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Abstract: Chitosan obtained from deacetylation of chitin is widely distributed in nature, being the main
structural component of the exoskeleton of crustaceans and is non-toxic, biodegradable and biocompatible. The
exoskeletons are waste creating environmental pollutant hence the need to transform them to useful products.
Chitosan was prepared from the exoskeleton of shrimp using alkaline and acidic treatments. The product
obtained was characterized using FT-IR and titrimetric methods to obtain the various functional groups and
degree of deacetylation respectively. FT-IR result showed various functional groups including carbonyl, amine
and hydroxyl at different wave numbers while titrimetric method gave the degree of deacetylation of chitosan
as 67 %. The results obtained from this study have shown that shrimp exoskeleton is a good source of chitosan
and it could be improved upon to give more quality chitosan.
Keywords: chitosan, shrimp, degree of deacetylation, functional group, characterization.
INTRODUCTION
The exoskeleton comprising of crude shrimp head
and skin materials have only a low economic value
and are treated as bio waste or sold to animal feed
manufacturers [1]. The shrimp bio waste in the
tropical region contains 10-20 % calcium, 30-65%
protein content and 8- 10% chitin on a dry basis [2].
Chitosan, which is obtained by N- deacetylation of
chitin, has attracted attention due to its unique
Dec-Feb 2016

cationic character. Typically, chitosan is produced
from waste generated from crustacean processing
(e.g. shrimp and crab). Chitin and its derivative
chitosan are of commercial interest due to their
excellent biocompatibility, biodegradability, nontoxicity, chelating and adsorption power. With these
characteristics, especially chitosan has many
attractive applications in biotechnology, food and
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pharmaceutical industry, in cosmetics, environmental engineering, in agriculture and aquaculture.
Though chemical procedures are widely used to
produce chitin and chitosan utilizing shrimp waste
as raw material involving both alkaline and acidic
treatments. Chitosan can be characterized by degree
of deacetylation (DDA), molecular weight and their
distribution, residue protein etc. But the most
important parameter for characterizing a given
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chitosan specimen is the degree of deacetylation [38]. The degree of deacetylation (DDA) influences
the physical, chemical and biological properties of
chitosan, such as acid base and electrostatic
characteristics, biodegradability, self-aggregation,
sorption properties, and the ability to chelate metal
ions. The purpose of this study is to produce and
characterize chitosan obtained from shrimp
exoskeleton.

Fig. 1: Chemical Structure of Chitosan
MATERIALS AND METHOD
Materials: Pink shrimp (Penaeus notialis)
exoskeleton were obtained after processing for
smoking at the fish processing centre of Nigerian
Stored Products Research Institute Lagos. The
following chemicals were used as received; Sodium
hydroxide, hydrochloric acid, paraffin wax and
acetone were purchased from BDH (Poole,
England) and Analar (Essex, England). Bruker
Vector 22 FT-IR was used to characterize the
various functional groups present.
Statistical Analysis: All the data for degree of
deacetylation are expressed as means of three
determinations with standard deviations.
Preparation of Chitosan: 50 g of finely ground
shrimp shell that had been previously air dried for
3d was measured into a flask to which 80 cm3 10 M
solution of sodium hydroxide was added, placed on
a magnetic stirrer with continuous stirring at 80oC
for 6 h. Additional 50 cm3 sodium hydroxide was
added as the solution was being evaporated. The
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resulting residue was washed with deionized water
to bring the pH to neutral. The neutral residue was
then dried at 100oC for 1 h. The dried residue was
demineralized by adding 100 cm3 1M hydrochloric
acid. Effervescence occurred due to the liberation of
carbon dioxide. The powder suspension in the flask
was placed on a magnetic stirrer with continuous
stirring at 30oC for 3 h, then washed repeatedly with
deionized water to a neutral pH and dried at 90oC
for 1 h. The dry powder was decolourised by
refluxing in 75 cm3 acetone in a paraffin wax bath at
60oC for 3 h on a magnetic stirrer to give a near
white powder. The near white powder was air dried
in ambient condition. The powder was finally
deacetylated with 80 cm3 12.5 M sodium hydroxide
solution under constant stirring on a magnetic stirrer
at 30oC for 4 h (additional volume of 40 cm3 of
sodium hydroxide was later added as the solution
was being evaporated). The powder was washed
repeatedly with distilled water to a neutral pH.
Chitosan was dried at 90oC for 1h and kept inside a
polythene container for further use [4].
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DEPROTEINIZATION
{50g of snail shell + 4%NaOH solution + stirring}

DEMINERALIZATION
{Deproteinized snail shell + 3% of 1M HCl solution + stirring}

DECOLOURIZATION
{Refluxing in oil bath with 100ml of acetone}

DEACETYLATION
{Chitin + 50%NaOH + Stirring}
Fig. 2: Schematic Process for the Production of Chitosan

Fig. 3: Deacetylation Reaction Involving the Removal of Acetyl Group from Chitin to Chitosan.
RESULTS
Characterization of Chitosan Fourier Transform Infra-Red Spectrophotometry: Chitosan was
characterized using Fourier Transform Infra-Red
spectroscopy (FT-IR). Figure 4 shows the FTIR
spectrum for chitosan (3500 - 500 cm-1). The
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spectrum indicated the presence of various
vibrational stretching frequencies of expected major
functional groups. These are hydroxyl (-OH),
carbonyl (C=O), amino (N-H).
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Fig. 4: FT-IR Spectrum of Chitosan from Pink shrimp (Penaeus notialis) exoskeleton
Degree of Deacetylation: The degree of
deacetylation of chitosan was determined using
titrimetric method. [8]. Chitosan of 0.125 g was
dissolved in 25 cm3 aqueous solution of 0.1 mol per
dm3 hydrochloric acid and stirring by 30 minutes
until it dissolved totally. The solution was titrated
with 0.1 mol per dm3 NaOH. The amount of amino
group was calculated as follow:
NH2 (%) = C1 V1 – C2 V2 X 0.016
(i)
G (100-W)
Where:
C1 – concentration of standard HCl aqueous
solution

C2 – standard NaOH solution
V1 – volume of the standard HCl aqueous solution
used to dissolve chitosan (ml)
V2 – volume of standard NaOH solution consumed
during titration (ml)
G – weight of chitosan (g)
W- Water percentage of chitosan
The number 0.016 (g) is the equivalent weight of
NH2 group in 1 ml of standard 1 mol/L HCl aqueous
solution
DDA (%) = NH2 (%)/9.94% x 100 %
(ii)
9.94% is the proportion of NH2 group by weight in
chitosan.

Table 1: Mean Degree of deacetylation of chitosan obtained from Pink shrimp (Penaeus notialis) exoskeleton
(n =3)
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S/N

Degree Of Deacetylation (%)

1

65.50±1.12

2

66.67±0.98

3

67.30±1.03
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DISCUSSION
The FTIR spectrum of chitosan obtained from Pink
shrimp (Penaeus notialis) exoskeleton in Figure 1
showed characteristic absorption bands. The band
obtained at 3500 cm-1 and 3000 cm-1 attributed to
the stretching mode of hydroxyl and extension
vibration of N-H which is a broad and strong band.
The broad peak is due to inter- and intra-molecular
hydrogen bonds. The band at 3300 cm-1 representing stretching N-H in amine. This showed that the
chitosan contained a free amino group that is
supposed to be in any chitosan sample. The peak
observed at 1432 cm-1 is due to C-N stretching, peak
at 2004 cm-1 can be attributed to asymmetric and
symmetric -CH2 groups. The peak at 1063cm-1 is
characteristic of C-O stretching vibration. The
absorption band at 1551 cm-1 and 952 cm-1
corresponds to the characteristic absorption bands
of C=O group of amide I and of β- D-glucose unit
respectively Similar result were reported [5-7]. The
intensity of amide I associated with carbonyl (C=O)
decreases due to the removal of the acetyl group via
deacetylation.
The value for the degree of
deacetylation of chitosan obtained from Pink shrimp
(Penaeus notialis) exoskeleton is shown in Table 1.
The values ranged from 65.50±1.12% – 67.30±1.03
%. This result showed that the product can be
referred to as chitosan. Generally, chitin with a
degree of deacetylation of 70 % or above is known
as chitosan [9]. The degree of deacetylation
controls the amount of free amino groups in the
polymer chain. The free amino groups give chitosan
its positive charge. The amino group along with the
hydroxyl group gives chitosan its functionality
which allows it to be a highly reactive
polysaccharide. Chitosan’s positive charge allows it
to have many electrostatic interactions with
negatively charged molecules. Depending on the
degree of deacetylation, it is reported that about 50
% of the total amine groups in the chitosan remain
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protonated and theoretically available for ion
exchange [10].
CONCLUSION
Chitosan was successfully obtained from Pink
shrimp (Penaeus notialis) exoskeleton with the
presence of expected basic functional groups with
degree of deacetylation above 50%. It is a viable
way of recycling shrimp exoskeleton waste into a
useful product which could be used in industries for
pollution remediation, production of edible films in
food packaging, stored products protectants among
others. There is need to improve on the process to
give chitosan of higher degree of deacetylation and
the bands of the functional groups appearing at more
pronounced wave numbers as obtained in
commercial chitosan. Also, the calculation of
degree of deacetylation should be carried out using
accurate methods such as 1H NMR spectroscopy
and UV-Vis spectroscopy.
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