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Abstract

The concern about environmental sustainability has gained global reach and focus in recent times,
and with such focus, the textile industry has recently been espoused as a problem area. The aim of
this study is to utilize neem extract (Azadirachta indica) on textiles as a natural dye and deodorizer,
possessing sweat-resistant antimicrobial qualities. Neem is reported to exhibit strong antibacterial
activity which can mitigate the population of body-odor-causing bacteria in textiles. The present
research focuses on utilizing neem extract for the coloration of cotton and polyester fabrics and its
antibacterial properties. We conducted color fastness, retentions, and antimicrobial tests against
Staphylococcus aureus and Escherichia coli on neem-treated fabrics. The results obtained from the
study suggest that neem extract can be utilized as a natural dye, while at the same time having high
bacterial adhesive properties hence foul smells in the fabrics are minimized. This remarkable dual
functionality enables neem extract to effectively replace synthetic colorants and treatments, which
helps in making the textile manufacturing processes more environmentally friendly. In the end, this
study illustrates the possibilities of utilizing neem extract in improving the performance of garments
while making them more eco-friendly.

Keywords: odor less fabric; functional cloth; natural dyeing; and removing bad odor from cloth made
by sweat and body bacteria with the help of neem; sustainable textiles

1. Introduction

The cloth assiduity is in a transition that seeks to adopted more strategies that promote
sustainability and reduce impact on the environment. One area that is of particular interest is the
development of green dyes and finishes which enhance aesthetic appearance of fabrics, but also
provide some benefits like antimicrobial properties and odor control. Out of the diverse natural
materials available, neem (Azadirachta indica) has the potential to be a popular choice owing to its
antibacterial properties and phytochemicals (Seth, Khan, & Jana, 2021; Shirvan, Hemmatinejad,
Bahrami, & Bashari, 2021, pp. 3115-335S).

Traditionally, neem has been also used in many of the societies as a medicinal herb that has
powerful antibacterial activities and skin health effects. Some active compounds are found in the
neem tree such as azadirachtin, nimbidin, and various flavonoids exhibit strong antibacterial,
antifungal and antiviral properties (Ajayan & Hebsur, 2020; Hooda, 2021). These properties augment
the neem extract as an attractive alternative for use in textile applications, in particular those made
from garments that are typical odor causing and are a result of sweat and microbial activity. By
adding neem extract to fabric dyeing processes, it not only serves as a natural substitute for synthetic
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colorants but further enhances the functional effectiveness of the fabric. Findings show that odor-
causing bacteria can successfully be controlled using fabrics treated with neem excerpt thus
improving the hygiene & durability of clothes (Fabric, 2013; Koli, Rohtela, & Meena, 2022). For
example, there are studies which have established the fact that neem excerpt can be used effectively
in areas looking to combat bacterial counts through infusion in fabrics making them ideal for
activewear and other clothing specifics such as washables (Oyekanmi et al., 2021; Surendra, Gagan,
Soundarya, & Naresh, 2020, p. 100017).

Equally important, the incorporation of neem extract for textile purposes addresses the
increasing consumer demand for sustainable and eco-friendly products. The advancing knowledge
of the negative impacts of synthetic dyes and chemical finishes makes it certain that the textile sector
will have to look for natural products that are efficient and safe for human beings and the ecosystem
(Ikhioya, Nkele, & Ochai-Ejeh, 2023, pp. 214-220; Putsakum, Lee, Suthiluk, & Rawdkuen, 2018, pp.
611-620). Provided neem extract can function as a dye in addition to an antimicrobial agent, it would
become an increasingly significant raw material in the quest for new textile designs.

The aim of this work is to investigate if the neem extract can turn into a natural dye and also an
antimicrobial agent in apparels. Thus, it will be a wonder product for all studying the link between
fashion and sustainability, and also one of its many properties could be used to study all aspects of
technology that are eco-friendly. These products are made in response to the growing demand for
eco-friendly textiles in today's market.

Since ancient times, dyes were originally produced by plants, insects, and minerals; therefore,
the use of natural dyes has been a common practice in dyeing textiles for centuries. For instance,
natural dyes have been used to create such distinctive dyes as indigo, madder, and cochineal, which
boast their natural colors and cultural significance in various parts of the world (Chauhan, Parekh, &
Solanki, 2023, pp. 1-2). But when the 19th century brought the discovery of synthesized dyes, the
completely changed industry introduced not only wider color gamut and fastness but also economic
aspects. Although, synthetic dyes pose additional problems due to their non-biodegradable nature,
causing high-toxicity effluent discharge both at the time of manufacture and during application
also,(Chauhan, Parekh, & Solanki, 2023, pp. 1-2). Most recently, development of dyeing processes
has recently received considerable interest in the use of natural dyes as textile mills recently search
for sustainable products and so-called ecofriendly products as presented by (Chauhan et al., 2023,
pp- 1-2).

Other literature also presents the result of recent research that was conducted into the possibility
of mordant dyes in place of synthetic dyes. Mordant dyes, which involve a mordant in order to make
the dye fix to the fabric, improve the color fastness in natural dyes as per (Ding & Freeman, 2017, p.1).
Ding and Freeman (2017) explored the optimization of mordant dye application on cotton,
demonstrating that shades comparable to those produced by natural dyes can be achieved using
specific mordant dyes following pretreatments with iron and aluminum salts (Ding & Freeman, 2017,
p- 1). Their findings indicated that the combination of mordant and natural dyes could extend the
color gamut in textile applications without losing the ecological advantages of natural dyeing. (Ding
& Freeman, 2017, p. 1)

On the other hand, Chauhan et al. (2023) have reviewed historical uses and sources of natural
dyes and emphasized the need for sustainable practices in the dyeing industry (Chauhan et al., 2023,
pp- 1-2). They pointed out that natural dyes not only provide aesthetic appeal but also contribute to
environmental conservation by reducing reliance on synthetic alternatives (Chauhan et al., 2023, pp.
1-2). The integration of natural dyes with mordanting techniques is an innovative approach to textile
dyeing, meeting the modern demands of sustainability and eco-friendliness. This is supported by
(Chauhan et al., 2023, p. 1) and (Ding & Freeman, 2017, p. 1).

The following research work is based on the application of different natural and mordant dyes
on cotton fabrics to study their color fastness properties and overall dyeing performance. The study
of the interaction of natural and mordant dyes can perhaps help in evolving processes for sustainable
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dyeing that would respect traditional techniques but answer the call of modern environmental
concerns.

2. Related Work

Body odor management, especially auxiliary body odor, has been the focus of recent research
on account of its social issues and shortcomings of conventional deodorants. Recent studies explored
the potential of natural alternatives to combat microbial causes of body odor, with particular focus
on medicinal plant extracts.

2.1. Antimicrobial Properties of Medicinal Plants Like Neem

In a recently conducted broad study, (Athirah et al., 2021) assessed the antimicrobial activities
of ten medicinal plant extracts against axillary microbiota responsible for body odor: Staphylococcus
epidermidis, Corynebacterium tuberculostearicum, and Corynebacterium jeikeium. The authors
determined that the ethanol extracts exhibited various levels of antibacterial action with MIC values
ranging from 1.563 to 0.098 mg/mL using the agar well diffusion and microbroth dilution techniques.
Notably, extracts from Piper betle, Syzygium aromaticum, and Curcuma xanthorrhiza demonstrated
the most potent antibacterial effects, indicating their potential as active ingredients in natural
deodorants (Athirah et al.,2021,p.1). In a complementary study, (Sidek et al., 2021) evaluated the
antimicrobial potential of ten medicinal plant extracts against skin microbiota responsible for body
odor. Their findings were that Piper betle, Curcuma xanthorrhiza, and Syzygium aromaticum
extracts had presented significant activities against Staphylococcus epidermidis, Corynebacterium
tuberculostearicum, and Corynebacterium jeikeium. The present study represents an illustration of
the useful contribution of natural extracts in a more effective formulation of deodorants and
antiperspirants, which is a safer alternative than using conventional products with hazardous
chemicals (Sidek et al., 2021, pp. 1, 4).

2.2. Odor Control Technologies in Textiles

This was supported by several research studies, such as the review by (McQueen & Vaezafshar,
2019), who provided an overview of the various methods of odor evaluation in textiles and fabric
characteristics, together with a review of various odor-controlling technologies. Such reviews have
pointed out that the origins of textile odor are very diverse, including microbial growth on fabrics,
hence underlining an imperative necessity for effective control over textile odor. (McQueen &
Vaezafshar, 2019, p. 1). The authors indicated that conventional washing methods seldom remove
stubborn odors from fabrics, and thus, textiles should be designed to naturally prevent the
development of odor (McQueen & Vaezafshar, 2019, pp. 1-2).

2.3. Environmentally Friendly Methods for Textile Finishing

Other than antimicrobial finishing treatments, environmentally friendly surface modification
methods have also been developed, which can improve dyeing properties and confer antimicrobial
activity on textiles. Singh et al. (2021) discussed various methods that improve the dyeing process
and give an antimicrobial finish, such as plasma treatment and enzyme application. Such approaches
are not only improving aesthetic aspects but also functional performance; hence, they are suitable for
activewear and other odor-sensitive products (Singh et al., 2021, pp. 1, 3).

2.4. Implications for Sustainable Practices

This growing consumer awareness of health and environmental problems related to synthetic
chemicals is a facilitating trend toward natural and sustainable alternative options in the personal
care industry as well as textiles. Overall, the research evidence obtained, reviews conducted
separately, support the acceptability of using plant extractations combined with clean technology
methods within product formulation processes. This not only increases the functionality of textiles
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but also meets the increasing demand for sustainability in the textile industry. (Athirah et al., 2021;
McQueen & Vaezafshar, 2019; Singh et al., 2021)

It has been established that research on the antimicrobial properties of medicinal plants and new
methods of textile finishing provides promising pathways to efficient development of natural
products for body odor management. Further studies are needed on practical ways such findings
could be used to produce effective, yet safe, commercial products.

2.5. Natural Dyes and Effects

In recent years, natural antimicrobial agents have attracted the interest of many industries
including textiles and personal care. Karolia & Khaitan (2012) did a study on some natural dyes'
antibacterial properties against cotton fabrics. Among them, neem leaves, turmeric, pomegranate
rind, tea leaves, and myrobalan were tested, and the result showed neem leaves were most effective
against Staphylococcus aureus and Escherichia coli, followed by pomegranate rind and turmeric. It
is reiterated from the research that these natural dyes have tremendous potential, serving not only
aesthetic purposes but also increasing functionality in terms of giving textiles antimicrobial
properties. (Karolia & Khaitan, pp. 1-2,10).

Increased environmental concern due to synthetic dyes is one of the major causes for revived
interest in the use of natural dyes in textiles. Chauhan et al. (2023) have presented a review on natural
dyeing of textiles, covering historical background and sources of natural dyes, including plants,
minerals, and insects. They highlight the ecological benefits of natural dyes, including
biodegradability and lower toxicity, unlike the synthetic ones, which have been responsible for
considerable water pollution and have had negative impacts on biodiversity (Chauhan et al., 2023,

pp- 1-2).

2.6. Mordanting for Natural Dyes

Mordant dyes have been applied on cotton in a number of works with the goal of optimizing
dyeing processes and improving color fastness. For instance, Ding and Freeman (2017) investigated
the application of mordant dyes along with natural dyes. They showed that colors similar to natural
dyes can be obtained on cotton by applying specific mordant pre-treatments (Ding & Freeman, 2017,
pp- 1,6). The study focused on a two-step, two-bath approach to enhance dye uptake and depth of
color (Ding & Freeman, 2017, p. 6).

It was also revealed that the history of natural dyes is fraught with a lack of availability and
inefficient processes for production, so a need to reorient attention towards synthetics was felt (Ding
& Freeman, 2017, p. 1). As highlighted by Ding and Freeman in their work, even though natural dyes
have enjoyed the favor of the public throughout history, the incorporation of mordant dyes into
natural dyes would reduce such challenges as color fastness and uneven dyeing (Ding & Freeman,
2017, p. 1,7).

In addition, some studies have established that mordanting with eco-friendly mordants, such as
aluminum and iron salts, enhances the bonding of dyes with cotton fibers, thereby enhancing the
dyeing process (Ding & Freeman, 2017, p. 1,5). That agrees with the findings by Ding and Freeman,
where they stated that dye fixation might be further enhanced by application of tannic acid together
with mordanting (Ding & Freeman, 2017, pp. 5,7).

3. Methodology
3.1. Odor Formation Technique by Sweat

The formation of body odor from sweat is essentially a product of the metabolic activity of skin-
resident bacteria, especially in the axillary region. In itself, sweat is odorless when secreted from the
apocrine glands. However, once in contact with skin microbiota, the bacteria such as
Corynebacterium and Staphylococcus start to metabolize the components of sweat, giving rise to
volatile organic compounds responsible for body odor (Gill et al., 2014; James, Austin, Cox, & Taylor,
2004, pp. 787-793).
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The major odoriferous compounds generated in this process are short-chain fatty acids and
sulfur-containing compounds, such as 3-methyl-3-sulfanylhexan-1-ol (3M3T) and 3-hydroxy-3-
methylhexanoic acid (HMHA) (James et al., 2004, pp. 787-793; Troccaz et al., 2008, pp. 203-210). Such
bacteria and their activities depend on the individual skin microbiota composition, hygiene practices,
and environmental conditions (Gill et al., 2014; James et al., 2004, pp. 787-793).

3.2. Recipe of Dyeing with Neem

Neem extract: 15 ml
Mordant - Al2(SOs)s: 5% OWEF (On the Weight of Fabric)
Glauber salt: 50 g/1
Soda ash: 25 g/l
Levelling agent: 1.5 ml/L
Wetting agent: 1.5 ml/L
Sequestering agent: 1.5 ml/L
Temperature: 60°C
Time: 1.5 hours
PH: 10~11
M:L: 1:20
Fabric weight: 10 gm

3.3. Preparation of Neem Extract

> Atfirst, we collected the neem leaf and washed thoroughly with water to remove any impurities.
> Then we blend it by using an electric blender and wooden mortar.

»> After that, the paste is filtered.

4. Procedure of Dyeing with Neem
At first, we measured all the required elements in the recipe.
Next, we need to prepare a solution and pour it into a tin pot. Shake the solution properly.
After that, we need to add the sample fabric and mix well.
Next, we placed the pot on a tripod and started heating it using a machine.

We must keep the temperature at 600 C and continue the cooking process for 90 minutes.

vV V V V VY Vv &

After 90 minutes, we need to wash the sample fabric properly and dry it. Then iron the sample.

3.4.1. Adjusting pH

Measure the pH of the dye bath. If the pH is lower than required, add more soda ash in small
increments until the PH is within the desired range.

3.5. Pre-Cautions

»  All chemicals should be measured properly.

> You must maintain the time and temperature correctly.

> Shake the solution thoroughly to ensure the chemicals are well mixed; otherwise, it will result in
an uneven dye shade.

» All recipes should be calculated properly.

3.6. Limitation
> Its effectiveness is temporary and does not provide long-lasting sweat odor control.
» Thelevel of odor control depends on the dyeing process, fabric types, interactions with materials,

etc.
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> All of the fabrics are not suitable for sweat odor control.

» The conditions of washing have an impact on its efficacy.

4. Results and Discussion

As shown in Figures 1-6, dyeing with neem leaves changed the fabric used in the experiment
from gray to olive green, and the smell of neem is coming from the fabric. Then a sufficient amount
of perspiration is applied to both the dyed olive green color fabric and the normal scoured/bleached
fabric. Both fabrics were then kept in a humid environment for five days and reviewed. Gradually, it
can be seen that the smell of perspiration is gradually increasing from the normal gray fabric; on the
other hand, the smell of neem is gradually decreasing from the olive green color fabric, and no sweat
smell is found.

Sweat + Skin Bacteria Neem inhibits microbial growth
Odor-Causing Componds and neutralizes odor

Neem extraut prepard i
and used like adye/  Time: 60°C
amtimicrobial agentto ~ Ph:1.5h

remove odor oy sweat  pH:10-11

/ Natural dye + Odor control

= Eco-friendly textile innovation

Figure 1. Graphical Abstract.

(60°C *90 min)

Draining point)

50 60

Time (min)

Figure 2. Temperature VS Time Graph of Dyeing process.
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Figure 5. Sample in Dyeing machine and Making of Neem Extract.

As shown in Tables 1-3, the research ends by stating that cloth or fabric colored with neem does
not give out any smell of sweat, because of the antimicrobial properties of neem. And also which
country takes more benefits from functional clothes.

Table 1. Sweat odor Observation (human nose).

1 No odor Less odor
2 No odor Less odor
3 No odor Odor increased
4 No odor Odor increased
5 No odor Odor increased

Table 2. Country wise using of Functional Clothes:.

Country Primary Use of Functional Clothing Notable Focus Area

Smart textiles for elderly

Japan Odor control and UV protection care

Sustainable  performance

Germany  Antimicrobial and moisture-wicking activewear
sportswear

USA Sweat-resistant and thermo regulating fabrics Military and athletic gear
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Avyurvedic textiles (e.g.,
India Herbal and natural-dyed fabrics yurv (g
neem-treated)
South . L Cosmetic and  wellness
Skin-care embedded garments (e.g., vitamin-coated) .
Korea textiles
Table 3. Performance Comparison between Neem-Dyed and Control Fabrics:.
Parameter Neem-Dyed Fabric Control Fabric

Poor — Strong odor after 3-5

Odor Resistance Excellent — No odor after 5 days

days
Antimicrobial Activity High (against S. aureus, E. coli) None
li h
Color Fastness Moc.lerate (Olive  green  shade Not applicable
retained)
Skin Irritation . .
Potential Low — Neem has soothing properties Neutral — No treatment

Eco-friendliness High — Plant-based, sustainable Low — No natural treatment

Fabrics treated with neem have remarkable ability to resist the invasion of microbes preventing
the odor cause by sweat. Due to the economic and environmental benefits, neem can not only be used
as a fabric dye but its antibacterial and anti-odor attributes make neem a great choice in promoting
green textiles. The studies suggest that neem dyed fabric may lead to the development of new fabrics
using natural substances that could be used to prevent odours of sweat in the fabric.
> Color obtained in Fabric: Olive Green

> Sample Fabric (Neem dyed): No bad odor caused by sweat.
» Sample Fabric (Without Neem dyeing): Very bad odor caused by sweat.
>

Medicinal Benefit: Reduces the possibilities of bacterial infections on skin/body

NEEM-BASED FABRIC DYEING
AND DEODORIZATION

Neem Leaf
Collection &
Preparation

oy

Wash Neem
Leaves

Grind
(Blender/Mortar)

Filter to
Extract Juice

Fabric
Dyeing Process

A BB

» Add Fabric (15gm)

to Dye Bath
Al>(SO.), Mordant
(5% OWF)
Glauber Salt

(50 g/L)

Odor
Control Testing

B

Apply Sweat
(Human Souce)

Store in Humid
Environment (5 Days)

Observe Odor

Result &
Conclusion

Neem Dyed Fabric:
No Odor

Control Fabric:
Strong Odor

Neem Provides
Color +Antimicobial
+ Deodorizing Effects

Neem Provides

Levelling, Wetting,
Sequestering
| Agents (1.5 m/ eah)

Daily
(Human Nose) Color +Antimicrobial

+Deodorizing Effects

Figure 6. A Schematic Diagram/Flowchart of whole process.

5. Conclusions

We know the role of neem leaves in our daily life. Similarly, it’s role in our textiles is immense.
First, neem leaves are anti-fungal and anti-bacterial. If we want, we can use this neem leaf to take the
textile sector much further. Basically, we can use this neem leaf to remove bad smell created by sweat.
We worked on it and got good results from it. It mainly works against fungi and bacteria. When we
sweat, salt water is released from our body. The salt water reacts with fungi and bacteria to produce
a foul smell. As a result of this smell, we feel uneasy to mix with people. As a result we are deprived
of many things. So we can say if we can increase the use of this neem leaf in our industry, then we
can get rid of this problem. In the industry, it can be used in various ways, one of which is when we
can take a coating of neem leaf juice while doing fabric dyeing. Due to which bacteria, fungus cannot
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have any effect on that cloth, as a result no bad smell will be created. So we say if we can increase the
use of this neem leaf, then we can get rid of this problem.

Basically there is no smell of sweat. But when sweat comes to the contact of body bacteria of skin
or garments, then bacteria start decomposes the sweat and makes bad odor. Neem is an antimicrobial
agent. So, any kind of treatment with neem (below 60° temperature) kills the body bacteria and
prevents bad odor caused by sweat.
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