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Natural dyes have been used since ancient times, when they were used not only for hair coloration, but also for

medicinal, decoration and religious purposes. Many organic compounds have been identified as the principal

coloring matters in hair dye plants and investigated for dyeing performance under experimental conditions. Natural

colorants can be classified based on dye source, application method and chemical structure.

plant hair dye  natural colorant  coloration mechanism

1. Introduction

Nowadays, with the growing global awareness of the adverse effects of synthetic hair dyes, the demand for safer

and more environmentally friendly hair dyes is increasing. Hair dye products can be grouped into three categories

according to wash fastness: temporary, semi-permanent and permanent hair dyes . Permanent hair dyes refer to

synthetic oxidative hair dyes, by which colors are produced in the hair cortex from small primary intermediates

(e.g., p-phenylenediamine and p-aminophenol) and couplers (e.g., m-aminophenol, m-hydroxyphenol and

resorcinol) through oxidation reactions in the presence of hydrogen peroxide as the oxidizing agent . Permanent

hair dyes represent the most widely used coloring matter in commercial hair dye cosmetics due to their strong

dyeing performance, predictable colors and rich range of tones . However, several studies have reported

allergenicity , mutagenicity , carcinogenicity , and environmental toxicity  associated with the use of

synthetic hair dye ingredients and the potential health risks have attracted widespread attention. By contrast,

natural dyes are temporary or semi-permanent non-oxidative hair dyes that can be adsorbed onto the cuticle and

some parts of the cortex of the hair shaft to produce color. Natural dyes derived from various parts of plants (e.g.,

fruits, flowers, leaves, seeds and roots) are generally regarded as low-irritating, less allergenic, sustainable and

eco-friendly green products with additional health benefits (e.g., antioxidant, anti-inflammatory and antimicrobial

properties) .

Natural dyes have been used since ancient times, when they were used not only for hair coloration, but also for

medicinal, decoration and religious purposes . In the early days, hair dyes were obtained from metallic

compounds, plant extracts, dried plants or their mixtures . Before the invention of first synthetic aniline dye,

mauve, in 1856, different plant extracts and herbal preparations such as mullein, birch bark, turmeric, and saffron

have been used for hair dyeing. The early record of natural hair dyeing dates back to ancient Egyptian times when

Rameses II reinforced his red hair color using henna . The ancient Greeks used to bleach their hairs using a

rinse of potassium lye solution followed by rubbing with a type of ointment made of yellow flower petals and pollen

. The Romans dyed their hair black by using walnut extracts . Today, the renascence of natural botanical
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ingredients in cosmetics and health care products has led to research work into the phytochemistry and coloring

potential of these traditionally used hair dye plants. Compounds including quinones, tannins, flavonoids, indigo,

curcuminoids and carotenoids were identified as the dominant naturally-occurring hair coloring matters and some

plants accumulating these phytochemicals, such as Lawsonia inermis (henna) , Juglans regia (walnut) 

, Curcuma longa (turmeric) , Haematoxylon campechianum (logwood)  were extensively

investigated. Natural dyes used in commercial cosmetics are mainly extracted from plants by solvent extraction ,

ultrasonic assisted extraction , microwave assisted extraction , supercritical fluid extraction , and enzyme-

assisted extraction  etc.

2. Phytochemicals Used for Hair Dyeing

2.1. Quinones

Quinones are colored compounds with a basic benzoquinone chromophore consisting of two carbonyl groups. The

three main classes of quinones are naphthoquinones, anthraquinones and benzoquinones . Among which,

naphthoquinones, widely distributed in plants and microorganisms, are the most frequently encountered quinone

hair dyes. In plants, these compounds usually exist in the free form with several isomers, among which, 1,4-

naphthoquinones are the most stable . The light absorbance of quinone dyes depends on their skeleton

structure and is affected by the presence of various substituents. The introduction of substituents, especially free or

methylated hydroxyl groups, may induce a red shift of the absorption maxima. Some substituents, such as amino

or substituted amino groups, may have significant influences on the color properties of quinone dyestuffs .

Representative naphthoquinones for hair dyeing purposes are lawsone, juglone, and shikonin (Figure 1).

Figure 1. Molecular structures of lawsone, juglone, shikonin, 1,4-benzoquinone, alizarin and the color changes at

acid–base conditions.
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Lawsone (2-hydroxy-1,4-naphthoquinone) is the main coloring component of henna leaves, also known as CI

Natural Orange 6, which acts as a direct or mordant dye for hair fiber to give a red-orange color . In Asia and

North Africa, the leaves of henna are widely used for hair and skin coloration. In a traditional manner, henna paste

(powdered henna leaves mixed with warm water) is directly applied onto the hair where lawsone can gradually

diffuse from the paste into the hair shaft to bind with keratin. There are many natural dye formulations based on

henna on the market, usually in the powder form. For example, a gel formula consisting of powdered henna, tea,

and hibiscus leaves can dye bleached hair brown . Besides direct dyeing, henna can also be used with various

mordants. Ali et al.  reported that the plant hair dyes prepared from henna, curcumin, and Tagetes erecta

extracts can be used as both direct dye to color gray hair brown and as mordant dye to obtain black color when

combined with iron (II) sulfate. Additionally, lawsone has a very low allergic potential. In most cases, allergic

reactions are not caused by the henna itself, but by the synthetic coloring additives that are added to henna

mixtures . It is worth noting that, when pure henna (usually considered as a weak sensitizer) is used in

combination with p-phenylenediamine, the risks for inducing sensitization and broad immune responses (including

hypersensitivity) increase significantly . The European Union Scientific Committee on Consumer Safety (SCCS)

concluded that henna was slightly and transiently irritating to the eye but it can be safely used as a hair dye when

the content of lawsone is less than 1.4% . Besides lawsone, there are flavonoids, tannins, phenolic compounds,

alkaloids and other active components in henna. Researchers have reported that henna extract has anti-

inflammatory, anticonvulsant , antioxidant, immunomodulatory , wound healing , and other

pharmacological activities.

Juglone (5-hydroxy-1,4-naphthoquinone) is an isomer of lawsone and can be obtained from the leaves, roots,

shells, and barks of walnut plants. Juglone and juglone-containing walnut green husk extracts were used in skin

coloring preparations , hair dyes  and antimicrobial agents . As a hair dye, juglone gives hair a

brownish color when mordanted with iron (II) ions. Beiki et al. reported the use of walnut husk extract to dye

bleached hair with good washability and antibacterial activity . A variety of in vitro test methods were used to

evaluate the safety of plant hair dyes based on walnut husk extract, categorizing it as non-irritant to the skin but

slightly irritating to the eye . Additionally, some studies reported dose-dependent cytotoxicity of juglone in human

fibroblasts and keratinocytes . These findings indicate that cosmetic preparations containing juglone should

be used with care.

Likewise, shikonin has also been used as a direct hair dye for brown color since ancient times. Shikonin ((R)-5,8-

dihydroxy-2-(1-hydroxy-4-methylpent-3-en-1-yl)naphthalene-1,4-dione) is a dominant component in the roots of

Lithospermum erythrorhizon (gromwell root), a perennial herbaceous plant native to China, Japan, and Korea 

. Wang et al. reported that the dyeing performance of gromwell root extracts on bleached hairs with the most

pronounced color change observed under acidic conditions . Besides, shikonin is believed to endow fibers with

antibacterial and anti-ultraviolet properties .

Anthraquinones are compounds with a central 1,4-diketo-cyclohexa-2,5-diene (quinone) structure connected to

peripheral phenyl rings . Anthraquinone dyes are typical donor/acceptor types and the substituent effects of

which can provide a wide range of colors. A notable structural feature is the hydrogen bonding between α-
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substituents and the carbonyl group, which enhances light fastness . Anthraquinones are found in various parts

of plants (flowers, leaves, fruits, roots, and rhizomes). Rheum officinale (rhubarb), Hamamelis mollis (witch hazel),

Aloe vera (aloe), and Rhamnus davurica (buckthorn) are known genera rich in these compounds . In plants,

anthraquinones usually exist in the form of glycosides and rarely in the free form. Rubia cordifolia (madder) is a

common source of the anthraquinone dye alizarin for dyeing purposes . The structure and color of alizarin are

pH-dependent (Figure 1). When the pH value is less than 7, alizarin is in its unionized form with both phenolic

hydroxyl groups closed and appears yellow with the absorbance maximum at 430 nm . At weak alkaline pH 8,

alizarin is partially deprotonated only with its β-OH and appears red with two absorption peaks at 430 nm and 530

nm . When pH increases (8 < pH < 13), both phenolic hydroxyl groups lost hydrogen, and the absorption peak of

alizarin moves rapidly to 530 nm, showing a purple color . Boga et al. investigated hair dyeing with alizarin at pH

8 (using yak hair as a model) and found it can rapidly turn white yak hair into reddish color .

Benzoquinone is the basic subunit of quinone compounds. 1,4-benzoquinone is a low molecular weight

benzoquinone dye extracted from young shoots of the Pyrus lindleyi (pear) and can be used for direct dyeing . It

was reported that 1,4-benzoquinone can give yak hairs a brown color at pH 2.7 or pH 8 in a concentration

dependent manner, and the color intensity does not seem to be strongly affected by pH .

Overall, quinones are a class of naturally abundant colorants with great potential to obtain a broad spectrum of

colors on hair, ranging from deep purple to orange and yellow. Currently, the application of quinone colorants in

commercial hair cosmetics is limited by poor solubility, strong odor, and photodegradation susceptibility.

2.2. Tannins

Tannins are a large group of polyphenolic molecules having several phenolic hydroxyl groups and other groups

such as carbonyls to form strong complexes with various macromolecules  (Figure 2). Tannins are broadly

distributed in the plant kingdom and are the most abundant secondary metabolites . They are generally

classified into two types: hydrolysable tannins and condensed tannins . Hydrolysable tannins contain glucose or

polyhydric alcohols esterified with gallic acid (e.g., gallotannins) or hexahydroxydiphenic acid (e.g., ellagitannins)

while condensed tannins consist of flavolans or polymeric parts of flavan-3-ols (catechins) and/or flavan 3:4-diols

(leucoanthocyanidins) .

[43]

[44]

[25]

[45][46]

[46]

[47]

[11]

[25]

[11]

[48]

[49]

[50]

[48]



Phytochemicals Used for Hair Dyeing | Encyclopedia.pub

https://encyclopedia.pub/entry/35849 5/15

Figure 2. Chemical structures of tannins (gallotannin, ellagic acid, gallic acid and catechin) with a proposed

mordanting mechanism when complexed with iron (II) ions.

Tannins are typical mordant dyes. One famous example used in history is the iron-gallink (tannin-iron coordination

compounds) . When hydrolysable tannins (pale yellow color) are complexed with iron (II) ions, a strong bluish-

black color is produced and the coordination complex formed between tannin, mordant and hair fiber can enhance

the color fastness . Both gallotannins and gallic acids occur abundantly (tannin content over 65%) in Galla

Chinensis (Chinese gallnut) and the gallnut extract was widely used as a black hair dye with iron (II) sulfate in

eastern Asia . Sargsyan et al.  studied the hair dyeing mechanism of matcha, which contains another type of

hydrolysable tannin, catechin, and found a similar iron-gall complex formed between the mordanting iron (II) ions

and the hydroxy groups of flavanol and keratinous hair fiber . Additionally, the selection of metal ions and

mordanting methods has shown to have significant effects on the color intensity and fastness of tannin dyeing .

On the other hand, tannins can also act as a bio-mordant to enhance the dyeing fastness of many plant dyes.

Jahangiri et al.  investigated the effects of tannin-based bio-mordants and metallic mordant (alum) on wool dyed

with madder root extract. The results showed that fibers pretreated with tannin produced very similar color and

washing fastness with those pre-mordanted with alum (ΔE < 1). This was suggested to result from the formation of

ionic complexes among protein fibers and organic molecules with ionizable groups at appropriate pHs . In

addition, due to the existence of abundant −OH groups, the application of tannins as mordants may also enhance

color fastness by forming additional hydrogen bonds with both colorants and protein fibers .

2.3. Flavonoids

Flavonoids are formed in plants from the aromatic amino acids, i.e., phenylalanine and tyrosine, and generally

occur as glycosylated derivatives. The core structure of flavonoid is flavan nucleus, which consists of 15 carbon

atoms arranged in three rings . Flavonoids known for hair dye applications include anthocyanins, hematoxylin,

quercetin, acacetin, etc. (Figure 3). Anthocyanins are the largest group of polyphenols in the plant kingdom. They

are responsible for the pink, red, purple, violet and blue colors of many fruits, vegetables and flowers . Several

studies have demonstrated the successful use of plants containing anthocyanins for hair coloring, including Ribes

nigrum (blackcurrant) , Morus nigra (mulberry) , Phaseolus mungo (bleak bean)  and Cleistocalyx

nervosum var. paniala . Their colors are determined by the number of hydroxyl groups and degree of

methylation as well as the number and position of sugar moieties (glycosides) and attached aliphatic or aromatic

acids . Six common derivatives of anthocyanins are presented in Figure 3. Their colors are highly influenced by

the environmental acidity/alkalinity. At pH < 3, the flavan nucleus exists mainly as flavylium cation (AH ) showing a

red color . When pH increases, AH  undergoes a rapid deprotonation to form a purple-colored quinonoidal base

(A); and when pH > 7.5, an anionic quinonoidal base (A ) is formed with a blue color . Besides, opening of the

anthocyanin ring may result in the formation of a yellow-colored E-chalcone . Cyanidin-3-glucoside was

successfully applied to hair coloring as a source of red colorants and can change into blue color when complexed

with iron (II) oxalate . Therefore, anthocyanin dyes can be used for both direct dyeing and mordant dyeing.

However, anthocyanins are unstable in aqueous formula whereas the addition of vitamin E acetate at 0.04% can
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enhance this natural colorant’s stability . Anthocyanins-based preparations have shown to be efficient semi-

permanent dyestuffs for hair with the dyed colors durable up to 5 wash cycles .

Figure 3. Chemical structures of flavonoids (anthocyanins, hematoxylin, quercetin and acacetin) and the effect of

pH on anthocyanin structure and resultant color.

Hematoxylin, (6aR,11bS)-7,11b-dihydroindeno[2,1-c]chromene-3,4,6a,9,10(6H)-pentaol, derived from

Haematoxylon campechianum (logwood) , can act directly or as mordant dye for hair fiber to give a reddish-

brown color . Wang et al. reported the use of logwood extract to dye bleached hair and the dyeing effect was

optimal at pH 7 . Thermodynamic and kinetic studies have shown that the adsorption of hematoxylin on hair is a

spontaneous and exothermic process . In vitro toxicological tests demonstrated that logwood extract is a safe

non-irritant hair dye ingredient .

Quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4-Hchromen-4-one)) is a polyphenolic flavonoid found in tea,

onions and berries  and can act as a direct dye for hair coloring. Tibkawin et al. reported the use of teak leaf

extract (quercetin is the main colorant) as a plant hair dye for bleached human hairs wherein the color obtained is

dependent on the harvest states of leaves (young leaf extract produces reddish brown while mature leaf extract

produces brown color) . Quercetin is also known for its medicinal bioactivities, such as anticancer and antiviral

activities 

Acacetin (5,7-dihydroxy-4-methoxyflavone) is a naturally-occurring flavonoid in the bark of Acacia farnesiana

(huizache) . Ali et al. studied the use of huizache extract to dye gray hair, and the color obtained by direct dyeing

was less intense than that dyed with henna extract . Besides, acacetin has a variety of pharmacological

properties including neuroprotective, cardioprotective, anticancer, anti-inflammatory, antidiabetic, and antimicrobial

activities .
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Collectively, flavonoid colorants may come from a wide range of sources, but their colors are easily affected by

environmental pH, metal ions, light, temperature, and oxygen .

2.4. Indigo

Indigo, also known as indigotin (CI Vat Blue 1), has been used as a vat dye and traditional medicine for thousands

of years. In ancient times, freshly picked stems and leaves of “daqingye” indigoid plants , i.e., Indigo Naturalis,

Baphicacanthus cusia (Nees) Bremek., Polygonum tinctorium Ait. and Isatis indigotica Fort. were soaked in vat

water for several days to ferment and become dark blue . Thereafter, lime was added and the residues were

stirred and precipitated to obtain indigo colorant, which is a glycosylated form of indole precursor (e.g. isatan A and

B) . During fermentation, indole precursors, i.e., hydrolyzed and released indoles, combine spontaneously to

form indigo in the presence of oxygen . Intra- and inter-molecular hydrogen bonding are responsible for indigo’s

insolubility in water and dilute acid .

In the dyeing process (Figure 4), indigo is first chemically reduced in alkaline medium to obtain its soluble reduced

form. Sodium hydrosulfite is usually used as the reducing agent for textiles dyed with vat dyes . Indigo

carmine (indigo-5,5′-disulfonic acid di-sodium salt, C.I. Natural Blue 2) was considered as sulfonated indigo which

can give hair a blue hue when used as an acid dye . In the case of hair dyeing, indigo is usually mixed with a

certain proportion of henna powders and water to make a paste which can color the hair dark brown .

Komboonchoo et al.  investigated the dyeing characteristics of indigo, lawsone and lawsone-indigo mixture

under reducing and/or oxidizing conditions and found that the dyeing performance of indigo dyes strongly depends

on the pH of the solution. Indigo, when dyed in a strong alkaline dyeing bath, shows enhanced dye uptake with a

dark blue color due to the presence of soluble monophenol and bisphenol ions of its reduced form. Besides, some

studies have reported that indigo has anti-inflammatory, antioxidant, antibacterial and immune regulatory activities

. Overall, indigo is a sustainable and environmentally friendly natural colorant and is widely used in

commercial hair dye cosmetics with henna for dark colors.

Figure 4. Molecular structures of indigo, indigo carmine and the pH effect on the soluble forms of indigos.

2.5. Curcuminoids
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Curcuminoids are a bis-α, β-unsaturated diketone and in solution exist in equilibrium with the corresponding enol

tautomer . They are abundant in the rhizome of Curcuma longa (turmeric) and can be found in other

Zingiberaceae and Araceae families. Under acidic and neutral conditions, the bis-keto form predominates, whereas

at >pH 8 the enol tautomer is favored. Curcumin is practically water insoluble at acidic and neutral pHs while in

alkali solution the formation of more soluble anionic species takes place . Curcumin and other related

curcuminoids (demethoxycurcumin and bisdemethoxycurcumin) are well known yellow curry colorants and textile

dyes (Figure 5). It was reported that under acidic conditions, curcumin dispersed in a water/2-

propanol/benzylalcohol solution can be used for direct hair dyeing, giving a distinct yellow color . Curcumin can

also be used for mordant dyeing. Under the action of iron (II) sulfate mordant, bleached hairs can be dyed into an

orangish-brown color with resistance to 8 shampooing washes . Besides, curcumin has been used in traditional

medicine for treating diabetes, abdominal pains, menstrual disorders, wounds, eczema, jaundice, inflammations

and for blood purification . Curcumin extracted from turmeric was reported with potent antioxidant, anti-

inflammatory, anticancer and hepatoprotective activities . Nevertheless, poor water solubility and photostability

limit the industrial use of curcuminoids in hair dye formations.

Figure 5. Molecular structures of the main types of curcuminoids.

2.6. Carotenoids

Carotenoids are linear conjugated polyene-terranes and the general structure usually consists of a polyene chain

with nine conjugated double bonds and two groups at both ends. Highly conjugated electronic systems of

carotenoids contribute to their yellow, orange, red and purple colors . Three types of carotenoids, i.e.,

zeaxanthin, peridinin, and lutein were successfully applied for hair dyeing (Figure 6). Carotenoid dyes can provide

bright hues with good color fastness properties when associated with metallic mordants. Boonsong et al. reported

the use of Eclipta alba (false daisy) extract (its main colorant is zeaxanthin) and Terminalia belerica (beleric

myrobalan) extract (its main colorant is peridinin) as hair dye for bleached hair with ascorbic acid as a natural color

developer and iron (II) sulfate as the mordant, which produced good dyeing performance and dye fastness .

Likewise, lutein obtained from Tagetes erecta (marigold) was used in natural hair dyeing to cover grey after mixing

with Cymphomandra betacea (tamarillo) extract and Aloe vera mordant . Besides, several carotenoids, such as

bixin and norbixin, have been used as a good remedy for cardiac, astringent and febrifuge gonorrhea . Similar to

curcumin, carotenoids are hydrophobic dyes extracted using organic solvents such as hexane, acetone and ethyl

acetate. Poor photostability is a hindrance to their applications in commercial cosmetic products.
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Figure 6. Molecular structures of zeaxanthin, peridinin, and lutein.
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