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Abstract

:

Essential oils (EOS), which naturally come from plants, have significant antibacterial properties against a variety of pathogens, but their high volatility and poor water solubility severely restrict their use in the textile industry. In this study, an inclusion complex based on β-cyclodextrin (β-CD)/EOS was prepared by two different simple methods: pad dry cure (method 1) and pad batch (method 2). A glyoxal crosslinking agent was used for the fixation of the inclusion complexes on the surface of the fabric. Lavender, rosemary, salvia, and lemon essential oils were applied. The structure of the β-CD/EOs inclusion complex was investigated using scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and weight gain (%), which indicated that the β-CD/EOs were successfully deposited on cellulose-based fabric. The results demonstrated that β-CD enhanced the oils’ scent stability, with the advantage of exhibiting no major change in the tensile strength or permeability of cotton. Lavender oil had the highest stability scent with a value of 3.25, even after 30 days of evaluation. The antibacterial activity showed that EOS/βCD-impregnated fabrics for method 1 had an inhibition zone ranging from 33 to 23 mm, while the inhibition zone for method 2 ranged from 39 mm to 29 mm, indicating that our treatment was able to control the growth of bacteria, even after five washing cycles. This study confirmed that the EOs/βCD inclusion-complex-deposited cotton fabric might hold further promise for medical and hospital use.
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1. Introduction


Oils extracted from aromatic plants are called essential oils, and they contain volatile compounds with various biological effects. They have an essential role in the textile industry and are a key representative of natural antibacterial agents. Additionally, they are used in the manufacturing of high-value-added products such as cosmetic textiles; and medical textiles that are biocompatible, ecologically friendly, and nontoxic, and that feature antibacterial, anticancer, antioxidant, and aroma therapeutic characteristics [1,2,3,4]. However, due to their instability, ease of decomposition, and volatilization [5], EOS have only a limited extent of potential use in textiles. These oils are complicated mixtures of more than 300 different compounds [6]. They are partially in the vapor state because their vapor pressure is high enough at atmospheric pressure and room temperature [7]. These volatile compounds correspond to a variety of chemical groups, including alcohols, ethers, aldehydes, ketones, phenols, heterocycles, and, in particular, terpenes. Alcohols, aldehydes, and ketones offer an extensive array of aromatic compounds [8].



The variation in chemical compounds and their percentage in the essential oil from natural sources depend on geographical distribution, as well as environmental conditions such as temperature [9]. Lavender essential oil contains several antimicrobial compounds. The main active ingredients are monoterpenes (linalool, linalyl acetate, lavandulol, geraniol, bornyl acetate, borneol, terpineol, and eucalyptol or lavandulyl acetate). High and almost equal contents of linalool and linalyl acetate (a ratio above one) are required for good antimicrobial properties of lavender essential oil [10]. The polyphenolic profile of rosemary is characterized by the presence of carnosic acid, carnosol, rosmarinic acid, and hesperidin, as major components [11]. The main compounds of Salvia officinalis essential oil were reported as follows: α-thujone, (E)-β-caryophyllene, 1,8-cineole, α-humulene, β-pinene, thujone, camphor, allo-aromadendrene, borneol, and α-pinene [12]. Twenty-one components were identified in lemon oil, and the dominant compounds were citral, limonene and β-pinene [13].



Microencapsulation technology can overcome this problem by preserving essential oils from the external environment, improving their stability and providing a stable platform for the further development and use of essential oils [14]. It describes the process of encasing the target substance, which may be a gas, a liquid droplet, or a solid particle, in small containers with core–shell structures that range in size from several hundred to thousands of microns in diameter [15]. Cyclodextrins (CDs) are the cyclic oligosaccharides made when bacteria such as Bacillus macerans break down starch. The most notable characteristic of the CDs is their capacity to molecularly bind with chemicals to create solid inclusion complexes (host–guest complexes). The complex between the host and the guest is created when the guest molecule fits into the host’s cavity. During the formation of the inclusion complex, no covalent bonds are broken or made, and hydrophobic interactions may be the main force behind CD-based host–guest complexes [16]. As is clear from the information provided above, the cyclodextrin molecule can be incorporated into other active compounds, such as fragrances, medications, fungicides, or bactericidal agents, in a way that results in inclusion complexes. Complexing agents are slowly released from cyclodextrin cavities [17,18,19]. Due to their chemical composition and ability to form inclusion complexes with molecules of various active substances, cyclodextrins play an essential role in the field of medical textiles. Because nontoxicity and antimicrobial efficacy are necessary, many chemicals are incorporated into cyclodextrin cavities and then coated to the fabric surface. Cyclodextrins are frequently employed to develop a complex with EOs that have therapeutic effects and low environmental impact. Spraying, printing, padding, grafting, surface coating, impregnation, inkjet printing, and sol-gel can be used to insert β-CD into textiles [20]. The potential for permanent crosslinking between inclusion complexes of β-cyclodextrins and cellulose substrate, which develops interactions between the reactive group of β-CD and hydroxyl groups of cellulose, has been previously reported [21,22,23,24,25,26].



To the best of our knowledge, all literature points to the use of modified cyclodextrins for permeant fixation on substrate materials, but little work has been performed on the preparation of crosslinking material for the fixation of cyclodextrin inclusion complexes on the surface of cotton fabric. With this in mind, this work examined the feasibility of combining beta cyclodextrin (β-CD) and essential oils (EOs) to create inclusion complexes aimed at promoting highly durable antibacterial activity. Four different essential oils, namely lavender, rosemary, salvia, and lemon, were applied using two simple methods. The feasibility of binding the prepared complexes for the cellulosic textile, with the aid of glyoxal as the crosslinking agent, was studied. Two different methods were applied for the impregnation of the inclusion complex using pad–dry–cure (method 1) and pad–batch (method 2). The mechanical properties as well as the scent analysis of treated samples were also investigated, which were found to be extremely efficient for the biomedical field.




2. Experimental Section


2.1. Materials


Bleached plain-woven 100% cotton fabric (138 g/m2) was supplied by Misr Company for spinning and weaving (Mehalla El-Kobra, Egypt).




2.2. Chemicals


Lavender, rosemary, salvia, and lemon essential oils were purchased from Sigma Aldrich (St. Louis, MI, USA). β-CD was purchased from Junsei Chemical Ltd, (Tokyo, Japan). Glyoxal, magnesium chloride, and Tween 80 (polyoxyethylene sorbitan monooleate) were supplied by Sigma-Aldrich.




2.3. Preparation of Fabrics-Coated β-CD/Eos Inclusion Complex


2.3.1. Method (1) (Pad-Dry–Cure)


The preparation of the β-CD/Eos inclusion complex was carried out by mixing 8% β-CD (previously soluble in water at 60 °C for 30 min) and 5 mL of different essential oils (previously stirred with 10 mL Tween 80 emulsifier for 24 h). Then, the mixture was sonicated (Sonics VCX500, 500 W, 20 kHz, Newtown, CT, USA) for 10 min, with a 40% amplitude to obtain the inclusion complex. We prepared, mixed, and stirred 4% crosslinking agent glyoxal and 4% MgCl2 catalyst solutions for 10 min, then added to the previous inclusion complex. Finally, samples were immersed in the β-CD/EOs inclusion complex for 10 min, then pad-dried at 80 °C for 5 min and, finally, cured at 130 °C for 3 min (Scheme 1).




2.3.2. Method (2) (Pad-Batch)


A total of 8% β-CD (previously soluble in water at 60 °C for 30 min) was mixed with 2% of different essential oils (previously stirred with 10 mL of Tween 80 emulsifier for 24 h) to form the β-CD/EOs inclusion complex. Cotton fabrics were immersed for 10 min in 4% crosslinking agent glyoxal and 4% MgCl2 catalyst solutions, which were prepared, mixed, and stirred for 10 min. The fabrics were then immersed in the different β-CD/EOs inclusion complexes. The solutions were placed in a water bath at 60 °C for two hours, then fabrics were kept in plastic bags overnight. Finally, a drying process at 60 °C was performed (Scheme 2).






3. Characterization


3.1. Fourier Transform Infrared Spectroscopy (FTIR)


An FTIR instrument (JASCO, Model IR 4700, Tokyo, Japan) was used, which scanned from 4000 to 400 cm−1 in ATR mode using KBr as the supporting material.




3.2. Scanning Electron Microscopy (SEM)/EDX Analysis and Visual Color


Samples for SEM/EDX were taken using an FEI INSPECTS Company, Philips, Eindhoven, Holland through environmental scanning without coating. An elemental analysis of the particles was implemented by an SEM equipped with an energy-dispersive spectroscope (EDX), to rapidly quantitatively and qualitatively analyzed the elemental composition.




3.3. Antibacterial Analysis


The antibacterial activity of the treated samples against Staphylococcus aureus, Bacillus subtilis (G+ve), Escherichia coli, and Pseudomonas aeruginosa (G−ve) bacteria were determined using an agar plate. The diameter of the inhibition zone was determined according to the AATCC test method 100–199.




3.4. Weight Gain


The weight gain (%) loading was calculated as follows:


  Wight   gain    ( % )  =    W 2  −  W 1     W 1    × 100  



(1)




where W1 and W2 are the weights of the samples before and after treatment, respectively.




3.5. Durability Test


The treated samples were examined for five laundering cycles, in accordance with the ASTM standard test method (D 737-109 96), to measure the washing resistance of the antibacterial application




3.6. Scent Intensity


Four judges in good health were chosen for this evaluation. Every five days throughout the duration of six weeks, the judges smelled the samples. After each wash, the aroma intensity of the specimen was recorded. The rating scale utilized was an ordinal scale, with 5 representing a very strong aroma and 0 representing a loss of scent.




3.7. Air Permeability


An essential characteristic of the textile materials used to determine the breathability of coated fabrics is their air permeability. A model for testing air permeability was used to test it (MO21A). In this test, a circle sample of the fabric was attached to the inside of the tester, and the fabric’s air permeability was assessed by passing high air pressure through it and measuring the rate of air flow.




3.8. Tensile Strength


Using the ASTM test method D-1682-94 (1994), the tensile strength of the fabric was measured.




3.9. Statistical Analysis


The results are expressed as the mean value and standard deviation (mean SD) of each repeated sample (n = 3).





4. Results and Discussion


4.1. FTIR Analysis


The existence of functional groups on the surface of the fabrics with the inclusion complex β-cyclodextrin (β-CD)/essential oils (β-CD-EOS) was identified by the FTIR spectra in the range from 400 to 4000 cm−1 (Figure 1). Figure 1 demonstrates the FTIR spectra for the two methods under study compared with that of the blank cotton substrate. According to methods 1 and 2, the spectrum revealed both an increase and a drop in the vibrational intensity of the existing peaks. On the spectral bands of the cotton sample treated with the inclusion complex of β-CD-EOS, differences could be observed. It showed that cotton treated with β-CD-EOS inclusion complexes had an additional peak at 1749 cm−1 for method 1 and a peak at 1734 cm−1 for method 2, which was not apparent in untreated fabric. The presence of a strong carbonyl group C=O confirmed the β-CD-EOS inclusion complexes deposited on the surface of the fabric [27]. A number of shifts in the treated samples’ spectral peaks were noticed in the range of 1451 to 700 cm−1 for method 1 and spectral peaks in the range of 1457 to 710 cm−1 for method 2, depending on the type of EOS used and conditions of treatments. Furthermore, the peaks at 1451 and 1457 cm−1 for methods 1 and 2 could be attributed to the C=C elongation vibrations of essential oil oleophilic groups [28]. As previously mentioned, inclusion complexes are created by interactions between the guest and host molecules. In addition, they are involved in hydrogen bonds, Van der Waals forces, interactions involving hydrophobicity, and the release of high-energy water molecules from CD cavities [29]. The hydrophobic group with less polarity enters the cavity of cyclodextrin, while the hydroxyl group from the essential oil remains outside. The hydroxyl group outside of the cyclodextrin created an intermolecular hydrogen bond with −OH, and this structure can increase the stability of the entire inclusion complex system (Scheme 3, step 1) [30]. The formed inclusion complexes can form a stable chemical bond with the crosslinked cotton fabric via ether linkage formed between the glyoxal and the hydroxyl group of the cotton cellulose (Scheme 3 steps 2 and 3) [31]. It was noticeable that an ether bond disappeared in the FTIR spectra for both methods 1 and 2. By considering the low concentration of glyoxal solution (4%) and the cross-linking mechanism, the induced formation of C-O bonds in the thin interphase between elementary fibers would be negligible compared with the ether functions that are already present in the ß-1,4 D-glucose units of cellulose. The functional groups generated by the reaction simply overlap those in the intrinsic structure of the cotton fibers [32]. The strong intensity of the peaks in method 2 (pad-batch) rather than in method 1 (pad-dry–cure) is also notable from Figure 1. This could have been responsible for the batch process enhancing interaction between the β-CD-EOS inclusion complexes and the cellulose fiber [33].




4.2. SEM Analysis


Figure 2 depicts the SEM morphology of the blank cotton cellulose (CE) and cotton textiles impregnated with β-CD-EOS inclusion complexes using methods 1 (a, d, c, d) and 2 (e, f, g, h). Figure 2 CE indicates that the surface appearance of the blank cotton fabric was smooth and flat with small twists [34,35]. The surface of the cotton fabric coated with the β-CD-EOS inclusion complexes had small particles scattered over it (a, d, c and d) for method 1. However, the surface of the fabric had a significant number of particles accumulated and aggregated on the surface of the samples (e, f, g, and h) for method 2. The inclusion complexes deposited to the fabric covered its surface, allowing the finished layer to form. This revealed that both methods 1 and 2 were effective for applying inclusion complexes to cotton fabrics.




4.3. Antibacterial Activity


The antibacterial activity of the fabrics treated with various β-CD-EOS inclusion complexes were carried out against two types of Gram-positive (S. aureus and B. subtilis) and two types of Gram-negative (E. coli and P. aeruginosa) strains. Table 1 illustrates the antibacterial activity for treated fabrics via method 1 and method 2.



The results of Table 1 were summarized and revealed that:




	
All cotton fabric treated by either method 1 or method 2 exhibited high antibacterial activities.



	
The cotton samples treated by pad batch (method 2) showed higher antibacterial properties. This may have been due to the effect of the high temperature used in pad-dry-cure (method 1) on the encapsulation process, and the rapid release of EOs from the fabric, consequently reducing its bioactivity to some extent. This is in agreement with the results obtained in a previous study [36].



	
The antibacterial activities of the treated samples varied according to the nature of EOs. They followed the order: β-CD/Lavender ˃ β-CD/Rosemary~β-CD/Lemon ˃ β-CD/Salvia.



	
The bioactive constituents of EOS, such as terpenes and their oxygenated derivatives, are responsible for their biological properties.



	
The mechanism of their activity could be attributed to their hydrophobic nature, which enables them to interact with the lipids found in the cell membranes of bacteria. This increases susceptibility by disrupting cell structures as they bind to the cell’s surface and subsequently penetrate the cell membrane’s phospholipid bilayer. Their accumulation affects the cell membrane’s structural stability, which can have a severe effect on cell metabolism and cause cell death. This finally leads to the death of the bacteria cell due to the significant leaking of its essential components and ions [37].








In addition, the biological and chemical activities of the essential oils depended on the chemical compounds present in the isolated essential oils (Figure 3). The inhibitory effect of rosemary was the result of the action of rosmarinic acid, rosmaridiphenol, carnosol, epirosmanol, carnosic acid, rosmanol, and isorosmanol [11]. High and almost equal contents of linalool and linalyl acetate (a ratio above one) were required for good antimicrobial properties of lavender essential oil [10]. They interacted with the cell membrane, causing changes in genetic material and nutrients, altering the transport of electrons, leakage of cellular components, and production changes in fatty acid. In addition, they produced an interaction with the membrane of proteins that produced the loss of membrane functionality and its structure. Moreover, the antimicrobial activity of the essential oils of C. limon are apparently related to its terpene’s type components, such as pinene, myrcene, and limonene [13]. Also the antibacterial action of salvia essential oils is related to its components, such as cineole, α-thujone and camphor [12].



Finally, the inhibitory activity of an essential oil is known to result from a complex interaction between its different constituents, which may produce additive, synergistic, or antagonistic effects, even for those present at low concentrations.



The results also demonstrated that Gram-positive bacteria were more resistant to EOs [38]. The outer membrane of Gram-negative bacteria is rigid, rich in lipopolysaccharide (LPS), and more complex, limiting the diffusion of hydrophobic compounds through it, while the outer membrane of Gram-positive bacteria is surrounded by a peptidoglycan wall that is not dense enough to resist small antimicrobial substances, allowing for easier access to the cell membrane [37]. Furthermore, the lipophilic ends of lipoteichoic acid prevalent in Gram-positive bacteria cell membranes may assist the entry of hydrophobic EO components [39].



Table 1 shows the resistance to washing cycles. Increasing the number of washing cycles to five clearly resulted in a minor decline in the antibacterial activities of the treated samples. This may have been due to the influence of the crosslinkers utilized (glyoxal) [40,41]. As a result, washing durability was improved.




4.4. Scent Intensity


For this evaluation, four healthy judges were chosen in accordance with the human subject guidelines of Eastern Michigan University. The judges smelled the samples every 5 days for a total of 30 days. The intensity of the specimen’s smell was measured after each wash [42]. Table 2 shows the scent intensity of cotton fabric treated with β-CD-EOS. The rating system utilized was ordinal, with zero denoting no scent and five denoting a very strong aroma [43]. The samples were washed six times at 50 °C with tide commercial detergent, and air-dried at ambient conditions. The scent strength was quite similarly assessed by the judges for all samples. The presence of β-CD influenced the fragrance released from the fabric. In general, cotton fabric provided more rating points for all scents, especially for fabrics treated with method 2. This occurrence was due to a greater weight gain of the β-CD on the cotton fabric, which helped it to absorb extra essential oil aromas. The fabrics were rated for the first time the day after the aromas were applied, and the final rating was assigned after 30 days and six washes. As indicated, a general trend of declining ratings was noticed over time for all the treated fabric with aromas. The rating results demonstrated no significant difference in the intensity of the scents produced by the various types of oils utilized. The scents’ presence substantially reduced after 30 days and six washes, but they did not completely disappear. Generally, cotton fabrics treated by method 2 had higher scent intensity than fabric treated by method 1. The order of scent intensity of oils used was as follows: β-CD/Lavender ˃ β-CD/Lemon ˃ β-CD/Rosemary ˃ β-CD/Salvia.




4.5. Weight Gain, Tensile Strength, and Air Permeability Measurements


The mechanical characteristics of cotton fabric impregnated with β-CD/EOs are shown in Table 3, together with the percentage of values for weight gain measurements. The weight gain reflected the amount of chemicals that were coated on the fabric during treatment. The results showed that the weight gain values for the β-CD/EOS-treated fabric by method 1 were between 8.65% and 10.55%, whereas the treatment of fabrics with method 2 caused an increase in the weight gain ranging between 9.01% and 11.58%.



In addition, Table 3 shows slight increases in the tensile strength values of the finished fabrics treated with the pad-dry-cure process (method 1). It was also observed that there was a slight decrease in tensile strength when the fabric samples were treated with the pad-batch method (method 2). The ether bond between the cotton hydroxyl groups and β-CD/EOS, which reduced the restriction on the segmental movement of cellulose chains and protected the fiber from being very tender, was responsible for the improvement in strength [44]. Conversely, the slight decrease in strength was due to various changes and crosslinking agents, leading to weakened cellulose chains.



Table 3 illustrates the air permeability of the treated fabric. It is regarded as a significant factor in the treated textiles’ breathability. Along with the data shown in the table, it is evident that the treated fabrics had slightly lower air permeability values. This may have been related to the different treatments of coating covering open interstices [45]. Furthermore, the swelling of hydrophilic cotton could have altered the fabric’s porosity and thickness, causing a reduction in the treated fabrics’ air permeability [46].





5. Conclusions


Essential oils are compounds of great importance. In this study, we considered the inclusion complexes between four different essential oils and β-CD, aiming to increase the wash resistance of antibacterial cotton fabric. Two different successful treatments of the cotton fabric were developed for enhancing the inclusion complexes’ bonding.



The results indicate that the pad-batch method (2) was more efficient than the pad-dry-cure method (1). For scent intensity, the order of oils used was as follows: β-CD/Lavender ˃ β-CD/Lemon ˃ β-CD/Rosemary ˃ β-CD/Salvia. Moreover, all treated samples had higher durable antibacterial efficiency for Gram-positive than Gram-negative bacteria, and varied according to the nature of the EOs. It followed the order: β-CD/Lavender ˃ β-CD/Rosemary~β-CD/Lemon ˃ β-CD/Salvia. The mechanical properties of the treated samples were slightly affected. The outcome of this study is an innovation that may be used to develop customized aroma fabrics and provide new insight into both finishing textiles with fragrances and medical research.
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Scheme 1. Method 1 (pad-dry- cure). 
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Scheme 2. Method (2): pad-batch. 
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Figure 1. FTIR spectrum of treated cotton fabrics with inclusion complex β-CD-EOS via methods 1 and 2. 
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Scheme 3. Steps of schematic mechanism for coated cotton fabric with inclusion complexes. 
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Figure 2. SEM images of blank cotton cellulose and β-CD-EOS treated samples. 
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Figure 3. Structures of the main compounds of essential oils. 
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Table 1. Antibacterial activity and durability properties for different fabrics’ treatments against different bacterial species.
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Treatment of Fabric

	
Inhibition Zone (mm/1 cm Sample)




	
G+

	
G−




	
Bacillus subtilis

	
Staphylococcus aureus

	
Escherichia coli

	
Pseudomonas aeruginosa






	
No. of washing cycles

	
1

	
5

	
1

	
5

	
1

	
5

	
1

	
5




	
Untreated cotton fabric

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Method (1)

	
β-CD/Lavender

	
33 ± 0.57

	
24 ± 0.28

	
31 ± 0.28

	
24 ± 0.57

	
32 ± 0.28

	
29 ± 0.28

	
31 ± 0.52

	
26 ± 0.57




	
β-CD/Rosemary

	
29 ± 0.57

	
23 ± 0.57

	
28 ± 0.57

	
21 ± 0.57

	
32 ± 0.52

	
28 ± 0.28

	
30 ± 0.57

	
24 ± 0.57




	
β-CD/Salvia

	
26 ± 0.57

	
20 ± 0.28

	
25 ± 0.57

	
19 ± 0.28

	
30 ± 0.57

	
24 ± 0.23

	
28 ± 0.25

	
22 ± 0.57




	
β-CD/Lemon

	
30 ± 0.28

	
21 ± 0.75

	
30 ± 0.28

	
20 ± 0.5

	
31 ± 0.28

	
27 ± 0.2

	
29 ± 0.25

	
23 ± 0.25




	
Method (2)

	
β-CD/Lavender

	
39 ± 0.20

	
30 ± 0.28

	
34 ± 0.76

	
26 ± 0.25

	
35 ± 0.28

	
30 ± 0.25

	
33 ± 0.20

	
29 ± 0.20




	
β-CD/Rosemary

	
36 ± 0.57

	
28 ± 0.28

	
32 ± 0.50

	
24 ± 0.28

	
33 ± 0.28

	
30 ± 0.28

	
30 ± 0.57

	
25 ± 0.20




	
β-CD/Salvia

	
29 ± 0.25

	
22 ± 0.57

	
28 ± 0.28

	
20 ± 0.17

	
30 ± 0.28

	
27 ± 0.51

	
28 ± 0.52

	
23 ± 0.51




	
β-CD/Lemon

	
32 ± 0.57

	
23 ± 0.75

	
31 ± 0.76

	
22 ± 0.17

	
32 ± 0.57

	
25 ± 0.20

	
31 ± 0.76

	
24 ± 0.57
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Table 2. Scent intensity of treated cotton fabrics with inclusion complex β-CD-EOs via methods 1 and 2 rating by judges.
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Method

	
Evaluation Day

	
β-CD/Lavender

	
β-CD/Rosemary

	
β-CD/Salvia

	
β-CD/Lemon






	
Method

(1)

	
1

	
4.75

	
4.50

	
4.25

	
3.75




	
5

	
4.50

	
4.50

	
4.25

	
3.50




	
10

	
4.25

	
4.00

	
4.00

	
3.25




	
15

	
4.00

	
3.75

	
3.75

	
3.25




	
20

	
3.50

	
3.50

	
3.25

	
3.00




	
25

	
3.25

	
3.00

	
3.00

	
2.75




	
30

	
3.00

	
2.25

	
2.00

	
2.75




	
Method

(2)

	
1

	
5.00

	
4.75

	
5.00

	
5.00




	
5

	
5.00

	
4.50

	
4.75

	
4.75




	
10

	
4.50

	
4.25

	
4.50

	
4.75




	
15

	
4.50

	
3.75

	
3.75

	
4.25




	
20

	
4.00

	
3.50

	
3.25

	
3.75




	
25

	
3.50

	
3.00

	
3.00

	
3.50




	
30

	
3.25

	
2.50

	
2.25

	
3.00
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Table 3. Weight gain, tensile strength, and air permeability measurements of cotton fabric treated with inclusion complexes via methods 1 and 2.
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Treatment of Fabric

	
Weight Gain

(%)

	
Tensile Strength

(kg f)

	
Air Permeability

(cm3/cm2/s)






	
Untreated cotton fabric (CE)

	
0

	
56 ± 0.66

	
28.56




	
Method (1)

	
β-CD/Lavender

	
10.55 ± 0.1

	
56 ± 0.76

	
25.24




	
β-CD/Rosemary

	
9.55 ± 0.06

	
57 ± 1.50

	
26.22




	
β-CD/Salvia

	
8.65 ± 0.05

	
58 ± 0.36

	
23.23




	
β-CD/Lemon

	
9.65 ± 0.4

	
56 ± 0.55

	
27.48




	
Method (2)

	
β-CD/Lavender

	
11.58 ± 0.5

	
55 ± 0.05

	
26.76




	
β-CD/Rosemary

	
10.02 ± 0.04

	
55 ± 0.21

	
26.18




	
β-CD/Salvia

	
9.01 ± 0.02

	
54 ± 0.87

	
24.21




	
β-CD/Lemon

	
9.32 ± 0.23

	
53 ± 0.68

	
27.18
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