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Abstract

antimicrobial, and natural colorant in textiles. Moreover, an in-depth description of the chemical

components present in tea leaf extract and their contribution has been discussed in this study. The
review presents significant evidence that suggests tea leaf extracts as potential color generators for various
textile fibers such as wool, silk, cotton, and more. However, in spite of numerous advantages, it was found
that the tea leaf extracts comprise certain challenges, including inconsistency, scalability at the industrial
level, and the like. More research effort should be explored to develop a standardized work process that can
overcome such challenges and make it suitable for industrial applications. Although numerous reports
suggested that topical treatment of tea leaf extracts has shown excellent antimicrobial and anti-odor
functionalities. However, literature available on the tea leaf extracts and their potential use in the coloration
of textiles is very limited, and it has great potential to add substantial value to dyeing, printing, and
finishing in the allied field of textiles and fashion. The aim of the present review is to encourage
researchers, industry personnel, and other stakeholders to undertake intensive research endeavors to
standardize and develop an upgraded pretreatment and extraction process for the inference of biologically
active and coolant-content cotton extracts to accomplish the desired functional property. The future work
would focus on the extraction of tea leaf extracts with a variety of organic solvents under different
conditions, optimization of extracting the coolant for cosmetic applications, cost analysis for the extraction
of active compounds, and use of extracts in palette coloration over textiles at the laboratory scale. In
conclusion, this review gives a futuristic vision of the potential of tea leaf extract in textile functional
finishing as a natural colorant in dyeing and printing.
Keywords: Extract; Characterization; Tea Leaf Extract; Eco-friendly applications

The present review has attempted to describe the potential of tea leaf extract as an anti-pest,

environment. [1-4] Tea is one of the commonly
Introduction consumed beverages worldwide that is rich in natural
antioxidant phenolic compounds and has the potential
to be used as a colorant and an antibacterial agent in
some textile applications. This study aimed to assess
the feasibility of utilizing the natural tea leaf extracts
for the textile wet process. This research was designed
to answer three main questions: (1) how to extract the
specific substances from the tea leaves? (2) how to
characterize the specific substances including their
physical-chemical properties and molecular structures?
and (3) how to retain the specific substances on the

In the textile wet process, textile products are often
subjected to various dyeing and finishing treatments.
Synthetic dyes and chemicals are generally used to
produce textiles with bright colors and improved
functional properties. However, with the growing
emphasis on sustainability in the textiles industry, there
has been an increase in research on utilizing natural
extracts in the textile dyeing and finishing process to
reduce the consumption of dyestuff and auxiliary
chemicals and reduce their hazardous impacts on the
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fabrics and realize their application performance? [5-
11]

Basic Information of Tea Leaf Extract: Tea leaf
extract is one type of natural extract. Tea leaves
contain a large amount of phytochemicals, including
phenolic compounds, caffeine, flavonoids, and amino
acids, which are influenced by many factors, such as
the type of tea and its origin, as well as environmental
variables such as temperature, humidity, sunlight
exposure, and soil composition. Due to the different
origin of the tea, the composition of the tea leaf extract
differs. Teas can be classified into different types
according to their degree of fermentation: non-
fermented green tea, partially fermented oolong tea,
semi-fermented jasmine tea, and completely fermented
black tea. The non-fermented tea, green tea, contains
the highest content of beneficial polyphenols, of which
the most abundant is catechins. Catechins are further
classified into (-)-epigallocatechin-3-gallate, (-)-
epigallocatechin, (-)-epicatechin-3-gallate, (-)-
epicatechin, and (-)-catechin. A typical composition of
water extracts of green tea leaves showed that the main
catechins are EGCG, EGC, ECG, EC, and C. [7, 12-16]

Background of Tea Leaf Extract in Textile Industry

Tea is one of the most ancient drinks, and tea
extracts have been used in traditional medical systems
in various countries since ancient times. In recent
years, there has been a switch from synthetic dyes to
natural extracts for the purpose of practicing eco-
friendly processes in the textile industry. Tea is a
natural derivative and is widely used worldwide for
different purposes in the cosmetic, medical, and food
industries. It is a complex mixture of various
compounds, such as tannins, flavonoids, caffeine,
vitamins, and amino acids, which contribute to their
various types of activities, such as antioxidant,
antibacterial, antifungal, and color-accumulating
properties. Tea leaf extracts have been used in the
textile industry for the coloration of various textiles as
well as for the production of color-controlled fabric
strips.  61721819There are various reports on the
application of tea extracts in the textile and clothing
domains in different ways, as well as on the extraction
process and color-changing applications. All these
findings suggest the potential calculated value of these
extracts in these fields, one of which is the
antimicrobial finishing of textiles by the saponins
present in the tea leaf extract. Thus, due to their eco-
friendly nature, herbal alternatives, as well as natural
extracts, are periodically available in small quantities,
but no comprehensive papers are available that review
the current and potential applications of tea in the
textile industry. [20-26]

Fat and sugar can spoil the color of tea, whereas
protein can intensify the color of teas. In aqueous
media, the principal components of tea are mainly
composed of caffeine, proteins, amino acids, reducing
sugars, chlorophyll, and, above all, polyphenolic

compounds, particularly catechins, flavonoids, and
finally tannins. In the dyeing process, the chemicals in
tea play a functional role with mordant agents. These
compounds form an insoluble compound with mordant
agents, which in turn leave their compounds on fibers
to intensify the color. In this process, tea leaves
generate iron tannates of green to blue color, iron
gallate of black color, and chromium tannates of
yellow to green color, with specific functions of protein
tincture. Numerous researchers have broad origins that
report the extraction of natural dye extracted from tea
used as tannin in the textile industry and utilize the
best-faded Indian tea color. Tannins are plant
polyphenolic compounds with differential biological
activities; these derivatives are toxic to decolorizer-
resistant bacteria, fish, and others. [27-34]

Extraction Techniques of Tea Leaf Extract

Tea leaf extract is one of the renewable and
sustainable natural resources. In order to fully utilize
the tanning and antimicrobial activities of tea leaf
extract in textile wet processes, the extraction of
bioactive ingredients from the tea leaves, mainly
including polyphenols and alkaloids, should be
considered to a large extent. This is yet another
challenging aspect that needs to be examined in great
detail to extract the optimum levels of bioactive
components while preserving other properties of tea
leaf extract that can add value to textile material. A
large number of studies have been reported on the
extraction of polyphenols and other active components
from the tea leaves. In summary, the extraction of
active compounds can be classified into three methods:
water extraction, organic solvent extraction, and
supercritical fluid extraction. However, few studies
have focused primarily on tea leaf extract for textile
material. [35-40]

Water extraction is the most commonly used
extraction method, which is safe, simple, and
straightforward. Organic solvent extraction is the most
suitable for industrial scale and has the highest yield of
active compounds; however, this method generates
more chemical waste and is expensive. Supercritical
fluid extraction is a more modern methodology that
offers a cleaner product without any heavy residuals or
hazardous chemicals; in addition, its maximum
percentage of purity is one of the most attractive
features of the latest scientific and technological era.
The choice of an extraction technique should match the
requirements for the end use. Detailing at its highest
limited practicality is important and should be
confirmed towards sustainable development programs.
The choice of different extraction techniques directly
affects the content yield of tannins, the ratio of
composite structures, and many other active
components present in the tea extract. The choice of the
extraction technique is, in any case, a determinant of
the quality of the final product. The researchers
reported that with each increasing requirement, the
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alternative methods presented were more and more
suitable. [41-47]

Water Extraction

Water  extraction is an  easy-to-perform,
environmentally friendly procedure to extract products
from natural resources. No harsh chemicals or
hazardous agents are involved due to the application of
water, promoting a safe working environment. The
efficiency of water extraction depends on numerous
factors, including the raw materials, the properties of
the extracted compounds, and extraction conditions,
such as the temperature and duration. Generally,
increasing the extraction temperature, time, or both can
enhance the extraction efficiency, as the temperature
affects the rate of mass transfer, while the duration is
directly related to the solubility of the compounds. The
main compounds of tea leaf extract can be extracted
using deionized water, with a temperature range of 60—
100°C and extraction times of 60—180 minutes. This
indicates that water extraction is feasible and also
applicable in a textile wet process that requires high
temperature and soaking phenomena. [48-54]

Water  extraction has an easy industrial
applicability, making it a practical method. However,
the lower extraction yield of less polar compounds
would make water extract less abundant in bioactive
components. An examination was conducted at a
boiling temperature for 1.5 hours to study the effect of
water extraction conditions on the characteristics of
obtained tea leaf extract. It was found that the extract
size can be adjusted by controlling the boiling duration.
Recent literature focused on optimizing the water
extraction conditions to obtain the ideal ratio of basic
compounds in tea leaf extract. More specifically, one
study aimed to enhance the content of free radical
scavengers in the extract by modifying the extraction
conditions. The results showed that water-extracted tea
leaf components can be used as natural dyes and
finishing agents, and their properties are maintainable.
Despite this advancement, detailed exploration for each
application with desirable impacts is necessary. [55-61]

Organic Solvent Extraction

The method provides preference in tea leaf extract
and profitable utilization and the study of impacts on
characteristics of natural fibers such as wool and silk
by tea leaf extract. First, organic solvent extraction is
an efficient and alternative method to water extraction
of extracting bioactive compounds, including tea leaf
extract. In this section, we survey trends of organic
solvent extraction towards efficient extraction,
improved extract properties, and reduced solvent usage
with the lowest environmental pollution. Afterward,
improving the safety of using organic solvents in the
extraction will be addressed as our future work. At the
same time, the information about efficient extraction
and a valuable extract with organic solvent extraction
will be reviewed. The principle of organic solvent

extraction is to dissolve the components into the
solvent used according to the solvent properties,
composition of the vegetable matrix, or a combination
of both, which can dissolve the most or a wider range
of solutes quickly at room temperature or higher
temperature. Several critical factors will impact the
extraction performance, including solvent selection and
its property, particle size, solvent to solid ratio,
extraction temperature and time, and solvent extraction
with or without microwave-assisted extraction. The
effect of estimating the preferred solvents such as ethyl
acetate and ethanol of various concentrations at room
temperature. The use of the sugar compounds in the
crude extract, as well as its antioxidant and
antimicrobial effects on cellulosic fabrics, was certified
following identification of the extracted components.
The major disadvantages of using organic solvent for
extraction are its potential to form organic-rich waste
from extraction. Next, we will address potentially
'green’ solvents. In fact, this approach can be
economically useful with distinctive and excellent
results despite the mounting evidence of the
environmental and toxicological issues associated with
the usage of these solvents. [62-67]

Supercritical Fluid Extraction

Supercritical Fluid Extraction (SFE) is an advanced
extraction technique that has recently started to draw
the interest of the textile community. It exploits the use
of supercritical fluids, where the conventional liquid
and gaseous states overlap. In the textile field,
supercritical carbon dioxide is mainly preferred as the
supercritical fluid. As for the textiles, SFE is much
touted as a green extraction method. The selectivity of
SFE is one of the fascinating features that are drawing
researchers' attention towards employing SFE for the
extraction of active tea compounds. This technique's
environmental benefits are widely recognized, as it
leaves no toxic residues in the extracted material. The
increasing focus on the optimization of SFE process
parameters is also noteworthy, with a view to attaining
the maximum yield of tea active principles. [2, 68-73]

Technically, SFE is the process of separating one
component from a mixture under supercritical fluid
conditions. Among diverse optimization studies,
pressure and temperature have always been considered
the most important factors to tailor the yield rate and
composition of the extracts. SFE operates at lower
temperatures, which can protect the stability of the tea
extracts. Several studies demonstrated the success of
SFE's selective extraction of some target compounds
including caffeine, catechins, epigallocatechin gallate,
theaflavins, and thearubigins. However, the capital and
running costs of SFE, as well as the requirement of
specific and sophisticated equipment, are drawbacks
that can be serious obstacles in the use of this
technology. Superficially, SFE is an efficient way of
obtaining high-quality clean extracts free from
solvents, water, and oxidative residues that could be
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potentially detrimental in textile applications. Thus,
functionalized natural additives obtained from SFE are
expected to allow the development of a wide range of
high-value textiles, although the actual applications
need to be deeply investigated. [74-79]

Characterization Methods of Tea Leaf Extract

Characterization methods are the most crucial part
to gain information about properties, as well as
utilization, from tea leaf extract. Based on
pharmacognosy, spectroscopic analysis using UV-Vis
and FTIR is frequently used to analyze the preliminary
profile of bioactive fractions using functional groups to
enable functional group identification for qualitative
and semiquantitative analyses. FTIR provides a
qualitative analysis, whereas UV-Vis is commonly
used to perform quantitative analysis. To decipher the
presence of the individual types of phenolic
components in the extracted solution, chromatographic
techniques are mostly used. High-performance liquid
chromatography is employed to identify the wide
variety of polyphenolic compounds in a pure form and
a wide range of terms and conditions. Light rays are
used to separate the individual components at high
pressure, and it is widely applied in measuring such
complexes because it can separate and identify the
individual compounds from a complex mixture. [80-85]

The extraction process can be interrelated with
various results of characterization. However,
characterization details must be made to gain a clear
picture of understanding and interesting content to be
communicated. Light microscopic examination can be
used to reveal the nanostructure of a tubular nanofiller
composite material obtained by the tea extract in two
extraction methods. Nevertheless, the phenomenon and
surface characteristics of the tea extract during the
extraction process still need to be investigated. Briefly,
the characterization of tea leaf extract reveals
substantial quantities of bioactive substances, with the
tea extract process conferring a reduction in extract
production time, thereby being helpful for improving
utilization in the textile process. [16, 86-90]

Spectroscopic Analysis

Spectroscopic analysis has become a quick and non-
destructive  tool for the identification and
characterization of natural dyes and plant extracts used
in textiles. The active components of tea leaves used in
textile finishing can also be identified using
spectroscopic analysis at the atomic or molecular level.
All spectroscopic techniques do not require extensive
sample preparation, and the most commonly used
spectroscopic methods for bioactive component
analysis and identification in plant extracts are UV-Vis
spectroscopy, FT-IR spectroscopy, Raman
spectroscopy, and ATR-FTIR. The main limitation of
NMR and FT-IR spectroscopy is the requirement of
labeling with isotopes. The analysis is quite sensitive
with NMR, but it is somewhat costly. The UV-visible

spectra are widely used for determining binding
constants and for studying the electronic absorption
spectra, and it is also a helpful tool to find out the ml
value. The functional groups of the characteristic peaks
of bioactive components like tannins, alkaloids,
flavonoids, and saponins can be confirmed using FTIR.
Thus, the isolation of functional components can be
confirmed using FTIR and UV-Vis. Hence, these two
techniques are classified in the current study. [91-98]

UV-Vis spectroscopy is often used to confirm the
presence of catechin in Camellia sinensis because the
wavelength lies in the range of flav. [99-101

Chromatographic Techniques

Chromatographic techniques play a critical role in
the detailed investigation of complex components, and
they are significantly employed to separate and
quantify these components. High-performance liquid
chromatography and gas chromatography make direct
quantification of target components in complex
matrices possible. High-performance liquid
chromatography is wused for the analysis of
carbohydrates, glycosidic compounds, proteins, amino
acids, and phenolic compounds. Gas chromatography is
employed for qualitative and quantitative analysis of
volatile aroma precursors. Dry needling, supercritical
fluid chromatography, thin-layer chromatography, etc.,
have also been conducted in our few studies. These
chromatographic methods have obvious advantages,
including high resolution, high sensitivity, rapid
analysis, low quantitation limit, low limit of detection,
and high reproducibility, which make them suitable for
the analysis of tea extracts. [102-106]

Recently, various chromatographic methods have
been used to analyze the separated and modified
products of green tea extract solution characterization
and its components to be used in textile products. High-
performance liquid chromatography and LC-MS
spectra are compared to size low molecular weight
phenolics and polar substances that are convenient to
be used as antioxidants. Derivatization of catechins by
high-performance liquid chromatography was applied
from the standard calibration curve for the use of GCEs
in the microemulsification technique. However, using
the available pre-treated thin-layer chromatography and
spectroscopic equipment, the data could be well
interpreted without analysis using Q-tof LC-MS. Also,
due to the low possibility of obtaining approximately
correct limit of detection and limit of quantification,
the developed method still needs improvement.
Complete laboratory analysis of white yarn dyeing
using conventional methods and using a master box,
microemulsions, and  microsphere  fabrics to
characterize BRF includes interactions in the dyed
fabric and comparison with conventional mixed dyeing
methods. HS-GC-MS analysis is also very expensive
for solvents, and it is not considered the dye of a 70%
solid fabric coverage. Hence, further development is
still possible. These chromatographic techniques,
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however, do not provide a complete insight into the
chemical composition of tea leaf extracts compatible
with textile applications. Their results were basic and
provided only information on free catechins or
volatiles, not detailed qualitative identification, and
quantitative quantification for each extract composition
in honey precipitation occurring during black tea
processing. In order to achieve aromatic properties on
various textile substrates, it is essential to know the
actual compositions of each extract prepared with
various solvents. High-resolution chromatographic
techniques should be used. It is also important to
optimize the method according to the solvent used.
[107-112]

Microscopic Examination

Tea leaf extract is a complex mixture of various
chemicals and could be used to modify the properties
of textile fibers by the impregnation method.
Microscopic examination is a crucial characterization
tool to describe the morphological structure of the
sample. A common way to perform microscopic
examination is by using light microscopy or optical
microscopy, which could also employ staining to
facilitate visualization. Scanning electron microscopy
(SEM) is better used to characterize the surface
morphology of the samples. Information about the
morphology of the sample is valuable, especially when
the target is to modify textile fibers. Tea leaf extract
contains tannin, caffeine, and moisture suspended in
water. The description of the size, shape, and
distribution of these suspensions, if present, would be
beneficial and could be used as evidence of the
extract's capability. This subsection elaborates on
results from microscopic studies that could facilitate an
understanding of the efficacy of tea leaf extraction. [35,
113-115]

Further examination by microscopic techniques is
required to analyze the morphological characteristics of
the tea leaf extract in order to optimize the conditions
of extraction and the performance of the extract in
textiles, such as dyeing and finishing processes. Larger
suspensions could block the pores and cause
inhomogeneity in the samples; thus, the extract in the
conventional process could not bond properly to the
textiles. However, sample preparation for microscopic
observation, such as dilution of the extract in this
study, is also a problem, particularly in representing the
real condition and may produce a bias. Thus, a
combination of various characterization techniques is
required to clarify the actual conditions of the extract,
such as light and scanning electron microscopy. This
could be the aim of our future work to examine the
structure of tea leaf extract-polyphenolic conjugates.
The extract is indicated to contain more than 10% total
polyphenols. Moreover, various chemical structures are
present, such as catechins, anthocyanins, flavonol
glycosides, and condensed tannins purified by
extraction to ethanol. [116-120]

Utilization of Tea Leaf Extract in Textile Wet
Process

In fact, tea leaf extracts have wide applications in
textile wet processing such as coloring, printing, and
finishing treatments. The challenges and strategies to
utilize natural dye in coloration textiles have been
elaborated. Natural dye has been found to be less
strong with relatively poor color fastness. Several
researchers have showcased the potential of tea for
antifungal, UV protection, and fabric modification as
multifunctional ~ performance  finishing  agents.
Currently, increasing attention has been directed
toward the use of natural plant extracts in textile
applications due to their potential applications in
different areas. In this section, the full application of
tea leaf extract in textile wet processing is reviewed,
and  practical  considerations on  aesthetics,
functionality, and health aspects of tea dye textiles are
also presented. [4, 8, 121-124]

Tea is a natural eco-friendly plant that can be
applied to dye and finish textile substrates such as
wool, silk, cotton, and bamboo-based fibers to improve
aesthetics and impart multifunctional properties.
According to different classes of textile wet
applications, tea-based leaf extracts can be formulated
to use as simple and antioxidant dye in wool and silk
textiles, antimicrobial agents in bamboo fibers, and
also UV protective and wrinkle-free textile finishing
via conventional and eco-friendly approaches. With all
these attributes, tea-based leaf extracts find potential
applications in the development of tea-dyed and
finished textile products, particularly in sports suits,
school uniforms, knitwear, etc., as potential
commercial printed colored product supplies.
Manufacturers' knowledge and skill in the standardized
formulation and development of tea leaf extracts for
use as antioxidants, antimicrobials, and UV protectants
on various natural and artificial polymers are required
to attract the market. These extracts can have several
potential applications in the development of
multifunctional tea dye textiles. The results obtained in
the current study explore the previous developments
and the practical uses of tea-based leaf extracts in
textiles. Some researchers have worked on evaluating
various effective bio-finishing processing parameters
on tea-dye-treated cotton knitted fabrics. This product
can absorb the sweat coming from the body and wick
away moisture. The dried samples of functional tea-dye
treatment finishing of grey cotton knitted fabric after
bio-finishing applications can be measured for their
physical and antibacterial tests. Furthermore, based on
the available literature, no standard determination has
been carried out for development. Moreover, there
were no standardized conditions to evaluate the
ultraviolet/antioxidant and antibacterial properties of
cotton knitted activewear fabrics. Hence, these results
are necessary for the up-to-date scientific and practical
development of the tea-based dye textiles industry. [6,
125-29]
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Dyeing and Printing Applications

Applications of tea leaf extracts are most prominent
and evident in dyeing and printing textiles.
Commercially, various researchers have utilized tea
extracts to pigment textile materials following different
techniques and processes. Immersion is the most
commonly used application process, but color can also
be applied through spray. The dye has been mobilized
using other natural mordants such as alum acetate,
copper, and ferric ions, all of which work with tea
extracts to fix the dye. Compared to synthetic dyes, tea
extracts win great attention and preference as a natural
colorant for textiles. The toxic effects of chemical
colorants lead to harmful effects on the consumer's
body in the form of allergies, cancerous effects,
sensitivity, and other hazards. Moreover, the effluent's
high pollution load is not easily treatable, affecting the
global environment. In contrast, natural tea color and
its bioactive attributes exhibit low toxicity and possess
the potential to be easily degraded. Pale yellow to
darker caramel shades with better color absorbance can
be achieved by optimizing parameters such as material
to liquor ratio, temperature, and process time. The dye
yielding from the extracts varies significantly with
respect to pH levels, having better yield at pH 6.5 for
neutral extracts and at pH levels between 4.5 and 5.5
for mild acidic tea extracts during dyeing and printing,
respectively. At a lower pH level, wash fastness and
CIE L* value optimization exhibit better shades than
mild acidic pH. This inspired some scaling up research
works involving the dyeing of silk, wool, cotton, and
their blends. These textiles were subjected to utilization
studies in pictured garments and fabrications of canvas
shoe uppers. Some of the dyed textiles with tea extracts
have been tested for UV protection. Besides, some
antibacterial textiles using tea polyphenols at extract
levels have been reported. Despite several results
initiated by the use of tea extracts in dyeing and
printing, there are some unresolved issues and potential
applications detailing the prospects and applications,
particularly in the textile sector. As an innovation, it is
essential to ascertain future prospects and the trend of
using tea extracts in textiles. [3, 18, 91, 130-134]

Antimicrobial Finishing

Textiles can  become  contaminated  with
microorganisms from the environment and may also be
a source of infection. To safeguard people against skin
irritations, allergies, illnesses, and their transmission,
all such textiles should be treated with antimicrobial
agents that are non-toxic and do not cause any harm to
human health. Since the active compounds found in
tea, primarily polyphenols, demonstrate strong
antimicrobial properties, their extract can be effectively
used in textile finishing. The presence of multiple
hydroxyl groups in the phenolic group serves to
prevent bacterial growth. Higher antimicrobial activity
was reported for the tea flavonol extract than for green
tea. The presence of phenolic compounds, alkaloids,

and flavonoids, as well as the tea leaf tannins, provides
antimicrobial, antifungal, and anti-yeast functions to
several processed forms of leather. [135-139]

To impart an antimicrobial finish to textiles in an
environmentally friendly manner and to fully utilize the
bioactivity of these extracts, many researchers have
taken the initiative to combine antimicrobial agents
derived from plant sources with simple and available
application techniques. The pad-batch technique has
been used for the exhaustion of black tea extract onto
textiles based on cotton, viscose, and cellulose-
polyester blended fabrics. The wet pick-up during pad-
batch exhaustion principally depends on the woven
structure of the fabric. The tea extract with a ratio of
60% was also pad-reduced to a shade of 2.1% on the
weight of fabric using a fabric to concentrate as a mild
reducing agent and again pad-batched to the target
pickup of 60%. The antimicrobial activity of the green
tea and black tea treated fabrics was tested against
various bacteria using modified methods. A reduction
in bacterial cell count indicates the antibiotic effect of
the textile sample. The antimicrobial efficacy of the
green tea and black tea pad-batched and also pad-
reduced and pad-batched fabrics against selected
bacteria was evaluated. Though it showed values for
the antibacterial activity against the tested pathogens,
only green tea treated materials showed antimicrobial
efficacy for the samples padded with reduced green tea
extract. [140-144]

All the details in the previous sections create an
evaluated background supporting the potential of tea
leaves and waste extracts for different purposes,
including textile application, particularly in terms of
the antimicrobial function. Thus, the need of the time is
to introduce another perspective: tea leaves as a potent
antimicrobial agent in textiles. We have divided this
section into two; the first sub-section discusses
antimicrobial finishing on a general level and the need
for antimicrobial agents in textiles as well as their
importance. In the modern century, there is an urge for
a greener approach at every level, so the use of extracts
from nature is the need of the hour. The focus of the
second main sub-section has been laid on the use of
environmentally friendly bioactive agents, and the
section concludes with a critique and the significance
of the use of tea leaf extracts as a potent agent at the
laboratory scale, with the suggestion that a wide-scale
investigation could open up an extended role for tea
leaf extract in the field of textile materials. [5, 20, 121,
145-147]

UV Protection Finishing

UV rays can cause harm to skin and textiles.
Wearing clothes with good UV protection is important
for health. Currently, the requirement from people in
outdoor activities and sunbathing has highly increased.
Some of them suffer from sunburn or develop an
additional risk of skin cancer. People are well informed
about possible risks and the offered products for skin
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protection, such as lotions, clothes, sunglasses, and
umbrellas. [148-153]

Extracts prepared from tea leaves are being studied
in dyeing, antimicrobial finishing, and the enhancement
of other antioxidants and functional groups. Because of
criteria in green production of a competitive industry,
the increased demands for functional wear, and the
benefits of tea extract, polyphenolic compounds are
major chemicals in extracting the tea leaf with
significant terms and conditions such as solvent or
processing conditions. These are affected by the green
tea origin from the tea plant, the species, parts of the
plant, and time of separation. In practice, the extracts
can be applied as a solution for textiles or through
impregnation in textiles by dyeing, pads, coating, and
adding to fiber bundles. The UV filters in textiles are
also normally conjugated onto fabrics by different
methods of impregnation, pad-dry-cure, or application
of a coating via the sol-gel method. This advantage is
also provided by blending extraction with other
processing or finishing treatments. [10, 12, 20, 111,
154, 155]

Although many serious allergic reactions are
reported both in photofunctional fabrics by
encapsulation of a mixture of chemical filters and even
in the textile dye carrying tetraaniline to a chemically
allergic patient, the finalized effects and the protection
of the permanent use of extracts in textiles may be
solved by confirming the clinical results. Techniques
and methods for measurement of UPF are more
intensively developed, including using textiles
containing UV-protection finishes. The stability of
natural dye is addressed by finding or designing a new
technique or technology, e.g., water-extracting dye or
solvent dye at a relatively low temperature. Tea leaf
extract is developed in dyeing and is also improved for
colorfastness properties. In addition to the protection
function, the aroma in the protection may release a tea
plant smell on the skin of clothing, which is attractive
for people in the mood for stress relief or a sense of
freshness. [15, 20, 82, 156, 157 [

Tea leaf extracts are abundant in antioxidants,
which can protect textiles from harm due to allergic
reactions to naturally colored dye and antioxidants,
improve protection from harmful solar light, and
provide cost-effective UV protection for textile
products with added value. Both health properties and
the extraction from tea leaves may promote an
advantage for customers seeking good functionality in
wear. However, the oxidants in the protective textile
must be kept stable over time, and the UV protection of
a textile product blended with tea leaves is a test of
time. The extraction or compound from the tea plant
can be applied to protective textile production using a
relatively simple technique for squeezing dye from
water or organic solvent extracts for blending
processing. Examples of simple impregnation to
achieve fading protection for linen clothing are also
beneficial. [1, 24, 69, 121, 157, 59, 160]

Advantages and Challenges of Tea Leaf Extract in
Textile Industry

Environmental considerations always come first and
play a vital role in the sustainability of any processes.
Hence, the utilization of natural compounds like TLE
in various wet processes of textiles may well replace
some toxic or harmful synthetic compounds. Apart
from the eco-friendliness, other attractive properties of
TLE, such as non-toxicity, biodegradability, and easy
availability, further enhance the value of this natural
resource. A huge amount of tea leaves, which is the
precursor to TLE, is produced every day from the
beverage industry and consequently can be the primary
source of natural colorants. Similarly, many botanicals
are known to be rich in bioactive phytochemicals, and
supplementation of TLE in practical diets, which is
mostly non-toxic in nature, offers different beneficial
health approaches. At the same time, this member of
tea extract is being extensively employed as an
alternative antioxidant and antimicrobial agent for
retarding the deterioration of dairy products and the
skin of animals. Many important compounds obtained
from tea leaves mostly exist in the form of secondary
metabolites. Due to the presence of these compounds,
they have been shown to possess various medicinal,
dietary, and physiological properties. The economic
value of the tea plants includes the harvest of the leaves
and flower buds for human consumption, as well as the
extraction of compounds with medicinal applications
such as alkaloids, amino acids, phenolic compounds,
and polyphenols, which are not accessible by chemical
synthesis. The above-stated facts are solid support for
the utilization of TLE in textile wet processes. [161-
165]

However, a few challenges hinder its potential as a
natural alternative. The first challenge is in the
reproducibility of plant extracts, as their composition
varies with the method of extract preparation, maturity
of the plant part, part of the plant used, and the plant
population. Though many workers have extracted and
employed TLEs for different purposes, seldom has the
extraction of TLE been carried out to make extracts
with the composition that is favorable to the textile wet
process. In addition, although extraction from fresh
leaves is possible, the extraction process for large
volumes of fresh tea leaves can prove practical at an
industrial level, as these leaves are rich in water
content and need to be dried in order to end up with a
cost-effective method. Second, the quantification and
the changes happening in the chemical composition of
the leaves during the drying period have not been
systematically reported. Third, although it is believed
that the compounds present in TLEs can have
antimicrobial properties, no comparative study has
been performed to show if the extraction process has an
effect on this activity. Furthermore, the application of
natural colorants (including TLE) in the textile industry
for dyeing and finishing poses certain problems, such
as fastness properties, fulling and fabric quality, and
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value addition, and how to effectively extract the
desirable compounds to cover various textile products
is very important. Based on these inadequacies, the
TLE extracted from the black tea plant may well render
the necessary components required for value addition
in textile wet processing. In such a scenario, a cost-
effective  extraction process is of paramount
importance. [125, 166-169]

Future Directions and Potential Research Areas

It is anticipated that future developments in fiber
and textile research relating to tea would need to
address the underpinning mechanisms of tea extraction,
potentially develop new extraction methods, find the
right combination of biopolymers in tea for ease of
extraction in various textile processing steps, and
optimize extraction and after-extraction processing in
terms of adjuvant chemistry. The physics and biology
of tea in textile processes are currently key drivers in
the innovation and sustainability of commercially dyed
textiles. While research has shown potential benefits of
using tea leaf extract in textiles, the research areas that
have not been currently investigated could focus on
how the extract was obtained from the leaves of the
plant, how the subsequent chemical processing altered
the performance of the extracts, how to achieve more
reproducible and standardized methods for the
application of the tea extracts onto textile substrates,
understanding more about the extract and textile
interactions at a molecular level, including the use of
chemical modifiers and tracers, and investigating the
extraction of tea and other extracts from different parts
of a range of Camellia species. Emerging trends are
likely to be in the efficacy of systems that combine
antimicrobials with other bioactive agents, including
antiviral and insect repellents, with a view to
developing textiles that are multifunctional.

Growing collaborations with researchers in
academia, industry, local authorities, and policymakers
are also gaining considerable traction and support. Our
recent dialogue regarding the environmental credentials
and safety of such products has very much underlined
this level of potential movement further. We invite
authors of future work to look at this as an area in
which to focus, determine what approach could
increase the radioprotective properties of tea if used in
a blend with other natural products, and what part
fermentation of the tea leaves could play with regard to
the performance of the product. We would suggest that
an increase in collaboration and funding support from
both academia and an increased number of industries
from the materials and consumer goods sector would
enhance innovation in an expanding number of
research areas. Such holistic approaches will help drive
innovation and launch the "next stage" in the
commercial relevance of this research.
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