
Corresponding author: Ahmed G. Hassabo, Email: aga.hassabo@hotmail.com, Tel.: +20 110 22 555 13 
(Received 14/05/2021, accepted 26/07/2021)
DOI: 10.21608/jtcps.2021.76238.1059
©2021 National Information and Documentation Centre (NIDOC) 

NOWADAYS, 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 βcyclodextrin have been synthesized to enable it to attach to textile fibers permanently. Also, 
different methods have been developed for grafting of native and modified βcyclodextrin on 
textile fibers. In this review the methods of application of βcyclodextrin 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)
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 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 α-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, α-CD, β-CD, and β-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 β-CD base 
are very effective. Adding β-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 α-, β-, and y-CDs[9]. 
are virtually important industrially generated CDs 
D-glucose-units from 6 to 8 (α = 6, β = 7, μ = 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 β-Cyclodextrins
The most often used alteration of cellulosic 

material is β-CD. β-CD is the lowest solubil-

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

Because of its easy processing, lower price, 
no skin sensitization, and irritation, and no mu-
tagenic effect, β-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-

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

β-cyclodextrin consists of cyclic 
oligosaccharides consisting of glucose units 
linked with α-1,4-glycosidic linkages. Each 
ß- 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 β-cyclodextrins of antimicrobi-
als as guest molecules. [2, 17].

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 

Fig. 1. Chemical structure of cyclodextrins.
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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 β -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 β 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 
β-CD groups. Citric acid thus serves as a binding 
agent for the treatment of cotton and also binds 
β-CD to cotton[8] The β-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-β-CD) monochlorotriazinyl derivative in 
cellulose fibers, and in another case, it is also dis-
cussed whether glycidyl methacrylate β-CD or 
MCT-β-CD is grafted into polyamide fibers, or the 
same into β-CD and polypropylene[24]

β -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- β -CD can be 
used to permanently bind β-CD to cotton with the 
traditional reactive dyeing method. The reactive 
chlorine atom of triazinyl groups of MCT- β -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 

β-cyclodextrin (β-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 
β-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 β-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 β-CD 
modified cotton fabric method  
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The cotton fabric is changed because, us-
ing esterification reaction at 180oC and a β-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 β-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 
β-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]

β-CD end uses in the textiles industry 
Processing Textile The effect of β-CDs on dyeing 
has a huge volume of literature. β-CDs are ca�-
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 β-CDs have increased 
dye strength and deep dye shades[24, 28]

Improved color strength and probability of dy-
ing below the traditional temperature. The βCD 
can also serve as a retardant for complex dyes. 
Surfactants used in the dyeing process will play 
β-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 

easy treatment can be obtained by a solution with 
a reactant coloration, MCT-β-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 
β-CD (MCt-ß-CD) greased the cotton cloth with 
the molecules β-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] MCTβ-CD was finished and analyzed by 
spectrophotometer and High-performance liquid 
chromatography(HPLC)[32]

Miconazole nitrate was introduced into the 
MCT-β-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-β-CD is also used with butylpara-
ben and triclosan to have antimicrobial cellulose 
properties. In MCT-β-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 
β-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 β-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-β-cyclodextrin 
( MCT-βCD). [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-β-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 β-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. β-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-β−CD (Exhaustion 
Method) and β-CD These samples demonstrated 
effective flame retardancy, which was stable for 
MCT-β-CD grafted samples after 20 washing 
cycles. [13]

UV protection finishing
Cotton fabrics in conjunction with 20 g/L 

β-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, β-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-β-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-
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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. β-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. 

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
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استخدامات السيكلودكسترين في الصناعات النسجية
إسراء السيد 1، حنان علي عثمان 1 و احمد جمعه حسبو2

1 قسم طباعة المنسوجات والصباغة والتجهيز، كلية الفنون التطبيقية، جامعة بنها، بنها.

2 المركز القومي للبحوث، شعبة بحوث الصناعات النسيجية، قسم التحضيرات والتجهيزات للألياف السليلوزية، 
33 شارع البحوث )شارع التحرير سابقاً(، الدقي، ص. 12622، الجيزة، مصر

وعمليات  مواد  باستخدام  الوظيفية  المنسوجات  لإنتاج  النسيج  بصناعة  كبير  اهتمام  هناك  الحاضر،  الوقت  في 
صديقة للبيئة. الدكسترين الحلقي عبارة عن سكريات قليلة السكاريد الحلقية يتم الحصول عليها عن طريق التحلل 
الأنزيمي لشكل مخروط النشا المقطوع الذي يحتوي على سطح محب للماء يحتوي على مجموعات هيدروكسيل 
وتجويف ذو طابع كاره للماء والذي يكون قادرًا على تكوين مجمعات تضمين قابلة للانعكاس بمركبات مختلفة. 
تطوير  تم  كما  دائم.  بشكل  النسيج  بألياف  الالتصاق  من  لتمكينه  سيكلودكسترين  مشتقات  من  العديد  تصنيع  تم 
طرق مختلفة لتطعيم βcyclodextrin الأصلي والمعدل على ألياف النسيج. في هذا الاستعراض ، طرق تطبيق 
الصباغة  ذلك  في  بما  للحصول على خصائص وظيفية مختلفة  نسيجية مختلفة  βcyclodextrin على ركائز 
ذات  والمنسوجات  الصحي  الصرف  مياه  ملوثات  وإزالة   ، للبكتيريا  كمضاد  النهائي  التجهيز  وفي  والطباعة، 

الحماية الفائقة البنفسجي ، وخصائص إطلاق العطر.


