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ABSTRACT

The Indian subcontinent is blessed with a large cattle population of around 535.82 million and
rearing cattle had been an integral part of our civilization. Cattle dung is a sourceof significant
raw material for industries like Agri, pulp and paper, bioprocessing of resourcesto wealth and
energy. The demand of cow dung as a rural resource has been increasing as we realize its
potential to replace conventional resources. One such industry is the pulp and paperindustry
where the fiber extracted from cow dung can be an effective raw material for packaging paper.
Cattle dung has a special significance in India and had never been considered a waste material.
The present study was undertaken with three key objectives to separate the undigested raw
materials (raw dung fibers) from fresh cattle dung and test them for different physiochemical
properties. Three types of undigested animal dung fibers from an Indigenous cow (IDF), Jersey
cow (JDF), and Buffalo (BDF) were taken. Wheat straw (WS) was the main diet of all animals.
The cellulose, hemicellulose, and lignin contentfor all animal dung samples were found in a
range of (29%-31.50%), (21%-23.50%), and (11%-13%), respectively. Scanning electron
microscopy (SEM) analysis shows the layer matrix, skeleton structure, and honey-comb-like
packed arrangement of fiber making. The abundantholocellulose and low lignin and ash
contents were observed in all samples. Based on the results and considering large numbers of
the animal population, indigenous cow dung was considered for further study.

In the second objective of the study, the raw dung fibers (RDF) separated from fresh cow dung
and digested dung fibers (DDF) were collected from an anaerobically digested bottledbiogas
plant. The entire study was planned to characterize and analyze both RDF and DDF samples.
The results showed that the cellulose and hemicellulose content was in the range of 36%-38%
and 21%-23%, respectively. The total lignin contents in RDF and DDF were 26.17%and

31.92%, while the ash content of 6.2% was found in DDF followed by 5.8% in RDF. Surface
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characteristics of RDF and DDF were investigated using scanning electron microscopy (SEM)
and Fourier transform infrared spectroscopy (FTIR). The proximate analysis and morphological
characteristics of both samples showed that dung fibers are sustainable and potential non-wood
material for various industrial applications. Also, extracting undigested particles from raw cattle
dung is a convenient method to separate RDF.

The use of biomass by removing lignin and hemicellulose for paper production and packaging
has become a subject of current attention due to the increased demand for green energy content
and environmental protection. Another objective of this research was to optimize the
delignification parameters for RDF by using a central composite design (CCD). In this objective,
the effect of independent factors viz. temperature and time on dependent variables viz. yield,
cellulose, hemicellulose and lignin of dung fiber were investigated. The optimum conditions to
produce maximum Yyield (78.15£1.5%), cellulose (48.08+0.96%), andlignin (30.05+1.83%)
were obtained at 160°C, cooking time 5 min, and solid to-water ratio 1:10. The paper sheet was
prepared by using hydrothermally treated (HT) dung material andan additional blending
material (paddy straw pulp and waste cotton rag material pulp) for various proportions. The
paper was tested for physical and mechanical properties. Results show that (C50) a blend of
50% of dung fiber in waste cotton rag pulp exhibits maximum tensile and bursting index. The
main advantage of the proposed processing scheme is found to be environment friendly and it
valorizes the hemicellulose fraction of dung fiber and also exhibited more yield.

The chemically treated (NaOH) cattle dung pulp parameters were optimized using RSM. The
cellulose, hemicellulose, and lignin were considered variables affecting the final propertiesof the
prepared paper in the experimental design. In the selected treatment of 3% NaOH at 171°C for
15 min, the percentage reduction of lignin is 96.17% and retained almost 50% of holocellulose
in dung fibers, which prevented excessive carbohydrate breakdown. Such results exhibit the
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quadratic model proved to be more accurate. The chemical percentage and holding temperature
were key factors in determining the total pulp yield. The relative errors between predicted and
actual experimental results were less than 5%, indicating that the model used to show the
correlation between variables and response was correct. The tensile strength was slightly
increased in C20 as compared to C10 and then decreased with the increase indung fiber pulp
content. Vice versa, the bursting strength continuously increased from C10 toC30 due to the
compact structure and better interaction between the dung fibers and cotton rag pulp. The
blending percentage should be altered based on our end-use application, which can aid in the

production of high-quality paper.
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