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Abstract

Cellulose, chitin and chitosan are widely spread biopolymers in nature. These biopolymers have economic significance due
to their wide applications in industries and biomedicine. They can be locally sourced in abundance from agricultural wastes.
In this study, cellulose and chitin as biopolymers were isolated from maize cobs and crab shells respectively via simple
techniques. The isolated chitin was processed into the more valuable material (chitosan) by deacetylation process. The three
isolated biopolymers were characterized by using X-ray diffraction and Fourier transform infrared spectroscopy (FTIR).
XRD analysis indicated the crystalline nature of the chitin and chitosan and also showed that the isolated cellulose is
amorphous in nature. The FTIR spectra displayed the peaks corresponding to the characteristic functional groups (O-H, C-H
and C=0) common to the prepared biopolymers. It can be concluded that maize cobs and crab shells can be chief sources of
cellulose and chitins and this can assist in reducing the environmental pollutions caused by the indiscriminate discarding of

these local waste materials.
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Introduction

Biopolymers are heavy biomolecules consisting of covalently
connected repeating monomeric units produced by living
organisms'. The fact that biopolymers are biodegradable, non-
toxic and have renewable sources makes them possesses
economical advantages over synthetic non-renewable polymers
and are usually engaged as starting materials in the production
of numerous value-added materials®. These biopolymers have
various uses in industries like veterinary, foods, wood and
paper, fibres and clothes, cosmetic and pharmaceutical®.
Previous studies have shown that these polymers can be
obtained from numerous sources using different techniques™’.
Among the naturally available biopolymers, cellulose, chitin
and chitosan are the most abundant on earth®. Cellulose is found
in plant cell wall in a form of nanofibrils’, while chitin and
chitosan are present in shells and tissues of some marine
animals, insects and fungig. Cellulose; chitin and chitosan serve
as skeleton systems in plants and marine animals respectively’.
Cellulose when nitrogenated becomes chitosan, although both
polymers are reported to be linear semi-crystalline in nature'’.
Cellulose macromolecules consist of repeat anhydroglucose
units while those of chitin and chitosan are built from amino
partially substituted anhydroglucose (Figure-1).

Annually, serious environmental challenges are posed by huge
quantities of these biopolymers in the form of agricultural
wastes generated and indiscriminately discarded without
adequate exploitation of their worth for wealth creation''. These
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agricultural wastes which includes maize (stem and cobs) and
crab shells are among the available sources of cellulose; chitin
and chitosan obtained in large quantities as major wastes locally
and from food industries. Exploiting local sources which are
abundant and less expensive for the production of biopolymers
can be a smart approach to alleviate the cost related issues on
large scale production of these biopolymers. In view of this, this
study utilized maize cobs and crab shells as agricultural wastes
to produce cellulose, chitin and chitosan via simple and cheap
means.
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Figure-1: Chemical structures of (a) cellulose, (b) chitin and (c)
chitosan.
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Materials and methods

Materials: Maize cobs were collected from local farmlands
somewhere in Korokpa, Paiko, Nigeria during the last dry
season of the year 2018. Crab shells were obtained from local
fish markets at New Bussau, Nigeria. Sodium hydroxide,
hydrochloric acid, sodium hypochlorite, sulphuric acid and
distilled water of analytical grades were used in this study.

Samples preparation: The maize cobs were weighed, cut with
a kitchen knife and sun dried for five (5) hours. The sun dried
cobs was pulverized using mortar and pestle to produce
powdered cobs. The crab shells were carefully washed with
distilled water to remove impurities. The washed shells were
sun-dried for two weeks, ground using mortar and pestle and
sieved using a 2.0 mm sieve for easy extraction. The ground
samples were stored in opaque glass bottles for further use.

Preparation of cellulose: To prepare cellulose, 100g of the
powdered maize cobs was treated with 50cm® of a 1M of
sodium hydroxide for 30 minutes to remove lignin. The mixture
was filtered using cotton cloth to obtain slurry, which was in
turn further treated with 250cm® of 1 M sulphuric acid to digest
the slurry at 80°C for an hour and subsequently filtered to give a
residue that was carefully washed with distilled water and
bleached using 3.2% w/v of sodium hypochlorite for 20 minutes
at 80°C, washed with distilled water until neutral pH to produce
the cellulose. This cellulose produced was air dried for 48 hours.

Preparation of Chitin: The preparation of chitin from the
ground crab shells was carried out via two main stages of
extraction: deproteinization, and demineralization. For the
deproteinization, 5g of crab shell was treated in 250cm’ beaker
using 100 cm® 1.25M NaOH for 3 hrs at room temperature, after
which the mixture was allowed to settle; remnant sodium
hydroxide was removed using deionized water until neutral pH.
Filtration was done using Whatmann filter paper No 4 and the
residue was oven dried at temperature of 80 °C for 45 minutes to
obtain deproteinized crab shells.

The dimerialization was carried out by heating 3 grams of the
deproteinized crab shells using 100cm’ 1.25M HCI for Shrs at
temperature of 80°C in 250cm’ conical flask. After heating, the
mixture was left to cool and settle; excess HCl was separated by
decantation. The residue washed using deionized water to
neutral pH and subsequently filtered using Whatmann filter
paper No 4. The residue obtained was oven dried at 80°C for 45
minutes to obtain chitin.

Preparation of Chitosan: To prepare chitosan, 1g of the chitin
in 100cm’ beaker was deactylated using 0.5M of NaOH for 2
hrs at temperature of 100°C. Thereafter, the mixture was
allowed to cool and settled; excess NaOH removed by
decantation. The residue was washed with deionized water to
neutral pH, filtered using Whatmann filter paper No 4 and oven
dried at 80°C for 45 minutes to produced chitosan.
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Characterization of the prepared Biopolymer samples: The
Fourier transform infrared (FT-IR) spectrum of the prepared
chitin, cellulose and chitosan samples were determined using a
Frontier FT-IR Perkin Elmer, UK over the range of 4000-400
cm™' in order to determine the key functional groups available.
The phase structures of the prepared chitin, cellulose and
chitosan samples were examined using X-ray diffractometer
(XRD)-6000 Shimadzu Scientific Instruments.

Results and discussion

FTIR spectra of cellulose, chitin and chitosan are shown in
Figure-2. The absorption peaks were observed in two wave
number region of 3500-2500cm™' and 1750-500cm™'. The
existence of absorption bands on the respective spectrum of the
biopolymer samples correspond to the characteristic bands of
polymer matrix of chitin, cellulose and chitosan'?. From the
Figure-2, the peak at 3338cm™ is typical for stretching vibration
of the -OH group alongside molecular hydrogen bond vibrations
in cellulose'”. The peak at 2905cm™ is ascribed to C-H
stretching vibration of all hydrocarbon components in
polysaccharides'. Usual peaks attributed to cellulose were
noticed in the region of 1600—1000cm™". The peak observed at
1591cm™ matches the vibration of moisture molecules absorbed
in cellulose'*. The absorption peaks at 1415, 1321, 1050, 1023
em™ and 900cm™ correspond to the stretching and bending
vibrations of -CH, and -CH, -OH and C-O bonds respectively in
cellulose. The peak at about 1415cm™ determines the crystalline
arrangement of the cellulose, while the peak at 900cm™ is
attributed to the amorphous state in cellulose'.

The IR spectrum of the prepared chitosan shown in Figure-2
illustrates important absorption peaks to recognize the typical
functional groups in the chitosan. From the figure, the stretching
vibrations of -OH bond of the prepared chitosan was found at
3257cm™ '® and that for C-H was observed at 2892cm™ 7. The
absorption peaks at 1632cm” and 1409.97cm” could be
associated with the presence of the N-H in-plane bend and O-H
deformation in-plane respectively'®. The peaks at 1009cm™
could be assigned for symmetric stretching of C—O—C bridge of
O-H groups'", while the 684cm™ bands could be due amines
wagging®.

The crab chitin showed a weak band at about 1632cm™ which
corresponds to the N-H out-planes of amides”’. The bands at
1429cm™ and 1050cm™ are ascribed to the respectively C-C and
C-O stretching™. The band at 2932cm™ could be attributed to
the stretching of C-H”. The broad band at 3337cm’
corresponds to the superimposed N-H and O-H stretching™*.

X-Ray Diffraction (XRD) pattern of the Extracted Chitosan:
The phase structures of the isolated biopolymers (cellulose,
chitin and chitosan) were studied using x-ray diffractometer and
the XRD patterns are displayed in the Figure-3. X-ray
diffractogram of cellulose shows one significant diffraction
peak at 260 angle of 20.17° with a corresponding crystal plane as
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(002), this is in agreement with the result reported for cellulose
by Park®™. From the Figure-2, the XRD pattern of chitosan
showed significant diffraction peaks centered at 20 of 12.56"
and 19.30° with a corresponding crystal planes as (002) and
(101) respectively™.

Figure-3 shows the XRD pattern of the isolated chitin with two
characteristic peaks at 20 of 12.67° and 19.20° which were
118
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assigned (020) and (110) miller indices. This diffraction peaks
matched well with chitin powder”’. The other peaks on the
diffractogram of chitin and chitosan may be attributed to
impurities originated from micro-molecules that formed the
components of these polymers™.
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Figure-2: FTIR spectra of isolated cellulose, chitin and chitosan.
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Figure-3: X-ray diffractogram of chitin, cellulose and chitosan.

Table-1: Crystallinity Index of the prepared Biopolymers.

Biopolymers Peak position (26) Counts Intensity d-spacing (A°)
Cellulose 20.17 1711/5.2 329 4.399
12.67 79716.2 129 6.982
Chitin
19.20 4851/8.9 545 4.619
12.56 732/5.8 126 7.006
Chitosan
19.30 4414/5.3 833 4.639
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However, the diffractogram pattern of the cellulose sample
(Figure-3) shows that the cellulose isolated in this study is more
amorphous and less crystalline compared to chitin and
chitosan”’. This may be attributed to the existence of more
hydrogen bonds”. Replacement of secondary hydroxyl group by
amino group in chitosan and acetylamino group in chitin leads
to shifts of the diffraction peaks to smaller angles (Table-1) and
thus, result in the increase of intensity of peaks and d-spacing

typical of crystalline lattice of biopolymers™.

Conclusion

This work establishes the feasibility of isolating cellulose, chitin
and chitosan from maize cobs and crab shells respectively. The
results of XRD characterization of the isolated materials
indicate that the cellulose prepared is amorphous in nature while
chitin and chitosan are semi-crystalline in nature with the
crystallinity of the chitin higher than that of the chitosan. The
FTIR spectra of the prepared biopolymers confirmed the
presence of the characteristic absorption bands of O-H, N-H,
CH, C-O and C-C which conform to their chemical structures.
The biopolymers obtained from the aforementioned local
sources could be employed in a variety of applications.
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