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ABSTRACT

Paddy straw (PS) and pine needles (PN) are one of the challenging biomasses in terms of
disposal and compost making due to their high silica and tannin contents. Particulate air
pollution, loss of biodiversity and respiratory impairments are some of the disastrous
outcomes ofburning. However, high percentage of cellulose and hemicellulose makes them
potential substrate for paper and pulp industries. The main aim of work was to study and
utilize a combinatorial approach of weak chemical treatment and lignin degrading fungal
species as agents of effective production of lignin modifying enzymes (LME’s) for lignin
depolymerisation from the biomasses. Three fungal agents were experimented in the study
which included Trichorma reesei, Pleurotus ostreatus and Phanerochaete chrysosporium.
Phanerochaete chrysosporium was found to be the best degrader of lignin (47.11% in PS+PN
in 28 days) with maximum LME’s production between 10M-17" days. Efficient lignin
degradation in the PS and PN biomass will aid further application in pulp production

supporting the transition to a circular economy in a greener way.

The study further aims at providing a cleaner technology by employing a combinatorial
approach of mild chemical treatment of 1% Ca(OH). as optimized followed by
Phanerochaete chrysosporium (laccase producer) on PS+ PN in a novel combinatorial ratio
of 1:1, for getting cellulose-rich pulp for making biodegradable paper sheets. Response
surface methodology was adopted by choosing two response parameters — cellulose content
and residual lignin content after pulping to optimize the cooking conditions. The pulp derived
after optimizing the parameters i.e., solid: liquid ratio (1:7), temperature (160°C), time of
digestion (60 mins), and NaOH concentration (4%) was characterized. SEM and FTIR
analysis showed a more condensed cellulose network and -OH bonds when compared with

alpha-cellulose.



Best pulp (kappa no. 24 and 'SR 59) was casted to produce biodegradable paper sheets of
different GSM types (40, 50, 75, 100 GSM), and their different mechanical properties were
tested. The maximum tensile strength (110 Nm/g) and Cobb index (345.77 g/m?) were seen in
100 GSM sheets which is comparable with regular corrugated sheets. Such an alternative

application could serve as a perfect replacement to cardboard or wood-based paper.

Plastic cutlery for food packaging and serving has long been in trend due to its versatile
properties. However, accumulation of the single used plastic cutlery creates disposal problem,
and their degradability is also a major concern. Binding agents such as carboxymethyl
cellulose, gum acacia and potato starch along with cross-linking polymer were blended with
pulp in binding matrix to cast durable and non-brittle biodegradable cups. PLA (bio-plastic)
polymer was applied in the form of a thin film over the developed tableware to avoid fibrous
material of tableware to enter food. The developed tableware was further verified for anti-

microbial properties by testing it with common food-poisoning pathogens.

Mechanical stiffness and rigidity were estimated along with thermal stability examined over a
wide temperature range by dynamic scanning colorimetric (DSC). Tableware was also
checked for water and oil solubility and absorptivity along with studying its functional group
by FTIR spectroscopy. Lattice structure and morphology was studied by SEM and XRD
analyses. Based on the analytical analyses, the two biomasses selected are prospective
biomasses for development of biodegradable tableware and can be a suitable alternative to
combat plastic cutlery menace. Three binders that were used to optimize the binder ratio in
the pulp for developing biodegradable cups were carboxy-methylcellulose (CMC), gum
acacia and potato starch. Among the three, CMC showed the best binding properties with
pulp in the ratio of 2:3. Similarly, for bowls, 75 GSM sheets casted the best bowls among all

the combinations experiment with different GSM types.



Fungal infestations are a major problem in the pulp and paper production industries. The
lignocellulosic nature of pulp attracts fungal growth, thereby causing huge losses to this vital
sector. Essential oils and plant extracts act as potent inhibitors of various fungal pathogens.
To overcome this problem, the present study aimed to test the emulsifiable concentrates (EC)
formulation of botanicals to control severe fungal infestations in paper and pulp industry.
Purposely, EC formulations were prepared using Curcuma longa (Turmeric) and Pongamia
pinnata (Karanja) oils which were mixed with solvents (polar, non-polar) and surfactants in
varying ratios (1.5, 1.25, 1.0, and 0.75%). The formulations were screened and the shelf-life
of formulations was evaluated under hot and cold conditions.

Two EC formulations were finally obtained (particle size of 550-660 nm) and bio-efficacy
trials (growth inhibition studies) were performed against selected paper pulp-infesting fungal
pathogens (Aspergillus flavus, Rhizoctonia solani, and Fusarium oxysporum). The
formulations TEC-3 (Turmeric oil-based EC) and TKEC-29 (Turmeric and Karanja oil-based
EC) exhibited the best efficacy showing 100% inhibition against R. solani with 1.5% (10.5
g/L) concentration. The presence of curcuminoids and terpenoids, along with other bioactive
molecules in Turmeric oil and karanjin in Karanja oil might have been responsible for the

antifungal activity of the bio-formulations.
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