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Abstract  
Natural dyes or pigments are natural colourants that are purely extracted from natural resources such as plants, invertebrates 
or minerals. These dyes are eco-friendly dyes that promote sustainable solution to textile industries. Natural dyes are 
biodegradable in nature and cause no harmful effects to the environment. Natural dyes are rich in antimicrobial and 
antibacterial properties. This review paper explores the potential sources of natural dyes. It also highlights the benefits of 
natural dyes along with their classification and application in various sectors such as textile, food, cosmetic, pharmaceuticals 
etc. This sustainable approach is an alternative option against synthetic dyes. 
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INTRODUCTION  
         India has blessed with vast variety of natural flora and fauna. It has more than 500 varieties of naturally occurring 
resources. Natural colorants are one the precious hidden treasures to mankind. Natural dyes or pigments are natural 
colourants that are purely extracted from natural resources such as plants, invertebrates or minerals [1]. Apart from this, 
these dyes are also extracted from the leaves of plants, roots, barks, insect secretions, fungi, minerals etc. As per the early 
records, the use of natural dyes is as old as Indus Valley Civilization. The practice of natural colorants was found in the Greco 
Roman periods. From the ancient texts and manuscripts of our Vedas, the Atharveda showcases the use of natural dyes. The 
wall painting of Ajanta, Ellora and Sithannvasal, Mithila paintings strongly depicts the legacy of natural dyes from the 
ancient’s times in India[2]. On the basis of archeological findings in Egypt, traces of naturally dyed textiles was found in 
tombs and buried sites which comprise of fragments of naturally dyed cloth of linen and wool using plant based dye such as 
indigo, madder and safflower. Thus, the use of natural dyes from ancient times played a significant role in the life of mankind. 
                   With the emergence of synthetic dyes in 19th and 20th century, the charm for natural dye declined and slowly 
come to an end. The first synthetic dye was invented by Sir William Henry Perkin in 1856 [3]. Perkin’s accidental discovery 
of mauve dye leads dynamic revolution in the textile industry. The pervasive acceptance of synthetic dyes fastens the demand 
for dyeing of textiles which results in production of larger quantities. Synthetic dyes are versatile and offer wide variety of 
colours. These dyes are cost effective and have excellent fastness properties. Due to the increase awareness and environmental 
concern, the use of synthetic dyes has declined. Many countries have banned synthetic dyes as they are not only harmful for 
human body but also release toxic chemicals which are carcinogenic in nature. In comparison to synthetic dyes, natural dyes 
or colorants are eco-friendly in nature[4]. These dyes are biodegradable and cause no harmful effects to the environment. 
Natural dyes are rich in antimicrobial and antibacterial properties. Dyeing textiles with natural colorants produce a wide 
range of soft and luxurious earthy shades. This earthy hue captivates the human eyes and gives a cooling sensation to the 
wearer. 

  Keeping environmental concern in mind, many industries started using natural dyes. This initial step 
indicates a smarter approach towards environmental commitment and adoption of sustainable practices. This review paper 
focuses on the classification of natural dyes and their applications in different sectors such as textiles, food, pharmaceuticals 
and cosmetics industry. 

Classification of Natural Dyes 
Natural dyes are obtained from from plants, animals and minerals sources. Majority of natural colorants are extracted from 
plant based sources such as roots, fruits, bark, leaves, wood, and other organic sources such as fungi and lichens. The use 
natural dyes were around 2600 BC [5]. As per the records, it was found that the dyeing was carried out by using plants, barks 
& insects in China about 5000 years ago. There are many natural sources through which natural dyes can be obtained. These 
dyes produce unique range of earthy colours.    
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a) On the basis of origin 

On the basis of origin, natural dyes are categorized into three types plant based or vegetable     dyes, animal 
dyes, and mineral dyes. 

1. Plant based dyes: These dyes are extracted from different parts of plants such as petals, roots, barks, berries, stem, 
leaves etc. 

2. Animal based dyes: These dyes are extracted from insects. Insects namely Lac, Cochnieal and Kermes are known 
for dye yielding colorants. 

3. Mineral based dyes: These dyes are extracted from natural mineral resources such as chrome-yellow, iron  buff, 
narkin yellow, Prussian blue etc [6]. 
Plant based dyes 

 Indigo plant: The botanical name of indigo is Indigofera tinctoria commonly known as true indigo. It is one of the 
oldest and most widely used natural dyes.The leaves of this plant are commonly used to produce a range of blue 
shades. 

 Madder plant: The botanical name of madder is Rubia tinctorum. The madder plants are cultivated to produce a red 
coloured dye known as alizarin. Different shades of red and pink are obtained from this dye. The vibrant colour of 
this dye often used to dye wool and silk. 

 Weld plant : The species of this plant produces range of yellow colour. The botanical name of weld dye is Reseda 
luteola. For extraction of colour, the leaves and stems of weld plant are used. This dye exhibits a good range of 
lightfast properties and is often used to dye cotton and linen. 

 Turmeric plant: This dye yields natural bright yellow colour which is obtained from the roots of the turmeric 
plant. The botanical name for Turmeric is Curcuma longa. It is highly used to add colour in food items and also 
contains medicinal properties. This natural colorant is used to dye cotton,wool and silk. 

 Pomegranate rinds: The botanical name for rinds of the pomegranate fruit is Punica granatum. It is used to produce 
a range of red and pink shades. The vibrant color of Pomegranate rinds is often used to dyeing of wool and silk. 

 Onion skins : The scientific name for  onion skins is  Allium cepa .and it  to produces a range of brown and yellow 
shades. Onion skins dye is known for its subtle color and is often used to dye cotton and linen. 

 Coffee beans: The coffee beans known to produce a range of brown and beige shades. The botanical name for 
coffee beans is Coffea Arabica. This dye is highly valued for its subtle color and is often used to dye cotton and 
linen. 

 Tea leaves: The botanical name for tea leaves is Camellia sinensis. The leaves of the tea plant are used to produce a 
range of brown and beige shades. This dye produces soft and muted shades of color and is often used to dye cotton 
and linen. 

 Safflower flowers: The delicate flowers of the safflower plant are known for its yellow and orange shades of colour. 
The botanical name for Safflower is Carthamus tinctorius. The vibrant color range of this dye is used to for dyeing of 
wool and silk. 

 Henna leaves: The botanical name for Henna is Lawsonia inermis. The leaves of the henna plant are used to dye hair 
and textile fibres. Traditionally, it is also used for decorating human body parts such as hands and legs. It produces 
a beautiful and aromatic range of red and brown shades [6]. 

Animal-Based Sources 

 Cochineal insects: The scientific name of Cochineal insects is Dactylopius coccus. The dried cochineal insect 
bodies of female cochineal insect are used to extract natural dyes which produce shades of red and pink colour. 
It is highly expensive dye and is often used to dye wool and silk. 

 Lac insects: The scientific name of Lac insects is Kerria lacca. A range of red and purple shades are obtained 
from lac insect. This dye is used for dyeing wool and silk. 

 Silk worm cocoons: The scientific name of Silk worm is Bombyx mori. The cocoons of the silk worm exhibit a 
range of yellow and golden shades. 

 Kermes insects: The kermes insects are known for its natural shades of red and crimson. The scientific name of 
Kermes insects is Kermes vermilio. The extracted dye is used in dyeing wool and silk [6]. 

Mineral-Based Sources 

 Chrome green-from a compound of chromium and oxygen.  
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 Chrome red-from from a compound of chromium and lead. 
 Chrome yellow-from a compound of chromic acid and lead 
 Prussian blue from a compound of iron and cyanide. 
 Iron oxide : Iron oxide produces a wide range  of yellow, brown  and red shades. It is used to dye wool and silk. 
 Titanium dioxide: A range of white and opaque shades are obtained from Titanium dioxide dye and is used to dye 

wool and silk. 
 Ochre : Ochre is known for its range of yellow, brown, and red shades. This dye is used in dyeing of wool and silk. 
 Malachite : Malachite produces excellent shades  of green and blue used to dye wool and silk. 
 Lapis lazuli : Lapis lazuli is used to produce a range of blue and purple shades [6]. 
b) On the basis of chemical structure 
 Indigoids: Indigo, Turian purple and Woad falls in this class. It is found in the plants in the form of glucoside 

indicant. 
 Anthraquinones: These dyes carries anthraquinone structure and extracted from plants and insects. Due to 

anthraquinone structure, this class of dye yields red colour. Dyes such as Madder, Lac, Cochnieal, Kermes are 
categorized in this group. 

 Alpha-Naphthouinones: This class of dyes contains alpha-naphthoquinone structure such as 2-hydroxy 1-4-
naphthoquinone. Henna, Lawsone and Juglone are the examples of this class. 

 Flavones: These dyes yields yellow colour and are derivatives of hydroxyl and methoxy substituted flavones or 
isoflavones. Natural weld dye is an example of this class. 

 Carotenoids: These dyes are characterized by long chain conjugated double bonds. Natural dyes such as Saffron, 
Annatto belongs to this class. 

 Dihydropyrans: Natural dyes such as Logwood and Sappan belongs to this category. Logwood produces dark black 
colour on protein and cellulosic fibres. 

 Anthocyanidis: Natural dye carajurin belongs to this class. A dye under this category produces natural shades of blue 
and orange [7]. 

c) On the basis of colour 
Natural dyes exhibit a wide spectrum of colours. These dyes can be classified on the basis of colour or hue.  

 Red: this colour index is a combination of 32 different colours. The prominent members of this family include 
maddar, manjistha, Brazil wood, Morinda, cochineal and lac dyes. 

 Blue: this colour consists of four natural blue dyes. Indigo, Kumbh and flowers of JapaneseTsuykusa falls in 
this category. Since ancient times, the use indigo blue is known for dyeing of  cotton and woollen fabrics.  

 Yellow: there are 28 shades of yellow colour and these are used in dyeing of protein and cellulosic fibres. 
Barberry, Tesu flowers, Kamala, Turmeric and Marigold etc are the sources that yields yellow colour. 

 Green: the occurrence of green colour is very rare. Hence it is made by combining yellow and blue colour. 
Woad and Indigo produces natural green colour. 

 Black and Brown: this colour contains six black natural dyes and this colour is obtained from carbon, caramel 
and lac. Brown colour is procured from Cutch. 

 Orange: this colour is obtained by combination of two colours namely red and yellow. Annatto and Barbeny are 
the sources that produce natural orange colour [7]. 
Advantages of natural dyes 

 Natural dyes are considered to be environmental friendly dyes as they are biodegradable in nature which does not 
result in pollution.  

 These dyes are eco-friendly dyes as they are extracted from natural resources. 

 Natural dyes are non-toxic dyes as it does not contain any harmful chemicals. Hence it is safe for skin. 

 Natural dyes produce unmatched soft earthy shades which pleases human eye. 

 Most of the natural dyes contain anti-bacterial properties hence naturally dyed fabric is safe for the wearer. 

 It is a labour intensive industry, hence open job opportunities for the people who are engaged in agriculture and 
other industrial units [6]. 

 A wide range of colours can be achieved by combining different natural colours. By using mordants, it is easy to 
create new range of natural shades [8]. 

          Disadvantages of natural dyes 
 Highly expensive dyes in comparison with synthetic dyes. 
 The extraction process is laborious and time consuming. 
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 The colour of natural dyes has poor fastness properties, hence fades after a span of time. 
 Natural dyes showcase batch to batch variability which makes difficult to achieve same shade of colour [6]. 

 
 
         Application of Natural Dyes 

 Textile Industry: Natural dyes are used in textile industries for dyeing of fibre, yarn, fabric or other textile 
materials. It plays an important role in organic and sustainable textiles. 

 Food Industry: Natural dyes are extensively used in the food industry. These dyes not only adds   colour to the 
food items but also improves the appearance of the food products such as sauces, beverages, bakery, candies etc. 

 Cosmetic Industry: A natural dye yields anti-oxidant, anti-microbial and anti-inflammatory properties. These dyes 
are highly used in cosmetics and skin care ranges. 

 Pharmaceutical Industry: Natural dyes used in medicine production and skin care treatment. 
 Art and Craft Industry: Natural dyes used in production of art and craft materials such colours, clay etc. 
 Leather Industry: These dyes are used for colouring leather products. 
 Paper Industry: These dyes are used for colouring paper and other cellulose based products. 
 Agriculture Industry: These dyes are used in colouring of animal feed and other agriculture products [6]. 

 
CONCLUSION 
                 Since, ancient time’s natural dyes have played a significant role. Natural dyes have deep connection with our 
culture and history and also reflect the age-old traditions and craftsmanship of different countries. These dyes are non-toxic 
and biodegradable in nature which is an alternative option against synthetic dyes. Natural dyes are environment friendly 
which help in reducing environmental pollution. These dyes have poor fastness properties. Despite of several challenges, the 
demand of natural dyes is increasing. The interest of consumers are shifting towards eco-friendly and sustainable products. 
With the growing demand of natural dyes more researches must be conducted to understand the challenges and minimizing 
their limitations. Not only this, there is a need of smart solutions and innovation techniques for extraction and other 
processes which benefits the textile industry. Also there is need to improve fastness properties of natural colorants and there 
are more resources yet to be discovered. The future prospects of natural dyes are promising as it provides job opportunities, 
growth, innovation and sustainability. 
 
REFERENCES  

1. B.Mahltig,H.Bo¨ttcher,MetalComplexes as mordants in natural dyeing and printing options and 
Challenges, Molecules25(16)(2020)36–37. 

2. VJha;PKBasak;Ethnobotany,1994,6,1-2,9-18 
3. CDCalnan.ContactDermatitis.1976,2,3,160–166. 
4. Ahlström, Lars-Henric, Cecilia SparrEskilsson, and ErlandBjörklund. "Determination ofbanned azo dyes in 

consumer goods." TrAC TrendsinAnalyticalChemistry24,no.1:49-56,2005. 
5. A.Tamilarasi and M.Banuchitra (2021).International Journal of Creative Research Thoughts.vol.9.pg527-539. 
6. Kalsy. M, Singh. G and Khanthethi, P. “Natural Dyes: Sources and Applications”. From Local to Global-The Power 

of Community –Driven Science. Edited by Kaberi Gogioi, Soumya Sucharita Sahoo, Prathyusha Kantheti, Karishma 
Begum and Avantika Pathak. (2024) Pp240-248.  

7.  Gupta. V.K.“Fundamentals of Natural Dyes and its Application on Textile Substrates”. Chemistry 
and Technology of Natural and Synthetic Dyes and Pigments. Edited by Ashis Kumar Samanta, 
Nasser S. Awwad and Hamed Majdooa Algarni.(2020)Pp 1-38. 

8. HanaKřížová. “Natural dyes: their past, present, future and sustainability” (2015). 
9. Agarwal A, Grag A, Gupta KC. Developmentof suitable dyeing process for dyeing of wool with natural dye 

henna (Lawsonia inerma). Colourage. 1992;39(10):43 
10. Badan BM, Burkinshans SM. Dyeing of wool and nylon 6.6 with henna and lawsone. Dyes and Pigments. 

1993;221:15 
11. Chavan R B. Chemical Processing of Handloom Yarns and Fabric.Delhi: 

DepartmentofTextileTechnology,IIT; 1999. p. 6 
12. Dedhia EM. Natural dyes. Colourage.1998;45(3):45 
13. GhoshP,SamantaAK,DasD.Effect of selective pretreatments and different resinpost-treatmentsonjute-viscose 

upholstery fabric. Indian Journal of Fibre and Textile Research. 1994;19:298 
14. Gulrajani ML, Deepti G. Natural Dyes and their Application to Textiles.Delhi:DepartmentofTextile 

Technology, IIT; 1999. p. 23 

http://refhub.elsevier.com/S2405-8440(24)09677-4/sref4
http://refhub.elsevier.com/S2405-8440(24)09677-4/sref4
https://www.researchgate.net/profile/Hana-Krizova-2?enrichId=rgreq-55e0d62c27eab692faaf8733cfe784b7-XXX&enrichSource=Y292ZXJQYWdlOzI5Mzg4NTg1ODtBUzozMjgwMDcyMTEzMzk3NzdAMTQ1NTIxNDQyMTExMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf


International Journal of Environmental Sciences  
ISSN: 2229-7359 
Vol. 11 No. 14S, 2025 
https://www.theaspd.com/ijes.php 

129 
 

15. GulrajaniML,GuptaDB,AgarwalV,JainV,JainM.Somestudies onnaturalyellowdyes. IndianTextile Journal. 
1992;102(4):50 

16. HillDJ.Isthereafuturefornatural dyes? Review of Progress in Coloration andRelatedTopics.1997;27:18 
17. K. Agarwal,Applicationofnaturaldyesontextiles,IndianJournalof Fibre &TextileResearch,34,2009, 384-399 
18. Katti MR, Kaur R, Shrihari N. Dyeingofsilkwithmixtureofnatural dyes.Colourage.1996;43(12):37 
19. Krizova H. Natural dyes. In: Kryštůfek M, Vik W, editors. Chapter18:TextileDyeing—Theory and 

Applications. 1st ed. TUL: VysokoškolskýpodnikLiberecs.r.o., Studentská2.Liberec.pp.317-334 
20. Lokhande HT,Vishnu A,Dorngade,Nayak SR. Application of natural dyes on polyester. American Dyestuff 

Reporter. 1998;40 
21. Mathur P, Metha A, Kanwar R, BhandariCS.Useof neembarkaswool colourant—Optimum conditions of 

wooldyeing.IndianJournalofFibreand TextileResearch.2003;28:95 
22. Mahale G, Sakshi, Sunanda RK. Silk dyed with Acalypha (Acalypha wilkesiana) and itsfastness. Indian 

Journal of Fibre and Textile Research. 2003;28:86 
23. Oda H. Improvement of light fastness of natural dyes. Part 2: Effect of functional phenyl esters on thephoto 

fading of carthamin in polymeric substrate. Coloration Technology. 2001;117(5):257 
24. P.S.Vankar,Handbookonnaturaldyesforindustrialapplications,NationalInstituteofIndustrial Research, 2007 
25. PaulR,JayeshM,NaikSR.Natural dyes: Classification, extraction and fastness properties. Textile Dyer & 

Printer. 1996;29(22):16 
26. Rathi DR, Padhye RN. Studies on application of natural dyes on polyester.Colourage.1994;41(12):25 
27. SamantaP.Areviewonapplicationofnaturaldyesontextilefabricsanditsrevivalstrategy.Chemistry and technology of 

natural and synthetic dyes and pigments. 2020. 
28. Saxena S, Iyer V, Shaikh AI, ShenaiVA.Dyeingof cottonwithlac dye.Colourage.1997;44:23 
29. SamantaAK,PreetiA,SiddharthaD.Dyeingofjuteandcotton fabrics using Jackfruit wood extract: Part I—

Effects of mordanting and dyeing process variables on colour yieldand colour fastness properties. Indian 
Journal of Fibre and Textile Research. 2007;32:466 

30. Teli MD, Paul R, Pardesi PD. Naturaldyes,classification,chemistry and extractionmethods. Colourage. 
2000;60:43 

31. Adeel S, Rehman F-U, Rafi S, Zia KM, Zuber M. Environmentally friendly plant-based natural dyes: 
Extractionmethodologyandapplications.PlantandHumanHealth,Volume2:Springer; 2019.p.383-415. 

32. Senthil P, UmasankarP, SujathaB. Ultrasonicdyeingofcottonfabricusing with neem leaves. Indian Textile 
Journal. 2002;112(6):14 

33. ShuklaD.andVankar,P.S.,"NaturalDyeingwithBlackCarrot:Anew Sourcefornewershadesonsilk", Journal of Natural 
Fibers, 2013, DOI: 0.1080/15440478.2012.757031. 

34. Ansari,T.N.,Iqbal,S.andBarhanpurkar,S., "Eco-friendlyDyeingwithSenegaliacatechuUsing Biomordant", 
International Journal of Creative Research Thoughts, 2018: 6(1), 1351-1354. 

35. Bukhari, H.; Heba, M.; and Khadijah, Q., "Eco-Friendly Dyeing Textiles With Neem Herb for 
MultifunctionalFabrics.Part1:ExtractionStandardization",InternationalJournalofTechnicalResearch and 
Applications, 2014: 2(2), 51-55. 

36. Siva,R.(2007)StatusofNaturalDyesandDye-YieldingPlantsinIndia.CurrentScience,92,916-925. [Citation Time(s):3] 
37. Samanta,A.K.andAgarwal,P.(2009)ApplicationofNaturalDyesonTextiles.IndianJournalofFibre and Textile 

Research, 34, 384-399.[Citation Time(s):4] 
38. Bansal, A.andSood, A.(2006).Dyeing of silken yarns withBerberrydye.Tex.Trends,XLVIII(12):39- 42. 
39. Bhuyan,R.andSaikia,D.C.(2004).Naturaldyes:PresentscenarioinNorthEastIndia.ColoringLI(5): 27-3 
40. Bose, S. and Nag, S. (2012).IsolationofNaturalDyesfromthe FlowerofHibiscusRosa-

Sinensis.AmericanJournalofPharmTech Research, 2(3): 761-770. 
41. Carvalho,C.andSantosG.(2016).Sustainabilityand Biotechnology– NaturalorBioDyesResourcesin Textiles. Journal 

of Textile Science & Engineering, 6(1): 1-5. Chavan, R.B. (1995). 
42. Revival of natural dyes – A word to caution to environmentalists. Coloring 42(4):27-30.Chengaiah,B., Rao, M. K., 

Kumar, M.K., Alagusundaram, M. and Chetty, M. C. (2010). The medical importance of natural dyes – A review. 
International Journal of PharmTech Research, 2 (1): 144-154. 

43. Tripathi,G.,Yadav, M.K.,Padhyay, P.,andMishra,S.(2015).Naturaldyeswithfutureaspectsinthe dyeing of Textiles: A 
research article. International Journal of Pharm Tech Research, 8 (1): 096-100. 

44. Shukla,D.andVankar,P.S.(2017).NaturalDyesforTextiles,Sources,Chemistry,andApplications. 
45. A volume in Wood head Publishing Series inTextiles,pp.141–166.Singh,K.andParmar,S.S.(1998). Are natural dyes 

safer than synthetic dyes? Textile Trends XL (11): 23-27. 



International Journal of Environmental Sciences  
ISSN: 2229-7359 
Vol. 11 No. 14S, 2025 
https://www.theaspd.com/ijes.php 

130 
 

46. E. J. W. Barber, Prehistoric textiles: the development of cloth in the Neolithic and Bronze Ages with special 
reference to the Aegean, Princeton University Press, 1991 

47. F. Brunello, The art of dyeing in the history of mankind, Aatcc, 1973 
48. C. J. Cooksey, ―Tyrian purple from marine muricids, especially from Plicopurpura pansa (Gould, 1853),‖ Journal 

of Shellfish Research, vol. 21(1), pp.193-200, 2002 
49. T. Bechtold and R. Mussak (Eds.) Handbook of natural colorants. John Wiley & Sons, 2009 
50. M. LaBerge, ―The Heart of the Madder: An Important Prehistoric Pigment and Its Botanical and Cultural 

Roots,‖ M. Sci. thesis, University of Wisconsin-Milwaukee, 2018. 
51. https://kathryndavey.com/what-is-natural-dyeing/ 
52. https://textilelearner.net/natural-dyes-properties-types-production/ 
53. https://fibercurious.com/natural-dyeing/ 
54. https://textiletrainer.com/history-of-natural-dyes/ 
55. https://www.ijcrt.org 
56. https://neptel.ac.in 

 

https://press.princeton.edu/books/paperback/9780691002248/prehistoric-textiles
https://kathryndavey.com/what-is-natural-dyeing/
https://textilelearner.net/natural-dyes-properties-types-production/
https://fibercurious.com/natural-dyeing/
https://textiletrainer.com/history-of-natural-dyes/
https://www.ijcrt.org/
https://neptel.ac.in/

