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Abstract
The article highlights the recent trends in textile printing. Silk microstructures and the yellowing mechanism have been 

investigated to develop laser eco-printing technology for silk patterns (SLEP). Reddish brown pigment has been extracted 
from dry mycelium of Alternaria alternata in methanol and then evaluated for dyeing efficacy on cotton fabrics. In yet another 
work attention has been directed towards preparation and characterization of Nano-Keratin Based Binder (NKBB) from cheap 
renewable natural resources, namely coarse Egyptian wool or feather. The prepared NKBB is utilized as a biodegradable, 
environment-friendly and relatively cheap binder in textile pigment printing of polyester, pure polyacrylic, viscose, polyester/
viscose, and polyester/acrylic fabrics.
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Introduction
Recently the use of natural dyes on textile materials has been 

attracting more and more scientists due to the wide viability of 
natural dyes and their huge potential, in spite of the better perfor-
mance of synthetic dyes [1-5]. However, the limitation of natural 
colourants is their poor fastness, limited shades and low brilliancy 
on the dyed textile. The popularity of raw silk, a natural fibre often 
referred to as the queen of fibres, is rivaled by man-made, syn-
thetic, and other functional fibres. However, silk fabrics are still 
widely favored by consumers because of their unique character-
istics, such as their elegance and excellent texture [6-11]. Nano 
particles technology is known to be a suitable tool to improve 
physical properties of conventional textiles in areas such as flame 
retardancy, anti-infrared, dyeability, soil resistance, water repel-
lency, antimicrobial properties, and strength [12-16]. Nano sized 
materials can be prepared by several physic- chemical methods 
such as vapour phase reaction, chemical vapour deposition, inert 
gas condensation, laser ablation, plasma spraying, spray conver-
sion and sputtering.

Printing with Natural Pigments
It has been well known that apart from a variety of plants 

and animals, microorganisms also produce pigments [17-21]. Re-
cently, there has been increasing interest in using micro-organisms 
as a colour source since the cost efficiency, labour, extensive land 
requirement and use of expensive solvent for extraction are higher 
in plant materials. In nature, colour/pigment production occurs in 
certain algae, fungi, bacteria and small crustaceans. Microorgan-
isms produce various pigments like carotenoids, melanins, flavins, 
quinones, prodigiosins and more specifically monascins, violacin 
or indigo [22]. Secondary metabolites from microbes can be uti-
lized for industrial applications and leather dyeing [23]. Microbes 
have advantages of versatility and productivity over higher forms 
of life in the industrial-scale production of natural pigments and 
dyes. Also most of these pigments are reported to have antimicro-
bial properties which makes their use very lucrative. Similar to 
plants, there is a long history of the utilization of fungi by mankind 
as remedies in everyday life. The Mayans used fungi to treat intes-
tinal ailments nearly 3000 years ago [24-28]. The bio- transforma-
tion by fungi has been used for food production since Neolithic 
times. The earliest types of fermented food were beer, wine and 
leavened bread, followed by the early Chinese who produced fer-
mented soy foods. Various studies confirm that the pigments pro-
duced from Monascus purpureus, Emericella spp. and Penicillium 
spp. pose no toxic effects and the pigments are biodegradable and 
contain negligible amount of phenolic component [29-33]. The ap-
plication of fungal pigments in dyeing of cotton, silk and wool 
have been reported in several studies [34]. Fungi are rarely used 
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in natural dyeing, even though some species are known to possess 
stable colourants. The biodegradability and non-toxicity of the 
fungal dyes which are diverse in structure and perform functions 
that are not always known is also confirmed from several previous 
studies [35,36]. However, dyes from fungus or the utilization of 
fungal pigments for textile applications is fairly investigated. The 
genus Alternaria contains 300 accepted species that widely occur 
in soil and organic matter. There are several reports on the diverse 
bioactivity of the wide assortment of secondary metabolites pro-
duced from the cosmopolitan, saprophytic and endophytic fungi A. 
alternata. The potential applications of Alternaria metabolites as 
antitumor agents, herbicides, and antimicrobials as well as other 
promising bioactivities have led to considerable interest for diver-
sified industrial applications [37]. However, very limited informa-
tion is available on the utilization of pigments from A. alternata 
in textile applications. The pigment producing fungus A. alternata 
is grown in maize grain broth maintained at pH 6. In the present 
work, the reddish-brown pigment of Alternaria alternata has been 
extracted for its substantivity in dyeing and painting of selected 
textile fabrics. The fabric properties such as colour fastness and 
antimicrobial activity are also ascertained.

It is inferred from the study that pigments from microbes 
can serve as safer alternatives for textile dyeing industries. The 
pigments from fungus A.alternata can be utilized as safe textile 
dyes on cotton [38]. The culture conditions can be optimized to get 
maximum pigment production. The fermentation conditions can 
be standardized so that the dyes can be produced at commercial 
scale in eco-friendly manner. These dyes can be applied on cotton 
with good to excellent colour fastness to perspiration and rubbing. 
This study serves as first report on the dyeing efficacy of reddish 
brown pigments of A. alternata on cotton fabrics and thus provides 
a scope for further studies in the above to obtain and elucidate a 
wide range of secondary metabolites for application in other in-
dustries.

Pigment Printing with Nano Keratin Binder
In some textile finishing applications, nano particles can 

change surface properties and also give different functions to the 
textile material [39]. The nano sized particles offer a larger surface 
area compared to bigger particles and also being in the nano size 
the particles are transparent. Hence they do not alter the original 
colour or the brightness of either the product containing the nano 
particles or the textile substrates. Moreover, having large surface 
area to volume ratio, nano particles are easily attached to the fabrics, 
and have increased functional durability imparted by the particles. 
Also use of nano particles does not affect the breathability and 
hand feel of the textile. 

 Pigment printing is not only the oldest, but likewise the 
easiest printing method as far as ease of application is concerned. 

More than 80% of the printed goods are based on pigment printing 
due to its obvious advantages such as versatility and ease of near 
final print at the printing stage itself [40].

Pigment printing differs from other methods of printing 
in that the colour is made by finely ground insoluble pigments 
which have no affinity for the fibre [41]. Unlike printing with fibre 
affinitive dyes, the pigment is fixed to the fabric by a binder which 
adheres to the fibre and forms a continuous film on the fabric 
enclosing the pigment particles [42].

Binders are high molecular weight film forming agents. 
They are present initially as aqueous polymer solutions (dissolved 
binders) or aqueous polymer dispersions. Aqueous binder 
dispersions are the most common formula of binders 10. Binders 
employed in pigment printing of textile are polymer or copolymer 
of unsaturated monomer such as ethyl acrylate, butyl acrylate, 
styrene, acrylonitrile, vinyl acetate, butadiene, etc. [43,44].

Keratin is a natural polymers of high relative molecular 
weight. They are very widespread in nature, being essential 
components of animal and plant tissue. Like other proteins, the 
basic structural units of proteins are α-amino acids, which have the 
general formula: H2N-CH (R)-COOH [45]. It has been reported 
that the mass spectra of the keratinous materials clarify that the 
molecular mass of soluble keratin exceeds 2 kDa and the number 
of amino acid residues along any oligo peptide chain is at least 20 
amino acid residues [46].

In the present study, keratin (nano-sized) is prepared from 
cheap renewable natural resources using simple and environment-
friendly process. The prepared nano-keratin has been utilized as 
a binder in pigment printing of polyester, poly acrylic, viscose, 
viscose/polyester, and viscose/poly acrylic fabric, to replace the 
commercially available binder which is highly expensive and en-
vironment unfriendly imported one.

Coarse wool and feathers can be solubilized in dilute solu-
tions of alkali metal hydroxides in presence of swelling and reduc-
ing agents without severe degradation of the keratin macromole-
cules. The solubilized keratin is precipitated in a coagulating bath, 
and the precipitate is collected by filtration with polyester cloth. 
The precipitate is dried overnight and grounded to the nano-sized 
scale [47]. The nano-keratin obtained can be used as a binder in the 
process of the pigment printing. The data of the colour strength as 
well as fastness properties of the printed fabric with the Nano-Ker-
atin Based Binder (NKBB) and the Commercial Binder (CB) are 
comparable to each other. Mixing of NKBB and CB avoids some 
disadvantages of the CB and reduces the stiffness of the printed 
fabrics with the CB. It is also noticed that using gluterdialdhyde as 
a cross-linker gives lower colour strength and fastness properties 
than in its absence, so that, nano-keratin based binder could be 
used in pigment printing process without using cross-linker.
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Eco Printing with Laser Technology
Many silk fabrics have interesting or colourful designs that 

make them beautiful and lively. To date, such patterns can be creat-
ed using methods such as hand painting, colour printing, spraying, 
weaving, or embroidery [48-54]. Each of these methods has its 
own advantages. For example, hand painting can produce unique, 
colourful patterns, whereas weaving can produce highly reproduc-
ible patterns at a high production speed. However, the common 
feature of each method is the need for dye-all of these methods 
require the dyeing of raw silk or fabrics or the spraying of dye onto 
silk fabrics. Therefore, the use of dye not only makes fibre pro-
duction processes more complex and costly but also makes these 
processes more harmful to the environment and even to human 
health [55,56].

Recently, the researchers proposed an innovative concept 
involving Heat-Induced Eco-Printing (HIEP) on ordinary paper 
without the use of toner or ink [57-59].

This technology uses the yellowing discoloration of plant 
fibres and eliminates the environmental pollution caused by the 
ink used in the printing industry [60]. By testing and analyzing the 
pyrolysis volatiles of printing paper, they proved that the volatiles 
produced after HIEP did not include any carcinogens, and hence, 
HIEP was found to be an environment friendly technology [61-63].

Carbonized microstructures are divided into bar-shaped 
clots and sludge materials with small holes. The former is created 
by the initial pyrolysis (melting) of raw silk on the fabric surface; 
and the latter are the combined result of the development of the 
former during in-depth printing. In this study, a new Silk Laser 
Eco-Printing (SLEP) technology based on heat-induced inkless 
eco-printing has been developed. This paper presents a compre-
hensive exploration of the microstructure produced by SLEP, its 
Thermo-Gravimetric (TG)/pyrolysis properties, the yellowing dis-
coloration mechanism, and printing effects.

The carbonized microstructures obtained following SLEP 
can be divided into bar-shaped clots and sludge materials with 
small holes. The former is generated by the initial melting of raw 
silk on the surface of silk fabric; the latter are the combined result 
of the development of the former along the vertical and horizontal 
directions and integration during in-depth printing.

The TG/pyrolysis properties of silk fabric under different 
atmospheres have been investigated in terms of the chemical com-
position and structure of the raw silk. In the TG curves, silk enters 
a rapid weight loss stage beyond 280°C, and the appearance of a 
critical point is determined by the composition and structure of raw 
silk. The pyrolysis speed and extent of weight loss are greatly af-
fected by the heating time and oxygen content. Therefore, printing 
effects can be achieved by setting reasonable printing parameters.

Silk fabric patterns printed by SLEP exhibit yellow chroma-
ticity with 10% lightness, and their boundaries are clear and dis-
tinct [64]. Carbonization primarily occurs on the surface of the silk 
fabric. Due to the high density of the laser energy used, the fibrous 
proteins of the irradiated silk fabric melt immediately and carbon-
ize at a high temperature regardless of their chemical composition 
or higher-order structures. Differences are observed in the degree 
of carbonization of fibrous proteins under different SLEP param-
eters; however, these differences are not essential distinctions and 
occur on the surface of the silk fabric. Thus, good printing effects 
can still be obtained. The technology is feasible and is likely to be 
developed into a new method for forming silk patterns.

Conclusion
Shade of Sienna is obtained on cotton. Dyed cotton fabric 

has recorded a grey scale rating of 2-3 and 4-5 for colour fastness 
and multi fibre staining respectively. Maximum dye absorption of 
63% has been observed on cotton fabrics. The antimicrobial prop-
erty of dyed fabric is also tested. Potent antimicrobial activity is 
observed against Staphylococcus epidermis (42 mm) and Strepto-
coccus pyogenes (39 mm). The pigment extract is found not only 
suitable for dyeing but printing as well. The chemical composi-
tion and structure of the thermogravimetry/pyrolysis features of 
raw silk under different atmospheres have also been investigated. 
The yellowing mechanism of silk after SLEP and the feasibility of 
SLEP are demonstrated by analyzing its thermogravimetry/pyroly-
sis properties. Silk fabric patterns printed by SLEP exhibit yellow 
chromaticity with 10% lightness, and their boundaries are clear 
and distinct. Different concentrations of the prepared NKBB as 
well as its mixture with commercially produced one are used in the 
pigment printing paste. The colour strength of the printed fabrics 
as well as their fastness properties to light, washing, and perspi-
ration are evaluated. The effect of the used binder on the bend-
ing stiffness of the printed fabrics is also assessed. Results show 
that the NKBB gives almost the same colour strength and fastness 
properties as the commercial binder with improved stiffness of the 
printed samples in relation to that printed with commercial one.

References
Krishnamurthy KV, Siva R, Senthil TK (2002) Natural dye-yielding 1.	
plants of Shervaroy Hills of Eastern Ghats. Proceedings National 
Seminar on the Conservation of the Eastern Ghats (Environment Pro-
tection Training and Research Institute, Hyderabad 151-153.

Gupta GS, Shukla SP, Prasad G, Singh VN (2008) China clay as an 2.	
adsorbent for dye house wastewaters. Environ Technol 13: 925-936.

Shukla SP, Gupta GS (1992) Toxic effects of omega chrome red ME 3.	
and its treatment by adsorption. Ecotoxicol Environ Saf 24: 155-163.

Sokolowska-Gajda J, Freeman HS, Reife A (1996) Synthetic dyes 4.	
based on environmental considerations. Part 2: Iron complexes for-
mazan dyes. Dyes Pigm 30: 1-20.

https://www.researchgate.net/publication/274385386_Natural_dye-yielding_plants_of_Shervaroy_Hills_of_Eastern_Ghats
https://www.researchgate.net/publication/274385386_Natural_dye-yielding_plants_of_Shervaroy_Hills_of_Eastern_Ghats
https://www.researchgate.net/publication/274385386_Natural_dye-yielding_plants_of_Shervaroy_Hills_of_Eastern_Ghats
https://www.researchgate.net/publication/274385386_Natural_dye-yielding_plants_of_Shervaroy_Hills_of_Eastern_Ghats
https://www.tandfonline.com/doi/abs/10.1080/09593339209385228
https://www.tandfonline.com/doi/abs/10.1080/09593339209385228
https://www.ncbi.nlm.nih.gov/pubmed/1280581
https://www.ncbi.nlm.nih.gov/pubmed/1280581
https://www.sciencedirect.com/science/article/pii/0143720895000488
https://www.sciencedirect.com/science/article/pii/0143720895000488
https://www.sciencedirect.com/science/article/pii/0143720895000488


Citation: Gokarneshan N (2018) Advances in textile printing. I J Textile Sci Eng: IJTSE-114. DOI: 10.29011/IJTSE-107/100014

4 Volume 2018; Issue 01

Samanta AK, Agarwal P (2009) Application of Natural Dyes on Tex-5.	
tiles. Indian J Fiber Text Res, 34: 384399.

Kothari VK, Sengupta AK, Srinivasan J, Goswami BC (1989) Air-Jet 6.	
Texturing of Cotton-Filament Composite Yarns for Better Apparel 
Comfort. Text Res J, 59: 292-299.

Matsumoto Y, Tsuchiya I, Toriumi K, Harakawa K (1991) Silk/Cotton/7.	
Scoured Silk Core Twin Spun Yams. Text Res J 61: 131-136.

Ke GZ, Xu WL, Yu WD (2008) Indian J Fibre Text Res 33: 185. 8.	

El-Molla MM, El-Khatib EM, El-Gammal MS, Abdel-fattah SH (2011) 9.	
Nanotechnology to improve coloration and antimicrobial properties of 
silk fabrics. Indian J fiber Text Res 36 266-271. 

Venkatraman K, Govindarajan S, Lingasamy K, Balakrishnan M, Thiru-10.	
manasekaran D, et al. (2014) Indian J Fabre Text Res 39: 172. 

Das D, Bhattacharya S, Chandra M, Sankar R (2006) Dyeing of Wool 11.	
and silk with Punica granatum. Indian J Fiber Text Res 31: 559-564.

Carosio F, Laufer G, Alongi J, Camino G, Grunlan J C (2011) Layer-by-12.	
layer assembly of silica-based flame retardant thin film on PET fabric. 
Polym Degrad Stab 96: 745-750. 

Vigneshwaran N, Kathe AA, Varadarajan P , Nachane RP, Balasubra-13.	
manya RH (2007) Functional finishing of cotton fabrics using silver 
nanoparticles. J Nanosci Nanotechnol 7: 1893-1897. 

Wong YWH, Yuen CWM, Leung MYS, Ku SKA, Lam HLI (2006) SE-14.	
LECTED APPLICATIONS OF NANOTECHNOLOGY IN TEXTILES. 
AUTEX Res J 6: 1. 

Sawhney APS, Condon B, Singh KV, Pang SS, Li G, et al. (2008) 15.	
Modern Applications of Nanotechnology in Textiles. Text Res J 78:731-
739. 

Lee HJ, Yeo SY, Jeong SH (2003) Antibacterial effect of nanosized 16.	
silver colloidal solution on textile fabrics. J Mat Sci 38: 2199-2204. 

Lauro GJ (1991) A primer on natural colors. Cereal Foods World 36: 17.	
949.

Masahiro KO, Mine K, Taya M, Tone S, Ichi T (1994) J Ferment Bioeng 18.	
77: 103.

Kim JK, Park SM, Lee SJ (1995) Novel antimutagenic pigment pro-19.	
duced by Bacillus licheniformis SSA3. J Microbiol Biotechnol 5: 48-
50.

Kim CH, Kim SW, Hong SI (1998) Production of red pigment by Ser-20.	
ratia sp. KH-95 and its cultural properties. Korean J Biotechnol Bioeng 
13: 431-437.

Kim CH, Kim SW, Hong SI (1998) Korean J Appl Microbiol Biotechnol 21.	
26: 283.

Dufosse L (2009) Pigments Microbial. Encyclopedia Microbiol 3: 457-22.	
471.

Velmurugan P, Kamala-Kannan S, Balachandar V, Lakshmanaperu-23.	
malsamy P, Chae JC, et al. (2010) Natural pigment extraction from 
five filamentous fungi for industrial applications and dyeing of leather. 
Carbohydrate 79: 262-268.

Strobel G, Daisy B, Castillo U, Harper J (2004) Natural products from 24.	
endophytic microorganisms. J Nat Prod 67: 257-268.

Martinkova L, Jzlova P, Vesely D (1995) J Appl Bacteriol 79: 609.25.	

Youssef MS, El-Maghraby OMO, Ibrahimm, YM (2008) Mycobiota and 26.	
Mycotoxins of Egyptian Peanut (Arachis hypogeae L.) Seeds. Int J 
Botany 4: 349-360.

Daniel JD, Silvana TS, Plinho FH, Adriano B (2007) Production of ex-27.	
tracellular ȕ-glucosidase by Monascus purpureus on different growth 
substrates. Process Biochem 42: 904-908.

Alvarez RML, Lopez OL, Lopez CJN, Rodriguez E, Martinez MJ (2002) 28.	
Appl Environ Microbiol 685: 5860. 

Cheng Y, Schneider B, Riese U, Schubert B, Li Z (2004) Farinosones 29.	
A−C, Neurotrophic Alkaloidal Metabolites from the Entomogenous 
Deuteromycete Paecilomyces farinosus. J Natural Products 67: 1854-
1858.

Nagia FA, El-Mohamedy RSR (2007) Dyeing of wool with natural an-30.	
thraquinone dyes from Fusarium oxysporum Dyes Pigm 75: 550-555.

Perumal K, Stalin V, Chandrasekarenthiran S, Sumathi E, Saravana-31.	
kumar A (2009) Extraction and characterization of pigment from Scle-
rotinia sp. and its use in dyeing cotton. Text Res J 79: 1178-1187.

Santis DD, Moresi M, Gallo AM, Petruccioli M (2005) Assessment of 32.	
the dyeing properties of pigments from Monascus purpureus. J Chem 
Technol Biotechnol 80: 1072-1079.

Calvo AM, Wilson RA, Bok JW, Keller NP (2002) Relationship between 33.	
Secondary Metabolism and Fungal Development. Microbiol Molecular 
Biol Rev 66: 447-459. 

Jingfeng L, Linyun F, Youliang P, Ligang Z (2013) Metabolites from 34.	
Alternaria Fungi and Their Bioactivities. Molecules 18: 5891-5935.

Santis DD, Moresi M, Gallo AM, Petruccioli M (2005) Assessment of 35.	
the dyeing properties of pigments from Monascus purpureus. J Chem 
Technol Biotechnol 80: 1072-1079.

Calvo AM, Wilson RA, Bok JW, Keller NP (2002) Relationship between 36.	
Secondary Metabolism and Fungal Development. Microbiol Molecular 
Biol Rev 66: 447-459. 

Jingfeng L, Linyun F, Youliang P, Ligang Z (2013) Metabolites from 37.	
Alternaria Fungi and Their Bioactivities. Molecules 18: 5891-5935.

Sagarika D, Perumal K (2015) Reddish brown pigments from 38.	 Alter-
naria alternata for textile dyeing and printing. Indian Journal of Fibre & 
Textile Research 40: 315-319.

Patel BH, Chattopadhyay DP (2007) Nano-particles & their uses in 39.	
textiles. Indian Text J 118: 23-31. 

Iqbal M, Mughal J, Sohail M, Moiz A, Ahmed K (2012) J Anal Sci Meth-40.	
ods Instrument 2: 87. 

Bishnoi K, Balakrishnaiah B (1999) Effect of chemical pretreatments 41.	
on the color yield of pigment printed fabrics. Colourage 46: 20. 

Jassal M, Bajaj P (2001) Developments in acrylic-based thickeners as 42.	
substitute of emulsion thickeners for pigment printing. Indian J Fiber 
Text Res 26: 143-155.

Schwindt W, Faulhaber G (1984) The Development of Pigment Print-43.	
ing Over the Last 50 Years. Rev Prog Color 14: 166-175.

Iqbal M, Mughal J, Sohail M, Moiz A, Ahmed K (2012) J Anal Sci Meth-44.	
ods Instrument 2: 87. 

https://pdfs.semanticscholar.org/fbec/006a749312db0b3a32fb4063a7b8928aa8a3.pdf
https://pdfs.semanticscholar.org/fbec/006a749312db0b3a32fb4063a7b8928aa8a3.pdf
https://www.researchgate.net/publication/240720931_Air-Jet_Texturing_of_Cotton-Filament_Composite_Yarns_for_Better_Apparel_Comfort
https://www.researchgate.net/publication/240720931_Air-Jet_Texturing_of_Cotton-Filament_Composite_Yarns_for_Better_Apparel_Comfort
https://www.researchgate.net/publication/240720931_Air-Jet_Texturing_of_Cotton-Filament_Composite_Yarns_for_Better_Apparel_Comfort
https://www.researchgate.net/publication/249784257_SilkCottonScoured_Silk_Core_Twin_Spun_Yams
https://www.researchgate.net/publication/249784257_SilkCottonScoured_Silk_Core_Twin_Spun_Yams
http://nopr.niscair.res.in/bitstream/123456789/12650/1/IJFTR 36%283%29 266-271.pdf
http://nopr.niscair.res.in/bitstream/123456789/12650/1/IJFTR 36%283%29 266-271.pdf
http://nopr.niscair.res.in/bitstream/123456789/12650/1/IJFTR 36%283%29 266-271.pdf
http://nopr.niscair.res.in/bitstream/123456789/24591/1/IJFTR 31(4) 559-564.pdf
http://nopr.niscair.res.in/bitstream/123456789/24591/1/IJFTR 31(4) 559-564.pdf
https://www.sciencedirect.com/science/article/pii/S0141391011001017
https://www.sciencedirect.com/science/article/pii/S0141391011001017
https://www.sciencedirect.com/science/article/pii/S0141391011001017
https://www.ncbi.nlm.nih.gov/pubmed/17654961
https://www.ncbi.nlm.nih.gov/pubmed/17654961
https://www.ncbi.nlm.nih.gov/pubmed/17654961
http://www.autexrj.com/cms/zalaczone_pliki/1-06-1.pdf
http://www.autexrj.com/cms/zalaczone_pliki/1-06-1.pdf
http://www.autexrj.com/cms/zalaczone_pliki/1-06-1.pdf
https://www.researchgate.net/publication/235934930_Modern_Applications_of_Nanotechnology_in_Textiles
https://www.researchgate.net/publication/235934930_Modern_Applications_of_Nanotechnology_in_Textiles
https://www.researchgate.net/publication/235934930_Modern_Applications_of_Nanotechnology_in_Textiles
https://link.springer.com/article/10.1023/A:1023736416361
https://link.springer.com/article/10.1023/A:1023736416361
http://agris.fao.org/agris-search/search.do?recordID=US9147683
http://agris.fao.org/agris-search/search.do?recordID=US9147683
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_1995_v5n1_48
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_1995_v5n1_48
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_1995_v5n1_48
https://www.researchgate.net/publication/258149135_Pigments_Microbial
https://www.researchgate.net/publication/258149135_Pigments_Microbial
https://www.sciencedirect.com/science/article/pii/S0144861709004202
https://www.sciencedirect.com/science/article/pii/S0144861709004202
https://www.sciencedirect.com/science/article/pii/S0144861709004202
https://www.sciencedirect.com/science/article/pii/S0144861709004202
https://www.ncbi.nlm.nih.gov/pubmed/14987067
https://www.ncbi.nlm.nih.gov/pubmed/14987067
https://scialert.net/abstract/?doi=ijb.2008.349.360
https://scialert.net/abstract/?doi=ijb.2008.349.360
https://scialert.net/abstract/?doi=ijb.2008.349.360
https://kundoc.com/pdf-production-of-extracellular-glucosidase-by-monascus-purpureus-on-different-growt.html
https://kundoc.com/pdf-production-of-extracellular-glucosidase-by-monascus-purpureus-on-different-growt.html
https://kundoc.com/pdf-production-of-extracellular-glucosidase-by-monascus-purpureus-on-different-growt.html
https://pubs.acs.org/doi/abs/10.1021/np049761w
https://pubs.acs.org/doi/abs/10.1021/np049761w
https://pubs.acs.org/doi/abs/10.1021/np049761w
https://pubs.acs.org/doi/abs/10.1021/np049761w
https://www.sciencedirect.com/science/article/pii/S0143720806002853
https://www.sciencedirect.com/science/article/pii/S0143720806002853
http://journals.sagepub.com/doi/abs/10.1177/0040517508087680
http://journals.sagepub.com/doi/abs/10.1177/0040517508087680
http://journals.sagepub.com/doi/abs/10.1177/0040517508087680
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
http://www.mdpi.com/1420-3049/18/5/5891/htm
http://www.mdpi.com/1420-3049/18/5/5891/htm
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.researchgate.net/publication/227702931_Assessment_of_the_dyeing_properties_of_pigments_from_Monascus_purpureus
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120793/
http://www.mdpi.com/1420-3049/18/5/5891/htm
http://www.mdpi.com/1420-3049/18/5/5891/htm
file:///C:/Users/B%20Phaneendra%20Reddy/Desktop/../../GAVIN/Downloads/5502-30665-1-PB (8).pdf
file:///C:/Users/B%20Phaneendra%20Reddy/Desktop/../../GAVIN/Downloads/5502-30665-1-PB (8).pdf
file:///C:/Users/B%20Phaneendra%20Reddy/Desktop/../../GAVIN/Downloads/5502-30665-1-PB (8).pdf
https://scholar.google.co.in/citations?user=aKy-jz8AAAAJ&hl=en#d=gs_md_cita-d&p=&u=%2Fcitations%3Fview_op%3Dview_citation%26hl%3Den%26user%3DaKy-jz8AAAAJ%26citation_for_view%3DaKy-jz8AAAAJ%3AIWHjjKOFINEC%26tzom%3D-330
https://scholar.google.co.in/citations?user=aKy-jz8AAAAJ&hl=en#d=gs_md_cita-d&p=&u=%2Fcitations%3Fview_op%3Dview_citation%26hl%3Den%26user%3DaKy-jz8AAAAJ%26citation_for_view%3DaKy-jz8AAAAJ%3AIWHjjKOFINEC%26tzom%3D-330
http://connection.ebscohost.com/c/articles/12604917/effect-chemical-pretreatments-colour-yield-pigment-printed-fabrics
http://connection.ebscohost.com/c/articles/12604917/effect-chemical-pretreatments-colour-yield-pigment-printed-fabrics
https://www.researchgate.net/publication/289275505_Developments_in_acrylic_-_Based_thickeners_as_substitute_of_emulsion_thickeners_for_pigment_printing
https://www.researchgate.net/publication/289275505_Developments_in_acrylic_-_Based_thickeners_as_substitute_of_emulsion_thickeners_for_pigment_printing
https://www.researchgate.net/publication/289275505_Developments_in_acrylic_-_Based_thickeners_as_substitute_of_emulsion_thickeners_for_pigment_printing
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1478-4408.1984.tb00058.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1478-4408.1984.tb00058.x


Citation: Gokarneshan N (2018) Advances in textile printing. I J Textile Sci Eng: IJTSE-114. DOI: 10.29011/IJTSE-107/100014

5 Volume 2018; Issue 01

El-Molla M M, Haggag K, El-Shall F N, Shaker N O (2012) J Adv Chem 45.	
Eng Sci 2. 

Lewis DM (1992) 46.	 Wool Dyeing (Society of Dyers and Colourists, West 
Yorkshire). Chap 1, 6.

Taleb MA, Haggag K, Mostafa TB, El-Kheir AA, El-Sayed H (2018) A 47.	
novel approach in pigment printing using nano-keratin based binder. 
Indian Journal of Fiber & Textile Research 43: 83-91. 

Das D, Bhattacharya S, Chandra M, Sankar R (2006) Dyeing of Wool 48.	
and silk with Punica granatum. Indian J Fiber Text Res 31: 559-564.

Lundstrom J, Verikas A, Tullander E (2012) Assessing, exploring, and 49.	
monitoring quality of offset color prints. Measurement 46: 1427-1441.

Chatow U (2002) Int Conf Digit Print Technol 125.50.	

Lü F (2012) Silk 49: 59.51.	

Wu HH (2012) Silk 49: 37.52.	

Qian XP (2011) Song53.	  Brocade Yun Brocade Silk 48: 1.

Liu AD, Li B, Qiu YP (2012) Silk 49: 50.54.	

Li D, Zhang JQ, Li XJ (2012) Silk 49: 50.55.	

Zhou Q, Zhao YC (2005) J Environ Health 22: 229.56.	

Cucci I, Boschi A, Arosio C, Bertini F, Freddi, et al. (2009) Bio-based 57.	
conductive composites: Preparation and properties of polypyrrole 
(PPy)-coated silk fabrics. Synth Metals 159: 246-253.

Chen JX, Wang Y, Xie J, Meng C, Wu G, et al. (2012) Carbohydr 58.	
Polym 89: 849.

Xie J, Chen JX, Wang Y, Liu YF, Noori MN, et al. (2014) Cellul Chem 59.	
Technol 48: 577.

Chen JX, Xu LN, Xie J, Wang Y, Zu Q et.al, Cellul Chem Technol (in 60.	
press).

Chantignya MH, Angersa DA, Beauchamp CJ (2000) Decomposition 61.	
of de-inking paper sludge in agricultural soils as characterized by car-
bohydrate analysis. Soil Biol Biochem 32: 1561-1570.

Pan L, Chen JX, Wan CF, Ren H, Zhai HM, et al. Cellul Chem Technol 62.	
(in press).

Chen JX, Pan L, Xie J, Wu G, Ren H, et al. (2014) Pyrolysis volatiles 63.	
and environmental impacts of printing paper in air. Cellulose 21: 2871-
2878.

Chen J, Meng C, Xie J, Pan L, Zhou D, et al. (2016) Laser eco-printing 64.	
technology for silk fabric patterns. Indian Journal of fiber & Textile Re-
search 41: 78-83.

https://trove.nla.gov.au/work/22317687?q&versionId=27539145
https://trove.nla.gov.au/work/22317687?q&versionId=27539145
https://www.researchgate.net/publication/324159322_A_novel_approach_in_pigment_printing_using_nano-keratin_based_binder?ev=auth_pub
https://www.researchgate.net/publication/324159322_A_novel_approach_in_pigment_printing_using_nano-keratin_based_binder?ev=auth_pub
https://www.researchgate.net/publication/324159322_A_novel_approach_in_pigment_printing_using_nano-keratin_based_binder?ev=auth_pub
http://nopr.niscair.res.in/bitstream/123456789/24591/1/IJFTR 31(4) 559-564.pdf
http://nopr.niscair.res.in/bitstream/123456789/24591/1/IJFTR 31(4) 559-564.pdf
https://pdfs.semanticscholar.org/31d8/72235ed6318e9e56afbc6767e1580a779170.pdf
https://pdfs.semanticscholar.org/31d8/72235ed6318e9e56afbc6767e1580a779170.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0379677908003366
https://www.sciencedirect.com/science/article/abs/pii/S0379677908003366
https://www.sciencedirect.com/science/article/abs/pii/S0379677908003366
https://pdfs.semanticscholar.org/f93c/a60b1b35b9420c63d9241f13f470d5e68a2d.pdf
https://pdfs.semanticscholar.org/f93c/a60b1b35b9420c63d9241f13f470d5e68a2d.pdf
https://pdfs.semanticscholar.org/f93c/a60b1b35b9420c63d9241f13f470d5e68a2d.pdf
https://www.researchgate.net/publication/264347863_101007_s10570-014-0268-5
https://www.researchgate.net/publication/264347863_101007_s10570-014-0268-5
https://www.researchgate.net/publication/264347863_101007_s10570-014-0268-5
http://nopr.niscair.res.in/bitstream/123456789/33872/1/IJFTR 41%281%29 78-83.pdf
http://nopr.niscair.res.in/bitstream/123456789/33872/1/IJFTR 41%281%29 78-83.pdf
http://nopr.niscair.res.in/bitstream/123456789/33872/1/IJFTR 41%281%29 78-83.pdf



