
Chapter 1 

INTRODUCTION 

Natural organic pigments were a significant part of historical pigments 

before the modern era, particularly for bodily ornamentation, cosmetics and textile 

dyeing. Natural organic pigments are generally extracted from fruits, vegetables, 

seeds, roots and microorganisms and they are sometimes called biocolours because 

of their biological origin (Pattnaik et aI., 1997). Natural pigments have important 

functions other than the imparted beauty, such as the photosynthesis and probably 

life all over the world without chlorophylls and carotenoids. ]n animals oxygen and 

carbon dioxide could be transported with hemoglobin or myoglobin. Under stress 

conditions plants show the synthesis offlavonoids; the quinones are very important 

in the conversion of light into chemical energy (Frick and Meggos, 1988; Hari 

et al., 1994; Koes et aI., 1994; Mol et al., 1996). Although natural pigments based 

on herbs and other plant sources were used as dyes for imparting colours in 

clothes, ink, paper, and paints since ancient times synthetic dyes have replaced the 

herbal dyes for they are preferred for their colour variation, easy availability as 

they are manufactured in large scale, as weII as cost of synthetic dye is less than 

herbal dye. 

Colour is one of the most important qualities of foods. In the past, 

consumers did not care about the kind of pigments used in food colouring (natural 

or synthetic). But with reference to food colourants recently there is an aversion 

towards synthetic pigments owing to the belief such as "synthetic pigments are 

associated with several illness" and "natural pigments have pharmacological 

benefits". However, the natural pigments that are permitted for human foods are 

very limited, and there is difficulty in getting approval for new sources for the 



reason that the U.S. Food and Drug Administration (FDA) considers the pigments 

as additives, and consequently pigments are under strict regulations (Clydesdale, 

1993; Wissgot and Bortlik, 1996; Wodicka, 1996). Recently there have been 

changes in the legislation also causing a significant reduction in number of 

synthetic colours used in foods (Down ham and Collins, 2000). 

Interest in use of natural colourants is increasing worldwide. Different 

from artificial synthetic colours, they are much more reliable due to their excellent 

stability. In addition, they can be mixed in numerous ways due to their various 

colour tones. Natural food colourings are more desirable than artificial dyes for 

both nutritional and marketing reasons. Synthetic colours are responsible for the 

hypersensitivity reaction in humans (Francis, 1987). Artificial colourings, those 

commonly referred as "coal tar dyes" or "food dyes" have been ideal for many 

years and replaced natural colourants (Santhanakrishnan, 1981). Synthetic colours 

are found technically more suitable than natural colours because the former are 

known for their fastness, availability in a wide range of colours, low cost even at 

high concentration in low volumes and they are devoid of aroma and taste. 

However, in the world market a number of permitted synthetic coJourants are 

known to cause allergies in human. Many are carcinogenic and teratogenic in 

nature. With the increasing concern for health, people avoid using synthetic 

colours. Orange dyes caused local tumour in the lumen of the bladder of mouse 

and intestinal gut flora was affected due to the intake of synthetic colours in rats 

(Aeris et al., 1996). 

Consumer pressure, sociological changes, and technological advances 

leading to more advances in the food processing industry have increased the 

overall food colour market. Percentage market share of food colours is shown in 

Fig. 1.1. The most significant growth has been in naturally derived colours owing 

to the improvements in stability as well as the food industries with an aim to meet 
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the increasing consumer perception that ' natural is best'. Future growth is going to 

be large for naturally derived colours with a predicted annual growth rate of 

5-10 %. Synthetic colours are still forecast to grow but at a lower rate of between 

3 and 5 % (Alison and Paul, 2000). 
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Fig.l.l Percentage market share of food coloursots 

According to a study on dyes and organic pigments, the worldwide 

demand for organic colourants is projected to increase from 4.9 % in 2003 to $10.6 

billion in 2008. Generally. the dyestuff industry comprises three sub-segments, viz: 

dyes, pigments, and intennediates. The dye intennediates are petroleum 

downstream products. which are further processed into finished dyes and pigments. 

These are important additives in major industries like textiles. plastics, paints, 

paper and printing inks. leather. packaging sector etc. 

In India the dyestuff industry supplies its majority of the production to the 

textile industry. Huge amounts of dyes and pigments from India are also exported to 

the textile industry in Europe, South East Asia and Taiwan. India has a share of 

approximately 6 % of the world production in dyestuff products. The hold of 

polyester and cotton in the global market has positively created the demand for 

some kinds of dyestuffs. The Asian region has seen the highest development in 

textile production, followed by North America,. Latin America and Western Europe. 

Asia tops dyestuff production both in tenns of volume and value, with about a 42 % 



share of the global production followed by the US with 24 % and Europe around 

22 %. Due to a wide use of polyester and cotton-based fabrics, there has been 

changes towards reactive dyes, applied in cotton-based fabrics, and disperse dyes 

used in polyester. These two dyes have been leading in all the three regional global 

market, particularly Asia. 

Within India, the leading producers in the pigments industry are Colour 

Chem and Sudarshan Chemicals while in the dyestuff industry the major players in 

terms of market share are Atul, Clariant India, Dystar and Ciba Specialities. The 

Indian companies together account for nearly 6 % of the world production. The 

trend in trade has shifted from supplying mere products to colour package solutions 

and greater importance is given to innovation, production range, quality and 

environmental friendly products (Doshi, 2006). 

Although there are a number of natural pigments, only a few are available 

in sufficient quantities to be useful for industry because they are usually extracted 

from plants (Lauro, 1991). In spite of the availability of variety of pigments from 

fruits and vegetables, there is an ever growing interest in microbial pigments due to 

several reasons like their natural character and safety to use, production being 

independent of seasons and geographical conditions, controllable and predictable 

yield (Francis, 1987). The rapid growth of microbes reduces the production time to 

a matter of days. Compared to plant or animal sources, the production is flexible 

and can easily be controlled (Taylor, 1984). 

A large number of different species of bacteria, molds, yeasts and algae are 

used to produce pigments. The ability to produce desired products cost efficiently 

through fermentation is a benefit of the microbial system. In addition, the 

collection of microbial organisms is sustainable and has no negative impact on the 

environment. Improvement in stability, safety and solubility can certainly make 
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widespread use of microbial pigments in the food industry (Joshi et al., 2003). 

colouring of foods using microbial pigments acts as a preservative and also has 

antioxidant properties to the foods (Sivakumar, 2004). 

Nowadays some fennentative food grade pigments are on the market: 

Monascus pigments, astaxanthin from Xanthophyllomyces dendrorhous, Arpink 

Red from Penicillium oxalicum, riboflavin from Ashbya gossypii, p-carotene from 

Blakes/ea trispora. The interest shown by the aquaculture industry for natural 

sources of astaxanthin has been growing as a result of the increasing demand for 

fish feed with natural pigments (Guerin and Hosokawa, 200 I). Many species of 

Monascus have attracted special attention because they have the capability of 

producing different coloured pigments showing high chemical stability (Hajjaj 

et al., 2000; Hamdi et al., 1997). 

The red pigments, produced in solid-state cultures by several species ofthe 

genus Monascus, have been traditionally used in many Asian countries for 

colouring and securing a number of fermented foods (Dziezak, 1987; Francis, 

1987). Furthermore, their therapeutic properties and their relatively high stability 

with respect to pH and temperature are interesting features, which favour their use 

as substitutes for synthetic colourants. Only a few mild side effects have been 

associated with administration of these microbial pigments. Monascus pigment 

production by submerged and solid-state cultures in complex media has been 

thoroughly studied (10hns and Stuart, 1991). During the submerged culture of 

various edible mushrooms for the production of bioactive compounds, several 

fungi produced pigments at relatively high yields (Park and Kim, 2005). Single cell 

algae and fungi are better options for new biotechnologically derived colourants. 

One recent development has been with the p-carotene from the fungus Blakeslea 

trispora. This is currently being marketed as a natural food colour by Gist 



Brocades (DSM Gist Brocades Delft, Heerlen, The Netherlands) (Pattnaik et al., 

] 997). 

In addition to bacteria, fungi and yeasts, several species of microalgae 

accumulate high concentrations of carotenoids such as ~-carotene, astaxanthin and 

canthaxanthin. The first of these carotenoids to be commercialized was ~-carotene 

from the green halophilic flagellate, Dunailiella salina. Another microalgae of 

interest is Haematococcus pluvialis, which are used for the production of 

astaxanthin. Phycocyanin (blue) and Phycoerythrin (red) are the two main natural 

pigments commercially produced from algae (Nelis and Leenheer, 199]). 

Cyanotech Corporation is the world's leading producer of high-value 

products from microalgae and the largest producer of natural astaxanthin. The 

products are BioAstin® a powerful antioxidant with health benefits mainly 

protection from sunburn and enhancing skin, muscle and joint health, and also has 

the ability to support and enhance natural inflammatory response. NatuRose® is a 

red pigment used primarily in the aquacuIture industry to impart colour to the flesh 

of fish and shrimp (http://www.cyanotech.com/bioastin.html). Aquapharm Bio

Discovery Ltd. is one of the first UK Marine Biotechnology companies and 

provides new approaches to 'bio-prospecting' to source novel natural products 

from marine microbes. Currently Aquapharm has naturally high producer 

organisms of both carotenoids such as astaxanthin and the flavanoid anthocyanin. 

Synthetic astaxanthin is added to commercial aquaculture diets to ensure the colour 

of the flesh product, and the market for the same currently worth $250 million a 

year and growing at 8 % per year (http://www.aguapharm.co.uk). 

Prodigiosins are a family of naturally occurring tripyrrole ring-containing 

red pigments produced by microorganisms. They have a common 

pyrrolyldipyrrolylmethene skeleton. These pigments are emerging as a novel group 



of compounds having distinct biological activities like antibacterial, antimycotic, 

immunomodulating, anti-tumor, antimalarial and nuclease (Azuma et al., 2000; 

Bennett and Bentley, 2000; D' Alessio and Rossi, 1996; Melvin et al., 2000). 

Hence, they are desired for several medical applications and consequently there is 

more interest in this pigment among the researchers. 

A wide variety of bacterial taxa, including Serratia rubidaea, Vibrio 

gazogenes, Alteromonas rubra, Rugamonas rubra, Streptoverticillium rubrireticuli 

and Streptomyces longisporus ruber produces prodigiosin and/or derivatives of this 

molecule (Austin and Moss, 1986). Prodigiosin was first isolated from 

S. marcescens in pure form in 1929. Its name, used by early researchers, was 

retained but the pigment was not characterized and its main structural features 

elucidated until 1934. One strain of S. marcescens, which produced prodigiosin 

like pigment, was also isolated long back from marine environment (Lewis and 

Corpe, 1964). 

In recent times there is an escalation in the use of synthetic dyes for 

example in the ever-growing textile colouration industry and consequently effluent 

of dyes and associated chemicals are now serious concern of environmental 

pollution. Wastewater from printing and dyeing units is often rich in colour, 

containing residues of reactive dyes and chemicals. The toxic effects of dyestuffs 

and other organic compounds, as well as acidic and alkaline contaminants in these 

dye effluents have reached a stage where they are not treated effectively before 

their disposal into environment. Hence, due to the harmful effect of chemical dye 

on environment pollution, a number of countries have issued stricter regulations so 

as to preserve our environment. As a consequence there is a revived interest in the 

use of natural pigments as dyes, which could be subjected to biodegradation in the 

environment (http://express-press-release.com). 



In this context, there is a resurgence in the search for good sources of 

natural pigments which are ecofriendly. Accordingly several investigators have 

started screening natural pigments from various sources. The marine environment, 

which covers three quarters of the surface of the planet, is estimated to be home to 

more than 80 % of life and yet it remains largely unexplored. Marine 

microorganisms are an untapped source for pigments that can have wide range of 

applications in industries including food industry and textile industry. More than 

half the bacteria occurring in the sea are chromogenic. ]n a general survey of 

several thousand colonies isolated from marine sources it was found that 31.3 % 

were yellow, 15.2 % orange, 9.9 % brown and 5.4 % red or pink (Zobell and 

Feltham, 1934). However, there are not many reports available on investigation on 

marine microorganisms as source of natura] pigments. Hence this study was 

desired. 



OBJECTIVES OF THE PRESENT STUDY 

The marine microorganisms are yet to be exploited as a source of natural 

pigments for probable utilization in various industries. Hence, in this study focus 

was made only on pigment producing marine bacteria for pigment production and 

evaluation of the same for some application besides development of an ideal 

bioprocess for subsequent indigenous production of the pigment using the same 

organism towards ultimate industrial application. 

Specific objectives of the present study included the following: 

I. Screening of potential pigment producing bacteria from the marine and 

mangrove environments ofKerala. 

2. Purification and characterization of the pigment. 

3. Optimization of bioprocess variables for the production of pigment 

employing statistical approach. 

4. Application studies of the pigment. 




