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In the current investigation, chitin and chitosan are extracted from Callinectes amnicola (crab) and
Penaeus notialis (shrimp) shell wastes using predetermined optimization conditions. The shrimp shell
produces higher chitin yield (26.08%), higher chitosan yield (16.93%) and higher degree of deacetylation
(DDA) of 89.73% than the yields of chitin (19.36%), chitosan (13.29%) and the DDA from crab shell
(84.20%). The Fourier Transform Infrared (FTIR) and acid-base titration methods are used to obtain %
DDA of the optimized chitosan. Insignificant deviations between the DDA values from both methods are
obtained. The experimental FTIR bands and standards for the refined chitosan from crab and shrimp
shell wastes are in excellent agreement. The physicochemical properties of the raw precursors,
extracted chitin and chitosan (raw and refined/decolorized) are equally evaluated. The extracted chitin
and chitosan are characterized using analytical techniques. The implication of this study is in the
current drive to produce chitin and chitosan from the underutilized shell wastes of C. amnicola and P.
notialis of Nigerian sources with a high yield and a high DDA. In this study, the P. notialis shell is a
better alternative source of chitin and chitosan than C. amnicola shell.

Key words: Extraction, characterization, Brunauer-Emmett-Teller (BET) surface area, Fourier Transform

Infrared Spectroscopy (FTIR), scanning electron microscopy, transmission electron microscopy.

INTRODUCTION

Callinectes amnicola (crab) and Penaeus notialis (pink
shrimp) are amongst the world’s most significant kinds of
seafood. Commercially, about 50% of the kinds of
seafood are discarded as unsaleable products in the form
of shell waste when being processed, cleaned-up and
packaged. However, certain amounts of proteins (30-
40%), calcium (IlI) trioxocarbonate (IV), CaCO; and
tricalcium diphosphate, Caz(PO,),, (30-50%), chitin (20-

30%) and pigments (astaxanthin, canthaxanthin, lutein or
B-carotene) are contained in the crustaceans’ shells on a
dry basis (Kumirska et al., 2010; Hajji et al., 2014; Nithya
et al., 2014).
There are variations in these proportions from one
crustacean shell to another and from season to season
(Aranaz et al., 2009).

However, the next in importance to cellulose and the.
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second most important and abundant biopolysaccharide
(or biopolymer) available in nature is p-(1—4) N- acetyl-
D-glucosamine (chitin). It is a constituent of the
carapaces, crusts, molluscs, outer skeleton of
crustaceans (crabs, shrimps, krill, barnacles, lobsters,
amongst others), insects, yeast and fungal cell walls
(Arbia et al.,, 2013; Ji et al, 2012). The standard
procedure for extraction of chitin from the crustacean
shell wastes involves the following basic steps: washing,
grinding and sieving of raw shell wastes, followed by
demineralization (that is, elimination of CaCO; and
Cas(PO,), in dilute acid), deproteinization (that is, protein
separation in agueous NaOH or KOH) and decolorization
(pigments removal). The uses of enzymatic hydrolysis for
deproteinization (Synowiecki and Al-Khateeb, 2003) and
microorganisms  for both  demineralization and
deproteinization have equally been reported (Synowiecki
and Al-Khateeb, 2003; Shirai et al., 2003). Chitin can be
found in different allomorphic forms, a and B, or as a
combination of these two forms, known as vy-chitin,
depending on the source of precursors used (Roberts,
1992). Amongst these forms, the most copious is a-chitin,
which can be produced primarily from the outer skeletons
of shrimps and crabs. The B- and y-chitin can be
produced from squid pens and fungi and vyeast
respectively (Campana-Filho et al., 2007). Moreover, the
a-chitin can be obtained from B-chitin via treatment with
alkaline solution and the resulting mixture water-flushed
(Noishiki et al.,, 2003). The subsequent chemical
conversion of chitin to B-(1—4) D-glucosamine (chitosan),
known as deacetylation, removes partially or completely
the acetyl group from it and this involves treatment of the
former with solution of 40-50% concentrated sodium
hydroxide at 100°C or above (No and Meyers, 1995;
Galed et al., 2008). Hence, chitosan is an incompletely or
completely deacetylated form of chitin. The former is a
cationic amino biopolymer (Ibitoye et al., 2018), and thus
possesses the capability to chemically cohere with
anionic fats, lipids and bile acids (Sandford, 1992). Chitin
and chitosan show resemblance in their structural form,
except for the acetyl group in the former biopolymer, with
the latter being the most useful derivative of chitin (No
and Meyers, 1992). Using the European Chitin Society
(EUCHIS) (2017) terminology, they can be identified as a
result of their solubility in 0.1 M ethanoic acid with the
insoluble and soluble materials being chitin and chitosan
respectively. Their average molecular weights are in a
million-fold. However, the average molecular weight of
the chitosan found in the market or used industrially is
between 3.8 x 10° and 5.0 x 10° g/mol with degree of N-
acetylation being 0.02 - 0.40 (Ravi Kumar, 2000; Tajik et
al., 2008). Dissimilar to plant fiber, chitosan has the
capacity to form films, optical structural characteristics.
For the past years, much attention has been focused on
chitinous polymer as a promising renewable polymeric
material. This is due to their extensive applications in the
pharmaceutical and biomedical industries for enzyme

immobilization and purification, in chemical plants for
wastewater treatment, in food industries for food
formulations as binding, gelling, thickening and stabilizing
agent and in cosmetics and fiber industries (Morin-Crini
et al., 2019; Casadidio et al., 2019; Jones and Pawlik,
2019; Knorr, 1984; Li et al.,, 1992; Prashanth and
Tharanathan, 2007).

Several techniques to extract chitin from different
sources have been published (Synowiecki and Al-
Khateeb, 2003; Struszczyk, 2002; Hayes et al., 2008; Al-
Sagheer et al., 2009; Al-Shahrani et al., 2018; Ibitoye et
al., 2018). Moreover, over the years, various crustaceans
have been used to extract chitin, and these different
sources have been reported to affect the isolation of
chitin and chitosan. Also, the percentage of chitin present
in the source where it is found varies according to the
origin of the source (Abdou et al., 2008; Muzzarelli and
Peter, 1997). Accordingly, several works on the
extraction and characterization of chitin and its
derivatives from different origins have been reported
(Cho et al., 1998; No et al., 2000; Kaya et al., 2015). Al-
Sagheer et al. (2009) produced chitin and its derivative,
chitosan, from Arabian Gulf crustaceans’ sources to
determine the protein content in chitin. Abdou et al.
(2008) reported the production of chitin and its derivative
from the crustacean of Egyptian origin. Yildiz et al. (2010)
reported the extraction and characterization of chitin and
chitosan from the Mediterranean crab. Nessa et al.
(2010) developed a process for the preparation of chitin
and chitosan from prawn shell waste of Khulna,
Bangladesh, and evaluated the influence of deacetylation
process during chitosan production on its physicochemical
and functional properties. Limam et al. (2011) reported
the extraction and characterization of chitin and chitosan
from two species of crustacean of Tunisian origin.
Equally, in the study of Nouri et al. (2016), chitosan
(isolated from wastes of species of Indian white shrimp,
Penaeus indicus, with a high functionality was produced
using mild conditions (temperatures of 60, 80 and
100°C), concentration of alkaline (30, 40 and 50%) and
times of 90, 195, 300 min. Despite all these reported
works, literature is scanty on the extraction and
characterization of chitin and chitosan from crustaceans
of Nigerian origin. The sources of chitin are highly
available in Nigeria and are abundant in the coastal areas
of Nigeria (Amos, 2007; FAO, 2017). These materials
litter the river banks and coastlines, thereby constituting
environmental pollution because they are underutilised.
Also, the crustacean shells are also discarded after
processing in the food industry and these are valuable
sources of chitin, which can be further processed into
chitosan. Hence, the extraction of chitin and chitosan
from the shell wastes of pink shrimp (P. notialis) and
Lagoon crab (C. amnicola), both of Nigeria origin, using
the chemical processes of  demineralization,
deproteinization and deacetylation respectively was
investigated in this study since the main commercial



sources of chitin and chitosan are shrimp and crab shell
wastes (Al-Sagheer et al., 2009; Rinaudo, 2006; Sudha
et al, 2017). Before the extraction was done
independently, the optimum conditions of the process
were determined elsewhere by the authors using Box-
Behnken design (BBD) of experiments and response
surface methodology (Amoo et al., 2019; Olafadehan et
al., 2020), robust quadratic models for predicting the yield
of chitin and chitosan extraction, and the degree of
deacetylation (DDA) of chitosan from both precursors
were put forward. The isolated optimized chitin and
chitosan from shrimp and crab waste shells were
characterized by Proximate analysis, X-ray Diffraction
(XRD), Energy Dispersive X-ray Spectroscopy (EDS),
Fourier Transform Infrared Spectroscopy (FTIR),
Brunauer-Emmett-Teller (BET) analysis, Transmission
Electron Microscopy (TEM) and Scanning Electron
Microscopy (SEM). These characterizations give very
deep insights into the structural features of each polymer
produced and their respective functional groups showing
the order of quality for the different extracted polymers.
The extraction and characterization of chitin and its
derivatives from locally sourced Nigerian precursors
provide an enormous economic benefit to the local sea
foods industries in Nigeria and its applicability to the
world at large.

METHODOLOGY

The crab (C. amnicola) and pink shrimp (P. notialis) used in this
study were obtained from the University of Lagos lagoon and a
local market in Lagos State, Nigeria respectively and their shells
processed into powder.

Materials

Hydrochloric acid (~37%), and sodium hydroxide pellets (97%)
were purchased from Fisher Scientific International Inc., USA while
potassium permanganate (99.0%) and oxalic acid dihydrate,
C2H,04.2H,0, (99.5%) were purchased from J. T. Baker Co., USA.

Extraction of chitin

The crab (C. amnicola) and shrimp (P. notialis) tissues found
loosely in and around the shell wastes were disposed of. The sole
resulting shells were thoroughly scrubbed, washed, cleaned and
dried. A Morphy Richards 100-W blender was used to thoroughly
pulverize the resulting dried shell samples, which were passed
through a 250-um sieve, collected in plastic bags and then
conserved at ambient temperature of (28+2°C) for supplemental
analyses.

Demineralization

The process of extraction of chitin from the shell wastes involved
demineralization with 2 - 4 M hydrochloric acid for 12-24 h at
ambient temperature (28 + 2°C) with constant agitation speed of
100 rpm at a solvent to solid ratio of 10:1 (w/v). Separation of the
resulting acid-shell mixture was done by vacuum filtration and the
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solid washed thoroughly with distilled water until a neutral pH of 7
was achieved.

Deproteinization

The demineralized shells were deproteinized with 1.5 - 3.5 M
sodium hydroxide for 1 - 3 h at (70 + 0.5°C) with constant agitation
speed of 100 rpm at a solvent to solid ratio of 15:1 (w/v). The
resulting heterogeneous mixture was mixed thoroughly to form
insoluble particles of chitin and subsequently separated by filtration
using a vacuum pump. The precipitate was thoroughly washed with
distilled water to bring down the pH to 7.0.

Decolorization

The extracted crude chitin from the treated crustacean shells was
decolorized by treating the crude chitin with 10 g/L potassium
tetraoxomanganate (VII), KMnQ,, for 1 h and then reacted with 10
g/L oxalic acid dehydrate, C,H,04.2H,O for another 1 h. The
decolorized chitin was then separated via vacuum filtration and
washed with distilled water until the pH = 7.0. The sample was dried
in an oven at 80°C for 3 h and the dry weight of the decolorized
chitin was recorded.

Deacetylation of chitin

The extracted decolorized chitin was converted to chitosan by the
process of deacetylation. The chitin was immersed in 30-50% w/w
concentration of sodium hydroxide solution for 1.5-4.5 h at (60-
100)+0.5°C at a constant agitation speed of 100 rpm at a solvent to
solid ratio of 10:1 (w/v). The mixture was separated by filtration
powdered by a vacuum pump and the resulting solid
matter/particles thoroughly washed with distilled water until the pH
was neutral. The solid matter obtained (that is, chitosan) was then
dried in a muffled oven at 80°C for 3 h and the dry weight was
recorded.

Determination of the extraction vyield and degree of
deacetylation

The extraction yields of the derived chitin and the derived chitosan
from C. amnicola and P. notialis shell wastes were calculated thus:

Y, =(m, /M, )x100 @
Ych :(mch /M ch )Xloo (2)

where the subscripts ¢ and ch represent chitin and chitosan
respectively, Y, and Y, are the respective % yields of the

derived chitin and the derived chitosan, M. and M are the
respective extraction weights of the derived chitin and derived
chitosan, M . and M ch are the extraction weights of the derived

chitin and derived chitosan, which are 25 g and 45 g respectively.
The acid-base titration method (Zhang et al., 2011) through some
modifications was applied to determine the percent degree of
deacetylation (DDA) of the derived chitosan experimentally. 0.125 g
derived chitosan was weighed and dissolved in 30 mL of 0.1 M
standard HCI aqueous solution; about 5-6 drops of methyl orange
were added as indicator and then effectively agitated for 30 min
until the chitosan-HCI mixture was completely homogeneous at
ambient temperature. The resulting red chitosan solution was then
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titrated with 0.1 M NaOH solution until it turned orange. The
percentage degree of deacetylation (DDA) of chitosan was
calculated using Equation 3:

V=GV, 0.016J><100 ®)

% DDA=
’ (M x0.0994

where C;and C, are the respective concentrations of standard HCI

and NaOH aqueous solutions (mol/L), V1 the volume of 0.1 M HCI

solution for chitosan dissolution (mL), V2 the volume of 0.1 M

NaOH solution consumed during titration (mL) and M the weight of
derived chitosan (g). In Equation 3, 0.016 is a standard factor, that
is the corresponding weight of the NH, group in 1 mL of standard 1
M HCI solution, which is expressed in g, and 0.0994 is the direct
proportional ratio of NH; group by weight in the derived chitosan.

Physicochemical properties of raw precursors and extracted
products

Several characterization techniques were used to determine the
most relevant physicochemical properties of both raw precursors
(that is, crab and pink shrimp shells), the derived chitin and derived
chitosan samples extracted from these shells. The surface area,
bulk density, pH, and iodine value experiments were all done on the
extracted polymers to ascertain the physicochemical integrity of the
produced polymers.

Surface area

The Brunauer-Emmett-Teller (BET) method is the most widely used
procedure for the determination of the surface area of solid
materials. This involves the use of the BET equation:

1 :1+[<=—1JP @
v( Po 1J v.c \cv, ) p,
p

where p is the partial vapour pressure of adsorbate gas (N;) in
equilibrium with the surface at a temperature of 77 K (Pa), [, the
adsorbate gas (N;) saturation pressure (Pa), v the volume of gas
adsorbed at standard temperature and pressure (STP) (mL), V,

the volume of gas adsorbed at STP when an apparent monolayer is
formed on the surface of the solid particle (mL) and c is a
dimensionless constant that is related to the enthalpy of adsorption
of the adsorbate gas on the sample (dimensionless).

In this study, the BET surface area of each sample was
performed by the adsorption of Nyg at 77 K using micrometric
surface area analyzer (ASAP2010 Micrometric Inc. USA). Before
the adsorption of Nyg), the sample was subjected to degassing for
approximately 24 h at a final pressure and temperature of
133.32x10™ Pa and 300°C respectively.

Bulk density

The bulk density, Oy, of each sample (derived chitin/derived

chitosan) was obtained by measuring the volume of distilled water
displaced by a known mass of the experimentally produced sample
using a measuring cylinder. The apparent (or bulk) density of each

sample was determined using the tapping procedure described by
Ahmeda et al. (1997). A known weight of each sample of the
adsorbent, after being dried in an oven at 105°C, was put into a 10-
mL capacity graduated cylinder. To ensure the sample was totally
settled, the base of the graduated cylinder was tapped severally on
the laboratory benchtop until it was certain the sample had fully

settled. The bulk density, Op , of the sample was calculated using
Equation 5:

P =VWhat /Vmat (5)

where Qg is the bulk density of derived chitin/derived chitosan

(g/mL), Wmat and Vmat are weight of dry sample (g) and its
volume (mL) respectively.

Determination of pH

The pH of each of the samples was determined through a
procedure described by Jayakumar and Chandrasekaran (2014)
with some modifications. 1 g of the dried sample was weighed
using a high-performance weighing scale and then transferred into
a 100-mL breaker. 30 mL of freshly boiled and cooled water with
the adjustment of pH to neutrality was mixed with the sample and
temperature raised to boiling point. After a 10-min digestion, the hot
solution was filtered while disposing of the first 2 mL of the filtrate.
The remaining filtrate was then cooled to room temperature and the
pH of the solution was determined using a pH meter.

Determination of iodine number

The iodine number, |, of a sample is defined as the milligrams of
iodine adsorbed by 1 g of material when the iodine residual
concentration in the filtrate is 0.02 N (0.01 mol/L) according to
ASTM-D-4607 standard (ASTM, 1994) which was reapproved in
2011, and was based on a three-point isotherm. The sample was
treated with 10 mL of 5% (v/v) HCI. The mixture was then boiled for
30 s and then cooled at room temperature. 100 mL of 0.1 N iodine
solution was immediately added to the HCl-sample mixture and
agitated for 30 s. The remaining solution was then paper-filtered
and 50 mL of the filtrate was titrated with 0.1 N (0.05 mol L™)
sodium thiosulphate pentahydrate (Na,S,03.5H,0) solution using
starch as indicator. Using logarithmic axes, the amount of iodine
adsorbed per gram of adsorbent was plotted against the residual
iodine concentration. When the residual equilibrium iodine
concentration was not within 0.008 to 0.04 N, the procedure was
repeated with a different mass of sample for each isotherm point.
The iodine value/number, |, was estimated thus (Kim et al., 2001):

| =[(10x f'—K x f )x12.69x5]/W, (6)

where | is the iodine number of the sample (mg/g), f' is the

concentration factor of iodine (dimensionless), f the concentration
factor of 0.1 N sodium thiosulphate solution (dimensionless), K the

titre volume of 0.1 N sodium thiosulphate solution (mL) and WS the

dry weight of the adsorbent (g). The factor 12.69 is the content of
iodine in 1 mL of 0.1 M sodium thiosulphate (mg).

Determination of moisture content

The moisture content (MC), was determined by employing the



gravimetric method (Huthman et al., 2013). The water mass/weight
of the sample was determined by drying the sample to constant
weight and weighing the sample before and after drying. The water
mass (or weight) in the sample was the difference between the
weights of the wet and oven-dried samples. The moisture content
(MC) was calculated using Equation 7:

% MC=(W —w)x100/W (7)

where W and w are the respective weights of wet and oven-dried
samples (g).

Determination of ash content

The % ash content, AC, of each sample was determined by

placing 1 g of the sample into the previously weighed crucible. The
crucible and its content were then placed in an electric oven at
110°C for about 4 h. The sample was heated in an electric muffle
furnace at a sustained temperature of 600°C for 2 h. The ceramic
crucible with its content was allowed to cool in a desiccator for 30
min (Jayakumar and Chandrasekaran, 2014; Mohanasrinivasan et
al., 2014). The heating and cooling processes were then repeated
until the difference between two consecutive weights was less than
1 mg and white ash was obtained. The % ash was determined
using Equation 8:

% AC= «100 ®)

1
W, x 100-X
100
where W1 is the weight of residue (g), Wm the weight of the test
sample (g) and X the % MC in the test sample.

Determination of protein

The protein percent of the derived samples was determined by the
universally used Kjeldahl method for total nitrogen determination by
sequentially adding 15 g of sodium (ll) tetraoxosulphate (VI),
Na,SO,4, 1 g of copper (Il) tetraoxosulphate (VI), CuSO,, two
selenised boiling granules and 25 mL of concentrated
tetraoxosulphate (VI) acid (H.SO,) to each of the samples and then
placed in a digestion flask. Digestion continued until the solution
was almost colourless or light green and then left for at least a
further 30 min. The solution was cooled and 200 mL of distilled
water was cautiously added. 100 mL of 0.1 N HCI was then
transferred into a 500-mL Erlenmeyer flask with 2-3 drops of an
indicator and the flask placed underneath the condenser, ensuring
that the condenser tip was immersed in the acidic solution. 100 mL
of 50% (w/v) NaOH solution was slowly added down the side of the
digestion flask to form a layer underneath the digestion mixture.
The mixture was then heated until all ammonia had passed over
into the standard acid. Approximately 150 mL of the mixture was
collected and the distillate, which contains excess standard HCI in
the distillate was titrated with NaOH standard solution. The protein
content of the sample was determined through the use of Equations
9to 11:

(M, =M, )x1.4007
weight of sample

% nitrogen(wet)= x100 (9
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% nitrogen (wet)

% nitrogen (dry) = 100—9% moisture

x100 (10)

% protein=% nitrogenx6.25 (11)

where Mlis the volume of standard HCI x normality of standard

Hel, M ,» the volume of standard NaOH x normality of standard

NaOH and 6.25 is the conversion factor for protein-nitrogen in fish
and fish by-products.

Determination of fiber

The % fiber of each sample was determined by accurately weighing
1 g of the ground sample and adding 150 mL of 1.25% (w/v)
tetraoxosulphate (VI) acid, after the sample had been preheated.
The sample was allowed to boil for exactly 30 min. After boiling, the
mixture was vacuum-filtered, washed thoroughly with distilled water
and separated. The separated sample was then mixed with a
preheated solution of 1.25% (w/v) potassium hydroxide and allowed
to boil for 30 min. The mixture was filtered, washed and separated
as before. The sample was then washed with 25 mL acetone with
constant stirring. A constant dry weight was obtained after drying in
an electric oven at 105°C for an hour. This weight represented the
crude fiber plus ash content in comparison to the initial weight. The
% fiber was determined using Equation 12:

. Wf Wi

where Wf is the crude fiber plus ash content in comparison to

initial sample weight (g) and Wi the initial sample weight (g).

Determination of carbohydrate content

The carbohydrate content of each of the samples was determined
using AOAC standards (AOAC, 1990). Colorimetric methods such
as the phenol-sulphuric or the anthrone procedures may be applied
to assess the total amount of carbohydrates in sample materials;
however, a great degree of interference is expected. Due to this
general difficulty, the carbohydrate percent of materials is usually
calculated by subtracting the total proximate results from 100%.

Analytical procedures

The Fourier Transform Infrared (FTIR) spectroscopy of each
sample was measured on KBr/Ge mid-infrared beam-splitter discs
in the transmission mode in the range 350-4400 cm™ by using
Nicolet iS10 FT-IR spectrophotometer (ThermoFisher Scientific Co.)
equipped with a deuterated triglycine sulphate (DTGS) detector.
The X-ray diffraction (XRD) experiments were performed with a
Rigaku D/Max-IlI-C X-ray (3kW) diffractometer. The sample was
exposed to an X-ray beam; the X-ray generator running with a non-
monochromated Cu Ka radiation source with a wavelength of 1.54
nm (tube voltage = 40 kV, tube current = 20 mA) and a diffracted
beam monochromator at room temperature. The relative intensity
was recorded at ambient temperature over an angular range (20
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degrees) of 5 - 70°. The crystallinity index (Crl) was determined
using Equation 13 (Ibitoye et al., 2018; Liu et al., 2012):

Crl =['“°Iﬁ}<100 (13)

am

where |110 is the maximum intensity at 20~19° and |am the

intensity of amorphous diffraction at 20 ~12° .

The Scanning Electron Microscopy (SEM) and the Scanning
Transmission Electron Microscopy (STEM) analyses were carried
out with a Jeol JSM-7600F Field Emission Scanning Electron
Microscope operating at an accelerating voltage of 15 kV, equipped
with a JED-2300T energy dispersive X-ray spectroscopy (EDS)
analysis detector unit to study the morphology and composition of
the samples respectively. The nitrogen adsorption and desorption
experiments (ASAP2010 Micrometric Inc. USA) were further used
to confirm the Brunauer-Emmett-Teller (BET) surface area of the
samples.

RESULTS AND DISCUSSION

The chitin yield obtained from crab and shrimp shell
wastes ranged from 2.45-4.88 g (i.e. 9.80-19.52%) and
3.20-6.42 g (that is, 12.80 - 25.48%) respectively. This is
indicative that maximum yield was obtained from shrimp
shell wastes. The extracted chitosan from 45 g of dried
waste of Lagoon crab (C. amnicola) and pink shrimp (P.
notialis) was in the range of 2.64 - 5.77 g (5.87 - 12.82%)
and 4.27 - 7.52 g (9.49 - 16.71%) respectively. In our
studies (Amoo et al., 2019; Olafadehan et al., 2020),
exhaustive investigations were carried out to determine
the optimum conditions for the yield of the derived chitin
and the derived chitosan from crab and pink shell wastes,
as well as the degree of deacetylation of chitosan
obtained from these precursors. The optimization studies
through BBD using response surface methodology gave
rise to the respective optimum conditions for the
maximum Yyields of derived chitin and derived chitosan
polymers and the maximum derived chitosan DDA from
pink shrimp shell wastes as (3.25 mol/dm® hydrochloric
acid aqueous solution, a demineralization time of 19.03 h,
2.43 mol/dm?® of sodium hydroxide aqueous solution and
a deproteinization time of 2.03 h), (a concentration of
50% w/w NaOH aqueous solution, a deacetylation
temperature of 87.9°C and a deacetylation period of
145.26 min) and (NaOH solution of 50% w/w
concentration, temperature for deacetylation=97.2°C and
a deacetylation time of 90 min) (Amoo et al., 2019).
Equally, the optimized chitin extraction conditions from
crab shell wastes based on the yield (4.84 g or 19.36%)
were reported in our studies (Olafadehan et al., 2020) as
3.25 molldm® HCI aqueous solution, period of
demineralization of 18.55 h, 2.39 M NaOH aqueous
solution and period of deproteinization of 2 h while the
maximum chitosan yield (5.98 g or 13.29%) was obtained
at modeled optimized conditions of 50% w/w NaOH

aqueous solution, deacetylation temperature and time of
85.05°C and 133.64 min respectively. The modeled
optimization conditions for the extraction process of the
derived polymer that modeled the highest DDA of
chitosan produced from crab shell waste were reported in
our studies (Olafadehan et al., 2020) to be 50% w/w
NaOH aqueous solution and temperature and time of
deacetylation of 84.46°C and 187 min respectively, with
the corresponding predicted DDA of 84.20%. These were
the conditions used to produce the chitin and chitosan
whose properties were exhaustively investigated and
presented in this study.

Characterization of the extracted chitin and chitosan

The physicochemical properties, proximate analysis,
functional groups, crystallinity, elemental compositional
percentages and surface morphology of the precursors
and their respective extracted chitin and chitosan are
presented. These samples were characterized with BET
surface area, FTIR, XRD, EDS, SEM and STEM.

Physicochemical properties

The physicochemical properties of shrimp and crab shell
wastes (used as the precursors for the extraction of chitin
and chitosan) and the chitosan produced from both
shrimp and crab shell wastes are presented in Table 1.

Surface area analysis

The results of BET surface area of the precursors and the
extracted chitin and chitosan are presented in Table 1. It

is thus observed that the specific surface areas ( Sggy) of

the precursors (shrimp and crab shell wastes) are
relatively low in comparison to the extracted chitin and
chitosan. The specific surface areas of the optimized
chitin, raw chitosan and refined (decolorized) chitosan
extracted from shrimp shell wastes were calculated to be
5.65, 7.76 and 8.91 m2/g respectively. Also, the specific
surface areas of the optimized chitin, raw chitosan and
refined (decolorized) chitosan extracted from crab shell
wastes were obtained as 5.50, 7.77 and 8.36 m?%g
respectively. On comparison of the surface areas of the
extracted chitin and chitosan in Table 1, it can be inferred
that the extracted refined chitosan from shrimp and crab
shell wastes had relatively the highest surface area
amongst all the prepared materials. This indicates that
the refined chitosan extracted from shrimp and crab shell
wastes possesses the largest pore surfaces, which were
developed within their respective matrices. This projects
these chitosans as good candidates to be used as
developed within their respective matrices. This projects
these chitosans as good candidates to be used as
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Table 1. Physicochemical properties of Penaeus notialis and Callinectes amnicola shell wastes, chitin and chitosan produced from them.

Precursor Shrimp shell wastes Crab shell wastes

Parameter

SSW CSw ocC RC RFC ocC RC RFC
SBET (m’g™) 0.19 0.18 5.65 7.76 8.91 5.50 7.77 8.36
P (@ mL™) - - 0.22 0.30 0.32 0.20 0.25 0.30
pH 5.2 5.5 7.1 7.8 8.0 6.8 7.5 7.4
I (mg g™ - - 135 142 150 125 138 145
Proximate analysis
MC (%) 255 20.2 7.80 5.16 5.35 5.95 5.00 5.55
AC (%) 19.5 23.8 35 1.85 2.00 3.25 2.15 3.10
Protein (%) 42.5 45.7 4.05 3.80 3.65 2.90 3.92 3.85
Fiber (%) - - 6.95 8.01 8.85 6.10 8.45 9.04
Lipid (%) 5.32 4.95 1.50 2.00 2.60 1.95 2.30 2.50
Carbohydrate (%) - - 76.20 79.18 77.55 79.85 78.18 75.96

SSW, CSW, OC, RC and RFC designate Penaeus notialis (pink shrimp) shell wastes, Callinectes amnicola (crab) shell wastes, optimized chitin,
raw chitosan and refined chitosan respectively. The major difference between RC and RFC is the presence of pigment on the extracted RC and the
absence of pigment on the extracted RFC. The effect of the removal of this pigment was studied via the physicochemical characterizations and

analytical procedures.

adsorbent for practical or industrial adsorption processes.

Bulk density analysis

The bulk densities of the optimized chitin, raw chitosan
and refined chitosan from shrimp and crab shell wastes
obtained in this study are presented in Table 1. These
results revealed that the refined chitosan had higher bulk
densities than the optimized chitin and raw chitosan.
Hence, the use of this material in an adsorption process
will ultimately lead to an efficient adsorption process
since when added to water, it will sink thereby enhances
intimate contact with the adsorbate. Moreover, a higher
bulk density signifies greater volume activity. Thus, the
refined chitosan from shrimp and crab shell wastes will
be a high-quality adsorbent.

pH analysis

Table 1 shows the pH of shrimp and crab shell wastes,
the optimized extracted chitin, raw chitosan and refined
chitosan. It can be seen that pH of the precursors in
water suspension is acidic, which indicates that the use
of these precursors as adsorbent may result in a reduced
absorption of the adsorbate ions. This is attributable to
the fact that there will be increased competitiveness
amongst the hydrogen ions and the adsorbate molecules
for the same adsorption sites. The pH values obtained for
the optimized extracted chitin, raw chitosan and refined
chitosan from shrimp and crab shell wastes were in

consonance with the observations, findings and inferences
drawn by Walther (1983). These values were in the
alkaline region, most especially for the refined chitosan
from shrimp shell waste. This buttresses the fact that this
refined chitosan is regarded as the best adsorbent for
industrial applications since increased alkalinity enhances
the rate of adsorption of the adsorbate owing to the
predominant presence of hydrated species of the
adsorbates, changes in the electric charge of surface
molecules and the precipitation of the appropriate salt.

lodine number analysis

The iodine test is a test method that determines the
amount of iodine adsorbed (in milligrams) by 1 g of
adsorbent under test conditions (Olafadehan et al.,
2012). Table 1 gives the iodine number of the precursors,
optimized chitin, raw chitosan and refined chitosan
obtained from shrimp and crab shell wastes. The refined
chitosan from shrimp and crab shell wastes had the
highest iodine values of 150 and 145 mg/g respectively
amongst all other prepared materials, thereby signifying
that their respective pore surfaces and particle structures
were the best developed in this study since a higher
iodine number usually signifies a higher degree of
porosity and activation.

Proximate analysis

The proximate analysis of a material examines its
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chemical composition. It is a means of determining the
distribution of products obtained when the sample is
heated under specified conditions. In this study, the
proximate analysis parameters investigated are moisture
content (MC), ash content (AC), protein, fiber, lipid and
carbohydrate contents.

The moisture content of a sample refers to the
percentage of water that resides within the sample. The
moisture content should be taken into account when
evaluating the relative capacities of different carbon
materials for the adsorption of an adsorbate. Ambarish
and Sridha (2015) alluded that the percentage moisture
content in a typical/commercial derived chitin from shrimp
should be about 21. The moisture content (MC) of the
crab and shrimp shells were obtained as 20.2 and 25.5%
respectively, as shown in Table 1. This shows that the
shrimp shell wastes retained more water than crab shell
wastes. The extracted chitin, raw chitosan and refined
chitosan from shrimp and crab shell wastes had moisture
contents of (7.80, 5.16, and 5.35%) and (5.95, 5.00, and
5.55%) respectively. These results were in agreement
with KFDA (1995), which stated that the moisture content
of a typical/commercial chitosan biopolymer should not
be up to 10%. The differences in the moisture contents of
the derived biopolymers could most likely be associated
to the agglomeration of the amount of moisture absorbed
by the different chitin and chitosan biopolymers after
several processes of synthesis. Generally, the results
showed a drastic reduction in the moisture contents of
the extracted biosorbents in comparison to their
precursors. A higher moisture content in a material
results in reduced capacity of adsorption as well as the
effectiveness of the material as an adsorbent due to
dilution (Yousef and El-Eswed, 2009; Abubakar et al.,
2012). Hence, the precursors (pink shrimp and crab shell
wastes) will not be better adsorbents than the derived
polymers from them. It is thus recommended that these
shell wastes should not be used as adsorbents.

The ash contents (AC) of the extracted optimized chitin
from crab and shrimp shell wastes were obtained to be
3.25 and 3.5% respectively while those of raw chitosan
for both crab and shrimp shell wastes were obtained as
2.15 and 1.85% respectively, with the values of 3.10 and
2.00% for the refined chitosan from the crab and shrimp
shell wastes respectively. The ash content of a sample is
the inorganic residue left after the organic matter has
been burnt off. Also, the ash content depends on the
carbon source and it can serve as a disturbance and
interference during the adsorption process (Akyeampong,
1999; Khan et al., 2009). This indicates that a starting
material with a resulting high ash content cannot give rise
to a promising derived adsorbent so a low ash content-
starting material is better suited to produce adsorbent.
The results in Table 1 showed that the extracted chitosan
from shrimp shells proved to be the best material under
this category even though the chitosan extracted from
crab shells are equally of high quality.

The protein contents of the optimized chitin, extracted
raw chitosan, and refined chitosan from shrimp shell
wastes were obtained as 4.05, 3.80, and 3.65%
respectively while those of the biosorbents extracted from
crab shell wastes were obtained as 2.90, 3.92, and
3.85% respectively. The high protein content of the
optimized chitin from shrimp shell wastes in relation to
that from the crab shell wastes was an indication that it
has more nitrogenous substances than that from the
latter. This may be due to the effective removal of protein
from the crab during the deproteinization process.
However, the raw and refined chitosan from shrimp shell
wastes had lower protein contents to those of the
extracted chitosan from crab waste shells.

The fiber contents of the extracted biosorbents are
shown in Table 1. The fiber contents of the extracted
optimized chitin, raw chitosan and refined chitosan from
shrimp shell wastes were obtained as 6.95, 8.01 and
8.85% respectively while those from crab shell wastes
were obtained as 6.10, 8.45 and 9.04% respectively. It
can be seen as a common feature for both precursors
that there was a gradual increase of fiber contents from
optimized chitin to refined chitosan through raw chitosan.
The analyses also indicated that the chitins (raw and
refined) from crab shell wastes had higher values of fiber
content than the ones from shrimp shell wastes. This
could be attributed to higher cellulose matter in crab shell
wastes than in shrimp shell wastes. Equally, it was found
that the fiber contents of the chitosan were higher than
that of the chitins from both sources. This is attributable
to the elimination of more organic matter from the chitins
to obtain the chitosan, which impacted to a great degree
on the presence of more fiber in the chitosan biopolymer.
Moreover, the fiber content gives a relatively good
account on how crystalline the extracted polymers are.
The higher the fiber content, it is most likely the higher
the crystallinity of the polymers, which will ultimately give
rise to a better biosorbent. Hence, chitosan is presumably
a better biosorbent than chitin, judging from this result.

The lipid contents of the extracted chitin, raw chitosan
and refined chitosan from crab shell wastes were
obtained as 1.95, 2.30 and 2.50% respectively while
those from shrimp shell wastes were obtained as 1.50,
2.00, and 2.60% respectively as presented in Table 1.
These results were not inconsistent with the value
reported by Isa et al. (2012) for different sources of
extracted chitin.

Table 1 shows the carbohydrate contents of the
extracted chitin, raw chitosan and refined chitosan from
shrimp and crab shell wastes, which were (76.20, 79.18,
and 77.55%) and (79.85, 78.18, and 75.96%)
respectively. The carbohydrate content of the extracted
chitin from crab shell wastes was higher than that from
the shrimp shell wastes while the carbohydrate contents
of the extracted chitosan (raw and refined) from shrimp
shell wastes were higher than those from the crab shell
waste since the deacetylation process had more effect on
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Table 2. FTIR bands of chitin isolated from shrimp and crab waste shells.

Functional group and vibrating modes Classification

Shrimp chitin wavelength Crab chitin wavelength

(cm™) (cm)
O—H stretching _ 3470-4040 3471-4047
N—H stretching _ 3112-3268 3113-3260
CHs symmetrical stretch and CHz2asymmetric stretch ~ Aliphatic compounds 2927 2929
CHs symmetrical stretch Aliphatic compound 2864 2870
C=0 secondary amide stretch Amide | 1629 1628
C=0 secondary amide stretch Amide | 1617 1619
N—H bend, C—N stretch Amide Il 1558 1553
CH2 ending and CHs deformation _ 1430 1425
CH bend, CH3s sym. Deformation _ 1382 1383
CHz wagging Amide IIl, components of protein 1317 1316
Asymmetric bridge oxygen stretching _ 1171-1259 1173-1258
Asymmetric in-phase ring stretching mode _ 1114 111
C—0O—C asymmetric. stretch in phase ring Saccharide rings 1076 1079
C—0 asymmetric stretch in phase ring _ 1026 1026
CHs wagging Along chain 970 968
CH ring stretching Saccharide rings 900 903

the former precursor than on the latter.

Fourier Transform Infrared Spectroscopy (FTIR)

The Fourier Transform Infrared (FTIR) investigations
showed the characteristic wavelengths and spectra of the
extracted chitin, raw chitosan and refined chitosan from
shrimp and crab shell wastes as presented in Tables 2 to
4 respectively and depicted in Figures 1 and 2
respectively.

Studies in the past have affirmed that there exists a,
and vy polymorphic forms of any extracted chitin
(Daraghmeh et al., 2011). The a-crystalline form of the
chitin polymer exhibits peaks near 1650, 1620 and 1550
cm™, which correspond to the following functional
groups: C=0 secondary amide stretching (Amide I), N—H
bending and C—N stretching (Amide II), respectively
(Jang et al., 2014). Table 2 and Figures 1(a) and (b)
display the FTIR bands for the optimized chitin extracted
from the shrimp and crab shell wastes, and those of the
precursors. In this study, these bands were observed at
3470-4040, 3112-3267, 1629, 1558, 1317 cm™ " and 3471-
4047, 3113-3260, 1628, 1553, 1316 cm™ in the FT-IR
spectra of the extracted chitin from shrimp and crab shell
wastes respectively, as presented in Figures 1(a) and (b),
and are attributable to the following modes of the
functional groups: O-H stretching, N-H stretching and
amides |1, Il and lll, respectively confirming that the
optimized chitins from the precursors were in a-
crystalline form as revealed in the works of Daraghmeh et
al. (2011) and Jang et al. (2014). Equally for shrimp and
crab chitin, some other strong and broad bands were

respectively observed at 2864 and 2870 cm™ (aliphatic
compounds), 1430 and 1425 cm™ (CH, ending and CHj
deformation), 1382 and 1383 cm™ (CH bend, CH;
symmetrical deformation), 1317 and 1316 cm™ (CH,
wagging), 1171-1259 and 1173-1258 cm™* (asymmetric
bridge oxygen stretching), 1114 and 1111 cm™
(asymmetric in-phase ring stretching mode), 1076 and
1079 cm™ (saccharide rings), 1026 and 1026 cm™* (C-O
asymmetrical stretching in-phase ring), 970 and 968 cm™
(along chain), and 900 and 903 cm ™ (CH ring stretching,
saccharide rings). The values, data and peaks obtained
herein were corroborated by those in the works of Ifuku et
al. (2009) and Kaya et al. (2014, 2015). The effectiveness
and efficiency of the deproteinization process, as
decribed in this research, were affirmed by the absence
of the 1540 cm™ absorption peak band in the extracted
chitin from both the pink shrimp and crab shell wastes.
This band mainly confirms and is associated with the
protein functional group. However, the absence of this
absoprtion band confiirms the efficacy of the
deproteinization process performed (Majitan et al., 2007).

Tables 3 and 4 show the FTIR bands for the refined
(decolorized) and raw (non-decolorized) chitosan
extracted from the shrimp and crab shell wastes, as well
as the comparison of the experimental FTIR bands of the
refined chitosan with the standard from Sigma Aldrich in
Germany. In both cases, the % error was < =5,
confirming the production of chitosan in this study. Figure
2(a) and (b) display the FT-IR bands for the refined and
raw chitosan extracted from the shrimp and crab shell
waste shell. The spectra of refined chitosan from shrimp
shell wastes and those of the crab shell wastes were
similar to those of raw chitosan extracted from shrimp
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Figure 1. FTIR spectrum of (a) optimized chitin from pink shrimp and crab shell wastes (b) pink shrimp and crab
waste shells precursors.

and crab shell wastes, having just some few differences broad bands at 3458, 2927, 2359-2891, 1643, 1550 cm™*
and modifications along their FTIR bands. The refined and 3418-3780, 2928-3204, 2145-2353, 1622, 1515 cm™
chitosan from the shrimp and crab shell wastes exhibited respectively (Figure 2a), corresponding to the stretching
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Figure 2. FTIR spectrum of (a) refined chitosan and (b) raw chitosan from pink shrimp and crab waste

shells.

vibration of N-H and O-H with intermolecular H, bonds of
saccharide (poly) and extending vibration of N-H
functional group, an asymmetric C-H stretching vibration,
symmetric C-H stretching vibration, symmetric C=0
stretching vibration, and symmetric N-H stretching
vibration. The split of the amide | was predictably missing
as observed in refined chitosan from both the shrimp and
crab shell wastes (Figure 2a). A characteristic peak at

1550 cm™ and 1515 cm™ shows the success of N-
deacetylation process in both pink shrimp and crab types
of refined chitosan. The absorption at 1428, 1383, and
1384 cm™* for shrimp and crab shell wastes were due to
the C-N stretching vibrations. The band at 1320 cm™
(refined shrimp chitosan) and 1310 cm™ (refined crab
chitosan) were attributed to the O-H bending vibration in
the pyranose ring (Crews et al., 2009). The complex



12 J. Chem. Eng. Mater. Sci.

Table 3. Comparison of the experimental FTIR bands of chitosan isolated from shrimp shell waste and the standard from Sigma Aldrich.

Parameters / Functional group and vibrating modes Agee (em™)  Age em™) Agq €m™) % error, &
u_(NHz) associz_ited with primary amines and v (OH)associated 3458 3419-3768 3428 +0.88
with pyranose ring

Vas(CH2) in CH>OH group 2927 2925 2923 +0.14
0 (C—H) in pyranose ring 2359-2891 2358 2880 +0.38
0 (C=0) in NHCOCHg3; group (amide | band) 1643 1630-1785 1667-1623 +1.44
0 (NH2) in NHCOCH; group (amide Il band) 1550 1548 Not detected -
8(CH>) in CH,OH group 1428 1441 1422 +0.42
0s(CHs) in NHCOCHS3 group 1383 1382 1380 +0.22
0 (C-H) in pyranose ring 1320 1311 1322 +0.15
Complex vibrations of NHCOgroup (amide 11l band) 1260 Not detected 1262 +0.16
0s(C-O-C) (glycosidic linkage) 1143 Not detected 1155 +1.04
0as(C—0O-C) (glycosidic linkage) 1073 1086 1077 +0.37
0 (C-0) in secondary OH group 1069 1029 1074 +0.47
0 (C-0) in primary OH group 1030 742-951 1031 +0.10
Pyranose ring skeletal vibrations 885 888 897 +1.34
0 (NH) out of plane 660 Not detected 664 +0.60
0 (OH) out of plane 614 Not detected 616 +0.32

Table 4. Comparison of the experimental FTIR bands of chitosan isolated from crab shell wastes and the standard from Sigma Aldrich.

Parameters / Functional group and vibrating modes Agec €m™) Age (cm™) Agq (cm™) % error, &
v (NHp) _associgted with prjmary amines and v 3418-3780 3458-3775 3422 +0.12
(OH)associated with pyranose ring

Vas(CH2) in CHOH group 2928-3204 2929 2923 +0.17
v (C—H) in pyranose ring 2865 2356-2890 2879 +0.49
v (C=0) in NHCOCHS3; group (amide | band) 1622 1639 1655-1627 +0.31
v (NH>) in NHCOCH; group (amide 1l band) 1515 Not detected Not detected —
8(CHy) in CH,OHgroup 1422 1457 1422 0
8s(CHs) in NHCOCH; group 1384 1425 1382 +0.14
0 (C—H) in pyranose ring 1310 1384 1322 +0.91
Complex vibrations of NHCOgroup (amide 11l band) 1255 1247 1257 +0.16
vs(C-0-C) (glycosidic linkage) 1114 1120 1077 +3.44
0as(C—0—-C) (glycosidic linkage) 1090 1052 1073 +1.58
v (C-0) in secondary OH group 1033 1010 1030 +0.29
v (C-0) in primary OH group 1025 945 1029 +0.39
Pyranose ring skeletal vibrations 890 876 897 +0.78
0 (NH) out of plane 660 654 662 +0.30
® (OH) out of plane 601 Not detected 605 +0.66

vibrations of NHCO functional group indicating the amide
Il band were seen at wave numbers 1260 and 1255 cm™
for the refined chitosan from shrimp and crab shell
wastes respectively. The C-O stretching vibration in the
secondary alcohol was respectively evaluated for shrimp
and crab refined chitosan at wave numbers of 1103 and
1114 cm™. Notwithstanding, a C-O stretch vibration
equally in the alcohol functional group was observed at

1073 cm™ (shrimp refined chitosan) and 1090 cm™ (crab
refined chitosan). Moreover, absorption bands at 600-835
and 611-797 cm™* were ascribed to the C-H out-of-plane
vibration of the ring of monosaccharides. From the FTIR
results, we can suggest that the similarity between the
chemical composition and bonding types of refined
chitosan in the shrimp and crab shell wastes are very
close. The raw chitosan from the shrimp and crab shell
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Table 5. Degree of deacetylation (DDA) of chitosan isolated from shrimp and crab waste shells; Fourier transform infrared (FTIR) and

acid-base titration methods.

Parameter Wave number_(cm™) T (%) A-Log (% T) DDA (%) DDAk (%)
Refined chitosan (shrimp), 1320.60 25.39 0.5953
optimized 1383.93 23.20 0.6343 82.25 89.73
) . . 1310.61 64.51 0.1904
Refined chitosan (crab), optimized 1384.06 63.56 0.1968 81.32 84.50
. . L 1311.74 48.73 0.3122
Raw chitosan (shrimp), optimized 1382 40 4701 03278 81.79 84.76
. - 1384.05 27.47 0.5611
Raw chitosan (crab), optimized 1425.00 25,59 05919 81.94 82.15
A and T represent absorbance and transmittance respectively.
wastes also showed broad bands at 3419-3768, 2925, 1 A
2358, 1630-1785, 1548 cm ™" and 3458-3775, 2929, 2356- % DDA=100- 320 _0.3822 (14)
2890, 1639 cm™ respectively (Figure 2b), corresponding 0.03133\ A4,

to the stretching vibration of N-H and O-H with the
extension vibration of N-H and the intermolecular
hydrogen bonds of polysaccharide, asymmetric C-H
stretching vibration, symmetric C-H stretching vibration,
symmetric C=0 stretching vibration, and symmetric N-H
stretching vibration. The absorption band at 1548 and
1120 cm™* also revealed the success of N-deacetylation
in both shrimp and crab types of raw chitosan (Figure 2b)
with  similar prominent characteristic bands. The
absorption at (1441, 1382 cm™) and (1457 and 1425
cm™*) for shrimp and crab shell wastes respectively, were
also due to the C-N stretching vibrations. The bands at
1311 cm™ (raw shrimp chitosan) and 1384 cm™ (raw crab
chitosan) were equally associated with the O-H bending
vibration in the pyranose ring of the extracted
biopolymers. The complex vibrations of NHCO group
indicating the amide 1l band were seen at wave number
1247 cm™ for the raw chitosan from crab shell wastes.
The C-O stretching vibration in the secondary alcohol
was evaluated for crab raw chitosan at a wave number of
1120 cm™. Nevertheless, a C-O stretching vibration in
the alcohol was seen at 1086 cm™ (shrimp raw chitosan)
and 1052 cm™ (crab raw chitosan). Also, the absorption
bands and peaks at wavelengths of 471-608 and 876
cm™ were ascribed to the C-H out-of-plane vibration of
the ring of monosaccharides as shown in Figure 2(b).
From the corresponding FTIR results, it can be inferred
that the resemblance and equivalence between the
chemical compositional structure and bonding types of
the refined chitosan and raw chitosan extracted from the
shrimp and crab shell wastes are very close with close
similarity with the standards obtained from Sigma Aldrich
and can, therefore, be substituted for each other during
practical usage.

The degree of deacetylation (DDA) of the refined
chitosan and raw chitosan from the shrimp and crab shell
wastes was calculated thus (Ghimire et al., 2011):

where A,,,and A ,,, are the absorbance at wavelengths
1320 cm™ and 1420cm™ (%) respectively.
The FTIR calculated DDA, DDA, and the DDA

obtained from the acid-base titration method, DDA 1gs,

for the refined and raw chitosan from the shrimp and crab
shell wastes are presented in Table 5.

The DDAz and DDAz, of the refined chitosan

from shrimp shell wastes were obtained as 82.25 and
89.73% respectively; with % error of 8.34 while the

DDAz and DDAz, values of the refined chitosan

from crab waste shells were found to be 81.32 and
84.50% respectively giving % error of 3.76. Similarly, the

DDA, s values of the raw chitosan from shrimp shell
wastes and crab waste shells were calculated as 81.79
and 81.94% respectively while the DDAq g, of the raw
chitosan from shrimp and crab shell wastes were
obtained as 84.76 and 82.15%. The percentage errors
obtained from the DDAz and DDAz, of the

extracted chitosan from shrimp and crab shell wastes
were 3.50 and 0.26 respectively. The relatively low %
error values confirm that the acid-base titration method of
obtaining the degree of deacetylation of chitosan is
effective, efficient, and reliable while the degree of
deacetylation of chitosan determined by using the Fourier
transform infrared spectra ( DDAz ) is substantiated by
the values obtained from the acid-base titration methods.
It was also observed that the titration method gave

DDA ;rs values higher for all the types of extracted

chitosan than the FTIR calculated DDA ( DDAz ), which
was in agreement with the observation of Ghimire et al.
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(2011). However, the values of the DDA of chitosan
extracted from both FTIR and acid-base methods in
Table 5 are within the commercial range of 30-95%
(Sarbon et al., 2014).

X-ray diffraction (XRD)

X-ray diffraction (XRD) analysis was performed on the

samples to verify, validate and evaluate the degree of
crystallinity of the isolated chitin and chitosan. The
precursors (that is, shrimp and crab shell wastes) were
characterized by powder X-ray diffraction as shown in
Figures 3 and 4. The diffractogram results (Figure 3) of
shrimp shell wastes scanned between 26 (deg) = 5
and55° reveal a total of ten peaks at 5.5°, 7.5°, 15.9°,
18.97¢°, 20.1°, 25.4°, 30.6°, 40.9°, 50.0° and 55.3°, while
the diffractogram results of crab shell wastes precursor
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Figure 6. XRD pattern of chitin from crab shell wastes.

scanned between 26 (deg) = 5 and 60° in Figure 4 shows
a total of nine peaks at 5.6°, 10.8°, 15.2°, 20.4°, 25.9°,
30.9°, 40.0°, 50.9° and 54.8°.

The X-ray diffraction patterns for the chitin extracted
from shrimp and crab shell wastes are shown in Figures
5 and 6 respectively. The XRD patterns indicate that both
the positions and intensities of the Bragg peaks of the
extracted chitin show resemblance in patterns to those of
other works from different precursors in literature (Liu et
al., 2012; Ifuku et al., 2009; Fan et al., 2008); Fan and

Saito, 2009). In Figure 5, the diffractogram results of
chitin from shrimp shell wastes scanned between 20
(deg) = 5 and 60° show a total of twelve peaks with three
strong peaks at 15.6°, 18.4°, and 38.2° and nine weak
ones at 7.1°, 12.5° 25.2°, 30.2°, 33.21, 40.3°, 45.1°,
50.2° and 60.3° while the X-ray diffraction (XRD) results
of the extracted chitin from crab shell wastes as shown in
Figure 6 scanned between 26 (deg) = 5 and 60° show a
total of nine peaks with two strong peaks at 15.26°
and18.56° and seven weak ones at 5.96°, 10.8°, 25.84°,
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Figure 8. XRD pattern of raw chitosan from pink shrimp shell wastes.

30.9°, 40.0°, 50.86° and 54.8° respectively.

The refined chitosan extracted from shrimp shell
wastes was also characterized using X-ray diffraction
(XRD). The diffractogram, shown in Figure 7, illustrates
the results obtained for the extracted refined chitosan
from shrimp shell wastes with 20 (deg) scanned from 5 to
55° having a total of nine peaks with three strong peaks
at 20.4°, 25.2° and 30.4°, and six weak ones at 5.5°,
10.5°, 15.86°, 40.6°, 50.9° and 54.0° while the
diffractogram results of the extracted raw chitosan from
shrimp shell wastes in Figure 8 scanned between 26
(deg) = 5 and 60° show a total ten peaks with three

strong peaks at 15.4°, 18.2° and 25.0°, and seven weak
peaks at 5.3°, 10.5°, 30.5°, 35.1°, 40.0°, 50.5° and 58.5°
respectively. The similarity in these Bragg peaks confirms
that the extracted refined and raw chitosan were of
required specifications.

The diffractogram results of the extracted refined
chitosan from crab shell wastes as shown in Figure 9
being scanned between 206 (deg) = 7 and 75° show a
total of ten peaks at 7.38°, 10.65°, 14.46°, 16.67°, 20.43°,
25.64°, 30.22°, 39.45°, 50.4° and 60.43°. The broad
Bragg peaks occurred at four different locations along the
scanned 20 (deg) = 7-75° at 14.46°, 20.43°, 25.64° and
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Figure 9. XRD pattern of refined chitosan from crab shell wastes.
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Figure 10. XRD pattern of raw chitosan from crab shell wastes.

39.45° while the rest are weak peaks. Furthermore, raw
chitosan extracted from crab shell wastes was also
characterized using X-ray diffraction (XRD) giving a
diffractogram shown in Figure 10. The results were
scanned between 26 (deg) scanned from 5 to 60° having
a total of ten peaks with three strong peaks at 14.66°,
16.27° and 18.45°, and seven weak ones at 7.35°, 10.5°,
25.24°, 30.1°, 40.2°, 50.35° and 60.1° respectively. Thus,
the obtained XRD diffractograms for both the refined and

raw chitosan show that both the positions and intensities
of the Bragg peaks of the extracted chitosan matched
patterns described by other works in literature (Liu et al.,
2012; Ifuku et al., 2009).

The crystallinity index, Crl, values of chitin and its
derivatives play a major role in the determination and
effectiveness of their applications. In this study, the Crl of
the extracted chitin obtained from shrimp shell wastes
(60.0%) is relatively lower than the value obtained for the
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Figure 11. (a) BSED image of the pink shrimp shell precursor showing the spectrum in which EDS analysis was carried out
and (b) the corresponding EDS spectrum at the specified spectrum point as indicated in (a).

extracted chitin from crab shell wastes (70.0%), signifying
that the latter is more crystalline than the former. Equally,
the crystallinity index values the extracted refined
chitosan from shrimp and crab shell wastes were
obtained as 74.36 and 68.33% respectively while the Crl
values of the raw chitosan from shrimp and crab shell
wastes were obtained as 64.0 and 60.0% respectively.
These results show that the refined chitosan from shrimp
shell wastes is more crystalline than any of the other
extracted chitosan from the specified sources.

Surface composition

The identification and recognition of the surface properties
and composition of the prepared biosorbents are
germane in the comprehension of the role and function of
the biosorbents on adsorption processes. The presence
of elements and the corresponding composition are
evaluated using energy dispersive X-ray spectroscopy
(EDS). Figure 11(a) shows the Back Scattered Electron
Diffraction (BSED) image of the shrimp shell wastes
precursor with its corresponding sample spectrum taken.
The corresponding EDS spectrum is shown in Figure
11(b), which also indicates that the shrimp shell wastes
used as a precursor for the biosorbents contain C and O,.
Ca, O,, and C showed the highest peaks in the EDS
spectrum while elements such as S, P and Mg showed
relatively low peaks signifying their minute amounts
present in the composition of the shrimp shell wastes.
The EDS compositional analysis obtained on the
spectrum of the shrimp shell wastes shows the presence
of O,, sulphur, carbon, calcium with a weight percent of

44.4, 10.0, 28.0 and 18.2 respectively. Other trace
elements such as phosphorus and magnesium on the
spectrum had weight percentages of 3.4 and 4.8
respectively.

The compositional analysis of the crab shell wastes
precursor is shown in the Back Scattered Electron
Diffraction (BSED) image in Figure 12(a). The analysis
was carried out on the area stated as a spectrum across
the sample, as shown in Figure 12(a). The analogous
EDS spectrum is corroborated by Figure 12(b), wherein it
was seen that the crab shell wastes used as a precursor
for the adsorbents contained carbon, sulphur and
oxygen. Furthermore, calcium, oxygen and calcium
showed the highest peaks in the EDS spectrum while the
other elements such as sulphur, phosphorus and
magnesium showed relatively low peaks, signifying their
minute amounts present in the composition of the crab
shell wastes. The EDS compositional analysis of the crab
shell wastes as obtained from the spectrum shows the
presence of the elements present in the material: S, O,,
C, Ca, P and Mg with weight percents of 8.4, 30.1, 23.0,
25.5,10.4 and 2.8 respectively.

Figures 13(a) and (b) show the respective BSED image
of the extracted chitin from shrimp shell wastes with the
compositional testing point (spectrum) and the
corresponding Energy Dispersive X-ray spectroscopy
(EDS) pattern of testing point, spectrum. The
corresponding EDS spectrum of BSED image of the
extracted chitin from shrimp shell wastes is shown in
Figure 13(b), wherein it was indicated that the produced
chitin from shrimp shell wastes contained carbon, calcium
and oxygen. Carbon and oxygen showed the highest
peaks in the EDS spectrum while the other elements
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Figure 13. (a) BSED image of the chitin from pink shrimp shell precursor showing the spectrum in which EDS analysis was
carried out and (b) the corresponding EDS spectrum at the specified spectrum point as indicated in (a).
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Figure 14. (a) BSED image of the chitin from crab shell precursor showing the spectrum in which EDS analysis was carried out
and (b) the corresponding EDS spectrum at the specified spectrum point as indicated in (a).

such as phosphorus, calcium and magnesium showed
relatively low peaks, signifying their minute amounts
present in the composition of the extracted chitin from
shrimp shell wastes. It was observed that the elemental
sulphur that was present in the precursors (shrimp and
crab shell wastes) is absent in the extracted chitin from
shrimp shell wastes. The EDS compositional analysis
obtained on the spectrum of the extracted chitin from
shrimp shell wastes confirmed the presence of oxygen

with a weight percent of 35.0, carbon (40.0 wt%),
phosphorus (1.5 wt%), magnesium (7.7 wt%) and calcium
(1.5 wt%).

Figure 14 shows the respective BSED image of the
extracted chitin from crab shell wastes with the
compositional testing point (spectrum) and the
corresponding Energy Dispersive X-ray spectroscopy
(EDS) pattern of testing point, spectrum. The
corresponding EDS spectrum of BSED image of the
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Figure 15. (a) BSED image of the refined chitosan from pink shrimp shell precursor showing the spectrum in which EDS
analysis was carried out and (b) the corresponding EDS spectrum at the specified spectrum point as indicated in (a).

extracted chitin from crab shell wastes is shown in Figure
14(b), which signifies that the produced chitin biosorbent
from crab shell wastes contains carbon, calcium and
oxygen. Additionally, carbon, oxygen and calcium
exhibited the highest peaks in the EDS spectrum while
the other elements such as phosphorus, sulphur and
magnesium showed relatively low peaks when compared
with those of Ca, C and O, thereby signifying their minute
amount present in the composition of the extracted chitin
from crab shell wastes. It was observed that the
elemental sulphur that was present in the precursors
(shrimp and crab shell wastes) is just about present in a
greatly reduced amount in the extracted chitin from crab
shell wastes. The EDS compositional analysis obtained
on spectrum of the extracted chitin from shrimp shell
wastes confirmed the presence of oxygen, carbon,
phosphorus, magnesium and calcium with weight
percentages of 40.0, 20.0, 6.4, 3.8 and 26.0 respectively.

The BSED image of the refined chitosan from shrimp
shell wastes is shown in Figure 15(a), with specific
testing points (spectrum) for the Energy Dispersive X-ray
Spectroscopy (EDS) analysis to be carried out. Figure
15(b) shows the corresponding EDS composition
analysis plot for the testing point of the specific spectrum.
The EDS plot shows carbon peaks at 0.56 keV, oxygen
peaks at 1.5 keV and 2.1 keV, phosphorus peaks at 3.02
keV, calcium peaks at 4.5 keV and 7.9 keV, and
magnesium peaks at 6.5 keV. Figure 15(b) shows that
the extracted chitosan biosorbent from shrimp shell
wastes also contain carbon, calcium and oxygen.
Additionally, carbon and oxygen exhibited the highest

peaks in the EDS spectrum while the other elements
such as calcium, phosphorus and magnesium showed
relatively low peaks. Equally, the results show that no
elemental sulphur was recorded to have occurred within
the constituents of the refined chitosan from shrimp shell
wastes. This is most likely due to the chemical treatment
of the precursor. The EDS compositional analysis results
obtained on spectrum showed that the extracted chitosan
contained 45.5, 25.2, 1.2, 15.7 and 7.0 wt% of O,, C, P,
Ca and Mg respectively.

Figures 16(a) and (b) show the respective BSED
image of the extracted raw chitosan from shrimp shell
wastes with the compositional testing point (spectrum)
and the corresponding Energy Dispersive X-ray
spectroscopy (EDS) pattern of testing point, spectrum.
The corresponding EDS spectrum is shown in Figure
16(b), which reveals that the extracted raw chitosan from
shrimp shell wastes indeed contains calcium, oxygen,
magnesium, carbon and phosphorus. It can also be seen
that oxygen and carbon showed the highest peaks in the
EDS spectrum while elements such as calcium,
magnesium and phosphorus showed relatively very low
peaks thereby signifying their minute amounts present in
the composition of the raw chitosan from shrimp shell
wastes. The EDS plot in Figure 16(b) also corroborates
the fact that no elemental sulphur was recorded and
observed in the sample, signifying that the chemical
processes of demineralization, deproteinization, and
deacetylation were effective and efficient. The Energy
Dispersive X-ray spectroscopy (EDS) compositional
analysis of the raw chitosan (spectrum) show that the
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Figure 17. (a) BSED image of the refined chitosan from crab shell precursor showing the spectrum in
which EDS analysis was carried out and (b) the corresponding EDS spectrum at the specified

spectrum point as indicated in (a).
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Figure 18. (a) BSED image of the raw chitosan from crab shell precursor showing the spectrum in
which EDS analysis was carried out and (b) the corresponding EDS spectrum at the specified

spectrum point as indicated in (a).

extracted biosorbent contains 44.0, 12.5, 7.2, 35.5 and
1.4 wt% of O,, Ca, Mg, C and P respectively in its total
composition.

The compositional analysis of the refined chitosan
from shrimp shell wastes is shown in the BSED image in
Figure 17(a), where the analysis was carried out on a
specific area (spectrum) around the sample. The
corresponding EDS spectrum plot is corroborated by
Figure 17(b). The EDS spectrum pattern shows that
oxygen peaks at 0.26 keV; carbon peaks at 0.85 keV,;
magnesium peaks at 1.9 keV and 7.0 keV; phosphorus
peaks at 2.2 keV; and calcium peaks at 6.0 keV. Figure
17(b) shows that the extracted refined chitosan
biosorbent from crab shell wastes contains C, Ca and O..

Additionally, carbon and oxygen exhibited the highest
peaks in the EDS spectrum while the other elements
such as calcium, phosphorus and magnesium showed
relatively low peaks. Furthermore, the results also show
that no elemental sulphur was recorded to have occurred
within the constituents of the refined chitosan from crab
shell wastes owing to the chemical treatments of the
precursor. The EDS compositional analysis obtained on
spectrum showed that the extracted chitosan contained
40.5, 35.0, 1.2, 15,5 and 7.2 wt% of carbon, oxygen,
phosphorus, calcium and magnesium respectively.

The extracted raw chitosan from crab shell precursor
was also characterized using the Energy Dispersive X-
ray spectroscopy (EDS). Figures 18(a) and (b) show the
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Figure 19. Microscopy images of pink shrimp shells precursor particles showing (a) SEM image at 7000X and (b) TEM

image at 2000X.

respective BSED image of the raw chitosan biosorbent
from crab shell wastes with compositional testing points
(spectrum) and the corresponding Energy Dispersive X-
ray spectroscopy (EDS) pattern of testing point,
spectrum. The EDS plot in Figure 17(b) confirms that the
extracted raw chitosan from crab shell wastes contains
sulphur, oxygen, carbon, calcium, magnesium, and
phosphorus. It can also be seen that calcium and carbon
showed the highest peaks in the EDS spectrum at 7.0
and 1.82 keV respectively while the elements such as
sulphur, oxygen, phosphorus and magnesium showed
relatively very low peaks, signifying their minute amounts
present in the composition of the raw chitosan from crab
shell wastes. The EDS compositional analysis obtained
on the spectrum showed that the extracted raw chitosan
contained 10.0 wt% of sulphur, 10.4 wt% of oxygen, 26.0
wt% of carbon, 49.0 wt% of calcium, 10.4 wt% of
phosphorus and 4.8 wt% of magnesium.

Surface morphology

A study of the surface morphology of the precursors and
their respective extracted biosorbents was investigated
using the Jeol JSM-7600F Field Emission Scanning
Electron Microscope. This study was done to analyse the
grain structure and roughness of the extracted
biosorbents. The surface morphology of the shrimp shell
precursor particles was studied by Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy

(TEM) and the corresponding micrographs at different
magnifications and areas are shown in Figures19(a) and
(b) respectively. Figure 19(a) shows the morphology of
the shrimp shell wastes at higher magnification (x7000) in
this study. The SEM micrograph shows that the structure
of the shrimp shell waste is roughly spherical,
approximately smooth, and grainy. The TEM image at a
magnification of (x2000) confirmed these properties and
also shows that the shrimp shell wastes precursor has
some already existing pores with some rough edges
within its structure.

Figures 20(a) and (b) shows the respective SEM
micrograph of the crab shell particles at a magnification
of (x7000) and the TEM image of the crab shell precursor
at (x2000). The SEM micrograph shows that the structure
of the crab shell wastes is rough, flat, uneven, coarse and
grainy. The TEM image at a magnification of (x2000)
shows that the scanned particles have little or no pores at
least at a point/area of testing. It also confirms that the
particles are rougher and coarser than the particles of the
shrimp shell waste in Figures 19(a) and (b).

The extracted chitin particles from shrimp shell wastes
were characterized using the Scanning Electron
Microscope for its morphology and composition. The
SEM image of the extracted chitin biosorbent particles at
a magnification of (x7000) is shown in Figure 21(a) while
the TEM micrograph of the biosorbent at a magnification
of (x2000) is shown in Figure 21(b). The SEM micrograph
of the chitin particles shows and confirms the change in
the morphology of the converted shell wastes. It shows a
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Figure 20. Microscopy images of crab shells precursor particles showing (a) SEM image at 7000X and (b) TEM image at

2000X.
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Figure 21. Microscopy images of chitin particles extracted from pink shrimp shell wastes showing (a) SEM image at 7000X

and (b) TEM image at 2000X.

rougher surface and a significant increase in the porosity
of the sample. The SEM image shows the presence of
pores and fibers in the microstructure of the chitin
particles from shrimp shell wastes. The TEM image in
Figure 21(b) validates the structural attribute and feature
of the extracted chitin. Here, the morphological study of

the chitin particles invariably showed that the chemical
process of extracting chitin from the shrimp shell wastes
changed the structural characteristics of the precursor.
Figure 22(a) shows the Scanning Electron Microscopy
in Z-contrast (compositional) mode (SEM image) of the
extracted chitin particles from crab shell wastes at a
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Figure 22. Microscopy images of chitin particles extracted from crab shells showing (a) SEM image at

7000X and (b) TEM image at 2000X.
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Figure 23. Microscopy images of raw chitosan particles extracted from pink shrimp shell wastes showing (a)

SEM image at 7000X and (b) TEM image at 2000X.

magnification of (x7000) while the TEM micrograph of the
extracted chitin at a magnification of (x2000) is shown in
Figure 22(b). The SEM image of the chitin particles
shows and confirms the morphological change of the
converted crab shell wastes. It shows a rougher and
grainier surface with a significant increase in the number
of pores of the sample. The TEM image then shows the
presence of pores and a highly connected fiber-like
feature in the microstructure of the chitin particles from
crab shell wastes. The TEM micrograph in Figure 22(b)
validates the structural attribute and feature of the

extracted chitin. Furthermore, the morphological study of
the chitin particles invariably showed that the optimized
chemical process of extracting chitin from the crab shell
wastes changed the structural and physicochemical
characteristics of the precursor.

The surface morphology of the extracted raw chitosan
from shrimp shell precursor particles was studied by
Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM) and the corresponding
micrographs at different magnifications and different
areas are shown in Figure 23(a) and (b) respectively.
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Figure 24. Microscopy images of raw chitosan particles extracted from crab shells showing (a) SEM image at 7000X

and (b) TEM image at 3000X.

Figure 23(a) shows the morphology of the shrimp shells
at higher magnification (x7000) in this study. The SEM
micrograph shows that the structure of the extracted raw
chitosan from shrimp shell wastes is roughly and almost
spherical, rough, coarse and highly grainy. The TEM
image at a magnification of (x2000) showed that the
produced chitosan from shrimp shells precursor has a
highly porous structure as indicated by the dark dots
across the micrograph in Figure 23(b) with some rough
edges within its structure.

Figures 24(a) and (b) show the respective Scanning
Electron Microscopy in Z-contrast (compositional) mode
(SEM image) and TEM micrograph of the extracted raw
chitosan particles from crab shell wastes at a
magnification of (x7000) and (x3000). The SEM image of
the chitosan particles shows and confirms the
morphological change of the converted crab shell wastes.
It shows a rougher, grainier surface with a significant
increase in the porosity of the sample (raw chitosan from
crab shell wastes), from macropores to micropores. The
TEM image then confirms the presence of an ample
number of pores and the proximity to themselves along
the microstructure of the raw chitosan particles from crab
shell wastes. The TEM micrograph in Figure 24(b)
authenticates the structural attribute and feature of the
extracted chitosan. Furthermore, the morphological study
of the chitosan particles revealed that the optimized
chemical processes of the extraction of raw chitosan from
the crab shell wastes changed the structural and
physicochemical characteristics of the shell wastes

efficiently.

The SEM image of the extracted refined (decolorized)
chitosan particles from shrimp shell wastes at a
magnification of (x7000) is shown in Figure 25(a) while its
TEM micrograph at a magnification of (x2000) is shown
in Figure 25(b). The SEM micrograph of the refined
chitosan particles shows and confirms the change in the
morphology and structure of the converted shell wastes.
It shows a highly rough, grainy surface and a high
number of pores that can be observed across the
scanned area of the sample. The SEM image shows the
presence of pores and uneven surface in the
microstructure of the chitosan particles from shrimp shell
wastes. The TEM image in Figure 25(b) validates the
structural features of the extracted chitosan. This
morphological study shows the efficiency of the optimized
chemical processes in extracting refined chitosan from
shrimp shell wastes.

The SEM image of the extracted refined chitosan
particles at a magnification of (x7000) is shown in Figure
26(a) while its TEM micrograph at a magnification of
(x2000) is shown in Figure 26(b). The SEM micrograph of
the chitosan particles shows that the morphology of the
converted shell wastes changed. It shows an extremely
rough surface and a substantial increase in the porosity
of the sample. The SEM image shows the presence of
pores and the spherical nature the microstructure of the
chitosan particles from crab shell wastes. The TEM
image in Figure 26(b) validates the structural attribute
and feature of the extracted refined chitosan, indicating a
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Figure 25. Microscopy images of refined chitosan particles extracted from pink shrimp shell wastes showing (a) SEM)

image at 7000X and (b) TEM image at 2000X.
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Figure 26. Microscopy images of refined chitosan particles extracted from crab shell wastes showing (a) SEM image at

7000X and (b) TEM image at 2000X.

highly grainy surface with significant number of pores. In
this study, it can be inferred that due to the increase in
the number of pores, the surface area of the biosorbent
was also affected positively as observed in the BET
surface area analysis.

Pore size distribution

The pore size and pore size distribution play a critical role
in the application of materials in adsorption processes.

Figure 27 displays the pore size and pore size distribution
of the shrimp and crab shells precursor. In Figure 27(a),
the pore size of the shrimp shell particles was in the
range of < 20 and 350 um, with 80% of the pores being
concentrated between 40 and 350 ym. In Figure 27(b),
the pore size of the crab shell particles is almost evenly
distributed across the diameter range (< 20 — 350 um) of
the pore size distribution frequency plot.

The pore size and pore size distribution of optimized
chitin particles extracted from shrimp shells and crab
shells precursors are presented in Figure 28. In Figure
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Figure 27. Pore size distribution of (a) pink shrimp shells precursor and (b) crab shells precursor.
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Figure 28. Pore size distribution of optimized chitin particles extracted from (a) pink shrimp shells precursor

and (b) crab shells precursor.

28(a), the pore size distribution frequency revealed that
about 70% of the pore sizes of the extracted optimized
chitin particles are in-between the 40-100 pm diameter

range. As shown in Figure 28(b),

the distribution

frequency of the pores in the extracted optimized chitin
particles from crab shell wastes is virtually uniformly
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Figure 29. Pore size distribution of optimized refined chitosan particles extracted from (a) pink
shrimp shells precursor and (b) crab shells precursor.

distributed across the (< 20 — 350 um) diameter range of
the distribution frequency chart. The average pore size
diameters of the extracted chitin from the shrimp and
crab shell wastes were obtained as 32.17 and 18.9 um
respectively.

Figure 29 displays the pore size and pore size
distribution of the optimized refined chitosan particles
extracted from shrimp and crab shell wastes. The pore
size distribution frequency of the extracted chitosan
particles from shrimp shell wastes, as depicted in Figure
29(a), shows that approximately 75% of the pore sizes
fall in-between the 40-350 pm diameter range. The
distribution frequency of the pores in the extracted
optimized chitosan particles from crab shell wastes, as
depicted in Figure 29(b), reveals that about 80% of the
pore sizes fall into the (< 20-350 pm) range of the
distribution frequency chart. The minimum pore size
diameters of the extracted chitosan from the crab and
shrimp shell wastes were obtained as 3.0 and 2.5 pm
respectively while the maximum value was obtained as
350 pum each.

Conclusion

The processes of extraction of chitin from pink shrimp (P.
notialis) and Lagoon crab (C. amnicola) shell wastes at
optimized conditions through the chemical processes of
demineralization, deproteinization and decolorization were

investigated. The optimized conditions of producing raw
and refined (optimized) chitin from crab and pink shrimp
shells were obtained as (3.25 M HCI aqueous solution,
period of demineralization of 18.55 h, 2.39 M NaOH
aqueous solution and period of deproteinization of 2 h)
and 3.25 M HCI aqueous solution, a demineralization
time of 19.03 h, 2.43 M of NaOH aqueous solution and a
deproteinization time of 2.03 h) respectively. The
modelled optimized conditions for producing chitosan
from chitin obtained from crab and pink shrimp shells
were obtained as (50% w/w NaOH aqueous solution,
temperature of 85.05°C and time of deacetylation of
133.64 min) and (50% w/w NaOH aqueous solution,
deacetylation temperature of 87.9°C and time of 145.26
min) respectively. The modeled optimization conditions
for the extraction process of the derived polymer that
modeled the highest DDA of chitosan produced from crab
and pink shrimp shell waste were (50% w/w NaOH
aqueous solution, temperature of 84.46°C and time of
deacetylation of 187 min) and (50% w/w NaOH aqueous
solution, temperature of 87.9 °C and time of deacetylation
of 90 min) respectively. The optimum yields of chitin from
crab and pink shrimp shells were obtained as 19.36 and
26.08%, the optimum vyields of chitosan from chitin
obtained from crab and pink shrimp shell were 13.29 and
16.93% and their respective optimum DDA values of 84.2
and 89.73%. The values of the degree of deacetylation of
the extracted chitosan determined by the FTIR and acid-
base titration method were in the range of (81.32 and



82.25 %) and (82.15 and 89.73) respectively, which were
within the commercial range of 30 - 95%. The
physicochemical properties of the raw precursors and the
extracted products were evaluated. Comprehensive
characterization tests of all the materials under
investigation (through BET surface area, FTIR, XRD, Crl,
SEM, STEM and EDS) were carried out. Excellent
agreements were achieved between the experimental
FTIR bands of the refined chitosan from shrimp and crab
shell wastes and the standard from Sigma Aldrich,
Germany.
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