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Abstract: In the current state of environmental awareness, new quality criteria stress not only the intrinsic usefulness
and lifespan of the product, but also an environmental friendly manufacturing method. As a result, global interest is being
generated in research on eco-friendly antimicrobial compounds based on natural materials such as Avera for textile
applications. This research presents a detailed evaluation of the activity of antimicrobial characteristics of aloe vera on
cotton and silk fabric, as well as its physical and chemical effect, whiteness index, and fabric zone of inhibition. The
mechanism of antibacterial activity of several kinds of active components identified in natural product extracts has been
addressed. The key constraints and future prospects of Avera for textile applications have also been thoroughly examined.
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l. INTRODUCTION

Last year, research was undertaken on emerging new technologies to provide better antibacterial activity in textiles by
employing various synthetic antimicrobial agents such as triclosan, metals and their salts, organometallics, phenols, and
quaternary ammonium compounds ( Windler et al 03) Although synthetic antimicrobial compounds are particularly
efficient against a wide range of bacteria and have a long lasting impact on textiles, they are a source of concern due to
the related side effects and environmental issues such as water pollution.

As a result, there is a need and demand for antimicrobial textiles based on environmentally friendly agents such as aloe
vera, which not only serve to reduce the negative effects of microbial development on textile materials but also meet
with the legislative standards set by regulatory bodies. There are several natural solutions with active antimicrobial
components available, with plant-based treatments covering a wide range of applications (Joshi et al 2009).

]
I

OH

OH

Figl. Chemical structure of tannin

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 105


https://iarjset.com/
Asadullah2015@gmail.com1
Shah.naouaz@gmail.com2

IARJSET ISSN (0) 2393-8021, ISSN (P) 2394-1588

F@g International Advanced Research Journal in Science, Engineering and Technology
s ISO 3297:2007 Certified 32 Impact Factor 7.105 3¢ Vol. 9, Issue 9, September 2022
DOI: 10.17148/IARJSET.2022.9918

antimicrobial coatings derived from natural sources are now popular, and they encourage a natural and eco-friendly
lifestyle. Recent investigations on the action of Aloe Vera Burm.f.

(naturally occurring biopolymer) have opened up new paths in this field of study, and researchers are attempting to stay
up by generating more and more effective solutions against microbios.

Microorganisms may grow swiftly when fundamental requirements are satisfied and can be found practically anywhere
in the environment.
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Fig2. Components in Aloevera gel responsible for antimicrobial activity

Because of their high hydrophobicity, synthetic fibers are more resistant to microbial assaults than natural fibers. Under
certain situations, proteins in keratinous fibers and carbohydrates in cotton can serve as nutrition and energy sources.
Microorganisms can get nutrients from soil, dust solutes from perspiration, and certain textile finishes.

For these reasons, it is particularly desired to limit the growth of germs on textiles during usage and storage. The need
for sanitary clothes and active wear among consumers has generated a sizable market for antimicrobial textile products.
Antimicrobial textile manufacturing in Western Europe was estimated to be 30,000 tons in 2000, with a global production
of 10,000 tons. Furthermore, it was predicted that manufacturing in Western Europe expanded by more than 15% per
year between 2001 and 2005, making it one of the fastest expanding segments of the textile industry. In order to obtain
the best profit, an optimum treatment of textile cotton items should be used.

Aloe vera (Aloe barbadensis, Miller) of the Liliaceae family is known as the "Lily of the Desert." For almost 2000 years,
it has been utilized in skin care products. Scientific study has revealed that the aloe vera leaf contains about 75 nutrients
and 200 active components, including 20 minerals, 18 amino acids, and 12 vitamins. These rich ingredients offer aloe
vera gel particular qualities as a skin care treatment.

Aloe vera also has antifungal and antibacterial properties that can be used in medical and textile applications such as
wound dressing, sutures, bioactive textiles, and so on. Aloe vera contains a variety of polysaccharides, including
glucomannan, galactogalacturan, glucogalctomannan, and acetylated mannan or acemannan.

Several techniques have been used to demonstrate the antibacterial activity of Aole vera inner gel against both gram-
positive and gram-negative microorganisms. Acemannan is a long chain polymer composed of randomly acetylated
linear D-mannopyranosy! units that exhibits immunomodulation, antibacterial, antifungal, and anticancer characteristics
as shown in Figure 1. (17).

Many studies have identified partly acetylated mannan (or acemannan) as the major polysaccharide in the gel, whereas
others have discovered pectic mannan as the main polysaccharide (18,19). The acemannan found in aloe vera is
structurally different, making it a distinguishing chemical of aloe species in comparison to other well-known plant
mannans that contain distinct side-chains or are un-acetylated and insoluble in water (20).

Wiyong et al. (6) investigated the antimicrobial activity of apatite-coated titanium dioxide (TiO2) against bacteria in
their recent study. They proposed that the presence of apatite-coated TiO2 indicates textile applications with
antimicrobial activity Mahesh and colleagues concentrated on plant-based natural dyes and other bioactive active natural
extracts in textile coating as the antimicrobial textile finish has gained popularity (7).

Kedarnath and others investigated aloe vera extract's antibacterial properties against harmful microorganisms (9).
Methanol extract had the greatest inhibitory efficacy against E.coli and Candida (9). By fatemeh, phytochemical contents,
antioxidant capabilities, and antibacterial activities of aloe vera lyophilized leaf gel (LGE) and 95% ethanol leaf gel
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extracts were identified, quantified, and compared. (10). So far, no previous studies have addressed the current research
features of aloe vera gel and its application to textile materials for both antibacterial and softness qualities. The present
publication examines the antibacterial, physicochemical, and softness qualities of a natural plant aloe vera extract applied
to pure cotton fabric.

1. MATERIALS

This research used a plain weave (1/1) 100% cotton fabric with a weight of 126.2 GSM, 115 ends/inch, and 90 picks/inch,

with a warp and weft count of 40 Ne.
[
1. METHODS

This experiment on cotton cloth uses the pad dry cure process.

V. APPLICATION METHOD

The aloe vera extract finish was applied as follows: pad>Dry>Curing. First, 15 x 15 inch samples were cut in accordance
with the processing parameters of the lab stenter accessible in the wet processing lab, as well as the dimensional
requirements for the tensile and tear test instruments (warp and weft wise). The second stage was to prepare the recipe
in accordance with the experiment design. Each sample received 400 ml of liquor. The finish was then applied by padding
and dried at 100°C, 120°C, and 140°C for aloe vera extract finish and antibacterial finish, respectively. The outcomes of
sample application testing were examined.

V. TESTING ASSESSMENTS
ANTIMICROBIAL TESTING

The parallel streak technique AATCC-147-1998) was used to estimate the inhibition zone of established culture to
visualize the antibacterial activity of aloe vera leaf gel extract placed on cotton fabric.

VI. CO-EFFICIENT OF FRICTION TESTING

The coefficient of friction technique developed by ASTMD 1894 measures how readily two surfaces in contact may
glide past one another. The coefficient of friction is connected to static and dynamic quantities.

VII. BENDING TESTER
The bending test ASTMD 1388 standard procedure by using Gretagmacbeth Color Eye 7000, testing was conducted.
VIII.  ANTIMICROBIAL ACTIVITY OF ALOE VERA ON COTTON AND SILK

Antimicrobial activity of A.vera completed cotton fabric was next assessed by the parallel approach against both gram
positive (S. aureus) and negagive (E. coli) bacteria, according to S. Wazed Ali et al. It was observed that, no visible
growth of bacteria (w/v) Aloe vera concentration on the cotton fabric treated with S. aureus and E. coli. Additionally,
using the dynamic shake flask technique (AATCC-100-1999), the antibacterial activity of the treated samples at various
concentrations of A. vera (1,3,5, and 7% w/v) was quantitatively assessed against both gram-positive and gram-negative
bacteria (3).

More than 90% of bacteria were reduced by the treated cotton fabric's antimicrobial activity, which rose by 3% when

A.Vera was added. When A.Vera concentration was increased to 7%, the rate of bacteria reduction increased to 99%.
Additionally, it was shown that only fabrics treated with BTCA had bacterial retention of around 70%
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Colony-forming  [Antimicrobia |Colony- Antimicrobial
Unit(CFU/ml) | Activity (%) [forming Unit |Activity (%)
CFU/mI)

Original(control) 209x10° - 190x10° -

BTCA Cross-linked(contrl) 155x10° 26 139x10° D7

Aloe vera(l %) treated with 86x10° 59 61x10° 68

BTCA

Aloe vera(3 %) treated with 17x10° 92 17x10° 01

BTCA

Aloe vera(5%) treated with 3x10° 98.5 x10° 08

BTCA

Aloe vera(7%) treated with 1x10° 99.5 1x10° 09

BTCA

Table 1: Antibacterial activity of aloe vera —treated washed cotton fabric

V Krishnaveni et al observed that, the treated with 40% gel concentration showed higher zone of inhibition of about 29
mm and 23 mm when compared to 20% gel treated (19 mm and 17 mm) and untrated samples.

The zone results indicate that 40% gel treated fabric do not support the bacterial growth to larger extent against
Staphylococcus aureus and Escheria coli where as 20% gel treated fabric shows smaller extent compared to untreated
samples (10).

It can be seen from the test results , proved that the phenolic groups ,amino groups and aloin compounds presents in aloe
gel are responsible for its excellent antimicrobial activity fig.1 & fig.2, table 2

Fig3: Zone of inhibition against E. coli of samples A-10, N-10 and HCAN-10
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Fig4. Zone of inhibition against S. aureus of samples A-10, N-10 and HCAN-10

Untreated Fabric 0 0
IAloe Gel extract micro 19 17
encapsulation finished fabric

(20%)

Aloe  Gel extract micro 29 23
encapsulation  on finished

fabric (40%)

Table 2: Zone of inhibition of untreated and aloe gel treated samples

Besides, the treated fabric exhibited high antimicrobial property (84.11% an 77.57%) against staphylococcus aureus
when compared the E.Coli bacteria (72.81% and 66.02%) in 40% and 20% concentrations.

This is because the antimicrobial agents attached to the substrate through bond formation and as, the A.vera concentration
increases, the percentage of bacterial reduction also increases on table3.

Untreated Fabric 1.07 0 1.03 0

Aloe Gel micro .28 72.81 35 66.02
encapsulation  on
finished fabric
(20%)

Aloe Gel micro (17 84.11 24 77.57
encapsulation  on
finished fabric
(40%)

Table3: Qualitive analysis of anti-microbial activity of untreated and aloe gel micro treated samples
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Yunhui Xu et al, The modified fabric contained 11.56% aloe anthraquinone had the good antibacterial property as
compared to the control sample, the bacterial inhibition ratios of the modified fabric to E.Coli and S.aureus were all up
t0 91% (9).

But the bacterial inhibition yield to C.albicans was lower and only 69%. These reasons were that aloe anthraquinone has
a cationic residue, which may adsorb bacterial cell wall with anions and crack peptide polysaccharide to kill bacteria.
However, the fungi cell wall consist of amylase , which is different from bacteria , so resulted in a low inhibition ratio
for C.albicans on table 4.

Original cotton fabric 44.58 41.29 31.62
|Modifie cotton Fabric 01.06 03.75 69.82

Table 4: Anti-Bacterial activity of Aloe Anthraguinone modified cotton fabric.

Untreated silk cloth exhibited no decrease in the amount of bacteria, indicating that it is not antimicrobial, according to
Nadiger and Shukla et al. As a biocide, aloe vera finished silk fabric with a 15% concentration, on the other hand,
demonstrated good antibacterial characteristics. The treated fabric at 4,5 and 6% BTCA and 10, 15, and 20% aloe vera
display great antibacterial activity; also, silk fabric treated with 100, 150, and 200 ppm silver nanoparticle exhibited
outstanding antimicrobial property (16).

IX. FTIR AND X-RAY DIFFRACTION ANALYSIS FOR SILK FABRIC.

FTIR analysis was done using FTIR Spectrophotometer model-ABB Bomen instrument Canada MB 3000. The untreated
and treated silk fabric samples were cut and sieved into fine powder and dried at 100 °C for 2 h. Two milligram of dried
sample powder was dispersed in 198 mg of spectroscopic grade dried KBr and made into pellet (Bhat & Nadiger, 1980).

The KBr pellet was used for recording the transmission FTIR spectra. X-Ray diffractograms (XRD) of untreated and
treated silk fabric samples were recorded using X’ Pert PRO MPD X-ray. Diffractometer supplied by M/S PANalytical
BV, The Netherlands. Silk fibres were cut into fine powder with the help of a Wiley Mill. Finely powdered sample was
made into a rectangular pellet and mounted onto a rectangular sample holder using back loading method.The Cu Ko X-
rays were generated using 40 kV at 30 mA on copper target. XRD scans thus obtained were analysed using X’Pert High
Score X-Ray diffraction analysis software. Order factor which is directly related to the degree of crystallinity was
estimated as per procedure reported (Bhat & Nadiger, 1980).

X. WASHING DURABILITY

The antimicrobial activity was retained by more 70% for up to five machine washes and more than 50% even after eight
machine washes.

In other words, the covalent bonds that contains -OH formed during cross-linking of BTCA were deteriorated and loosen
its structures for several washes (S Wazed Ali et al) on table 5.

Untreated cotton 150 0.69
BTCA-treated cotton Unwashed D48 0.56
1 washes D42 0.40
5 washes D41 0.65
8 washes P40 0.71
10 washes 018 0.48

Table5: Washing Durability 0f carboxylic acid treated cotton

Similar results were obtained when cotton fabric was finished with neem extract along with a glyoxal/ glycol cross-
linking agent. The CRA as well as antimicrobial activity of the finished fabric decreases with repeated laundering (Purwar
et al. 2008). In each wash cycle the antibacterial activity decreases gradually and at the end of 20™ wash cycle the
percentage reduction of bacterial value reaches to 14 and 8 in 40% and 20% concentration on table 6.
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e | |

Before wash 81 70
[After 5 wash 66 60
IAfter 10 wash 53 13
IAfter 12 wash P8 17
After 15 wash 18 12
IAfter 20 wash 15 06

Table6: Washing Durability test for aloe gel micro treated samples

Nadigar and shukla et al, silk is by and large dyed with acid, basic, and reactive dyes. It is seen that the wash fastness of
silk is vulnerable when the silk is dyed with acid or basic dyes due to acidic/basic properties of soaps/ detergents (97).
Hence, the wet washing is not advisable for silk textiles dyed with acid dyes. Antimicrobial properties of the treated
fabric were retained after 5 cycles of dry cleaning for 15 % Aloe-Vera finished fabric indicating thereby the treatment is
durable on table 7.

01 5% Aloe-Vera treated - 07 07
02 5% Aloe-Vera treated 1wash 05 00
03 5% Aloe-Vera treated Pwash 03 39
04 5% Aloe-Vera treated Bwash 39 32
05 5% Aloe-Vera treated Mwash 30 79
06 5% Aloe-Vera treated Swash 60 64
07 10% Aloe-Vera treated - 08 07
08 10% Aloe-Vera treated 1wash 02 02
09 10% Aloe-Vera treated Pwash 00 03
10 10% Aloe-Vera treated Bwash 00 00
11 10% Aloe-Vera treated Ywash 30 34
12 10% Aloe-Vera treated Swash 33 80
13 15% Aloe-Vera treated - 08 08
14 15% Aloe-Vera treated 1wash 08 06
15 15% Aloe-Vera treated Pwash 05 04
16 15% Aloe-Vera treated Bwash 05 03
17 15% Aloe-Vera treated Mwash 03 00
18 15% Aloe-Vera treated Swash 02 00

IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 111


https://iarjset.com/

IARJSET ISSN (0) 2393-8021, ISSN (P) 2394-1588

F@% International Advanced Research Journal in Science, Engineering and Technology
ISO 3297:2007 Certified 3¢ Impact Factor 7.105 32 Vol. 9, Issue 9, September 2022
DOI: 10.17148/IARJSET.2022.9918
Table7: Antimicrobial properties and durability of different treated silk fabric

XI. PHYSICAL PROPERTIES OF AVERA TREATED FABRIC

The A.vera finished fabric had a higher CRA (240), higher bending length (.80) and decrease in the whiteness index
(35.08) compared to untreated fabric this was due to presence of BTCA and formation of alkene double bond on
cotton fabric under high temperature. Thus flexibility of the fabric did not change too much even after the finishing
treatment, although the tensile strength loss was 44% (S. Wazed aliet al) on table 08.

R EE

Untreated 69.08
cotton

Aloe vera [240 0.57 .3 0.80 35.08 56
BTCA
treated
cotton
(washed)

Table8: Physical properties of the finished cotton fabrics

The loss of strength was mainly due to the stiffening of the molecular backbone after cross linking formation (Yang et
al 1997).

Such strength loss of carboxylic acid- treated cotton has also been attributed to acid- catalyzed deporization of cellulose
molecules (kang et al 1998).

It is well known that silk fiber loses its strength by 30-40 % and becomes more ductile under wet condition. Hence poor
dimensional stability will be persisting and any mechanical force applied on the fabric during Wet Washing can
mechanically deform the fiber and can lead to Loss of wear and tear properties.

It may be seen that add-on% increased as the aloe vera concentration increased in the recipe, although not proportionately.

The moisture regain % decreases marginally with increases in A.vera concentration. It may be due to blocking of
hydrophilic end groups because of crosslinking and chemical binding by BTCA interalia A.vera .

Overall decreases in flexural rigidity also indicate that the fabric has become more pliable as compared to the control.
There was overall increase in loss due to abrasion which may be attribute to high add-on%, at higher concentration of
aloe vera.

The crease recovery angle increased in both warp and weft directions due to the treatment. It is reported that the finishing
in certain cases reduce the strength by about 20%. The loss of strength due to the treatment ranges from 12% to 18% and
as such the observed loss in strength is well within the values acceptable in the industry ( Nadiger and shuklaetal) on
table 09.
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Control 0 0.64 03.7 6.5 193 668 145
silk

5 % Aloe- 5.2 8.03 P45 6.03 D07 623 347
\Vera
treated

10 % 6.5 7.86 9.6 6.9 P11 615 391
Aloe-
\VVera
treated

15 % 7.2 7.8 31.9 7.8 P12 565 389
Aloe-
\\VVera
treated

Table09. Physical properties effect of finishing of silk on different physical parameters

XII. MEDICAL TEXTILES

The involving of the developed therapeutic clothes was evaluated by conducting Scored evaluation and clinical trial at
Sri Nature Cure Centre by giving it to patients with atopic dermatitis. The patients were instructed to wear the Aloe gel
curative garment next to the skin 10 hrs per day especially during the sleeping time to get better results. The patients
were instructed to carry out the washing of curative garments with detergents and dry them in shade to retain the
medicinal values.

The performance of the curative garments was evaluated once in every week and the clinical trials were conducted for 8
weeks duration. the clinical evaluation study result shows the lesser SCORAD index rating value in both 20% and 40%
Aloe vera gel micro treated samples. After the wear study, the 40% Aloe vera gel micro treated cotton (T-Shirt and
Pyjama) garments showed a maximum reduction value (35.25% & 41.34%) when Compared to untreated garment rating
value (0).

After the wear study and clinical evaluation, the 20% and 40% Aloe vera gel micro treated garments showed better
results in reducing the erythema in the form of percentage reduction of Scorad value. The higher percentage reduction
value is exhibiting the higher curing and controlling property of atopic dermatitis on table10.

Aloe vera gel contains nutrients, vitamins and antioxidants and it possess wound healing, immune modulating, antifungal,

antibacterial and antiseptic properties which can be exploited for medical textile applications such as wound dressing,
suture and bioactive textiles
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Untreated 31.18 31.18 0
garment

20%  Aloe gel [31.18 04.04 02.89
micro treated T-
shirt

40%  Aloe gel [1.18 20.19 35.25
micro treatedT-
shirt

20%  Aloe gel [31.18 P2.97 26.33
micro treated
Pyjama

40%  Aloe gel [31.18 18.29 41.34
micro treated
Pyjama

Tablel0: SCORAD rating value of developed garments before and after wear study

20% Aloe gel micro

Significant
78
treated T-shirt

Significant
40% Aloe gel micro 02
treated T-shirt

Significant
20% Aloe gel micro 82
treated Pyjama

Significant

40% Aloe gel micro 06
treated Pyjama

Table 11: Curative performance of herbal treated garments in clinical trials
XI1l.  CONCLUSION

Application of aloe vera an useful, environmental, biodegradable agent for imparting a enduring antimicrobial finish to
cotton substrates and others textile products. A minimum of 3% (w/v) A.vera was fond to be effective for obtaining good
antimicrobial efficiency against both gram-positive and gram — negative bacteria. FTIR spectra confirmed the attachment
of active compounds of A.vera gel to the cotton structure via physical as well as chemical bonding. The active ingredients
of A.vera gel acted as an effective bacterial agent against both gram-positive and gram-negative bacteria where the
cytoplasmic substance leaked out because of corrosion of the bacterial cell wall. The antimicrobial activity of the A.vera
finished cotton fabric was retained for up to eight machine washes. The treated fabric showed an improved CRA.
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However, the tensile strength and whiteness index of the fabric had to be compromised compared to the unprocessed one
to ripen this novel functionality for its implement as a health and hygiene product for a range of niche applications.
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