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Abstract: Natural ingredients are an important source of bioactive compounds. Among
these bioactive compounds, polyphenols are the most interesting because of their health
benefits. Catechins are a class of polyphenol compounds that exhibit a range of activities,
with applications in the pharmaceutical and cosmetic industries. These include antimicro-
bial, antioxidant, anti-inflammatory, and other therapeutic effects. In cosmetic formulations,
catechins can be used as anti-acne agents. Reducing the particle size of catechins affects
several of their physicochemical properties and can also increase their absorption rates
and solubility. This article discusses the physicochemical properties of catechins and their
potential applications as antimicrobial agents.
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1. Introduction
The development of new drugs from natural ingredients is the focus of much research

worldwide, as natural ingredients are an important source of bioactive compounds [1]. Among
the various bioactive compounds, polyphenols stand out for their many health benefits.

A catechin is a polyphenol compound with diverse biological activities [2], includ-
ing antimicrobial and antioxidant properties [3]. It has been shown to aid in healing
burns, treating diarrhea, and relieving canker sores [4], and is used as an oral antiseptic,
anti-inflammatory, and anti-allergic agent [5]. Additionally, catechin exhibits antihyperlipi-
demic, thermogenic, anticarcinogenic, and probiotic effects [6], making it a valuable raw
material in cosmetics, particularly for its anti-acne applications [4].

Recent research highlights the potential of catechins as a cosmetics ingredient, partic-
ularly due to their antibacterial properties. Numerous formulations involving catechins
have been developed, ranging from catechin-based soaps to transparent soap formula-
tions. These advances have opened many paths for cosmetic formulation, such as anti-acne
creams or catechin-based sunscreens. Cosmetics play a significant role in daily life, serving
to improve or change appearance, so it is not surprising that cosmetic users continue to
increase in number from year to year. Growth is also experienced by the cosmetics industry;
for instance, BPOM reported a 20.6% growth in the industry in 2022. This growth has been
accompanied by a rising industrial demand for imported raw materials. Consumers also
have increasing expectations for the quality of cosmetic products, such as effectiveness,
safety, and extended shelf life [7].
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2. Physicochemical Properties of Catechins
A catechin is a phenolic molecule containing a ketone group. It exists as various

derivatives (Figure 1), including catechins, epicatechins, gallocatechins, epigallocatechins,
catechin gallates, epicatechin gallates, gallocatechin gallates, and epigallocatechin gal-
lates [8,9]. Catechins have received a safety certification from the US Food and Drug Ad-
ministration [10]. However, due to their low pH, oxidation, and light sensitivity, bitter taste,
and poor solubility in water, catechins are not commonly used in the food sector [10,11].
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Figure 1. Various types of catechin structures.

2.1. Physicochemical of Catechin

Computational methods provide initial descriptions of the physicochemical properties,
toxicological effects, and potential targets of various compounds. These methods are
expected to provide comparative data for in vivo and in vitro tests, helping to reduce the
use of experimental animals. Previous research has identified pure catechin isolate using
computational methods and provided this information in [12].

The critical point refers to the temperature at which a compound can no longer transi-
tion into a liquid state regardless of the pressure applied, while the critical pressure point
(critical press) is the minimum pressure required to bring the liquid to a critical temperature.
The critical point and critical pressure point for catechin isolates are 964.3 K and 68.3 Bar,
respectively. The molecular weight of pure catechin isolate is 290.27 g/mol [12].

The boiling point is the temperature at which the vapor pressure of a liquid is equal
to the overall pressure experienced by the liquid. Catechin isolate has a boiling point of
1049.1 K. The topology polar surface area (TPSA) in medicinal chemistry is used to evaluate
the polarity of a molecule. The TPSA value for catechin isolate is 10.38 PSA, which is
considered favorable for bioavailability, as compounds that have a TPSA value in the range
of 20–130 PSA are considered to have favorable bioavailability [12,13]. Additional details
regarding the physicochemical properties of catechin are presented in Table 1.
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Table 1. Physicochemical properties of catechin [12,13].

Physicochemical Properties Pure Isolate of
Catechin Extracted Catechin Nanocatechin

Appearance - Whitish yellow Brownish yellow

Catechin content (%) - 98.54% ± 0.089 98.65 ± 0.101

Molecular weight (g/mol) 290.27 290.26 290.26

Critical temperature (K) 964.3 - -

Melting point (◦C) 175.5–177.2 >159.73 >253.37

Boiling point (K) 1049.1 - -

Critical press (Bar) 68.3 - -

Molar refractivity (cm3/mol) 74.05 - -

Polar surface area (PSA) 10.38 - -

pH - 4–5 4–5

Refractive index - 1.3755 1.3755

Density - 0.9332 0.9332

Rotation angle - 6.4 (+) 6.4 (+)

Water solubility (%) - 43.98 68.38

Water content (%) - 12.14 ± 0.254 11.88 ± 0.63

2.2. Source of Catechin Extraction

Catechin isolate is an active compound derived from various plant sources, such as
Uncaria gambir Roxb [8], green tea (Camellia sinensis) [14], and Canarium patentinervium
Miq [15]. In addition, catechins are produced from several fruits, such as grapes, apples,
pears, and cherries [16].

Tea (Camellia sinensis) has become the most popular drink in the world, after mineral
water. Currently, four types of tea are generally consumed by people: green, black, oolong,
and pu-erh tea. Types of tea can be differentiated based on their production processes,
which result in different levels of oxidation and fermentation [17]. Green tea contains
many bioactive compounds, and nearly all of them are catechin derivatives. Green tea
has gained widespread popularity due to its many recognized health benefits, such as
anti-inflammatory, antioxidant, antibacterial, and anticancer properties [18].

Wungu (Graptophyllum pictum L.) is a purple ornamental plant that is widely cultivated
in Indonesia. The leaves of the wungu plant contain several compounds, including tannins,
alkaloids, saponins, glycosides, and flavonoids, all of which belong to the catechin group.
The isolated catechin compound has been found to be effective as a sunscreen. Uncaria
gambir Roxb is a plant originating from Indonesia in West Sumatra and South Sumatra [19].
Its primary phenolic component consists of catechin compounds.

Canarium patentinervium Miq. is a plant originating from the Asia–Pacific region,
including Malaysia and Brunei, where it has been used for healing wounds [20]. Canarium
patentinervium Miq. leaf extract is known to have antibacterial activity against E. coli [15].
The optimal homogenization time needed to produce nano-sized catechins and catechin
particle size variations have an impact on their chemical and physical characteristics [13].

3. Catechin as Antimicrobial
Catechins, as antibacterial agents, have several mechanisms of action. The poten-

tial of catechins as antibacterial agents can be categorized based on their mechanisms
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against bacteria, such as their disruption of cell walls and cell membranes, virulence fac-
tor suppression, oxidative stress mechanism, DNA damage, and synergistic relationship
with antibiotics [21,22]. Catechins have a significant bactericidal effect, with a minimum
inhibitory concentration (MIC) range of 1–2 mg/mL and a minimum bactericidal concen-
tration (MBC) range of 2–4 mg/mL. Catechins also show a high synergistic effect when
combined with tetracycline at MBC levels. The minimum inhibitory concentration (MIC) is
the lowest antimicrobial concentration that will stop visible bacterial growth after overnight
incubation. In contrast, the minimum bactericidal concentration (MBC) is the lowest an-
timicrobial concentration that will stop the growth of organisms after subculturing on
antibiotic-free media [15].

3.1. Catechin Mechanism of Membrane Disruption

The catechin mechanism of disruption of the cell wall and cell membrane happens
due to polyphenol reactions. Polyphenol reactions are thought to be responsible for the
deposition of bacterial cell membrane proteins, which are connected to the antibacterial
function of polyphenols [23]. It has been shown that a number of phenolic acids and
flavonoids can perforate cell membranes and/or reduce membrane fluidity, which damages
the cytoplasmic membrane [24].

Catechins have the ability to attach onto membrane cells. This can interrupt a variety
of processes, which is important for bacterial growth, resulting in lethal membrane cells.
From a mechanism perspective, catechins are able to modify peptidoglycan biosynthesis,
which prevents the production of penicillin binding protein 2, also known as PBP2. This
interference could diminish the resistance to beta lactam. Catechins are also able to disrupt
formation of the biofilms of various bacteria, such as S. mutans, E. coli, and others. These
conditions, where biofilm formation is disrupted, can inhibit the bacteria from developing.

Catechins have a strong affinity for biomacromolecules, such as lipids, proteins, hydro-
carbons, and nucleic acids. They are abundant in phenolic hydroxyl groups and polycyclic
structures. Because of their strong affinity, catechins can react with the bacterial cell mem-
brane, altering its fluidity, damaging its integrity, and destabilizing the cell. In addition to
their antiviral properties, catechins exhibit a wide range of antimicrobial activities, such as
the efficient suppression of bacterial toxins and the protection of food poisoning-causing
microorganisms [25].

3.2. Catechin Mechanism of DNA Damage

A specific mechanism of catechins that is worth noting is its potential to cause DNA
damage. This mechanism may occur through the direct interaction and inhibition of DNA
repair. Catechins are able to produce hydrogen peroxide, as indicated by a positive result
of the catalase test. This hydrogen peroxide is a reactive oxygen compound that can harm
cells by causing oxidative stress effects. Mechanistically, catalase can break down H2O2

into water (H2O) and oxygen (O2) to protect bacteria from toxic exposure to hydrogen
peroxide, thereby preventing oxidative damage to cells [26,27].

The presence of catechins reduces the expression of the acrA gene, which is connected
to the formation of biofilms by E. coli and resistance to many drugs. Strongly bound to
catechins is the AcrB protein, one of the AcrAB-TolC efflux pump proteins that support
multidrug resistance against E. coli. The AcrAB-TolC efflux pump, a tripartite efflux pump
of the RND type, is one of the primary drivers of multidrug resistance in Gram-negative
bacteria [15].

3.3. Research on Antibacterial Activities of Catechins

Natural deep eutectic solvents (NADES) were employed to boost the efficacy of
antimicrobial drugs against four different forms of catechins: epicatechin (EC), epicatechin
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gallate (EKG), epigallocatechin (EGC), and epigallocatechin-3-gallate (EGCG) [25]. Choline
chloride/glycerol (ChG), one of the eight common NADES, was shown to enhance the
thermal stability and storage of catechins. The development of a hydrogen bond network
between ChG and catechins is the reason for this. Pseudomonas putida (P. putida) and
Staphylococcus aureus (S. aureus) were the subjects of tests.

When dissolved in ChG, catechins exhibited a ten- to one-fold increase in antibacterial
activity compared to ai. Furthermore, employing both water and ChG solvents, EGCG,
EGC, and EC demonstrated higher inhibition against Gram-positive bacteria compared
to Gram-negative bacteria. This could be the result of tiny molecules being able to pass
through the thick peptidoglycan that encircles the single membrane of Gram-positive
bacteria [25]. Gram-negative bacteria, on the other hand, have a thin lipopolysaccharide
coating covering their thin polysaccharide wall, which modifies the accessibility of the cell
to antiseptics and other small chemicals.

ECG inhibited Gram-negative bacteria more in water than Gram-positive bacteria.
More research is necessary since the mechanism underlying this is currently unknown. ChG
is a natural solvent with excellent potential for boosting catechins’ antibacterial action [25].

A well-known broad-spectrum antibiotic called reuterin is used to control dangerous
germs. An investigation of the combination of catechins with the antimicrobial agent
reuterin examined the antibacterial activity of both agents, either alone or in combination,
against the bacterium Streptococcus mutans (S. mutans) [28].

When the combination group was compared to the other groups, the development of
S. mutans was considerably suppressed (p < 0.05). This work demonstrates that reuterin
and catechins together have synergistic antimicrobial effects by suppressing S. mutans
proliferation, EPS formation, biofilm biomass, and virulence gene expression [28].

As previously mentioned, catechin chemicals, which are commonly employed as an-
timicrobials, may be found in tea. Previous research examined the antimicrobial properties
of catechin compounds found in four distinct tea extract varieties: fuzhuan tea, black tea,
green tea, and oolong tea [24]. The bacteria studied included Gram-positive (S. aureus and
E. coli) and Gram-negative (E. coli and S. typhimurium).

It has been demonstrated that all tea extracts have antibacterial qualities. Moreover,
bacteria classified as Gram-positive (Enterococcus faecalis and Staphylococcus aureus) were
more susceptible to tea extracts than bacteria classified as Gram-negative (Escherichia
coli and Salmonella typhimurium). Compared to oolong, black, and fuzhuan teas, green
tea extract is more effective in suppressing pathogenic microorganisms. Catechins have
antibacterial properties via binding to the peptidoglycan layer of Gram-positive bacteria.
However, they are less effective in penetrating the lipopolysaccharide layer of Gram-
negative bacteria [24].

Structural variations in the cell walls of Gram-positive and Gram-negative bacteria
may account for suspicion that the antibacterial action of tea extract is more significant
against the former than the latter [24,25]. Gram-positive bacteria’s cell walls are mostly
made of peptidoglycan and teichoic acids, which are permeable to most ions, sugar, and
amino acid solutes. Nonetheless, the bacterial cell wall of Gram-negative species is intricate
and has an exterior membrane composed of lipopolysaccharide and peptidoglycan, making
it resistant to external damage [24].

Microbes’ production of biofilms is thought to be one of the covert methods of mul-
tidrug resistance. Bacteria that produce biofilm are hard to eradicate because they may
spread their resistance genes across the biofilm population, which can lead to recurring
infections. Cells create complex matrices known as biofilms, which are composed of
polysaccharides, nucleic acids, proteins, lipids, water, various ions, and other organic
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components to withstand harsh conditions, such as host defense and the accumulation of
various harmful substances and antimicrobial agents [15].

The antibacterial, synergistic, and antibiofilm activities of catechins extracted from the
Canarium patentinervium Miq plant showed promising results against fifteen clinical isolates
obtained from patients with urinary tract infections in Baghdad, Iraq, as well as against three
strains of E. coli [15]. The synergistic effect was evaluated using several antimicrobial agents,
namely rifampicin, tetracycline, erythromycin, clindamycin, azithromycin, vancomycin,
and gentamicin.

4. Catechins and Their Synergetic Effects with Antibiotics
Antibiotics are drugs used as treatments for infection. The overuse and misuse of

antibiotics can lead to resistance. The term “resistance” in microbiology means the ability
of bacteria to further weaken the potential of antibiotics. With resistance, bacteria become
immune to the presence of antibiotics, preventing the antibiotic from killing or inhibiting
the growth of bacteria. This resistance can be prevented with the proper usage of antibiotics
or with the usage of another substance that can provide the effect without the usage of
antibiotics. Recently, catechins have been observed to have the ability to inhibit a variety
of bacteria. The usage of catechins alone can produce promising antimicrobial activity.
Catechins have also been reported to have synergetic effects with a lot of antibiotics, which
can be observed in Tables 2 and 3.

Table 2. Overview of catechins and antibiotics.

Antibiotic Mechanism Ref.

Beta Lactam Inhibits bacteria cell wall and causes lysis.
Catechin synergetics: Data not available. [29]

Vancomycin Inhibits peptidoglycan synthesis.
Catechin synergetics: Research indicates synergism. [29,30]

Bacitracin and Cyclosterine Deactivates phospholipid carriers.
Catechin synergetics: Data not available. [29]

Aminoglycoside Inhibits complex 30S ribosomal subunit.
Catechin synergetics: Research indicates synergism. [15,29]

Tetracycline Inhibits complex 30S ribosomal subunit.
Catechin synergetics: Research indicates synergism. [15,29]

Macrolides
Binds 50S ribosomal subunit, inhibiting tRNA transport.

Catechin synergetics: Research indicates that erythromycin
works synergistically with catechin.

[15,29]

Oxazolidones Inhibits complex 50S ribosomal subunit.
Catechin synergetics: Data not available. [29]

Sulfonamides Inhibits activity of p-aminobenzoic acid.
Catechin synergetics: Data not available. [29]

Fluoroquinolone Inhibits DNA gyrase and DNA topoisomerase.
Catechin synergetics: Possible, but needs further research. [29,31]

Rifampicin Inhibits RNA polymerase.
Catechin synergetics: Research indicates synergism.
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Table 3. Synergism of catechins and antibiotics.

Bacteria Strain w/o Catechins w/Catechins Interpretation Ref.

S. aureus ATCC 25923

Erythromycin (E)
0.38

Clindamycin (C)
0.064

Cefoxitin (CF)
1

Vancomycin (V)
0.75

E + CAT
0.50

C + CAT
0.064

CF + CAT
1

V + CAT
1

• Expressed as MIC
values (µg/mL)

• Bacteria are MSSA
• No presence of mecA

[30]

S. aureus ATCC 43300

Erythromycin (E)
256

Clindamycin (C)
256

Cefoxitin (CF)
12

Vancomycin (V)
0.38

E + CAT
256

C + CAT
256

CF + CAT
8

V + CAT
0.75

• Expressed as MIC
values (µg/mL)

• Bacteria are MRSA
• Presence of mecA

[30]

S. aureus ATCC 6538

Erythromycin (E)
0.064

Clindamycin (C)
0.023

Cefoxitin (CF)
2

Vancomycin (V)
0.5

E + CAT
0.19

C + CAT
0.032

CF + CAT
1.5

V + CAT
0.38

• Expressed as MIC
values (µg/mL)

• Bacteria are MRSA *
• Presence of mecA

[30]

E. coli (not specific,
chronic bacterial

prostatitis)

Mean log10 CFU 100 µL
in prostate tissue

3.586 ± 0.863
Mean log10 CFU 100 µL

in urine
1.215 ± 1.024

Mean log10 CFU 100 µL
in prostate tissue

2.379 ± 0.392
Mean log10 CFU 100 µL

in urine
1.271 ± 0.837

• Bacteria are not
explicitly mentioned

• Sample was observed
from log10 CFU/g

• Experiment: 41 rats
that had been induced
by CBP (Chronic
Bacterial Prostatitis)
divided into four
groups—control group
(10), catechin group
(10), ciprofloxacin
group (11), and CAT +
ciprofloxacin group (1)

[31]

E. coli ATCC 25922

Rifampicin
7.42

Tetracycline
-

Erythromycin
-

Clindamycin
-

Azithromycin
10.95

Vancomycin
-

Gentamicin
31.32

Rifampicin
16

Tetracycline
10.4

Erythromycin
10

Clindamycin
10.45

Azithromycin
22.5

Vancomycin
10.4

Gentamicin
35

• The results are
expressed in mm [15]
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Table 3. Cont.

Bacteria Strain w/o Catechins w/Catechins Interpretation Ref.

E. coli ATCC 8739

Rifampicin
17.24

Tetracycline
-

Erythromycin
-

Clindamycin
-

Azithromycin
15.15

Vancomycin
-

Gentamicin
13.14

Rifampicin
26

Tetracycline
9.1

Erythromycin
8.8

Clindamycin
9

Azithromycin
25

Vancomycin
9.5

Gentamicin
22

• The results are
expressed in mm [15]

E. coli ATCC 43895

Rifampicin
-

Tetracycline
-

Erythromycin
-

Clindamycin
-

Azithromycin
6.03

Vancomycin
-

Gentamicin
13.6

Rifampicin
11.5

Tetracycline
12

Erythromycin
11.5

Clindamycin
11.45

Azithromycin
17

Vancomycin
11.8

Gentamicin
22

• The results are
expressed in mm [15]

MRSA *: phenotype and genotype discordance.

The combination of catechins and antibiotics can minimize the frequent usage of
antibiotics alone and may also provide more effective microbial activity when needed.
However, there are limited data available. A variety of experiments have shown the effects
of the addition of catechins in trials, including microbiological and direct experiments
performed on rats. Most of these experiments used strains of S. aureus and E. coli. These
two bacteria were chosen because S. aureus represents Gram-positive bacteria while E. coli
represents Gram-negative bacteria. The other reason for choosing these two bacteria
is because catechins have general antimicrobial properties, meaning they can exhibit
antimicrobial activities against both Gram-positive and Gram-negative bacteria. The current
research on the synergetic effects of catechins with antibiotics can be observed in Table 3.

Based on the observed data, catechins as antimicrobial agents display various reactions
when combined with specific antibiotics against bacterial samples, like Staphylococcus au-
reus, representing Gram-positive bacteria, and Escherichia coli, representing Gram-negative
bacteria. Some of the reactions showed antagonism, which is when the value of activity de-
creases. A specific type of synergy was observed with certain antibiotics, like erythromycin,
tetracycline, etc., while some other antibiotics did not show synergistic results. Currently,
there is limited research covering the role of catechins in synergetic effects through experi-
ments. However, combining the theories and currently available data, it is safe to say that
catechins can be used as a promising candidate to boost the antibiotic effects of specific
types of antibiotics [32].
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5. Further Use of Catechins in Cosmetics
Cosmetics are items used in many formulations to achieve better and cleaner skin

conditions, also regarded as skin care. Cosmetic products are currently in high demand,
which can be observed in the trends and the many inventions and brands dedicated to
promoting cosmetic needs. Cosmetics can be defined as products that improve or change
the appearance of the skin to promote beauty and maintain healthy skin conditions [27]. In
the pharmaceutical context, skincare has many functions, such as sun protection, anti-aging,
anti-acne, skin brightening, exfoliants, and many more [22,33]. Cosmetic usage and safety
regulation differ in each region. For example, in Japan, cosmetics are regulated under the
Pharmaceutical and Medical Devices Act (PMD Act), which is maintained by the health
ministry. In South Korea, the regulation of cosmetics is maintained by the Ministry of Food
and Drug Safety. In Indonesia, cosmetics are regulated by the National Agency of Drug
and Food Control, also known as BPOM. Cosmetic products within the country must be
registered with the BPOM system before being made available for public use.

One of the functions of catechins in cosmetics is as preservative compounds. The
Indonesian BPOM regulation states that cosmetic preparations should not contain microbial
contamination. Cosmetics that meet the requirements based on BPOM regulation must be
free from Pseudomonas aeruginosa, Enterobacter aerogenes, and Staphylococcus aureus. Catechins
can inhibit these bacteria by their antimicrobial mechanism. Catechins exhibit antimicrobial
activity against S. aureus, with MIC and MBC values of 62.5 µg/mL and 500 µg/mL [25].
Catechins also show antimicrobial activity against P. aeruginosa, with MIC and MBC values
of 125 µg/mL and 500 µg/mL [34]. Additionally, catechins from green tea demonstrate
antimicrobial activity against E. aerogenes at a concentration of 500 µg/mL [35]. Catechins
from green tea also show antimicrobial activity against Candida albicans by inhibiting 90%
at a concentration of 2 mg/mL and Aspergillus niger at a concentration of 15 ppm [36,37].

Catechins are a promising ingredient for cosmetic purposes [38,39]. From a pharmaco-
logical perspective, catechins have apparent effects that make them suitable for cosmetic
formulations. Catechins can act as antibacterial agents, as noted in the previous section,
demonstrating both a direct resistance effect against various bacteria and synergism with an-
tibiotics. Besides antibacterial properties, catechins have UV protection, anti-inflammatory,
and antioxidant activities [40,41].

Catechin, as cosmetics ingredients, have the potential to be developed into several
types of formulations (presented in Table 4). The addition of catechins to these formula-
tions enhances their antibacterial activity, UV protection (SPF), and protect skin through
antioxidant mechanisms. Each formulation has a distinct formulation, such as serum, that
can be formulated on a watery or liquid basis. The facial wash in the table is a liquid,
while solid soap usually has a pH that needs to be adjusted to 8–9. The cream has many
variations, differentiated by its usage, such as day and night creams; by its texture, such as
cold and oil-based cream; or by its function, such as cream for cleansing and moisturizing.
Moisturizer, foundation, vanishing, and hand–body protective creams function differently.

Table 4. Formulation of Catechin [22].

Formulation Definition Parameter

Serum A cosmetic preparation that has low viscosity and a
high active concentration.

pH adjusted to 4.5–6.5
Desired viscosity of 230–3000 mpa-s

Facial Wash Cleansing product that is used as a cleanser, makeup
remover, or to eliminate skin impurities

pH adjusted to 4.5–6.5
Desired viscosity of <5 mPa-s



Cosmetics 2025, 12, 11 10 of 12

Table 4. Cont.

Formulation Definition Parameter

Toner Watery product used to minimize residual impurities to
optimize pH levels of skin pH adjusted to 4.5–6.5

Cream Normally used to moisturize and enhance skin barrier

pH adjusted to 4.5–6.5
If intended as moisturizer, needs low

oil content
If intended as cleanser, needs high

oil content

Sunscreen Topical product applied to reduce ultraviolet radiation from
the sun

pH adjusted to 5.5
SPF optimized from 7 to 26

6. Conclusions
As antibacterial agents, catechins show many promising effects from both cosmetical

and pharmacological perspectives. They have not been used in cosmetic compositions as
preservatives or antibacterial agents. Despite this, catechins have the potential to act as a
cosmetic ingredient. This is because catechins produce antibacterial activity that can target
specific sites and work synergistically with antibiotics. In addition to antimicrobial activity,
catechins also have various pharmacological properties, including anti-inflammatory, UV
protection, antioxidant, and anti-aging effects. When used under the proper conditions,
they can multi-function roles in cosmetics.
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