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ABSTRACT

With the new environmentalfriendly developments surrounding the industry and society, the use of
new materials as carriers is becoming more important. In the case of essential oils and organic chemical
substances, the role that cyclodextrins play is very important. The use of the Guest-host structures in
the cone structure of B-Cyclodextrins is very frequent in Pharmacy and Biochemical systems related
to biomedical applications. In this work, we present a mini-review work suggesting possibilities of the
application of the cyclodextrins characteristics to be used in the textile industry to achieve antibacterial,
antimicrobial, or simply, aromatic properties longed in time.
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INTRODUCTION

Cotton accounts for more than 50% of the global fiber market and
has intrinsic properties such as high tensile strength, hydrophilicity,
high moisture absorption, and comfort [1-3]. In addition to all
these properties, new properties can be added to the fabric through
innovative methods [4], with great industrial appeal. Thus, there is
aneed to add properties to cotton fabric so that it can be consumed
even more widely and serve a more demanding public that requires
materials that release active ingredients [5]. One of the ways to
produce these biofunctional textiles is to apply Cyclodextrins (CD)
to the material. Thus, the CD will be responsible for changing the
surface of the fabric to receive the active ingredient, making the
material biofunctional [6,7]. The use of B-Cyclodextrines offers a
very interesting complementary option; cyclodextrines can be fixed
on the substrate using cross-linkers (usually bifunctional carboxylic
acids), maintaining their capability to absorb organic molecules
which makes the whole surface of cotton tissues a whole carrier
system for molecules that show a lot of difficulties to be carried out
in different forms.

LITERATURE REVIEW

Biofunctional textiles

With a growing trend in technology, the global textile industry
has recently found modern applications in various fields. The

production of high-value-added textile structures and functional
products such as smart textiles, protective textiles, medical textiles,
and especially cosmetic textiles or cosmetotextiles are examples of
modern applications in this field [8,9].

Historically, the term “biofunctional textiles” has been, usually
referred only to antimicrobial textiles, but with the growing needs
of people and technological advances, this scientific field has
developed and new functions in textiles are spreading. The term
is currently used as a substitute for cosmetotextiles as it is more
comprehensive.

When it comes to new technologies and innovative methodologies,
there is a growth in the functionalization of bioactives. Currently,
the term “biofunctional textiles” includes cell development and
growth, biodetection, cosmetic benefits [10,11], as well as medical
[12], catalyst carriers and sutures, leading to the promotion of
human health and improved quality of life.

Thus, these modified textile materials, when in contact with the
human body and skin, are designed to directly transfer an active
material for cosmetic and medical purposes. The operating principle
of biofunctional textiles is the controlled release of bioactive
compounds, most of which are complex in the textile substrate. The
mechanisms of the delivery are still under study and are a part of
complex research. When the carrier structures have been applied,
there is a strong influence of the mutual chemical characteristics
between the carrier external structure, the trigger mechanism, and
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the chemical affinity of the active molecule with the own structure
of the tissue. On average, every step influences the global transport
mechanism from the carrier towards the surface of the tissue, and
from here to the skin.

Characteristics of bioactive compounds commonly present in
biofunctional textiles include gradually perfumed, moisturized,
wrinkle-free, refreshed, relaxed, revitalized, UV-protected, insect-
protected, improved healing and antimicrobial skin.

For these properties to play a role in the skin, the agents applied to
the surface of the fabric must complex, or retain to a certain extent,
the bioactive agent and release it into the skin to benefit the user.
Examples of these agents include microcapsules [13], nanoparticles
[14], Metal-Organic Frameworks (MOFs) [15,16], liposomes [17],
and cyclodextrins [18].

Among these, Cyclodextrins (CDs) are an important class of
oligosaccharides with a truncated cone shape and sustainable
compounds from renewable sources [19]. CDs are widely used in the
pharmaceutical, cosmetic, and food industries and are increasingly
used in the textile industry due to their ability to encapsulate
bioactive substances, allowing the development of new finishes and
the production of fabrics with new applications [20].

Cyclodextrins

The application of CDs in industry is very diverse and they have
been used in the pharmaceutical, textile, food, and even cosmetic
industries. CDs play an important role in the textile industry as they
can be used to: Remove surfactants from washed textile material
[21], as leveling agents in dyeing and in textile finishing [22], and
can be considered as a new class of auxiliaries in the textile industry

[23].

The variety of natural or semisynthetic cyclic oligosaccharides is
limited and the most important DCs are o, - and y-CDs with 6,
7, and 8 glucose monomers, respectively. Among the natural DCs,
B-CD is the most widely used due to its ability to complex a large
number of hydrophobic drugs and its availability in high quantities
[24].

When it comes to the stoichiometry of the inclusion complex, there
are four most common types of complexes in CDs: A substrate with
1:1, 1:2, 2:1, and 2:2, depending on the size and structural aspect
of the substrate concerning the cavity of the CD [25]. This allows
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the formation of stable inclusion complexes, which are widely used
in the pharmaceutical, agrochemistry [26], food, and cosmetic
industries, as well as in the textile industry.

Application of cyclodextrin in textile substrate

The interactions between B-CD and the cotton fabric that represents
the work in question can be chemically fixed, through a catalyzed
esterification process [27]. Esterification reactions are widely used
in a variety of chemical industries, it is a mineral acid-catalyzed
nucleophilic substitution reaction of the acyl group involving
a carboxylic acid and an alcohol [28]. The process typically uses
mineral acids as catalysts, so the catalyst must be removed at the
end of the reaction by aqueous alkaline washing for neutralization.

The mineral acid protonates the oxygen atom of the carbonyl group,
making the carboxylic acid much more reactive to nucleophilic
attack by the alcohol and forming a tetrahedral intermediate. This
is followed by the transfer of a proton from one oxygen to another,
resulting in a second tetrahedral intermediate and the conversion
of the -OH group to a leaving group, culminating in the loss of a
proton that regenerates the acid catalyst, resulting in the ester [29].

According to Zhao, et al. [30], it can be seen in Figure 1, that the
Carboxylic groups ((COOH) of citric acid can form ester bonds
(-COO-) with the Hydroxyl groups ((OH) of both cotton cloth and
B-CD through the esterification reaction.

In this way, the CDs are applied to the surface of the cotton fabric
through a direct synthesis process known as textile finishing.
The substrate undergoes a surface modification that, after the
complexation of the CDs, can transform it into functionalized
fabrics in the future. Functionalized fabrics contain additional
functions compared to unfinished textiles. When using the
B-Cyclodextrins esterification process, their structure allows to use
of the whole tissue as a selective absorbent for active molecules. That
specific property generates a huge amount of possible applications
because the textile substrate acts as a “reservoir system” that can
control the delivery of different molecules in quantities under a
constant dosage rate [31,32].

Therefore, for the fabric to obtain a new function, it is necessary
to complex the B-CD with agents such as vitamin E, citronella [33],
silver [34], and Erythrosin B [35], which transform the fabric into
a biofunctional one.
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Figure 1: Network formation with B-Cyclodextrines esterification reaction, LIS et al. [32].
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CONCLUSION

Textiles are essential to everyone’s daily life, and the application
of science and technology is evolving every day to meet the most
diverse needs. The majority of our skin is covered by clothes which
makes it possible to use the reservoir effect of the functionalized
textiles to act as delivery systems to the skin.

As has been demonstrated, cyclodextrins can be applied to textiles
with covalent bonds, giving to the material new properties and
making it functional. These new properties allow the textile to
be used as a cosmetic, a release matrix, in other words, a product
that can help its user in a different way than conventional textiles.
The study of new textile materials and new ways to functionalize
them is increasing every year, showing the importance of the
interdisciplinary and transversal nature of the textile field. In this
field of study, several topics are involved as biophysics, chemical
reactions, and transport mechanisms. In every case, the final
product can be evaluated and the dosage calculated which allows to
model, mathematically the final result of the substrate modification,
as well as to design the intensity of modification required for a
specific final effect. New finishes will always be necessary according
to the needs of society and the evolution of materials. Textiles will
always be present in people’s lives.

REFERENCES

1. Hsieh YL. Chemical structure and properties of cotton. Cotton: Science

and technology. 2007:34.

2. Pereira G. Textile materials and processes. Federal institute of education,
sciences and technology. Santa Catarina-SC. Araranguia Campus.2009.

PITA P. Textile fibers. Rio de Janeiro: Senai-dn; Senai Cetiqt.1996.

Burkinshaw SM. Physico-chemical aspects of textile coloration. John Wiley
& Sons. 2016.

5. Alonso C, Marti M, Barba C, Lis M, Rubio L, Coderch L, et al. Skin
penetration and antioxidant effect of cosmeto-textiles with gallic acid. ]

Photochem Photobiol B. 2016;156:50-55 (2016).

6. Loftsson T, Saokham P, Couto AR. Selfassociation of cyclodextrins and
cyclodextrin complexes in aqueous solutions. Int ] Pharm. 2019;560:228-
234.

7. Kim JR, Michielsen S. Photodynamic activity of nanostructured fabrics
grafted with xanthene and thiazine dyes against opportunistic fungi. J

Photochem Photobiol B. 2015;150:50-59.
8. Specos MM, Garcia J], Tornesello ], Marino P, Vecchia MD, Tesoriero MD,

et al. Microencapsulated citronella oil for mosquito repellent finishing of

cotton textiles. Trop Med Rep. 2010;104(10):653-658.

9. Auzizi N, Ben Abdelkader M, Chevalier Y, Majdoub M. New B-cyclodextrin-
based microcapsules for textiles uses. Fibers Polym. 2019;20:683-689.

10. LiuJH, Xu HC, Shen L, Chen RY, Yu ZC. Synthesis of monochlorotriazinyl-
B-cyclodextrin as a novel textile auxiliary. Adv Mater Res. 2012;441:431-
435,

11. Mendes S, Catarino A, Zille A, Fernandes N, Bezerra FM. Vehiculation
of methyl salicylate from microcapsules supported on textile matrix.

Materials. 2021;14(5):1087.

12. BaptistaSilva S, Borges S, Brassesco ME, Coscueta ER, Oliveira AL,
Pintado M, et al. Research, development and future trends for medical

textile products. Nat Resour J. 2022;795-828.
13. Bezerra FM, Lis M, Carmona OG, Carmona CG, Moisés MP, Zanin

GM, et al. Assessment of the delivery of citronella oil from microcapsules

supported on wool fabrics. Powder technol. 2019;343:775-782.
14. Attia NF, Moussa M, Sheta AM, Taha R, Gamal H. Synthesis of effective

Biochem Anal Biochem, Vol.13 Iss.1 No:1000536

15.

16.

17.

18.

19.
20.

21.

22

23.

24.

25.

26.

217.

28.

29.
30.

31

32.

33.

34.

35.

OPEN aACCESS Freely available online

multifunctional textile based on silica nanoparticles. Prog Org Coat.

2017;106:41-49.
Wyszogrodzka G, Marszatek B, Gil B, Dorozynski P. Metal-organic

frameworks: Mechanisms of antibacterial action and potential applications.

Drug Discov Today. 2016;21(6):1009-1018.

Lis MJ, Caruzi BB, Gil GA, Samulewski RB, Bail A, Scacchetti FA, et al.
Insitu direct synthesis of HKUST-1 in wool fabric for the improvement of
antibacterial properties. Polymers. 2019;11(4):713.

Rubio L, Alonso C, Coderch L, Parra JL, Marti M, Cebridn ], et al.
Skin delivery of caffeine contained in biofunctional textiles. Text Res J.

2010;80(12):1214-21.

Bezerra FM, Lis MJ, Firmino HB, Dias da Silva JG, Curto Valle RD,
Borges Valle JA, et al. The role of Bcyclodextrin in the textile industry.
Molecules. 2020;25(16):3624.

Crini G. A history of cyclodextrins. Chem Rev. 2014;114(21):10940-10975.

Bilensoy E. Cyclodextrins in pharmaceutics, cosmetics, and biomedicine:
Current and future industrial applications. John Wiley & Sons. 2011.

Bhaskara-Amrit UR, Agrawal PB, Warmoeskerken MM. Applications of
b-cyclodextrins in textiles. Autex Res J. 2011;11(4):94-101.

. Crupi V, Guardo M, Majolino D, Stancanelli R, Venuti V. UVVis and

FTIR-ATR spectroscopic techniques to study the inclusion complex of 4’,
5, T-trihydroxyisoflavone. ] Pharm Biomed Anal.2007;44(1):110-117.

Grigoriu AM, Luca C, Grigoriu A. Cyclodextrins applications in the
textile industry. Cell chem technol.2007;(42):103-112.

Singh N, Yadav M, Khanna S, Sahu O. Sustainable fragrance cum
antimicrobial finishing on cotton: Indigenous essential oil. Sustain Chem.

2017;5:22-29.

Takahashi K. Organic reactions mediated by cyclodextrins. Chem Rev.
1998 ;98(5):2013-2034.

Campos CA, Lima BS, Trindade GG, Souza EP, Mota DS, Heimfarth
L, et al. Anti-hyperalgesic and anti-inflammatory effects of citral with
Bcyclodextrin and hydroxypropyl--cyclodextrin inclusion complexes in
animal models. Life sciences. 2019;229:139-148.

Abdel-Halim ES, Abdel-Mohdy FA, Fouda MM, ElSawy SM, Hamdy
IA, AlDeyab SS, et al. Antimicrobial activity of monochlorotriazinylf}-
cyclodextrin/chlorohexidin diacetate finished cotton fabrics. Carbohydr
Polym. 2011;86(3):1389-1394.

Calvalcante PM, da Silva RL, de Freitas JJ, de Freitas JC, de Freitas Filho
JR. Proposal for the preparation and characterization of esters: An organic
analysis experiment at undergraduate level. Chem Educ. 2015;26(4):319-
329.

Solomons TWG, FRYHLE CB. Organic chemistry. 2009.

Zhao C, Wang C, Chen K, Yin Y. Improvement of inkjet printing
performances using B-cyclodextrin forming inclusion complex on cotton

fabric. Fibers Polym. 2017;18:619-624.
Lis M]J, Garcia CO, Garcia CC, Maestd BF. Inclusion complexes of

citronella oil with B-cyclodextrin for controlled release in biofunctional

textiles. Polymers. 2018;10(12):1324.

Lis MJ, Carmona OG, Carmona CG, Bezerra FM. Biofunctional textiles
with inclusion complexes of citronella oil with B-Cyclodextrin. 2023

Pinho E, Grootveld M, Soares G, Henriques M. Cyclodextrins as
encapsulation agents for plant bioactive compounds. Carbohydr Polym.

2014;101:121-135.

San Keskin NO, Celebioglu A, Sarioglu OF, Uyar T, Tekinay T.
Encapsulation of living bacteria in electrospun cyclodextrin ultrathin
fibers for bioremediation of heavy metals and reactive dye from wastewater.

Colloids Surf B Biointerfaces. 2018;161:169-176.
de Freitas CF, Calori IR, da Silva AC, de Castro LV, Sato F, Pellosi DS,

et al. PEG-coated vesicles from Pluronic/lipid mixtures for the carrying
of photoactive erythrosine derivatives. Colloids Surf B Biointerfaces.

2019;175:530-544.


https://www.sciencedirect.com/science/article/abs/pii/S0300944016306208
https://www.sciencedirect.com/science/article/pii/S1359644616301143
https://www.sciencedirect.com/science/article/pii/S1359644616301143
https://www.mdpi.com/2073-4360/11/4/713
https://www.mdpi.com/2073-4360/11/4/713
https://journals.sagepub.com/doi/abs/10.1177/0040517509358798
https://www.mdpi.com/1420-3049/25/16/3624
https://pubs.acs.org/doi/full/10.1021/cr500081p
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470926819
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470926819
https://www.degruyter.com/document/doi/10.1515/aut-2011-110401/html
https://www.degruyter.com/document/doi/10.1515/aut-2011-110401/html
https://www.sciencedirect.com/science/article/pii/S0731708507001227
https://www.sciencedirect.com/science/article/pii/S0731708507001227
https://www.sciencedirect.com/science/article/pii/S0731708507001227
https://www.sciencedirect.com/science/article/abs/pii/S2352554116300523
https://www.sciencedirect.com/science/article/abs/pii/S2352554116300523
https://pubmed.ncbi.nlm.nih.gov/11848957/
https://www.sciencedirect.com/science/article/abs/pii/S0024320519303728
https://www.sciencedirect.com/science/article/abs/pii/S0024320519303728
https://www.sciencedirect.com/science/article/abs/pii/S0024320519303728
https://www.sciencedirect.com/science/article/pii/S0144861711005091
https://www.sciencedirect.com/science/article/pii/S0144861711005091
https://www.scielo.org.mx/scielo.php?pid=S0187-893X2015000400319&script=sci_arttext&tlng=pt
https://www.scielo.org.mx/scielo.php?pid=S0187-893X2015000400319&script=sci_arttext&tlng=pt
https://link.springer.com/article/10.1007/s12221-017-5842-7
https://link.springer.com/article/10.1007/s12221-017-5842-7
https://link.springer.com/article/10.1007/s12221-017-5842-7
https://www.mdpi.com/2073-4360/10/12/1324
https://www.mdpi.com/2073-4360/10/12/1324
https://www.mdpi.com/2073-4360/10/12/1324
http://publish.sub7journal.com/id/eprint/1076/
http://publish.sub7journal.com/id/eprint/1076/
https://www.sciencedirect.com/science/article/pii/S014486171300862X
https://www.sciencedirect.com/science/article/pii/S014486171300862X
https://www.sciencedirect.com/science/article/abs/pii/S0927776517306975
https://www.sciencedirect.com/science/article/abs/pii/S0927776517306975
https://www.sciencedirect.com/science/article/pii/S0927776518309123
https://www.sciencedirect.com/science/article/pii/S0927776518309123
https://www.researchgate.net/publication/279612071_Chemical_structure_and_properties_of_cotton
https://www.researchgate.net/publication/279612071_Chemical_structure_and_properties_of_cotton
https://www.wiley.com/en-in/Physico+chemical+Aspects+of+Textile+Coloration-p-9781118725696
https://www.sciencedirect.com/science/article/abs/pii/S1011134415301068
https://www.sciencedirect.com/science/article/abs/pii/S1011134415301068
https://www.sciencedirect.com/science/article/abs/pii/S0378517319301279
https://www.sciencedirect.com/science/article/abs/pii/S0378517319301279
https://www.sciencedirect.com/science/article/abs/pii/S1011134415001426
https://www.sciencedirect.com/science/article/abs/pii/S1011134415001426
https://academic.oup.com/trstmh/article-abstract/104/10/653/1906267
https://academic.oup.com/trstmh/article-abstract/104/10/653/1906267
https://link.springer.com/article/10.1007/s12221-019-7289-5
https://link.springer.com/article/10.1007/s12221-019-7289-5
https://www.scientific.net/AMR.441.431
https://www.scientific.net/AMR.441.431
https://www.mdpi.com/1996-1944/14/5/1087
https://www.mdpi.com/1996-1944/14/5/1087
https://www.sciencedirect.com/science/article/abs/pii/B9780323904797000099
https://www.sciencedirect.com/science/article/abs/pii/B9780323904797000099
https://www.sciencedirect.com/science/article/abs/pii/S0032591018309057
https://www.sciencedirect.com/science/article/abs/pii/S0032591018309057
https://www.sciencedirect.com/science/article/abs/pii/S0300944016306208

