

ﬁOMAPKJQS*‘ NIK—=+ ROS

. T v -

Diabetic cardiovascular
Diabetic nephropathy H disease
= Diabetic neuropathy
Figure 8.

The molecular mechanisms of EGCG against diabetes mellitus and its complications. The effects of ECG against
T2D show by improving IR, against diabetic cardiovascular disease by reducing TG and [Gaz+], against diabetic
nephropathy by reducing ROS, and against diabetic neuropathy by increasing Nrf2. Black lines indicate up
regulation, ved dotted lines indicate down regulation.

GLUCOSE

i

41



Recent Advances in the Health Benefits of Tea

increasing the absorption of glucose by adipocytes and their ability to bind to insulin
[51, 54], the power to enhance glucose metabolism by triggering an increase in glyco-
gen content in the liver, change of the activity of key enzymes in glucose metabolism
[43, 46], ameliorating insulin secretion, and amortizing diabetic complications [9].

In another study, investigators administered 500 mg/kg of green tea polyphenols
to normal rats during an experiment. By the lapse of sixty minutes, the glucose toler-
ance had raised notably. A significant reduction in blood sugar in alloxan diabetic rats
at specified doses, and for a given period of time justified the significance role that tea
plays in improving glycolysis and lipogenesis [12].

Carotenoids in green tea play both a functional role as pro-vitamin A in the visual
pathway and a structural role as macular pigments further upholding the antioxidant
potency of tea in the prevention and treatment of T2DM [55]. Meanwhile, transpiring
corroboration portrays the capacity of phenols to aid the secretion of intestinal L-cells
and could be useful in the improvement of glycolysis and homeostasis [49].

Quercetin, another strong antioxidant component in tea has the potential to
reduce insulin resistance and decrease inflammation by improving the expression of
glucose transporters GLUT4 [8].

Tang et al. [44] tabled findings from several clinical trials with optimism in
managing T2DM, in relation to ameliorating insulin resistance and hyperglycemia
in humans. The findings advance a postulation that drinking black tea could signifi-
cantly reduce the glycated hemoglobin levels (HbAlc) and ameliorated the likelihood
of ailment due to T2D. Moreover, the same findings confirm that T2D aggravated by
diets rich in high fat could as well be contained by regularly taking green tea.

6.5 Infertility

Human infertility is a global concern and already affects one in six couples world-
wide [56], research approximates that between 15 and 30% of couples are struggling
to conceive [33]. Male factors contribute to 20-50% of the cases, making infertility a
controversial problem across the globe, some of the factors point to several anatomi-
cal discrepancies, including but not limited to obstructions in seminal tubes, neuro-
logical anomalies, aging, and urinary tract infections, these affect spermatogenesis
and weakening the sperm function.

It is also worth noting that an interplay of several environmental factors exist that
reduce semen quality, hence, infertility, such as tobacco use, excessive consumption
of alcohol, exposure of testis to higher temperatures, dietary inadequacies, oxidative
stress, and exposure to industrial chemicals, pesticides, and radiation. An under-
standing of cell biology correlates with the assumption that increased levels of ROS
lead to a lower antioxidant response, which is not healthy for sperm production and
quality [33, 56, 57] as shown in Figure 9.

A synopsis of evidence by Zhang et al. [40] suggests that the secondary metabolite
in green tea (EGCG) portrays diverse physiologic activities, including antioxidant,
antitumor, and antiviral activities, single or a conglomerate of which could be a recipe
for infertility. Further to this, investigators found that fertility in human beings is
supported by EGCG through the mitigation of the impacts of excessive ROS on sperm
and oocyte cells, cell death, hyperactivation of enzymes on the ERK, and signal
regulating proteins operating outside cells.

According to Rahman et al. [33, 45], the high presence of antioxidants in EGCG,
can reduce ROS and improve gamete quality in both males and females, at low con-
centrations, and that supplementation with EGCG in males can considerably increase
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Sources of oxidative stress and their impact on reproduction and fertility [57].
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The action of green tea polyphenols on major fertility reducing factors [33].

sperm concentration, motility, fertility rate, morphology, and viability, and reduce
DNA damage. It is also capable of enhancing the quality of oocytes and embryos,
hence, increasing the rates of fertilization and clinical pregnancy in female beings.
Consistently, using green tea has an inverse relationship with the risk of ovarian can-
cer, which is a factor in female infertility; a further illustration is shown in Figure 10.

7. Conclusion

Over the years, there has been global consumption of tea, both for recreational
and medicinal purposes. This has been attributed to the demonstrated health ben-
efits, mainly, its antioxidant properties are instrumental in suppressing the initia-
tion, onset, and progression of metabolic disorders, different types of malignancies,
degenerative diseases, infertility complications dermatological problems, respiratory
infections insulin resistance, and osteoporosis. Although some studies have provided
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controversial results about the safety of tea and its products in excess, scientists could
not provide an independent confirmation but may be a subject for future research, in
comparison with the overwhelming evidence from numerous studies on the ben-
efits and safety of tea and its constituent components. Areas of further exploration
should interest in the sustainable bioavailability of tea and its products for intended
purposes, more findings on the mechanism of action by tea and its products in the
improvement of health, and further need to study the interactive capabilities with
other medications and supplements. By and large, the consumption of tea for recre-
ation and medicinal reasons hitherto remains safe and recommended.

Acknowledgements
I want to sincerely thank IntechOpen Team for the world-class publication and for

providing me the opportunity to have my work published. Ms Marica Novakovic, has
particularly been very helpful, thank you so much.

Conflict of interest

The author declares no conflict of interest.

Acronyms

ACC acetyl-CoA carboxylase
AMD adjusted mean difference
BMI body mass index

CAT catalase EC-epicatechin
CI confidence interval

COX cyclooxygenase

CRP reactive protein

DBP diastolic blood pressure
ECG epicatechin-3-gallate
EGC epigallocatechin

EGCG epigallocatechin-3-gallate
FAS/FASN fatty acid synthase

FAs fatty acids

GCG gallocatechin gallate
GrTPs green tea polyphenols
GSH glutathione peroxidase
GST glutathione S-transferase
GT green tea

GTE green tea extract

HSL hormone-sensitive lipase
IKK Inhibitory Kappa B Kinase complex
iNOS inducible nitric oxide synthase
LPS lipopolysaccharide

LXR liver X receptor

LDL low-density lipoprotein

44



Considering the Antioxidant Properties of Tea to Improve Human Health
DOI: http://dx.doi.org/10.5772/intechopen.107148

MAPK mitogen-activated protein kinase

MDA malondialdehyde

MetS metabolic syndrome

MS multiple sclerosis

NADPH-oxidase nicotinamide adenine dinucleotide phosphate oxidase
NAFLD non-alcoholic fatty liver disease

NF-_B nuclear factor kappa-light-chain-enhancer of activated B cells
NF-kB nuclear factor kappa light chain enhancer of activated B cells
Nrf2 nuclear factor erythroid-2 related factor

Ors odds ratios

PGC-1a peroxisome proliferator-activated receptor-y coactivator-la
PPAR peroxisome proliferation-activated receptor

RCT randomized controlled trial

ROS reactive oxygen species

SBP systolic blood pressure

SCD stearoyl-CoA desaturase

SIRT sirtuin

SOD superoxide dismutase

SREBP sterol regulatory element-binding proteins

TC total cholesterol

Tcf712 transcription factor 7-like 2

TFA total abdominal fat area

TGs triglycerides

TNF tumor necrosis factor

UA uric acid

VEGF vascular endothelial growth factor

VFA visceral fat area

WC waist circumference

WMD weighted mean difference
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Chapter 4

Green Tea with Its Active
Compound EGCG for Acute
Ischemic Stroke Treatment

Abdulloh Machin and Shafira Putri Widiawan

Abstract

The current standard of treatment for acute ischemic stroke is thrombolysis.
However, only less than 2% of the world undergo thrombolysis. Recent studies have
shown that Citicholin, one of the popular neuroprotectants, is less effective as stroke
therapy, so it is necessary to develop a new approach to protective therapy for isch-
emic stroke patients. Green tea (Camellia sinensis) is the most consumed beverage
in the world and is a source of polyphenols known as catechins, including epigallo-
catechin-3-gallate (EGCG), which is 63% of total catechins. Many studies explain
that green tea consumption will decrease stroke risk, but not many studies explain
its benefit in treating acute stroke. This chapter will discuss the benefit of green tea
in acute stroke. C. sinensis with the active ingredient EGCG inhibits neuronal cell
death through apoptosis and necroptosis in acute ischemic stroke as in the Rattus
norvegicus model of Middle Cerebral Artery Occlusion (MCAO), it also can decrease
necroptosis and increase M2 type microglia. The study on the benefit of green tea
should be conducted in the clinical setting to know the benefit of green tea in acute
ischemic stroke. Its potential benefit can be an adjunct treatment for acute ischemic
stroke besides standard treatment.

Keywords: green tea, Camellia sinensis, EGCG, acute stroke, stroke treatment

1. Introduction

According to WHO, stroke is a focal or global neurological deficit that more than
24 hours or dies before 24 hours, caused by vascular disorders in the brain [1-3].
There are three types of strokes: ischemic stroke, intracerebral hemorrhage, and
spontaneous subarachnoid hemorrhage. Ischemic stroke is the most common type in
about 70—80% of stroke cases [4]. Stroke is the second leading cause of death in the
world and caused the death of 5.7 million people in 2005 [2, 5, 6]. Around 69% of
stroke cases occur in low- and middle-income countries, about 71% of the 5.9 million
stroke cases [7-9]. Most stroke patients will have a residual disability, although about
50—-70% return to functional independence [10]. Based on this, it is necessary to
understand the pathogenesis so that an acute ischemic stroke therapy approach can be
carried out [6, 11].
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The current standard of treatment for acute ischemic stroke is thrombolysis.
However, only 2—8.5% of stroke patients can undergo thrombolysis in America, and
less than 2% in the world undergo thrombolysis [2, 3, 12]. During 1995-2015, 430
candidates for stroke therapy were divided into two categories, namely thrombolytic
agents and neuroprotectants [13-15]. One of the popular neuroprotectants used in
stroke therapy is Citicholin. However, recent studies have shown that Citicholin is less
effective as stroke therapy, so it is necessary to develop a new approach to protective
therapy for ischemic stroke patients [16-20].

Acute stroke is caused by decrease blood flow, a decrease in the amount of
Adenosine triphosphate (ATP). This event will cause lactic acidosis and loss of ion
homeostasis in neuronal cells [21]. In addition, disruption of ion homeostasis will
cause high levels of calcium and Adenosine diphosphate (ADP) in the cells, which
will stimulate mitochondrial reactive oxygen species (ROS) and other sources of free
radicals [22-24].

Green tea (C. sinensis) is the most consumed beverage in the world and is a source
of polyphenols known as catechins, including epigallocatechin-3-gallate (EGCG),
which is 63% of total catechins [25-31]. A meta-analysis showed that individuals who
consumed 3 cups a day had a 21% lower risk of stroke than those who consumed <1
cup of tea daily [26, 32]. Many studies in animal models have shown that administer-
ing EGCG to ischemia-reperfusion brain tissue will reduce the expansion of ischemia
[33, 34]. EGCG is also a potent free radical scavenger and can protect neuronal
cells from oxidative damage induced by prooxidants [35]. Green tea with the active
ingredient EGCG has a role in preventing neuronal cell death in ischemic conditions
by inhibiting oxidative stress and improving mitochondrial function [25, 27, 28, 36].
Many studies explain that green tea consumption will decrease stroke risk, but not
many studies explain the benefit of green tea in the treatment of acute stroke. This
chapter will discuss the benefit of green tea in acute stroke [33, 37].

2. Pathophysiology of ischemic stroke

There is a decrease in blood supply which causes a reduction in the amount of ATP
in acute ischemic stroke. This condition leads to anaerobic metabolism with the result
of lactic acid. The decrease in blood flow also causes an imbalance in ion homeostasis
in neuronal cells and leads ischemic cascade that will be followed by multimodal and
multicellular mechanisms that cause neuronal cell death [6, 21].

Severe cerebral ischemia also causes loss of energy stores, ion imbalance, the
release of excitatory neurotransmitters, and inhibition of glutamate re-uptake
[6, 38]. In addition, glutamate will bind to NMDA and AMPA receptors which
will cause calcium influx [1, 39]. This calcium overload will cause the stimulation
of phospholipases and proteases that will degrade membranes and proteins [38].
Glutamate receptors also cause sodium and water influx and cause cell swelling,
edema, and shrinkage of the extracellular space [6, 40]. In addition, the influx
of excessive calcium causes the activation of catabolic processes that will activate
proteases, lipases, and nucleases [1, 6, 39].

High calcium, sodium, and ADP levels in ischemic cells will stimulate the pro-
duction of oxygen radicals in the mitochondria, accompanied by the production
of free radicals from other sources such as prostaglandins and the degradation of
hypoxanthine [39, 41]. These reactive oxygen species (ROS) will damage membrane
lipids, proteins, nucleic acids, and carbohydrates [23, 42, 43]. Furthermore, these
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Figure 1.
Ischemic cascade in stroke [47].

ROS are toxic because their basal levels are related to the upregulation of antioxidant
enzymes such as SOD, catalase, and glutathione and the scavenger mechanism
(a-tocopherol, vitamin C), which is too slow to respond to the production of these
ROS [6, 39]. Along with the above mechanism, there will also be a process known as
Cortical spreading depression (CSD) which is the depolarization of neurons and glial
cells that will spread to surrounding cells at a speed of 2—6 mm/minute [44]. CSD is
characterized by an almost complete breakdown of the ion gradient associated with
volume shrinkage, loss of electrical activity, swelling of neuron cells, and distortion
of dendrites [43, 45]. CSD occurs when the extracellular K+ level exceeds a critical
threshold [43]. This CSD wave in ischemic conditions will reach the peri-ischemic
area and expand the infarct area (Figure 1) [6, 46, 47].

3. Ischemic stroke and oxidative stress

Uncontrolled oxidative stress, an imbalance between pro-oxidant and antioxi-
dant levels that support pro-oxidants, can cause cell, tissue, and organ injury [22].
High Reactive Oxygen Species (ROS) are known to cause direct damage to lipids
[43, 48]. The primary sources of endogenous ROS production are mitochondria,
plasma membranes, endoplasmic reticulum, and peroxisomes through vari-
ous mechanisms, including enzymatic reactions and/or autoxidation of several
compounds, such as catecholamines and hydroquinones. In addition, different
exogenous stimuli, such as ionizing radiation, ultraviolet light, tobacco smoke,
pathogenic infections, environmental toxins, and exposure to herbicides/insecti-
cides, are sources of ROS production in vivo [49].

The two most common ROS affecting lipids are hydroxyl radicals (HO) and
hydroperoxyl (HO,). The hydroxyl radical (HO) is a small, active, water-soluble, and
chemically reactive oxygen species. This short-lived molecule can be produced from
0, in cellular metabolism under various stress conditions [48, 50]. These radicals can
be neutralized or even attack other biomolecules in the cell. Hydroxyl radicals cause
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oxidative damage to cells because they are not determined by how much they attack
biomolecules and are involved in cellular disorders such as neurodegeneration, car-
diovascular disease, and cancer. It is generally assumed that HO in biological systems
is formed through a redox reaction by the Fenton reaction; in this reaction, iron (Fe**)
reacts with hydrogen peroxide (H,0,), and the Haber—Weiss reaction results in the
production of Fe’* when superoxide reacts with ferrous iron (Fe**). In addition to the
iron redox cycle described above, several other transition metals, including Cu, Ni,
and Co, can be responsible for forming HO in living cells [22, 48].

Heme oxygenase (HO) is a crucial enzyme of Heme metabolism. The HO-1 iso-
form is expressed mainly in vascular structures but is very low in normal CNS and can
be induced after brain tissue injury. HO-1 is strongly induced after ischemia and will
be overexpressed and play a protective role against ischemia after permanent vascular
occlusion [6, 51-55].

An initial study to determine the role of HO-1 in ischemic conditions found
that HO-1 will significantly reduce infarct volume. Mice that do not have HO-1 will
have a larger infarct volume than the wild type [56-58]. Several materials induce
HO-1 with promising results in preclinical studies. Some natural ingredients that
activate the Nrf-HO-1 pathway, such as dimethyl fumarate, ginkgo biloba, cur-
cumin, polyphenols, and terpenoids, will increase the neuroprotective effect on
stroke models [56, 59, 60].

4, Green tea and antioxidant

Green tea is a traditional drink made from the Camellia sinensis tree, which is
widely consumed in various countries, especially in Asia. Polyphenols from green
tea, especially its active component, namely EGCG (epigallocatechin-3-gallate), have
received more attention because they have potential therapeutic agents to prevent
neurodegeneration, inflammatory diseases, and cancer [25, 61, 62]. The ability of
green tea is mainly due to its antioxidant, free radical scavenger, metal chelation, anti-
cancer, anti-apoptotic, and anti-inflammatory properties [26].

EGCG is roughly composed of four derivatives based on structural variations,
including Epicatechin (EC), Epigallocatechin (EGC), Epicatechin gallate (ECG), and
epigallocatechin-3-gallate (EGCG). EGCG consists of 10% dry green tea extract and
about 50-80% or 200-300 mg of one cup of brewed green tea (Figure 2) [26, 63].

The metabolism of green tea polyphenols in the body has been widely studied. It
is reported that green tea polyphenols are absorbed, distributed, metabolized, and
excreted within 24 hours. In humans, when given 1.2 g of green tea that has been
decaffeinated, within 1 hour, it will increase plasma levels by 46—268 ng/ml and
excreted in the first 24 hours in the range of 1.6—3.2 mg. Therefore, drinking 6 cups
of green tea a day will increase the concentration of green tea polyphenols by 12 times
and will be sufficient for antioxidant activity against oxidative damage. These data are
then supported by animal studies, where giving green tea 35 mg/kg/day will prevent
oxidative damage and memory regression and can delay aging [6, 25, 52, 59, 63].

Free radicals, including ROS and nitrogen species such as NO, superoxide, and
hydroxyl free radicals, are naturally produced to support the host defense system
against oxidative stress and inflammation stimulated by pathogens and infections.
Still, these species have two natural faces, namely, in the event of free radicals that the
host produces. Excessive amounts in the body will cause destructive processes that
cause DNA, protein, and lipid damage, leading to apoptosis and cell death [65, 66].
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Figure 2.
The structure of green tea catechins and their four derivatives have antioxidant effects, namely Epicatechin,
Epigallocatechin, Epicatechin-3-gallate, and epigallocatechin-3-gallate [26, 64].

Green tea polyphenol compounds are biological antioxidants that have a radical
scavenger effect. Green tea contains two ingredients that have potent antioxidant
properties, namely EGCG and ECG. This antioxidant ability is caused by the presence
of ortho-trihydroxy groups in the B chain, 4-keto and 5-hydroxyl in the C chain, and
galloyl moiety in the A chain. The difference in antioxidant activity in EGCG and
ECG is very slight, which is related to each group’s hydroxyl group. Therefore, these
molecules can generally clean the radical group 1,1-diphenyl-3-picrylhydrazyl, as well
as peroxyl radicals, NO, free fatty radicals, singlet oxygen, peroxynitrite, hydroxyl
free radicals, and superoxide anions through three mechanisms, namely, by chelating
the metal ion into an inactive form, direct interaction between catechin and peroxyl
radicals through electron transfer to prevent DNA damage, and prevent free radical
deamination by forming semi-quinone stable radicals [36, 61, 67].

EGCG is reported to be more effective as a radical scavenger when compared to
vitamin E and vitamin C. When compared between green tea derivatives, EGCG
(epigallocatechin-3-gallate) > ECG (Epicatechin gallate) > EGC (Epigallocatechin) >
EC (Epicatechin) has a positive effect. Antioxidant, while EGC > EGCG>EC > EGC
has a protective effect in vitro. The ability as a scavenger radical is due to the presence
of ortho-3',4'-dihydroxy moiety groups, or ortho-trihydroxy groups and is not based
on steric structure. An increase in the number of hydroxyl groups will increase the
strength of EGCG as a radical scavenger because of the presence of three hydroxyl
groups in the B chain group and also consisting of galloyl moiety with three hydroxyl
groups in the C chain [6, 26, 36, 68].

Oral administration of EGCG in vivo research showed a decrease in lipid perox-
ide levels by increasing levels of enzymatic and non-enzymatic antioxidants. EGCG
can also completely reverse the effect of AICI3 through its superoxide dismutase
activity and by increasing glutathione peroxidase, Cyt-C oxidase, and acetylcholine
esterase. The study aimed to see the impact of improving EGCG in rats and found
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an improvement in the levels of enzymatic and non-enzymatic antioxidants in
about 50% of malondialdehyde levels and a 39% decrease in protein carbonyl in
both groups of rats. This effect was also obtained by reducing the dose from 100 to
2 mg/KgBW [26].

Consumption of green tea in humans also shows an increase in antioxidant
levels in the body. Long-term consumption of green tea as much as 2—3 cups a day
is reported to increase antioxidant activity and total polyphenols, accompanied by
a decrease in lipid peroxide, glutathione and hydroperoxide levels. This shows that
green tea polyphenols such as EGCG can directly or indirectly affect antioxidant
levels to reduce oxidative stress [26, 31, 69].

Besides functioning as a radical scavenger, EGCG also has a chelating effect on
heavy metals. Two structures give rise to this chelating effect, including ortho-3',4'-
dihydroxy moiety and 4-keto, 3-hydroxyl or 4-keto and 5-hydroxyl moiety groups.
This structure serves as a binding point for heavy metal transitions. It neutralizes
their activity by converting from the active form to an inactive redox complex and
preventing oxidative damage to cells. In vitro studies using astrocyte cultures have
demonstrated the ability of many flavonoids to diffuse, which is also supported by in
vivo studies. Administration of EGCG orally for 5 to 10 days indicates the presence of
these molecules in brain tissue; this shows the ability of EGCG to penetrate the blood-
brain barrier [33, 36, 66, 70].

5. Green tea for stroke prevention

As already mentioned, polyphenols from green tea, especially its active compo-
nent, namely EGCG, have received more attention because of their potential thera-
peutic agents for preventing neurodegeneration, inflammatory diseases, and cancer
[63, 71]. The ability of green tea is mainly due to its antioxidant, free radical scaven-
ger, metal chelation, anti-cancer, anti-apoptotic, and anti-inflammatory properties.
In addition, research on EGCG has provided hope about its potential to improve
health in old age by enhancing the morphological and functional disorders that occur
in normal aging and its ability to suppress cognitive impairment [34].

Polyphenol compounds in green tea are known to have neuroprotective and neu-
rorestorative effects. EGCG has the effect of increasing cell viability, reducing ROS,
and increasing levels of stress markers on the endoplasmic reticulum and markers
of apoptosis. EGCG also protects against mitochondrial dysfunction, 6-hydroxydo-
pamine (6-OHDA)-induced toxicity, apoptosis induced by oxidative stress in mito-
chondria, and glutamate excitotoxicity. EGCG also maintains energy in mitochondria
and reduces inflammation in brain tissue and damage to neurons. EGCG also has a
neurorestorative effect by increasing neurite growth which makes EGCG a potential
candidate as a drug that can modify neurological diseases because it has neurorestor-
ative and neuroprotective effects [6, 33, 68].

The active ingredient of green tea, namely EGCG, in addition to reducing and
preventing oxidative stress, EGCG can also reduce inflammation. EGCG is a potent
leukocyte elastase inhibitor that mediates the activation of MMP-9 and MMP-2,
which will trigger inflammation. Oral administration of EGCG will also reduce
inflammation in pulmonary fibrosis, block neutrophil-induced angiogenesis, inhibit
pro-inflammatory mediators in inflammatory models, and inhibit pro-inflammatory
mediators such as dose-dependent myeloperoxidase. This implies that EGCG is an
anti-inflammatory agent with therapeutic potential [25, 27, 62].
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EGCG was reported to be able to maintain lipid peroxidation and DNA deamina-
tion by protecting cells from lipid peroxidation initiators such as t-butylhydroper-
oxide, 6-hydroxydopamine, iron, ultraviolet radiation, hydrogen peroxide, and
3-hydroxykynurenine. An in vivo study conducted to determine the effect of EGCG
on lipid peroxidation showed a significant decrease in lipid peroxidation. This
research is done by measuring the levels of Thiobituric reactive substance (TBARS).
Simultaneously, with decreased lipid peroxidation levels, several markers of lipid
peroxidation, 4-hydroxynonenal and Malonaldehyde, with increased glutathione
peroxidase activity and decreased levels of glutathione. This study has implications
for the role of EGCG in protecting cells from lipid peroxidation [69, 72-74].

6. Green tea for treatment of acute ischemic stroke

Camellia sinensis with the active ingredient EGCG inhibits neuronal cell death
through apoptosis (increased expression of BCL-2 and decreased expression of
Caspase-3) and necroptosis (decreased expression of TNFR1 and RIP 3) in the Rattus
norvegicus model of Middle Cerebral Artery Occlusion (MCAO) [31].

A study conducted with R. norvegicus model Middle Cerebral Artery Occlusion
(MCAO) found the effect of Camelia sinensis with the active ingredient EGCG on HO-1
expression. Inhibition of HO-1 expression started with doses of 1, 20, and 30 mg/kg BW.
So that indicates that the antioxidant properties of green tea can inhibit HO-1 expres-
sion starting from the lowest dose in this study. The group with 30 mg/KgBW green tea
extract intervention also showed a significant difference compared to the control group.
Thus, green tea extract and its active ingredient, namely EGCG, showed an inhibitory
effect on HO-1 expression. HO-1 protein is an active protein due to oxidative stress
through the Nrf-2 pathway; this decrease in HO-1 expression indicates that the adminis-
tration of green tea extract and its active ingredient (EGCG) can reduce oxidative stress
in stroke models [30, 46].

The same study found no difference between the levels of HMGB-1 in control
compared to all interventions, and this indicates that neither green tea nor the active
ingredient EGCG affects HMGB-1 levels. The results that showed no difference
indicated that HMGBI in this study was secreted passively by stressed cells so that it
could not be inhibited by EGCG or green tea extract [30, 46].

C. sinensis with the active ingredient EGCG also influences the expression of
TNFR1 in the MCA model. Significant differences in TNFR1 expression in the inter-
vention group of EGCG 20 mg/kgBW, EGCG 30 mg/kgBW, and green tea extract 30
mg/kgBW compared to the control group. The effect of EGCG and green tea extract
on decreasing TNFR1 expression started at a dose of EGCG 20 mg/kgBW, and this
shows that both green tea extract and its active ingredient, EGCG, can reduce inflam-
mation that occurs in brain tissue affected by stroke. Inflammation is one of the
pathways of cell damage caused by ischemia. TNFR1 protein is the primary receptor
of TNF- which will cause the active process of necroptosis and inflammation [30].

Furthermore, a decrease in RIP3 expression was found after green tea interven-
tion, either using the active ingredient in the form of EGCG or green tea extract.

A significant difference was also found in the RIP3 expression of the intervention
group EGCG 20 mg/kgBW, EGCG 30 mg/kgBW, and green tea extract 30 mg/kgBW
compared to the control group. RIP3 protein is an executor protein in the apoptotic
process, so the decrease in RIP3 expression indicates that EGCG and green tea extract
can prevent necroptosis in the MCAO model. The inhibition of RIP3 expression was
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initiated at a dose of EGCG 20 mg/kgBW. Green tea extract 30 mg/kgBW also has a
similar effect to EGCG 30 mg/kgBW [30].

Bcl-2 is a protein that is a major regulator of mitochondrial permeability and the
release of pro-apoptotic molecules. BCL-2, together with Bcl-xL, are anti-apoptotic
proteins located in mitochondria and endoplasmic reticulum. In mitochondria, BCL-2
maintains mitochondrial integrity and prevents apoptogenic molecules’ release
[75-78]. C. sinensis with the active ingredient EGCG affects the expression of BCL-2.
Based on reserch results, there were significant differences in the expression of BCL-2
in all intervention groups compared to the control group. In the intervention group,
EGCG 20 mg/kgBW, EGCG 30 mg/kgBW and green tea extract 30 mg/kgBW found a
very significant difference when compared to the control. These results indicate that
both EGCG and green tea extract can increase anti-apoptotic protein so that it will
prevent apoptosis [31].

A significant difference was found in the expression of Caspase-3. Caspase-3
expression was lower in the EGCG 30 mg/kgBW group and the green tea extract
group. These results indicate that EGCG and green tea extract can prevent apoptosis
by inhibiting the apoptotic execution pathway. The inhibition of this execution
pathway is very important because there are three apoptotic pathways: the intrinsic or
mitochondrial pathway, the extrinsic pathway, and the granzyme pathway. If one of
them is inhibited, other pathways will activate apoptosis, but if the executor caspase
is inhibited, the apoptotic pathways that are active can be inhibited. Inhibit the
apoptotic pathway by increasing the anti-apoptotic protein or down-regulating the
pro-apoptotic protein caspase-3 [30, 63, 66].

Our study also shows that green tea can increase anti-inflammatory mediators
that will increase recovery after stroke. We also use animal model and immunobhis-
tochemistry to measure CD 206, a marker for M2-type mitochondria. According to
our research, there is an increase in CD 206 expression in both Green tea and EGCG
group [46, 79].

The study on the benefit of green tea should be conducted in the clinical setting to
know about the benefit of green tea in acute ischemic stroke. Its potential benefit can
be as an adjunct treatment for acute ischemic stroke besides standard treatment.

7. Summary

The current standard of treatment for acute ischemic stroke is thrombolysis.
However, only 2—8.5% of stroke patients can undergo thrombolysis in America, and
less than 2% in the world undergo thrombolysis.

Green tea (C. sinensis) is the most consumed beverage in the world and is a source
of polyphenols known as catechins, including epigallocatechin-3-gallate (EGCG),
which is 63% of total catechins.

C. sinensis with the active ingredient EGCG inhibits neuronal cell death through
apoptosis (increased expression of BCL-2 and decreased expression of Caspase-3)
and necroptosis (decreased expression of TNFR1 and RIP 3) in acute ischemic stroke
as in the R. norvegicus model of Middle Cerebral Artery Occlusion (MCAO), it also
can decrease necroptossis and increase M2 type microglia.
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Chapter 5

Research Progress on the Health
Benetits of Scented Tea
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Abstract

Scented tea, also known as fragrant tea, mainly comprises green tea as the tea
base and the dried and processed flowers of various plants. It is a unique reprocessed
tea in China. There are many types of scented tea, including jasmine, lily, osman-
thus, rose and honeysuckle. The scenting process greatly influences the quality of
the scented tea. Humidifying continuous scenting processes, frying flower processes
and innovative drying methods have been developed to resolve the issues of cumber-
some, time-consuming and low utilisation rates of flowers in the process of making
scented tea. The main chemical components of scented tea are polyphenols as well
as exogenous plant glycosides, flavonoids, lactones, coumarins, quercetin, steroids,
terpenoids and other compounds. Scented tea plays an active role in the prevention
and treatment of various diseases and has as anti-oxidant, anti-cancer, hypoglycae-
mic, hypolipidemic, immunomodulatory and neuromodulatory effects. This chapter
mainly reviews and summarises the types of scented teas and their related health
functions.

Keywords: scented tea, medicinal value, tea polyphenols, health function, disease
prevention

1. Introduction

Scented tea, also known as fragrant tea, is made from the flowers or leaves of
plants. It is a type of reprocessed tea unique to China. It uses the properties of tea
that make it good at absorbing odours and blends scented flowers and tea together.
The tea absorbs the fragrance and then the dried flowers are removed using a sieve.
The resulting scented tea has a strong fragrance and a bright tea drink. Scented tea
has along history of production. As early as the Song Dynasty, spices were added to
green tea as a tribute to the emperor [1]. The processing technology of tea gradually
matured during the Ming Dynasty and the scenting method of scented tea has since
progressed [2]. The quality of scented tea is related to the scenting process. Mature
scenting processes, such as moisturising continuous scenting, frying flower processes
and innovative drying methods can be used to ensure that the scented tea maintains
appropriate water content during the scenting process and improves the ability of
the tea base to absorb the fragrance of the flowers. Chinese scented tea is mainly
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produced in the Guangxi, Fujian, Yunnan, Sichuan and Chongqing provinces. In
2021, the scented tea output in China was 2.917 million tonnes. Scented tea has been
exported to Japan, the USA, Russia, Germany and other countries for many years and
has a good reputation in local markets.

Scented tea contains various nutrients, such as proteins, amino acids, tea polyphe-
nols, tea polysaccharides, vitamins and minerals. It also contains pigments, taste sub-
stances amino acids, catechins, caffeine and aroma substances. These substances not
only improve the quality of scented tea but are also required for human physiological
activities and contribute to the health effects of scented tea. Protein and amino acids
are essential components of human metabolism. The water-soluble protein content of
scented tea is around 2% and can be directly absorbed and used by the body through
drinking the tea [3]. Scented tea is rich in amino acids, including theanine, glutamic
acid and aspartic acid as well as vitamins. For example, jasmine scented tea contains
80-90 mg of vitamin C per 100 g of jasmine scented tea and can improve the immune
system [4]. Scented tea also contains mineral elements, such as phosphorus, potas-
sium, calcium, sodium, magnesium and sulphur as well as trace elements, such as
iron, manganese, zinc, selenium, fluorine and iodine. In addition, the polyphenolic
compounds, tea polysaccharides, caffeine and other components present in scented
tea have good health effects on human physiological activities [5]. Scented tea also
contains aromatic substances, including esters, alcohols and hydrocarbons, among
which linalool, indole, benzyl alcohol and methyl salicylate are the main aroma
components. These aromatic substances can aid digestion, relieve stomach pain and
calm and regulate the nervous system [6]. Scented tea has the same refreshing effects
as coffee due to its high content of caffeine and alkaloids, which are central nervous
system stimulants. However, drinking coffee regularly may cause arteriosclerosis,
whereas drinking scented tea can avoid this adverse effect. Scented tea contains
polyphenols and vitamin C, which can effectively eliminate the adverse effects of
caffeine. On the other hand, the caffeine in scented tea can promote gastric secretion,
help digestion, enhance fat metabolism and effectively reduce body mass index [7].
Therefore, scented tea can also be used to promote weight loss. Scented tea contains a
large amount of vitamin A, vitamin C and other trace elements that protect the eyes
and have therapeutic effects on dry eyes caused by overuse of the eyes. Traditional
Chinese medicine also commonly uses scented tea for the treatment of eye diseases
[8]. Several cell and animal studies have shown that tea polyphenols, polysaccharides
and pigments have significant anti-cancer and anti-tumour effects. The main anti-
cancer pathways include inhibiting cancer cell proliferation, regulation of signalling
pathways to induce apoptosis of cancer cells, inhibition of angiogenesis, inhibition
of metastasis and infection of cancer cells and inhibition of tumour immune escape
mechanism [9-11].

The pharmacologist Li Shizhen’s ‘Compendium of Materia Medica’ also records
the health care effects of scented tea. The chemical composition and health functions
of scented tea have been extensively studied over the past two decades to examine
the mechanisms behind the health benefits of scented tea. The scientific community
and mass media have gradually begun to pay attention to the beneficial properties of
scented tea. For example, drinking scented tea is associated with anti-oxidant [12],
anti-cancer [13], hypoglycaemic [14], hypolipidaemic [15], immunomodulatory
[16] and neuromodulatory [17] effects. This chapter mainly reviews and discusses
the health functions related to scented tea and the direction of future research and
development.
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2. Types of scented tea

Types of scented tea mainly include jasmine, lily, osmanthus, rose and honey-
suckle, as shown in Figure 1.

2.1Jasmine scented tea

Jasmine scented tea is mainly produced in the Guangxi, Fujian, Sichuan and
Yunnan provinces of China. It is a reprocessed tea made by blending tea with jasmine
flowers. When brewed and consumed, its aroma is strong, fresh and refreshing.
Jasmine scented tea generally uses green tea as the tea base. The choice of tea base
is an important factor in determining the quality of jasmine scented tea. The aroma
and taste of jasmine scented tea can be improved by making jasmine scented tea
with green tea scraps of different particle sizes [18]. Different drying methods lead
to changes in the surface and microstructure of the tea base, which in turn affect the
quality of the finished jasmine tea. The emergence of vacuum freeze-drying technol-
ogy has resolved this issue and the moisture content and overall quality of tea base
have reached controllable conditions. Therefore, the quality of jasmine tea after scent-
ing is better than that prepared by hot air drying [19].

Jasmine scented tea has physiological effects as well as significant health care
properties. Studies have shown that jasmine scented tea can help obese people to
reduce lipid levels and lose weight [20, 21]. Improved living conditions have led to
women focusing more on ageing and skin problems. The anti-ageing and anti-oxidant
health effects of jasmine tea also play an important role in the health benefits of
jasmine tea. The polyphenols and pigments in jasmine tea have anti-bacterial effects.
Gargling with the water extract of jasmine scented tea can resolve oral problems, such
as oral ulcers and swollen gums.

Figure 1.
Different types of scented tea. (a) Jasmine, (b) lily, (c) osmanthus, (d) rose, and (e) honeysuckle scented teas.
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2.2 Lily scented tea

Lily scented tea is mainly produced in the Anhui, Jiangsu and Guangdong prov-
inces. Lily scented tea is prepared by processing fresh lily and green tea together,
which retains the original biological activity factor of lily and has the fragrance of
green tea. In addition to its strong aroma, lily has edible and medicinal properties.
After scenting is complete, the flowers are mixed with tea, dried and packaged
together, which improves the quality of scented tea and enhances its edible and
medicinal value. Current methods of lily scented tea preparation include the treat-
ment of tea billet, maintenance of flowers and the triple scenting of flowers. Finally,
high-quality lily and dried tea greens are mixed for drying. This method can control
the water content of lily scented tea, improve the quality and taste of lily scented tea
and improve its medicinal value [22]. During the traditional drying process of flowers
and tea, secondary drying reduces the fragrance of flowers and affects the quality of
scented tea, while processing technologies, such as microwave drying or the use of
desiccants, can greatly reduce the loss of floral fragrance [23].

Lily scented tea has high nutritional and medicinal values. While it is often made
into desserts, people in the Guangdong region prefer to use it to make a tea drink to
relieve coughing and sputum production. Lily scented tea tastes sweet and has no
irritating taste. It moistens the lungs to stop coughing, clears away heart-burn and
calms the mind. Lily scented tea is nourishing and medicinal and can be consumed
all year round. It contains a variety of alkaloids, which have a preventive effect on
leukopenia, increases the red blood cell count in the blood and has therapeutic effects
on cytopenia after chemotherapy and radiotherapy [24, 25]. Lily scented tea can also
improve the immune system and has preventive effects on a variety of cancers. The
‘Compendium of Materia Medica’ states that lily scented tea is a high-quality tonic
and has properties similar to those of ginseng in tea.

2.3 Rose scented tea

Rose scented tea is mainly produced in the Guangdong and Fujian provinces
in China. It is one of women’s favourite scented teas and is also the most common
scented tea. Brewed rose scented tea exudes a refreshing aroma and refreshes the
consumer. The quality of the finished product of rose scented tea is related to the
processing technology. The type of rose and tea base used during the process directly
affects the quality of scented tea. During the scenting process, freeze-dried roses are
selected and mixed with green tea for secondary scenting. Airtight conditions are
maintained during the scenting process to ensure an appealing drinking taste and
aroma. Nutrients are not lost during scenting, improving the medicinal value [26].
The tea needs to be dried after scenting. Microwave technology can preserve the
fragrance of the scented tea to a great extent and resolve issues such as dull colour and
loss of aroma of the scented tea due to high temperature and humidity during drying
using the traditional process [27].

Rose scented tea is a precious medicinal material and traditional Chinese medi-
cine often uses rose scented tea with other traditional Chinese medicines to produce
different formulas. Using rose scented tea to make wine can reduce blood lipid levels,
improve vitality and improve skin texture [28]. Rose essential oil refined from rose
scented tea can promote the development of male hormones and sperm and pro-
mote blood circulation and metabolism. Rose scented tea is also a commonly used
a gynaecological Chinese medicine and has a significant effects in the treatment
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of gynaecological diseases [29]. Recent studies have shown that rose scented tea
extract has anti-viral effects and has been used in the treatment of acquired immune
deficiency syndrome and leukaemia and has achieved remarkable results.

2.4 Honeysuckle scented tea

Honeysuckle is a type of vine that is widely used in the pharmaceutical, food and
chemical industries [30-32]. Honeysuckle scented tea is prepared by combining fried
green tea and fresh honeysuckle in a sealer, separating the green tea and honeysuckle
with gauze and stacking them in multiple layers to fully mix the honeysuckle and tea.
Finally, dried honeysuckle and green tea are mixed and packaged. This process gives
the tea a strong aroma and medicinal properties.

Honeysuckle is commonly used as a precious Chinese medicine. It is used to reduce
fever and toxins, free the channels and improve circulation and has broad-spectrum
anti-bacterial and anti-viral effects. More than 70% of cold medicines and anti-inflam-
matory patented Chinese medicines contain honeysuckle, which is known as ‘Chinese
medicine antibiotics’ and ‘green antibiotics’ In addition to its medicinal properties,
honeysuckle scented tea is used for beauty, weight loss and health care and has also been
shown to protect and repair the body. Honeysuckle scented tea relieves heat stroke,
sobers up individuals after consuming alcohol, clears the mind, relieves thirst, removes
toxic substances from the body, lowers fat levels, reduces body weight, clears the skin,
prevents ageing and increases longevity [33-35]. It can also lower blood pressure, lower
serum cholesterol, increase coronary blood flow, prevent coronary heart disease and
heart pain and inhibit the formation of cerebral thrombosis. Drinking honeysuckle
scented tea can also improve the body’s resistance to hypoxic free radicals, delay ageing,
improve microcirculation, remove peroxidised fat deposits and promote metabolism.

3. Chemical constituents of scented tea

Polyphenols are an important component of tea, accounting for around 18-36% of
the tea dry weight. Catechins are the main components of tea polyphenols, accounting for
around 70-80% of the total tea polyphenols. Catechins can be categorised according to
molecular structure into four types: epicatechin, epigallocatechin, epicatechin-3-gallate
and epigallocatechin-3-gallate as shown in Figure 2. Tea polyphenols have strong anti-
oxidant effects that are significantly greater than those of vitamins C and E, although

they have synergistic effects with vitamin C and E, with anti-ageing effects [36, 37].
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Figure 2.
Structure of catechins EC, epicatechin; EGC, epigallocatechin; ECG, epicatechin-3-gallate and EGCG,
epigallocatechin-3-gallate.

71



Recent Advances in the Health Benefits of Tea

In addition to polyphenols, the chemical constituents of scented tea also include
glycosides, flavonoids, lactones, coumarins, quercetin, terpenes and other com-
pounds. Chemical studies on jasmine have shown that the main functional compo-
nents of jasmine include nearly 100 compounds, such as volatile oils, fatty acids,
glycosides, terpenoids, lignans and alkaloids [38]. According to the ‘Compendium of
Materia Medica, decoction of jasmine can be used to treat dysentery and abdominal
pain and can also be used as an eye wash to treat conjunctivitis [39].

The chemical constituents of lily scented tea were examined by ethanol reflux
extraction and the main components were found to be $-sitosterol, stigmasterol and
emodin [40]. Among these, p-sitosterol lowers cholesterol, relieves cough and elimi-
nates phlegm, inhibits tumour formation and inhibits skin ulceration. Sterols have
high nutritional value and strong physiological activity and are commonly used in the
pharmaceutical, cosmetics, animal growth regulators and food industries. Emodin
can be used as a laxative and has anti-bacterial, anti-cough, anti-tumour and blood
pressure lowering effects.

Studies on the chemical constituents of osmanthus scented tea show that the
volatile components mainly include hexadecanoic acid, methyl docosatrienoate,
camphor oil and isomenthone [41]. Studies have shown that the flavonoids in osman-
thus scented tea have good anti-bacterial activity, especially against Escherichia coli
and Staphylococcus aureus. Studies on melanin derived from osmanthus scented tea
seed coat showed that it has good anti-oxidant activity and can effectively prevent
skin ageing [42].

Rose scented tea is rich in vitamins A, B and C and as well as amino acids, polysac-
charides, alkaloids and other functional ingredients. The vitamin C content of roses is
very high and can reach eight times that of kiwifruit, 20 times that of sea buckthorn
and 700 times that of apples. Rose scented tea contains 16.33% protein and is rich in
amino acids. Rose also contains a variety of unsaturated acids, including the essential
fatty acids linoleic acid, linolenic acid and oleic acid, which together account for
99.75% of the total unsaturated fatty acids [43]. Rose is rich in dietary fibre, rose fla-
vonoids and amino acids and can reduce blood lipids and blood sugar. It is also rich in
trace elements including zinc, copper and manganese. These are important elements
of superoxide dismutase and selenium, which is an important element of thiooxyre-
ductase and glutathione peroxidase. These enzymes can improve the immune system
and have good anti-oxidant effects [44].

The active components of honeysuckle mainly include phenolic acids, flavo-
noids, volatile oils and triterpenoid saponins, among which phenolic acids are
important secondary metabolites in honeysuckle [45, 46]. Honeysuckle has good
anti-oxidant activity due to its multiple phenolic hydroxyl groups in the structure
[47]. Honeysuckle scented tea contains quercetin, luteolin, kaempferol, p-sitosterol,
wogonin and other components, giving it fever-reducing and cleansing properties. It
has also been shown to have preventive effects on coronavirus disease 2019 [48].

4. Health functions of scented tea
4.1 Anti-oxidant effects
The anti-oxidant effects of scented tea can be attributed to the polyphenols in

the tea and vitamins, flavonoids and phenols in the different scents. Ma et al. [12]
found that jasmine scented tea contained large amounts of tea polyphenols compared
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with black and green teas and its anti-oxidant effects were greater that of vitamin

C, as determined using the diphenyl-picrohydrazide method. Cong et al. [49]
supplemented the diets of growing rats with 6% jasmine scented tea for 30 days and
reported an significantly increased activity of anti-oxidant enzymes in the serum
and liver. In addition, jasmine scented tea extract has significant anti-oxidant and
anti-ageing effects on ageing mice [50]. A study on the anti-oxidant effect of healthy
rabbits in vitro showed that the polar components of osmanthus tea can effectively
remove superoxide ions in the body and lipid peroxidation of mitochondria in vitro
[51]. Chen etal. [52] reported that 6 weeks of continuous gavage using rose scented
tea in restraint stressed mice significantly increased the reduced liver catalase activ-
ity and glutathione content observed due to restraint stress and decreased plasma
homocysteine levels by 20%. In addition, roses contain a large amount of vitamin C,
which is a water-soluble vitamin with strong anti-oxidant activity that can effectively
eliminate free radicals. After binding with free radicals, vitamin C can be transformed
into dehydroascorbic acid and monohydroascorbic acid to eliminate free radicals,
giving roses their anti-oxidant effect [43].

4.2 Anti-cancer effects

Scented tea has inhibitory effects on various cancers, such as liver, skin, stom-
ach, lung, oral, breast, pancreatic and colon cancers [53-55], due to the presence of
polyphenols and their oxidation products and caffeine. Tea polyphenols have strong
anti-oxidant properties, scavenge free radicals in the body and can block the synthesis
of carcinogens, such as ammonium nitrite. The inhibitory effects of scented tea on
cancer are achieved via anti-oxidation, induction of apoptosis and regulation of
gene expression. In addition, scented tea contains a large amount of chlorogenic acid
and related derivatives, which have shown anti-cancer activity against U937 human
histiocytic lymphoma cells, KB human oral cancer cells, MCF-7 breast cancer cells
and WI38 lung fibroblast cells [56]. Chlorogenic acid can inhibit colon cancer by
inducing the production of reactive oxygen species, lung cancer cells by affecting
the expression of apoptosis-related genes and liver, oral, gastric, cervical and breast
cancers [57-59]. Kawabata et al. [60] used azomethane to induce a rat model of colon
cancer and found that ferulic acid could reduce the incidence of colon cancer in
rats. Protocatechuic acid can reduce the enzyme activity of MCF-7, A549 non-small
cell lung cancer cells, HepG2 human liver cancer cells, HeLa cervical cancer cells
and LNCaP prostate cancer cells, effectively penetrate cancer cells, inhibit lactate
dehydrogenase activity and damage the mitochondrial membrane potential and also
inhibit MMP-2 secretion to prevent its metastasis in human gastric cancer AGS cells
[61]. Studies have found that caffeic acid mainly exerts its anti-cancer effects by
affecting the mRNA regulatory network and up-regulating levels of mitochondrial
reactive oxygen species in tumour cells [62]. Studies have also shown that isochloro-
genic acid A has an inhibitory effect on human ovarian cancer cells, skin melanoma
cells, central nervous system tumour cells and colorectal cancer cells [63].

4.3 Hypoglycaemic effects

Diabetes is one of the most common chronic diseases seen in clinical medicine its
the incidence has gradually increased in young people. The blood glucose levels of
individuals fluctuate; however, stable blood glucose levels are an important evaluation
index of individual physical health. Scented tea can improve the ability of vanadate to
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regulate blood glucose. Vanadate suspended in jasmine scented tea has hypoglycaemic
effects and can stably and effectively maintain blood glucose at a normal levels within
a few weeks [64]. Studies have shown that drinking jasmine scented tea signifi-

cantly reduces blood glucose [18]. Starch (polysaccharide) in food is digested into
oligosaccharides by salivary amylase and pancreatic amylase, converted to glucose

by a-glucosidase in the small intestine and finally absorbed. Studies have found that
osmanthus tea extract has an inhibitory effect on a-glucosidase [65]. The presence of
phenolic compounds in honeysuckle scented tea extract was shown to reduce blood
sugar levels in sucrose hyperglycaemic mice and an alloxan diabetes mouse model [66].

4.4 Lipid-lowering effects

Caffeine in tea can reduce the concentration of triglycerides in blood and cat-
echin can inhibit lipid synthesis. The comprehensive effects of caffeine, catechin,
tea polysaccharide, cholestenone, inositol, folic acid and pantothenic acid in tea can
prevent and inhibit obesity. Studies have shown that the effect of jasmine scented
tea on weight control may be related to its ability to increase lipoxin levels [64].
Consumption of jasmine scented tea can prevent elevated blood lipid levels and
atherosclerosis, reduce the content of molecular substances in plasma and protect
organs, such as the liver and kidneys. A study on rose scented tea found that its lipid-
lowering effect mainly comes from its high content of dietary fibre, rose flavonoids
and various amino acids [67]. Rose scented tea is rich in dietary fibre, which cannot
be converted to glucose in the human body, and has a low glycaemic index. It may be
used as a common food for patients with diabetes. Dietary fibre can also combine with
bile salts (metabolites of cholesterol), which are then excreted, effectively reduc-
ing the concentration of cholesterol in serum and further preventing and treating
cardiovascular and cerebrovascular diseases. In addition, dietary fibre also promotes
gastrointestinal motility, which can effectively prevent constipation and reduce the
incidence of intestinal cancer. Lan et al. [68] examined the effects of rose extract on
blood sugar and glucose tolerance in diabetic mice and found that both rose liquid
extract and alcohol extract could effectively reduce blood sugar and improve glucose
tolerance. A dose effect was seen and rose alcohol extract exerted a greater lipid-
lowering effect than rose water extract. A previous study evaluated the lipid-lowering
effects of water-extracted flavonoids from honeysuckle and found that they signifi-
cantly reduced plasma triglyceride and plasma cholesterol levels in hyperglycaemic
mice [69]. The mechanisms involved changes in the transcription and expression
levels of insulin receptor substrate 1, low density lipoprotein receptor, apolipoprotein
1, fatty acid synthase and cholesterol regulatory element binding protein 2 in the liver
of the mouse model. These studies indicate that the polysaccharides, amino acids and
flavonoids contained in jasmine, rose and honeysuckle have lipid-lowering effects and
that these active substances are likely to have synergistic effects with the polyphenols
in green tea in reducing blood lipids.

4.5 Immunoregulation effects

The immune system provides resistance to disease. Researchers at the Fujian
Institute of Traditional Chinese Medicine studied the immune function of scented
tea on animals. Jasmine scented tea was shown to increase the number of white blood
cells, lymphocytes and T lymphocytes in the blood [16]. Lin et al. [70] compared the
effects of jasmine scented tea, traditional Chinese medicine (the main components
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are angelica, yam and liquorice) and compound tea (88.5% scented tea and 11.5%

of traditional Chinese medicine) on the immune function of mice with acute renal
failure. The results showed that 2.5% scented tea, 2.5% compound tea and 0.3%
traditional Chinese medicine could significantly reduce the content of molecular
substances in serum and significantly promote the proliferation of mouse spleen T
and B lymphocytes and enhance the activity of mouse spleen lymphocytes. The study
further showed that jasmine scented tea, traditional Chinese medicine and compound
tea could enhance the immune function of the spleen in mice and jasmine scented

tea and compound tea had more significant immune effects on mice. In addition, Li
etal. [71] used ovalbumin sensitised mice as an immune response model to study the
immunoregulation effect of aqueous extract of honeysuckle. Water extract of honey-
suckle could alleviate the inflammation of intestinal villi in allergic mice, reduce the
aggregation and degranulation of mast cells, increase the ratio of intact mast cells in
the lamina propria, reduce the release of histamine in the intestinal tract of allergic
mice, reduce levels of interleukin-4 and ovalbumin, reduce the ratio of interleukin-4/
interferon-y in allergic mice and inhibit transcription levels of interleukin-12 in
peripheral lymphoid tissue mononuclear cells.

4.6 Neuromodulation effects

The aroma of scented tea can relieve depression and reduce anxiety and also
improve concentration, relieve physical stress and improve work efficiency. Studies
have shown that inhaling the aroma of jasmine scented tea can improve the rate of
simple mental arithmetic by 10% and alleviate tachycardia [72]. Kyoko et al. [73]
showed that inhaling the aroma of jasmine scented tea for 5 min can significantly
reduce heart rate, making people feel calm and energetic. Another study reported
that the aroma of jasmine scented tea contained (R)-(—)-linalool, which plays a
sedative role in human autonomic nervous activity and emotional state. Li et al.

[29] conducted a study on the intervention effect of rose scented tea on postpartum
depression and found that rose scented tea could reduce the Edinburgh Postpartum
Depression Scale score in patients with postpartum depression and alleviate related
symptoms to varying degrees. Subsequently, Zhai et al. [74] conducted a comparative
study on rose scented tea and sweet orange essential oil, which has sedative effects.
Inhalation of rose scented tea and sweet orange essential oil using aromatherapy
lamps significantly reduced blood pressure and heart rate and rose scented tea was
better at relieving the systolic blood pressure. Scented tea contains high amounts of
volatile substances, which together form the unique aroma of scented tea. Among
these, hydrocarbons, alcohols, esters and phenolic compounds are volatilised after
brewing and heating the scented tea. These substances are absorbed by the capillar-
ies of the lungs and then transported to the whole body via the blood, relieving the
muscles and brain cells of the body.

5. Conclusions

China has established a refined tea production system and is a leader in research
into scented tea ingredients. Scented tea is used medicinally and as a foodstuff and
drink. The health benefits of scented tea on the human body are well established.
Advances in human nutrition and increased interest in physical health have led to
increased attention about the nutrition and health benefits of food. Studies have
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shown that the polyphenols and flavonoids present in scented tea promote human
physical health, which keeps the market share of scented tea in China high.

However, the health benefits of scented tea should not be overstated. Scented tea is
a health drink, not a drug, and it regulates but does not cure the human body. In addi-
tion, attention should be paid to the application of chemical fertilisers and pesticides
in the cultivation of flowers and tea as pesticide residues in scented tea may seriously
affect its quality and safety. Attention should be paid to the selection of raw materials
used in the preparation of scented tea. Fresh, plump flowers and tea are used as raw
materials and the flowers and tea are processed in strict accordance with the scenting
process. Finally, the health benefits of scented tea are not achieved by a single sub-
stance, but the synergistic effects of multiple chemical components, which should be
considered comprehensively when using scented tea.
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Chapter 6

GABA-enriched Oolong Tea:
Reducing Stress in a Student Cohort
May Involve More than Just GABA

Tina Hinton, Kong M. Li, Vincent Viengkhou, Sin Yoo Kam,
Sandra Kindaro, Herbert F. Jelinek, Slade Matthews
and Graham A.R. Johnston

Abstract

We have previously shown that the consumption of GABA-enriched oolong tea
is effective in reducing stress in a student cohort. However, key constituent content
has not been previously investigated, especially as applied to a standard cup of tea.
Further, it has not been substantiated whether it is the suggested GABA content or
other constituents that lead to these observed changes in stress behaviour. Using
reverse-phase HPLC, we determined the actual content of four chemicals known
to influence stress in 200 mL cups of regular or GABA-enriched oolong tea brewed
to manufacturer’s instructions. We found eight times as much y-aminobutyric acid
(GABA) and 1.5 times as much caffeine in GABA-enriched oolong tea as in regular
oolong tea. In contrast, there was 10 times less epigallocatechin gallate (EGCG), and
half as much theanine in the GABA-enriched tea. Thus, there are changes in multiple
constituents in GABA-enriched oolong tea that may contribute to the biological
effects we observed in students consuming these teas.

Keywords: GABA, theanine, epigallocatechin gallate, caffeine, tea, stress, HPLC

1. Introduction

We have previously shown that consumption of GABA-enriched oolong tea is
effective in reducing stress and improving cardiac rhythm in a university student
cohort [1]. As constituents other than GABA are known to influence stress, we have
quantified three other key chemicals in oolong tea known to influence stress: the
methylxanthine caffeine, the flavonoid epigallocatechin gallate (EGCG) and the
amino acid theanine in addition to GABA. The chemical structures of these con-
stituents are shown in Figure 1. The aim of the current study was to quantify, using
HPLC, the concentrations of these constituents in 200 mL cups of regular oolong and
GABA-enriched oolong tea as prepared according to manufacturer’s specifications
and consumed by the students.
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Figure 1.
Chemical structures of four neuroactive constituents found in regular oolong and GABA-enriched oolong teas.

GABA is the major inhibitory neurotransmitter in the brain [2] and plays a pivotal
role in stress as well as modulating autonomic and cardiovascular function centrally
and peripherally. GABA-enriched foods and GABA in single oral administration
have been shown to reduce stress as measured through heart rate variability, heart
rate, and other stress-related biomarkers and psychological tests. Hence, GABA
content in tea has been enhanced to produce an improved therapeutically useful
beverage for consumption [3]. GABA-enriched tea is obtained by incubation of tea
under anaerobic conditions, or cycling under aerobic and anaerobic conditions, which
has been shown to accumulate GABA to produce a tea with concentrations of GABA
>150 mg/100 g tea [4-9].

The possible roles for other oolong tea constituents of oolong tea, such as EGCG,
theanine and caffeine, may then also relate to their interaction with GABA. There are
several known mechanisms of action to explain the effects of caffeine in oolong tea in
addition to its stimulant effect [10]. The most prominent is that it is a potent adenos-
ine receptor antagonist, and it has also been shown to potentiate GABA release via its
effect on A; adenosine receptors [11].

EGCG may mediate some of its stress-reducing effects via interaction with the
GABAergic system [12-15]. EGCG is readily incorporated into the brain following
intragastric administration in mice [14], and has shown stress-reducing, anxiolytic
and sedative properties in a number of animal models [12, 13, 15]. EGCG has also
been found to be a biphasic modulator of GABA, receptors, at low doses enhancing
diazepam action at recombinant GABA , receptors expressed in Xenopus oocytes [16].
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Although the action of theanine is not well understood [17, 18], it has been pro-
posed to contribute to the relaxation experienced following tea consumption. For
example, an oral 200 mg dose of theanine was also shown to increase a-brain waves
in the occipital and parietal cortices of human subjects, indicative of a relaxation
effect [17]. While one study showed it to increase GABA release [19], theanine does
not appear to impact behaviours mediated by the GABAergic system in animal models
[19-21]. Instead, theanine may mediate its effects through modulation of other
transmitter systems including dopamine [18, 22] and glycine [22].

The aim of the current study was to quantify, using HPLC, the concentrations of
GABA, EGCG, caffeine and theanine in 200 mL cups of regular oolong and GABA-
enriched oolong tea as prepared according to manufacturer’ specifications and
consumed by the students.

2. Materials and methods
2.1 HPLC sample preparation and analysis

Golden Wulong (regular Oolong tea) and Organic GABA Body and Mind tea
(GABA-enriched Oolong tea) both originated from Taiwan and were purchased from
www.teas.com.au. Standard cups of each oolong tea were prepared and analysed to
quantify both the differences in active constituent content between the teas and also
the consistency of GABA, theanine, caffeine and EGCG extraction between separate
brews of the same tea. Teas were prepared in accordance with manufacturer’ instruc-
tions for consumption, by the addition of 5 g tea to 200 mL of 90°C deionised Milli-Q
water (dH,0) and infused for 10 min.

Samples (20 mg) of the authentic standard compounds, GABA (RBI; Natick,

MA, U.S.A.), theanine (Tocris; Ballwin, MO, U.S.A.), caffeine (Sigma, St. Louis,
MO, U.S.A.) and EGCG (Sigma, St. Louis, MO, U.S.A.), were weighed accurately
and added to a 100 mL volumetric flask before being dissolved in 12.5% acetoni-
trile, yielding final stock solutions of 200 pg/mL. Standard solutions in the range

of 5.0-200 pg/mL were made by diluting the stock solution with 12.5% acetonitrile
directly before each run. The standard solutions were filtered through 0.45 ym,

13 mm diameter HPLC nylon syringe filters (Grace Davison Discovery Science;
Deerfield, IL, U.S.A.). Analysis was via reverse-phase HPLC using a Varian ProStar
210 solvent delivery system coupled to a Varian autosampler model 410 with cooling
tray set at 4°C, Degassit degasser (Varian Inc.; Walnut Creek, CA, U.S.A.). Data were
collected and analysed using Varian Star Chromatography Workstation, Interactive
Graphic, System Control and Method Builder version 6.30 (Varian Inc.).

2.2 GABA and theanine measurements

GABA and theanine were determined using pre-column derivatisation of
standards and tea samples at the same time before each run for detection of amino
acids. Immediately prior to derivatisation, 50 pL tea samples were mixed with 50 pL
0.2 M borate buffer (pH 8.5). To derivatise the amino acids, 100 pL 15.5 mM 9-fluore-
nylmethyloxycarbonyl chloride (FMOC-CI) was added and allowed to react for 1 min
before addition of 60 pL cleavage reagent (0.5 M hydroxylamine hydrochloride: 1.7 M
sodium hydroxide: water) to remove excess FMOC-CI which can interfere with amino
acid separation. The reaction was stopped after three minutes with 100 uL quenching
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reagent (1:4 glacial acetic acid: acetonitrile). Each sample was then diluted 1:3 in
water and filtered through a 0.45 ym HPLC nylon syringe filter (13 mm diameter). All
samples were stored at 4 °C and analysed within 24 hours.

For amino acid detection, a Shimadzu RF-10Ax;, spectrofluorometric detector
(excitation 263 nm; emission 313 nm) with a Varian Microsorb-MV 100 C18, 5 pm,
250 x 4.6 mm column maintained at room temperature were used.

2.3 Caffeine and EGCG measurements

For caffeine and EGCG quantification, samples were centrifuged at 2,500 g for
10 mins, a 1:2.5 dilution was made using 12.5% acetonitrile, and then samples were fil-
tered through 0.45 pm, 13 mm diameter HPLC nylon syringe filters. All samples were
stored at 4°C for no greater than 24 hours prior to performing HPLC. For caffeine and
EGCG measurement, a Kinetex 5u XB-C18 (5 pm, 150 x 4.6 mm) column maintained
at room temperature was used. Detection was via analysis at UV wavelength 254 nm.

2.4 Gradient elution

All chromatographic experiments were performed using gradient elution. For
GABA and theanine, optimised mobile phase A consisted of 2 M ammonium phosphate
buffer (pH 6.7), methanol and water (0.75:15:84.25). Mobile Phase B was acetonitrile
and water (90:10). For caffeine and EGCG, the composition of the optimised mobile
phase A was water/acetonitrile/formic acid (94.7/4.3/1) and mobile phase B was water/
acetonitrile/formic acid (49.5/49.5/1). Each mobile phase was filtered through a 0.45
pm Teflon membrane filter under vacuum prior to use. The flow rate was 1.0 mL/min.

The gradient elution profile for GABA and theanine was 0 min 12% B, 5 min 30%
B, 20 min 34% B and 22-27 min 99% B. The gradient elution profile for caffeine and
EGCG was 0 min 1% B, 10 min 35% B, 13.3 min 90% B, 19.5 min 90% B, 21 min 1%

B and 26 min 1% B. The injection volume was 5 pL and the detection wavelength was
set at 254 nm. GABA, theanine, caffeine and EGCG were identified by comparison of
the retention time of peaks produced by the tea sample against that of the respective
GABA, theanine, caffeine and EGCG standards.

2.5 Method validation

Calibration curves were constructed from duplicate analyses of GABA and
theanine standards at 1.2, 2.4, 4.8, 7.2, 9.6 and 12.0 uM, and triplicate analyses of caf-
feine and EGCG standards at 5, 50, 100, 160 and 200 pM. To evaluate the intraday and
interday precision, 96 pM GABA and theanine standards were analysed in duplicate
of two consecutive days, 50 pM caffeine and 160 pM EGCG standards were analysed
in triplicate on three consecutive days, and coefficients of variation (CV) for the
retention time and peak area were calculated. Accuracy was assessed using a recovery
test of spiked samples with 50 pM of each of GABA, theanine, caffeine and EGCG.
Recoveries were calculated comparing the obtained amounts with those added using
the formula: recovery (%) = [(concentration found — endogenous concentration) /
50] x 100% (Zhao et al., 2011). Validation of GABA, theanine, caffeine and EGCG
peak identification in the samples was conducted by comparing the retention time of
the peak of increased size in the spiked to the unspiked samples.
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3. Results
3.1 HPLC method validation

Mean retention times of the standards were: GABA 14.05 min; theanine 13.15
min; caffeine 8.65 min; and EGCG 11.32 min. Consistent retention times were
also observed for both regular oolong tea (GABA 14.08 min; theanine 13.19 min;
caffeine 8.46 min; and EGCG 11.21 min) and GABA-enriched oolong tea (GABA
14.01 min; theanine 13.11 min; caffeine 8.39 min; and EGCG 11.13 min). The
calibration curves for quantified constituents obtained from the duplicate and
triplicate standards exhibited linear correlation coefficients (r*) of 0.991 for GABA,
0.996 for theanine, 0.992 for caffeine, and 0.998 for EGCG. Intraday CVs of peak
area and retention time were GABA 1.61%; theanine 0.01%; caffeine 1.03%; and
EGCG 0.06%. Interday CVs were GABA 5.41%; theanine 0.01%; caffeine 2.45%;
and EGCG 0.01%. The spiked samples demonstrated mean recoveries of 100.33 +
28.40% (range: 87-134%) for GABA and theanine, and 104.64 + 19.07% for caffeine
and EGCG.

3.2 GABA, theanine, caffeine and EGCG content in a cup of tea

Two separate brews of each tea were analysed in duplicate for GABA and the-
anine, and three separate brews were analysed in triplicate for caffeine and EGCG in
order to determine both the difference in constituent content between the teas and
also the consistency of constituent content between separate brews of the same tea.
Given the greater degree of variability encountered with the measurement of the
caffeine and EGCG content in different brews, triplicate measurements were under-
taken. The relative amounts of GABA, theanine, caffeine and EGCG and differences
in constituent content between the two types of tea are shown in Table 1 expressed
as mg per 200 mL of brewed tea from 5 g of dry tea leaf. Good reproducibility in the
extraction of constituents was demonstrated with our preparation protocol. Both
teas showed consistent quantified constituent content between separate brews of
the same tea.

Representative reverse-phase HPLC chromatograms are shown in Figures 2
and 3.

Constituent Regular tea GABA-enriched tea

(mg/100g) Brew Brew Brew Average Brew Brew Brew Average
1 2 3 1 2 3

GABA 5.00 5.00 5.00 404 40.0 40.2

Theanine 163 166 165 82.8 82.0 824

Caffeine 300 252 250 267 457 368 383 402

EGCG 377 355 338 356 1.80 3.60 240 2.60

Data are expressed in mg per 100 g of dry tea leaf.

Table 1.
Amount of GABA, theanine, caffeine and EGCG in separate brews of oolong tea.
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Figure 2.
Representative reverse-phase HPLC chromatograms of GABA and theanine in (A) regular oolong, and (B)
GABA-enriched oolong teas.

4. Discussion

The advantage of our study is that four active constituents of tea were measured
using HPLC in one tea type (oolong) and changes relative to GABA-enrichment were
documented. Further, our method of sample preparation was appropriate for deter-
mining constituent content in a cup of tea prepared according to usual consumption
practices and in our studies of effects on a student cohort. In future, testing these
constituents across a range of commercially available products would be valuable for
a wider comparison of different tea types. Choice of oolong tea for the current study
was based on mid-range fermentation. Analysis of constituents of GABA-enriched
green or black teas will likely yield differing results.

Previous studies using HPLC have determined GABA to be present to varying
extents in commercially prepared GABA-enriched teas, including 1560 mg/100 g
[9]; 19 mg/100 g [6] and 272 mg/100 g [4]. The type of tea according to the degree of
oxidation (e.g., oolong, black) was not specified in these studies. On the other hand,
GABA concentration in freshly prepared GABA tea has been measured at between 30
and 700 mg/100 g (average 275 mg/100 g) using HPLC, with concentrations depen-
dent on the method of preparation (aerobic vs anaerobic cycling, or both), and plant
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Figure 3.
Representative reverse-phase HPLC chromatograms of caffeine and EGCG in (A) regular oolong, and (B)
GABA-enriched oolong teas.

part used (leaves, buds or stem) [5, 7, 8, 23, 24]. These reported results compare with
our finding of 40.2 mg GABA/100 g GABA-enriched oolong tea.

In non-GABA enriched (i.e., regular) teas, GABA quantities have been measured
using HPLC, Zhao et al. [9] found the concentration of GABA in teas differed accord-
ing to tea type. Relative concentrations from greatest to least were white (50.5 mg/100
g) > black (31.1-41.5 mg/100 g) > green (13.8-33.9 mg/100 g) > oolong (14.8-20.7
mg/100 g). On the other hand, Syu and colleagues [6] found the GABA content of
different teas to be green (19.6-105 mg/100 g) equal to oolong (10-101 mg/100 g)
> black (34-55 mg/100 g). In contrast to our findings of 5 mg GABA/100 g regular
oolong tea, others have shown, on average, higher GABA concentrations in commer-
cially prepared regular oolong teas.

The differences between GABA content determined in our study and findings
from previous investigations may be explained by the fact that our teas were prepared

89



Recent Advances in the Health Benefits of Tea

according to manufacturer’s instructions using simple aqueous extraction, as in
making a cup of tea, without repeated extractions using different solvents and drying
down to increase yield. In this way, we provide a realistic estimation of the concentra-
tion of GABA that one may encounter in a commonly prepared cup of tea.

Like GABA, theanine content measured across a range of commercial tea types
is found to vary in concentration, and even within the different tea types, there is
significant variation [6, 25, 26]. For example, commercially prepared white teas
measured between 53 and 3337 mg theanine/100 g w/w [25] while oolong teas ranged
from 85 to 282 mg/100 g [25], averaging 101 mg/100 g [6]. Our findings of 163.2
mg/100 g of theanine in a cup of regular oolong tea are in keeping with these previ-
ous studies. One study that prepared tea for analysis similar to the method used in
the present investigation (brewing for a specified period of time in 200 mL water)
found a standard (200 mL) cup of black tea contained 24.2 mg L-theanine, white
tea contained 11.5 mg, while a cup of green tea contained the least theanine at 7.9 mg
[27]. These values are lower than those that we report and may be related to the type
of tea tested. Oolong tea was not investigated by Keenan and colleagues [27].

Syu and colleagues [6] measured theanine content in GABA-enriched tea and
found it occurred in a higher concentration (198 mg/100 g) than regular teas on
average. This contrasts with our finding that GABA-enriched tea measured half the
theanine concentration (82.4 mg/100 g) of the regular oolong tea. On the other hand,
Wang et al., [8] and Tsushida and Murai [7] found that GABA enrichment did not
substantially alter theanine concentration compared to non-enriched teas. Moreover,
theanine content in black teas was shown to be equivalent to green and oolong teas
[25-271], therefore it appears to remain unaffected by oxidation.

Zuo [28] found caffeine concentrations were fairly stable across different commer-
cial teas tested, including green (up to 99 mg/ 100 g), oolong (37-121 mg/100 g) and
black (43 mg/100 g) teas. Roughly equivalent amounts of caffeine were also found
across different teas [29-31]. Caffeine constituted 3.62% w/w of white tea, ~2.40%
w/w of green teas tested (0.77-3.35% w/w), 2.77% w/w of oolong tea, and ~2.90%
w/w of black teas (2.41-3.69% w/w) [29-31].

Compared with previous studies, we show higher concentrations of caffeine in
the teas we tested: 267 mg/100 g dried tea leaf in regular oolong tea and 402 mg/100
g in GABA-enriched oolong tea. These differences in concentration may be explained
by the method of tea sample preparation for HPLC analysis. Zuo [28] extracted tea
samples in methanol and HCI then further diluted samples in water, focusing on effi-
cient extraction. Wang and colleagues [8] dried samples, infused them in 80°C water
for 20 minutes, while we infused tea samples directly in 90°C water for 10 minutes in
accordance with manufacturer’ instructions for consumption.

Caffeine content has previously been shown to be relatively unaffected by the cycling
fermentation process involved in creating GABA-enriched tea, with no difference
between freshly prepared green (3.2 mg/100 g) and GABA-enriched (3.3 mg/100 g)

[8] However, we found variation in caffeine content in GABA-enriched compared with
regular oolong tea.

Our findings show a lower concentration of EGCG (356 mg/100 g) in regular
oolong tea compared to some previous studies, and levels near the lower limit of
detection in GABA-enriched oolong tea (2.6 mg/100 g). For example, Tang and
colleagues [32] found that EGCG varied between 2070 mg/100 g and 3670 mg/100 g
across commercially prepared oolong teas tested. This may be due to sample prepara-
tion as well as tea source. Tang et al., [32] extracted samples with 10 mL tetrahy-
drofuran at 30 °C for 30 minutes, followed by 10 mL methanol:acetic acid:water
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(50:3.7:46.3, v/v/v) mixture at 30 °C for 30 minutes to obtain all soluble components.
While this sample preparation technique may be more rigorous in extraction of dif-
ferent constituents, it does not represent common consumption practices. Thus, our
findings provide a more realistic estimate of EGCG concentrations consumed in a cup
of tea. The significant reduction in EGCG content in GABA-enriched compared with
regular oolong tea observed in our study likely arose through the additional fermenta-
tion process required to increase GABA content in the tea.

There are many ways of increasing the levels of GABA in food and beverages.
There is a wide range of GABA-enriched fermented food products [33], lactic acid
fermented green tea being an example [34]. The GABA content of mulberry leave
powder as a potential functional food ingredient has been increased by sodium
glutamate immersion, cold shock and anoxia [35]. A different approach is being used
in tomatoes, with CRISPR/Cas9 gene editing technology used to selectively increase
GABA levels by deleting the autoinhibitory domain of the enzyme that converts
glutamate to GABA [36]. GABA levels in such gene-edited tomatoes increased by 11-
to 18-fold accompanied by a drastic reduction in glutamate and aspartate levels. Sales
of these tomatoes were launched onto the Japanese market in 2021[37]. Such gene
editing technology can be applied to annual crops like tomatoes but would be difficult
to readily apply to tea.

In conclusion, teas contain a range of bioactive constituents including GABA,
theanine, EGCG and caffeine. GABA-enriched oolong tea was shown to have 8 times
more GABA than regular oolong tea, although the quantity may not be sufficient
alone to account for the stress-reducing effects of this GABA-enriched tea. It is very
likely that additional constituents measured here contribute to the purported relaxant
effects of GABA-enriched tea, possibly via interaction with the GABAergic system.
The differences in GABA, theanine, caffeine and EGCG content between GABA-
enriched and regular oolong teas demonstrated here may arise through the additional
fermentation process required to enrich GABA content in the tea. In particular, the
increase in the amount of caffeine may be significant.
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