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Recent years have seen renewed interest in dyes that are 
derived from natural sources, especially among artists working 
with textiles hut also amone lavmen who are interested in . " 

historical crafts, or who simply enjoy producing different 
shades of color from plants. This paper movides an historical 
introduction to the iuhject, with'achronological account of 
the development of dve processes. In  the second section we 
discuss thechemistry bf the different dye procedures and the 
chemical structures of important natural dves. such as the 
dyes of saffron and of the famous madder root (Fig. 1 and 2). 
The description will concentrate on those compounds that can 
he used as dyes on natural fibers such as wool,ilk, cotton, and 
linen (Figs. 3-11). 

History of Natural Dyes 

Until the middle of the nineteenth century, plants, animals, 
and minerals were the only sources for coloring agents, be it 
for dyes or pigments.' 

The first fiber dyes werealready used in prehistorir times 
after the last ice age, around 1000 B.C. They consisted of fu- 
gitive stains from berries, blossoms, barks, and roots. They 
were early examples of so-called direct d.yes or substantive 
dyes, i.e., dyes that color the natural fiber wlthout special 
pretreatment of the dye-material or the textile. Accordingly, 
the dye process itself was simple but resulted in rather limited 
color fastness, i.e., poor resistance toward color-change after 
repeated washings or after exposure to light. Thus, examples 
of prehistoric dyes have heen found only in rare situations, 
where the colors and fibers were preserved by permafrost, by 

' "Dyes" are generally defined as compounds that undergo chemical 
interaction urith the suhstrate tu be dyed i c y .  with a textile). They 
are usually dissolved or dispersed in a a h n t ,  and the suhstrate is 
treated in this sulution. "Pigments" do not furm chemical bonds with 
the substrate; in order toadhere to thesurface of a substrate they have 
to he mixed with an adhesive. "Cuhxant" is a term used for both dyes 
and pigments ( I ) .  

Figure 1. Saffron (Crocus sabvus), according to a woodcut by Leonhart Fuchs 
from 1543. 

dry desert sand, or under the anaerobic conditions of a 
swamp. 

More sophisticated dyes were developed in later times. 
Advanced dve procedures were rewired to vroduce colors " . 
with better fastness. 

The blue dve of indigo (Fiz. 11). derived from the plant 
Indigofera tin"ctoria, had been known in India for about4000 
"ears. Phoenician traders and migrating peoples gradually . .  ~ 

introduced this dye to the ~ed i t e r ran ian  area, from where it 
spread to Europe. In Northern Europe another blue dye, 
woad(1satis tinctoria), had heen in use since the Bronze Age 
(2500-800 R.C.). Dyeing with this plant also produces the 
chemical indigo. However, due to by-products, the resulting 
hlue is not as pure as that from the indigo plant. Around 1500 
A.D. indigo was imported for high prices to Northern Europe. 
In spite of a decree in England that prohibited import of in- 
dim in order to protect local woad growers. indiao com~letelv 

fiber i&olved a comblicated procedure. The &ant had to be 
fermented, then treated with urine. The fiher was dipped into 
the still colorless dye bath and then hung out in the sun in 
order to get a blue, insoluble dye on the fiher. (The chemistry 
of this process will be explained in the next section.) 

Another ancient vat dye was the Tyrian purple (Fig. 11). 
derived from the Mediterranian shell fish of the eenera Pur- 
pura and Murer. The Phoenician towns of Tyre and Sidon 
were the centers of this dye industry around 800 B.C., and 

Figure 2. Madder (Rubia tinctorom), accordingtoa woodcut by Leonhart Fuchs 
from 1543. 
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Creek dye factories that produced purple existed all alonl: the 
Mediterranian coast. 

Many shadesof red could he created with the madder root, 
from the Mediterranian and Asian plant Rubia tinctorurn 
(Fig. 2). Madder contains alizarin (Fig. 10) and is an example 
of a "mordant dye." This type of dyestuff produces only a 
weak cdoration on untreated fibers. Strong and fast colors can 
be ohtained, if the textile is first immersed in a solution of a 
so-called "mordant." These are metal salts, like alum, copper, 
chromium, tin, and iron salts, and tannins (Fig. 7). In ancient 
times, mordanting was achieved by carrying out the dye pm- 
cess in copper or tin vessels, or hy adding iron nails. Most 
natural dves belona to the rrour, of mordant dyes. Other ex- 

already in 1727 B.C., and lac, from the insect Coccus lacca, 
found in India and southern Asia. 

Ancient dyes and dye procedures have been recorded 
mainly by two historians of the first century A.D. The Roman 
naturalist Pliny, the Elder, refers in his writings to indigo as 
well as woad, a common dye used among Gallic tribes. The 
Greek physician Dioscorides describes the dyes of madder for 
red, saffron (from the stigmas of Crocus sativus) for yellow 
(Fig. 1 and 8), weld (from R ~ s e d a  luteola) for yellow (Fig. 4), 
woad for blue, and dyers' bugloss (Alkanna tinctoria) for red 
(Fig. 9). Bark of oaks, walnut hulls, and oakgalls, all rich in 
tannins (Fig. 7), provided both dye and mordant and produced 
brown to black colors. Note that many of the systematic names 
of dye plants contain the word tinctorius or tinctorum or 
similar, which is translated to "the dyer's." 

During the middle ages, until about 1250 A.D., the well 
developed dye ~rocedures were recorded by medieval monks. 
At this time dye plants and herbs of medicinal usage were 
often the same. Superstition was also part of the dye process, 
ex.. certain dve nlants were suowosed to be most effective 
wiidn collected a t  the time of f i l i  moon. The preference for 
oarticular dves was hiehlv influenced by the local availability .. - 
of the corresponding plants. 

As the medieval trade unions, the "~uilds," grew in power. 
they took over the tradition of dye pr&esse 's .~any a-dyers; 
mild carried the saffron crocus in its coat of arms. Dye pro- 
cedures were developed further and kept as highly guarded 
secrets. Famous centers of dye production and trade were 
Venice, Florence, Genoa, Basle, Frankfort, Nuremberg, 
Antwerp, and London. In medieval fairs, saffron, madder, 
indigo, woad, and other dyes, and dye ingredients were traded. 
A famous historical record, "Plictho de Larti de Tentori," 
written by the Venetian Giovanni Ventura Rosetti, describes 
the recipes of the Venetian dyers' guild in great detail. For a 
comprehensive history of dyes in Europe see (2). 

Early pueblo dwellers in the Southwest of the North 
American continent were experts in fiber arts, including dye 
processes. After the discovery of the New World, dyes were 
exported to Europe, among them the deep-yellow fustic, 
chemically the compound morin (Fig. 4), from Chlorophora 
tinctoria, a large tree of the mulherry family, and logwood 
(Haematoxylon carnpechianum), containing the dye hema- 
k i n  (Fig. 6). The most important exported dye was cochineal 
or "carmine red" (Fie. 10). oreoared from the dried cactus .- . "  .. . 
insects of Coccus cacti. The first dyers'handhook written in 
America was "The Dver's Assistant" by Asa Ellis, published 
in 1798. 

In 1930, the Museum of Northern Arizona and the Bureau 
of Indian Affairs of the U.S. Department of the Interior, 
starred n progmm to re\.iw ancient ~~llercratrs nmmy 1ndi:sn 
peqle .  Since then Hopi nnd Navajo Indians h ; ~ e  -;urcerst~tlly 
continl~ed and dweloped the tradttion of dyeing with natural 
products (3), (4). 

For a comprehensive history of textile dyes see (5). The 
excellent booklet ~ublished bv the Brooklvn Botanic Garden 
(61 descr~bes the history. the hora~tics, and dye procedures of 
impz,rrant plant (Iyes. F<.r :t more pul,ular dewription of lucd 

C.tenh1r.s 

Figure 3. Flavonoids and related compounds provide the largest group of plant 
dyes, usually yellows. All flavonoids cantainthe C&& unit. Subgroups pro- 
viding plant ayes are the flavones, the flauonols, the lsoflavones, the chalconer, 
and the catechins. The illustration shows the characteristk Cs-C3 parf of each 
subgroup. 

Figure 4. Luteolin, from weld (Reseda iureoia), an ancient yellow dye. is an ex- 
ample of a flsvone. Examples of flavonois are quercetin, widely found in plants. 
eg. in onion (Alliumcepa). oakbark, and in Ericaceae;Rhamnetin, hom Rhamnus 
catharfica: Marin, the yellow dye from fustic (Chlwophwa tinct&): Fiselin. 
from sumac (Rhus). 
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Figure 5. Genistein. from dyer's broom (Geoista fincloria) and Prunetin. from 
the leaves of the tree Prunus ceasifera. are examples of isoflavones. Canhamin, 
or 'safflor," the dye from the dyer's thistle (Carihamus tinctoriusl, is a chal- 
cone. 

Figure 6. Brarilin. the red dye from brazilwood (Caesaipioia brasiiiensis). and 
Hematein, from logwood (Haematoxyion campechianum), for blue, browns. and 
black, are chemically related to the flavonoids. 

dye plants and dye processes see Ida Grae's book "Nature's 
Colors" (7). The article by F. Zaehringer lists a large number 
of natural dyes, their sources, the colors produced, methods 
of application and several chemical structures (8 ) .  

Chemistry 

In this section we shall provide the chemical background 
of the different dye processes. Suhsequently, the chemical 
structures of some natural dyes will he discussed and com- 
pared with the main categories of natural products chem- 
istry. 

Many dyes in plants are glycosides: The dye molecule is 
linked to a natural sugar, e.g. to glucose (see carminic acid in 
Fig. lo) ,  which increases the water solubility in the aqueous 
plant system. During the dye process, the glycosidic hand is 
broken, and new honds are formedbetween the fiher and the 
dye, thus producing a water insoluble, washable coloration. 

Direct dyes or substantiue dyes are compounds that form 
a direct chemical bond with the fiber. The cellulose molecules 
of plant fibers arelinked to these dyes hy means of hydrogen 
honds. Animal fibers. like wool and silk, contain acidic and 
basic positions in their protein molecules. Thus, dyes with 
hasic or acidic srouDs (so-called cationic and anionic dyes, 
a subgroup of direct dyes) undergo salt-formation with the 
acidic and hasic positions, respectively, in the textile. Exam- 
ples of direct dyes are carthamin (Fig. 5) and hixin (Fig. 8). 
Both are also applied as mordant dyes. A natural hasic dye is 
berberine (Fig. 11). 

In the mordantlng process, fibers are treated with a metal 
salt solution (aluminum, chromium, copper, iron, and tin salts) 
before the actual dye process. The metal ions form strong 
comnlexes hetween the fiber and the later amlied dye. Dif- . . 
ferent metal salts produce different color shades with the same 
dve. Most natural dves can be applied as mordant dyes. 

Vat dyes have to he reduced fiist to a water-soluble form. 

Figure 7 .  Tannins comprise a complex group of chemical compounds. Hydro- 
lyzable tannins are derivatives of gallic acid. Catechin tannins or condensed 
tannins are derived from the flavonoid catechins. Examples are Catechin. from 
the Asian tree Acacia calechu. a brown dye, and Gallocatechin. 

Figure 8. Terpenes or isoprenoids are biochemically synthesized from isopen- 
tane-units. Examples of terpenoid dyes are Bixin, the red dye from the fruit of 
the tropical bee Bixa orellana, and Crocetin, the ancient yellow dye saffron from 
crocus sativus. 

The textile is then treated in the aqueous solution. Oxidation 
of the dye on the fiher creates the desired water-insoluble 
colorant. In the case of indigo, the treatment with urine 
transfers the glucoside indican into the water-soluhle indoxyl 
(Fig. 11). The action of sunlight on the fiher causes oxidation 
of indoxyl to the insoluble dye. 

Chemists divide compounds found in nature into categories 
of substances that have a common biochemical background. 
Examples are the categories of carbohydrates, terpenoids and 
steroids, amino acids, and proteins. For a detailed treatise see 
(9). Natural dyes are included in the categories of flavonoids, 
tannins, terpenoids, naphthoquinones, anthraquinones, and 
alkaloids. 

Flavonoids constitute the largest group of plant dyes (Fig. 
3-61. They are usually yellow to orange-yellow in color and 
contain all a C6-Ca-C6-unit. Flavonoids are divided into 
subgroups, dependent upon their different states of oxidation 
(i.e., oxygen content). Plant dyes are included in the groups 
of flavones, flavonols, isoflavones, chalcones, and catechins 
(Fig. 3). 

The structures of hrazilin, the red dye from hrazilwood 
(Cuesalpinia brasiliensis), and hematein, the blue to dark- 
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brown dye from logwood (Haematoxylon campechianum) 
also contain a C& unit and are related to the flavonoids. 

Catechins often form so-called condensed tannins, as op- 
posed to the hydrolyzable tannins, which are esters of a sugar, 

other dyes, as a pretreatment to the fiber, and produce mostly 
brown to black colors. 

Flavonoid dyes are usually mordant dyes, except for the 
catechins, which also can be used as direct dyes. 

Terpenoids or moprenoids (Fig. 81, form an important 
category of natural products. The kopentane, isoprene, or C5 
unit is the biochemical building stone for these compounds. 
Crocetin, from saffron, equally important as a food ingredient, 
is an example of a terpenoid compound. At this point, note the 
large number of conjugated double-hondu, a characteristic 

Figure 9. The basic structure of naphthoquinone is found in the following natural 
dyes: Juglone, for green to brown dyes. from walnut hees (Jqlandaceae), 
Lawsone, the red dye from henna (Lawsonia iermis), and Alkannin, from the 

Figure 10. The basic structure of anthraquinona is found in: Alizarin, the red dye 
from madder (Rub& thdorum), in Carminic acid, "cochineal," a glucoside from 
the cactus insect Coccus cacti, and in Hveericin. the Veliow dve from St. John's 

old-time dye plant alkanet (Alkanna or Anchusa tinctoria). also for reds. wort (Hypericum perforaturn). 

Figure 11. Examples of natural dyes with an alkaloid structure are Indigo, the 
classic blue dve from lndiqofera tinctoria (shown are also the intermediate 
~ r c d u d s  from me dve orocass. lndican and lndoxd). Tnian oumle. from shellfish 

Tyrl-n Purple 

304 Journal of Chemical Education 



that leads to absorption of light in the visible range, thus 
making us see a color ( I  1 ). 

Naphthoquinones and Anthraquinones (Fig. 9 and 10) are 
aromatic compounds that comprise a numher of strong, red, 

rived from a plant, the other derived from an animal 
source. 

Alkaloids aredefined as natural products, usually from 
higher plants, that contain nitrogen. In this chemical group 
we find the dyes of indigo and Tyrian purple. 

Conclusion 

In 1856, W. H. Perkin discovered the first synthetic dye, 
mauvein. Within a few years, natural dyes were replaced 
completely by synthetic products. The new dyes offered any 
imaginable shade of color, in great brilliance if so desired, and 
with exact reproducibility. Lightfastness and washability were 
excellent, and all types of fibers could he colored. Most natural 
dyes lack the above qualities. Brilliant colors are rarely ob- 
tained, and their fastness varies. Most are applicahle on wool 
or silk, hut few dye cotton, polyester, or rayon well. I t  is 
practically impossible to obtain repeatedly the same color 
nuance. 

In spite of these drawbacks, natural dyes have experienced 
a great revival in recent years. Renewed interest in history and 
traditions on one hand, and increasing appreciation for nature 
in general have contributed to this trend. The softness of the 
natural colors attracts many artists. And last, hut not least, 
the pleasure in experimenting with often inconspicuous plants 
that provide attractive dyes has added to this rediscovery of 
plant and animal dyes. 
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