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Preface

Strong consumer demand for natural products has prompted many researchers to
look for alternatives to synthetic pigments which are widely used. Synthetic
pigments are not only undesirable or harmful, but can cause adverse effects to the
environment. There are many sources of natural pigments, namely from micro-
organisms and plants. Among plants, the orange/yellow colour obtained from
saffron is one of the most expensive natural pigments sold with a price range
between USD 1,100 and 11,000 per kilogram. The ascomycetous fungi, Monascus
on the other hand has been reported to produce a variety of red, yellow, orange,
green and blue hues which are mainly used in food industries.

This brief serves as a quick guide on the isolation, characterization and
applications of pigments extracted from red, yellow and violet bacteria namely
Serratia marcescens, Chryseobacterium sp. and Chromobacterium violaceum,
respectively. The unique feature of this brief is the use of cheap agricultural waste
for the propagation of the bacteria. This will help reduce the cost of the pigments
when taken to a larger production scale. Another point to note here is the short life
cycle of the bacteria which makes it viable to be used on a large scale. This brief
serves as an introductory series for many more briefs on this subject.

We would like to thank each and every one for the kind help in making this
publication possible especially researchers in the Universiti Teknologi Malaysia’s
ColorBac Research team namely NurZulaikha Yusof, Nordiana Nordin, Quek
Hsiao Pei, Chua Pei Yong, Nurhayati Ramlee, Wong Yong Foo, Akram Neshati
and NurNazrina Ahmad Sabri. A special note of thanks to Nordiana Nordin for the
brilliant effort in securing funding for this coloured business. Also to the Ministry
of Agriculture, Malaysia for funding of project through the Technofund grant,
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TF0310F080 and Cradle Fund Sdn. Bhd. for the CIP150 grant. Not forgetting the
researchers at the Program of Textile Technology, Faculty of Applied Sciences,
Universiti Teknologi Mara (UiTM), Shah Alam, Selangor, Malaysia.

Johor Bahru and Shah Alam, Malaysia Wan Azlina Ahmad
August 2011 Wan Yunus Wan Ahmad

Zainul Akmar Zakaria
Nur Zulaikha Yusof
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Chapter 1
Introduction

Abstract Before the turn of the nineteenth century, natural dyes were the only
source of color available and were widely used and traded, providing a major
source of wealth creation around the globe. Since the introduction of synthetic
dyes, many convenient and cheap synthetic pigments have appeared with Azo dyes
as the most frequently used synthetic dyes on the industrial scale. However,
environmental concerns regarding synthetic dyes saw a revival in the demand for
natural dyes which exhibit better biodegradability and generally have a higher
compatibility with the environment. Lately, the potential of obtaining natural color
from microbial pigments to be used as natural colorants is being actively inves-
tigated. However, most of the bacterial pigment production is still at the R&D
stage. Hence, work on the production of pigments from bacteria should be
intensified especially in finding cheap and suitable growth medium which can
reduce the cost and increase its applicability for industrial production.

Keywords Pigment � Synthetic � Biological � Bacteria � Dye � Natural

1.1 Definition of Pigments

The word pigment has a Latin origin and initially denoted a colored matter but it was
later extended to indicate colored objects such as makeup. In the beginning of the
middle ages, the word was also used to describe the diverse plant and vegetable
extracts, especially those used as food colorants. The word pigment is still used in
this sense in the biological terminology such as the colored matter present in
animals or plants, occurring in the granules inside the cells as deposits on tissues or
suspended in body fluids (Ullmann 1985). It also includes organic compounds iso-
lated from cells and their modified structure (Hendry and Houghton 1997).

W. A. Ahmad et al., Application of Bacterial Pigments as Colorant,
SpringerBriefs in Molecular Science, DOI: 10.1007/978-3-642-24520-6_1,
� The Author(s) 2012
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Examples of biological pigments include chlorophyll and hemoglobin. The modern
meaning associated to the word pigment has its origin in the twentieth century,
meaning a substance constituting of small particles which is practically insoluble
in the applied medium, and is used due to its colorant, protective or magnetic
properties (Ullmann 1985). Pigment also changes the color of light it reflects as a
result of selective color absorption. This definition applies well to the pigments of
mineral origin, such as titanium dioxide or carbon black, but for the soluble
dyestuffs, usually the organic compounds, the expressions dye, colorant or simply
color (as in the food colors) is more adequate. The terms pigment and color are
usually applied for the food coloring matters, sometimes indistinctly (Timberlake
and Henry 1986).

1.2 Classification of Pigments and Its Applications

Pigments are classified as either organic/inorganic or natural/synthetic (Turner
1993). Biological pigments can be classified based on two general classifications
namely structural affinities and natural occurrence. Some examples for naturally
occurring pigments are anthocyanins (blue–red), carotene (yellow–red), chloro-
phylls (green) and tannins (brown–red) (Babitha et al. 2004) (Fig. 1.1).
Carotenoids are tetraterpenoids which are synthesized in plants and other photo-
synthetic organisms as well as in some non-photosynthetic bacteria, yeast and
molds. The red and yellow appearance of autumn foliage can be attributed to the
exposure of anthocyanins, as a result from the decomposition of green chlorophyll
pigments, hence the removal of the masking effect.

All biological pigments selectively absorb certain wavelengths of light while
reflecting others. Absorbed light may be used by the plant to power chemical
reactions, while the reflected wavelengths of light determine the color the pigment
will appear to the eye. Pigments also serve to attract pollinators. Carotenoids come
in the forms of red, orange or yellow (tetraterpenoids). They function as accessory
pigments in plants, helping to fuel photosynthesis by gathering wavelengths of
light not readily absorbed by chlorophyll. The most familiar carotenoids are
carotene (an orange pigment found in carrots), lutein (a yellow pigment found in
fruits and vegetables) and lycopene (the red pigment responsible for the color of
tomatoes) (Richella et al. 2002). Carotenoids have been shown to act as antioxi-
dants and to promote healthy eyesight in humans. Selected carotenoids are com-
ponents of the light harvesting system in chloroplasts and play an important role in
the protection of plants against photooxidative damage (Demming-Adams 2002).
Lycopene is able to prevent activity against several pathologies, such as cardio-
vascular disease, hepatic fibrogenesis and some cancer types such as prostate,
gastrointestinal and epithelial (Clinton 1998). Chlorophyll is the primary pigment
in plants; it is a porphyrin that absorbs yellow and blue wavelengths of light
while reflecting green. It is the presence and relative abundance of chlorophyll that
gives plants their green color. All land plants and green algae possess two forms of
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this pigment namely chlorophyll a and chlorophyll b. Kelps, diatoms and other
photosynthetic heterokonts contain chlorophyll c instead of b, while red algae
possess only chlorophyll a. All chlorophylls serve as the primary means for plants
to intercept light in view of photosynthesis and also the sole reason for the green
appearance of most plants (Goodwin 2002). Anthocyanins are water-soluble fla-
vonoid pigments that have a red to blue appearance (depending on pH). It occurs in
all tissues of higher plants, providing color to leaves, stems, roots, flowers and
fruits, though not always in sufficient quantities to be noticeable. Anthocyanins are
most visible in the petals of flowers where it constitutes as high as 30% of the dry
weight of the tissue. They are also responsible for the purple color seen on the
underside of tropical shade plants such as Tradescantia zebrina; in these plants, the

Fig. 1.1 Chemical structures for a ß-carotene b lycopene c chlorophyll-a d chlophyll-b e crocin
f crocetin g anthocyanin h melanoidin

1.2 Classification of Pigments and Its Applications 3



anthocyanin catches light that has passed through the leaf and reflects it back
towards regions bearing chlorophyll, in order to maximize the use of available
light (Goodwin 2002). Betalains are indole-derived compounds synthesized from
tyrosine. These water-soluble red or yellow pigments (like anthocyanins) are found
only in the Caryophyllales (including cactus and amaranth) and never co-occur in
plants with anthocyanins. Betalains are responsible for the deep red color of beets,
and are used commercially as food coloring agents (Daniel 1986). Saffron, known
also as CI natural yellow 6, safran, crocin, crocetin and crous, is the dried stigma
of Crocus sativus, a plant indigenous to the orient but also widely grown in North
Africa, Spain, Iran and France. It is a reddish, brown or golden yellow odoriferous
powder with a slightly bitter taste. The stigmas of approximately 165,000 blos-
soms are required to make 1 kg of colorant (Daniel 1986). The coloring principles
of saffron are crocin and crocetin (Fig. 1.1). Crocin is a yellow–orange glycoside
that is freely soluble in hot water, slightly soluble in absolute alcohol, glycerine
and propylene glycol and insoluble in vegetable oils. Crocetin is a dicarboxylic
acid that forms brick-red rhombs from acetic anhydride which decomposes at
about 285 �C. It is very sparingly soluble in water and most organic solvents
(Daniel 1986). As a food colorant, saffron shows good overall performance. In
general, it is stable towards light, oxidation, microbiological attack and changes in
pH. Its tinctorial strength is relatively high, resulting in commercial application
levels of 1–260 ppm (Daniel 1986). Melanoidins are ingested via consumption of
brown processed food. Nutritional and physiological effects of melanoidins have
been widely investigated. When rats were fed with nondialyzable melanoidins
prepared from D-glucose and glycine, the difficult-to-excrete melanoidins were
partly transformed into metabolizable compound (Hiromichi and Fumitaka 2002).
When D-xylose and glycine were reacted at low temperature (2–26.5 �C), the
reaction mixture produced yellow, red and blue pigment. Blue melanoidin has two
pyrrolopyrrole rings coupled with methane bridge. The UV–vis spectrum of blue
melanoidin shows a large peak at 625 nm and a small peak at 283, 322 and
365 nm.

Basically, most of the natural pigments have several features to distinguish
them from the larger number of colorless compounds found in biological mate-
rials. Almost all biological molecules are composed of not more than 17 elements
within the periodic table. Of these, only 4 out of 17 elements are predominant
notably H, C, N and O. Most pigmented compounds (other than yellow) contain
either N or O, often both and most of them are relatively large molecules with
molecular weights (Mw) of 200 (anthraquinones), 300 (anthocyanidins), 400
(betalaines), 500 (carotenoids) and 800 for chlorophylls (Hendry and Houghton
1996). Biological pigments can be classified into six major structural classes
namely tetrapyrroles, tetraterpenoids, quinines, O-heterocyclic, N-heterocyclic and
metallo-proteins (Table 1.1).

Natural inorganic pigments, derived mainly from mineral sources, have been
used as colorants since prehistoric times and a few, notably iron oxides, remain of
some significance today. The color of inorganic pigments arises from electronic
transitions which are quite diverse in nature and different from those responsible
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for organic pigments. Inorganic pigments generally exhibit high inherent opacity,
a property which may be attributed to the high refractive index which results from
the compact atomic arrangement in their crystal structures. Various methods are
employed in the manufacturing of inorganic pigments. Frequently, the chemistry is
carried out in aqueous solution from which the pigments can precipitate directly in
a suitable physical form. In some cases, high temperature solid state reactions are
used, while gas-phase processes are employed because of their suitability for
continuous large-scale manufacturing. Some examples for natural inorganic pig-
ments include titanium dioxide, carbon black, cadmium sulfides, lead chromates
and ultramarines (Christie 2001).

The synthetic organic pigments were prepared from water-soluble dyes rendered
insoluble by precipitation into colorless inorganic substrates such as alumina and
barium sulfate where these products were referred to as ‘lakes’. A critical event in
the development of the organic pigment industry was the discovery of copper
phthalocyanine in 1928. Inorganic pigments generally provide higher intensity and
brightness compared to organic pigments which are unable to provide the degree of
opacity, typical of inorganic pigments, because of the lower refractive index
associated with organic crystals. The range of commercial organic pigments exhibit
variable fastness properties depending on the molecular structure and the nature of
intermolecular association in the solid state. Since organic molecules have the
natural tendency to dissolve in organic solvents, organic pigment molecules are
normally incorporated with structural features to enhance solvent resistance.
Examples for synthetic organic pigments include azo pigments, copper phthalo-
cyanines and high-performance organic pigments (Christie 2001).

Table 1.1 Classes of biological pigments (Hendry and Houghton 1997)

Group Alternative or familiar
name

Major example Predominant color

Tetrapyrroles Porphyrins and porphyrin
derivatives

Chlorophylls
Heams (hemes)
Bilins (Bile

pigments)

Green
Red
Blue–green-yellow–red

Tetraterpenoids Carotenoids Carotenes
Xanthophylls

Yellow–red
Yellow

O-heterocyclic
compounds

Flavonoids Anthocyanins
Flavonols

Blue–red
Yellow–white

Quinines Phenolic compounds Naphtaquinones
Anthraquinones

Red–blue–green
Red–purple

N-heterocyclic
compounds

Indigoids and indole
derivatives

Substituted pyrimidines

Betalaines
Eumelanins
Pterins
Purines

Yellow–red
Black–brown
White–yellow
Opaque white

Metalloproteins Cu-proteins
Hemerythrin

Blue–green
Red

Blue–green
Red

Miscellaneous Lipofuscins
Fungal

pigments

Brown–grey
Various but

commonly yellow
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1.3 World Scenario on the Use of Natural Pigments

Before the turn of the nineteenth century, natural dyes were the only source of
color available and were widely used and traded, providing a major source of
wealth creation around the globe. It has been used for many purposes such as the
coloring of natural fibers (wool, cotton, silk), fur and leather. The dyes were also
used to color cosmetic products and to produce inks, watercolors and artist’s paints
(Cristea and Vilarem 2006). Since the introduction of synthetic dyes by Perkin in
1856, many convenient and cheap synthetic pigments have appeared, and the use
of natural dyes has decreased due to the relatively cheaper synthetic pigments
(Zollinger 1991). Current applications of synthetic dyes are in the textile industry,
leather tanning industry, paper production, food technology, agricultural research,
light-harvesting arrays, photoelectrochemical cells and in hair colorings. More-
over, synthetic dyes have been employed to control the efficacy of sewage and
wastewater treatment and for the determination of specific surface area of acti-
vated sludge for groundwater tracing (Forgacs et al. 2004).

Azo dyes are the most frequently used synthetic dyes on the industrial scale along
with anthraquinone, sulfur, indigoid, triphenylmethyl (trityl) and phthalocyanine
derivatives (Forgacs et al. 2004). Some features of the synthetic dyes include high
stability to light, oxygen, pH, color uniformity, low microbiological contamination
and relatively lower production costs (Alves et al. 2008). In the pharmaceutical
industry, synthetic dyes were added into many medicinal products to give color as
well as making it more attractive, easier to recognize, and in some cases, by forming
an opaque layer, it stabilizes the ingredients of the medicine which are light sensitive
(Jaworska et al. 2005). The application of synthetic dyes in the food industry is a
cheaper alternative than the use of natural dyes, however, many of these dyes gives
rise to serious reservations concerning health. Dyes such as tartrazine (E 102),
cochineal red (E 124) and sunset yellow (E 110) may provoke allergic or pseudo-
allergic reactions (PARs), either on its own or in combination with other colorants,
particularly in people allergic to aspirin and other non-steroidal anti-inflammatory
agents, or those suffering from urticaria or asthma (Rowe and Rowe 1994).
Although, all of the synthetic colorants approved by the Food and Drug Adminis-
tration (FDA) for use in foods, pharmaceuticals and cosmetic preparations have
been scrutinized for its toxicity, examination on cancer chemopreventive effect of
synthetic colorants revealed that a number of these products were evaluated for their
in vitro antitumor promoting effect on Epstein–Barr virus (EBV) antigen induced by
tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA). Among these were
the azo colorant, tartrazine (FD&C Yellow # 5) and the indigo derivative, indigo
carmine (FD&C Blue # 2) (Kapadia et al. 1998). Some synthetic dyes have even
been withdrawn from external usage due to its apparent hazards. For example,
benzidine dyes may cause bowel cancer while carbon black (widely used as printing
ink pigment) is thought to be a potential carcinogen.

From the environmental point of view, unethical discharging of untreated
industrial effluents containing toxic, carcinogenic and non-biodegradable synthetic
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dyes into the water system is a major source of water pollution (Chung et al. 1992).
One example of such dyes are the azo dyes which are widely used in industries
such as textile mills (major usage), food, pharmaceutical, paper and printing,
leather and cosmetics. Azo dyes are capable to retain their color and structural
integrity under exposure to sunlight, soil and bacteria (resistance to microbial
degradation in wastewater treatment systems), hence its classification is as
recalcitrant pollutant (Eichlerová et al. 2006).

In view of this, much of the R&D efforts in wastewater treatment technologies
were focused towards finding an effective and economical solution to treat the
highly diverse composition of azo dye-containing industrial effluents. In spite of
the existence of a variety of chemical and physical treatment processes, its removal
from the environment is still extremely difficult. Adsorption, precipitation,
chemical degradation or photodegradation are financially and methodologically
demanding as well as time-consuming and most importantly, not very effective.
Current biological approach such as the use of anaerobic bacteria which have the
ability to decolorize several azo dyes may not be suitable as the bacterial reduction
process of the dyes would lead to the generation of aromatic amines that are
carcinogenic and mostly more toxic than the starting azo dyes (Hu 2001; Wong
and Yuen 1996).

1.4 Natural Pigments

Environmental concerns regarding synthetic dyes saw a revival in the demand for
natural dyes as natural dyes exhibit better biodegradability and generally have a
higher compatibility with the environment (Kamel et al. 2005). Lately, the
potential of obtaining natural color from microbial pigments to be used as natural
colorants is being actively investigated (Nagia and EL-Mohamedy 2007). How-
ever, most of the bacterial pigment production is still at the R&D stage. Hence,
work on the production of pigments from bacteria should be intensified especially
in finding cheap and suitable growth medium which can reduce the cost and
applicable for industrial production. Table 1.2 shows the status for microbial
production of pigments:

1.5 Microbial Pigments

1.5.1 Bacteria

Several intensely colored compounds have been isolated from certain bacteria
that resemble pigments in other biological systems. One example of
pigment from bacteria is violacein, 3-[1,2-dihydro-5-(5-hidroxy-1H-indol-3-yl)-2-
oxo-3Hpyrrol-3-ilydene]-1,3-dihydro-2H-indol-2-one, a violet pigment produced
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by Chromobacterium violaceum under aerobic condition (Duran and Menck 2001)
(Fig. 1.2).

Chromobacterium violaceum is a Gram-negative proteobacteria found in the
soil and water in tropical and subtropical environments. The bacterium is able to
live under anaerobic and aerobic conditions but violacein production only occur in
aerobic condition. Violacein is a secondary metabolite and has great potential for
pharmacological applications (Buxbaum 1993).

Table 1.2 Microbial production of pigments (already in use or highly potential to be used as
natural food colorants) (Liu and Nizet 2009)

Microorganism Pigment Color Status

Bacteria
Agrobacterium aurantiacum Astaxhantin Pink–red RP
Paracoccus carotinifaciens Astaxhantin Pink–red RP
Bradyrhizobium sp. Canthaxhantin Dark-red RP
Streptomyces echinoruber Rubrolone Red DS
Flavobacterium sp. Zeaxanthin Yellow DS
Paracoccus zeaxanthinifaciens Zeaxanthin Yellow RP
Fungus
Monascus sp. Ankaflavin Yellow IP
Monascus sp. Monascorubramin Red IP
Penicillium oxalicum Anthraquinone Red IP
Blakeslea trispora Lycopene Red DS
Fusarium sporotrichioides Lycopene Red RP
Cordyceps unilateralis Naphtoquinone Deep blood-red RP
Ashbya gossypi Riboflavin Yellow IP
Monascus sp. Rubropunctatin Orange IP
Blakeslea trispora ß-carotene Yellow–orange IP
Fusarium sporotrichioides ß-carotene Yellow–orange RP
Mucor circinelloides ß-carotene Yellow–orange DS
Neurospora crassa ß-carotene Yellow–orange RP
Phycomyces blakesleeanus ß-carotene Yellow–orange RP
Penicillium purpurogenum Unknown Red DS
Yeast
Saccharomyces neoformans

var. nigricans
Black Melanin RP

Xanthophyllomyces dendrorhous Astaxanthin Pink–red DS
Rhodotorula sp. Torularhodin Orange–red DS

IP Industrial production, DS development stage , RP research project

Fig. 1.2 Chemical structure
of violacein
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The biosynthesis and biological properties of violacein have been extensively
studied, in particular, its antitumoral, antibacterial, antiulcerogenic, antileishma-
nial and antiviral activities (Leon et al. 2001; Melo et al. 2003). The pigment
appears to be similar to other known species of Chromobacterium and assisted in
the identification of genus of the causative organisms. Another example of a well-
studied bacterial pigment is carotenoid which imparts the eponymous golden color
to the major human pathogen, Staphylococcus aureus. This organism produces
multiple carotenoid pigments via a well described biosynthetic pathway from two
tryptophan molecules. The C-3 site of each tryptophan is coupled to form a pyrrole
ring where subsequent decarboxylation and 1, 2-shift of the indole ring afford the
violacein chromophore (Rattanaphani et al. 2007) which culminates with golden
staphyloxanthin as the major product and yellow 4040-diaponeurosporene as a
minor product (Wieland et al. 1994; Pelz et al. 2005). Staphyloxanthin consists of
a C30 polyene carbon backbone with alternating single and double bonds typical
of carotenoid pigments; these alternating bonds are able to absorb excess energy
from reactive oxygen species, ROS. Violacein has one hydroxyl group and three
N–H groups, which are believed to play important roles in antioxidant activity
(Cao et al. 2007).

Due to the vast applications of violacein, most of the researches carried
out were focused on optimizing growth conditions of C. violaceum to achieve
maximum pigment production. C. violaceum is known to multiply in a growth-
exacting condition. Innis and Mayfield (1979) reported that upon reincubation of
C. violaceum in NB at 20 �C (from dormant condition at 0 �C), the violacein-less
bacterium started to excrete violacein again which suggest its optimum growth
temperature of 20 �C. Similar observations were reported when the bacterium was
grown in soil extract broth (SEB) supplemented with tryptophan (a known pre-
cursor of violacein) between 0 and 25 �C. Violacein production was reported at a
growth pH of 7.4 at 20 �C. Other growth mediums reported to produce violacein
are as shown in Table 1.3.

Another excellent example of a well-studied bacterial pigment is prodigiosin.
Prodigiosin(5-[(3-methoxy-5-pyrrol-2-ylidene-pyrrol-2-ylidene)methyl]-2-methyl-
3-pentyl-1H-pyrrole) is a typical alkaloid compound produced as a secondary
metabolite. It has a unique structure consisting of three pyrrole rings and a pyrrolyl-
pyrromethene skeleton with C-4 methoxy group (Fig. 1.3). Secondary metabolites
of bacterial origin include pigments, antibiotics, immunomodulators, antidiabetic
and anticancer compounds (Barnett et al. 2006). Prodigiosin is produced by
Serratia marcescens following a bifurcated biosynthesis pathway, in which mono-
and bi-pyrrole precursors are obtained separately and then coupled to form the
linear tripyrrole red pigment (Boger and Patel 1988) during the stationary phase of
bacterial growth (Rokem and Weitzman 1987). There are several pharmaceutically
relevant prodigiosins such as undecylprodigiosin, metacycloprodigiosin, rosco-
phylin and nonylprodigiosin which are known as potential antibacterial, antima-
larial, anticancer, cytotoxic and immunosuppressive agents (Song et al. 2006).

A wide variety of bacterial taxa, including Gram-negative rods such as
S. rubidaea, Vibrio gazogenes, Alteromonas rubra, Rugamonas rubra, and
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Gram-positive actinomycetes, such as Streptoverticillium rubrireticuli and
Streptomyces longisporus Ruber form prodigiosin and/or derivatives of this mol-
ecule. On some media Rugamonas rubra produces so much prodigiosin that, as the
pH drops, it precipitates out within the cells and colonies change from pillar-box
red to deep maroon, often with a green metallic sheen under reflected light. At this
stage, most organisms in the colony are no longer viable (Maurice 2002).

Other than that, the most familiar examples of colored colonies seen in the
routine soil, water and medical laboratory are those of pseudomonads such as the
blue-green colonies of Pseudomonas aeruginosa or the yellow fluorescent colonies
of Ps. fluorescens and related species. One example of a water soluble, nonfluo-
rescent blue–green pigment produced by Ps. aeruginosa is pyocyanin which
crystallises as beautiful blue needles and may have a role in respiration (Fig. 1.4).
The yellow water-soluble fluorescent pigments produced by a number of
Pseudomonas species, especially under conditions of iron limitation, are variously
known as pyoverdin, pyofluorescein or simply fluorescein (Maurice 2002).
Actinorhodin, a polyketide antibiotic, is produced by Streptomyces coelicolor
A3(2), the best genetically known strain of Streptomyces. Its dual pigmentation
i.e. red (acidic pH) and blue (alkaline pH) facilitates visual observation of its
product. Actinorhodin is often used as a model for studying factors regulating the
production of antibiotics. Biosynthesis of actinorhodin occurs mainly during the
stationary phase in batch cultures, but may also be associated with growth
depending on the medium used (Ozergin-Ulgen and Mavituna 1994). The pH of
the culture medium is important as excretion of actinorhodin appears to occur

Fig. 1.3 Chemical structure
of prodigiosin

Table 1.3 Various growth media used for the production of violacein by C. violaceum

Growth medium Temperature (oC) References

Liquid medium consist of D-glucose, peptone,
yeast extract

30 Rettori and Duran (1998)

Lactose broth – Walter (1934)
Wakimoto medium – Yuang et al. (2008)
Nutrient broth, Nutrient agar 25 Haisheng et al. (2008)
Soil extract agar (SEA), Soil extract

broth (SEB)
15, 20, 25 Innis and Mayfield(1979)

TY medium (containes: tryptone, yeast
extract and NaCl)

30 Rene’e and Kendall (2000)

RPMI1640 medium containing glutamine
and antibiotics.

– Carmen et al. (2004)

Terrific broth 37 Marlon et al. (2006)
Nutrient agar 30 DeMoss and Happle (1958)
Luria broth 28
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exclusively at pH values above 6.70 (Wright and Hopwood 1976). Moreover, this
excretion increases in complex media (Ozergin-Ulgen and Mavituna 1994) but,
according to Bystrykh et al. (1996), the excreted pigment is not actinorhodin but
its lactone derivative, c-actinorhodin.

1.5.2 Fungi

Like plants, filamentous fungi synthesizes natural products (such as pigment) due
to its ecological function and value (Firn and Jones 2003). Depending on the type
of the compound, these natural products have different functions varying from
protective mechanism against the lethal photooxidations (carotenoids) to acting as
cofactors in enzyme catalysis (flavins). Besides providing the functional diversity
to the host, these pigments exhibit a unique structural and chemical diversity with
an extraordinary range of colors. Several characteristic non-carotenoid pigments
are produced by the filamentous fungi, including quinines such as anthraquinones
and naphthaquinones (Baker and Tatum 1998; Medenstev and Akimenko 1998),
dihydroxy naphthalene melanin, a complex aggregate of polyketides (Butler and
Day 1998) and flavin compounds such as riboflavin. Monascus has been reported
to produce at least six major related pigments (Wang and Hesseltine 1979) which
can be classified into orange (rubropunctain and monascoubrin), yellow (monascin
and ankaflavin) and red (rubropunctaminea and monascorubramine). Monascus
spp. belongs to the Ascomycetes group and Monascaceae family. The genus
Monascus has four species namely M. pilosus, M. purpureus, M. ruber and
M. froridanus, which account for the majority of strains isolated from traditional
oriental food (Sabater-Vilar et al. 1999). The strain Penicillium oxalicum var.
armeniaca CCM 8242, obtained from soil, produces a chromophore of the

Fig. 1.4 Chemical structures for a pyocyanin b actinorhodin c fluorescein
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anthraquinone type. Many toxicological data are available on this red pigment;
acute oral toxicity in mice (90-day subchronical toxicological study), acute dermal
irritation/corrosion, acute eye irritation/corrosion, antitumor effectiveness, micro-
nucleus test in mice, AMES test (Salmonella typhimurium reverse mutation assay),
estimation of antibiotic activity and results of estimation of five mycotoxins
(Dufossé 2006).

1.5.3 Yeast

The carotenoid imparts distinctive orange–red coloration to the animals and
contributes to consumers’ appeal in the market place. Astaxanthin (3,30-dihydroxy-
b,b-carotene-4,40-dione) is widely distributed carotenoids in nature and is the
principal pigment in crustaceans and salmonids. The red yeast, Rhodotorula
synthesize carotenoid pigments consisting of torulene and torularhodin, with
minute quantity of b-carotene. Animal feed supplemented with Rhodotorula cell
mass was proven to be safe and nontoxic in animals. Its use in the nutrition of
laying hens has also been documented. As b-carotene content in wild strains of
R. glutinis is quite low, efforts have been made to increase it through strain
improvement, mutation, medium optimization and manipulation of culture con-
ditions (Sakaki et al. 2000; Tinoi et al. 2005). These studies resulted mainly in an
increased yield of torulene and torularhodin, which are of minor interest.

1.5.4 Algae

Microalgae are among the fastest growing autotrophs that produce vast array of
natural products including protein, enzymes, bioactive compounds and carotenoids.
The unicellular microalgae, Dunaleilla salina is reported to produce
b-carotene. The pigment was proven to have antioxidant property by quenching
excessive free radicals and restoring the physiological balance. In comparison to
others, Dunaliella has many advantages such as easier cell disruption technique
than other algae because of the absence of cell wall, relatively high growth rate and
higher resistant level to various environmental conditions (Pisal and Lele 2005).

1.5.5 Functions of Pigments

One of the major functions of bacterial pigment is for bacterial identification, to
the extent of the incorporation of bacterial colors into its name. For example, the
golden-colored pathogen Staphylococcus aureus (aureus in Latin,‘‘golden’’) was
named in such a way to distinguish it from the non-pigmented staphylococci

12 1 Introduction



i.e. Staphylococcus alba (alba in Latin,‘‘white’’). Likewise, the blue–green
Pseudomonas species found in the lungs of patients with cystic fibrosis was given
the name aeruginosa, which is derived from a Latin word denoting the color of
copper rust. Chromobacterium violaceum not surprisingly, elaborates a blue–violet
pigment. These hallmark phenotypes not only provide an easy nomenclature for
the microorganisms, but continue to be important diagnostic clues in clinical
laboratories today for the identification of microbes (Liu and Nizet 2009). Pig-
ments have also played a role in the discovery of infectious pathogens. Some
natural functions proposed for microbial pigments include protection mechanism
for the microbes (against ultraviolet radiation, oxidants, extremes of heat and cold,
natural antimicrobial compounds produced by other microbes), antimicrobial
activities, acquisition of nutrients (such as Fe) and acquisition of energy via
photosynthesis, e.g. cyanobacteria (Liu and Nizet 2009).

1.5.6 Advantages and Applications of Bacterial Pigments

One of the limitations of the use of natural dyes or pigments is the low extraction
yield factors (a few grams of pigment per kg of dried raw material). Therefore, the
exploitation of other biological sources such as fungi, bacteria and cell cultures
offers interesting alternatives since appropriate selection, mutation or genetic
engineering techniques are likely to improve significantly the pigment production
yields with respect to wild organisms (Mapari et al. 2005). Microbial pigments
from bacterial origins offer the advantage in terms of production, compared to
pigments extracted from vegetables or animals, due to its simple cell and fast
culturing technique. This will allow continuous bioreactor operation which is an
important factor during industrial operation (Hendry and Houghton 1997; Babitha
2009). Besides, pigments of higher organisms such as animal, plant and fungal
may be less suitable for industrial exploitation due to the structural complexity of
the pigment-bearing tissue and pigment formation only at critical points of
development within a complex life cycle (Hendry and Houghton 1997). For
example, pigment that function as attractants in sexual reproduction may be
formed only after completion of other aspects of life cycle. They may not then be
amenable to exploitation through manipulation (Hendry and Houghton 1997).
Another advantage of using bacterial pigments is its abundance in nature and easy
propagation where only minimal medium is required because bacteria have an
amazing ability to utilize cheap C and N sources to produce valuable low- and
high-molecular-weight metabolites (Demain 1980). Natural raw materials and
by-products of industrial processes have been proven as useful substituents for the
expensive culture media during fermentation processes, which are extremely
significant as culture media normally constitutes between 38–73% of the
total production cost. The bacterial pigment can also be extracted using simple
liquid–liquid extraction technique where the solvent used can be recovered for
subsequent use, hence minimizing the operating cost.
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1.5.6.1 Application as Food Colorant

Streptomyces coelicolor synthesize blue pigments which are stable to light and
heat, resistant to oxidants and reducers under acidic conditions and to reducers
under alkaline conditions. These characteristics makes it a good candidate for the
food processing industry as an additive such as to produce colorful beverages and
cakes (Zhang et al. 2006). Bradyrhizobium sp. strain was described as a cantha-
xanthin (4,40-diketo-b-carotene) producer (Lorquin et al. 1997). This carotenoid
pigment, canthaxanthin, has been used in aquaculture feed for many years in order
to impart the desired flesh color in farmed salmonids. While Brevibacterium
aurantiacum sp. nov. is of particular interest as this microorganism is found in the
rind of red- smear ripened soft cheeses, hence its long association with human
consumption (Galaup et al. 2005; Dufossé et al. 2005). Other than that, the
yellow pigment known as zeaxanthin or 3,30-dihydroxy-b-carotene, produced by
Flavobacterium sp. can be used as an additive in poultry feeds to strengthen the
yellow color of the skin of animals of this kind or to accentuate the color of the
yolk of their eggs (Alcantara and Sanchez 1999). Other bacterial pigments already
in use as natural food colorants or with high potential in this field includes astaxh-
antin (pink–red pigment) from Agrobacterium aurantiacum (Yokoyama et al. 1994)
and Paracoccus carotinifaciens (Tsubokura et al. 1999), rubrolone (red pigment)
from Streptomyces echinoruber, zeaxanthin (yellow pigment) from Flavobacterium
sp. (Shepherd et al. 1976) and Paracoccus zeaxanthinifaciens (Dufossé 2006).

1.5.6.2 Application in Pharmaceutical Industry

The genus, Streptomyces or Serratia can produce a red substance of pyrrolylpy-
romethene skeleton, which is one of following substances: prodigiosin, metacyc-
leprodigiosin, prodigiosin, desmethoxy prodigiosin, and prodigiosin 25-C. These
substances have been known to have an antibiotic and antimalarial effect, espe-
cially prodigiosin 25-C that shows immunosuppressing activity (Kim et al. 2003).
Immunosuppressive activity of prodigiosin was first described by Nakamura and
coworkers in 1989. These researches showed the presence of prodigiosin and
metacycloprodigiosin in culture broth of Serratia and observed selective inhibition
of polyclonal proliferation of T-cells as compared to that of B-cells. Besides that,
the cytotoxic potency of prodigiosin has also been investigated in the standard 60
cell line panels of human tumor cells derived from lung, colon, renal, ovarian,
brain cancers, melanoma and leukemia. Inhibition of cell proliferation as well as
induction of cell death has been observed in these cell lines. In vitro anticancer
activity has also been reported for different prodigiosin analogs and synthetic
indole derivative of prodigiosin (Pandey et al. 2007). The antiproliferative and
cytotoxic effects of prodigiosin have been observed not only in cultured tumor cell
lines but also in human primary cancer cells from B-cell chronic lymphocytic
leukemia patients (Campas et al. 2003). The use of prodigiosin for treating
diabetes mellitus has also been reported by Hwanmook et al. (2003) where
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prodigiosin was found to be an active component for preventing and treating
diabetes mellitus. Violacein is produced by several bacterial species, including the
Gram-negative species Chromobacterium violaceum, Janthinobacterium lividum,
Pseudoalteromonas luteoviolacea, Ps. sp 520P1 and Ps. sp. 710P1 (Rettori and
Duran 1998; Pantanella et al. 2007; Yada et al. 2007). Violacein was reported to
have antiprotozoan (Matz et al. 2004; Leon et al. 2001), anticancer (Ferreira et al.
2004; Kodach et al. 2006), antiviral (Andrighetti-Fröhner et al. 2003), antibacterial
(Sánchez et al. 2006; Lichstein and van De Sand 1946; Nakamura et al. 2003) and
antioxidant activities (Konzen et al. 2006). These characteristics provide the
possible applications of violacein for therapeutic purposes (Richard 1993).

1.5.6.3 Application in Textile Dyeing

Currently used colorants are almost exclusively made from non-renewable
resources such as fossil oil. The production of the synthetic colorants is
economically efficient and technically advanced with colors covering the whole
color spectrum. However, synthetic colorants are facing the following challenges
namely dependence on non-renewable oil resources and sustainability of current
operation, environmental toxicity and health concerns. Thus, biosynthesis of
pigments through fermentation processes can serve as major chromophores for
further chemical modifications, which could lead to colorants with a broad spec-
trum of colors (Hobson and Wales 1998). Besides, some natural colorants, espe-
cially anthraquinone type compounds, have shown remarkable antibacterial
activity in addition to providing bright colors (Frandsen et al. 2006), which could
serve as functional dyes in producing colored antimicrobial textiles. Alihosseini
et al. (2008) characterized the bright red pigment prodigiosin from Vibrio spp. and
suggested that it could be used to dye many fibers including wool, nylon, acrylics
and silk. Yusof (2008) reported the capability of using pigment from Serratia
marcescens to color five types of fabric namely acrylic, polyester microfiber,
polyester, silk and cotton using tamarind as mordant. However, the dyeing per-
formances are different, depending on the types of fiber. From the colorfastness
testing, the dyed fabrics also have the ability to maintain its color under several
external conditions such as perspiration, washing, and rubbing/crocking. Similar
textile-dyeing ability was also reported for Janthinobacterium lividum (Shirata
et al. 2000), an isolate from wet silk thread. The purple pigment from this
bacterium gave good color tone when applied on silk, cotton and wool (bluish-
purple, all natural fibers), and nylon and vinylon (dark blue, both synthetic fibers).
Dyeing was performed by a simple procedure consisting of either dipping in the
pigment extract or boiling with the bacterial cells. Color variation was achieved by
changing the dipping time and the temperature of the dye bath. The color fastness
of the dyed material was similar to vegetable pigment-dyed materials, however
with lower lightfastness. The pigment displayed an antimicrobial activity against
phytopathogenic fungi like Rosellinia necatrix which causes white root rot of
mulberry (Shirata et al. 2000).
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1.6 Growth Medium

Microbial growth medium can be classified into three broad categories namely
consistency, nutritional component and functional use. Consistent media can be
either in liquid, solid, semi-solid or biphasic forms: (1) Liquid medium, normally
referred to as broth, is normally used in bottles or flasks. Liquid media allows easy
and fast cultivation of bacteria in great cell number as well as minimizing the
impact of any bacterial growth inhibitors present via dilution effect. However,
properties of bacteria are not readily visible with possible presence of bacterial
co-cultures. Examples for liquid medium include nutrient broth, skimmed milk and
peptone solution, (2) Solid medium is easily obtained via the addition of solidi-
fying agar into liquid medium. Agar is composed of two long-chain polysaccha-
rides (70% agarose and 30% agarapectin) with a melting point of 95 �C. Without
significant nutritional content (even though it can be source for Ca and simple
organic ions), agar is not hydrolyzed by most bacteria and is usually free from
growth-promoting or growth-retarding substances. Some examples for solid
medium are as follows; trypticase soy agar, potato slices and coagulated blood
serum, (3) Semi-solid agar is prepared by using a smaller amount of agar compared
to solid medium and is fairly useful in demonstrating bacterial motility. One
example is the cystine trypticase agar medium. Classification based on nutritional
component includes two main groups i.e. non-synthetic and synthetic media.
A non-synthetic media (complex media or undefined media) is a medium in which
the exact chemical composition of each of the constituents is not known with
certainty. Amongst the most widely used non-synthetic media include Nutrient
broth, Potato dextrose agar, Luria-Bertani broth, Oatmeal agar and Soil extract
agar. Non-synthetic media usually consist of digests of casein, soybean, beef, yeast
cells or any other highly nutritious material without defined substances. A syn-
thetic media (defined media or minimal media) is medium in which only pure
chemicals in definite concentrations are used as it provides only the exact nutrients
(including any growth factors) needed by the organism for growth. The use of
defined media requires the investigator to know the exact nutritional requirements
of the organisms in question and is particularly useful in metabolic studies.
Bacteria that are able to grow in minimal media are termed as non-fastidious while
those that require extra nutrients are said to be fastidious. Classification of media
based on functional use or application can be divided into cultivation, storage,
enrichment, differential, assay and transport media. Cultivation media is used for
general cultivation of bacteria (nutrient broth, Luria-Bertani etc.), storage media
where bacteria are stored in ‘‘stock culture’’ condition for longer periods to provide
a source of viable cultures for future use; enrichment media in which the nutrient
content is adjusted as to enhance the growth of certain bacterium in a mixed
bacterial population. This approach is extremely useful during the isolation of pure
bacterial colonies from environmental samples or mixed bacterial population in
the laboratory. Some examples on the application of enrichment media are as
given in Table 1.4.
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Differential media is used to determine differential reactions which are useful to
give a presumptive idea on the identity of bacterial species. One example of a
differential media is the blood agar medium which is used to identify the presence
of haemolytic bacteria. A hemolytic bacterium would create certain clearing zones
on the agar plate from the hemolysis of red blood cells while bacteria with non-
hemolytic features would not give such clearing zones. Assay media are those with
prescribed compositions that have a direct influence on the formation of certain
enzymes, toxins, antibiotics and other products. This would allow qualitative and
quantitative determination of one or more components, both primary and secondary
metabolites. Transport media prevents the overgrowth of contaminating organisms
or commensals in fresh samples from the point of sampling to the laboratory.
Transport media such as Stuart’s and Amie’s, Cary Blair, Venkatraman
Ramakrishnan and Sach’s buffered glycerol saline would prevent desiccation of
specimen, maintain existing pathogen to commensal ratio and inhibit overgrowth of
unwanted bacteria. Some of these media (Stuart’s & Amie’s) are semisolid in
consistency.

1.7 Collection of Samples

Sample collection techniques are normally fabricated to ensure efficient and suc-
cessful organism detection and enumeration in the laboratory, hence application of
proper sample collection and storage technique are of paramount importance.
Factors such as improperly prepared sampling containers, inadvertent contami-
nation of samples, inappropriate sample storage conditions and excessive transport
time can directly affect detection and quantitative validity. Sampling container for
microbiological examination should consist of either nonreactive borosilicate

Table 1.4 Applications of enrichment media

Incubation
Condition

Main ingredients
(electron donor)

Electron
acceptor

Organisms enriched Isolated
from

Aerobic NH4
+ O2 Nitrosomonas Soil, mud, sewage effluent

Lactate ? NH4
+ O2 Pseudomonas

fluorescens
Soil, mud, lake sediments,

decaying vegetation
Ethanol

(4%) ? Yeast
extract (1%),
pH 6.0

O2 Acetobacter,
Gluconobacter

Anaerobic Organic acids KNO3

(1%)
Pseudomonas

(denitrifying
species)

Soil, mud, lake sediments

Acetate, propionate,
butyrate

Na2SO4 Fatty-acid-
oxidizing
sulfate reducers

Sewage digester sludge,
soil, mud, lake
sediments

S, S2O3
2- NO3

- Thiobacillus
denitrificans

Soil, mud, lake sediments
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glass, plastic bottles or plastic bags which have been thoroughly rinsed using
deionized water prior to autoclaving. Aseptic techniques should be applied
throughout the sampling process. Some of the features for collecting samples from
different environmental sources as described in Table 1.5.

For sample preservation and storage, determination on the microbiological
content of a sample should be carried out as soon as (in situ) the sampling has been
carried out. For drinking water, the sampling containers should be kept at less than
10 �C during transportation to the laboratory (i.e. preserve in iced container).
Determination for coliform bacteria must be carried out less than 30 h from the
time of sampling while 8 h for heterotrophic plate counts. Similar condition (less
than 10 �C) also applied to non-potable water with a maximum transport time of
6 h. For other water types, samples must be kept at less than 10 �C with maximum
holding time of 24 h.

1.8 Characterization of Microorganisms

A variety of techniques exist for the analysis of microorganisms. The techniques
can generally be divided into morphological, biochemical, physiological and
molecular characterization. Morphological characterization includes plate

Table 1.5 Features of sample collection from different environmental sources

Source Features

Potable water • source: drinking water distribution line, well
• sampling from tap connected directly to the main line
• let water run to waste for 2–3 min (clearing of service line) prior

to collecting sample (slower flow, without splashing)
• sampling apparatus: ZoBell J–Z sampler

Raw water supply • source: river, stream, lake, reservoir, spring, shallow well
• undesirable to take samples too near the bank or too far from the

point of draw off, or at the depth above or below the point of
draw off

Surface waters • source: recreational water, water supply, waste treatment control,
effluent discharging (i.e. critical sites)

• frequency—ranging from hourly (effluent discharging) to
seasonal (recreational waters)

Sediments and biosolids • source: water supply reservoirs, lakes, rivers, coastal waters
• sediments may provide a stable index of the general quality of the

overlying water
• biosolids with less than 7% total solids should be collected ([7%

solids require a finite shear stress)
• sampling apparatus: stainless steel fitted with sterile plastic bags

Non-potable samples
(manual sampling)

• source: river, stream, lake, reservoir
• sample collected in flowing stream direction (may create artificial

current)
• avoid contact with stream or bank bed to avoid water fouling
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observation on the features of bacterial colonies formed, microscopic (light and
electron), Gram characteristics as well as various staining procedures i.e. to detect
the presence of specific bacterial embodiment such as endospore, capsule or fla-
gella. Biochemical characterization allows preliminary identification of microbes
via examining for the presence of certain enzymes namely protease, DNase, lipase,
lecithinase, oxidase and catalase. Initially, various specific ready- made medium
such as Himedia laboratories were used for the enzymatic assay. However, the
availability of rapid test kit such as API 20E, API 20NE (manual) and the auto-
mated (BIOLOG

TM

, Vitek.R
TM

, Phoenix
TM

and Microscan.R
TM

) systems enable
quick, efficient and reliable method for bacterial identification. The API 20E
system for example, consists of a plastic strip of 20 individual, miniaturized tests
tubes (cupules), each containing a different reagent used to determine the meta-
bolic capabilities, and, ultimately, the genus and species of enteric bacteria in the
family Enterobacteriaceae. The Biolog Identification System is a bacterial iden-
tification method that was established based on the exchange of electrons gener-
ated during respiration. This system tests the ability of a microorganism to oxidize
a panel of 95 different carbon sources. Biolog’s microplates use redox chemistry to
colorimetrically indicate respiration of live cell suspensions. All wells are initially
colorless. When a chemical in a well is oxidized, there is a burst of respiration and
the cells reduce a tetrazolium dye, forming a purple color. A reference well
contains no carbon source. The test yields a pattern of purple wells which con-
stitutes a ‘‘metabolic fingerprint’’ of the organism. Physiological characterization
includes determination of optimum pH, temperature for growth, efficiency in
substrate utilization, growth profile under enriched condition, and metal tolerance
as well as sensitivity for different antibiotics. However, these techniques are not
absolutely definitive for the identification of microbes since many organisms have
similar phenotypic characteristics, which make accurate identification very diffi-
cult. In addition, large concentrations of microbes are necessary for analysis. This
prompted the shift on bacterial characterization/identification towards molecular
characterization which was based on 16S rDNA sequence analysis. The steps for
the characterization included the genomic DNA isolation followed by PCR
amplification of universal 16S rDNA gene. However, sample purification and
DNA isolation prior to PCR analysis prove to be both time-consuming and
cumbersome. Other techniques used for the identification of bacteria include flow
cytometry (bacterial number/concentration), mass spectrometry (cell components
molecular fingerprint, a series of molecular mass/charge ratio intensities), Fourier
transform infrared (FT–IR), Raman spectroscopy (fingerprint of functional groups
present on the microbes, less sensitive than mass spectrometry), fluorescence
spectrometry, microelectrophoresis (movement of microbes—naturally charged, in
a direct-current electric field), laser desorption ionization time-of-flight mass
spectrometry, MALDI-TOF–MS (matrix assisted analysis of either cellular protein
extracts or whole cells) and two-dimensional ultracentrifuging (extract, separate,
and purify microbes including viruses from body fluids or homogenized tissue).
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Chapter 2
Isolation of Pigment-Producing
Bacteria and Characterization
of the Extracted Pigments

Abstract Bacteria produce pigments for various reasons and it plays an important
role. Some bacteria such as cyanobacteria have phycobilin pigments to carry out
photosynthesis. Other example for pigment-producing bacterial strains includes
Serratia marcescens that produces prodigiosin, Streptomyces coelicolor (prodigiosin
and actinorhodin), Chromobacterium violaceum (violacein) and Thialkalivibrio
versutus (natronochrome and chloronatronochrome). These bacteria can be isolated/
cultured/purified from various environmental sources such as water bodies, soil, on
plant, in insects and in man or animal. Various growth mediums can be used to
isolate different types of bacteria. However, due to the high cost of using synthetic
medium, there is a need to develop new low cost process for the production of
pigments as well as during the isolation procedure. The use of agro-industrial
residues for example, would provide a profitable means of reducing substrate cost.
Pigment produced by the bacteria can be isolated using solvent extraction. These
pigments can be further purified and characterized for physical and chemical
characteristics using various instrumental-based analytical techniques such as
TLC, UV–vis Spectroscopy, FTIR, ESI–MS, NMR HPLC and Gel Permeation
Chromatography.

Keywords Pigment � Bacteria � Isolation � Characterization � NMR, HPLC �
Extraction � Medium

2.1 Growth Medium

Nutrient broth (8 g L-1, Merck) and Nutrient agar (20 g L-1, Merck) were used as
growth medium. The mediums were sterilized by autoclaving at 121 �C,
103.42 kPa for 15 min where the agar was allowed to harden followed by incu-
bation for 24 h at 30 �C to ensure that it was free from contamination.

W. A. Ahmad et al., Application of Bacterial Pigments as Colorant,
SpringerBriefs in Molecular Science, DOI: 10.1007/978-3-642-24520-6_2,
� The Author(s) 2012
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2.2 Location and Techniques of Sampling

Liquid and soil samples were obtained aseptically from the Brackishwater Aqua-
culture Research Centre (BARC), Johor and one oil refinery facility in Port
Dickson, Negeri Sembilan. A total of 16 soil samples, consisting of a mixture of
clay and sand, were collected in the vicinity of the wastewater treatment pond of
the oil refinery while at the Brackishwater Aquaculture Research Centre, solid
samples were collected near the shrimp pond and the liquid samples, from the
effluent fraction of various tanks namely fish rearing, rotifer breeding, fish breeding
and organic waste collector. All sampling procedures were carried out according to
Standard Methods for the Examination of Water and Wastewater (Eaton and
Franson 2005). Pre-sterilized 250 mL Schott bottles were filled with liquid and soil
samples and ample air space (for liquid samples), about 2.5 cm, were left to
facilitate mixing, aeration and thermal expansion normally encountered during
handling and transportation. The bottles were placed inside an iced-box polystyrene
container during the 2–3 h transportation journey to the laboratory (to minimize
indigenous microbial activity and preserve original speciation of chemicals pres-
ent). Some characteristics of the water and soil samples are shown in Table 2.1.

Table 2.1 Characteristics of water and soil samples collected from Brackishwater Aquaculture
Research Centre, Johor

Sample Sampling location/Type of sand color �C pH

W1 Recycle water tank (siakap sp.) Greenish Brown 29.7 6.24
W2 Recycle water tank (tilapia sp.) Cloudy grey 31.9 6.24
W3 Rotifer breeding tank Clear 28.3 6.22
W4 Fish breeding tank Clear 32.1 6.29
W5 Water point source (from sea) Cloudy grey 32.4 6.21
W6 Shrimp pond Clear 28.3 6.14
W7 Organic waste tank (red tilapia sp.) Cloudy grey 29.5 6.24
W8 Organic waste tank Cloudy grey 28.5 6.18
S1 Clay Orange n/a 7.12
S2 Small sand Grey n/a 6.02
S3 Small sand Grey n/a 6.11
S4 Clay Yellow n/a 5.57
S5 Mixture of sand and clay Dark green n/a 6.23
S6 Clay Orange n/a 6.01
S7 Small sand Grey n/a 7.11
S8 Clay Orange n/a 6.14
S9 Mixture of sand and clay Dark green n/a 4.93
S10 Clay Orange n/a 6.22
S11 Small sand Black n/a 5.24
S12 Mixture of sand and clay Dark green n/a 6.11
S13 Small sand Black n/a 5.77
S14 Mixture of sand and clay Dark grey n/a 6.34
S15 Small sand Grey n/a 6.65
S16 Small sand Black n/a 5.88
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2.3 Cultivation and Isolation of Cultures

Each of the liquid samples (2.5 mL) was aseptically transferred into a series of
250 mL Erlenmeyer flasks containing 22.5 mL NB medium followed by incuba-
tion at 30 �C, 200 rpm for 24 h (Certomat-B, B-Braun). One loopful of bacterial
cultures was then transferred onto NA plates and incubated for 24 h at 30 �C for
24 h (Memmert, USA). Serial sub-culturings were carried out until single bacterial
colonies were obtained. Similar experimental procedures were repeated for the soil
samples using one gram of soil sample as inoculant. Single bacterial colonies were
identified via the 16S rRNA gene sequencing analysis carried out by Vivantis
Technology Sdn. Bhd., Malaysia. A total of 77 bacterial colonies (Table 2.2) were
isolated from solid and liquid samples from the BARC, Johor (45 colonies) and oil
refinery wastewater treatment plant at Port Dickson, Negeri Sembilan (32 colo-
nies). Of the 45 colonies isolated from the BARC compound, isolate S8b was
chosen for further studies based on its intense yellow-orange coloration when
grown in NA and NB mediums (Fig. 2.1a,b). For bacterial colonies isolated from
the oil refinery in Port Dickson, 8 were colored. Of these, isolate S1a that dis-
played gradual color change from grey to dark violet throughout incubation period,
was chosen for further study (Fig. 2.1c, d).

Table 2.2 Phenotypic characteristics for some of the bacterial colonies isolated from soil and
water samples obtained from BARC, Johor and one oil refinery in Port Dickson, Negeri Sembilan

Bacteria ID Colony appearance Colony Characteristics

Form Elevation Margin

W5a Light-Yellow Irregular Flat Erose
S6a Pale-Yellow Punctiform Convex Entire
S7a Yellow Punctiform Convex Entire
S8a Light-yellow Filamentous Raised Fillamentous
S8b Yellow-orange Punctiform Convex Entire
S8c Cream-yellow Circular Convex Entire
S8d Yellow-orange Punctiform Convex Entire
S10a Yellow Punctiform Convex Entire
S10c Cream-yellow Punctiform Convex Entire
S1a Violet Punctiform Raised Entire
S1b Opaque-yellow Circular Umbonate Entire
S2d Light-yellow Punctiform Raised Entire
S5e Pale-yellow Punctiform Raised Entire
S6c Pale-yellow Punctiform Umbonate Undulate
S7a Yellow Punctiform Convex Entire
S10a Light-yellow Circular Raised Entire
S11a Opaque red Circular Convex Entire
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2.4 Characterization of Microorganisms (violet, yellow, red)

The characterization of bacteria was carried out by Vivantis Technologies
Sdn. Bhd., Malaysia, using 16S rRNA sequence analysis. From the analysis,
the pigment-producing bacteria were identified as follows; yellow–orange
as Chryseobacterium sp., violet pigment as Chromobacterium violaceum (C. violaceum)
and red pigment as Serratia marcescens (S. marcescens).

C. violaceum, a Gram-negative bacteria belonging to the Rhizobiaceae family,
is a saprophyte found in soil and water in tropical and subtropical areas. In most
cases, it is a minor component of the total microflora (Balows et al. 1992). Its
colonies are slightly convex, not gelatinous, regular and violets, although irregular
variants and non-pigmented colonies can also be found (Sneath 1994). C. viola-
ceum has been reported to produce a violet pigment called violacein. Violacein
possesses anti-leishimanial (Leon et al. 2001), anti-viral (Andrighetti-Fröhner et al.
2003), antitumoral (Ueda et al. 1994, Melo et al. 2000) and anti-Mycobacterium
tuberculosis (De Souza et al. 1999) activities. Other properties of C. violaceum
include the production of cyanide (Michaels and Corpe 1965), the solubilization of
gold (Faramarzi et al. 2004), the production of chitinolytic enzymes (Chernin et al.
1998), the synthesis of bioplastics (Steinbüchel et al. 1993) and environmental
detoxification (Carepo et al. 2004).

The genus Chryseobacterium was created by Vandamme et al. (1994) to
accommodate several species formerly classified in the genus Flavobacterium,
i.e., Chryseobacterium balustinum, C. gleum, C. indologenes, C. indoltheticum,
C. meningosepticum and C. scophthalmum. Six species, Chryseobacterium defluvii
(Kämpfer et al. 2003), C. joostei (Hugo et al. 2003), C. miricola (Li et al. 2003),
C. daecheongense (Kim et al. 2005), C. formosense (Young et al. 2005) and
C. taichungense (Shen et al. 2005), have been added to the genus recently.

Chryseobacterium strains produce translucent colonies, shiny with entire edges,
but on prolonged incubation the colonies were not visible as single entities
probably due to the profuse production of extracellular substances. On NA, it can
produce a bright yellow nondiffusible, nonfluorescent flexirubin pigment. It was
also reported to have an ability to produce heat stable metalloproteases and protein
deamidating enzymes (Venter 1987; Yamaguchi and Yokoe 2000).

Fig. 2.1 Morphology of isolate S8b on (a) NA plate (b) NB medium; isolate S1a on (c) NB
medium (d) NA plate
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2.5 Maintenance of Stock Culture

The LB-glycerol solution was used for long-term storage (months to years) of the
bacterial stock culture. The bacteria were first inoculated onto NA plate and
incubated at 30 �C for 24 h. The bacterial colonies formed were then transferred
into LB-glycerol prior to storage at -20 �C. LB-glycerol was prepared using the
following procedure; a mixture of tryptone (10 g), yeast extract (5 g) and NaCl
(10 g) were dissolved in 1 L distilled water. pH of the solution was then adjusted
to 7.0 using 0.1 M NaOH followed by autoclaving at 121 �C, 121 kPa for 15 min
(HVE-50, Hirayama). The bacterial stock cultures were prepared by transferring
2 mL of active culture (from NA plates) into a series of 5 mL Bijou bottles
containing 2 mL of glycerol, 25% (v/v) followed by storage at -20 �C prior to
use. Another medium used for the maintenance of bacterial stock cultures was
0.1% (w/v) peptone water (Gillis and Logan 2005), which was used specifically for
C. violaceum. This was due to the inability to revive its growth in broth medium
upon storage for 14 days in LB-glycerol. The presence of tryptophan-rich peptic
digest of animal tissue in dilute peptone water (MacFaddin 1980) allows the
survival of microorganisms up to several years (Gillis and Logan, 2005). Tryp-
tophan is a precursor in the biosynthesis of violacein and its production is
essential for pigment production in C. violaceum (Vasconcelos et al. 2003). The
absence of essential precursors, cofactors and/or accessory proteins in the host
organism would disrupt normal functions of various biosynthetic enzymes
(August et al. 2000).

2.6 Characterization of Pigments

2.6.1 Extraction of Pigments

The bacterial cells were first grown for 24 h followed by centrifugation at
7500 rpm for 20 min (SIGMA 4 K-15, B.Braun). Both the supernatant and
bacterial cell pellets were extracted (7500 rpm, 20 min) using either 95%
(v/v) methanol (S. marcescens and C. violaceum) or 99.5% (v/v) acetone
(Chryseobacterium sp.)in the ratio of 1: 5 (supernatant) or until the pellet was
colorless, i.e., complete pigment extraction has been achieved. The bacterial cell
pellet was then discarded while the supernatant was first extracted using ethyl
acetate followed by concentration using rotary evaporator (BÜCHI R-210,
Switzerland) at 50 �C with chiller temperature set at below 10 �C. The pigment
concentration process was carried out until around 1% (v/v) of the initial solvent
volume was left in the evaporation flask. The concentrated pigment was then
transferred onto glass Petri dishes prior to drying for 3 days at 60 �C.
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2.6.2 Characterization of Crude-Violet Pigment

UV/vis and FTIR analysis
The purple pigment was tested for stability at various pH ranging from extre-

mely acidic (0.54) to highly basic (13). At extremely low pH values, the purple
pigment appeared greenish-blue, bright to dark-blue (3.0–9.0) while in highly
basic condition, the pigment was almost decolorized (Fig. 2.2). The decrease in
color intensity at high pH values can be attributed to the deprotonation of nitrogen
by NaOH from the three conjugated rings at the pigment structure. This resulted in
electron conjugations in the ring structure that gives it stability (Konzen et al.
2006). UV/vis analysis (200–800 nm scan; UV 1601PC; Shimadzu) of the crude-
violet pigment (Fig. 2.3) showed maximum absorption peaks at 623.67 nm for
pH 0.54, 576.61 nm (pH 0.61), 589.81 nm (pH 0.64) and 573.17 nm (pH 3, 7, 9
and 13). Methanol was used as blank.

The primary reason for stronger absorption of the pigment at longer wavelength
(visible region) was the electron conjugation effect. A conjugated system requires
lower energy for the electronic transition from the P to P* orbitals. The presence
of greater number of conjugated bonds resulted in kmax appearing at the longer
wavelength region (bathochromic shift) (Mohan 2007). Besides, the auxochromic
or chromophoric substitution of five membered heteroaromatics ring present in the
crude-violet pigment also causes a bathochromic shift and an increase in the
intensity of the bands of the parent molecule. An auxochrome is an auxillary group
which interacts with the chromophore resulting in bathochromic shift. The auxo-
chromic group has the ability to provide additional opportunity for charge delo-
calization, thus providing smaller energy increments for transition to excited
states. The charge delocalization by the contributing structures is in the presence
and absence of electron donating-NHR group as shown in Fig. 2.4. From the
figure, it is clearly shown that the charge delocalization is greatly enhanced by the
presence of electron donating-NHR group. The added opportunity for stabilization

0.54     0.61     0.64       3.0 7.0 9.0     13.0

Fig. 2.2 The stability of crude-violet pigment at varying pH
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of the P* excited state brings the lowest excited state closer to the highest ground
state and thus permits a lower energy, i.e., longer wavelength for transition
(Mohan 2007).

FTIR analysis of the crude-violet pigment was carried out as follows; The RWS
sample (1 mg) was ground with 200 mg of KBr (spectroscopic grade) in a mortar
before pressed into 10 mm diameter disks under 6 tons of pressure. FTIR spectra
were obtained on a FT–IR 8300, Shidmadzu spectrometer. The analysis conditions
used were 16 scans at a resolution of 4 cm-1 measured between 400 and
4,000 cm-1. From the spectrum obtained (Fig. 2.5), crude methanolic extract of
the violet pigment showed a broad band at 3,700–3,000 cm-1 which corresponds
to O–H stretching that also overlapped with N–H stretching of a secondary amide
at 3256.53 cm-1. Secondary amides are associated through H-bonding to form
dimers (cis configuration) or polymers (trans configuration) resulting in the
replacement of free N–H stretching band (Fig. 2.6). The weak band at
3256.53 cm-1 may be due to an overtone of the band at 1543.93 cm-1
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Fig. 2.3 UV/vis spectrum of crude-purple pigment at various pH values
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Fig. 2.4 Charge delocalization by the contributing structures in the (a) absence and (b) presence
of electron donating-NHR group (Mohan 2007)
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(trans secondary amide) or combination of C=O stretching and N–H in-plane
bending (cis secondary amide) (Mohan 2007).

The C=O stretching of this amide was depicted as doublet at 1657.07 cm-1 and
1635.13 cm-1. This doublet is highly characteristic of the amide I band (pre-
dominantly C=O, 1635.13 cm-1) and the amide II band (predominantly N–H
in-plane bending, 1657.07 cm-1). The frequency of C=O based amide is lower due
to the conjugation of the carbonyl group with an aromatic ring. This results in
the delocalization of the P electrons of both unsaturated groups and reduces the
double bond character of both bonds, hence reducing the typical carbonyl fre-
quency from 1718 cm-1 to 1657.07 cm-1 and C=C stretching frequency from
1645 cm-1 to 1613.18 cm-1. This situation can be explained further according to
Fig. 2.7. In addition, the electron releasing groups (i.e., the amino group), tends to

Fig. 2.5 FTIR spectrum for crude methanolic extract of violet pigment. (a) cis-dimer (b) trans-
polymer
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Fig. 2.6 Structure of secondary amides (a) ciscoid–ciscoid associations and (b) transoid–
transoid polymeric association
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favor the polar contributing form by mesomeric effect, thus lowering the force
constant of the C=O bond as well as decreasing the carbonyl-group stretching
frequency. The strong C–O stretching vibration at 1223.69 cm-1 is highly char-
acteristic of the C–O stretching vibration of phenol. In fact, further examination of
the C–O stretching vibration is normally used to distinguish between primary,
secondary and tertiary alcohols as shown in Table 2.3.

TLC, NMR and MS analysis
Crude methanolic extract of the violet pigment was spotted on a 0.20 mm pre-

coated silica gel aluminum sheet (Merck Kieselgel 60F254) and developed with a
mixture of benzene : acetone (2 : 1) (Duran et al. 1994). The crude pigment
showed a single spot with Rf value of 0.43 (vioacein) when viewed under UV light
at 254 and 356 nm. Upon spraying with the vanillin-sulfuric acid mixture, a small
sport with Rf value of 0.50 appeared which should represent deoxyviolacein, as
suggested by DeMoss and Evans (1959). The vanillin-sulfuric acid mixture was
prepared by mixing vanillin (0.5 g), methanol (80 mL), acetic acid (10 mL) and
concentrated sulfuric acid (5 mL).

Powdered form of the crude extract was analyzed for 1H NMR (400 MHz) and
13C NMR (100 MHz) profiles using Bruker Avance 400 NMR spectrometer.
Chemical shifts (in ppm) were reported relative to tetramethylsilane (TMS) with
deuterated dimethyl sulfoxide (DMSO) as solvent. The 1H NMR spectrum showed
the presence of 13 protons (Fig. 2.8). Three singlet signals were observed at
down-field region which corresponds to indole NH at d 11.87 ppm, lactam NH
(d 10.72 ppm) and isatin NH (d 10.60 ppm). Three aromatic protons in the indole
skeleton which corresponds to the meta-couple and ortho-couple signals were
detected at d 6.79 ppm (H-7, dd, J = 2.0 Hz, 8.8 Hz), d 7.23 ppm (H-5, d,
J = 2.0 Hz) and d 7.35 ppm (H-8, d, J = 8.8 Hz). Other peaks were detected at d
8.06 ppm (H-2, d, J = 2.4 Hz) and d 9.32 ppm (s, hydroxyl group). Chemical
shifts observed at these lower-field regions were due to hydrogen bonding
occurring between phenolic hydroxyl group with an ortho group (H-5 and H-7)
that exists in the indole skeleton (Lambert and Mazzola 2004). Four protons were
observed in aromatic isatin skeleton. These protons appeared at d 8.93 ppm (H-19,
d, J = 7.6 Hz), d 6.94 ppm (H-20, t, J = 7.6 Hz), d 7.20 ppm (H-21, t,

C C C O C C C O
Fig. 2.7 Resonance structure
of carbonyl containing group
in double bond structure
(Mohan 2007)

Table 2.3 mOH (free) cm-1

and mC–O cm-1 in alcohols
and phenols

Nature of the hydroxyl compound mOH (free) cm-1 mC–O cm-1

Primary alcohol 3640 1050
Secondary alcohol 3630 1100
Tertiary alcohol 3620 1150
Phenols 3610 1200
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J = 7.6 Hz) and d 6.83 ppm (H-22, d, J = 7.6 Hz). A doublet peak at d 7.55 ppm
with J = 2.0 Hz was assigned to H-13 in the lactam skeleton. The appearance of
low-field signals from indole and pyrrole NH protons can be attributed to the
presence of electron-withdrawing group substituents attached to the pyrrole ring.
This corresponds to the hydrogen bonding with the solvent resulting in three sharp
peaks observed in low-field signal. These three sharp NH signals were the most
striking features of violacein as reported by Hoshino et al. (1987) and Yada et al.
(2007). The numbering of the structure was cited from Nakamura et al. (2002)
(Fig. 2.9).

The 13C NMR spectrum exhibited the presence of 20 carbon atoms (Fig. 2.10).
The carbonyl carbons were detected at d 170.7 ppm (C-16) and d 172.1 ppm
(C-11) while 18 other carbons were observed at d 97.5 (C-13), 105.1 (C-5), 106.2
(C-3), 109.5 (C-22), 113.6 (C-7), 113.9 (C-8), 119.2 (C-17), 121.3 (C-20), 122.9
(C-18), 126.1 (C-4), 126.8 (C-19), 129.9 (C-2), 130.1 (C-21), 132.1 (C-9), 137.5
(C-12), 142.3 (C-23), 148.1 (C-14) and 153.4 (C-6). The signal at d 153.4 indicates

Fig. 2.8 1H NMR spectrum of violet pigment

Fig. 2.9 The structure of
violacein
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that the pigment was violacein, since the signal for corresponding carbon of
deoxyviolacein, which lacks hydroxyl residue, appears in the higher magnetic field
(Hoshino et al. 1987).

Powdered form of the crude extract (0.5 g) was dissolved in DMSO prior to
analysis using the Electron Spray Ionization–Mass Spectrometry (ESI–MS) which
was carried out at the National Metrology Laboratory, Standard and Industrial
Research Institute of Malaysia (SIRIM), Salak Tinggi, Malaysia. A quasimolecular
ion peak was observed at m/z 342.34 [M–H]_ (Fig. 2.11) while the MS/MS
spectrum (Fig. 2.12) showed the ion fragments at m/z 298.42, m/z 209.07 and m/z
157.16. These clearly correspond to the molecular formula of C20H13O3N3, which
together with the NMR and FTIR analysis, strongly suggests that the violet
methanolic pigment extract is violacein. Similar conclusion was made for violet
pigment isolated from other bacteria such as Janthinobacterium lividium (Lu et al.
2009), Duganella sp. B2 (Wang et al. 2009), Pseudoalteromonas luteoviolacea
(Yada et al. 2007) and Alteromonas luteoviolacea.

Antibacterial activities
The agar disc diffusion method was used to determine the antibacterial activity of

the crude-violet pigment as follows (Barja et al. 1989); Bacillus cereus (B. cereus),
Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa) and
Escherichia coli (E.coli) were incubated in NB medium either at 30 or 37 �C for 12 h
at 200 rpm. Then, 0.1 mL of the culture broth was inoculated onto NA plates con-
taining Whatman filter paper discs (wet strengthened, 0.5 cm in diameter) which
were previously impregnated with 50 lL of the crude methanolic extract. Inhibition
zones were recorded after overnight incubation at either 30 or 37 �C, respectively.

Fig. 2.10 13C NMR spectrum of violet pigment
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Fig. 2.11 The ESI–MS spectrum of violet pigment

Fig. 2.12 The ESI–MS/MS spectrum of violet pigment (m/z = 342.34)
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Similar experimental setup consisting of filter paper discs impregnated with 50 lL
methanol and filter paper discs only acted as control. The appearance of the inhibition
zone on both the Gram-positive (S. aureus and B. cereus) and the Gram-negative
bacteria (P. aeruginosa and E. coli) indicated that the violet pigment has a broad-
spectrum antibacterial property (August et al. 2000) (Fig. 2.13). A slightly larger
inhibition zones for the Gram-positive bacteria suggested different anti-bacterial
efficiency level of the violet pigment depending on classes of bacteria tested. Among
the most important factors influencing the efficacy of antibacterial agents include
nature of physical environment and condition of microorganism (Bloomfield 1991),
rigidity of the bacterial structure as well as inhibition of the necessary metabolic
reaction in a microorganism (Nakamura et al. 2003).

2.6.3 Characterization of Yellow–Orange Pigment

An overnight grown culture of Chryseobacterium sp. was centrifuged and the
pellet was deposited on a glass slide placed on a white background, then flooded
with potassium hydroxide (KOH), 20 % (w/v) and the color shift was observed.
The resulting color may then be compared with the initial color of the pellet which
acted as a control. After removing excess KOH, an acidic solution was flooded
to revert their initial color (Bernardet et al. 2002). The Flavobacteriaceae group

Fig.2.13 Antimicrobial
testing of violet pigments on
P. aeruginosa, S. aureus,
B. cereus and E. coli;
(a) - Control (bacteria only);
(b) - bacteria ? methanol
(medium suspension for
pigment); (c) - bacteria ?

methanol ? violet pigment
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was reported to produce yellow to orange (or rarely red) pigmentation.
As Chryseobacterium sp. falls into this group and it produces yellow–orange
pigment, a simple test for flexirubin-type pigment was done to diagnose the type of
pigment. In this test, a plate containing the Chryseobacterium sp. was scrapped
and flooded with 20% (w/v) KOH. From the observation, the color of the colony
changes from yellow–orange to red–brown. The resulting color was then compared
with the bacteria which were not in contact with KOH. After removing the excess
KOH, an acidic solution was flooded to revert their initial color. It was suggested
that flexirubin reaction was shown in the presence of acid and base condition
because it is one diagnostic feature of flexirubin type pigment (Balows et al. 1992).
Similar finding was obtained by Kim et al. 2005, where the Flexirubin-type pig-
ment was detected in Chryseobacterium daecheongense sp. nov. according to this
method. According to Bernardet et al. 2002, since the color shift may pass
unnoticed when the KOH solution is poured directly over a thin colony on an agar
plate, it is strongly recommended that the test be performed on a small mass of
bacterial cells collected with a loop and deposited on a glass slide placed on a
white background. Another similar mass of bacteria on which no KOH is poured
may be used as a control. The color changed induced by KOH is not absolutely
specific for the flexirubin-type of pigment (Fautz and Reichenbach 1980), but it is
still helpful when combined with the results of other tests. Natural yellow pigment
was tested against common pathogens Escherichia coli which is a Gram-negative
bacteria and Bacillus cereus which is a Gram-positive bacteria. By using the
qualitative method, the yellow pigment inhibited the growth of Bacillus cereus and
Escherichia coli. The antibacterial activity of a material depends on the destruc-
tion of the physical structure or the inhibition of reaction in a microorganism; it
seems that the presence and the level of the antibacterial activity of the pigment
varied significantly with the type of microorganism used (Martinko and Madigan
2006). It can be seen from Fig. 2.14 that the yellow pigment has some antimi-
crobial activity as evidenced from the clearing zones observed in the plates con-
taining Bacillus cereus and Escherichia coli. To have an idea of the degree of
antimicrobial activity, the spread plate method was carried out. A greater per-
centage kill was observed for the Gram-positive bacteria as compared to the Gram
negative bacteria (15 % and 55.61 %, respectively). This could be due to the
thinner peptidoglycan layer found in the Gram-negative bacteria making it more
susceptible to the pigments.

2.6.4 Characterization of Red Pigment

Extraction and purification
A modified procedure for the isolation of prodigiosin, a known red pigment

produced by S. marcescens, was carried out according to Wei et al. (2005); a 24 h
old culture broth (1.5 liters), incubated at 25 �C and 200 rpm, was mixed with 4
liters of 95 % (v/v) methanol and mixed vigorously via vortex mixing.

38 2 Isolation of Pigment-Producing Bacteria



The mixture was then centrifuged at 6854 rpm, 0 �C for 10 min. The resulting
supernatant was collected and filtered through a 0.2 lm Whatman filter paper. The
filtrate was concentrated using a rotary evaporator (Rotavapor R–200, Buchi)
followed by extraction using 5.0 mL chloroform. The chloroform extract was
reconcentrated using rotary evaporator until minimal volume was obtained.
This minimal volume of chloroform extract was then transferred into a glass petri
dish prior to drying in a vacuum dying oven. Purification of the crude product was
carried out using column chromatography on a silica gel (230–450 lm, Sigma)
column (30 cm height, 2.5 cm internal diameter, 2.9 cm outer diameter).
The column content was first washed with hexane. The dried crude product was
dissolved in 15 mL of 95% (v/v) methanol before passing through the column.
The crude extract - loaded column was eluted with 10.2 M ethyl acetate. Every
8 mL of the orange eluate fractions were collected and examined for the presence
of prodigiosin by thin layer chromatography, TLC (silica gel 60 F254, Merck) using
ethyl acetate as solvent. Fractions having a single spot were pooled and evaporated
in a desiccator to obtain the purified product.

UV–vis, FTIR and NMR analysis
The pigment was analyzed for maximum UV–vis absorbance at pH values of 2, 7

and 9 between 800 and 200 nm, using methanol as blank. FTIR spectroscopy was
carried out by mixing the vacuum-dried pigment with finely ground KBr (1:100).
Upon pressing under 2,000 kPa, pellet disc obtained was analyzed using a FTIR
spectrophotometer (FTIR 8300, Shimadzu) between 4,000 and 400 cm-1. The
pigment (5–10 mg) was dissolved in 500 lL of chloroform-d2 (CDCl3) for NMR
analysis (Min-jung et al. 2006). UV–vis analysis spectra for the red pigment in
methanol showed a maximum peak at 534.76 nm which closely resembles the
reported maximum absorbance for prodigiosin, i.e., 535 nm (Song et al. 2000).

Fig. 2.14 Anti-microbial
testing of yellow pigments on
B. cereus and E. coli
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The red-pigment changes to pink at pH 2, orange at pH 9 while retaining its red
feature at pH 7 (Fig. 2.15). Similar observation was previously reported by
Min-jung et al. (2006). At pH 2, maximum absorbance for the pigment was
recorded at kmax 535.32 nm, 532.26 nm at pH 7 and 468.04 nm at pH 9 (Fig. 2.16).

The FTIR spectra of the red pigment showed that it has several degree of
similarity to the spectra of prodigiosin (Song et al. 2000; Rustom et al. 1990).
The summary of the important functional groups found in prodigiosin is as shown
in Table 2.4.

The similar peaks obtained for the red pigment are as shown in Table 2.5. The
main peaks are at 3445.45, 2926.23, 1718.04, 1650.96, 1559.85, 1537.95, 1508.44,
1458.75 and 1072.49 cm-1. From the peaks, it was suggested that the main
functional group for the red pigments are pyrrole, methylene, alkane and alkene.

The significant 1H NMR (CDCl3) chemical shifts obtained for the red pigment
are as follows; 0.0826 mg L-1, 0.5846 mg L-1, 0.6522 mg L-1, 0.8734 mg L-1,
1.2637 mg L-1, 1.3756 mg L-1, 1.6071 mg L-1, 2.0478 mg L-1, 2.3585 mg L-1,

Fig. 2.15 Different
coloration of the red pigment
at (a) pH 2 (b) pH 7 and
(c) pH 9

Fig. 2.16 Maximum absorption of the red pigment at pH 2, 7 and 9; pigment dissolved in
methanol
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3.6781 mg L-1, 3.8127 mg L-1, 4.1521 mg L-1 and 5.3590 mg L-1. Shift for the
solvent was at 7.2734 mg L-1. The main functional groups observed were: satu-
rated alkane, amine, methyl (primary), methyl (secondary), methyl (tertiary),
esters, acetylenic, ethers, alcohols and vinylic. It was observed that the signals of
the vinylic functional group (C=C) were very weak in the NMR spectra.
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Chapter 3
Optimization of Pigment Production:
Case of Chromobacterium violaceum
and Serratia marcescens

Abstract Due to the high cost of the technology currently used for pigment
production on an industrial scale, there is a need to develop a low cost process such
as the use of agricultural-waste residues as growth medium, instead of the typical
expensive synthetic medium. The use of these nutrient-rich agricultural wastes,
which is renewable, abundant and easily available, even offers the potential for the
production of value-added products such as specialty chemicals, biofuels and
bioplastics. It also provides an ingenious way of protecting the environment by
reducing the amount of waste to be treated, hence reducing the threat of envi-
ronmental contamination. However, the pigment-producing bacteria needs to be
adapted to grow in these agricultural-waste residues taking into consideration
important growth parameters such as temperature, growth medium and light.
Temperature is an important factor as it influences metabolic activities and
microbial growth, light may influence the production of photosensitive pigment
(directly affecting pigment intensity) while knowledge on the bacterial ability to
grow either in solid or liquid growth medium is essential to ensure most of the
available agricultural-waste residues can be effectively utilized as growth medium.

Keywords Pigment � Bacteria � Production � Temperature � Growth � Medium �
Light

3.1 Culture Preparation

Single colony of C. violaceum on nutrient agar was used in all experiments.
The strain was cultivated in nutrient broth for 16 h before inoculation. Unless
otherwise stated, the cultivation was carried out in 250 mL Erlenmeyer flasks
shaken at 200 rpm, 30 8C for 24 h. L-tryptophan stock solution was prepared by
dissolving 1 g of L-tryptophan powder in 0.1 M NaOH and topped up with

W. A. Ahmad et al., Application of Bacterial Pigments as Colorant,
SpringerBriefs in Molecular Science, DOI: 10.1007/978-3-642-24520-6_3,
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distilled water in a 1 L volumetric flask. The solution was then neutralized using
0.1 M HCl and sterilized using a hydrophobic-edge 0.45 lm Whatman filter paper.

Growth Profile of C. violaceum: A 12 h-grown culture of bacteria (20 mL) was
inoculated into a 2 L Erlenmeyer flask containing 180 mL of NB followed by
incubation at 200 rpm, 30 8C for 24 h. Culture turbidity (OD600) was measured at
regular intervals using a spectrophotometer (Genesys 20, ThermoSpectronic).
Pigment production by C. violaceum was also recorded. Similar experimental
setup as above minus the bacterial cells acted as a control. Growth of C. violaceum
in NB was monitored for 24 h (Fig. 3.1). The bacteria showed a typical growth
curve with distinct log, stationary and death phase. Lag phase was not observed as
exponential growing culture was used to inoculate the medium causing cells to
commence growth immediately. Optical density reading decreased slightly but
increased and remained constant till 24 h. This might be due to the formation of
precipitates after 5 h which might interfere with the optical density readings.

It is interesting to note that pigment production by bacteria was observed 4 h
after growth i.e., at the late exponential phase. This seems to suggest that the
pigments produced by bacteria are secondary metabolites as the color of the
pigment was produced after the active stage of growth (Fig. 3.2) (Lu et al. 2009).
Intensity of the violacein produced by C. violaceum was maximum at 4 h of
growth and decreased with time due to precipitation of the pigments. As violacein
is reported to be poorly water soluble (De Azevedo et al. 2000) this might explain
the decreased intensity of the violet color with time.

Growth Profile of Serratia marcescens: Serratia marcescens (S. marcescens)
was isolated from an oxidation pond at Universiti Teknologi Malaysia, Johor,
Malaysia. S. marcescens was cultivated in NB (8 g L-1, Merck) and shaken at
200 rpm (Certomat, B. Braun at 25 8C. It was identified via the 16S rRNA gene
sequencing analysis carried out by Vivantis Technologies Sdn. Bhd., Malaysia
where a 99.0% similarity with S. marcescens (AB244453, AB244433, AB244291,
EF415649, AB270613, AY566180) was obtained from the reverse nucleotide
sequence of 700 bp (Fig. 3.3). The nucleotide sequence was deposited in GenBank
where it was given the accession number EU555434.

Fig. 3.1 Growth profile of
C. violaceum in NB
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Preparation of Nutrient broth (NB) was carried out by dissolving 8 g NB
(Merck) in 1 L of deionized water and sterilized by autoclaving at 121 8C,
101.3 kPa for 15 min. Nutrient agar (NA) was prepared by dissolving 20 g of
nutrient agar (MERCK, Germany) in 1 L of deionized water. The medium was
sterilized by autoclaving at 121 8C, 101.3 kPa for 15 min. The molten agar
was cooled to about 50 8C before being poured into sterile Petri dishes. The agar
was allowed to harden and then incubated for 24 h at 30 8C to ensure that the
medium was free from contamination. In this study, liquid pineapple waste was
used as a cheap alternative medium for bacterial growth. The liquid pineapple
waste (LPW) was obtained from the downstream process at Lee Pineapple Man-
ufacturing Industry, Tampoi, Malaysia. Prior to use, the LPW was filtered using
muslin cloth followed by centrifugation (SIGMA 4 K-15, B. Braun) at 7,000 rpm
for 5 min to remove solid particulates. To kill the endogenous microorganisms in
LPW, ethanol 5% (v/v) (HmbG� Chemicals) was added as disinfectant. Finally the
LPW was neutralized using NaOH (QRëC) 1 M (Salmiah 2006). The brown sugar
(BS) stock solution was prepared by dissolving 200 g of BS in 1 L of deionized
water. The solution was filtered (Whatman, UK) to remove insoluble materials

 A3 rev

 AB244453 Serratia marcescens strain: ...

 AB244433 Serratia marcescens strain: ...

 AB244291 Serratia marcescens strain: ...

 EU036987 Serratia nematophila strain ...

 EF415649 Serratia marcescens

 AB270613 Serratia marcescens strain: ...

 AY566180 Serratia marcescens isolate ...

 EF627046 Serratia marcescens strain c...

 DQ439976 Pseudomonas fluorescens stra...

 EF635244 Serratia sp. DM2

 EF513612 Bacillus subtilis (outgroup)
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Fig. 3.3 The phylogenetic tree showed the interrelationship between the locally isolated
S. marcescens (reverse sequence 700 bp, labeled as A3 rev) and top 10 Blast hits from NCBI

12 h0.5 h 1 h 2 h 4 h 8 h 16 h 24 h

Fig. 3.2 Effect of time on pigment production on C. violaceum
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prior to autoclaving at 121 8C, 101.3 kPa for 15 min (HVE-50, Hirayama).
Figure 3.4 shows the growth profile of S. marcescens in NB.

For this growth profile, lag phase was not visible as exponential growing culture
was used to inoculate the medium causing cells to commence growth immediately.
The log phase lasted for about 8 h after inoculation into fresh medium. After 8 h
the growth was slow and the population reached the stationary phase. This might
be due to the depletion of nutrients present in the growth medium (Nancy and
Gauthier 1979). During this phase, the production of red pigments was eminent
and the color intensity increased with time. This could suggest that the pigment
was a secondary metabolite product because the color of the pigments was pro-
duced after the active stage of growth (Nancy and Gauthier 1979). It has been
reported that prodigiosin (red pigment) is a multifaceted secondary metabolite
which is produced by S. marcescens and other bacteria such as Pseudomonas
magneslorubra and Vibrio psychroerythrous (Anuradha et al. 2004).

As shown in Fig. 3.5, the bacterium starts to produce color after 8 h of growth
and the intensity of color increases with time. It was reported that the induction of
pigment formation was seen after 8 h of inoculation whereas the maximum
production of pigments by S. marcescens was seen from 15 to 36 h (Anuradha
et al. 2004), quite similar to our findings.

3.2 Effect of Temperature

C. violaceum: Active cultures of bacteria (10 mL) were inoculated into a series of
1 L Erlenmeyer flasks containing 90 mL NB. The mixtures were shaken at
200 rpm for 24 h at 25, 30 and 37 8C. These temperatures were selected so that
large scale production of pigments can be carried out at room temperature, hence
saving cost on electricity. At the end of the bacterial growth cycle, the cell dry
weight and pigment production were determined. The cell dry weight was deter-
mined as follows; the culture broth was centrifuged at 7,000 rpm for 20 min where
the pellet obtained was suspended in a small volume of distilled water. Cell
suspension (5 mL) was then filtered using a hydrophobic-edge 0.45 lm Whatman
filter paper prior to drying at 50 8C for 48 h. The violet pigment produced by

Fig. 3.4 Growth profile of
S. marcescens in NB
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C. violaceum grown at 25, 30 and 37 8C were extracted with 6 mL of ethyl acetate.
The three extracts were then analyzed using UV–vis spectrophotometer (Perkin
Elmer). C. violaceum showed good growth and intense pigment production at 25
and 30 8C as compared to 37 8C (Fig. 3.6).

Temperature is an important factor as it influences metabolic activities and
microbial growth. At 37 8C, the metabolic activities of the bacteria decreases, thus
affecting cell growth and pigment production by the bacteria. However,
C. violaceum showed the ability to produce pigment after 4 h of growth at 30 8C. At
25 8C, pigment production was visible only after 8 h of growth. UV–vis analysis of
the pigment produced by bacteria showed high absorbance at 30 8C compared to 25
and 37 8C (Fig. 3.7). This was because the bacterium was at its optimum tem-
perature for growth, hence higher amount of cells were produced. This was sub-
stantiated by the higher cell dry weight obtained at 30 8C (1.03 mg mL-1)
compared to 0.97 mg mL-1 at 25 8C and 0.48 mg m L-1 at 37 8C .

S. marcescens: Active culture of S. marcescens was prepared by inoculating a
loopful of bacterial cells from NA plate into 25 mL of NB. The culture was
incubated at 25 8C with agitation at 200 rpm using an orbital shaker (Certomat �R,
B. Braun) for 12 h. The optimization of temperature was evaluated in both NB and
one type of agricultural waste i.e., LPW. This was carried out by cultivating
20 mL of the active culture into 180 mL of either medium in 1 L of Erlenmeyer
flask (in triplicates). The cultures were incubated at either 25, 30 or 37 8C and
shaken at 200 rpm for 24 h. In NB, the medium turned dark red (after 8 h) at

Fig. 3.6 Growth profile of
C. violaceum in NB at 25, 30
and 37 �C

Control 0 h 0.5 h 1 h 2 h 4 h 8 h 12 h 16 h 24 h

Fig. 3.5 Time-scale representation on the production of red-pigment by S. marcescens
EU555434 in NB
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25 8C, pink at 30 8C while no color change was observed at 37 8C. While in LPW,
pigment production was observed at all temperatures evaluated with maximum
pigment production obtained at 25 8C based on the most intense red coloration
compared to 30 or 37 8C (Fig. 3.8). Thus, it can be said that temperature directly
affects pigment production by S. marcescens based on its role in determining
optimum condition required in the regulation of enzyme for bacteria. At higher
temperature, certain enzymes required to synthesize the red pigment might be
denatured. It has been reported that maximum yield for pigment production by S.
marcescens was obtained at 28 and 30 8C in NB after 36 h of growth. However,
pigment production decreased significantly when incubated at 37 8C (Anuradha
et al. 2004).
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Fig. 3.7 UV-vis spectra for violet pigment produced by C. violaceum when grown at (a) 30 �C
(b) 25 �C and (c) 37 �C

Fig. 3.8 Intensity of red
pigment grown at (a) 25 �C
(b ) 30 �C and (c) 37 �C
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3.3 Effect of Growth Media

C. violaceum: The production of crude violacein in different growth media was
evaluated as follows; 200 mL of either Luria–Bertani (LB) [tryptone 10 g/L, yeast
extract 5 g/L, NaCl 10 g/L], nutrient broth (NB) [peptone 10 g/L, NaCl 5 g/L,
yeast extract 3 g/L], tryptic soy broth (TSB) [peptone from casein 17 g/L, peptone
from soymeal 3 g/L, D-(+) glucose 2.5 g/L, NaCl 5 g/L, Na2HPO4 2.5 g/L] or
peptone glycerol broth (PGB) [meat extract 10 g/L, peptone 10 g/L, glycerol 10%
(v/v)] were transferred into a series of 1 L Erlenmeyer flasks. The pH of all the
above media was maintained at 7.0. The various media were autoclaved at 121 8C
for 15 min. Fermentations were carried out using an 16 h old bacterial inoculum
(10% v/v) which was then transferred into the respective flasks followed by
incubation at 200 rpm, 30 8C for 24 h. Samples were withdrawn periodically for
measurements of cell concentration (OD600), pH and concentration of violacein.

Results obtained indicated that maximum cell turbidity (OD600) of 1.83 was
achieved in LB followed by TSB (OD600 of 1.81), NB (1.66) and PGB (1.15).
Bacterial growth in all mediums showed an increasing pH profile except PGB,
which was probably due to initiation of pigment production. Maximum production
of violacein was observed in NB (0.15 g L-1) followed by LB (0.13 g L-1) and
TSB (0.05 g L-1). No pigment production was observed in PGB medium which
somewhat did not correlate with its relatively good growth. This may imply that
violacein was not required for growth and survival of C. violaceum (Sivendra and
Lo 1975; Durán and Faljoni-Alario 1980).

Another evaluation on the production of pigment by C. violaceum in different
growth media was carried out using both the solid and liquid agricultural wastes as
substrates namely LPW, solid pineapple waste (SPW), molasses (M), brown sugar
(BS) and sugarcane bagasse (SCB) (Fig. 3.9). LPW and SPW were obtained from
the waste collection pond of one pineapple processing premise in Tampoi,
Malaysia, BS and M were purchased from the local sundry shop while SCB was

Fig. 3.9 Different types of
agricultural wastes used
during the study on the effect
of growth media on pigment
production. (a) solid
pineapple waste (SPW),
(b) brown sugar (BS),
(c) liquid pineapple waste
(LPW) and (d) molasses (M)
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obtained from local sugarcane processing company. SCB was first dried at 30 8C
and cut into a length of between 1.2 and 1.5 cm. The BS stock solution (40 g L-1)
was filtered using Whatman filter paper (No. 1) while the molasses stock solution
(10% v/v) was adjusted to pH 7.0 using 0.1 M NaOH. Prior to use, both solutions
were autoclaved at 105 8C, 101.3 kPa for 15 min. For the solid substrates i.e.,
SPW and SCB, 1–10% (w/v) of the substrates were transferred into a series of 1 L
Erlenmeyer flasks containing 100 mL of deionized water. The mixtures were then
added with 100 mg L-1 of L-tryptophan followed by pH adjustment to 7.0.
L-tryptophan was used as a precursor for pigment production in C. violaceum
(Vasconcelos et al. 2003). Then, 10% (v/v) active cultures of C. violaceum were
inoculated into the flasks prior to a 24 h incubation period at 200 rpm and 30 8C.
Similar experimental setup was used for the liquid substrates where various
concentrations of brown sugar, 1–10% (v/v) and molasses, 0.1–1.0% (v/v) were
used. All experiments were complimented with control sets i.e., in the absence of
C. violaceum.

C. violaceum showed the capability to produce pigment in both liquid and solid
substrates (Fig. 3.10) with highest pigment production of 0.82 g L-1 achieved in a
mixture consisting of 3 g SCB and 10% (v/v) L-tryptophan (labeled as SCB3
medium). Lowest pigment production i.e., 0.19 g L-1 occurred when the bacte-
rium was grown in the SCB1 medium (1 g SCB ? 10% (v/v) L-tryptophan). This
is because the pigment was produced only in the support material and not excreted
in the solution. Other medium formulations showed negligible (SCB5) or poor
yields of pigment production (in g L-1); SPW1 (0.01), SPW3 (0.07), SPW5 (0.03),
BS1 (0.02), BS5 (0.02), BS10 (0.08), M0.1 (0.05), M0.5 (0.03) and M1 (0.03)

Fig. 3.10 Production of violet pigment by C. violaceum when grown at different concentrations
of molasses (M), brown sugar (BS), sugarcane bagasse (SCB) and solid pineapple waste (SPW) at
30 �C. (a) 0.1% (v/v) M, (b) 0.5% (v/v) M, (c) 1.0% (v/v) M, (d) 1% (v/v) BS, (e) 5% (v/v) BS,
(f) 10% (v/v) BS, (g) 1 g SCB (SCB1), (h) 3 g SCB (SCB3), (i) 5 g SCB (SCB5), (j) 1% (v/v)
SPW, (k) 5% (v/v) SPW and (l) 10% (v/v) SPW; flasks (g–h) were supplemented with 10% (v/v)
L-tryptophan
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(Fig. 3.11). After 24 h of incubation, the original pale-yellow appearance of SCB
and green color of SPW turned to dark purple due to the formation of pigment.
Adequate contents of cellulose, hemicellulose and lignin in SCB acted as a good C
source as well as a useful adhesion site for bacterial growth and pigment pro-
duction. However, this process only proceeds in a strictly aerobic condition as
demonstrated by the impediment of pigment production in anaerobic condition
(SCB5). Similar finding was also reported by DeMoss and Evans (1959).

S. marcescens: Growth of S. marcescens in various growth medium was
monitored to determine the best medium for bacterial growth and production of
pigments. A total of six media were used namely NB (100%), liquid pineapple
waste, LPW (100%), brown sugar, BS (1% v/v), BS (10% v/v), BS (1% v/v in
LPW) and BS (10% v/v in LPW). Active cultures (20 mL) of S. marcescens were
inoculated into the respective media (180 mL) and shaken at 200 rpm, 25 8C for
24 h. Each of the samples was complimented with a cell-free control. Figure 3.12
shows the intensity of pigments produced by S. marcescens when grown in dif-
ferent media compositions. Based on the intensity of red coloration, highest pig-
ment production was obtained in 10% (v/v) BS (in water), followed by NB, 1%
(v/v) BS and 1% (v/v) BS in LPW. No pigment was observed when the bacterium
was grown in LPW only or at high volumes of LPW, hence the addition of BS to
promote growth and pigment production (Fig. 3.13). Low pigment production in
LPW medium was due to the insufficient carbon source present in the medium.
The composition of total sugars present in 1 L of LPW was 126.98 ± 0.02 mg
which was 1,000 times lower compared to the total sugar present in 1 L of BS i.e.,
154.206 ± 10.936 g.

3.4 Effect of Light

S. marcescens: By preventing light penetration (via wrapping of the flask using
aluminium foil) during 36 h cultivation of bacteria in NB at 25 8C, a more intense
red coloration was obtained compared to culture grown in normal condition i.e.,

Fig. 3.11 Pigment
production yield for
C. violaceum when grown in
SCB, SPW, M and BS
(supplemented with 10%
(v/v) L-tryptophan)
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in the presence of light. This can be explained as follows: red pigment is regarded
as a photosensitive pigment, hence it may store energy from light and stimulates its
photo-transformation (Ryazantseva et al. 1995). Photo-transformation enables the
red pigment to undergo association and dissociation reactions into different
compounds i.e., directly affecting its concentration/intensity in the culture media.
Therefore, it can be concluded that the production of red pigment by S. marcescens
is affected by light.

3.5 Effect of Cells Immobilization

C. violaceum: SCB was used as support material during the immobilization of
C. violaceum in column system. To allow the SCB surface material to acquire
necessary charge for bacterial attachment, the column was first rinsed with dis-
tilled water. An active culture of C. violaceum (100 mL) was pumped at a flowrate
of 3.5 mL min-1 for 24 h to ensure initial bacterial attachment. Using the same
flowrate, 100 mL of 10% (v/v) L-tryptophan in distilled water (final pH of 7.0) was
pumped continuously for 24 h to promote bacterial growth and pigment produc-
tion. The pigment produced was recovered using 100 mL of methanol followed by
drying at room temperature. The concentration of pigment was determined
gravimetrically and expressed in g L-1. From the analysis, C. violaceum was
capable to produce up to 0.15 g L-1 of pigment when immobilized onto support

Fig. 3.13 Production of red
pigment by S. marcescens in
different composition of LPW
(in water); (a) 30% v/v
LPW ? NB, (b) 50% v/v
LPW ? NB (c) 60% v/v
LPW ? NB and (d) 100%
v/v LPW

Fig. 3.12 Intensity of pigment produced by S. marcescens in different media at 25 �C; (a) NB
(b) 10% (v/v) BS (c) 1% (v/v) BS (d) 1% (v/v) BS in LPW (e) control LPW (f) control 10% (v/v)
BS (g) control 1% (v/v) BS (h) control NB
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material. Even though this value is substantially lower compared to the concen-
tration of pigment produced in free cells system i.e., 0.82 g L-1, the use of
immobilized cells system offers easy recovery of pigment and high cell concen-
tration in a given space. Besides that, the immobilized cells can be maintained
under these conditions for a long period without the need for frequent subculturing
(Lindsey and Yoeman 1984).

S. marcescens: Cells of S. marcescens 10% (v/v) was inoculated into a series of
500 mL Erlenmeyer flasks containing 50 mL of LPW supplemented with silica gel
(acted as support material for cells immobilization) followed by incubation
(200 rpm, 24 h) at room temperature. The use of silica gel as support material is
expected to increase the number of cells per volume ratio, hence increasing the
production of prodigiosin (Yamashita et al. 2001). Based on the intensity of red
coloration produced in the solution, the addition of 10 g L-1 silica gel was judged
to contain highest amount of cells, which was responsible for the highest intensity
for red coloration (Fig. 3.14).
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Chapter 4
Application of Bacterial Pigments
as Colorant

Abstract In the last decade, investigations about possible use of natural dyes in
textile dyeing processes have been carried out by various research groups. Various
kind of natural dyes (e.g. Hibiscus mutabilis, Quercus infectoria and Cassia tora L.)
were used to dye different types of materials (e.g. cotton, jute, wool, silk and leather)
normally in the presence of mordant (e.g. alum, copper sulfate and ferrous sulphate).
Studies on the dyeing techniques were attempted using both conventional (alkaline,
acidic or neutral baths) and non-conventional methods (ultrasonic, microwave, so-
nicator and supercritical carbon dioxide fluids). The degree of dyeing was normally
compared based on the colorfastness properties which can be defined as the property
of a pigment or dye, or materials containing the coloring material, to retain its
original hue, without fading, running or changing when wetted, washed, cleaned or
stored under normal conditions when exposed to light, heat or other influences.
Essentially, this means that different dyes will have different fastness on
different materials.

Keywords Pigment � Bacteria � Colorfastness � Prodigiosin � Lightfastness �
Violacein � Application

General methods: The bacterial pigments were harvested via centrifugation
(8000 rpm, 5 min) from bacterial cultures grown in NB for 24 h at 200 rpm and
30 �C. Among the natural materials and chemicals used as mordant during the
fabric dyeing process include 70 g L-1 alum [KAl(SO4)2�12H2O], 5 g L-1 ferric
sulphate [Fe2(SO4)3], 5 g L-1 copper sulphate (CuSO4), sodium silicate (Na2SiO3)
and 50 g L-1 slaked lime [Ca(OH)2]. Alum was prepared by mixing the solution
vigorously for 5 min. The resulting clear solution was used as a mordant while the
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precipitates were retained for subsequent use. For synthetic dye, 0.35 g of reactive
remazol blue or 0.15 g of reactive remazol violet was dissolved in 1 L of distilled
water.

The soap solution was prepared by mixing 5 g of standard soap with 2 g of
anhydrous Na2CO3 in 1 L of distilled water (Table 4.1). The solution was heated at
60 �C for 15 min to homogenize the mixture (Salmiah 2006). To prepare the
perspiration solution, 0.5 g of L-histidine monohydrochloride monohydrate, 5.0 g
of NaCl and 5.0 g of crystallized Na2HPO4 in 1.0 L of distilled water. The pH of
the soap and perspiration solutions was adjusted to 5.5 and 8.0, respectively using
either 0.1 M NaOH or 0.1 M HCl (Salmiah 2006).

In this work, two fabric-dyeing methods were attempted namely boiling and
brushing technique. In the boiling method, 1 g of fabric was immersed in 20 mL of
bacterial culture broth and heated at either 80 �C (1 h) or 130 �C (1.5 h). Upon
cooling, the dyed fabrics were washed with cold water followed by the mordanting
process. In this work, the post-mordanting technique, i.e., dyeing followed by
mordanting was used during the dyeing of fabrics using bacterial pigment. This
technique requires 15 min mordanting followed by washing and drying, all carried
out at room temperature. However, a 1.5 h post-mordanting process was required
when NaSiO3 was used as mordant. The washing step was carried out using tap
water to remove excess mordant on the fabric prior to drying. For the brushing
technique, fabrics were dyed using brush that should ensure even distribution of
the dye on the fabric materials. This is followed by the mordanting procedure
using NaSiO3.

Table 4.1 General materials used during the coloring of fabrics using bacterial pigment

Material Description

Tamarind Used as mordant; tamarind solution 4% (w/v) was prepared by dissolving 4 g of
tamarind in 100 mL of deionized water (Chua 2007)

Soap The soap solution was prepared by mixing 5 g of standard soap (SDC enterprises
limited, UK) with 2 g anhydrous Na2CO3 (Hamburg Chemicals) in 1 L distilled
water. The mixture was homogenized via heating at 60 �C for 15 min (Salmiah
2006)

Perspiration The perspiration solution was prepared by dissolving L-histidine
monohydrochloride monohydrate (0.5 g), NaCl (5.0 g) and crystallized
Na2HPO4 (5.0 g) in 1 L of distilled water. The pH was then adjusted to 8.0 using
0.1 N NaOH (Salmiah 2006)

Fabrics Five types of fabrics were used including natural (cotton and silk) and synthetic
fibers (polyester, acrylic and polyester microfiber). The fabrics were obtained
from the Program of Textile Technology, Faculty of Applied Sciences,
Universiti Teknologi Mara (UiTM), Shah Alam, Malaysia

Candle Commercial candles were used in candle making. The candles used were fluted
(Race Horce, Malaysia) and transparent (Tea Light Candle, China) candles
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4.1 Initial Evaluation on Potential Application
of Bacterial Pigments as Colorant

4.1.1 Violacein

To evaluate the potential of violacein as coloring material for fabrics, both natural
and synthetic fibes were used namely pure cotton (PC), pure silk (PS), pure rayon
(PR), jacquard rayon (JR), cotton (C), silk satin (SS) and polyester, P (as the sole
synthetic fiber). All fabrics were supplied either by the School of Textile Tech-
nology, Faculty of Applied Sciences, Universiti Teknologi Mara (UiTM),
Shah Alam or by the Malaysian Craft Development Corporation, Kota Bharu,
Kelantan. The fabrics were dyed using the boiling technique with alum used as
mordant. Results obtained showed the capability of violacein to color both types of
fibers with varying degrees of shades and intensity (Fig. 4.1).

Intense colorations on PR, RJ and SS indicate its suitability to be dyed with
violacein compared to C, PC, PS and P. Different color shades obtained during
dyeing were due to different rates of adsorption between dye–dye and fiber–fiber.
In the fabric dyeing process, the chemical nature of different textile materials is
important as this will determine the exact mechanism by which dye is adsorbed
onto particular reactive groups on the fabrics. This can be explained as follows;
upon entering the fiber, dye molecules would be gradually transported from the
aqueous phase onto the fiber (Vickerstaff 1954). Rayon (pure and jacquard) and
cotton (pure and normal) exhibited different responses toward dyeing even though
both are made up of cellulosic materials. This is because during the manufacturing
of viscose rayon, dissolution of the natural cellulose corresponds to a very
intensive swelling and leads to a much greater micellar surface in the finished
rayon compared to that in the original cellulose. At the same time oxidative
degradation occurs, leading to an increased number of carboxyl groups in the
rayon. Since this carboxyl group will form negative charge in water, the pigments

Fig. 4.1 Dyeability of violacein on different fabrics using alum as mordant; (a) pure cotton (PC),
(b) pure silk (PS), (c) pure rayon (PR), (d) rayon jacquard (RJ), (e) silk satin (SS), (f) cotton (C)
and (g) polyester (P)
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become attached by the formation of hydrogen bond to the COO- group in the
fiber with OH or NHR group present in the pigment, resulting in good coloration
of the rayon-based textile material (Vickerstaff 1954). It is well known that a
hydrogen atom can act as an electron acceptor particularly when it is directly
attached to either nitrogen or oxygen atoms. With higher presence of electron-
donating and electron-accepting groups between the fiber and pigment, more
pigment will be attached to the fiber, hence increasing the dyeing ability
(Vickerstaff 1954).

The pretreatment of fabric was also carried out before the dyeing process in
order to remove natural impurities present on the cotton and silk fabrics. Some
examples of impurities that may be present include fats, waxes, pectins and related
substances, minerals, heavy metals, amino acids or proteins, lubricants and knit-
ting oils. In the present work, both the pretreated cotton (via the scouring method
using a solution containing a mixture of Na2CO3 and alum) and silk satin
(degumming process using alum solution) showed higher color intensity compared
to the untreated fabrics (Fig. 4.2). Pretreatment increases swelling of fiber which in
turn releases impurities, hence resulting in the liberation of more binding space for
the pigment (violacein) on the fiber (Karmakar 1999).

4.1.2 Yellow Pigment

The yellow pigment was extracted via the boiling method from Chryseobacterium
sp., a locally isolated Gram-negative bacterium. Several types of fabrics namely
Natural silk, Dubai silk, Linen, Japanese cotton and Indian cotton were dyed using
the yellow pigment by immersing the fabrics in the pigment solution at 80–90 �C.
Optimum Color intensity was obtained after 60 min (Fig. 4.3).

Fig. 4.2 Dyeability of violacein on pretreated cotton and silk fibers; (a)cotton without mordant,
(b) cotton ? alum, (c) cotton ? Fe2(SO4)3, (d) cotton ? CuSO4, (e) cotton ? Ca(OH)2, (f) silk
satin without mordant, (g) silk satin ? alum, (h) silk satin ? Fe2(SO4)3, (i) silk satin ? CuSO4

and (j) silk satin ? Ca(OH)2
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4.1.3 Prodigiosin

The pigment was used to color five types of fabric namely acrylic, polyester
microfiber, polyester, silk and cotton. The dyeing method used in this experiment
was direct boiling of the fabrics with the bacterial cells (Table 4.2).

Fig. 4.3 The effect of different immersion time on Color intensity on fabrics for (a) natural silk,
(b) Dubai silk, (c) Linen, (d) Japanese cotton and (e) Indian cotton; no mordant was used

Table 4.2 Dyeing of different fabrics using prodigiosin

Acrylic Polyester
microfiber

Polyester Silk Cotton
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Generally, prodigiosin was able to color both the natural and synthetic fibers.
However, different color intensity was obtained due to the nature of each fiber
which requires certain types of dye materials to produce intense coloration
(Vickerstaff 1954). In this work, prodigiosin gave the most intense coloration with
acrylic (bright red) followed by Polyester microfiber (dark red), polyester (darker
red) and silk (light red uneven). However, the color intensity on cotton fiber was
very poor. In dyeing, the chemical natures of different textile materials are
important as it affects the exact mechanism by which the dyes are absorbed. Since
cotton is made from cellulosic materials, it requires dye molecule which contain
groups capable of forming hydrogen bond with the hydroxyl group on the cellulose
molecule. The dyeing of cotton presented considerable difficulty as the number of
dyes having any attraction for cotton was small (Vickerstaff 1954) and as a result,
almost no dyeing occurred on the cotton fabric. Acrylic fabric is made from
polyamide fiber. From the FT–IR result, it shows that the pigments consisted of
amine functional group at 3292 cm-1, thus in acrylic dyeing process, the pigments
become attached by the formation of hydrogen bond to the amide group in the
fiber, resulting in good coloration of the acrylic fabric (Vickerstaff 1954).

4.2 Colorfastness Properties of Bacterial Pigments

General methods carried out for the colorfastness tests
Colorfastness can be defined as the property of a pigment or dye, or materials

containing the coloring material such as leather, cloth, paper and ink, to retain its
original hue, without fading, running or changing when wetted, washed, cleaned or
stored under normal conditions when exposed to light, heat or other influences.
Essentially, this means that different dyes will have different fastnesses on different
materials. For example, linen is much harder to be dyed as opposed to silk or
cotton, although indigo dyes both cotton and linen well. A dye which works well
on leather will probably not be suitable for wool. Running occurs principally
during washing and exposure to detergents and solvents. A dye will run if it has a
weak affinity for the material it is attached to, or a much stronger affinity for a non-
aqueous solvent. Detergents may cause running because they help to stabilize the
hydrophobic regions of dye molecules due to their ability to form micelles. Fading
is caused by the chemical alteration of unstable dye molecules to a less strongly
colored or colorless form. This is often caused by the action of sunlight, or by the
oxidizing action of the atmosphere. The UV radiation in sunlight has enough
energy to cause unstable bonds to break or reform. Oxygen and atmospheric water
will react with unstable bonds to alter the structure and affect its color. The basic
principle for colorfastness testing is to compare the tested fabrics with the Grey
Scale for change in color and staining. The Standard Methods and equipments
used during the colorfastness evaluation are as listed in Table 4.3.

Colorfastness to washing: A 10 cm 9 4 cm of dyed fabric was prepared and
weighed. The dyed fabrics were attached with control, i.e., un-dyed fabrics, and
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placed inside a jar filled with standard soap solution with a ratio of 1 g fabric:
50 mL of soap solution. Then, the jar was placed inside the Auto-Wash equipment
(Labtec) and allowed to wash for 30 min at 60 �C. After that, the sample was
washed and dried under mild sunlight. The effect of washing on the dyeing ability
of pigment was determined by comparing the color change of the dyed fabric with
white fabric according to the Grey Scale Standard of 1 to 5 (American Association
of Textile Chemists and Colorists).

Colorfastness to light: A 114 mm 9 50 mm of cardboard was prepared. The
dyed fabrics were cut into 50 mm 9 10 mm and placed (stapled) horizontally, one
above the other on the same cardboard. Blue wool standards (Nos.1–8) were cut
into strips of 50 mm 9 10 mm and were placed one above the other on a separate
cardboard. Both specimens were placed in the sample holder. The sample holder
allowed both ends of the standards or samples to be exposed to light. The central
area was covered by the framework; thus, the area was not exposed to light. Both
samples and standards were exposed to light in Light Fastness Tester (Model
No. 225, Halifax, England) for 24 h (Salmiah 2006).

Colorfastness to rubbing/crocking: Four rubbing cotton cloths (50 mm 9 50 mm)
were prepared for each fabric. Each cloth was fixed to the rubbing finger. After that,
two warp and two weft of dyed fabrics for each sample was prepared
(200 mm 9 110 mm), one warp and weft sample for dry rubbing, and one warp and
one weft for wet rubbing. For dry rubbing, the cotton cloths were rubbed using a
crockmeter on the dry-dyed fabric sample ten times forward and backward in a straight
line along a track of 100 mm in length. The same procedure was applied for wet
rubbing except, the cotton cloth was wetted using distilled water before the rubbing on
the dyed fabric sample. Lastly, the result was evaluated by comparing the staining on
the white rubbing cotton cloth with the Grey Scale Standards of 1 to 5 (Salmiah 2006).

Colorfastness to perspiration: A 60 mm 9 60 mm for each dyed fabric was
prepared and weighed. The perspiration solution was poured into a beaker con-
taining the dyed fabric. The liquor ratio is 1 g of fabric to 50 mL of perspiration
solution. Then, the sample was stirred occasionally for 30 min before being
removed from the solution and wringed in the perspirometer. The perspirometer
was left in the oven at 37 �C for 4 h. After 4 h the results were evaluated by

Table 4.3 List of Standard Method, colorfastness test and equipment involved to evaluate
colorfastness of fabrics dyed using bacterial pigment

Colorfastness test Standard Method Equipment

Washing MS ISO 105-A05-2003 Color matching cabinet
MS ISO 105-A04-2003 Staining

Perspiration MS ISO 105-E04-1996 Perspirometer
MS ISO 105-A05-2003 Color matching cabinet
MS ISO 105-A04-2003 Staining

Light MS ISO 105-B02-2001 Light fastness tester
Rubbing/Crocking MS ISO 105-X12-2001 Crockmeter

MS ISO 105-A04-2003 Staining
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comparing the change in Color of the fabrics and staining of the undyed fabric
with the respective Grey Scale Standards of 1 to 5 (Salmiah 2006).

Colorfastness to water: One sample (60 mm 9 60 mm) for each dyed fabric
was prepared and weighed. Distilled water was dropped on the dyed fabric. The
dyed fabric was left in the oven at 37 �C for 4 h. After 4 h the results were
evaluated by comparing the change in color of the fabrics and staining of the
undyed fabric with the respective Grey Scale Standards of 1 to 5 (Salmiah 2006).

4.2.1 Violacein

For silk satin and cotton, four parameters were varied namely types of mor-
dant (alum, FeSO4, CuSO4, NaSiO3 and Ca(OH)2 ), concentration of mordant
(5 g L-1 and 10 g L-1), pretreatment of fabrics and fastness properties. The fabric
pretreatment step was carried out to remove pectic substances and cotton wax
contained in cotton woven fabrics as well as substances present on the surface of
silk fabrics. Cotton fabric (1 g) was pretreated using either 15 g L-1 alum or
0.18 g L-1 Na2CO3 via 2 h of boiling. Then, the mixture was left to cool for 24 h
followed by washing and drying at room temperature. Similar procedure was
applied for silk, however without the addition of Na2CO3. Natural dyes often
require metallic mordant to increase the affinity between fiber and dye as well as
preventing the color to fade from washing steps or exposure to light (Chairat et al.
2007). Figure 4.4 shows the color of cotton and silk satin fabrics dyed with four
different metals as mordant, i.e., Al (alum), Fe, Cu and Ca.

The use of slake lime mordant (Ca(OH)2) resulted in darker color compared to
the control fabrics for both cotton and silk satin. Gold-colored fiber was obtained
when Fe2(SO4)3 was used while CuSO4 resulted in grey coloration. However, the
effect of alum was insignificant. The fastness properties of cotton and silk dyed
with violacein satin are shown in Table 4.4. Overall, the fastness properties of both

Fig. 4.4 Effect of mordant on the dyeing of cotton and silk satin using violacein; (a) cotton only
(b) cotton ? alum, (c) cotton ? Fe2(SO4)3, (d) cotton ? CuSO4, (e) cotton ? Ca(OH)2, (f) silk
satin only, (g) silk satin ? alum, (h) silk satin ? Fe2(SO4)3, (i) silk satin ? CuSO4 and (j) silk
satin ? Ca(OH)2
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fabrics were rated from 3 (fair) to 5 (excellent) except for lightfastness. The
intensity of violacein on cotton and silk satin can be enhanced via increasing the
concentration of mordant (Fe2(SO4)3 and CuSO4), as depicted in Table 4.5.
Increased coloration intensity at higher mordant concentration can be attributed to
the increased complex formation between fiber and dye molecules resulting from
the high concentration of metal ions present in the solution (from the mordant).
However, the fastness properties between dyed fabrics applied with and without
mordant did not show any significant difference (Table 4.6). This may be due to
reactive sites present which is responsible to bind metal mordants. When the site is
occupied by a metal mordant, it is no longer available to attract more metal
mordant, so that only a monomolecular layer on the fiber surface can be obtained.

Table 4.4 Shades and fastness properties of violacein - dyed cotton and silk satin in the presence
of various mordants

Fabric Mordant Colorfastness

Light Washing Rubbing/crocking Perspiration Water

AC S Dry Wet A B CC AC

wf wp wf wp CC AC CC AC

Cotton No 1 2/3 3/4 4 4/5 4/5 4/5 5 5 5 5 5 5
Alum 1 4 4 4 4 4/5 4/5 5 5 5 5 5 5
Fe2(SO4)3 2 2 4/5 4 4 4 4 3/4 4/5 3 4/5 4/5 4/5
CuSO4 2/3 2/3 4 4/5 4/5 4/5 4 3 4/5 3 4/5 4/5 4/5
Ca(OH)2 1 3 3 4 4 4/5 4/5 5 4/5 5 4/5 5 4/5

Silk Satin No 1 3/4 3 4/5 4/5 4/5 4/5 5 5 5 5 5 5
Alum 2 4 4 4/5 4/5 4/5 4/5 3/4 4/5 3 4/5 4/5 4/5
Fe2(SO4)3 1 2 4/5 4 4 4/5 4 3 4/5 3/4 4/5 4/5 4/5
CuSO4 1 3 4 4/5 4/5 4/5 4/5 3/4 4/5 4 4/5 4/5 4/5
Ca(OH)2 2 3/4 3/4 4/5 4/5 4/5 4/5 5 5 5 5 5 5

AC assessing Color, S staining on white fabric, wf weft, wp warp, A acidic condition, B basic
condition, CC Color change; 1 very poor, 2 poor, 3 fair, 4 good, 5 excellence

Table 4.5 Cotton and silk satin after dyed using violacein in the presence of 5 and 10 gL-1

Fe2(SO4)3 and CuSO4 (as mordant)

Fe2(SO4)3 CuSO4

5 g L-1 10 g L-1 5 g L-1 10 g L-1
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The excess metal mordant may leach-out during the fastness test since it does not
have any interaction with the fabrics (Vickerstaff 1954).

The stark difference between fabrics which were dyed using violacein, with and
without the presence of mordant, can be attributed to the presence of metallic
compound from the mordant, i.e., Fe and Cu. Being a transition element, Fe and
Cu have the ability to change color, from its original state of green (Fe3+) and blue
(Cu2+) to brown/grey (Fe) and dark blue (Cu), when it complexes with suitable
ligand such as water (Rodger 1994). The coordination between transition metals
and colored organic ligand resulted in a compound with better lightfastness than
that of the ligand only. This was due to the reduction in the electron density of the
chromophore, which in turn leads to improved resistance to photochemical oxi-
dation (Christie 2001). In this work, good colorfastness of fabric to washing was
obtained when alum was used as the mordant. The presence of Al3+ ions (role as
electron acceptor) would lead to the formation of coordination binding with the
violacein molecule, followed by the formation of an insoluble complex, hence
increasing the binding affinity of violacein to the fibers. From these findings, it can
be concluded that violacein can act both as direct dye and mordant dye based on its
ability to adhere to the fabric molecules with and without the presence of mordant.
However, better colorfastness was obtained in the presence of mordant. One
important point to note is the slightly lower color intensity for the fabric when
dyed using violacein compared to reactive dyes. Even though, both the cotton and
silk satin were dyed using violacein in the presence of mordants (alum and
Ca(OH)2), color produced was slightly less intense compared to reactive dye used,
i.e., Na2SiO3 (Fig. 4.5).

This clearly indicates the higher affinity of reactive dye toward cotton and silk
satin fabrics compared to violacein as well as strengthening the notion that natural
pigment would produce a mild color shade (Samanta and Agarwal 2009). This

Table 4.6 Shade and fastness properties of dyed cotton and silk satin mordanted using different
concentration of mordants

Fabric Mordant Concentration Colorfastness

Light Washing Rubbing/crocking Perspiration Water

AC S Dry Wet A B CC AC

wf wp wf wp CC AC CC AC

C Fe2(SO4)3 5 g L-1 2 2 4/5 4 4 4 4 3/4 4/5 3 4/5 4/5 4/5

SS 1 2 4/5 4 4 4/5 4 3 4/5 3/4 4/5 4/5 4/5
C CuSO4 2/3 2/3 4 4/5 4/5 4/5 4 3 4/5 3 4/5 4/5 4/5
SS 1 3 4 4/5 4/5 4/5 4/5 3/4 4/5 4 4/5 4/5 4/5

C Fe2(SO4)3 10 g L-1 1 3 4 4 4 4 4/5 4 4/5 3/4 4/5 4 4
SS 2/3 3 4 4 4 4/5 4 3/4 4/5 3 4/5 4/5 4/5
C CuSO4 1 3/4 4/5 4/5 4/5 4 4 4 4/5 4/5 4/5 4/5 4/5
SS 2/3 3/4 4 4/5 4/5 4 4 3 4/5 3/4 4/5 4/5 4/5

C cotton, SS silk satin, AC assessing Color, S staining on white fabric, wf weft, wp warp, A acidic
condition, B basic condition, CC Color change; 1 very poor, 2 poor, 3 fair, 4 good, 5 excellence
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condition can also be supported from the colorfastness profile, as shown in
Table 4.7. Highest colorfastness properties was obtained for cotton dyed with
reactive dye, with average rating of 4/5 followed by cotton dyed with violacein and
alum (4/5), silk satin ? reactive dye (4) and silk satin ? violacein and Ca(OH)2.
However, one significant advantage of reactive dye was its higher lightfastness
ratings of 4 (cotton) and 3 (silk satin) compared to violacein with ratings of 1
(cotton) and 2 (silk satin). The higher light fastness properties for reactive dyes can
be attributed to the strong intramolecular H-bonding which exists in the form of six
membered rings. This enhances the stability of the compound by reduced electron
density at the chromophore. As a result, sensitivity of dye toward photochemical
oxidation was reduced (Ali et al. 2009).

4.2.2 Prodigiosin

The colorfastness test was carried out using standard soap solution and evaluated
for color staining and color change by comparing color intensity of five fabrics
,i.e., polyester, acrylic, cotton, polyester microfiber and silk, before and after
washing procedure using the Grey Scale for Assessing Change in Color (MS ISO
105-A05-2003) and Grey Scale for Assessing Staining (MS ISO 105-A04-2003).

Fig. 4.5 Color intensity for (a) cotton ? Na2SiO3 (reactive dye), (b) silk satin ? Na2SiO3

(reactive dye), (c) cotton ? violacein ? alum and (d) cotton ? violacein ? Ca(OH)2

Table 4.7 Comparison of fastness properties of natural dyes with reactive dyes

Fabric Dye Mordant Colorfastness

Light Washing Rubbing/crocking Perspiration Water

AC S Dry Wet Acid Alkaline CC AC

wf w wf w CC AC CC AC

Cotton Vio Alum 1 4 4 4 4 4/5 4/5 5 5 5 5 5 5
R.dye Na2SiO3 4 4 4 4 4 4 4/5 5 4/5 5 4/5 5 4/5

Silk Satin Vio Ca(OH)2 2 3/4 3/4 4/5 4/5 4/5 4/5 5 5 5 5 5 5
R.dye Na2SiO3 3 4 4 4/5 4/5 4 4 5 4/5 5 4/5 5 4/5

Vio violacein, R. dye reactive dye, AC assessing color, S staining on white fabric, wf weft, w warp,
CC color change; 1 very poor, 2 poor, 3 fair, 4 good, 5 excellence
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Based on the evaluation (Fig. 4.6 and Table 4.8), acrylic fiber dyed with prodig-
iosin showed excellent colorfastness toward washing with a rating of 5, followed
by polyester microfiber (3/4), polyester (2/3), silk (2) and cotton (1). This is
because acrylic fiber provided better force of interaction with the dye and reduced
its tendency to be washed out on laundering. Overall, high colorfastness (staining)
of 5 indicates that prodigiosin dyed on the fabrics would not stain other fabrics.

The lightfastness (colorfastness to light) properties were determined using the
Light Fastness Tester. This method was used to simulate the impact of natural
outdoor sunlight on colored fabrics. Dyed fabrics and the blue wool standards were
simultaneously exposed to light for 24 h. The blue wool standards ranged from
No. 1 (very low lightfastness) to No. 8 (very high lightfastness) each standard
being approximately twice as fast as the one below its position (Salmiah 2006).
Prodigiosin exhibited good lightfastness properties on acrylic (Fig. 4.7) with a
rating of 3 (based on AATCC grey scale for color change) while the rest of the
fabrics showed poor lightfastness properties with a rating of 1. These findings
further strengthen earlier notion of the instability of bacterial pigment or any other
natural pigments toward light compared to synthetic pigment.

Results from the evaluation of colorfastness against perspiration (Fig. 4.8)
showed that acrylic, silk and polyester displayed good colorfastness with ratings
between 4 and 5 while cotton and polyester microfiber had average ratings of 3 and

Fig. 4.6 The Color of fabric dyed with prodigiosin before (a) and after (b) washing; P polyester,
A acrylic, C cotton, Pm polyester microfiber, S silk

Table 4.8 Colorfastness properties (color and staining) for fabrics dyed with prodigiosin

Change in Color Change in staining

Fabrics 1st Person 2nd Person Average Fabrics 1st Person 2nd Person Average

S 2 2/3 2 S 5 5 5
P 2/3 2/3 2/3 P 5 5 5
C 1 1 1 C 5 5 5
A 5 5 5 A 5 5 5
Pm 3 4 3/4 Pm 5 5 5
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3/4. All fabrics showed good rating of 5 for staining. The colorfastness to rubbing/
crocking was tested using a crockmeter, both in wet and dry conditions. High
ratings of 4 and 5 were obtained for the change in staining (Grey scale). This
indicated that minimum amount of prodigison was transferred from the dyed
fabrics onto the test fabric (Table 4.9).

Fig. 4.7 Lightfastness properties of the fabrics (a) before and (b) after exposure to light (Light
Fastness Tester) for 24 h; S silk, Pm polyester microfiber, C cotton, A acrylic and P polyester

Fig. 4.8 Colorfastness to perspiration properties for fabrics (a) before and (b) after determi-
nation using a perspirometer; P polyester, A acrylic, C cotton, Pm polyester microfiber, S silk

Table 4.9 Rubbing/crocking colorfastness properties (staining) for fabrics dyed with prodigiosin

Types of fabric Wet Dry

Warp Weft Warp Weft

Silk 5 5 5 5
Acrylic 4/5 4 4/5 5
Polyester 4/5 5 5 5
Polyester microfiber 4/5 4/5 4 5
Cotton 4/5 4/5 5 5
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4.3 Application in Candle and Paper Making

Commercial candles (fluted and translucent) were placed in a beaker and heated
until completely melted before the addition of the bacterial culture broth. The
mixtures were homogenized and poured into the mold. The wicks were immedi-
ately placed into the centre of the mold and the candles were left to cool at room
temperature for 1 h. Translucent candle showed a more intense coloration com-
pared to the fluted candle (Fig. 4.9).

To evaluate the potential application of prodigiosin in paper making, bacterial
culture broth (3 mL) and one teaspoon of cornstarch were homogeneously blended
in one half of the thick pulp, whereas the other half was not added with pigment
(control). The pulp was then evenly spread onto a net to drain the excess water
followed by 24 h drying ( Martinko and Mardigan 2006). The prodigiosin - dyed
paper was exposed to sunlight and fluorescent light for 4 h while paper unexposed
to light acted as control. Initial intense red coloration on the paper was substan-
tially reduced to light red upon exposure to both sunlight and fluorescent light,
with sunlight exerting the higher fading effect (Fig. 4.10). This effect can be
attributed to wider range of light wavelengths for sunlight compared to the fluo-
rescent light (Scheyer and Chiweshe 2001).

4.4 Application in Batik-Making

‘‘Batik’’, which is also known as the textile art of Malaysia, is a popular gown-like
dress worn mostly by woman in the South East Asian region. The most popular
motifs include leaves, flowers and geometrical designs.

Pigments produced by S. marcescens, C. violaceum and Chryseobacterium sp.
used either 95% (v/v) methanol (S. marcescens and C. violaceum) or 99.5% (v/v)
acetone (Chryseobacterium sp.) at a ratio of 1:5 (supernatant) or until the pellet
was colorless. This was followed by rotary evaporation to concentrate the pigment.
The batik dyeing was carried out on creeps, satin and silk fabrics. The chosen

Fig. 4.9 Application of prodigiosin in (a) translucent candle and (c) fluted candle; (b) original
translucent candle (d) original control fluted candle
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pattern was first drafted onto the fabric by a ‘‘Batik-Tulis’’ maker i.e., the painter,
using pencil. Then, melted wax (mixture of beeswax and paraffin wax) was applied
over the drafted motifs using a technique called ‘‘canting’’, pronounced as
‘‘chanting’’. The beeswax holds the fabric while paraffin wax will allow cracking,
which is a typical characteristic of batik. Wherever the wax has seeped through the
fabric, the dye will not penetrate. After waxing process, the fabrics were dyed
using the extracted bacterial pigments using the brushing technique. The colour
tone was adjusted by adding either ethyl acetate (for red and purple pigment) or
acetone (yellow pigment). This was followed by immersing the fabrics into boiling
water containing fixer (alum, Fe2(SO4)3, CuSO4 or Ca(OH)2) to remove excessive
wax as well as fixing the bacterial pigments onto the fabrics. The ‘‘batik’’ was then
let to dry under mild sunlight (Fig. 4.11).

4.5 Application as Ink

The bacterial pigments were evaluated for its potential role as ink in ballpoint pen
and highlighter pen. There are two types of ballpoint-pen ink namely oil-based
ballpoint-pen ink and water-based ballpoint-pen ink. The basic components in
ballpoint-pen inks are coloring agent, solvent and resin. Dyes and pigments which
are soluble or dispersible in aqueous media can be used as coloring agents in inks.
Besides the basic components, several other compounds were also added to the
inks as additives that include amine derivatives as the pH-controlling agent or
mildew-proofing agent, fluorine-containing surfactant that is responsible to
increase solvent penetrability as well as defoaming agent, rustproofing agent and
lubricant. The addition of shear-viscosity reducing agent such as cross-linked
acrylic resin and fatty acid metal salt can prevent the leakage of ink due to the gap
between the ball and the tip when the pen is not used. Typical ink for the high-
lighter pen would consist of liquid vehicle, colorant and acidic buffer solution.
Liquid vehicle is the major component in the ink and is used to carry the other
highlighter ink component to the substrate. Liquid substrate can be of any liquid
type including surfactant, solvent, co-solvent, buffer, biocide, viscosity modifier,
stabilizing agent, complexing agent and water. To evaluate the role of bacterial

Fig. 4.10 Application of prodigiosin on paper; (a) original paper (control), (b) paper dyed with
prodigiosin, (c) dyed paper exposed to sunlight and (b) dyed paper exposed to fluorescent lamp
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pigments as ink in ballpoint pen, three types of test were carried out namely the
Ink-Rubbing test, Ink-Follow test and Stability of Ink Toward Light test. Similar
tests were carried out for the highlighter pen except the Ink-Follow test was
replaced by the Ink-Drop test.

During the ballpoint-pen test, different ink compositions were prepared as
described in Tables 4.10 and 4.11.

From the results, it was clearly shown that color intensity increases with amount
of pigment added. The violacein Ink 4 gave dark purple (Fig. 4.11d) while the

Fig. 4.11 Application of bacterial pigments on fabrics during the ‘‘batik’’-making process;
(a) drafting of motifs using pencil, (b) applying wax over the pencil-drawn motifs using the
‘‘canting’’ technique, (c) colouring process using bacterial pigments, (d) dewaxing and fixation
process, (e) drying of ‘‘batik’’ under mild sunlight and (f) finished product
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prodigiosin Ink 4 (Fig. 4.12h) resulted in intense red coloration. The use of excess
solvents would result in smearing of the ink (Fig. 4.11b and Fig. 4.11f) which may
not be suitable for ballpoint application.

The potential of violacein as ink for highlighter pen was evaluated by preparing
different compositions of the ink in the presence of citric acid and glycerol
(Table 4.12). The ink was then used to highlight printed words as shown in
Fig. 4.13. The effect of solvent used i.e., ethyl acetate and glycerol, on violacein as
highlighter ink was also investigated (Fig. 4.14). Based on the smearing effect,

Table 4.10 Different ink composition of violacein during the ballpoint- pen test

Component Violacein ink 1 Violacein ink 2 Violacein ink 3 Violacein ink 4

Dry violacein (wt%) 0.00 0.25 1.24 3.05
Gum A\vrabic (wt%) 18.91 3.73 18.67 18.33
Ethanol (wt%) 27.53 40.75 27.19 26.69
Distlilled water (wt%) 44.12 53.41 43.56 42.76
Iota-carageenan (wt%) 4.45 1.86 9.33 9.16
Total (wt%) 100 100 100 100

Table 4.11 Different ink composition of prodigiosin during the ballpoint-pen test

Component Prodigiosin ink 1 Prodigiosin ink 2 Prodigiosin ink 3 Prodigiosin ink 4

Dry prodigiosin
(wt%)

0.00 0.56 0.55 3.05

Gum arabic (wt%) 18.91 18.80 19.89 18.33
Ethanol (wt%) 27.53 27.38 26.72 26.69
Distlilled water (wt%) 44.12 43.86 42.81 42.76
Iota-carageenan

(wt%)
4.45 9.40 10.03 9.16

Total (wt%) 100 100 100 100

Fig. 4.12 Writing of the word ‘ink’ using different compositions of violacein or prodigiosin;
(a) violacein ink 1, 0% wt., (b) violacein ink 2, 0.25% wt., (c) violacein ink 3, 1.24% wt.,
(d) violacein ink 4, 3.05% wt., (e) prodigiosin ink 1, 0% wt., (f) prodigiosin ink 2, 0.25% wt.,
(g) prodigiosin ink 3, 1.24% wt and (h) prodigiosin ink 4, 3.05% wt
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glycerol performed better as solvent compared to ethyl acetate. Although solvent
can include any liquid capable to transfer the colorant and acid buffer to the
substrate, a good solvent is a liquid which can evaporate in short time and having
low degree of smear.
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