STUDIES ON FUNGI MEDIATED SOLUTIONS FOR
FABRIC DESIZING AND DYE DEGRADATION IN
TEXTILE INDUSTRIES

SHWETA KALIA

CENTRE FOR RURAL DEVELOPMENT AND TECHNOLOGY

INDIAN INSTITUTE OF TECHNOLOGY DELHI

OCTOBER 2022



© Indian Institute of Technology Delhi (11TD), New Delhi, 2022



STUDIES ON FUNGI MEDIATED SOLUTIONS FOR
FABRIC DESIZING AND DYE DEGRADATION IN
TEXTILE INDUSTRIES

by

SHWETA KALIA

Centre for Rural Development and Technology

Submitted
In fulfilment of the requirements for the degree of

Doctor of Philosophy

to the

Indian Institute of Technology Delhi
October 2022



CERTIFICATE

This is to certify that the thesis entitled ‘Studies on fungi mediated solutions for fabric
desizing and dye degradation in textile industries’ being submitted by Ms. Shweta Kalia to
the Indian Institute of Technology Delhi for the award of ‘Doctor of Philosophy’ is a record
of bonafide research work carried out by her. She has worked under my guidance and
supervision and has fulfilled the requirements for the submission of this thesis. To the best of
my knowledge the results contained in this thesis have not been submitted in part or full to any

other university or institute for award of any degree or diploma.

Prof. Anushree Malik

Professor

Centre for Rural Development and Technology
Indian Institute of Technology Delhi

New Delhi-110016



ACKNOWLEDGEMENTS

| humbly thank everyone who helped me achieve this milestone. First and foremost | am
grateful to my supervisor, Prof. Anushree Malik for her invaluable advice, continuous support,
and patience during my PhD journey. Her sound knowledge and plentiful experience
encouraged me during my academic research.

| would like to acknowledge the contribution of SRC members Prof. Satyawati Sharma, Prof.
Hariprasad P. and Prof. Z. A. Shaikh for providing their valuable insights and expert advice
during SRC presentations. Secondly, | would thank all the faculty members of CRDT for
extending all the possible help in completing my thesis on time. | am thankful to Prof. K. K.
Pant and Prof. B.S. Bhutola who allowed me to carry out the analysis in their respective
laboratories.

Further | want to thank CRF, NRF (11T Delhi) and AIRF (JNU) for providing support to carry
out the analytical work. The role of lab staff personnel Mr. Sabal Singh and Mr. Vinod Kumar
cannot be ignored. Their constant presence provided a sense of relief in carrying out any
extensive task in laboratory.

I would take this platform to highlight the contribution of my friends, Mr. Vivek Suresh Dalvi,
Ms. Farah Naaz and Mr. Saurabh Samuchiwal. Their constant encouragement, co-operation
and efforts motivated me in my research journey. Also | would like to thank Dr. Megha Mathur,
Dr. Pankaj Gupta, Mr. Saptarshi Dey Ms. Farhat Bano, Ms. Koushalya Jayanju, Mr. Sumit
Dhali, Mr. Vivek Nair, Mr. Rahul Jain, Ms. Harshita Nigam and other students of II'T Delhi for
all the help, advice and pleasant company throughout this journey. They all made my life in
the II'T Delhi campus memorable.

Finally, 1 would like to express my gratitude to my parents, my husband Mr Alok Singh and
my brother. Without their tremendous understanding and encouragement in the past few years,
it would be impossible for me to complete my Ph. D.

Last but not the least, | would thank to my almighty whose energy guided and motivated me
during my journey.

Ny

Shweta Kalia



ABSTRACT

The present study has attempted to provide a bio-based solution for the problems associate with
textile industry. Different fungal mediated solutions were explored to provide an alternative to
chemical desizing process and to treat the dye effluents generated from textile industry upto
the Central Pollution Control Board (CPCB) discharge limits. To begin with, a visit to the
textile industry was undertaken to understand the wet processing units of fabric manufacturing
and identify the wastes generated from the industry. Various wastes such as solid wastes, starch
effluent and dyes/dye effluents were procured and characterized Different agro-wastes were
also procured from nearby places and characterized as substrate for enzyme production through
solid-state fermentation (SSF) for suitable application.

Further, screening of various fungal species for amylase production through SSF was
done. Trichoderma reesei showed highest amylase production (19.22 U mLamylase activity
on 7 d) using wheat bran as a substrate, which further enhanced to 25.48 U mL™ when
supplemented with starch effluent generated from textile industry as an additional carbon
source in SSF. Further, partial purification of crude amylase produced a yield of 58.39% with
purification fold of 1.87. The optimum pH and temperature for amylase activity was 5.0 and
80 °C, respectively. The enzyme was thermally stable at 40 °C with 90% residual activity after
5 h and 70% residual activity at 50 °C after 3 h. The half-life and D-value of amylase was
6931.47 min and 23025.85 min, respectively at 40 °C. Using Michaelis-Menten Kinetics
analysis, the estimated Km and Vmax Values for the partially purified amylase were found to be
4.7 mg mL? and 18.65 U mL™, respectively. The cotton fabric was efficiently desized using
amylase at 80 °C. The utilization of starch effluent as a growth supplement for fungal enzyme
production seems to be an efficient way of resource recovery from the industrial wastewater
stream. The in-house amylase production using effluents could eliminate the need for amylase
procurement and its transportation cost.

Next, laccase production potential of T. reesei and Pleurotus sajor caju was studied. P.
sajor caju showed 77.77 U mL™ laccase activity on 7 d using wheat bran and saw dust in 1:1
ratio as substrate in SSF. Partially purified laccase showed the optimum pH and temperature
3.0 and 30 °C, respectively and it was thermally stable at 30-40 °C retaining >85% residual
activity after 6 h. The half-life and D-value of laccase was 6931.47 min and 23025.85 min,
respectively at 30 °C. Using Michaelis-Menten kinetics analysis, the estimated Km and Vmax
values for the partially purified amylase were found to be 0.07 mM and 43.47 U mL™,
respectively. Partially purified laccase was further utilized for the treatment of textile dyes and
effluents.

Different fungal based methods were used for decolorization of Reactive blue 13,
Reactive yellow 176, Reactive red 198 and Reactive black 5 dyes (100-500 mg L™?) and
effluents. T. reesei having amylase production potential showed 86-94% removal of all
Reactive dyes (at 100 mg L™ concentration) in 48 h using minimal salt media for growth. The
dye uptake capacity increased with increase in dye concentration from 100 mg L (21-31 mg
g}) to 500 mg Lt (113-139 mg g1). The optimum concentration of glucose (5 g L) and yeast
extract (2.5 g L) to achieve maximum dye decolorization was estimated followed by use of
starch effluent as an alternative nutrient source for growth of T. reesei. Starch effluent spiked



with 3.5 g L glucose showed >85% decolorization of Reactive blue 13 (100-200 mg L™).
Thus, starch effluent could bring down the amount of glucose and salts required for fungal
growth and dye decolorization. On the other hand, P. sajor caju showed 75-85% decolorization
of only Reactive blue 13 and Reactive black 5 in 8 d at 100 mg L™ concentration. The uptake
capacity of P. sajor caju increased with increase in dye concentration from 100 mg L™ (29-31
mg g1) to 500 mg L? (183-326.79 mg g1). As opposed to biosorption mediated phenomenon
in T. reesei; the mechanism of decolorization in case of P. sajor caju was degradation mediated
by laccase (39 U mL™). Both fungal species showed efficient decolorization of dyes, but could
not decolorize textile effluents due to high toxicity, presence of alkalis, surfactants etc. that
inhibit fungal growth. The spent fermented waste after laccase production by P. sajor caju was
also utilized for decolorization of textile dyes and effluents. Spent fermented waste caused 63-
87% dye (100 mg L) removal in 60 min and 45-60% decolorization of textile effluents (10-
50% v/v concentration) in 24 h. However, the secondary color of agro-wastes was released in
the treated effluents. Hence, partially purified laccase (43 U mL™1) produced from P. sajor caju
was used for decolorization of textile dyes and effluents. It showed 51-89% dye (100 mg L)
removal in 100 min and 19-50% decolorization of textile effluents at 10-50% (v/v)
concentration in 72 h at pH 3.0, 30 °C. Integrating the results from FTIR, HPLC and GC-MS
of the dye and the degraded metabolites, enzymatic degradation pathway for Reactive blue 13
was proposed.

Due to incomplete decolorization of textile effluents, there emerged a need to combine
the enzymatic process with a physical process. Electrocoagulation alone showed 86-93%
decolorization of undiluted textile effluent under optimal conditions (pH 9.0 using zinc-coated
iron electrode at current density 70 mA cm2). However, it generated large amount of sludge
(2.1-6.25 g LY from both the textile effluents. To achieve complete decolorization and
minimum sludge generation, Hybrid laccase treatment-electrocoagulation (LT-EC) process
and Hybrid electrocoagulation-laccase treatment (EC-LT) process was used for both textile
effluents. Hybrid LT-EC (25 mA cm2) process showed 51-68% decolorization of 50% diluted
textile effluents at pH 3.0 as compared to 39-43% decolorization achieved by only
electrocoagulation. Hybrid EC (25 mA cm™)-LT process showed 58-81% decolorization of
undiluted textile effluent at ambient pH as compared to 19-46% decolorization using only
laccase treatment. The sludge generation in hybrid processes reduced to 0.5-2.72 g L%, Further,
to remove the residual color left after hybrid process and achieve the color (hazen) as per the
CPCB discharge limits, hybrid processes were integrated with activated charcoal (AC) unit.
The decolorization of textile effluent by Hybrid EC-LT process integrated with AC unit was
90.67% and Hybrid LT-EC process integrated with AC unit was 78.77%. Hybrid EC-LT
integrated with AC unit was able to efficiently treat undiluted textile effluent to acceptable
level (140 hazen). Overall, the results of this study demonstrated applicability of fungal
mediated bio-base solutions for the textile industry.
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