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Abstract
Purpose – This paper aims to isolate fungal strains producing natural colours, explore their application as colourant in paints and develop
cost-effective durable natural paints.
Design/methodology/approach – Fungal strains producing natural colours of different shades were isolated. Colourant production was carried out
by fermentation method. Natural lime, milk, oil-in-water emulsion paints using natural microbial colours and eco-friendly ingredients were prepared.
Bio-paint applications were carried out and evaluated.
Findings – Our results indicate that microbes in general and fungi in specific represent dependable source of variety of natural colours, and
cost-effective durable natural paints can be prepared with commonly available natural ingredients using scientific information based on history of
paints.
Research limitations/implications – Natural colours are gaining importance because of their use in health, nutrition, pharmaceutical, textile and
environmental applications. Nature is quite rich in several types of colourants. Chemical synthesis of synthetic dyes is complex and not environmental
friendly. Microbial dyes manufactured can evade inherent environmental problems of synthetic dyes and offer significant opportunity as a colourant
in paints. However, only generally regarded as safe microbial strains are to be considered for colour production.
Practical implications – Choosing natural alternatives to protect the health and environment is the need of hour. Fungal colourants are relatively
more stable and robust and offer significant opportunity as a colourant in paints. Cost-effective durable natural paints can be prepared using selected
stable fungal colourants with commonly available natural ingredients. High diversity of rich and complex natural colourants can be obtained from
microorganisms. With the available techniques of fermentation, natural colours can be produced in large quantities of on an economically viable
scale and explored for their applications.
Social implications – Bio-paints are eco-friendly natural paints, low volatile organic compounds (VOC) paints or organic paints alternate to
conventional paints. Most of these natural paints are durable, breathable, prevent moisture problems, contribute to a positive room climate, use
safer technology and are less energy-intensive than conventional latex paints to produce. These paints improve indoor air quality and reduce urban
smog and offer beneficial characteristics such as low odour, excellent durability and a washable finish.
Originality/value – Many of the old art works that still survive today are a tangible proof and evidence of beauty and durability of natural
paints. Organic materials used in these paints include natural pigments of mineral, plant and animal origin and other raw biodegradable
ingredients. Successful commercialisation of many microbial pigments for food and textile applications is reported in literature. Therefore,
present research work aims at developing natural paints using microbial pigments and recipes that have been successfully used by people
for years.
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Introduction
Paint is any liquid, liquefiable or mastic composition which
after application to a substrate in a thin layer is converted to
an opaque solid film. Paints are composed of a mixture of

solvents, binders and pigments, most commonly used to
protect, colour or provide texture to objects. They are one
of the oldest substances known and used for colouring and
protecting many surfaces, including houses, cars, road
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markings and underground storage vessels. There is a great
commercial demand for the paints because of its wide range
of applications. Variety of commercial brand paints are
available and can be made or purchased in many colorants
and in many different types (NIIR Board, 2004; NPCS
Board, 2013). Environment and health concerns of
conventional paints dictate the need for development of
natural paints (Harry, 1995). Attempts to develop
non-toxic natural paints using bio-based solutions are
reported in literature. Market research indicates that there
is a commercial demand, scope and preference for these
non-toxic natural paints.

Bio-paints are products belong to the world of natural
paints, eco paints, low VOC bio-paints or organic paints.
Most of these natural paints are durable, breathable,
prevent moisture problems, contribute to a positive room
climate, use safer technology and are less energy-intensive
than conventional latex paints to produce. These paints
improve indoor air quality and reduce urban smog and offer
beneficial characteristics such as low odour, excellent
durability and a washable finish (Renee, 2008). Natural
paint recipes have been successfully used by people
throughout the world for thousands of years. Many of the
old art works that still survive today are a testament to the
enduring beauty and durability of natural paints they used.
Tips and clues mentioned in the history of paints can be
translated to preparation of cost-effective eco-friendly
natural paints (Guttmann, 2012). A variety of different
natural paint types are reported and include clay paint, milk
paint, lime paint and unearthed plant glue paint, latex,
recycled latex and bio-acrylic paints. Milk paint is the most
durable form of ancient paint. Milk protein casein and
crushed limestone form a tough coating that hardens over
time like concrete (Adam and Katy, 2008; Katherine, 2009;
Unearthed Paints, 2014). Dye or pigment molecule is a key
ingredient of paint that serves three main functions: the
optical function of providing colour, opacity and gloss. It
not only gives the paint its colour and finish but also serves
to protect the surface from corrosion and weathering as well
as helping to hold the paint together. A variety of natural
and synthetic pigments are used in paints (Michael and
Clark, 2014). Total synthesis of synthetic colourants is
relatively cumbersome, requires toxic reagents and is not
environmental friendly. In view of safety, toxicity, health
and environment problems caused by those of synthetic
colourants, there is a great scope for natural colourants
(Vankar, 2007; NIIR Board of Consultants & Engineers,
2005). They can be derived from plant, animal, mineral or
microbial sources.

Worldwide microorganisms from different environments
are being investigated as sources of natural colourants or
pigments. Successful commercialisation of pigments from
microorganisms is reported (Gupta et al., 2011). Many
species of Monascus, Penicillium, Curvalaia, Trichoderma,
Alternaria, Rhodotorula, Bacillus, Haematococcus, Serratia,
Achromobacter, Chromobacterium, Yarrowia and Phaffia are
reported and produce a number of pigments (NIIR Board
of Consultants & Engineers, 2005). Microbial dyes
manufactured can evade inherent environmental disposal
problems of synthetic dyes and offer significant opportunity

for as an ingredient of bio-paints, dyeing textiles and other
potential applications. Production of wide range colourants
of different shades associated with the microbial diversity is
possible. They can be grown in controlled conditions
independent of weather conditions. Fermentation and
media optimisation, growth on cheap substrates,
cost-effective chromatographic and downstream-processing
techniques can maximise production and recovery of
natural colourants from microbial cells (Sharma et al.,
2012; Kamla et al., 2012).

Streptomyces derived natural products are claimed to be a
safe, inexpensive and untapped sources of useful biopigments.
Streptomycesderived pigments were used to create paint and
paintings (Charkoudian et al., 2010). Fungi have been proven to
be useful in production of antibiotics, enzymes, organic acids and
variety of bioactive secondary metabolites. Fungi are more
ecological interesting source of rich and stable colourants such as
anthraquinones. These dyes are valued for their brilliant
colourants and fastness to light, and washing offers significant
opportunity for textile dyeing and various applications (Gill and
Steglich, 1987; Atalla et al., 2011). In view of the above, present
research work aims at isolation, fermentative production,
purification and exploring the applications of microbial pigments
and developing bio-paints using ingredients mentioned in the
ancient knowledge and history of paints recipes as an eco-friendly
alternate to synthetic dyes.

Materials and methods
The soil samples were collected from different human
intervention free places in and around Belgaum, Karnataka,
and were pre-treated as per the standard prescribed
procedures mentioned in the industrial microbiology practical
manual with minor modifications (Domain and Davies,
1999). Soil samples were collected and stored to pre-sterilised
polythene covers and sampling containers to prevent the
unnecessary contamination.

Isolation of endophytic fungi and soil fungi
Standard and modified selective, enrichment microbiological
techniques were used as per the protocols of manual of
industrial microbiology and biotechnology for isolation of
fungi from soil, aquatic samples and natural substrates
(Richard et al., 2010). Endophytes from leaves stem and roots
of authenticated plant material were isolated from following
the protocol of Fisher et al. (1993) and Hallmann et al. (2006)
with some minor modifications. Different surface sterilisation
methods were initially attempted with appropriate positive
and negative controls. In brief, plant specimens were surface
sterilised, were cut into small segments and were placed on
potato dextrose agar (PDA) culture plates containing
streptomycin sulphate antibiotic. They were incubated for one
week at 27°C. The emerging fungal hyphae after inoculation
were picked and transferred onto PDA and sabouraud
dextrose agar (SDA) plates for identification and preservation.
Similarly, fungi were isolated by spread plate and pour plate
techniques using serial dilutions of soil samples using PDA
and SDA media containing streptomycin sulphate antibiotic.
Isolated fungi were identified based on their morphological
and microscopic studies using relevant taxonomic features
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mentioned in various standard manuals and with the help of
local fungal taxonomists. Pure cultures were prepared by
repeated sub-culturing and were maintained on PDA slants.
Preliminary morphological and microscopic characterisation
is carried out using standard protocols and with the help of
fungal taxonomy experts. Fungal genomic DNA was isolated
using Biopure fungal DNA extraction kit. Fungal internal
transcribed spacer (ITS) region was amplified using standard
polymerase chain reaction (PCR) primers ITS1
(TCCGTAGGTGAACCTGCGG) and ITS4 (TCCTCC
GCTTATTGATATGC) with an annealing temperature of
54°C. PCR reagents and purification kits were obtained from
Jonaki, BRIT, CCMB and Hyderabad. PCR products were
checked on by agarose gel electrophoresis. DNA sequencing of
samples was carried out at Agarkar Research Institute and Gene
Ombiotechnologiespvt ltd, Pune. Basic local alignment search tool
(BLAST) analysis was performed.

Microbial cultivation and extraction of fungal dyes
Preliminary testing for the ability of screened organisms to
produce diffusible pigments was carried out. Briefly pure
isolated organisms were inoculated into either 10 or 30 ml
culture tubes containing of PDA media and was subjected to
either static or shaking conditions. Selected promising fungi
shown to produce pigments were grown in 250 ml Erlenmeyer
flasks containing 100 ml Potato Dextrose Broth. The flasks
were incubated at 28 � 2°C for two weeks for static and
submerged cultivation, with periodical shaking at 150 rpm.
Crude cell-free coloured fermentation broth is used as
colourant of natural paint.

Preparation of bio-paint recipes
Ingredients used in the present study included hydrated lime,
borax, sea salt, chalk, clay, stone powder, linseed oil, casein from
milk, ready-to-use milk powder and a colourant from natural

Figure 1 Representative pictures of fermentative production of fungal dyes
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source. Cell-free autoclaved fermented fungal dye broth solution
is used as colourant in the present study. Paint recipes were made
on the basis of information obtained from the literature search
(NIIR Board, 2004; NPCS Board, 2013; Collin, 2009). To
about 1 litre of fresh skimmed milk, 100 ml of vinegar was added
to obtain a curd-like solution. Mixture was stirred occasionally
and gently and was allowed to stay in a warm place overnight.
Liquid whey was allowed to drain, and milk solids containing
casein is obtained by filtration. This was used as cost-effective
alternate to ready-to-use casein powder. A typical milk paint
recipe was prepared by soaking casein protein obtained from milk
in cell-free fermented fungal dye broth. A homogeneous paste of
milk protein with cell-free pigmented broth was made. This was
then added to lime paste and stirred well till a homogeneous
suspension is obtained. All the other ingredients were then added
to the above paste and triturated well. Linseed oil was used as an

additive to milk paint for easing the painting application.
Oil-in-water emulsion paint was prepared using acacia, guar
gum, tamarind kernel powder and other plant-based natural
gums as natural emulsifiers, linseed oil as oil base and cell-free
fungal dye broth as water base.

Results and discussion
In search of bioactive metabolites, more than 500 fungal
strains which include around 200 endophytic strains obtained
from medicinal plants were isolated from the laboratory.
Around 60 fungal strains were producing biocolourants of
different shades. Most of the colour-producing isolates were
endophytes of dye-yielding plants. Morphological
characteristics, microscopic studies, biochemical tests and
molecular characterisation studies were carried out for

Figure 2 Representative pictures of isolated fungal dyes, testing and preparation of bio-paints
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promising colour producing strains. Results reveal that they
belong to genera Chaetomium, Talaromyces, Penicillium,
Acremonium, Aspergillus, Epiccocum, Curvularia, Phoma,
Alternaria and other pigment-producing fungi. The strains
which were considered to be safe based on the literature
reports were selected for their pigment production by
fermentation method. Static and submerged fermentations
were carried out. Most of strains tested gave brown, red,
yellow and black shades. Naturally occurring fungal pigments
are relatively stable and offer significant opportunity for colour
applications. Preliminary investigations indicate few of these
pigments may belong to polyketide, naphthaquinone and
anthraquinone pigments. Attempts were made to explore
various applications of fungal dyes as an alternate to synthetic
dye. Promising results were obtained for bio-crayons, bio-ink
and textile dyeing applications. Representative pictures of
isolation and fermentation production of microbial dyes are
shown in Figure 1.

Based on the observation of relative stability and fastness
in textile dyeing applications, their usage in natural paints
was thought of. Natural bio-paint recipes were prepared on

a small scale using cell-free coloured broth successfully.
Studies using cost-effective natural ingredients, low-cost
starch adsorbents and ion exchange chromatography to
improve the colour intensity and stability of pigment are in
progress. Increase in the hue strength was observed upon
concentration and downstream processing of pigment. Milk
paints were then prepared as per the protocols mentioned in
materials and methods. Milk lime paints were applied and
tested on to brick and cement surfaces without and with
natural primers. Ability of paints to retain on brick and
cement surfaces, colour fading, texture, moisture,
environmental effects, effect of pH of paint formulation,
effect of additives and other parameters were evaluated
qualitatively for two months. Surfaces were washed
thoroughly with water and soap solutions. Painted surfaces
also exposed to sun light. Following observations were
made. Initial painting trials were only partially successful
with lime paints using acacia as binder. Colour tint slightly
changed before and after addition of paint additives and
before and after applying on to the surface. It could be due
to changes in pH of final formulation because of

Figure 3 Representative pictures of application of bio-paints on brick, cement and cardboard surface
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co-additives or chelating properties of dyes or ingredients of
crude fungal broth. Few fungal metabolites when tested
were found to contain phenols, and few were found to
possess pH indicator properties and siderophore activity
(metal chelating properties) when tested with ferric chloride
and chrome azural assay as reported in the literature
(Alexander and Zuberer, 1991). Change in shades was
observed upon addition of metal ions to the fungal broths
exhibiting metal chelating properties and those possessing
phenolic substances. The advantage of this observation is
that wide range of hues can be obtained by addition of
metal ions within the permitted levels. Red-coloured broth
acquired brown shade after lime addition in most cases.
Representative pictures are shown in Figure 2.

Quality of painting improved with incorporation of linseed
oil in paint recipe and with surface coating after the lime and
milk paints were applied as primary coat. Art work paints were
prepared with Hibiscus floral and leaf gum, ladies finger
vegetable gum. Oil paints for interior and exterior surface were
prepared using acacia and other vegetable gums. Other
representative figures are shown in Figure 3.

Natural dyes in combination with natural ingredients or
green chemistry products of biotechnology can be explored for
bio-paint applications. In the process of our research work,
attempts were made to develop low-cost methods for
microbial screening, fermentation techniques and strain
maintenance. Encouraging results were obtained, further
fuelling our research interest in cost-effective bio-product and
bioprocess development. Two different research ideas relating
to microbial colourants from endophytes were combined with
possible usage of natural alternatives to synthetic paint
ingredients and were proposed in this eco-friendly
product-oriented research. We are happy to witness the
success of bio-painting applications of microbial pigments.
There is lot of scope for developing other product-oriented
research applications based on natural colourants in view of
market preferences and demand.

Conclusion

Our results indicate that microbes in general and fungi in
specific represent dependable source of variety of natural
colourants. Fungal dyes manufactured can evade inherent
environmental disposal problems of synthetic dyes and offer
significant opportunity as a colourant in paints. As a proof of
concept, fungal dyes are incorporated into natural milk paints.
Fungal colourants that are relatively more stable and robust
such as anthraquinones and dyes with siderophore properties
and pH indicator properties can better be explored as paint
colourants. Media in general, salt in specific, sampling source,
environmental conditions play a role in production of these
fungal dyes, suggesting microbial biodiversity studies can give
more hues. Cost-effective durable natural paints can be
prepared using selected stable fungal colourants with
commonly available natural ingredients using scientific
information based on history of paints. Authors feel that these
studies can be extended to other stable microbial and
plant-based colourants for preparation of natural paints of
different hues.
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