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ABSTRACT 
 

Natural dyes have garnered increasing attention in recent years due to their environmentally 
friendly properties and cultural significance. The reintroduction of natural dyes in the textile industry 
is largely driven by growing awareness of the adverse environmental impacts of synthetic dyes. 
This review aims to explore the historical significance, extraction processes, mordanting 
techniques, and recent advancements in natural dyeing, as well as the challenges associated with 
their use. By incorporating insights from various studies and reviews, this paper provides a 
comprehensive understanding of the potential and limitations of natural dyes in textile dyeing. 
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1. INTRODUCTION  
 

Historical Background and Emergence of 
Natural Dyes: Natural dyes have been used for 
thousands of years, with records dating back to 
ancient civilizations such as Mesopotamia, 
Egypt, and India. These cultures utilized plant-
based dyes like Indigofera tinctoria for blue and 
Rubia tinctorum for red, as well as dyes from 
animal sources like cochineal and kermes for 
crimson shades (Ali et al., 2019). A review by 
Vankar (2000) highlighted that natural dyes were 
the primary coloring agents until the 19th century 
when synthetic dyes revolutionized the textile 
industry. 
 

The discovery of synthetic dyes in 1856, starting 
with William Henry Perkin's accidental synthesis 
of mauveine, marked a turning point in dye 
technology. Synthetic dyes were favored for their 
low cost, wide range of shades, ease of 
production, and consistency in color, leading to 
the decline of natural dye usage (Shahid et al., 
2013). However, the environmental 
consequences of synthetic dye production—such 
as water pollution, chemical toxicity, and energy 
consumption—began raising concerns in the late 
20th century. 
 

As a result, a resurgence of interest in natural 
dyes has occurred in recent decades. The 
growing demand for eco-friendly products has 
driven textile manufacturers and consumers to 
reconsider the benefits of natural dyes, 
particularly in organic and sustainable textile 
production (Bechtold et al., 2009). In a 
comprehensive review, Gupta and Gulrajani 
(2020) noted that niche markets, including 
artisanal crafts, organic fashion, and eco-
conscious brands, have adopted natural dyes 
due to their biodegradable and non-toxic nature. 
 

A study by Samanta and Agarwal (2011) 
emphasized that the resurgence of natural dyes 
is not only an environmental necessity but also a 
cultural revival. The study reviewed the use of 
traditional dyeing techniques in India, such as 
block printing and tie-dye, which are now being 
revitalized through natural dye applications. 
Vankar (2000) observed that these traditional 
methods also highlight the rich heritage of 
indigenous knowledge systems in dye extraction 
and application. 
 

Research by Saxena and Raja (2014) suggested 
that natural dyes can serve as an important 

economic opportunity in rural areas where dye-
yielding plants are abundant. This study provided 
a review of community-based dyeing initiatives in 
India and Nepal, which not only promote 
sustainable practices but also create 
employment and preserve traditional crafts. 
 
In a historical review, Das et al. (2020) examined 
the role of colonialism in altering global dye 
production. European colonizers introduced 
synthetic dyes to colonized regions, which led to 
the decline of local natural dye industries. 
However, in recent years, there has been a 
renewed interest in traditional dyeing methods, 
particularly in developing countries. According to 
Jothi (2008), this revival is largely driven by 
sustainability concerns, with natural dyes offering 
a renewable resource for textile coloring. 
 
The historical importance of natural dyes is 
further highlighted by Bechtold et al. (2009), who 
noted their use in religious ceremonies, cultural 
textiles, and traditional garments. For example, in 
India, the use of turmeric and indigo in fabric 
dyeing has been integral to the country's cultural 
heritage. Similarly, in Japan, natural indigo 
dyeing, known as Aizome, is still practiced today 
due to its cultural significance and its non-toxic 
properties (Vankar, 2000). 

 
Siva (2007) conducted an extensive review of 
dye-yielding plants in India, noting that the 
country is home to numerous species that can 
produce a wide range of colors. The study also 
highlighted the importance of preserving these 
plants, which are now endangered due to 
deforestation and urbanization. This has spurred 
efforts to cultivate dye-yielding plants as part of 
sustainable farming practices. 

 
The environmental impact of natural dyes, 
compared to synthetic dyes, was extensively 
reviewed by Samanta and Agarwal (2011), who 
pointed out that natural dyes are biodegradable 
and pose no threat to aquatic life, unlike 
synthetic dyes, which release harmful chemicals 
into water bodies. A study by Saxena and Raja 
(2014) similarly concluded that the shift toward 
natural dyes could significantly reduce the 
environmental footprint of the textile industry. 

 
In a comparative review, Nayak and Padhye 
(2020) discussed the differences in production 
processes between natural and synthetic dyes, 
emphasizing that natural dyeing is more labor-
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intensive but environmentally friendly. They also 
reviewed advances in extraction techniques, 
such as microwave and ultrasound-assisted 
extraction, which have improved the efficiency of 
natural dye production. 

 
Studies by Ali et al. (2019) and Das et al. (2020) 
highlighted that one of the challenges with 
natural dyes is achieving the same vibrancy and 
colorfastness as synthetic dyes. However, with 
innovations in dye extraction and mordanting 
techniques, the gap between natural and 
synthetic dyes has been narrowing (Nayak, 
2019). For example, enzyme-assisted extraction 
has been shown to increase dye yield and 
improve the durability of the color on textiles 
(Shahid et al., 2013). 

 
Sarkar and Obanda (2014) reviewed the growing 
use of bio-wastes, such as pomegranate peels, 
as sources of natural dyes. They noted that this 
approach not only promotes waste reduction but 
also enhances the sustainability of natural dye 
production. Their study provided a 
comprehensive analysis of waste-derived dyes, 
emphasizing their potential to replace synthetic 
dyes in commercial textile production. 

 
In recent decades, academic research has 
focused on the challenges of commercializing 
natural dyes. A study by Gupta et al. (2020) 
reviewed the scalability of natural dye production, 
finding that the inconsistent availability of dye 
plants and the seasonal nature of plant 
harvesting present significant hurdles. 
Nevertheless, advancements in the cultivation of 
dye-yielding plants and the development of more 
efficient extraction methods are helping to 
overcome these challenges. 

 
Historically, the revival of natural dyes has been 
linked to the slow fashion movement, which 
promotes environmentally and socially 
responsible clothing production. Bechtold and 
Mussak (2009) found that this trend has 
expanded beyond niche markets to mainstream 
fashion brands that are increasingly adopting 
sustainable practices. 

 
Finally, several studies (Samanta & Agarwal, 
2012; Nayak & Padhye, 2020) have highlighted 
the importance of integrating natural dyes into 
modern textile production processes. These 
reviews suggest that natural dyes offer not only 
environmental benefits but also unique aesthetic 
qualities, such as muted, earthy tones that are 

increasingly popular in contemporary fashion 
design. 
 
In conclusion, the historical significance of 
natural dyes and their current resurgence reflect 
a growing commitment to sustainability in the 
textile industry (Sarkar and Das, 2018). With 
ongoing research into more efficient extraction 
techniques and innovations in mordanting, 
natural dyes are positioned to play a critical role 
in the future of sustainable textiles. 

 
Sources and Extraction Methods of Natural 
Dyes: Natural dyes can be extracted from a wide 
variety of sources, including plants, animals, and 
minerals. Plant-based dyes are the most 
commonly used, with leaves, roots, flowers, 
fruits, seeds, and bark serving as primary color 
sources. A study by Joshi et al. (2020) 
highlighted the use of Indigofera tinctoria leaves 
for producing deep blue shades, while the roots 
of turmeric plants provide vibrant yellow hues. In 
a comprehensive review, Samanta et al. (2011) 
focused on the potential of plants like Rubia 
tinctorum and Curcuma longa, which are widely 
used for red and yellow dyes in the textile 
industry. 

 
Animal-derived dyes, such as cochineal from 
Dactylopius coccus, are historically significant 
and have been reviewed extensively by 
researchers like Ali et al. (2019), who analyzed 
their application in textile dyeing for vibrant red 
colors. Similarly, Kamel et al. (2005) emphasized 
the role of animal-based dyes in historical textile 
arts. A review by Vankar (2000) pointed out that 
despite their bright hues, the use of animal-
based dyes has declined due to ethical and 
sustainability concerns. 

 
Mineral-based dyes, although less common in 
modern textile dyeing, have historical 
significance. Ochre, for example, has been used 
for centuries to produce earthy tones, as 
reviewed by Das et al. (2020), who examined its 
use in ancient cultures. The application of 
mineral-based dyes today is more niche, often 
reserved for artistic or traditional purposes. 

 
Traditional extraction methods for natural dyes 
typically involve boiling the source material in 
water or alcohol, which helps to release the 
pigments. According to Sarkar and Obanda 
(2014), water-based extraction is the most 
commonly used method in small-scale or 
artisanal dyeing processes. However, the 
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efficiency of traditional extraction is limited by 
long processing times and low dye yields. 
 
Recent innovations have significantly improved 
the efficiency of natural dye extraction. For 
instance, ultrasound-assisted extraction 
(Samanta et al., 2011) has been developed to 
accelerate the process and enhance dye yield. 
This method uses high-frequency sound waves 
to break down plant cell walls, allowing for more 
pigment to be extracted in a shorter amount of 
time. A review by Gupta et al. (2020) indicated 
that this method not only speeds up the process 
but also uses less water and energy, making it 
more sustainable. 
 

Microwave-assisted extraction is another modern 
technique reviewed by Nayak and Padhye 
(2020). This method uses microwave energy to 
heat the dye source material rapidly, breaking 
down cell walls and extracting pigments more 
efficiently. Research by Bechtold et al. (2009) 
confirmed that microwave extraction significantly 
improves the dye yield from plants like Curcuma 
longa and Lawsoniainermis (henna), reducing 
waste in the process. 
 

Adeel et al. (2019) examined the potential of 
using agricultural waste products, such as onion 
skins, pomegranate peels, and banana peels, to 
produce natural dyes. Their study demonstrated 
that these waste-derived dyes not only promote 
sustainability by utilizing byproducts but also 
offer excellent colorfastness and a wide range of 
shades. Further research by Sarkar et al. (2014) 
supported the idea that agricultural waste could 
serve as a sustainable alternative to traditional 
dye sources. 
 

Solvent extraction is another method that has 
been explored in recent studies. A review by 
Gupta et al. (2020) analyzed the use of organic 
solvents like ethanol or methanol to extract 
pigments from plant materials. This method is 
particularly effective for extracting dyes that are 
not water-soluble. However, the use of organic 
solvents poses environmental risks, which is why 
researchers like Shahid et al. (2013) are focusing 
on finding eco-friendly solvents for extraction. 
 

Enzyme-assisted extraction, reviewed by Shahid 
et al. (2013), has emerged as a promising 
technique for improving dye yields. This method 
uses enzymes to break down the cell walls of 
plant materials, allowing pigments to be released 
more efficiently. Studies by Gupta and Gulrajani 
(2020) found that enzyme-assisted extraction is 

particularly useful for difficult-to-extract dyes, 
such as those from pomegranate peels and 
indigo leaves. 

 
A study by Saxena and Raja (2014) reviewed the 
effects of temperature and pH on the dye 
extraction process. They found that controlling 
these variables can significantly improve dye 
yields and color intensity. High temperatures, for 
example, accelerate the release of pigments, 
while the pH of the extraction medium can affect 
the final shade of the dye. Their research also 
emphasized the importance of optimizing these 
parameters to achieve consistent results in 
commercial-scale dye production. 

 
Research by Gupta and Kumar (2018) explored 
the use of supercritical fluid extraction, a method 
that uses carbon dioxide under high pressure to 
extract pigments without the need for harmful 
solvents. Their study indicated that this method 
could be a more sustainable option for large-
scale dye production, although its high cost 
remains a barrier to widespread adoption. 

 
Another innovative approach is the use of 
fermentation-assisted extraction, as discussed in 
a review by Saxena (2015). This method involves 
fermenting the dye source material to break 
down its cell walls and release the pigments. 
Although slower than other methods, 
fermentation has been shown to enhance the 
colorfastness of natural dyes, making them more 
durable on textiles. 

 
Bechtold et al. (2009) also reviewed the potential 
of cold extraction techniques, which involve 
soaking the dye source material in cold water or 
alcohol for an extended period. This method is 
more environmentally friendly than traditional 
boiling, as it uses less energy, but it typically 
yields lower concentrations of dye. However, 
Bechtold et al. (2009) noted that cold extraction 
can produce more subtle, muted shades, which 
are increasingly popular in eco-friendly fashion. 

 
Siva (2007) discussed the challenges of scaling 
up natural dye production for commercial use, 
noting that while small-scale extraction methods 
are effective for artisanal dyeing, they are often 
too slow or inefficient for industrial applications. 
However, studies like those by Joshi et al. (2020) 
suggest that with modern extraction 
technologies, it is becoming increasingly feasible 
to produce natural dyes on a larger scale without 
compromising sustainability. 
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Overall, the variety of sources and extraction 
methods for natural dyes has expanded 
significantly in recent years. From traditional 
water-based extraction to modern techniques like 
ultrasound-assisted extraction, researchers are 
continually developing new methods to improve 
the efficiency and sustainability of natural dye 
production. 
 
Mordanting and Fixing Natural Dyes: 
Mordants play a critical role in natural dyeing by 
helping bind the dye to textile fibers and 
improving color fastness. Traditionally, metallic 
mordants like alum, tannin, and iron salts have 
been widely used, but these have raised 
environmental concerns. Recent studies are 
investigating eco-friendly mordants, such as bio-
mordants derived from tannin-rich plants like oak 
galls (Sarkar &Obanda, 2014), and researchers 
like Jothi (2008) have demonstrated that plant-
based mordants can offer comparable color 
fastness to traditional metal mordants. 
 

Tutak et al. (2014) explored the natural dyeing 
properties of wool fabrics using pomegranate 
peels, revealing strong color and fastness 
properties. Ado et al. (2014) presented an eco-
friendly approach to natural dyeing and 
highlighted the importance of bio-degradable 
dyes in textiles. Furthermore, Gong et al. (2020) 
demonstrated a greener approach to dyeing 
merino wool using Cinnamomumcamphora 
extracts and biological mordants, improving 
environmental sustainability. Similarly, Haji 
(2020) optimized wool dyeing with henna and 
yarrow through plasma treatment, which 
enhances dye uptake and fastness. 
 

Other studies have explored innovative 
techniques such as the use of supercritical CO₂ 
for dye extraction, as detailed by Cadoni et al. 
(1999) and Banchero (2020), who demonstrated 
its advantages over conventional methods by 
reducing water and chemical usage. Duval et al. 
(2016) reviewed the applications of 
anthraquinones in natural dyes and discussed 
their extraction and mordanting potential, adding 
another sustainable route for natural colorants. 
 

Muneer et al. (2010) and Bhatti et al. (2012) 
conducted extensive research on radiation-
enhanced dyeing processes, showing that 
ionizing radiation can improve dye-fiber bonding 
and durability without toxic chemicals. Moreover, 
Hayat et al. (2022) demonstrated the dyeing 
potential of waste materials like black tea leaves, 
utilizing their tannin content to naturally mordant 
silk fabric. 

Additionally, Hasan et al. (2022) researched 
sustainable application of Cassia obovata-based 
chrysophanic acid as a natural yellow colorant, 
while Yameen et al. (2022) worked on eco-
friendly extraction methods of yellow dye from 
Nyctanthesarbor-tristis, presenting sustainable 
alternatives to synthetic dyes. Sharma et al. 
(2019) investigated the reusability of henna 
dyeing wastewater, showcasing its potential for 
multifunctional finishing and eco-friendly textile 
applications. 

 
Studies by Bhatti et al. (2010) and Adeel et al. 
(2012) also focused on improving mordanting 
processes for natural dyes using ultrasonic-
assisted dyeing and bio-mordants. Xia et al. 
(2018) presented a sustainable solution using an 
ethanol-water mixture for cotton dyeing, 
achieving excellent exhaustion and minimal 
environmental impact. 

 
In summary, the transition towards eco-friendly 
mordants and greener dye-fixation techniques 
continues to grow. Studies by Sarkar &Obanda 
(2014), Tutak et al. (2014), and Haji (2020) 
highlight the potential of plant-based mordants 
and innovative dyeing methods in enhancing 
sustainability in textile processing. As the textile 
industry moves towards eco-conscious 
production, advancements in mordanting and 
fixing techniques will be essential in achieving 
durable, vibrant colors while reducing 
environmental harm. 

 
Advantages of Natural Dyes: Natural dyes are 
lauded for their eco-friendly properties, 
biodegradability, and lower environmental impact 
when compared to synthetic dyes. One of the 
key benefits is their minimal toxicity, reducing 
pollution in wastewater and posing fewer health 
risks to both workers and consumers. Vankar 
(2000) discusses the environmental sustainability 
of natural dyes, noting their potential to reduce 
chemical waste in the dyeing process. Kant 
(2012) further highlights that the textile dyeing 
industry’s reliance on synthetic dyes poses 
significant environmental hazards, particularly 
through the release of harmful chemicals into 
aquatic ecosystems. By contrast, natural dyes 
derived from renewable sources such as plants, 
insects, and minerals contribute to an eco-
friendly production process. 
 
Shahid et al. (2013) performed an in-depth 
review comparing the health and environmental 
benefits of natural dyes to synthetic ones, noting 
that natural dyes are hypoallergenic and less 
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likely to cause skin irritation. Additionally, these 
dyes are biodegradable, which minimizes their 
impact on ecosystems compared to synthetic 
dyes that persist in the environment. Natural 
dyes also exhibit antimicrobial properties, as 
discussed by Anastasia Fröse et al. (2019), 
making them beneficial for health-focused textile 
applications such as medical textiles and clothing 
for sensitive skin. 
 
Bechtold et al. (2009) emphasize the cultural and 
historical importance of natural dyes, which have 
been used for centuries in traditional textile 
production. The aesthetic qualities of natural 
dyes, with their soft, earthy tones and subtle 
variations, add value to artisanal textiles, which 
are increasingly in demand in niche markets. 
This is further reinforced by the works of 
Gulrajani et al. (1999), who explored the unique 
color profiles achieved by using various natural 
dyes on different fiber types. 
 
Recent studies have also focused on improving 
the colorfastness and stability of natural dyes to 
increase their competitiveness with synthetic 
dyes. Cristea and Vilarem (2006) explored the 
use of eco-friendly mordants and fixatives that 
improve the longevity of natural dyes on textiles 
without compromising sustainability. Anastasia 
Fröse and her team (2019) investigated the 
application of natural dyes across a variety of 
textile materials, showing promising results in 
terms of dye uptake and fastness. 
 
While synthetic dyes may offer more vibrant and 
consistent hues, Duff et al. (1985) and Crews 
(1982) argue that the subtle, variable shades 
produced by natural dyes provide a unique 
artisanal quality. This unpredictability in color is 
prized in certain markets, particularly for luxury 
and handcrafted textiles. Saxena and Raja 
(2014) also note that as consumers grow more 
conscious of environmental issues, the demand 
for sustainably produced textiles—including 
naturally dyed products—is on the rise. 
 
Online resources, such as Wild Colours and the 
AvaniEarthcraft blog, underscore the 
environmental advantages of natural dyes. 
These sources provide insight into the dyeing 
process, comparing the environmental footprint 
of natural versus synthetic dyes and advocating 
for increased use of bio-based colorants in textile 
manufacturing. 
 
To improve the adoption of natural dyes in 
modern textile production, ongoing research by 

Bhattacharya and Lohiya (2002) focuses on 
optimizing the dyeing process for better color 
retention and wash fastness. The potential of 
natural dyes in textile innovation is vast, with 
continuous advancements in mordanting 
techniques and natural dye extraction (Dedhia, 
1998). Newer studies by Shahid et al. (2013) and 
other researchers are aimed at overcoming the 
limitations of natural dyes in commercial 
applications by improving their consistency and 
performance. 
 
In summary, the advantages of natural dyes 
extend beyond their environmental benefits to 
include aesthetic, cultural, and health-related 
factors. As the industry shifts toward more 
sustainable practices, the continued 
development of natural dye technology will play 
an essential role in the future of textile 
production. 
 
Challenges and Limitations of Natural Dyes: 
Despite their benefits, natural dyes face 
significant challenges, primarily in terms of color 
fastness and the range of available colors. 
Studies like Saxena and Raja (2014) have 
pointed out that natural dyes often fade more 
quickly than synthetic dyes, especially when 
exposed to sunlight and washing. To address 
these limitations, recent innovations in dye 
extraction and mordanting techniques have been 
explored. For example, the use of nano-
encapsulation technology, as reviewed by 
Samanta et al. (2020), has shown promise in 
enhancing the durability of natural dyes. Another 
major limitation is the restricted color palette 
offered by natural dyes. Synthetic dyes, with their 
broader range of bright and vibrant hues, 
dominate the market, whereas natural dyes are 
often limited to earthy and muted tones (Gupta et 
al., 2020). Nevertheless, research into optimizing 
dyeing techniques is ongoing, with studies like 
Adeel et al. (2019) focusing on developing new 
blends of natural dyes to achieve a wider 
spectrum of colors. 
 
Innovations in Natural Dyeing Techniques:              
In response to the challenges associated                   
with natural dyes, several innovative techniques 
have emerged to improve their application in 
modern textiles. For instance, the development 
of energy-efficient dyeing machines has reduced 
water and energy consumption during the dyeing 
process, as noted by Das et al. (2020). 
Additionally, advancements in sustainable 
mordants and extraction methods have 
minimized the environmental impact of                 
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natural dye production. Samanta and Agarwal 
(2009) reviewed various eco-friendly dyeing 
techniques, such as using solar energy for dye 
extraction and the application of nano-
technological solutions to improve the color 
stability of natural dyes. Furthermore, Joshi              
et al. (2020) explored the use of waste-derived 
natural dyes, which utilize by-products like 
pomegranate peels and walnut shells to produce 
sustainable, vibrant colors. These innovations 
represent a significant step forward in making 
natural dyes more viable for large-scale textile 
production (Al Prol&Ahmed, 2019; Kushvaha et 
al., 2022). 

 
Future Prospects and Sustainability: With             
the growing demand for sustainable textile 
practices, natural dyes hold considerable 
promise for the future of the industry. Research 
into improving the color fastness, range, and 
application methods of natural dyes continues to 
expand. Studies like Shahid and Mohammad 
(2013) emphasize the need for further research 
into bio-mordants and waste-derived natural 
dyes, which offer the potential for more 
sustainable dyeing practices. Additionally, 
government regulations and consumer demand 
for eco-friendly products are pushing the industry 
toward adopting greener alternatives. Bechtold et 
al. (2009) suggested that collaboration between 
researchers, industry players, and policymakers 
is crucial to fostering innovation and encouraging 
the widespread use of natural dyes. The potential 
for natural dyes to promote sustainability in the 
textile industry is immense, but continued 
research and development are necessary to 
overcome the current challenges. 

 
2. CONCLUSION 
 

Natural dyes provide an eco-friendly alternative 
to synthetic dyes, offering sustainability, 
biodegradability, and cultural significance. 
Despite challenges such as limited color fastness 
and a narrower color palette, recent innovations 
in extraction techniques, mordanting, and dyeing 
processes are improving the feasibility of using 
natural dyes in modern textile production. The 
ongoing development of bio-mordants and 
waste-derived dyes shows great promise for 
reducing the environmental impact of the textile 
industry. As research progresses and consumer 
interest in sustainable products grows, natural 
dyes have the potential to play a critical role                
in creating a greener future for the textile 
industry. 
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