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OWADAYS, there is a great interest in the textile industry for the production of functional

textiles using environmentally friendly materials and processes. Cyclodextrins are cyclic
oligosaccharides obtained by enzymatic degradation of starch truncated cone shape having
a hydrophilic surface containing hydroxyl groups and a cavity with hydrophobic character
which can form reversible inclusion complexes with various compounds. Several derivatives
of Beyclodextrin have been synthesized to enable it to attach to textile fibers permanently. Also,
different methods have been developed for grafting of native and modified Bcyclodextrin on
textile fibers. In this review the methods of application of Pcyclodextrin on different textile
substrates for obtaining various functional properties including printability, dyeability, and in
finishing application as antibacterial, ultraviolet protection wastewater pollutant removal, and
fragrance release properties.

Keywords: Cyclodextrin, Application in the textile industry in dyeing, printing, finishing (an-
tibacterial — UV-protection, fragrance release properties)

Introduction

Cyclodextrins(CDs) are cyclic oligosaccharides
formed from potatoes, maize, rice, and so on via
the enzyme starch degradation [1]. It is bio-consis-
tent, biodegradable, environmentally sustainable,
and clean. They can also be seen in many fields,
including the pharmacy, food and flavor sectors,
cosmetic and garment industries. The chemical
structure of CDs is composed of glucose units
which, because of the special arrangement of hy-
droxyl groups, are connected by a-1,4- glycoside
bonds [2, 3] to create a truncated cone with an in-
ternal and hydrophilic space on the outside. Three
varieties of CDs, a-CD, -CD, and B-CD, contain
6, 7, and 8 are available [4, 5]. B-cyclodextrin is
often used in textile chemical processing by three
forms of cyclodextrin rings for pre-treatment,
dyeing, and finishing processes the applicability
of b-cyclodextrin in textile materials has been ex-
amined. The scouring agent b-cyclodextrin and

the pectinase enzyme have been researched for
the scouring of cotton fiber. It is stated here that
the inclusion of b-cyclodextrin in the cuticle of
cotton fibers with hydrophobic waxes can result in
the removal of waxes and fats in the cuticle layer
of the cotton fiber [6]

In the removal of reactive and dispersing dyes
from water solutions, polymers with a f-CD base
are very effective. Adding B-CD to composites
will also enhance their adsorption capability[5]

Cyclodextrin applied in the textile industry as
printing, dyeing, and finishing.

Dyeing with B-cyclodextrin was done at a low
temperature and color intensity improved, and the
dye diffusion inside the fiber was also increased
by around 70 percent For the polyester fiber. [7]

In addition, the resulting non-allergenic,
non-toxic, and biodegradable cyclodextrins are
known for their loads in lower COD and BOD
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in wastewater, relative to traditional textile
auxiliary Definition of Cyclodextrins. [6]

Definition of Cyclodextrin

Cyclodextrin is an enzymatic degradation
of starch obtained cyclic oligosaccharide.[8]
Cyclodextrins(CDs) are important molecules used
in the various pharmaceutical, cosmetic, garment,
and pesticide-filtration applications and industries.
They consist of three families of well-known man-
ufactured compounds. The a-, B-, and y-CDs[9].
are virtually important industrially generated CDs
D-glucose-units from 6 to 8 (a =6, f =7, p = 8).
[9, 10] Some cyclic oligosaccharides are still rarely
used but are not applicable for industrial applica-
tions because of their costs. CDs are cyclic oligo-
mers of a-D glucopyranose [11] that some bacteria
such as Bacillus macerans [12] can generate by
transforming the starch (see Figure 1). [9, 13]

Chemistry of p-Cyclodextrins
The most often used alteration of cellulosic
material is B-CD. B-CD is the lowest solubil-

5
f;r 3

bic cavity and hydrophilic structure of the outer
portion, B-CD is responsive and stable in alkaline
solutions [15]

B-cyclodextrin consists of cyclic
oligosaccharides consisting of glucose units
linked with a-),¢-glycosidic linkages. Each
B- cyclodextrin unit has a hydrophobic cavity,
which, depending on its size, its geometer, and its
molecular weight, can serve as a host for a hy-
drophobic molecule. Those host-guest forms of
complexes are applied in controlling the release
of various prescription drugs and other uses, in-
cluding slow releases of fragrances, flavoring
oils, food industry additives, and others. The cy-
clodextrin molecule and the guest molecule nor-
mally have a 1-1 complicating ratio, although the
relationship between 1:2, and 2:1 is also present at
times[16]. Special interest should be included in
textile antimicrobial action by incorporation into
the textile-bound B-cyclodextrins of antimicrobi-
als as guest molecules. [2, 17].

Fig. 1. Chemical structure of cyclodextrins.

ity of all forms of CD. Thus, multiple chemistry
modifications to a cellulosic structure, including
hydroxypropyl derivatives of B-CD, randomly
methylated B-CD and branched CD, were made
to solve the lack of solubility in water and ensure
that the B-CD is secured for a lasting time on a
cellulosic structure. Monochlorotriazine p-CD
(MCT- B-CD) is one of the best known modified
B-CDs [4, 14]

Because of its easy processing, lower price,
no skin sensitization, and irritation, and no mu-
tagenic effect, B-cyclodextrin and its derivatives
are the most consumed and attractive cyclodextrin
compared to other cyclodextrins and the capacity
of the cavity is 260-265 ml and the dissolution of
water is 1,85 g/100 ml. Because of the hydropho-
J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)

Properties and advantages of Cyclodextrins

Properties

Cyclodextrin properties CDs are most remark-
able in the capacity to develop solid integration
complexes with a wide variety of solid, liquid, and
gaseous compounds by molecular complexity. The
phenomenon of the development of CD inclusion
compounds is a complex process involving several
variables. Complex formation fits the size between
the host and guest molecules[14]. The lipophilic
cavity of CD molecules creates a microenviron-
ment in which non-polar moieties of proper size
can become complexes of inclusion[8, 10]

The host-guest complexes are molecular ag-
gregates stabilized, but never by-complete co-
valent bonds via noncovalent bonding (e.g., van
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der Waals, hydrogen bonding, or hydrophobic
interaction). Host molecules are distinguished by
an internal cavity with which another molecule,
namely, the guest molecule, can be integrated.
Therefore, hosts serve as substrates, metabolites,
and cofactors to act receptors and guests. In such
physiological conditions, the resultant molecular
inclusion complex will quickly break down. The
development of these systems will also enhance
the physicochemical properties of the guest mol-
ecule[14].

Advantages of cyclodextrin

Cyclodextrin has some advantages such as 1)
Enhancing the solubility of extremely insoluble
guests, 2) Stabilization of labile guests in re-
sponse to oxidation degradation, 3) Volatility and
sublimation monitoring, 4) Incompatible com-
pound physical separation, 5) Chromatographic
divisions, 6) Flavour masking, bad odors Taste
modification, 7) Medicines and flavors controlled
release, 8) Effect of retardation in thinner and fin-
ishing and 9) Protection against unwanted accu-
mulation and adsorption of dyes. [4, 8, 18]

Cyclodextrin and its achievement of sustainability

In today’s environmentally sensitive world,
sustainability is becoming increasingly an im-
portant problem. The clothing and garment sec-
tors are the world’s most polluting industries after
the petroleum industry. The need for sustainable
textiles is now overwhelmed by green climate
requirements. Textiles and clothing sectors shift
from inefficient to safe manufacturing processes.
Sustainability is a holistic term covering a wide
range of natural, social, and financial dimen-
sions[15, 19]

Researchers of sustainable textiles proposed
several methods and, since wet textile production
is the most contaminated element of the textile in-
dustry, the best way to make textiles sustainable
is to use sustainable chemicals for dyeing, print-
ing, and finishing of textile substrates (Research-
ers constantly examine and encourage the use of
Cyclodextrins (CDs) in textile production in this
sense.[20] Cyclodextrins (CDs), which have been
used in the medical, cosmetic, vegetable, and gar-
ment industries for decades, are renewable com-
pounds. It is difficult to imagine that a planet does
not have cyclodextrins at the moment[21]

Cyclodextrins are used for the transmission in
textile applications of functional properties such
as UV protection, antifungal, flavor supply, anti-
bacterial action, insecticide delivery, and dyeing.

The remarkable property of CDs is that they can
form integration complexes (host-guest complex-
es) with various compounds that are solid, liquid,
and gaseous. CDs are extremely biocompatible,
biodegradable,[12, 22] and skin friendlier. [15]

Fixation of p -CD into textiles

The use of cross-linking agents like polycar-
boxylic acids on cotton,[23] wool, polyester, poly-
amide and polyacrylonitrile fibers, etc. is used to
fix B cd on fibers in different mechanisms, and a
huge amount of them on the grafting A 5-member
intermediate anhydride is created as a connection
between crosslinking agents such as 1,2,3,4-bu-
tane tetracarboxylic acid (BTCA), this response
by esterification to the hydroxy cellulose and/or
B-CD groups. Citric acid thus serves as a binding
agent for the treatment of cotton and also binds
B-CD to cotton[8] The B-CD can also be fixed
with cellulose by resins such as epichlorohydrin.
It is stated that butyl acrylate is used to flush b-CD
(MCT-B-CD) monochlorotriazinyl derivative in
cellulose fibers, and in another case, it is also dis-
cussed whether glycidyl methacrylate f-CD or
MCT-B-CD is grafted into polyamide fibers, or the
same into B-CD and polypropylene[24]

B -CD and Textiles -CD can be integrated onto
textile by means of spraying, printing, padding,
grafting, surface coating, impregnation, inkjet
printing or via sol-gel, etc. MCT- B -CD can be
used to permanently bind B-CD to cotton with the
traditional reactive dyeing method. The reactive
chlorine atom of triazinyl groups of MCT- § -CD
can react with nucleophilic residues such as —NHR,
-OH, -SH, etc. to form covalent bonds[8, 24].

Application of Cyclodextrins in the textile industry
Printing process

Cotton fabric has been modified by
B-cyclodextrin (B-CD forming inclusiveness com-
plex for inkjet printing to provide color, pattern
sharpness, and color. New high absorption peaks
around 1713 cm -1 and 1243 cm in FT-IR con-
firmed the changed cotton fiber. The esterification
reaction of citric acid (CTR) with cellulose and
B-CD has been covalently grafted on the cotton
textile. The findings showed that the output of
printed ink-jet fabric was improved by a change
in B-CD. The K/S value has been increased from
4.21 to 6.72; the printing line width has been re-
duced by 1.48 mm, and the colour rapidity has
been increased to 3-4 levels.[25] A contrast be-
tween printed modified and untreated cotton sug-
gests that inkjet printing is possible with the f-CD

modified cotton fabric method
J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)
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The cotton fabric is changed because, us-
ing esterification reaction at 1800C and a p-CD
shaped inclusion complex to hold a water-based
pigment ink within the cavity for longer periods,
the carboxyl citric acid (CTR) groups reacted with
hydroxyls of both B-CD and cotton fabric. The
colour strength of the modified cotton cloth was
increased from 4.21 to 6.72 and the current print
line width decreased from 0.88 mm to 0.74 mm in
the direction of the warp with 0.5 mm ideal wide.
In contrast with unmodified cotton, the washing
and crocking fastness of the modified Cotton Mix
was increased by 1-2 classes.

With the aid of the CTR, the hollow resistance
of the modified cotton tissue was enhanced and
the hollow recovery angle of the modified tis-
sue in the direction of the warp increased 25.0%
compared to the unmodified cotton in the same
state. A contrast between modified and unmodi-
fied printed cotton shows that the cotton-modified
B-CD process can be used in inkjet printing.

Dyeing process

The complexity of cyclodextrins with the dye
molecule and the complex shows an improved
dye absorption of textile fibers.[5, 7, 26] By add-
ing a condensed solution of dyestuffs in acetone
to a heated and almost saturated aqueous beta-
cyclodextrin solution, solid cyclodextrin com-
plexes with dispersed dyes are prepared. To ex-
tract excess dye ions, the hot solution is filtered.
The plummet is purified and dried with a minimal
volume of ethanol and acetone after cooling. This
allows solid beta-cyclodextrin complexes to be
prepared with solid, reactive, and dispersed dyes.
These complexes can be used to dye various fi-
bers successfully. [24, 27]

B-CD end uses in the textiles industry
Processing Textile The effect of B-CDs on dyeing
has a huge volume of literature. B-CDs are cah
pable of absorbing the color and can be used to
minimize wastewater dye loss, increase color ho-
mogenization and avoid dyes from running during
cleaning. For example, cotton-polyester blend-
ing with dispersed dye and 3-CDs have increased
dye strength and deep dye shades[24, 28]

Improved color strength and probability of dy-
ing below the traditional temperature. The BCD
can also serve as a retardant for complex dyes.
Surfactants used in the dyeing process will play
B-CD without losing the dyeing value. In the case
of nylon and cotton, they also increase the wash-
ing speed with reactive-disperse dye dyeing and
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easy treatment can be obtained by a solution with
a reactant coloration, MCT-B-CD and a resin. [28]

Finishing process

The correct and enhanced application for tex-
tile finishing adds vital principles and gives textile
materials new functionality, which can be per-
formed properly for their specific use. It should
be remembered however that high value-added
textile manufacturing requires correct use of suit-
able fiber forms, acceptable new types of textile
finishing, and convenient textile material manu-
facturing technology to increase the efficiency
needed. A biocompatible cyclodextrin biopolymer
is one of the most promising agents in the textiles
processing sector for high added value textiles[6]
Cyclodextrins can act as hosts for different small
molecules and form compounds for inclusion.
This feature makes cyclodextrin a promising fab-
ric finishing reagent. The method enhances look
and function[18].

CD finished textiles will show fragrance re-
leases, odor absorptions, anti-bacteria or UV
resistant properties on their surface. CDs do not
form covalent linkage to the textile fibers, so CDs
are grafted with polycarbonated acids or other
binding agents to the textile fiber [29]

Anti-bacteria finishing

In scientific literature, various experiments
use CDs. The penetration into cavities of the CD
of antibacterial agents covalently bound to cotton
cloth is studied. A reaction of monochlorotriazine
B-CD (MCt-3-CD) greased the cotton cloth with
the molecules B-CD. [15]Enhancing antibacte-
rial agent intake and enhancing the resistance
of the captured antibacterial product to washing
cycles, prolonging the antibacterial effect, [30,
31] MCTB-CD was finished and analyzed by
spectrophotometer and High-performance liquid
chromatography(HPLC)[32]

Miconazole nitrate was introduced into the
MCT-B-CD cavities with an antimicrobial agent. In
contrast, to control fabrics, the authors found that
the antimicrobial agent inserted into fabric through
cyclodextrin had substantial antimicrobial proper-
ties. The cationic-B-CD is also used with butylpara-
ben and triclosan to have antimicrobial cellulose
properties. In MCT-B-CD itself, a triazine is a bio-
cidal group that can have antimicrobial effects [23].
In cyclodextrin cavities, silver ions have also been
loaded to obtain an antimicrobial property[33]

The antimicrobial end works on antimicrobial
activation that destroys microorganisms as they
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come in touch. has been added to the cotton by
B-CD-gram lavender oil to the blended aroma of
the lavender and antimicrobial finish. The slug-
gish scent and a substantial antimicrobial property
are seen by the fragrance and antimicrobial agent
integrated into B-CD cotton. Cotton fibers are ac-
tivated by ceric ion and then transplanted into a
monomer called acrylamidomethyl cyclodextrin.
The cotton fibers have greater antibacterial activ-
ity than the control specimen and can maintain
up to 10 laundering cycles along with fragrance
retention[15]

Fragrance release finishing

Infusing textiles with essential aromatic oils
enhance the enormous appeal for osmotherapeu-
tic and medicinal advantages to esthetical-domi-
nated customers. The length of textile fragrance,
though, is of major interest both to researchers
and consumers as well as to the passing of time
and eventual washing. [34] In this work, essen-
tial oils were added directly to cotton and also to
cyclodextrins as anchoring hosts in native and
adapted shapes, like Eucalyptus, Peppermint,
Lavender, Jasmine, Clove, and Cedarwood. Their
preservation stability on the surface of the fabric
is assessed by monochlorotriazine-f-cyclodextrin
( MCT-BCD). [35]

Due to the poor physical strength between es-
sential oils and textile surfaces, the release rate of
oil has shown in isolation that fragrances dissolve
quickly in the absence of any anchoring hosts.
MCT-B-CD demonstrated improved fragrance
stability with an additional benefit that the cot-
ton’s resilience, rigidity, and air permeability have
not changed significantly. [35]

Studies show that the use of such grafting
agents with cyclodextrins, i.e., grafting factors,
type of cyclodextrin derivatives, substratum type,
and inviting molecule, also enables textiles to hold
fragrances for longer durations, up to one year.
The B-CD Cloth cavities can also catch bad odors,
and during the washing process, such cavities can
be dismantled. Empty cavities can be reloaded
with a lining, sprinkle or spraying system or the
moist cyclodextrin fabric can be maintained at 50-
60°C for several hours (vapor method) in an atmo-
sphere of the guest molecules. B-CDs also stabilize
perfumes for several days in washing powders[33]

Flame Retardant Finishing

Retardant flame termination The appagound-
er Veer et al. used an industrial flame retardants
compound (di-00-ammonium phosphate) for the

graftable fabrics, with MCT-B—CD (Exhaustion
Method) and B-CD These samples demonstrated
effective flame retardancy, which was stable for
MCT-B-CD grafted samples after 20 washing
cycles. [13]

UV protection finishing

Cotton fabrics in conjunction with 20 g/L
B-cyclodextrin is treated with polycarboxylic
acid as a reactive filler followed by posttreat-
ment with a solution of 5 g/L copper acetate. In
both cloth resilience and UV protection proper-
ties, P-cyclodextrin is an added to the disease.
The post-treatment also improves the UV-pro-
tection component considerably. newer trials
have been identified with some reactive mono-
chlorotriazine-B-cyclodextrin, followed by treat-
ment with Copper-acetate and post-dyeing with
various dyestuff groups for improved UV pro-
tection factor in cotton/wool and Wool/viscose
blends. The findings demonstrated that post-dye-
ing of prefinished cloth bindings improves the
UPF values for weave fabrics. [15]

Examine the anti-ultraviolet characteristics of
b-cyclodextrin-grafted cotton fabrics with holly
extract broadleaf. Flavonoids were removed by
maceration from broadleaf holly leaf and a 1:1
inclusion complex stoichiometry was generated
with b-cyclodextrin. The intensities of fluores-
cence and ultraviolet macerated extract absorp-
tion was increased by the increase in cyclodextrin
by fluorescent spectrum and UV spectral spectro-
photometry. In presence of sodium hypophosphite
and then tainted with the extraction of large leaf
holly leaf as a natural ultraviolet absorbent, cot-
ton fabrics have been grown with a crosslinking
effect of citric acid by b-cyclodextrin. The anti-
ultraviolet property of textiles colored with mac-
erated extract is distinguished by the protective
factor ultraviolet. The b-cyclodextrin-grafted cot-
ton materials have improved anti-ultraviolets and
regenerating the wrinkle properties to unmodified
samples and demonstrate superior resistance to 30
washing cycles and a lack of tensile power.

Cyclodextrin in wastewater treatment
At temperatures above 140 °C and with long
reaction times, natives cyclodextrins and a num-
ber of their derivatives were reacting to polycar-
boxylic acids (PCAs) in dry form with ideally
insoluble gels in air, while milder conditions re-
sulted in highly soluble polymers. The gels were
able to swell in water up to 10 times their original
volume and the water solubilizing fraction was 1
g/mL soluble. Cross-connected gels of beta cyclo-
J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)
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dextrin-epichlorohydrin could physically surprise
anion dyes in the polymer network and/or host-
guest complex development.

This film is used to absorb wastewater anionic
dyes. Nonionic surfactants were absorbed by an
absorbent composite of carboxymethyl cellulose
and cyclodextrin-hexamethyl melamine but did
not absorb anionic dyestuff. The processed water
could be recycled for the dyeing by adding dyes
after treatment with this absorbent. Cyclodextrin
monochlorotriazinyl analog, along with insoluble
cross-related products yielded chitosan.[36]

Summary

In today’s environmentally sensitive world,
sustainability is becoming increasingly an im-
portant problem. The clothing and garment sec-
tors are the world’s most polluting industries after
the petroleum industry. The need for sustainable
textiles is now overwhelmed by green climate
requirements. Textiles and clothing sectors shift
from inefficient to safe manufacturing processes.
Sustainability is a holistic term covering a wide
range of natural, social, and financial dimensions

Researchers of sustainable textiles proposed
several methods and, since wet textile production
is the most contaminated element of the textile in-
dustry, the best way to make textiles sustainable
is to use sustainable chemicals for dyeing, print-
ing, and finishing of textile substrates (. Research-
ers constantly examine and encourage the use of
Cyclodextrins (CDs) in textile production in this
sense. Cyclodextrins (CDs), which have been
used in the medical, cosmetic, vegetable, and gar-
ment industries for decades, are renewable com-
pounds. It is difficult to imagine that a planet does
not have cyclodextrins at the moment

The use of cyclodextrins or their derivatives in
textile fiber processing leads to a new quality of
uses. In the future cyclodextrins might play a sig-
nificant role in the textile industry: in the printing
process using b-cyclodextrin increase the color
strength of the modified cotton cloth from 4.21
to 6.72 and the current print line width decreased
from 0.88 mm to 0.74 mm in the direction of the
warp with 0.5 mm ideal wide. In contrast with un-
modified cotton, the washing and crocking fast-
ness of the modified Cotton Mix was increased by
1-2 classes. In dyeing process improved the dye
absorption of textile fibers. B-CDs are capable of
absorbing the color and can be used to minimize
wastewater dye loss, increase color homogeniza-
tion and avoid dyes from running during cleaning.
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In the finishing process, A biocompatible cyclo-
dextrin biopolymer is one of the most promising
agents in the textiles processing sector for high
added value textiles. Cyclodextrins can act as
hosts for different small molecules and form com-
pounds for inclusion. This feature makes cyclo-
dextrin a promising fabric finishing reagent. The
method enhances look and function as antibac-
terial properties, UV protection flame Retardant
Finishing, wastewater treatment

References

1. Liu, Y. Lin, T., Cheng, C., Wang, Q., Lin, S.,
Liu, C. and Han, X., “Research Progress on
Synthesis and Application of Cyclodextrin
Polymers”. Molecules, 26(4)(2021).

2. Saifi, A., Joseph, J.P., Singh, A.P,, Pal, A. and Ku-
mar, K., “Complexation of an Azo Dye by Cyclo-
dextrins: A Potential Strategy for Water Purifica-
tion”. ACS Omega, 6(7) 4776-4782 (2021).

3. Fernandez, M.A., Silva, O.F., Vico, R.V. and
de Rossi, R.H., “Complex Systems That In-
corporate Cyclodextrins to Get Materials for
Some Specific Applications”. Carbohydr Res,
480, 12-34 (2019).

4. Eid, B.M. and Ibrahim, N.A., “Recent De-
velopments in Sustainable Finishing of Cel-
lulosic Textiles Employing Biotechnology”.
Journal of Cleaner Production, 284, 124701
(2021).

5. Yadav, S., Asthana, A., Chakraborty, R., Jain,
B., Singh, A.K., Carabineiro, S.A.C. and Su-
san, M., “Cationic Dye Removal Using Novel
Magnetic/Activated ~ Charcoal/Beta-Cyclo-
dextrin/Alginate Polymer Nanocomposite”.
Nanomaterials (Basel), 10(1)(2020).

6. Setthayanond, J., Sodsangchan, C., Suwanruji,
P., Tooptompong, P. and Avinc, O., “Influence
of Mct-B-Cyclodextrin Treatment on Strength,
Reactive Dyeing and Third-Hand Cigarette
Smoke Odor Release Properties of Cotton Fab-
ric”. Cellulose, 24(11) 5233-5250 (2017).

7. Bezerra, FM., Lis, M.J., Firmino, H.B., Dias
da Silva, J.G., Curto Valle, R.C.S., Borges Val-
le, J.A., Scacchetti, F.A.P. and Tessaro, A.L.,
“The Role of Beta-Cyclodextrin in the Textile
Industry-Review”. Molecules, 25(16)(2020).



CYCLODEXTRIN USAGE IN TEXTILE INDUSTRY 117

8. Chauhan, N., Arya, N. and Yadav, N., “Appli-
cation of Cyclodextrins in Textiles”. Interna-
tional Journal of Chemical Studies 6(3) 2314-
2320 (2018).

9. Abdel-Mohdy, F.A., Fouda, M.M.G., Rehan,
M.F. and Aly, A.S., “Repellency of Con-
trolled-Release Treated Cotton Fabrics Based
on Cypermethrin and Prallethrin”. Carbohy-
drate Polymers, 73(1) 92-97 (2008).

10. Del Valle, E.M.M., “Cyclodextrins and Their
Uses: A Review”. Process Biochemistry, 39(9)
1033-1046 (2004).

11. Almagro, L. and Pedrefio, M.A., “Use of Cy-
clodextrins to Improve the Production of Plant

Bioactive Compounds”. Phytochemistry Re-
views, 19(4) 1061-1080 (2020).

12.Lou, C., Yin, Y., Tian, X., Deng, H., Wang, Y.
and Jiang, X., “Hydrophilic Finishing of Pet
Fabrics by Applying Chitosan and the Peri-
odate Oxidized B-Cyclodextrin for Wash Re-
sistance Improvement”. Fibers and Polymers,
21(1) 73-81 (2020).

13. Haji, A., “Functional Finishing of Textiles with
B-Cyclodextrin”, in Frontiers of Textile Ma-
terials: Polymers, Nanomaterials, Enzymes,
and Advanced Modification Techniques, M.
Shabbir, S. Ahmed, and J.N. Sheikh, Editors.
p. 87-116 (2020).

14. Gonzalez Pereira, A., Carpena, M., Garcia
Oliveira, P., Mejuto, J.C., Prieto, M.A. and
Simal Gandara, J., “Main Applications of Cy-
clodextrins in the Food Industry as the Com-
pounds of Choice to Form Host-Guest Com-
plexes”. Int J Mol Sci, 22(3)(2021).

15.Singh, N. and Sahu, O., “Sustainable Cy-
clodextrin in Textile Applications”. 83-105
(2019).

16. Jicsinszky, L. and Cravotto, G., “Cyclodextrins
in Skin Formulations and Transdermal Deliv-
ery”. Journal of Skin and Stem Cell, 6(4)(2020).

17. Bhaskara, U.R., Tourrette, A., Jocic, D. and
Warmoeskerken, M.M.C.G., “Attachment of
B-Cyclodextrins on Cotton and Influence of
B-Cyclodextrin on Ester Formation with Btca
on Cotton”. AATCC Journal of Research, 1(3)
28-38 (2014).

18. Voncina, B. and Vivo, V., “Cyclodextrins in
Textile Finishing”. (2013).

19. Toprak, T. and Anis, P., “Textile Industry’s En-
vironmental Effects and Approaching Cleaner
Production and Sustainability: An Overview”.
Journal of Textile Engineering & Fashion
Technology, 2(4)(2017).

20.Nadi, A., Boukhriss, A., Bentis, A., Jabrane,
E. and Gmouh, S., “Evolution in the Surface
Modification of Textiles: A Review”. Textile
Progress, 50(2) 67-108 (2019).

21.Kumari, P., Singh, P., Singhal, A. and Alka,
“Cyclodextrin-Based Nanostructured Materi-
als for Sustainable Water Remediation Appli-
cations”. Environmental Science and Pollu-
tion Research, 27(26) 32432-32448 (2020).

22.Cova, T.F., Murtinho, D., Aguado, R., Pais,
A.A.C.C. and Valente, A.J.M., “Cyclodextrin
Polymers and Cyclodextrin-Containing Poly-
saccharides for Water Remediation”. Polysac-
charides, 2(1) 16-38 (2021).

23.Dehabadi, V.A., Buschmann, H.-J. and Gut-
mann, J.S., “A Novel Approach for Fixation
of B-Cyclodextrin on Cotton Fabrics”. Jour-

nal of Inclusion Phenomena and Macrocyclic
Chemistry, 79(3-4) 459-464 (2013).

24. Ammayappan, L. and Moses, J.J., “An Over-
view on Application of Cyclodextrins in Tex-
tile Product Enhancement”. Journal of the
TEXTILE Association, (2009).

25.Zhao, C., Wang, C., Chen, K. and Yin, Y., “Im-
provement of Ink-Jet Printing Performances
Using B-Cyclodextrin Forming Inclusion
Complex on Cotton Fabric”. Fibers and Poly-
mers, 18(4) 619-624 (2017).

26. Guo, R., Wang, R., Yin, J., Jiao, T., Huang, H.,
Zhao, X., Zhang, L., Li, Q., Zhou, J. and Peng,
Q., “Fabrication and Highly Efficient Dye Re-
moval Characterization of Beta-Cyclodextrin-
Based Composite Polymer Fibers by Electros-
pinning”. Nanomaterials (Basel), 9(1)(2019).

27.Ghoul, Y.E., Martel, B., Achari, A.E., Cam-
pagne, C., Razafimahefa, L. and Vroman, I.,
“Improved Dyeability of Polypropylene Fabrics
Finished with B-Cyclodextrin—Citric Acid Poly-
mer”. Polymer Journal, 42(10) 804-811 (2010).

J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)



118 ESRAA EL-SAYED et al.

28. Sodsangchan, C., Setthayanond, J. and Su-
wanruji, P., “Influence of Monochlorotriazine-
B-Cyclodextrin Treatment on Dyeing and
Fastness Properties of the Hot-Dyeing Reac-
tive Dye on Cotton”. Applied Mechanics and
Materials, 535 662-665 (2014).

29. Periyasamy, A.P. and Venkatesan, H., “Eco-
Materials in Textile Finishing”. 1-22 (2018).

30.Radu, C.D., Parteni, O. and Ochiuz, L., “Ap-
plications of Cyclodextrins in Medical Tex-
tiles - Review”. Journal of Controled Release,
224 146-157 (2016).

31. Abdel-Halim, E.S., Al-Deyab, S.S. and Al-
faifi, A.Y., “Cotton Fabric Finished with Beta-
Cyclodextrin: Inclusion Ability toward Anti-
microbial Agent”. Carbohydrate Polymers,
102 550-6 (2014).

32.Sahin, UK., Erdumlu, N., Saricam, C., Go-
cek, 1., Arslan, M.H., Acikgoz-Tufan, H. and
Kalav, B., “Obtaining Composite Cotton Fab-
ric by Cyclodextrin Grafting”. International

Journal of Materials and Textile Engineering,
10(7)(2016).

33. Bhaskara-Amrit, U.R., Agrawal, P.B. and
Warmoeskerken, M.M.C.G., “Applications
of B -Cyclodextrins in Textiles”. AUTEX Re-
search Journal, 11(4)(2011).

34.Ibrahim, N.A., El-Sayed, Z.M., Fahmy, H.M.,
Hassabo, A.G. and Abo-Shosha, M.H., “Per-
fume Finishing of Cotton / Polyester Fab-
ric Crosslinked with Dmdheu in Presence of
Some Softeners”. Research Journal of Textile
and Apparel, 17(4) 58-63 (2013).

35.Khanna, S., Sharma, S. and Chakraborty,
J.N., “Performance Assessment of Fragrance
Finished Cotton with Cyclodextrin Assisted
Anchoring Hosts”. Fashion and Textiles, 2(1)
(2015).

36. Ammayappan, L. and Mose, J.J., “An Over-
view on Application of Cyclodextrins in Tex-
tile Product Enhancement”. Journal of the
TEXTILE Association, 9(2015).

J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)



CYCLODEXTRIN USAGE IN TEXTILE INDUSTRY 119

) clelinall b (g fianS slSaal) el i)

"o Arad daa) ) Qs Ao glia ¢ sl 8]

L ey Analan Ailail) ) 5l A ¢ gl 5 A lpall g il gusiall Aol aud

¢y 5 sl CaLIBU @l Sl 5 <l jpuanill and dmpul) Cile Liall & gag G o sall o sl S 5al T
e 6330l (12622 .0 o B (b il g )LE) Eadl g s TY

Glle 5 3 3a AR Al )l puiial) ZlEY ol delicay S alaial @llia ¢ yualal) gl
Jaill 3yl (e Ll Jeand) &5 ddlall 4y ISl AL il S e 3 )ke (Alall o jiuSall Ll A
S 538 e s o s sing elall one mhans e (5 5iag (531 ¢ ghaial) Laall a5 ja JSA1 o 53Y)
Al ISy ASaI AL (et Claana 55 e 15008 (5K s elal o S bl 53 Gl as
ek i LS iy (S8 gl Gl BLaTY) (e 4l (G 530S g0 cliidia (e pa) ariald o
G (3 k¢ (al i) 13 8 ) Gl e Jasdl 5 JLaY) Beyclodextrin asdail ddkisa 5,k
Aeluall @) 4 Loy ddlide Agda g pailiad e Jpaall Adlide apd 38 Je Beyclodextrin
3 il gt 5 gl Cipeall s lsle A5 ¢ LSSl dliacS iledl agatll iy helidally

el G| (ailiad ¢ LéA.mSA.\!‘ Aailal) sl

J. Text. Color. Polym. Sci. Vol. 18, No. 2 (2021)



