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Abstract 
Jute is an important natural cellulosic fibre with 

versatile applications. Coloration of any fabric 

improves look, feel and aesthetic appeal and market 

value of the fabric. Natural dyeing offers special 

advantages and significant opportunity for dying jute 

textiles. Around 60 fungal strains producing dyes of 

different shades were considered for the study. 

Fermentative production and textile dyeing 

applications of these fungal dyes were carried out 

initially with wool, silk and cotton and then extended 

to Jute. Rub fastness, color fastness to washing and 

light was carried out and was found to be satisfactory. 

Results suggest that fungi are potential sources of 

natural dyes, media and inducers: salt in specific, 

environmental conditions, sampling source play a role 

in production of fungal dyes. They produced a wide 

range of color shades with different mordents. 

Bleaching improved the dye uptake. Jute twine was 

double bleached with sodium hypochlorite and 

hydrogen peroxide for obtaining satisfactory white.  

 

Metal chelating effects of many of plant and microbial 

extracts and dyes were shown to possess various 

applications in inks and textile dyeing. Pre and post 

mordenting with metal ions improved the intensity of 

shades and its fastness characteristics. Based on 

metal chelating tests many of our fungal strains were 

secreting some kind of siderophores (low molecular 

weight, metal-chelating ligands) and organic acids. 

We claim strains with these properties can be better 

explored for textile dyeing applications.  
 
Keywords: Fungal dyes, Natural Dyeing, Jute Dyeing, 

Siderophores, Natural mordents. 
 

Introduction 
Jute is a long, soft, shiny vegetable fiber produced from 

plants in the genus Corchorus belonging to the family 

Sparrmanniaceae. It is the world's second most used eco-

friendly natural fiber after cotton with versatile 

applications. Jute fiber is very strong and composed of 

cellulose and lignin. Jute is also called "the golden fiber" 

and is branded as the “fiber for the future” for its high cash 

value. It is used for making diversified products such as 

carpet-backing cloth, burlap, hessian or gunny cloth, low 

value geo-textiles like blankets, decorative fabrics, gift 

articles, shopping hand bags and wall hangings. High value 

jute products include carpet, apparel, composites, 

decorative, upholstery furnishings, fancy non-woven 

products, decorative color boards etc. Jute twines of 

different qualities and thickness are used extensively in 

India for making packing cloth, carpets, preparation of 

finishing nets and various types of ropes 1, 2.  

 

The demand of Jute is increasing rapidly because of its 

environment friendly nature. The traditional excellence of 

craftsmen and artisans is reflected in a wide range of jute 

handicrafts of utility, decoration and novelty. There is 

bright scope for Jute yarn as traditional jute products are 

becoming more and more valuable and occupy a dominant 

share in both production and market3, 4. Coloration of any 

fabric improves look, feel and aesthetic appeal thereby the 

market value of the fabric, so is the case of Jute. At present 

synthetic dyes dominate the market and are predominantly 

used in the textile dyeing as they are relatively cheap, 

easily available because of existing technology for their 

manufacturing. Direct, sulphur, vat, acid, basic and reactive 

dyes are very popular for dyeing and printing of jute fibers 

for different end user requirements5, 6.  

 

There is an increased awareness of eco-friendly products 

and interest back in natural colors. They are generally 

environmentally friendly and have many advantages over 

synthetic dyes. There is a strong consumer demand for 

natural colors because of safety, toxicity, health; 

environment problems caused by those of synthetic colors. 

All the fabric colorants/dyes were of natural origin, prior to 

the mid-nineteenth century and were natural dyes7. Natural 

dyes are an attractive alternative for textile dyeing as they 

produce very uncommon, soothing and soft shades as 

compared to synthetic dyes8, 9. Natural dyes produce an 

extraordinary diversity of rich and complex colors as well 

as unexpected results, making them exciting to use. 

Naturally dyed yarns are full of pleasant surprises as well 

as being great motivators 10. 

 

Microorganisms have been used for a long time for 

production of molecules as diverse as antibiotics, vitamins, 

amino acids, enzymes, exopolysaccharides, siderophores, 

biosurfactants, texturizing agents and so on. Production of 

dyes by microorganisms dates back to 1983 when Ensley et 

al. reported indigo production using microorganisms11. 

There is a great interest in exploring microbial sources for 

production of colors because of the availability of large 
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scale fermentation technology.  Many species of Monascus, 
Penicillium, Curvalaia, Trichoderma, Alternaria, 

Rhodotorula, Bacillus, Haematococcus, Serratia, 

Achromobacter, Chromobacterium, Yarrowia and Phaffia 

are reported produce a number of pigments 12.  

 

Production of wide range colors of different shades 

associated with the microbial diversity is possible. They 

can be grown in controlled conditions independent of 

weather conditions. Fermentation studies such as easy 

manipulation of production conditions, media optimization, 

growth on cheap substrates, cost effective chromatographic 

and downstream processing techniques can maximize 

production and recovery of natural colors from microbial 

cells13, 14. Worldwide microorganisms from different 

environments are being investigated as sources of natural 

colors or pigments. Researchers continue to place emphasis 

on the strategies aimed at the isolation of strains which will 

overproduce biocolours. As nature is quite rich in several 

types of pigments such as napthaquinones, anthraquinones, 

tetrapyrroles, betalains, rubramines, flavanoids and 

carotenoids, there is a scope for isolating biocolors from 

nature  and use them as textile dyes as an alternative to 

synthetic colors12,15. Fungi are more ecological interesting 

source of pigments and their ability to produce rich and 

stable colorants such as anthraquinones offer significant 

opportunity for dyeing textiles16, 17.  

 

The production and evaluation of natural dyes and 

microbial pigments as textile colorants are investigated by 

many other researchers18-21. Mordents are chemicals that 

help improve the fastness and depth of color of the dye 

.They make the natural dyes to bond chemically with the 

cloth and prevent the color from either fading upon 

exposure to light or washing. The most commonly used 

mordents are the metallic salts of alum, chrome, iron and 

tin. Tannic acid is also commonly used in natural dyeing. 

The color shades of textile will vary depending on type and 

concentration of mordent, dye and dyeing method used7. 

Siderophores are low molecular weight, metal-chelating 

ligands produced by nearly all microorganisms22.Tannic 

acid is a catecholic type iron chelating siderophore. Iron-

tannate complexes have been used to color a vast array of 

woven and non-woven materials shades of black, grey, or 

brown, on such as silk, wool, skin, leather, and cellulosic 

materials such as cotton and flax23.  

 

Fungi synthesize a wide range of catecholate and 

hydroxamate siderophores and phenolic compounds. These 

have high affinity to ferric irons and for stable complexes24. 

This triggers the expectation that fungal siderophores can 

be explored for mordenting applications of textiles. 

Successful commercialization of various microbial dyes 

and pigments is reported in commercial, scientific and 

patent literature. Although there is successful 

commercialization of many microbial dyes for food, 

pharmaceutical and cosmetic applications in food, yet the 

exploration of fungi for textile dyeing applications 

production is very limited and extensive investigation has a 

promising future25.  

 

The fungal system can grow and produce color in large 

scale within a short period of time in a limited space. For 

industries microbial dyeing technology will be highly 

advantageous compared to higher plants26, 27. Dyeing of 

jute with natural dyes for improvement of color yield and 

other protection properties was carried out by few 

researchers28. Therefore an investigation was undertaken on 

textile dyeing applications of microbial dyes and their 

metabolites. Studies were carried out successfully with silk, 

wool, coir, cotton and jute.  

 

Material and Methods 
Soil samples and all plant materials used for isolation of 

fungi were collected from in and around Belgaum, 

Karnataka. Isolation of fungi from soil and plant material 

was carried as per standard protocols and by modified 

selective and enrichment microbiological techniques as 

mentioned in the Manual of industrial microbiology and 

biotechnology29. All the isolates were maintained and 

preserved on appropriate media as per standard protocols. 

Pure cultures were isolated by repeated sub culturing and 

were maintained on PDA Slants. Potato dextrose agar and 

sabroud dextrose agar media are used for maintenance of 

pure cultures of fungi. 

 

Isolation of Endophytic fungi: Endophytes from leaves 

stem and roots of authenticated plant material were isolated 

by following the protocol30, 33 with some minor 

modifications. Different surface sterilization methods were 

initially attempted with appropriate positive and negative 

controls. In brief, plant specimens were thoroughly washed 

and were surface sterilized by dipping in 70% ethanol for 2 

min followed by 5% sodium hypochlorite for 10 min and 

finally 70% ethanol for 1 min. Surface sterilized samples 

were washed thrice with sterile distilled water. The surface 

sterilized samples leaf and stem were cut into small 

segments and were placed on potato dextrose agar petri 

plates containing streptomycin sulphate solution               

(150 mgl-1). The Petri dishes were incubated for one week 

at 27˚C. The emerging fungal hyphae after inoculation 

were picked and transferred onto Potato dextrose agar 

(PDA) and sabouraud dextrose agar (SDA) plates for 

identification and preservation. Isolated fungi were 

identified on the basis of their morphological and 

microscopic studies using relevant taxonomic features 

mentioned in various standard manuals and with the help of 

local fungal taxonomists.  

 

Microbial cultivation and extraction of metabolites: 
Preliminary testing for the ability of screened organisms to 

produce diffusible pigments was carried out. Briefly pure 

isolated organisms were inoculated into either 10, 30ml 

culture tubes containing suitable media and subjected to 

either static or shaking conditions. Selected promising 

fungi shown to produce pigments were grown in 250 ml 
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Erlenmeyer flasks containing 100 ml Potato Dextrose 

Broth. The flasks were incubated at 28 ± 2°C for 2 weeks 

for submerged cultivation with periodical shaking at 150 

rpm. The fungal culture was filtered to remove mycelium. 

Textile dyeing applications was carried out using crude 

broth using standard natural dyeing protocols. Fungal DNA 

isolation was done using Biopure fungal DNA extraction 

kit. PCR of ITS region was carried out using standard 

protocols PCR reagents and kits obtained from Jonaki, 

BRIT, CCMB, Hyderabad. Preliminary morphological and 

microscopic characterization was carried out at our lab with 

the help of fungal taxonomy experts. Morphological and 

molecular characterization of promising isolates is in 

progress. 

 

Fe2+ ion chelating activity: The Chrome Azurol S (CAS) 

chemical assay was used to detect the iron chelating 

siderophore activity 31. The ternary complex chrome azurol 

S, iron (III) and hexadecyl trimethyl ammonium bromide 

serves as a color indicator for detection of iron chelating 

activity. Compounds with metal chelating activity 

(Siderophore activity) remove the iron from the dye 

reagent, as a result color turns from blue to orange.  An 

orange halo around the microbial colonies on blue agar 

plates is indicative of siderophore excretion by that strain. 

Supporting standard Fe2+ chelation assays were also carried 

out using EDTA as a positive control. Briefly, the cell free 

fungal dye extracts was added to ferrous sulfate solution 

(12.5 μM) and the reaction was initiated by the addition of 

ferrozine (75 μM). The mixture was shaken vigorously and 

left standing for 20 min at room temperature. Then the 

absorbance was taken at 562 nm32. 

  

Scouring and bleaching of Jute twine: Grey jute twine 

fibers were washed for 30 min with non-ionic detergent in 

hot water and then were washed thoroughly in hot water, 

cold water in succession. They were then neutralized with 

acetic acid followed by cold washing and air-dried at 

ambient temperature. Bleaching of both original grey and 

scoured jute twine was done in a closed vessel with 10% 

sodium hypochlorite solution using sodium carbonate to 

maintain alkaline pH at room temperature for 1 hour. This 

was followed by bleaching by treating the jute materials 

with a solution in hot water bath maintained at around 800 

C containing 6% hydrogen peroxide, 1% trisodium 

phosphate , sodium hydroxide (2% caustic soda) and 2% 

sodium carbonate and 1% soap at followed by 24 hours 

storing at room temperature. 

 

Dyeing of textile fibers: Standard protocols with minor 

modifications mentioned in the book handbook of natural 

dyes for industrial applications were followed.7 Ferrous 

sulphate, stannous chloride and copper sulphate were used 

at permissible levels as mentioned in natural dyeing 

protocols. Fungal dye broth was used as both dyeing and 

mordenting,  

Mordant and dyeing order and combination: The 

following mordanting and dyeing combinations were used 

by treating native and bleached jute as per natural dyeing 

protocols: 

1. Cell free fungal dye broth followed by metal salt 

mordent (ferrous sulphate/ stannous chloride/ Copper 

sulphate) followed by tannic acid. 

2. Metal salt mordent followed by Cell free fungal dye 

broth followed by tannic acid. 

3. Tannic acid followed by Metal salt mordent and then 

by Cell free fungal dye broth. 

 

Dyeing of native and bleached jute twine samples was done 

with natural cell free fungal dye broth in both acidic and 

alkaline conditions. Each treatment was done for about 90 

minutes at 900C. After dyeing, the dyes fabrics were 

washed thoroughly in cold water and then soaped with 

2ml/L non-ionic surface active agent at 500C for 30 

minutes followed by normal washing and drying. 

Evaluation of Physico-chemical properties was done 

qualitatively and color comparison was done by visual 

evaluation as objective of the study was to explore 

possibility of using fungal siderophores and dyes for jute 

textile dyeing. 

 

Results and Discussion       
In search of bioactive compounds we have isolated more 

than 500 fungal strains from soil and plant and endophytic 

sources using standard microbiological isolation 

techniques. Around 60 fungal strains were producing 

biocolours of red, brown, yellow and black shades and 

were considered for the study. These include endophytes of 

medicinally important plants and natural dye yielding 

plants. Endophytic isolates from medicinal plants and 

natural dye yielding plants were of particular interest. Few 

promising isolates were obtained from whitania, 

nothophyditis, gymnema, harda, marigold and henna. They 

were secreting dyes in to the medium. Anthraquinones are 

reported to be interesting secondary metabolites produced 

from fungi significant antibiotic, anti-protozoal and 

cytotoxic activities.  

 

Fungi  and lichens are known to produce anthraquinones 

and their derivative based dyes .They have been used for 

textile dyeing from ancient times and are reported to be 

stable to light and washing. Preliminary chemical and 

spectral investigations reveal that few of fungal strains are 

secreting polyketide and anthraquinone pigments. Static, 

submerged, batch and fed batch modes of fermentations 

were used for fermentative production of and fungal dyes 

and metabolites. Submerged and fed-batch fermentation 

gave more yields. Various isolation and fermentation 

parameters such as production media, temperature, oxygen 

supply conditions, addition of inducers such as salt, 

sampling source were studied.  

 

Results suggest that sampling source, media in general salt 

in specific, environmental conditions play a role in 

production of microbial pigments suggesting microbial 

biodiversity studies can give more hues. Representative 
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pictures of isolation and fermentation production of fungal 

metabolites and screening of siderophores and ph indicators 

are shown in figure1a. 

 

Based on the observations of successful textile dyeing 

applications of natural dyes from plant and microbial 

sources to wool and silk, studies were extended to plant 

fibers cotton and jute. It is said that natural dyes work best 

with natural fibers such as jute. Any product must have 

attractive look to have customers' attraction so is the case 

of diversified and value added jute products, apparels and 

furnishing textiles. A simple, cost effective eco- friendly 

process of bleaching and subsequent coloration of bleached 

jute fabric in different shades is needed for enhancing the 

market value. It is said that processing of jute is difficult 

due to its complex chemical structure and bleaching of jute 

is to be done in such a way that it produces sufficient 

whiteness without damaging fiber strength. As it is 

dependent on the method, nature of bleaching agent, pH 

and time, literature inputs were taken and different methods 

of bleaching were attempted.  

 

Based on satisfactory results sequential double bleaching 

with 10% sodium hypochlorite and 6% hydrogen peroxide 

was used. Representative picture of jute twine to whiteness 

is shown in figure1c.    Strength of fibers although reduced 

was found to be satisfactory. A comparative study of 

mordenting and dyeing ability of native jute twine, 

scorched and bleached jute was made. Mordenting and 

dyeing application of cell free boiled fungal broth 

containing siderophore and dye metabolite was carried out 

using standard protocols as per the plan and order 

mentioned above.  

 

The following observations were made from mordenting 

and dyeing experiments. Fungal dye uptake was observed 

by both native and bleached and different shades were 

obtained. Pre and post mordenting with metal ions 

improved the intensity of shades and its fastness 

characteristics. This was in correlation with the screening 

results of metal chelating activity of fungal broth used. A 

significant color change of fungal broth samples occurred 

when treated with ferric chloride. Tannic acid is most 

commonly used mordent in natural dyeing and is a catechol 

type iron chelating siderophore. Iron-tannate complexes 

have been used in inks and to color woven and non-woven 

materials to obtain shades of black, grey, or brown on 

textiles.  

 

Many fungal strains isolated demonstrated metal chelating 

mostly hydroxamate type. Secretion of metal chelating 

compounds was prominent with endophytic strains. Many 

of the strains produced some kind of organic acid as 

evident from pH at the end of fermentation. Metal chelating 

effects of many of plant and microbial based extracts and 

dyes were reported in the literature. Independently these 

extracts were shown to possess textile dyeing application. 

Metal chelating effects of Tannic acid, Gallic acid and 

other phenols has been well exploited well in textile 

dyeing. Based on the universal Chrome Azurol S (CAS) 

chemical assay, FeCl3 test and other metal chelating test, 

many of our fungal strains were secreting some kind of 

siderophores and organic acids. Representative pictures are 

shown in figure 1b. Many of the dye yielding plants 

reported for successful natural dyeing application were 

shown to possess metal chelating properties. This indicates 

that siderophore containing fungal broth can be used as 

natural mordenting. Byproducts of fermentation industry of 

safe strains with this property can be used for natural 

mordenting for value addition.  

 

An attempt fermenting dye yielding leaves of a social 

forestry plant with one metal chelating fungal strain gave a 

clue that with biotechnological intervention and 

fermentation of agro-residual material, simultaneous 

natural dyeing can be done without the need for mordents. 

Change in fungal broth color used and shade of textile 

material obtained was observed. Different shades of 

colored jute twine were obtained using   biocolours of red, 

brown, yellow and black shades. These studies utilized 

native treated unprocessed fermented broth in an attempt to 

develop cost effective natural dyeing and show the proof of 

concept that fungal metabolites can effectively be used as 

mordents and dyes.  

 

However we feel further cost effective purification of 

fungal dyes can yield better and more visible distinct shade. 

After the natural dyeing process the testing of the fabric is 

done to test the fastness of color. Washing and rubbing 

fastness test were carried out. Crude broth itself without the 

need of additional mordent showed the dyeing ability.  

Further the dyed cotton and silk fabrics did not change the 

color in soap washing and sunlight drying. Dyeing 

applications were carried out with cell-free broth. Dyes can 

be further concentrated and purified by conventional 

downstream processing which may improve the stability 

and shade of dye.  Representative picture of pre, post 

natural dyeing of fungal dyes and other research relevant 

pictures are shown in figure1. Similar results were obtained 

with cotton and coir. 

 

At present synthetic colors dominate textile dyeing 

applications in the market as they are relatively cheap and 

easily available. Percentage usage of natural dyes is very 

nominal mostly confined to cottage sector by traditional 

artisans, enthusiasts and small entrepreneurs. Availability 

of different shades and economy of pigment production, 

awareness of usage of natural dyes for various applications 

are major constraints for success of natural dyes. Nature is 

rich in vide variety of natural colors. Microbes are potential 

sources of natural colorants. Worldwide microorganisms 

from different environments are being investigated as 

sources of natural colors or pigments.  

 

There is a great interest in exploring microbial sources for 

production of colours because of reported stability of the 
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pigments produced and the availability of large scale 

cultivation technology. Successful commercialization of 

many food grade pigments is already reported. As currently 

used technology for the microbial pigment production on 

an industrial scale is costly, there is need to develop cost 

effective fermentation technology that produces natural 

colours. Also there is need to highlight and demonstrate the 

uses and applications of microbial biocolours as 

commercially competent alternate of synthetic dyes.  

 

Conclusion 
Our results indicate microorganism’s general fungi and 

endophytes preferably from dye yielding plants in specific 

are potential sources of variety of natural colors and metal 

chelating compounds. As promising results and relative 

success were obtained with a small number of trials a large 

scale screening of endophytes from wide range of dye 

yielding plants and locations may lead to wide range of 

hues. Nature is rich in wide variety of natural dyes together 

with microbial dyes from GRAS (generally regarded as 

safe organisms) which can successfully be explored as 

textile colorants. Naturally occurring anthraquinone 

pigments offer significant opportunity for dyeing textiles. 

They can be manufactured from fungi by fermentation 

which will evade inherent environmental disposal 

problems.   

 

Jute and Cotton which are considered difficult to be dyed 

can be stained with fungal dyes although a strong affinity to 

fibers of animal origin was observed and mordents help in 

improving the fastness. The fungal dyes with different  

metallic mordant like copper, iron and tin developed color 

variation from yellow, grey, brown, blue, green and black 

shades. Pre/post mordenting, concentration of mordents, 

time, temperature and process had influence on dyeing. 

Therefore fungal metabolites having metal chelating 

properties (siderophore activity) or strains secreting 

compounds like poly-phenols which react with ferrous and 

other metal ions commonly used in textile dyeing could be 

used as non metallic mordents in the line of iron-tannate 

combination for successful textile dyeing application.  

 

 

 
Figure 1: Representative pictures of jute textile dyeing application of fungal dyes and siderophores. 
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