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Abstract

This review discusses the use of natural colours in artwork, textile, culture etc. throughout the historical time and their pro-
spective future. The colourful artworks play an important role, as pigment makes paintings vibrant and portrays symbolic
meaning of human cultures throughout the world. In primordial times, only natural pigments isolated from different sources
(like plants, animals) and minerals were used. From late nineteenth century, the extensive use of synthetic colorants started,
which were proved to be hazardous for the environment. In recent times, natural colorants from pigmented bacteria becomes
a promising source of eco-friendly colours in terms of sustainable development.
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1 Introduction

Colours have important character to make differences in
cultures all over the world. Human beings have intrinsic
urge to leave footprints about their daily lifestyles, cultures
in the form of artworks (Barnett et al., 2006). History of
arts mainly focuses on thoughts of human for aesthetic pur-
poses. It often describes the chronology of cultures during
each evolution. The application of colours in arts plays an
important role as it makes paintings vibrant and portrays
symbolic meaning of human culture. Colours were heavily
involved in architectural expansion of Greek and ancient
Egypt, which proves the practices of symbolism. The use of
ancient purple-dye in crafts of the Roman Kingdom proves
the cultural importance of natural pigments in the aspect
of production and application techniques of the natural dye
(Yusuf et al., 2017). On the other hand, the use of colours
also changes the impact of art in terms of visual senses of
viewers’. The colour palette of ancient Egypt was more
graceful than Stone Age. Likewise, the Renaissance colour
palette was much more elegant in terms of new dimensions
and portraiture than that of ancient Rome and Greece. As
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an example, it can be stated that, Chauvet paintings were
monochromatic whereas paintings at Lascaux and Altamira
were vivid and polychromatic because of different colours.
Therefore, it can be concluded that evolution of colours
played an important in role in symbolisation of cultures as
well as better visualisation.

It has been found that first use of colours started long
back in Paleolithic era (Stone Age). The chronological
studies have shown that in Prehistoric era (cave paintings
mainly) earth minerals or ochre were used as source of
natural colours followed by plants and animals. For exam-
ple, there were two types of red pigments, plant (madder)
and animal originated. Until late sixteenth century, animal
originated red dyes from kermes insect, cochineal insects,
Polish and Armenian were most popular. The animal based
lac red dye from insect (Laccifer lacca) was common in
Persian carpets, while the Turkish carpets were dyed using
madder plant (Rubia tinctoria) based red dye. Red dye was
also extracted from bark juices of Caesalpinia, sandal tree as
well as dragon’s blood (Abdel-Kareem, 2012). Yellow dyes,
only extracted from plants, were one of the largest groups of
natural pigments. These days, most expensive natural source
of yellow pigment is saffron, also previously cited in the
Bible (Siva, 2007). Like red dye, blue dye was used to be
extracted from both plants (Indigo and Woad) and animal
(from Murex mollusc) (Abdel-Kareem, 2012).

The natural colours are eco-friendly, non-hazardous
and also provides elegant coloration with number of hues.
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Mauveine, the first synthetic dye was accidentally produced
by Perkin in Germany in the year 1856 and this initiation
led to rapid decline of natural pigments within a century
(Siva, 2007). The preference for natural pigment increased
at the time of green movement in late 1960s, after reali-
sation about harmful, detrimental, allergic, and carcino-
genic effects of synthetic colorants (Sarkar et al., 2017).
The extraction of natural colours from raw materials saved
time and extra expense for their art (Kanungo et al., 2020).
The most advantageous properties of natural dyes are their
non-allergic, non-toxic, bio-friendly nature unlike synthetic
azo dyes. They can be classified in two types; adjective yes
(require mordants) and substantive dyes (does not require
mordants). The common mordants that are used for stabilisa-
tion of colourants are iron and tin. The variation in types and
amount of mordants in either same (polygenetic type natural
dye) or different dyes can create wide range of new colours
(Ktizova, 2015). The shades created by natural colorants
are also shimmering, soft and comfortable to human eyes.
Many plants, from which dyestuffs can be extracted, thrive
on wasteland. Therefore, wasteland utilisation is an addi-
tional merit of natural dyes. Using of natural pigments are
appropriate to protect the traditional art made up of natural
pigments from ancient textile, museum painting now being
restored and conserved by the archaeological departments
(Ktizova, 2015). The application of natural pigments from
ancient antiquity towards future has been described in time
scale in Fig. 11.

Before birth of Christ

2 Natural palette of the cave artists
in prehistoric era

In very beginning artists used natural objects present in
surroundings to make colourful paintings. When the primi-
tive people took shelter in the cave to save themselves from
natural disasters, they used to paint on the wall of caves
about their lifestyles. They mainly used water soluble
colouring agents which were easily accessible; therefore,
colour palette of cave artists in Prehistoric era was natu-
ral. The geometrical designs in the Blombos Cave, South
Africa (about 70,000 years old), Avignon in France (more
than 30,000 years old), were painted by different coloured
ochre (red, black, yellow), earth pigments etc. (Barnett et al.,
2006). Other than this, different plant derived and earth stone
based fundamental colours were used in cave paintings dur-
ing 30,000-12,000 BCE (before Christ). As an example,
the crushed berries were used as source of mud colour to
paint on rocks (Siva, 2007). The chemical analysis of cave
paintings done by Palaeolithic artists at Lascaux (France)
and Altamira (Spain) confirms the types of major colours
which were mostly mineral based natural pigments like
manganese oxides and iron. Earth brown (goethite), yellow
(haematite and goethite), black (manganese), warm shades
of red (iron-rich ochre) were proven to be predominant part
of rock paintings found in first discovered Altamira cave
(Spain, 34,000—15,000 BCE) (Robb, 2020). The remnants
from excavation at Harappa and Mohenjo-Daro (Indus Val-
ley Civilization), paintings in Ajanta caves, are evidences
for use of plant based natural dyes like Madder (root of
Rubia tinctorum), Henna (leaves of Lawsonia inermis),
Indigo (leaves of Indigofera spp.) etc. (Yusuf et al., 2017).
Three fundamental dyes which were largely found in cave

After birth of Christ

Stone age Antiquity (Egyptian) Greece | Romans

20,000 12,020 2000 BCE

mE -

30,000 BCE | 30,000 BCE

1600 BCE | 1550 BCE | 300BCE | 30BCE

HE>O0®»

400CE

e ———

Current era/ common era (CE)

Lascaux and Avigon (France)
20!'1
century

‘ ]

19t
century

Plant derived dyes in cave painting
Umber (brown coloured) in cave paintings
Tyrian purple (Murax snail)

Mineral dye like yellow ochre

Madder (red) pigment, henna

18t
Renaissance
century

1453CE

Natural dye (henna) used in Egyptian mummy
Synthetic dye (azo based)

Use of natural pigments in different artworks from ancient antiquity

Lascaux cave 7
painting, mineral
based natural
pigments like
manganese oxides

and iron

Henna dye (red
colour) has been

found in the ancient
Egyptian mummy

Fig. 1 Historical time scale of natural colour in artworks and culture

Tomb of the
Pharaoh
Tutankhamun;
madder juice
containing alizarin  /

pigment

Pattachitra’ from
Raghurajpur village,

TN Puri, Odisha,
\ Eastern India y

@ Springer



332

Indian Journal of History of Science (2022) 57:330-334

paintings were red, black and yellow, along with different
intermediate shades. Astonishingly, there was no trace of
white colour which is now one of the common pigments
used by artists. At Lascaux, natural colour of the rock was
used as a pale background, whereas, in some Prehistoric
paintings of Africa white colour was found to be used (Lam-
bourne and Strivens, 1999).

3 History of natural dye in era of Egyptian—
Romanian culture

The colour palette of ancient Egypt was more graceful than
that of Stone Age. The Egyptians were cognisant as they
outshined in weaving for inscription, the garments of Gods
along with bandages for the dead persons. The plant as well
as mineral based dyes were widely used in ancient textile
of Egypt (Yusuf et al., 2017). A cloth fragment, found in
the tomb of the Pharaoh Tutankhamun, was dyed using
madder juice containing alizarin (red) pigment (Sharma &
Jain, 2013; Yusuf et al., 2017). Different natural dyes were
in practice like purple colour (archil), derived from some
marine algae originated on the rocks of Mediterranean Sea;
red colour (alkanet) extracted from root of Rubia tinctorum
and Alkanna tinctoria; indigo from the leaves of Indigo-
fera spp. (Yusuf et al., 2017). Malachite, probably the old-
est known green pigment, was first discovered in ancient
Egyptian paintings (Barnett et al., 2006). The oldest prob-
able record of use of henna (Lawsonia inermis) dye (red col-
our) had been found in the ancient Egyptian mummy which
helped to preserve it for thousand years like the cave arts
of Prehistoric era. At present time, to decorate human body
and colouring the hair, henna dye is being used in many
warm countries like India (Abdel-Kareem, 2012). Accord-
ing to the study done by Keerthika et al. (2015), other than
henna, another natural dye isolated from Eclipta prostrata,
which is cheap and safe as compared to synthetic dye can
be used as hair dye. The Egyptian blue (mixture of round
limestone sand and a copper-containing mineral), probably
first discovered around 3000 BC appears fresh till date on
wall paintings of that time (Barnett et al., 2006). Therefore,
it can be said that in spite of using technology, natural pig-
ments are still better over synthetic artificial colours. The
red ochre (iron rich soil), probably one of the oldest red
pigments, is still in fashion.

The yellow pigment (safflower) had been found in central
Asian Mediterranean region (Abdel-Kareem, 2012). Painted
and dyed fabric of ancient Egypt became more frequent dur-
ing later eras like Islamic and Coptic periods (Ahmed et al.,
2017). New kingdom (18th dynasty) (1550 BCE) used cloths
woven with coloured threads more often (Ahmed, 2009).
To the ancient Egyptian artists purity of colour was very
important and they mixed colours to vary hues according to
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dynasty. The Egyptians used different colours in art which
were largely symbolic. Most of the ancient Egyptian paint-
ings were made in the tomb or on the wall of temples (Chia-
vari et al., 1995). They had developed mineral based six col-
ours, blue (copper carbonate Egyptian blue: azurite), green
(malachite: copper ochre), yellow (hydrated iron oxide as
yellow ochre), red (red ochre: anhydrous iron oxide) along
with black (charcoal) and white (gypsum and calce); each
of them had their own significance (Chiavari, et al., 1995;
Singer, 2016). From different spectroscopic analysis it had
been found that Egyptian crafts and arts dyed with natural
colours were traded by imaginative craft-men (Yusuf et al.,
2017).

In the era of late Roman Civilisation (midtenth century
BCE) Romanesque churches (St. John Abbey) were deco-
rated with paintings dominated by mineral based natural
colours (red, white, yellow ochres). Animal based dye,
Tyrian purple (from Murex snail) was considered as the
probable oldest dye known to mankind used by Phoeni-
cians dating back to 1600 BCE and continued until 1453
CE (Common Era) by Romans and Greeks (Zasada-
Ktodzinska et al., 2020). The palettes of the Renaissance
Baroque and Rococo were natural like that of cave artists
but it was much more elegant in terms of new dimensions
and portraiture than artworks of ancient Rome and Greece.
For example, Chauvet paintings (~40,000 years back) were
monochromatic whereas paintings at Lascaux and Altamira
(both 0f~20,000 years back) were vivid and polychromatic
because of the use of different elegant colours (Von Petz-
inger and Nowell, 2014).

4 Natural dye in handcrafts, culture
and heritage

Apart from historical artworks, use of natural pigments
is still being practiced today. One of the examples is
renowned traditional handicraft ‘Pattachitra’ from
Raghurajpur village of Puri, Odisha of Eastern India. It
is a fashion of handmade painting started in fifth century
BCE. In old days, natural canvas making was in practice,
where the ‘Patta’ was made by white cotton cloths only
but the choice has been expanded now to meet the market
demands for traditional handicrafts. Cotton cloth is soaked
in the solution of tamarind seed and dried over sunlight.
By using wood apple gum, artisans fix these layers until
the canvas becomes ready for painting. Ultimately, they
apply chalk paste as a primer to mask pores. Then it is
scrubbed with the help of a stone to smoothen that can-
vas. Previously only two colours like black (burning lamp
and coconut shell) and white (conch-shell powder) were
used for painting but later other different natural colours
like blood red (hingula and geru), yellow (from a kind
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of stone, haritala), green (leaves) (Kanungo et al., 2020)
and permutation of those five colours were used for more
elegant appearances. Red is primarily used for the back-
ground. In addition to this, even natural objects like dried
coconut shells are used as natural colour pellet. Other dif-
ferent gorgeous exotic artefacts like, candle stand, hanging
bird wind chimes, Lord Jagannath wall hanging, tortoise
for good luck, bangle and vermilion box, polling necklace
for fashion, patta work on tussar sari, are also made for
trading purpose (Kanungo et al., 2020). Black chalk (black
clay) is used in terracotta and paintings, as a part of herit-
age (Yusuf et al., 2017). Another example of application
of natural colour in traditional art is by Warli, the big-
gest Maharashtra tribe found on the northern outer edge
of Mumbai. They practice various forms of arts expressing
their livelihood, religious, social and folk life by using
natural colours and wooden sticks (Patil, 2017).

The history of handmade paper in India started far back
in the third century BCE. The natural mineral based dyes
(red ochre and lead, zinc white, ultramarine, yellow ochre)
were used to paint on paper (Sharma & Jain, 2013) which
imparts insecticidal property to the papers (Yusuf et al.,
2017). On the other hand, ancient (Dynasty 618-907, great
Chinese era) Chinese handmade Lajian paper was made
by using turmeric dyes (rhizome of Curcuma longa L.)
in addition with Minium to get orange-red appearance on
it. The kaolinite was used probably as a coating pigment.
Growth of moulds due to humidity on the paper can be
effectively prevented by the addition of wax coating on
the surface of it (Luo et al., 2019). The other natural pig-
ments like, pink (avocado skins) and yellow (pomegran-
ate skins) had also been used. According to a recent find-
ing, dye from babul bark has applications in handmade
paper industry for its aesthetic sense and eco-friendliness
in place of synthetic hazardous azo dyes to nullify toxic
effects (Sharma & Jain, 2013).

At present, the natural colours are largely used for aes-
thetic purposes to avoid toxic effects of synthetic dyes.
The natural mineral pigments (benign colouring agent) are
used to make pigmented decorative candles in powder for-
mat because they can be easily dispersed in melted wax by
capillary action. Hence, it helps to eliminate wicking effect
which is necessary for normal burning of candle (Jobelius
and Paulsen, 2013). Different plant-based pigments are
also used to decorate candles (Venil et al., 2013). Mad-
der root imparts a nice light peach shade whereas alkanet
root shows burgundy red shade. Mixing of annatto seeds
in the wax, changes its colour to warm yellow (https://
www.thesprucecrafts.com/infuse-natural-colors-in-candl
es; Accessed on March 30, 2022). Spirulina gives a nice
green shade, while peppermint imparts a very light green
tone to candle along with mild fragrance.

5 Conclusion and future possibilities
of natural colours in art-crafts

In late centuries, biological research had found pigmented
bacteria as a source of natural colour for different pur-
poses (Halder et al., 2020); like prodigiosin and viola-
cein in colouring candles and papers (Venil et al., 2013).
Compared to other groups of organisms, bacteria can
produce variety of pigments like zeaxanthin, prodigiosin,
pyocyanin blue from Flavobacterium spp., Serratia sp.,
Pseudomonas aeruginosa respectively (Heer and Sharma,
2017). Natural bacterial pigments are also presently being
used as therapeutic agent because of being antioxidant,
non-toxic and biodegradable (Numan et al., 2018). It has
also been reported that bacterial pigments have application
as food additive, antitumoral, antifungal agents, photo-
sensitiser in different aspect (Narsing Rao et al., 2017).
In addition to environment friendly nature, it is also inex-
pensive and easy to extract. Still extensive research work
needs to make it an alternative source to meet on grow-
ing market demand as replacement of harmful synthetic
dyes. Moreover, natural pigments are being utilised in
different perspective fields like textile (Venil et al., 2014),
food (Narsing Rao et al., 2017), pharmaceutical (Numan
et al., 2018) etc. in a sustainable way (Venil et al., 2020).
Bacterial pigments are being utilised for their potential
applications in textile, food, painting, cosmetics, pharma-
ceuticals, plastics etc. hence, it becomes one of the key
bio-products of present day with enormous implications
subjugated expectantly in a sustainable environment (Venil
et al., 2014).

The arts of ancient era have lasted till date with antique
appearances of authentic natural colours used by those
artists without any decay. Due to the antibacterial and
insect repellent nature of natural dyes, artwork could be
preserved for thousand years as cave arts or ancient Egyp-
tian mummies of Prehistoric era. Like synthetic colours,
natural pigments can also provide vivid and polychro-
matic appearances. The natural pigments are environment
friendly, inexpensive and easy to extract. In contrast syn-
thetic pigments are hazardous to the environment. Owing
to the sustainability of natural pigments over synthetic
dyes, they can be used in different sectors to build the
bio-economy of a country.
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