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Abstract: This study explores the complexities involved in the extraction and purification of catechins,
prominent bioactive compounds found in plant extracts and tea. It addresses challenges arising from the
intricate molecular structure of catechins and their inherent variability across botanical sources. Despite these
obstacles, catechins present significant potential, particularly in healthcare. Their potent antioxidant properties
have been extensively investigated and associated with numerous health benefits, positioning them as
promising therapeutic agents for combating chronic diseases. Furthermore, catechins have diverse applications
across various industries, including food and beverage, cosmetics, agriculture, and materials science. This
abstract emphasizes the importance of continued research and innovation in catechin extraction and utilization,
which hold promise for advancing human health and technological progress across multiple domains.
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1. Introduction

Catechins, a class of polyphenolic compounds predominantly found in tea, particularly green
tea, have garnered substantial scientific interest in recent years owing to their diverse physiological
effects and potential therapeutic applications [1]. These bioactive molecules, characterized by their
antioxidant properties, are part of the flavonoid family and are present in various plant-based foods
like cocoa, berries, and apples. Catechins’ chemical structure, comprising two benzene rings linked
by a dihydropyran heterocycle, enables them to scavenge free radicals and reactive oxygen species,
thus mitigating oxidative stress and its associated health risks [2].

Green tea emerges as a prominent dietary source of catechins (Figure 1), notably containing
epigallocatechin gallate (EGCG), the most abundant and biologically active catechin. Epicatechin
(EC), epicatechin gallate (ECG), and epigallocatechin (EGC) are among the other catechins present in
green tea, albeit in varying concentrations influenced by factors such as tea variety, processing
techniques, and brewing methods. While green tea boasts higher catechin levels compared to other
tea variants like black or oolong tea, the fermentation process involved in their production may lead
to catechin degradation [3-5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 April 2024

QOH
N
OH

HO ]
OH

do0i:10.20944/preprints202404.0129.v1

OH
EC OH
OH
OH
OH HO OH
HO O_
: OH
OH OH
“OH
OH OH
ECG OH

EGCG

Figure 1. Catechins and their specific structures.

Numerous studies have unveiled a myriad of potential health benefits associated with catechins
consumption, particularly in cardiovascular health enhancement. Catechins have been shown to
ameliorate blood vessel function, reduce blood pressure, and lower cholesterol levels, collectively
mitigating the risk of cardiovascular diseases. Additionally, catechins” anti-inflammatory properties
render them beneficial in modulating immune responses and alleviating inflammatory conditions
such as arthritis and inflammatory bowel disease [6,7].

2. Materials and Methods

A thorough exploration of electronic databases including PubMed, Scopus, Web of Science, and
Google Scholar was conducted to identify pertinent studies. The search utilized keywords such as
“catechins,” “flavonoids,” “
strategy aimed to encompass articles, reviews, and meta-analyses focusing on catechins’
physiological effects, mechanisms of action, and therapeutic potential.

Studies meeting the following criteria were included: discussion of methods for catechins’
isolation and purification. Only articles written in English and published in peer-reviewed journals
were considered. Both preclinical and clinical studies were incorporated to provide a comprehensive
overview. No limitations were set on the publication date to encompass a wide range of research
findings. More than 100 articles were found, however, we selected only 35 that contained all the
information for the present study.

Relevant data, including study design, participant characteristics, intervention details, outcomes
measured, and key findings, were extracted from eligible studies. These data were synthesized to
offer an overview of catechins’ physiological effects, therapeutic potential, and methods for their
isolation and purification from plant extracts.

Descriptive analysis was employed to synthesize the findings of included studies, with a focus
on studies about the extraction and separation of catechins from different plant extracts. Through
qualitative synthesis, key themes and trends were identified. Where applicable, quantitative data
were summarized using tables, figures, and narrative synthesis. The synthesized findings were
presented to provide insights into the current understanding of catechins and to guide future
research and clinical applications.

green tea,” “health benefits,” “isolation,” and “separation.” This search

3. Results
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Tea contains a multitude of polyphenols, with varying compositions. Besides the usual major
types, there exist numerous trace and unidentified polyphenols in tea. Consequently, it is imperative
to discuss analytical methods for tea polyphenol compounds based on specific analytical needs. The
determination of tea polyphenols can be categorized into two groups based on different
requirements: total polyphenols and individual polyphenols in tea. As depicted in Figure 2, methods
for analyzing total tea polyphenols encompass titration, spectrophotometry, near-infrared
spectroscopy, electrochemical techniques, etc. Among these, spectrophotometry stands out as the
most commonly utilized, often following international standard protocols.

Electrochemical
Titration y Tea Polyphenols Analysis

o Online monitoring
¢ High sensitivity

* Standard method
o Insufficient sensitivity
* Low inaccuracy

‘ \
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» Complicated pre-treatment.
 High detection cost
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Figure 2. Different methods for analyzing tea polyphenols, their advantages and disadvantages.

Separating catechins (Figure 3) from plant extracts provides numerous advantages in both
research and industrial applications. Firstly, isolating catechins allows for a more focused
investigation into their specific health benefits and mechanisms of action [8].
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Figure 3. General method for extracting and separating catechins from tea leaves [9].

Obtaining pure catechin compounds enables researchers to conduct controlled experiments,
elucidating the effects of individual catechins on various physiological processes, such as antioxidant
activity, anti-inflammatory properties, and anticancer effects. This targeted approach deepens our
understanding of catechins’ therapeutic potential and facilitates the development of more effective
treatments for diseases ranging from cardiovascular disorders to neurodegenerative conditions [10].

Secondly, the isolation of catechins from plant extracts enhances their bioavailability and
potency, leading to improved efficacy in therapeutic applications. Extracting and purifying catechins
from plant sources eliminates unwanted compounds and impurities, thereby increasing the
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concentration of active ingredients in the final product. This purification process ensures that
catechins reach their target tissues and exert their beneficial effects more efficiently [11,12]. Various
techniques can be employed to separate catechins from plant extracts, including solvent extraction,
chromatography (such as HPLC), and membrane filtration. These methods allow for the precise
isolation and purification of catechins while minimizing degradation and preserving their bioactivity.
Additionally, advancements in technology have led to the development of more efficient and cost-
effective processes for catechin separation, paving the way for their widespread use in
pharmaceuticals, nutraceuticals, and functional foods [13-15].

The anticancer potential of catechins, particularly EGCG, has been extensively investigated, with
evidence suggesting their ability to inhibit cancer cell proliferation, induce apoptosis, and impede
angiogenesis. Furthermore, catechins’ metabolic effects, including enhanced fat oxidation and
improved insulin sensitivity, hold promise in weight management and type 2 diabetes prevention
and management [16,17].

Catechins’ neuroprotective effects have also garnered attention, with research indicating their
ability to protect neurons from oxidative stress and neurotoxicity, potentially mitigating the risk of
neurodegenerative diseases like Alzheimer’s and Parkinson’s. Moreover, catechins may support
cognitive function through their interactions with neurotransmitter systems and neuroplasticity
mechanisms [18-20].

Catechins represent a class of bioactive compounds with diverse health-promoting properties,
offering potential therapeutic avenues for various diseases. This review aims to comprehensively
explore the physiological effects, mechanisms of action, and therapeutic potential of catechins,
shedding light on their significance in promoting overall health and well-being [21]. Despite
promising findings from preclinical studies, further research, particularly clinical trials, is warranted
to elucidate catechins’ efficacy, optimal dosages, and long-term effects in human populations [22].

Separating and purifying catechins from plant matter and tea involves a range of methods aimed
at efficiently isolating these bioactive compounds. One commonly used technique is solvent
extraction, where the plant material or tea leaves are immersed in a suitable solvent, such as ethanol
or water, to dissolve the catechins. Afterward, the solvent is evaporated, leaving a concentrated
extract containing catechins, which can then undergo further purification steps [23,24].

Another method is chromatography, which includes various techniques such as column
chromatography, high-performance liquid chromatography (HPLC), Figure 3, and thin-layer
chromatography (TLC). These methods rely on the different affinities of catechins for the stationary
and mobile phases, enabling the separation of catechins based on their molecular properties. HPLC,
renowned for its high resolution and sensitivity, is commonly utilized for precise quantification and
purification of catechins from complex mixtures [25-27].

High-performance liquid chromatography (HPLC), Figure 4, is extensively utilized for the
extraction and purification of catechins from plant extracts and tea due to its exceptional precision
and adaptability. In the realm of catechin analysis, HPLC’s capability to meticulously separate
individual catechin compounds from complex mixtures with extraordinary resolution is unparalleled
[28]. This high resolution proves particularly crucial when dealing with intricate matrices like plant
extracts and tea, where numerous compounds may coexist [29]. Through meticulous adjustment of
parameters such as the mobile phase composition, stationary phase type, and flow rate, HPLC
enables the selective separation of catechins based on their distinct molecular properties, including
size, polarity, and charge. Consequently, researchers can accurately identify and quantify individual
catechins present in the sample, facilitating comprehensive analyses of their concentration levels and
distribution patterns [30].



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 April 2024 d0i:10.20944/preprints202404.0129.v1

Gradient valve High pressure pump

> > —{ 0K
Solvent el M\Xini VeS§$| fOrI:l Surern
degasser elivery ot moblle phase W (T ing
valve

Solvent Reservoirs

[

L

Detector

_I]q < "(—)4_-[—-
LR

Analytical column Guard column

Data acquisition

Waste

Figure 4. HPLC systematic overview and mechanism.

HPLC exhibits remarkable sensitivity, allowing for the detection and quantification of catechins
even at extremely low concentrations. This attribute is essential for assessing catechins’
pharmacokinetics and bioavailability in biological samples, as well as for detecting trace amounts of
these bioactive compounds in plant extracts and tea. By employing various detection methods such
as ultraviolet (UV) or fluorescence detection, HPLC enhances sensitivity and selectivity in catechin
analysis [31]. UV detection, widely utilized due to its simplicity and broad applicability, provides
robust detection of catechins based on their characteristic absorption spectra. Conversely,
fluorescence detection enhances sensitivity and specificity for specific catechins, enabling more
refined analyses of complex samples. This combination of high sensitivity, resolution, and
compatibility with diverse detection methods underscores HPLC’s pivotal role in unraveling the
intricacies of catechin chemistry and facilitating advancements in research and industry applications
[32].

On the other hand, liquid chromatography (Figure 5) emerges as the predominant method for
both qualitative and quantitative analysis of individual polyphenols in tea. Different liquid
chromatography techniques offer unique benefits and drawbacks. While High Performance Liquid
Chromatography (HPLC) provides high resolution and versatility it demands expensive equipment
and expertise.

LC(-UV/DAD) Suitable for quantification of catechins
Tea
Polyphenol

P rOfI Ie Ideal for quantification of low-abundance
LC-MS/MS SSRphEnok

Ideal for identification and screening of
LOHRMS unknown polyphenols

Figure 5. Different types of liquid chromatography configurations for separating tea polyphenols.

Nowadays, hyphenated techniques coupled with mass spectrometry (LC-MS/MS) remain the
most used methods for the identification of known and unknown compounds in vegetal material.
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Depending on the capacity of the system, the precision of the chemical identification allows
researchers to explore both targeted and untargeted screening.

Membrane filtration techniques like ultrafiltration and nanofiltration can be employed to
separate catechins based on their molecular size and charge. These methods use semipermeable
membranes to selectively retain catechins while allowing smaller molecules to pass through.
Membrane filtration offers advantages such as scalability, minimal solvent usage, and low energy
consumption, making it suitable for large-scale catechin purification from plant extracts and tea
[33,34].

Moreover, precipitation methods can isolate catechins from plant extracts and tea. Chemical
agents like acids, bases, or salts are added to the extract to precipitate catechins, which can then be
separated via filtration or centrifugation. Alternatively, protein precipitation methods such as
trichloroacetic acid (TCA) precipitation can remove proteins and other impurities from the extract,
leaving purified catechins [35].

Supercritical fluid extraction (SFE), Figure 6, is another technique used to extract and purify
catechins. In SFE, carbon dioxide acts as a solvent under supercritical conditions (high pressure and
temperature), facilitating efficient catechin extraction while avoiding thermal degradation. SFE offers
advantages like selectivity, minimal solvent residue, and environmental friendliness, making it
appealing for catechin extraction and purification [36].
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Figure 6. SFE catechin extraction and purification [37].

Solid-phase extraction (SPE) can isolate and purify catechins from plant extracts and tea. In SPE,
a solid sorbent material with a specific affinity for catechins is packed into a column, and the extract
is passed through under controlled conditions. Catechins selectively adsorb onto the sorbent
material, while other components are eluted, resulting in purified catechins.

Furthermore, preparative chromatography allows large-scale purification of catechins using
chromatographic techniques. Preparative chromatography systems equipped with columns and
stationary phases enable the separation of catechins from complex mixtures with high purity and
yield. This method is particularly useful for industrial-scale production of purified catechins for
various applications [38].

Enzymatic hydrolysis can also release catechins from glycoside forms present in plant extracts
and tea. Enzymes like (3-glucosidase are added to catalyze the hydrolysis of glycosidic bonds,
liberating free catechins. This method enhances catechins’ bioavailability and antioxidant activity
[39].

Lastly, combining multiple separation and purification techniques can achieve optimal results.
These approaches leverage the strengths of each method to overcome limitations and attain higher
purity and yield of catechins from plant extracts and tea. By integrating techniques like solvent
extraction, chromatography, membrane filtration, and enzymatic hydrolysis, researchers and
manufacturers can tailor the purification process to meet specific requirements for catechin isolation
and purification [40].
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4. Discussion

Catechins, a subgroup of flavonoids, are widely dispersed among various plant-based foods and
beverages. Green tea notably emerges as one of the most abundant dietary sources of catechins,
prominently featuring epigallocatechin gallate (EGCG) as the primary and biologically active
catechin. Other catechins present in green tea include epicatechin (EC), epicatechin gallate (ECG),
and epigallocatechin (EGC). These catechins play pivotal roles in shaping the flavor profile and
health-enhancing properties of green tea [41]. However, it's crucial to recognize that the
concentration of catechins in green tea may fluctuate depending on factors like tea variety, processing
techniques, and brewing methods. Beyond green tea, catechins can also be found in other varieties of
tea, albeit in diminished amounts. Black tea and oolong tea harbor catechins, although their levels
are reduced due to the fermentation or oxidation processes involved in their production.
Nevertheless, these teas still confer some health benefits attributed to catechins, albeit to a lesser
extent than green tea [42].

Catechins extend beyond tea; they are also prevalent in various other plant-based foods. Cocoa
and dark chocolate, for instance, are noteworthy sources of catechins, including catechin and
epicatechin, contributing to their antioxidant prowess. Additionally, fruits such as berries (e.g.,
strawberries, blueberries, raspberries) and apples contain catechins, albeit in smaller amounts
compared to tea and cocoa. These foods offer a diverse assortment of flavonoids, including catechins,
which contribute to their potential health benefits [43].

Furthermore, some nuts, seeds, and legumes also contain catechins, albeit in lesser quantities
compared to tea and specific fruits. For example, almonds, peanuts, and pecans contain catechins,
bolstering their antioxidant capacity and potential health effects. Additionally, certain herbs and
spices, such as cinnamon, thyme, and cloves, contain varying levels of catechins, expanding the
spectrum of dietary sources of these bioactive compounds [44].

The extraction of catechins presents formidable challenges due to their intricate molecular
structure and coexistence with other compounds in plant extracts and tea. A significant hurdle lies in
the variability of catechin content among diverse plant species and tea varieties, as well as within
different parts of the same plant. This variability mandates precise extraction and purification
techniques to ensure consistent and dependable results. Catechins are prone to degradation during
extraction processes, particularly when exposed to high temperatures or prolonged exposure to light
and oxygen. Hence, maintaining optimal extraction conditions is paramount to preserve catechin
integrity and ensure the accuracy of results obtained [45].

Despite these challenges, the extraction and purification of catechins offer myriad advantages
and hold immense promise across various fields. Notably, their robust antioxidant activity stands
out as a key advantage, extensively studied and proven to confer numerous health benefits. Catechins
boast potent free radical-scavenging properties, aiding in the reduction of oxidative stress and
inflammation, thereby potentially mitigating the risk of chronic diseases such as cardiovascular
diseases, cancer, and neurodegenerative disorders. Moreover, catechins exhibit the ability to
modulate various cellular signaling pathways implicated in cell proliferation, apoptosis, and
inflammation, underscoring their potential as therapeutic agents for addressing a broad spectrum of
ailments [46].

Some concerns arose in the last recent years referring to the use of catechins in concentrated
forms (additional use of food supplements rich in catechins) which may cause liver problems if daily
doses are at least 800 mg or more. However, EFSA studies confirmed that natural and dietary sources
with catechins are safe and in rational consumption should not pose any health threats [47].

Furthermore, the isolated catechin compounds have found applications beyond the realm of
healthcare, permeating diverse sectors. In the food and beverage industry, catechins serve as natural
antioxidants and preservatives, prolonging the shelf life of products and preventing lipid oxidation,
thereby upholding product quality and freshness. They are also incorporated into functional foods
(especially fortified meat preparations) and dietary supplements to augment their nutritional value
and health-promoting attributes. In the realm of cosmetics and skincare, catechins are esteemed for
their anti-aging and skin-protective effects, combatting oxidative stress and UV-induced damage to
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promote skin health and vitality. Moreover, in the agricultural domain, catechins have piqued
interest for their potential as natural pesticides and insecticides, offering eco-friendly alternatives to
synthetic chemicals. Leveraging catechins’ insecticidal and antimicrobial properties, researchers
explore their efficacy in controlling pests and pathogens in crops, while minimizing environmental
impact. Catechins hold promise in materials science and nanotechnology, as they are investigated for
their role in developing bioactive coatings, films, and nanoparticles with applications in drug
delivery, tissue engineering, and environmental remediation [48].

5. Conclusions

In conclusion, while the extraction and purification of catechins present formidable challenges
due to their intricate molecular structure and variable content across plant sources, overcoming these
hurdles offers substantial benefits and holds significant potential across various domains. Catechins’
robust antioxidant properties, extensively validated through scientific investigation, position them
as promising candidates for therapeutic interventions against chronic diseases. Furthermore, the
versatile applications of catechins extend beyond healthcare, spanning industries such as food and
beverage, cosmetics, agriculture, and materials science. Their adaptability and diverse benefits
underscore their crucial role in advancing human health and technological innovation. Consequently,
ongoing scholarly inquiry and innovative efforts in catechin research are poised to yield further
insights and advancements, fostering expanded utilization and enhanced impact across multifaceted
fields.
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