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ABSTRACT 
 

Background: It is highly laborious to determine biological activities of plants using colours, despite 
the use of spectroscopic methods. Therefore the review is aimed at using colours to determine the 
phytochemical and medicinal properties of plants. 
Methods: Literature was searched for medicinal plant parts whose colours solely depend on their 
phytochemical pigments. Primary colours (green, red and blue) were cross-matched to give yellow, 
orange, brown, cyan, magenta and purple. 
Results: Each of the reflected colour is suggestive of phytochemical pigment(s) with specific 
medicinal properties. Black coloured plants and plant parts may be toxic and so can be used to treat 
cancer and cancer-related diseases. White phytochemical pigments may be used to treat diabetes, 
hypertension, asthma and some inflammatory diseases. Because previous studies have shown that 
the colours have the medicinal values. 
Conclusion: The combination of primary colours (red, green and blue) can form over 1000 colours 
with different medicinal values that may be found in both lower and higher plants.  
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1. INTRODUCTION 
 

Colour theories were developed by Empedocles, 
a Greek philosopher of the 400 B.C. He said 
colour resulted from tiny particles given off by 
objects. But Plato opined that colour vision was 
caused by short rays that emerged from the eyes 
towards object. Aristotle reported the relationship 
between colour and light. Galen believed that 
eyes empowered carry tiny images of objects to 
the eyes. But an Arab physicist, Alhazen 
reported that vision is caused by the reflection of 
light [1]. Isaac Newton, an English scientist 
reported that white light contains all the colours 
of the rainbow. Goethe, a German Poet thought 
that all coloured lights were actually mixtures of 
light and darkness. Thomas Young, an English 
physicist proposed three-component theory of 
colour in 1801 which states that the eye has 
three types of fibres sensitive to different 
wavelengths of light. The fibres called cones 
correspond to red, green and blue (primary 
colours) [2]. There are two systems of classifying 
colours: The Munsell colour system classifies 
colours according to three basic characteristics 
of hue, lightness and chroma, and system of 
colour specification adopted by International 
Commission on Illumination (ICI) analysis using 
spectrophotometer [3]. Hue gives a colour its 
name. Lightness is a measurement of the 
amount of light reflected from a coloured object. 
A lightness scale runs from black, through 
shades of grey to white. Black reflects very little 
light. Chroma is a measurement of the saturation 
concentration of a colour [4]. 
 

Chemical reactions to identify the structures of 
organic compounds have been replaced by 
instrumental methods since 1940 [5]. Betalains, 
porphyrin, carotenoids and anthocyanins 
naturally display flower colours [6]. Phenolic 
compounds present in the plants are responsible 
for the colour [7]

 
of carotenoids (red, orange) and 

tetraterpenoids (yellow) [8]. Colour, the visible 
portion of the electromagnetic spectrum [1], can 
be used to determine phytochemical components 
and medicinal properties of plants. Hence the 
review is aimed at identifying the phytochemicals 
associated with colours that are characteristic of 
medicinal values of plants.  
 

2. CROSS-MATCHING OF COLOURS 
 

Literatures including textbooks, journals, 
proceedings, abstracts, periodicals and 
databases on colours, medicinal plants and plant 
parts, scientific, local and English names, 
pictures, phytochemical components, medicinal 

uses and toxic effects of relevant plants were 
searched. The three primary colours (red, green 
and blue) were cross matched to give other three 
(3) different colours referred to as secondary 
colours which were in turn cross-matched to give 
three other different colours referred to as tertiary 
colours. The principle referred to as three-
combination-two of colour cross-matching. More 
so blue, red and green can be mixed in sufficient 
density and give black, but when mixed in equal 
amounts could give grey or white colour. Some 
medicinal uses and toxic effects were attributable 
to biological pigments of the reported plants. The 
flow-chart (Fig. 1) of colour cross-matching is 
given below. 
 
Sesquiterpenoids are recognised for their blue 
and purple colours that have anti-bacterial, 
immunoregulating, antimicrobial and cytotoxic 
activities. Additive colours of light are red, green 
and blue (primary colours). Subtractive colours in 
mixing of pigments or dyes are cyan, magenta 
and yellow [8] and red, yellow and blue are 
popular among artists [9]. But three colours 
related to human cone cells are red, green and 
blue [10]. Autochrome typically used orange, 
green and violet as primaries [11] which are 
related to the physiological response of the eye 
to light that is a continuous spectrum of the 
wavelengths detected by the human eye. 
However, the human eye contains only three 
types of colour receptors called cone cells which 
respond to different ranges of the colour 
spectrum. Humans and other species with three 
such types of colour receptors are known as 
trichromats. They respond to the light stimulus 
via a three-dimensional sensation modelled as a 
mixture of three primary colours [12]. Using the 
principle of three-combination-two (

3
C2) to match 

primary colours would give 3 different secondary 
colours. When the 3 secondary colours are 
matched, the 3 tertiary colours can emerge. 
When the matching continues, up to over 1000 
colour can be obtained. 

 
Species with different number of receptor cell 
types have colour vision requiring a different 
number of primaries. But humans can only see at 
380 nanometer [13]. Mixing red and green light 
produces yellow, orange or brown [14]. Mixing 
green and blue produces cyan, and mixing red 
and blue produces purple and magenta. Mixing 
equal proprotions of the additive primaries results 
in grey or white: The colour space generated is 
called Red-Green-Blue colour space (Fig. 1). But 
cyan, magenta and yellow are applied together in 
varying amounts [15]. Mixing yellow and cyan
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Fig. 1. The flow chart of cross-matched colours 
 
produces green; mixing yellow and magenta 
produces red and mixing magenta with cyan 
produces blue. Mixing equal amounts of all the 
three pigments produce grey and, black when all 
the three are applied in equal sufficient density 
[16]. A system of subtractive colour does not 
have a simple chromaticity gamut analogous to 
the Red-Green-Blue colour triangle, but a gamut 
described in three dimensions. Visual colour 
models are possible, using various 2D 
chromaticity or 3D colour spaces. The black 
colour leaves are highly pigmented. In low light, a 
black plant needs more chlorophyll to make 
energy making leaves much more greenish or 
coppery than black. Ophiopogon planiscapus 
(Mondo grass), Ajuga reptans, Centaurea cyanus 
and Cosmos atrosanguineus are plants that have 
black pigment [17] and may be toxic. 
 

3. COLOURS AS INDICES OF MEDICINAL 
PROPERTIES OF PLANTS 

 
Every plant parts including root, leaf, flower, 
stem, rhizome and bark has one colour or the 
other and their colours suggest presence of 
chemical principles that may have biological 
activity. For example, Ferula lycia has a yellow 
flower used to treat digestive disorders, 
rheumatism, headache, arthritis, diabetes and 
toothaches [18]. The orange yellow fruit of 
Annona senegalensis contains perfumed seeds 

[19], with anthelmintic [20,21] antidiarrhoeic, 
anticonvulsant, antibacterial, antifungal, 
antitussive, anti-inflammatory, antipyretic, 
anticancer and antileukaemic [22,23] properties. 
A. senegalensis gives a pale yellow or orange 
yellow essential oil from all parts of the plant 
suggesting combination of chlorophyll with 
anthocyanins, which may act as natural 
antioxidants [24]. Piper guineense (African black 
pepper) seeds [25] are antifungal [26] and 
aphrodisiac [27] suggesting that the plant 
contains sesquiterpenoids and anthocyanins. But 
the yellow, orange and red berries contain 
ginsenoside (panoxosides), most abundant in the 
roots of berries. They are steroid glycosides and 
triterpene saponins with anti-senility, gastric 
ulcers [28], lupus erythromatosus [29] and anti-
stress [30] activities. The essential oil of C. 
cilliata fresh leaves were light yellow dominated 
by monoterpenes may have insecticidal activity. 
The black turtle bean contains ergothionine that 
may have anticancer value [31]. The blue 
essential oil of Matricaria chamomilla flowers is 
used in medicine, cosmetics, foodstuffs, alcoholic 
flavour and non-alcoholic beverages [32]. 

 
The fifteen (15) most beautiful flowers; Cannas 
(yellow), Cherry blossom (white and pink), 
Colorado colourine (blue, white and yellow), 
Hydrangea (blue and yellow), lily of the valley 
(white), Cilla lily, the Black Eyed Susan (gold 
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yellow petals and dark middle), Bleeding hearts 
(red, pink or white flower), Blue bells, lantana 
(pink and yellow petals), Rose (yellow, deep red) 
Oriental poppy (red and yellow petals), Begonia, 
Ixora and Dendrobium may have antidiabetic, 
antihypertensive, antiasthmatic, anticancer and 
potent antioxidant properties. Jacaranda from 
dark green leaves of Jacaranda acutifolia is 
made up of verbacoside, phenyl acetic –β-
glucoside, scutellarein-7-glucuronide and 
hydroquinone [33] and the blue colour of flowers 
of Jacaranda acutifolia is due to presence of 
flavonoids and anthocyanins [34] which are pH 
sensitive [35], hence used as an indicator for 
acid-base tritrations [33]. 
 
Essential oil from Litsea cubeba is pale yellow 
with citrus type fragrance resembling partly 
lemon grass oil and lemon peel oil [36]. The oil 
has antifungal, anti-yeast, anti-bacterial [37], 
antispasmodic, bronchodilator [38] and 
emenagogic activities. The cubeba oil from 
Thailand contain citral as the main constituent 
[39]. Many plants contain flavonoids that inhibit 
certain enzymes and possess antioxidant 
activities. C. sativus flowers known as saffron is 
costly and its odour is related to colourless 
trepan essential oil and cineole. The bitter taste 
of saffron is due to picrocrocin and 
picrocrozioide, soluble in water and alcohol [40]. 
The origin of saffron colour is crocin and 
produces glucose and crocetin (C20H24O4) after 
hydrolysis [41]. Saffron is a spice, colorant, 
deodorant, food additive and flavour. After 
separation of colour styles, the remaining part of 
harvested flowers of saffron is anthocyanin. This 
pigment in combination with flavonoids of cell 
sap provide beautiful violet colour of saffron 
petioles, a proper substitute for synthetic colorant 
[42]. Saffron has narcotic and ecstasy effects 
leading to temporary paralysis and causes 
abortion with risk of maternal death [43,44]. The 
presence of yellowish to reddish brown 
cytoplasmic vesicles in cork cells of C. forskohlii 
tubers store secondary metabolites including 
forskolin [45] used for eczema, asthma, 
psoriasis, cardiovascular disorders and 
hypertension via decreased intracellular cAMP 
[46]. 

 
Vitis vinifera (Grape) rich in red to blue 
proanthocyanidins with 60 – 70% present in the 
seeds has dimers, trimmers, tetramers and 
oligomers of monomeric catechins, which can be 
used to treat neck squamous cells carcinoma 
[47]. Black raspberries reduce genetic damage 
induced by a chemical carcinogen, by slowing 

down the conversion of precarious cells to 
cancer cells and by down-regulating the 
expression of several cancer genes [48]. 
Hypericum perforatum has anti-depressive 
effects on the brain [49]. Isolated from the plant 
are over 100 phytochemicals with different 
biological activities [50], linked mainly to 
flavonoids and phloroglucinols [51,52]. Lythrum 
salicarta with purple flowers contains vescalagin 
with antibacterial activity. Other phytochemical 
components of the plant are flavon-C-glucoside, 
vitexin, orientin, and isoorientin [53]. Blue and 
purple phytochemical pigments seen in 
blueberries, purple grapes, red cabbage, beets 
and plums are attributable to anthocyanins that 
protect against carcinogens and may help 
prevent heart disease. Black pigment seen in 
Abrus precatorius seeds, African black pepper 
and other plant parts that have black colour may 
be cytotoxic and so can be used to treat various 
forms of cancers. White pigments as seen in 
garlic and onion may lower cholesterol and blood 
pressure. Plants with black pigments can be 
poisonous and may have anticancer and 
antitumor activities [54]. Green part of Celery 
(Umbelliferae) has cholesterol lowering, anti-
inflammatory, anti-microbial and anti-cancer 
activities [55]. 
 

4. COLOURS AS INDICES OF 
PHYTOCHEMICAL PROPERTIES OF 
PLANTS 

 
Biological pigments selectively absorb certain 
wavelengths of light to power chemical reactions, 
while the reflected wavelengths of light 
determined the colour pigment. Chlorophyll 
absorbs yellow and blue wavelengths of light 
reflecting green. Carotene (orange pigment), 
leutein (yellow pigment) and lycopene (red 
pigment) found in carrot, fruits, vegetable and 
tomatoes, respectively promote healthy eyesight 
in human and animals. Betalains are responsible 
for the deep red colour of beets used as food 
colorant [7]. Β-carotene is found in many yellow 
vegetables as well as in tomatoes and spinach. 
When β-carotene is cleaved, two molecules of 
vitamin A are produced, converted to II-cis-retinal 
which combines with opsin to form a protein, 
rhodopsin. When light strikes the rods, 
metarhodopsin is produced [56]. The presence of 
flavones and flavonols is revealed at λmax 
365nm by yellowish fluorescence, but 3-hydroxy-
substituted flavonoid compounds give dark spots. 
Anthocyanidins contributed to red, pink, mauve 
and blue in higher plants especially to the 
flowers, petals, tubers, fruits and variegated 
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leaves. Dithiins (thiaburines) are red with potent 
cytotoxic, nematocidal and fungicidal properties. 
Chuktabularin A and tabularisin A-C are white 
amorphous powder and chuktabrin is a 
colourless crystal [57]. The yellow prenyl-flavonol 
glycoside, epimedokoreanoside from the 
Epimedium koreanum showed hypotensive 
activity [58]. Plant phenolics defend against 
pathogens, hence, they are applied in the control 
of human pathogenic infections [59].  
 
Carotenoids are also very significant 
nutraceuticals [60] which animals are unable to 
synthesise denovo, although plants and animals 
share multiple carotenoid-modifying enzymes 
[61]. They are responsible for most yellow and 
orange flower colours in marigold (Tagetes), 
daffodil (Narcissus) and calendula. But 
carotenoids can coexist with red or purple 
anthocyanins giving brown and bronze hues [62]. 
Anthocyanin pigments are orange, red, purple 
and blue colours of flowers [63]. Flavonoids are 
modified at several positions by methylation, 
acylation and glycosylation, which provide 
flavonoids with unique properties [64]. The 
majority of naphthalene derivatives present in 
nature are quinines and are usually found in the 
createnchyma of the roots of about 150 plant 
species mostly belonging to the family 
Boraginaceae. The red coloration and 
therapeutic action of boraginaceous taxa have 
been attributed to naphthaquinones-
isohexenylnaphthazzarins [65]. Flavonoids and 
vitamin C are related and synergistic [66]. 
Quercetin, a flavonol chemically related to 
kaempferol is abundant in brassica, green 
vegetables, berries, onions, parsley, apple, 
legumes, green tea, citrus fruits, red grape and 
vines, prevents oxidative injury cell death [67] by 
scavenging oxygen radicals [68,69] inhibiting 
xanthine oxidase [70], lipid peroxidation and 
chelating metal ions [71]. Pharmacological 
actions of quercetin include cardio-protections, 
cataract prevention, anticancer, antiulcer, anti-
inflammatory, antiallergic, antiviral and 
antibacterial activities [72]. The yellow emodin 
pigment from Aspergillus ochraceus found in 
Japanese rice [73] and Aspergillus wentii from 
weevil-damaged Chinese chest nuts [74] has 
anticancer [75,76], anti-inflammatory [77], 
laxative [78] and suppression of tumor – 
associated angiogenesis [79]. 
 
Photosensitizing agents such as 
furanocoumarins are applied in pigment 
disorders. Fruits and vegetables decrease the 
risk of cardiovascular disease and cancer. 

Apples are good for diabetics and asthmatics 
because they contain quercetin, catechin, 
phloridzin, and chlorogenic acid [80]. Quinones 
are ketones with colour ranging from pale yellow 
to almost black [81]. They cause the browning 
reaction in cut or damaged fruits and vegetable. 
They also play role in the melanin synthesis. 
Hypericin, an anthroquinone, obtained from St. 
John’s wort (Hypericum perforatum) has 
antidepressant, antiviral and antimicrobial 
properties [82]. Thymoquinone is the active 
principle of cumin responsible for many of the 
seeds beneficial effects [83]. Isoflavanquinone, 
an abruquinone B, and abruquinone G, were 
isolated from the aerial parts of Abrus 
precatorius. While abruquinone B exhibited 
antitubercular, antiplasmodial and cytotoxic 
activities, abruquinone G showed mild antiviral 
and cytotoxic activities. Saganuwan reported 
very significant antiplasmodial and cytotoxic 
activities of aqueous extract of Abrus precatorius 
leaf in swiss albino mice. Isolated also, are two 
fractions from n-hexane extract of Abrus 
precatorius leaf [84]. The n-hexane fraction 
showed significant antiplasmodial activity against 
chloroquine and pyrimethamine resistant P. 
falciparum having IC50 (12.1µg/ml). One of the 
isolates with rf = 0.201 was yellowish whereas 
the second with rf 0.608 was bluish in colour [85], 
suggesting that the bluish fraction may be more 
toxic and the yellowish fraction may have 
antidiabetic and antioxidant activities.  
 
In low light, a black plant needs more of the 
green pigments [86]. The dark brown yellow of 
Celastrous paniculatus is used to treat 
rheumatism and gout [87] and may contain 
anthocyanins and carotenoids. Some families 
and their phytochemicals are Apocynaceae 
(cardioactive glycosides), Caprefoliaceae 
(cyanogenic glycosides), Papaveraceae 
(alkaloids) and Solanaceae (glycoalkaloids) [88]. 
The pulp of ripe pumpkins is rich in β-carotenoid, 
-carotenoid and β-cryptoxanthin), precursors of 
vitamin A which plays role in the body growth 
[60]. Consumption of carotenoids reduces the 
risk of degeneration, eye and cardiovascular 
diseases, carcinomas of lung, skin, colorectum 
and prostate gland [89]. The colour of pumpkin 
puree affects consumer’s preference. 
Polyphenols oxidases and peroxidase that cause 
browning of puree are inactivated during thermal 
treatment. Degradation of phenolic compounds 
and carotenoids can also lead to colour changes 
[90]. Carotenoids being unsaturated carbon 
compounds are susceptible to oxidation, 
isomerisation during processing and storage 
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leading to changes in nutritional values. 
Oxidation, lightning of carotenoid, packaging, 
storage conditions and light temperature can 
cause loss of caroteinoids [91,92].  
 
5. CONCLUSION 
 
Primary colours; red, green and blue denote 
different phytochemical compounds which are 
bases of the medicinal values of the plant parts 
that exhibit the colours. Plants and plant parts 
with black colour may have anticancer effect 
whereas plants parts with white colour may have 
antidiabetic, antiasthmatic, antihypertensive and 
antioxidant activities. Plants with yellow, red, 
purple, pink and cyan colour may have 
antimicrobial and antioxidant activities. 
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