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Abstract
Continuous growth of the livestock population over the years has led to the generation of huge livestock waste. Inadequate
management of animal waste and its poor disposal poses a serious public health issue and also leads to environmental pollution.
In the recent decade, the rational use of lignocellulosic biomass towards preparation of bioproducts such as biofuels and biotextile
has come up as a promising alternative for the efficient utilisation of animal waste biomass. Hence, the current study is focused on
the efficient utilisation of an abundant source of lignocellulosic constituents, i.e. cow dung by the extraction and estimation of
cellulose, lignin, and hemicellulose, respectively by an optimised kraft pulping method. The extracted cellulose was evaluated for
the degree of polymerisation and was further used for the preparation of nanocellulose which has a wide range of applications.
Cellulose and nanocellulose so obtained were morphologically and spectroscopically characterised by SEM-EDX, CHNS
elemental analysis, TEM, and FT-IR techniques. Further, nanocellulose was also evaluated for its physical properties such as
crystallinity index and zeta potential, which revealed their good crystallinity and excellent particle stability profile. Hence, this
study is an innovative approach towards the valorisation of cow dung waste biomass into useful biomaterial, i.e. nanocellulose.

Keywords Lignocellulosic biomass . Cow dung . Cellulose . Nanocellulose . Morphological and spectroscopic analysis

Abbreviations
LB Lignocellulosic biomass
KP Kraft pulping
NC Nanocellulose
α-NC Alpha-nanocellulose
DP Degree of polymerisation
CI Crystallinity index

1 Introduction

Livestock sector is one of the fastest growing sectors globally.
In 2019, the global livestock population accounts for about
989.03 million heads [1]. Developing economy like India ac-
counts for 186 million in the production of large cattle, and it
also holds the position of home to the highest population of
cows in the world in 2019 [1]. The production of livestock on
an industrial scale leads to simultaneous production of huge
amount of dung which poses a serious threat to environment
[2]. Animal dung waste management is a major challenge
faced by the dairy industry and public health institutions glob-
ally. Cow dung waste is one of the major sources of animal
waste biomass from the bovine dairy industry [3]. Although
cow dung is a very well-explored source as manure and pos-
sesses high socio-economic value due to its important role in
the village economy in the developing economies, continuous
growth in the livestock population over the years in the bovine
dairy industry has led to the generation of huge underutilised
cow dung waste [4]. The annual generation and improper
waste management of around 2600 million tons of dung are
ultimately leading to environmental pollution by greenhouse
gas release and contamination of ground water and streams [5,
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6]. Hence, cow dung is an abundant unexploited source which
presently due to its improper waste management has emerged
as a matter of environment concern. Therefore, research and
development of novel eco-friendly and innovative processes is
the need of the hour for the efficient utilisation of cow dung
waste biomass for several value-added products.

The utilisation of abundant renewable biomass for the sus-
tainable production of various value-added products has
grabbed greater attention in the past two decades.
Lignocellulosic biomass (LB) is one such renewable and abun-
dant source which can substitute synthetic polymers due to its
eco-friendly properties. Cellulose, hemicellulose, and lignin are
the three main components of the LB. There are numerous
reports which highlight the importance of lignocellulosic-rich
plant materials for the extraction and development of cellulose-
based bioproducts. Some of the notable sources such as bam-
boo, sugarcane bagasse, rice husk, waste paper, fruit waste, and
other fibrous plants such as kenaf core, coconut coir, bagasse
fibres, maize, and sugarcane has been well explored for the
production of cellulose-based biomaterials such as
nanocellulose (NC), microcrystalline cellulose, composite ma-
terial, boards, biofuels, biopaper, bioadsorbents, and regenerat-
ed cellulose [7–11]. Hence on through survey of literature, we
found that most of the studies for the extraction of cellulose
have been performed using fibrous plant sources and agricul-
tural waste biomass. On the other hand, cow dung waste bio-
mass which is an economical and abundantly available LB
resource is unexplored and can act as a potential source of
lignocellulosic constituents such as cellulose.

Cow dung waste is the undigested residue of consumed
grass or grains defecated by bovine animals. It is a mixture of
faeces and urine in the ratio of 3:1. Cellulose, hemicellulose,
and lignin are the main constituents of cow dung waste. It is
estimated that 40% of cow dung is undigested cellulose [12].
Cellulose is a linear polymer comprising of several hundred to
thousands of β (1→ 4) linked D-glucose units and exists in
three different forms, i.e. alpha, beta, and gamma cellulose,
which are distinguished on the basis of solubility and its degree
of polymerisation. Cow dung also contains 24 different min-
erals, viz. nitrogen, potassium, phosphorus (NPK—3:2:1)
along with trace amount of sulphur, iron, magnesium, copper,
manganese, and cobalt. It also has a high level of NH3, organic
matter and harbours a diversity of microbes. The lignocellulosic
composition of cow dung manure reported in the literature as
1.6–23.5% cellulose, 1.4–12.8% hemicellulose, and 2.7–13.9%
lignin [13]. Hence, the % cellulose composition of cow dung
makes it a suitable feedstock for the extraction of cellulose for
the generation of cellulose-based biomaterials.

Cellulose-based biomaterials such as nanocellulose, micro-
crystalline cellulose, biofuels, biopaper, bioadsorbents, and re-
generated cellulose have recently emerged as a potential alterna-
tive to their synthetic counterparts due to their eco-friendly na-
ture. Out of these, nanocellulose (NC) is an important

biomaterial which has huge applications in pharmaceuticals, fil-
tration, implants, hydrogel, packaging, automotive, electronics,
construction, paint, and paper [14, 15]. NC is the term used for
the cellulose fibres which has at least one of the dimensions in
nanoscale [16]. Depending on the size and source of origin, NC
has been classified mainly into two types, i.e. cellulose
nanofibrils and bacterial cellulose. NC is rod-like particles ob-
tained after the disintegration of cellulose fibres with acidic hy-
drolysis. NC has many interesting properties like high aspect
ratio and high crystallinity that could be easily tailored by alter-
ing the reaction conditions such as concentration of acid, reac-
tion time, and temperature. Surface modification could be easily
achieved due to the abundance of hydroxyl groups on its surface.
The conversion of cellulose into NC can be achieved by various
physical, chemical, and enzymatic procedures, depending on the
size of the NC required [17, 18]. Preparation of NC from sisal,
banana rachis, kapok, coir, and pineapple leaf has been verywell
reported [19]. The preparation of NC from different biomass
sources is one such domain which has gained huge interest
worldwide, but it remains unexplored in the domain of animal
waste biomass which is a huge untapped resource.

Thus, we aim to study the extraction of cellulose for the
preparation of cellulose-based biomaterials, i.e. α-NC from
cow dungwaste biomass. Hence, this study will help to reduce
the environmental impact of cow dung waste by exploring its
potential for the valorisation into value-added products.

2 Materials and methods

2.1 Raw material collection

The fresh cow dung sample was collected from Dr. GC Negi
College of Veterinary and Animal Science, Palampur, H.P.
The sample was dried under sunlight to avoid fungal growth
and kept in a hot air oven at 105 °C for 30 min to disinfect the
sample. The dried sample was then powdered and sieved to
coarse particle size.

2.2 Extraction of cellulose from cow dung

2.2.1 Pre-hydrolysis of cow dung

A total of 4 kg of dried and powdered cow dung was pre-
hydrolysed with 0.3%H2SO4 in a 15-L stainless steel digester
rotating at 1 rpm and maintained at 120 °C for 30 min. The
solid-to-liquid ratio was taken as 1:10 to ensure a homogenous
mixture. After pre-hydrolysis, the pulp was filtered using a
cloth filter and washed several times with distilled water to
completely remove the acid residues. Subsequently, the pulp
was dried in the hot air oven at 50 °C. The filtrate was kept for
the estimation of hemicellulose content present in the sample.
The percentage yield of the pre-hydrolysed sample was
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calculated on dried weight basis of pulp using the formula %
yield = weight of dried pre-hydrolysed pulp sample/weight of
dried cow dung sample * 100.

2.2.2 Optimisation of the kraft pulping method
for the extraction of cellulose from cow dung

The kraft pulping (KP) process is extensively used for the
extraction of cellulose from fast-growing wood species in
the paper and pulp industries [20]. KP involves the treatment
of alkali (NaOH) and sulphide (Na2S) to the pre-hydrolysed
pulp. Concentration of chemicals required for this process
depends upon the nature of sample. Since cow dung biomass
is partially digested cellulose biomass, hence it requires less
chemical treatment as compared to the wood biomass. Thus,
alkali, sulphide concentration, temperature, and time required
in the KP of cow dung biomass were optimised in order to
achieve good yield with minimum amount of chemical treat-
ment, temperature, and time. The optimisation of KP was
performed in a stepwise manner for their pulp production
efficiency in terms of percent yield of cellulose and colour
of pulp. Initial concentrations of NaOH (10%, 15%, and
20%) were varied keeping the concentration of sulphide con-
stant, i.e. 5%, at 120 °C for 30min. After NaOH concentration
optimisation, different concentrations of Na2S (5%, 10%, and
15%) were analysed. Similarly, different time intervals
(30 min and 60 min) and temperature (120 °C and 160 °C)
conditions were also optimised in order to achieve maximum
yield. The optimised conditions for the KP process were found
to be 15% NaOH and 10% Na2S at 160 °C for 60 min. The %
yield, colour of cellulose pulp with varied values of alkali,
sulphide concentration, temperature, and time obtained from
different optimisation experiments of the kraft pulping process
have been mentioned in Table 1.

2.2.3 Extraction of cellulose

The kraft pulping of the dried pre-hydrolysed sample was
carried out in a 15-L stainless steel digester according to the
optimised set of conditions. The digested cellulose pulp was

filtered using a cloth filter and washed with distilled water to
completely remove the chemical residues present in the pulp.
The washed pulp was dried and then bleached to obtain white
cellulose pulp. The four different stages of bleaching involved
are discussed below:

& Hypochlorite bleaching—the cellulose pulp with consis-
tency of 15% was treated with a homogenous mixture of
calcium hypochlorite (0.7%, w/v) and calcium hydroxide
(0.3%, w/v) and was agitated for 3 h at 60 °C. After com-
pletion, the pulp was cloth filtered and washed with dis-
tilled water until the complete removal of chemical resi-
due. The washed pulp was dried in the hot air oven at
50 °C.

& EDTA bleaching—the hypochlorite-bleached cellulose
pulp was treated with 2% EDTA solution for 1 h at
55 °C. After this, the pulp was cloth filtered, washed with
distilled water, and dried in the hot air oven at 50 °C.

& Hydrogen peroxide bleaching—the EDTA-bleached cel-
lulose pulp was treated with a homogenous mixture of
Na2HPO4 (0.5%) and KH2PO4 (0.3%) along with equal
proportion of H2O2 for 1 h at 85 °C. Similarly, the
bleached pulp was then cloth filtered, washed with dis-
tilled water, and dried in the hot air oven at 50 °C.

& EDTA bleaching—again the 2nd EDTA bleaching step
was performed with 2% EDTA solution for 1 h at 55 °C.
After bleaching, the pulp was cloth filtered, washed with
distilled water, and dried in the hot air oven at 50 °C.

The percentage yield of the extracted cellulose pulp
(USSP02) was determined on a dried weight basis of pulp
using the equation % yield = weight of dried bleached
pulp/weight of dried pre-hydrolysed pulp * 100.

3 Preparation of α-NC

Hydrolysis of α-cellulose (αUSSP02) was done using
sulphuric acid (H2SO4). Briefly, 4 g of sample was added to
40 ml of distilled water and continuously stirred at 45 °C until

Table 1 Optimisation of %
NaOH and % Na2S, temperature,
and time for the kraft pulping
process

Sample
code

NaOH
(%)

Na2S
(%)

Temp.
(°C)

Time
(min)

% yield of cellulose
pulp

Colour of cellulose
pulp

USSP1 10 5 120 30 6.3 Light brown

USSP2 15 5 120 30 7.4 Light brown

USSP3 20 5 120 30 7.9 Light brown

USSP4 15 10 120 30 11.2 White

USSP5 15 15 120 30 9.3 White

USSP6 15 10 160 30 8.7 White

USSP7 15 10 160 60 13.0 White
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proper slurry of cellulose pulp was formed. Further, 40 ml of
65% H2SO4 was added to this slurry. After 1 h of acidic
treatment at 45 °C, suspension was diluted with double-
distilled water in order to quench the reaction. The process
was then followed by centrifugation and dialysis for the com-
plete removal of acid. The schematic flow chart for the extrac-
tion of cellulose and preparation of α-NC from cow dung is
shown in Fig. 1.

4 Estimation of lignocellulosic constituents
and their parameters

4.1 Hemicellulose content

The hemicellulose content was measured according to the
TAPPI T249 cm-09 standard method by gas chromatogra-
phy–flame ionisation detection (GC-FID) analysis. The pre-
hydrolysed filtrate was hydrolysed using 3 ml of 72% H2SO4

for 1 h at 30 ± 0.5 °C on a water bath with occasional stirring.
After this, the sample was neutralised and neutralised sugars
were reduced to alditols by treatment with sodium borohy-
dride. The reduced alditols were acetylated with acetic anhy-
dride and H2SO4. Lastly, the acetylated sample was used for
the GC-FID analysis and calculations were done on the basis
of retention time and area of peaks.

4.2 Alpha-cellulose content

The α-cellulose content was measured according to the
TAPPI T203 cm-99 standard method. Suitable amount of

moisture-free cellulose pulp (USSP02) was weighed and dis-
persed in 17.5% NaOH for 30 min at 25 ± 0.2 °C. Then,
equivalent amount of distilled water was added into the sam-
ple and stirred for another 30 min at 25 ± 0.2 °C. After a total
interval of 1 h, pulp was filtered, was washedwith dilute alkali
and water, and was further oven dried at 50 °C. The % yield of
α-cellulose was calculated on a dry weight basis. The α-cel-
lulose (αUSSP02) so obtained was further used in the prepa-
ration of α-NC.

4.3 Acid-insoluble lignin content

The lignin content was measured according to TAPPI T222
om-02. The black liquor obtained from kraft pulping exhibits
the pH of range 12–13 that was used for the estimation of acid-
insoluble lignin. The black liquor was treated with dilute
H2SO4 (72%) and stirred on a magnetic stirrer for 2 h. The
sample was diluted with water up to 3% of sulphuric acid
concentration to extract maximum amount of lignin at low
pH value. The solution was boiled for 4 h and kept undis-
turbed overnight as it leads to formation of precipitates. The
precipitates were washed, filtered, and dried and % yield of
lignin was determined [21, 22].

4.4 Evaluation of viscosity, degree of polymerisation,
and molecular weight

The viscosity measurement was done according to SCAN-
C15:62 guidelines. Cellulose pulp (USSP02) was dissolved
in 1 M cupriethylenediamine (CED) solution and viscosity
was measured by using an Ostwald viscometer. The viscosity

Fig. 1 Schematic view of extraction of cellulose and preparation of nanocellulose from cow dung using different chemical and mechanical treatments
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so obtained was used for the calculation of intrinsic viscosity.
The degree of polymerisation (DP) of extracted cellulose was
then calculated according to the Mark–Houwink–Sakurada
equation, i.e. P0.90 = 1.65[ɳ]/ml g−1 where P is indeterminate
average DP and ɳ is the intrinsic viscosity [23–25]. Molecular
weight of the extracted cellulose was calculated from the DP
by mult ip ly ing i t wi th the molecular weight of
anhydroglucose unit.

4.5 Evaluation of ash content

The ash content of cellulose pulp was measured according to
the TAPPT T211 om-02 standard method. A total of 1 g of
moisture-free cellulose pulp (USSP02) was taken in pre-
weighed crucible and charred. After charring, crucible was
kept in muffle furnace at 525 ± 25 °C for 60 min. On comple-
tion, sample was cooled and kept in a desiccator and its ash
content was determined [26].

5 Characterisation of cellulose and α-NC

5.1 Fourier transform infrared spectroscopic analysis

The Fourier transform infrared (FT-IR) spectra of the cow
dung sample and extracted cellulose pulp sample (USSP02)
were recorded using a Shimadzu IR Prestige-21 equippedwith
ZnSe single-reflection ATR accessory in the wavenumber
range of 4000–400 cm−1. A total of 5 mg of oven-dried cel-
lulose and cow dung samples were used to record IR spectra
with a 4 cm−1 resolution and 40 scans.

5.2 Scanning electron microscopy–energy-dispersive
X-ray (SEM-EDX) analysis

To study the surface morphology of the cellulose, SEM im-
aging of the cellulose pulp (USSP02) was done. The dried
sample was mounted on a specimen stub and coated with gold
using sputter coating unit (E1010, Hitachi), and images were
captured on desired magnification at 15KV (S-3400 N
Hitachi, Japan). Elemental composition of the cellulose sam-
ple was also determined by EDX for the characterisation of
extracted cellulose pulp.

5.3 CHNS elemental analysis

The CHNS elemental analysis of cellulose pulp was also per-
formed using the CHNS analyser vario MICRO cube
(Elementar, Germany). A total of 2–3 mg of sample was
wrapped in a tin foil and loaded into the elemental analyser
where it undergoes combustion in the combustion tube oper-
ating at 1150 °C. Gases produced after combustion of organic

element were analysed for estimation of carbon and hydrogen
present in extracted cellulose.

5.4 Transmission electron microscopy

TEM (Tecnai, Twin 200 KV, FEI, Netherlands) was used to
obtain the micrographs of the α-NC at an accelerating voltage
of 200 kV. The sample was prepared by drop casting a dilute
aqueous suspension (0.1 wt%) of α-NC onto a carbon-coated
copper grid and was allowed to dry for 10 min. Further, stain-
ing with 3 wt% solution of uranyl acetate was done in order to
enhance the contrast in TEM micrographs.

5.5 Zeta potential measurement

The surface charge of NC was analysed by zeta potential
measurements so as to see their stability in the solution.
Laser Doppler microelectrophoresis is used to measure zeta
potential. The dilute aqueous suspension (0.1 wt%) of NCwas
characterised by Zetasizer Nano ZS (Malvern Instruments
Ltd.).

5.6 Powder X-ray diffraction analysis

X-ray diffraction was done to check the crystallinity index of
the α-cellulose (αUSSP02) and α-NC (αUSSPNC02).
Sample was analysed using the Rigaku SmartLab 9-kW rotat-
ing anode X-ray diffractometer at room temperature using
monochromatic CuKα radiation (λ = 0.154 nm) source in
the continuous scan mode at 2 range from 10 to 80°. The
diffractogram was generated using Origin pro8.5, and the
crystallinity index of the sample was determined as percentage
of ratio of area of crystalline peak to the total area under the
curve [27].

6 Results and discussion

6.1 Optimisation of the kraft pulping process for the
extraction of cellulose from cow dung

The lignocellulose exists in a very compact structure where
cellulose is wrapped within the matrix of hemicellulose and
lignin. To extract cellulose, several pre-treatments are neces-
sary which leads to specific chemical and physical changes in
the cellulose, hemicellulose, and lignin component of the bio-
mass. Pre-hydrolysis is required to remove the lignin and
hemicellulose from the cow dung. Pre-hydrolysis step leads
to dissolution of hemicellulose and also lignin to a lesser ex-
tent. Pre-hydrolysis helps in extraction of pure cellulose as it
minimises hemicellulose impurities [28, 29]. Hence, the acid
pre-hydrolysis was initially performed to remove the hemicel-
lulose and the % yield of pre-hydrolysed sample was found to
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be 31.74%. After the pre-hydrolysis step, optimisation of the
KP method for the cow dung sample was done. NaOH is used
to maintain alkaline pH of the solution and also to promote
swelling of cellulose fibres. The digestion interval, tempera-
ture, and sulphide concentration play an important role in
preparation of delignified cellulose. Hence, these parameters
were optimised for the KP method. During alkali (% NaOH)
optimisation, we found that there is a significant difference in
% yields of cellulose pulp with increasing concentration from
10 to 15%, whereas no notable difference was observed be-
tween 15 and 20% NaOH; hence, 15% NaOH was opted as
the best alkali concentration. On increasing sulphide concen-
tration, there is an increase in % yield of cellulose pulp. Hence
10% Na2S is chosen as the best concentration of sulphide.
Similarly, higher temperature at 160 °C and increased time
interval of 1 h also showed better % yield as compared to
the lower conditions. Ultimately, the optimised conditions
for extraction of cellulose pulp from cow dung were found
to be 15% NaOH and 10% Na2S at 160 °C for 1 h. From the
study, we found that the digestion parameters required for KP
of cow dung biomass were lower in comparison to wood
biomass which is reported in the range of 15–21% NaOH
and 24–35% Na2S [20]. The % yield of the cellulose obtained
from the kraft pulping process was found to be 11.1%which is
less as compared to other plant biomass sources, i.e. 49.3% in
bamboo and 55.75% in Iranian sugarcane bagasse [30, 31].

6.2 Estimation of hemicellulose, α-cellulose, acid-
insoluble lignin, and ash content

Lignocellulosic constituents obtained from waste biomass are
renewable and abundant resource for the bioconversion into
value-added products. The pulping process leads to extraction
of all basic components such as hemicellulose, lignin, and
cellulose which can be converted to useful by-products. The
lignocellulosic composition of cow dung was determined
using standard TAPPI procedures. The α-cellulose content
(8%) of the cellulose pulp obtained from cow dung is found
to be lower in comparison to the wood species [32]. In hemi-
cellulose sugars, arabinose was found to be the main sugar
present in cow dung. The hemicellulose content was conclud-
ed on the basis of retention time in GC-FID analysis. The ash

content is indicative of the amount of inorganic residues single
or in combination with other residues. The residues can be
from chemicals used during processing, mineral matter in
pulp, or other added materials. Thus, the ash content of cellu-
lose was determined on a dry weight basis and it was found to
be 7.56%. The % yields of cellulose pulp, α-cellulose, hemi-
cellulose, and acid-insoluble lignin content are listed in
Table 2. The lignocellulosic composition profile of the cow
dung provides a clear indication that it can be used as a po-
tential feedstock in the development of various value-added
materials from cellulose and lignin. It can also be utilised in
preparation of LB-derived platform chemicals using
biorefining technologies [33].

6.3 Evaluation of viscosity, degree of polymerisation,
and molecular weight

Cellulose is a linear polymer of several units of D-glucose. The
number of monomers attached affects physical properties such
as solubility, density, crystallinity, polarity, and mechanical
property like tensile strength. The viscosity of the cellulose
solution is the indicative of the degree of polymerisation and
molecular weight of the compound [34]. Hence, the molecular
weight and DP of the cellulose pulp were determined from the
intrinsic viscosity which is obtained from actual viscosity of
cellulose solution in CED. The intrinsic viscosity, DP, and
molecular weight of the extracted cellulose from cow dung
are listed in Table 3. The lower DP value indicates more
solubility of cellulose pulp with lesser tensile strength of cel-
lulose fibres.

6.4 Characterisation of cellulose and α-NC

6.4.1 Fourier transform infrared spectroscopic analysis

The FT-IR spectrum of cow dung and cellulose extract-
ed from the cow dung is shown in Fig. 2. In the spec-
trum, absence of any absorbance in between 1600 and
1510 cm−1 signifies complete absence of lignin from the
cellulose pulp whereas peak at 1512 cm−1 in the cow
dung shows presence of lignin. The absorption at the
wavenumbers 3332 cm−1 and 3375 cm−1 is due to

Table 2 α-Cellulose,
hemicellulose, lignin, and ash
content and % yield of cellulose
extracted from cow dung

Parameters Sample code—USSP02* Methodology

% yield of cellulose pulp 11.1% Optimised kraft process

α-Cellulose 8% TAPPI T203 cm-99

Hemicellulose (cow dung) 2.261% TAPPI T249 cm-09

Acid-insoluble lignin (cow dung) 40% TAPPI T222 om-02

Ash 7.56% TAPPT T211 om-02

*USSP02 represents the cellulose extracted from cow dung by the optimised KP method
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stretching vibrations of O-H groups and at 2895 cm−1

and 2860 cm−1 due to symmetric C-H stretching vibra-
tions in both the samples. The peak at 2918 cm−1 is due
to asymmetric stretching vibrations in the cow dung
sample. Stretching vibration at 2337 cm−1 is for CO2

and at 1639 cm−1 and 1635 cm−1 is due to bending of
absorbed water in both samples as concluded from Sun
et al. [35]. The band at 1321 cm−1 is due to C-O and
C-C vibrations deduced from a report by Pastorova
et al. [36]. The absorption peak at 1157 cm−1 corre-
sponds to the presence of C-O antisymmetric bridge

stretching along with the vibration at a wavenumber
range of 1076–1022 cm−1 which signifies vibrations of
C-O-C pyranose ring skeletal. The band at 896 cm−1 is
due to β-glycosidic linkage among different glucose
units present in cellulose as concluded from Pappas
et al. [37]. Thus, the presence of cellulose in the sample
was characterised by the presence of relevant peaks in
the FT-IR spectrum.

6.4.2 Scanning electron microscopy/Energy-dispersive X-ray
analysis

The scanning electron microscopy is used for studying the
surface topography and diameter of cellulose fibres. The
SEM image of cellulose pulp extracted from cow dung is
shown in Fig. 3a, b. SEM revealed the surface topography
of fibres after chemical pre-treatment. The size distribution
is obtained using the ImageJ software. It is observed that fibres
showed a narrow size distribution with an average size of 10–
15 μm. Energy-dispersive X-ray analysis is performed in or-
der to confirm the existence of basic elements present in the
cellulose. EDX is a reliable and easy technique for the

Table 3 Intrinsic viscosity, DP, and molecular weight of cellulose
extracted from cow dung

Parameter Sample code—USSP02* Standard method

Intrinsic viscosity 57 SCAN-C15:62

DP 155.089 -

Molecular weight 25,110 -

*USSP02 represents the cellulose extracted from cow dung by the
optimised KP method
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characterisation of structure of compound. The EDX results
confirm the presence of 46.28% carbon and 51.42% oxygen in
the extracted cellulose from cow dung (Fig. 3c). The observed
elemental composition is found to be in agreement with natu-
ral cellulose elemental composition, i.e. 44.44% carbon and
49.39% oxygen.

6.4.3 CHNS elemental analysis

The elemental analysis by combustion is a rapid and efficient
technique of determining organic elements (CHNS) present in
a sample. The data of elemental analysis showed that cellulose
extracted from cow dung contains 36.22% carbon and 5.33%
hydrogen. The composition of carbon and hydrogen was

found to be comparable to the elemental composition of nat-
ural cellulose, i.e. 44.44% carbon and 6.17% hydrogen, which
confirms the presence of cellulose in the sample.

6.4.4 Transmission electron microscopy

Transmission electron microscopy was used to study the
structure of nanocellulose. The TEM micrograph of α-NC
prepared from α-cellulose extracted from cow dung is shown
in Fig. 4. The dimensions and aspect ratio (length:width) ofα-
NC isolated under controlled conditions were studied by the
analysis of the TEM images resulting in an average width of
30 nm with an average length of 400 ± 100 nm. The aspect
ratio of isolated nanocellulose was 10. Size of isolated NC is
comparable to the size of NC obtained from different plant
species [38].

6.4.5 Zeta potential measurement

The surface charge of α-NC analysed by dynamic light scat-
tering and zeta potential measurements gave high negative
values of zeta potential (− 37.53 mV) which occurs as a result
of functionalisation of α-NC with the anionic sulfonic groups
introduced during the sulphuric acid hydrolysis step during
the preparation of α-NC from cellulose. The ideal value of
zeta potential should be less than − 30 mV or higher than
30 mV or 25 mV. The greater zeta potential so obtained is
an indicator of the excellent stability of colloidal dispersions.
Similar results have also been reported for the NC isolated
from different plant species [39].

Fig. 3 SEM images of cellulose
pulp extracted from cow dung at a
100 μm and b 50 μm and c EDX
spectra of cellulose

Fig. 4 Transmission electron micrograph of α-NC
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6.4.6 Powder X-ray diffraction analysis

Cellulose exists in both amorphous and crystalline forms.
Powder X-ray diffraction (XRD) analysis indicates the
amount of crystalline form of cellulose. The crystallinity index
of the both α-cellulose (αUSSP02) and α-NC (αUSSPNC02)
was found to be 47.58% and 53.30%. The XRD data has
shown a significant increase in the crystallinity of cellulose
after the acidic hydrolysis which is mainly due to removal of
amorphous regions under acidic conditions (Fig. 5). The crys-
talline index of cellulose obtained from cow dung represents
similar values with the other plant and marine biomass [40,
41]. High crystallinity is required in preparation of composites.

7 Conclusion

The current study concluded that cow dung can act as an ideal
feedstock for the extraction of cellulose, hemicellulose, and
lignin. Cow dung biomass has been utilised for the extraction
of cellulose and preparation of nanocellulose. The extraction
of cellulose was carried out using the optimised kraft pulping
process with minimal possible chemical load. Although cellu-
lose was isolated in moderate yield as compared to the plant
biomass, it can be considered good feedstock for the develop-
ment of several value-added products. Also, α-NC prepared
from the extracted cellulose was found to have excellent sur-
face charge which imparts good particle stability in disper-
sions. Thus, valorisation of cow dung provides an alternative
for efficient utilisation of this waste biomass in an in-
novative manner. This alternative way of animal waste
utilisation serves dual function; it helps in management
of huge amount of animal waste and also helps in the
development of useful biomaterials, thus represents a
good example of “Waste to Wealth”.
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