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ABSTRACT Purpose. To investigate and compate the
effect of three analytical methods, hydrogen bromide titri-
metry (HBr titrimetry), infrared spectroscopy (IR spec-
troscopy), and first derivative UV-spectrophotometry
(FDUV-spectrophotometry) in the
degree of deacetylation (DD) of chitosan. Methods.
Three different chitosan samples were selected for the DD

determination of

quantification employing HBR titrimetry, IR spectroscopy
with samples in the forms of KBr disc (at ratios of 1:2 and
1:3) and thin film (concentrations of 0.5% and 1%), and
FDUV- spectrophotometry. Results. The mean DD val-
ues of chitosan samples obtained by HBr titrimetry was
significantly lower (p < 0.05) compared to IR spectroscopy
using film (concentrations of 0.5 and 1%) as well as
FDUV-spectrophotometry (purified and unpurified sam-
ples), but were significantly higher (p< 0.005) than those
obtained using IR spectroscopy using KBr disk except for
Chit-S2 computed using baseline (a), which were closely
comparable (p > 0.05). In the IR spectroscopic method,
the DD values differed when computed using different
baseline. It can be observed that the values calculated
using baseline (b) was generally higher than those calcu-
lated using baseline (a). On the other hand, chitosan sam-
ples prepared in the form of film might not be significantly
affected by the different baseline as no consistent trend
was observed. For FDUV-spectrophotometry, the DD val-
ues of purified Chit-S2 samples dried using oven and
freeze dryer were comparable and not significantly differ-
ent (p > 0.05). Similarly, no significant difference was
observed for unpurified chitosan samples when dried
using freeze dryer and oven (p > 0.05). Furthermore, the
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DD values of the purified and unpurified chitosan samples
dried using freeze dryer were not significantly different
except for Chit-S2 Conclusion. The DD values of chito-
san were highly affected by the analytical methods
employed. Hence, we proposed that the quantification
method for DD should also be stated when reporting the
DD value of chitosan sample.

INTRODUCTION

Chitosan is a natural polysaccharide comprising copoly-
mers of glucosamine and N-acetylglucosamine, and can be
obtained by the partial deacetylation of chitin, from crusta-
cean shells, the second most abundant natural polymer
after cellulose (1, 2). Chitosan has been widely used in
vastly diverse fields, ranging from waste management to
food processing, medicine and biotechnology (3). It
becomes an interesting material in pharmaceutical applica-
tions (1) due to its biodegradability and biocompatibility
(4), and low toxicity (5). Chitosan has found wide applica-
bility in conventional pharmaceutical devices as a potential
formulation excipient (6). The use of chitosan in novel
drug delivery as mucoadhesive (7), peptide (8) and gene
delivery (9), as well as oral enhancer (10) have been
reported in the literature. Chitosan exhibits myriad biolog-
ical actions such as hypocholesterolemic, antimicrobial,
and wound healing properties (6, 11). Since chitosan is a
new substance, it is important to carry out precise stan-
dardization for its pharmaceutical and biomedical applica-
tions like other auxiliary substances (12). Chitosan can be
characterized in terms of its quality, intrinsic properties
(purity, molecular weight, viscosity, and degree of deacety-
lation) and physical forms (13). Furthermore, the quality
and properties of chitosan product may vary widely
because many factors in the manufacturing process can
influence the characteristics of the final product (14). Chi-
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tosan is commercially available from a number of suppliers
in various grades of purity (7), molecular weight, and
degree of deacetylation (15). It was reported that the
degree of deacetylation is one of the more important
chemical characteristics (14), which could influence the
performance of chitosan in many of its applications (16,
17). In addition, the degree of deacetylation, which deter-
mines the content of free amino groups in the polysaccha-
rides (14), can be employed to differentiate between chitin
and chitosan. For instance, chitin with a degree of deacety-
lation of 75% or above is generally known as chitosan (18).
The process of deacetylation involves the removal of acetyl
groups from the molecular chain of chitin, leaving behind
a complete amino group (-NH,) and chitosan versatility
depends mainly on this high degree chemical reactive
amino groups. There are methods available to increase or
decrease the degree of deacetylation. For example, increase
cither in temperature or strength of sodium hydroxide
solution could enhance the removal of acetyl groups from
chitin, resulting in a range of chitosan molecules with dif-
ferent properties and hence its applications (17, 19). Since
the degree of deacetylation depended mainly on the
method of purification and reaction conditions (17, 18), it
is therefore essential to characterize chitosan by determin-
ing its degree of deacetylation prior to its utilization at the
developmental stage of drug delivery systems.

Various methods have been reported for the determina-
tion of the degree of deacetylation of chitosan. These
methods included ninhydrin test (20), linear potentiomet-
ric titration (21), neat-infrared spectroscopy (22), nuclear
magnetic resonance spectroscopy (23), hydrogen bromide
titrimetry (17, 24), infrared spectroscopy (24-26), and first
derivative UV-spectrophotometry (27, 28). Some of the
methods are either too tedious, costly for routine analysis
(nuclear magnetic resonance spectroscopy), or destructive
to the sample (Ninhydrin Test). Furthermore, many limit
the range of degree of deacetylation to which they are
applicable (24). Lately, the first derivative UV-spectropho-
tometry was advocated for the degree of deacetylation
determination (27, 28). From the literature, the DD values
of chitosan appeared to be highly associated with the ana-
lytical methods employed. A comprehensive study to
examine three commonly used analytical methods, first
(FDUV-spectropho-
tometry), hydrogen bromide titrimetry (HBr) and infrared

derivative UV-spectrophotometry
spectroscopy (IR) in the determination of chitosan degree
of deacetylation have not yet been reported. Hence, the
aim of the present study was to investigate the influence of

the analytical methods on chitosan degree of deacetylation
(DD) value.

MATERIALS AND METHODS
Materials

Three commercially available chitosan samples were used.
Two chitosan samples, Chit-S1, Lot #83H0036, practical
grade from Crab Shells and Chit-S2, Lot #116H14065,
from Crab Shells, minimum 85% deacetylated, were pur-
chased from Sigma Chemical, St. Louis, USA, while
another chitosan sample, Chit-F, Code #22743, high
molecular weight, was obtained from Fluka Biochemica,
Buchs, Switzerland. Glacial acetic acid, hydrobromic acid
(47-50%) and sodium tetraborate were purchased from
Sigma Chemical, St. Louis, USA. D-glucosamine hydro-
chloride and N-acetylglucosamine were purchased from
Fluka, Buchs, Switzerland. Sodium hydroxide was pur-
chased from R&M chemical, Essex, UK. Ammonia solu-
tion 33% was obtained from May and Baker, England.
Methanol GR was purchased from Merck, Darmstadt,
Germany. All other reagents and solvents used were of
analytical reagent grade. The materials were used as
received.

Hydrogen Bromide Titrimetric Analysis

The method proposed by Sabnis and Block (29) was
employed after slight modification. 0.5 g of chitosan was
dissolved in 100 ml of freshly prepared 0.2 M hydrobromic
acid. Concentrated 9M hydrobromic acid (50 ml) was then
added to the chitosan solution with vigorous stirring to
precipitate the hydrobromide salt. The resultant slurry was
centrifuged at 2000 rpm for 30 min and the supernatant
was discarded. The chitosan hydrobromide salt was then
filtered off and washed several times with a mixture of
methanol and diethyl ether (1:1, v/v) until the filtrate was
neutral to litmus. Residual moisture in the chitosan hydro-
bromide salt was removed by stirring for six hours in anhy-
drous diethyl ether. After final filtration, the precipitate
was dried in a vacuum desiccator for 12 hr to yield a white
chitosan hydrobromide salt.

An accurately weighed (approximately 0.2 g) chitosan
hydrobromide salt was dissolved in 100 ml of distilled
watet. The resulting solution (20 ml) was titrated against a
standardised 0.1 M sodium hydroxide solution using phe-
nolphthalein as an indicator. The moles of neutralized
alkali corresponded to the moles of hydrobromic acid
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present, which corresponded to the mole of glucosamine
units of chitosan initially present in the solution, thus facil-
itating the calculation of the degree of deacetylation of chi-
tosan samples.

Infrared Spectroscopic Analysis

Chitosan samples prepared in the forms of potassium bro-
mide (KBr) disk and film were studied. The KBr disk was
prepared according to the method of Sabnis and Block
(29) with slight modifications. Approximately 40-60 mg of
chitosan powder and 120 mg of KBr was blended and trit-
urated with agate mortar and pestle for 10 min. Approxi-
mately 40 mg of the mixture were compacted using a IR
hydraulic press at a pressure of 8 tons for 60 s. The disk
was conditioned in a desiccator placed in an oven at
80° C for 16 hr before analysis.

The chitosan films were prepared according to the method
mentioned by Baxter et al. (17) with slight modifications.
Chitosan films were prepared by casting 0.5 and 1.0% w/v
chitosan in 1% acetic acid solutions, followed by drying in
an oven at 60°C for 12 hr. The chitosan films were
deprotonated by washing 3-4 times with methanolic
ammonia (30) followed by distilled water and lastly metha-
nol. The chitosan films were kept in a desiccator placed in
an oven at 80° C for 16 hr before scanning,

The spectra of chitosan samples (in the forms of KBr disk
and film) were obtained using an LR. Instrument (MB-
100, Bomem Hartmann & Braun, Quebec, Canada) with a
frequency range of 4000-400 cm™ The degree of deacety-
lation (DD) of the chitosan samples was calculated using
two different baselines, baseline (a), which was proposed
by Domszy and Roberts (24) and baseline (b) by Baxter et
al. (17). The computation equations for the two baselines
are given below:

DD =100 - [(A ;4555 / Az459) X 100 / 1.33] - Baseline (a)

where A5 and Asys, were the absorbance at 1655 cm™ of
the amide-1 band as a measure of the N-acetyl group con-
tent and 3450 cm™ of the hydroxyl band as an internal
standard to correct for film thickness or for differences in
chitosan concentration powder form. The factor 1.33
denoted the value of the ratio of A5 /Asys, for fully N-
acetylated chitosan. It was assumed that the value of this
ratio was zero for fully deacetylated chitosan and there was
a rectilinear relationship between the N-acetyl group con-
tent and the absorbance of the amide-1 band (24).

DD =100 - [(147655 / A3450)X 775] -- Baseline (b)

The baseline (b) proposed by Baxter et al. (17) was modi-
fied from the method reported by Domszy and Roberts
(24).

The amide and hydroxyl bands absorbances can further be
represented by the simple mathematical expressions as

proposed by Sabnis and Block (29).

Laogyg (DF;/DE) = (A;g55)amide or Logyy (DF,/ DE) =
(Aqg55)amide

and

Logyg (AC/ AB) = (Ajz450)bydroxyl

where DF, (for the base line @) or DF, (for the base line
‘b’), DE, AC, and AB depicted the absolute heights of the
absorption bands of the functional groups at their respec-
tive wavelengths. The absorbance ratio was calculated as
follows:

Absorbance ratio = (A;z55)amide | (As450)hydroxyl

First Derivative UV-Spectrophotometric Analysis

The method reported by Tan et al. (28) was used after
some modifications. A seties of N-acetylglucosamine stan-
dard solutions of 0.005 - 0.050 mg/ml in 0.01 M acetic
acid solution were prepared and their first derivative spec-
tra recorded. The first derivative spectra of acetic acid
solutions at concentrations of 0.01, 0.02 and 0.03 M was
obtained using a UV-VIS spectrophotometer (Shimadzu
2100, Japan) in the range of 250-190 nm. The zero cross-
ing point (ZCP) was determined by superimposing the
spectra of these solutions. The vertical distance from ZCP
to each N-acetylglucosamine solution spectrum, ‘H’ was
measured. A linear calibration curve was obtained by plot-
ting the H values against the corresponding N-acetylglu-
cosamine concentration.

As the presence of glucosamine could give rise to a larger
‘H’ value for N-acetylglucosamine, a reference curve was
constructed for the correction of this effect (27). A 0.1 mg
of N-acetylglucosamine (GlcNAc) per ml of 0.01 M acetic
acid solution was prepared. On the other hand, N-acetyl-
glucosamine (%ow/w) of different concentrations was pre-
pared by mixing different ratios of D-glucosamine (GlcN)
and GIcNAc solutions. The peak height (H-value in mm)
of the pure GlcNAc solution (H,) and the solutions of dif-
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ferent percentages of GIlcNAc (H,) was measured from
the zero crossing point. Correction factors can be derived
from the reference curve, which was obtained by plotting
the H;/(H; +H,) versus the corresponding N-acetylglu-
cosamine concentrations (% w/w).

Prior to analysis, the chitosan samples were divided into
two portions. One portion was analyzed as received (unpu-
rified) while the other portion was further purified using
the method reported by Tan et al. (28). The chitosan sam-
ples were further subdivided into two parts; one part dried
using an oven at 80°C for 24 hr while the other using
freeze dryer for 24 hr.

About 0.01 g of chitosan samples were dissolved in 10 ml
of 0.01 M acetic acid solution and diluted up to 100 ml
with distilled water. The first derivative spectrum of the
sample was recorded. The vertical distance, H values
(mm), was measured from ZCP and the contribution due
to each N-acetylglucosamine was obtained from the cali-
bration curve. The DD% of the unknown chitosan sam-
ples was determined using the following equation:

DD =100-[A/ W-204A4) / 161+4] X 100

where A’ is the amount of N-acetylglucosamine deter-
mined / 204 and ‘W’ is the mass of chitosan used.

Statistical Analysis

The results were presented as mean * standard deviation.
The DD values obtained from the different methods were
compared using a one-way analysis of variance. When a
statistically significant difference was obtained (p<<0.05), a
Tukey-HSD test was then performed. On the other hand,
the DD values obtained using two different baselines of IR
spectroscopic analysis were compared using Independent
Sample Student’s t test.

RESULTS

The DD values calculated using different analytical meth-
ods for the three chitosan samples (Figures 1A, 1B, and
1C) were significantly different (p < 0.05) for all the three
chitosan samples, indicating that the DD values are highly
dependent on the type of analytical methods employed.
The DD values were noted to be the highest when calcu-
lated using FDUV-spectrophotometry, followed by IR
spectroscopy using film, HBr titrimetry, and lastly IR spec-
troscopy using KBr disk.

IRDisc2b IRFimla IRFimlb IRFim2a IRFim2b ~FDUVI ~ FDUV2  FDUV3
Methods of Analysis

Figure 1: A. Degree of Deacetylation of Chitosan Sample
(Chit-S1) Measured by Hydrogen BromideTitrimetry,
Infrared Spectroscopy and First Derivative UV-
Spectrophotometry. Mean +SD, N=3.

HBrTitr.  IRDiscla IRDisc Ib IR Di

Degree of Deacetylation (%)

HBrTir. IRDiscla IRDisclb IRDisc2:s IRDisc2b IRFimla IRFimlb IRFim2a IRFim2 FDUVI ~ FDUV2  FDUV3  FDUVA

Methods of Analysis

Figure 1: B. Degree of Deacetylation of Chitosan Sample
(Chit-S2) Measured by Hydrogen Bromide Titrimetry,
Infrared Spectroscopy and First Derivative UV-
Spectrophotometry. Mean +SD, N=3.

Degree of Deacetylation (%)

IRDisc2b IRFimla [RFimlb IRFim2a IRFim2  FDUVI  FDUV2  FDUV3

Methods of Analysis

Figure 1: C. Degree of Deacetylation of Chitosan Sample
(Chit-F) Measured by Hydrogen Bromide Titrimetry,
Infrared Spectroscopy and First Derivative UV-
Spectrophotometry. Mean +SD, N=3.

The mean DD values of chitosan samples obtained by
HBr titrimetry was significantly lower (p < 0.05) compared
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to IR spectroscopy using film (concentrations of 0.5 and
1%) as well as FDUV-spectrophotometry (purified and
unpurified samples), but were significantly higher (p<
0.05) than those obtained using IR spectroscopy using
KBr disk except for Chit-S2 computed using baseline (a),
which were closely comparable (p > 0.05).

In the IR spectroscopic method, two different baselines
were employed to analyze the DD values of chitosan sam-
ples, which were prepared in two different physical forms.
The IR spectra with the respective baselines are illustrated
in Figure 2.

Transmittance (%)

T o I S P
4000, 0. 2800, 1900 1300, %00.

Wave number'(per cm) |

Figure 2: L.R. spectrum of chitosan showing the two
baselines (‘a’ and ‘b’) for calculating the amide | band
absorbance for the ratio A,(55 /A3,5.

For chitosan samples prepared in the form of KBr disk, at
ratios of 1:2 and 1:3, the DD wvalues of Chit-S1, Chit-S2,
and Chit-F, between the two different baselines were sig-
nificantly different (p < 0.05), except at ratio 1:2 for Chit-F
(p > 0.05). These results showed that DD values differ
when computed using different baseline. It can be
observed that the values calculated using baseline (b) was
generally higher that those calculated using baseline (a).
On the other hand, for chitosan in the form of film, the
DD values were significantly different (p < 0.05) between
baseline (a) and (b) at both concentrations for Chit-S1 and
at 0.5% for Chit-S2, but not at 1% for Chit-S2 and at both
concentrations for Chit-I. Chitosan samples prepared in
the form of film might not be significantly affected by the
different baseline as no consistent trend was observed.

From the Tukey-HSD test, the mean DD values of KBr at
ratio 1:2, KBr at ratio 1:3, film at 0.5%, and film at 1% cal-

culated using baseline (a), were found to be significantly
different except between KBr at ratio 1:2 and KBr at ratio
1:3 for Chit-F (p > 0.05). As for baseline (b), all were
found significantly different statistically (p < 0.05) except
between KBr at ratio 1:2 and KBr at ratio 1:3 for Chit-S1
(p > 0.05) as well as between KBr at ratio 1:3 and film at
1% for Chit-F (p > 0.05).

Figure 3 shows the first derivative spectra of acetic acid
solutions (0.01, 0.02 and 0.03 M), N-acetylglucosamine
standards (0.005-0.050 mg/ml) and chitosan samples.
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Figure 3: First derivative UV-spectra of various standard
solutions of N-acetylglucosamine (a = 0.005, b = 0.01, ¢
=0.02,d = 0.03, e = 0.04, and f = 0.05 mg/ml in 0.01 M
acetic acid), sample of chitosan (S), and zero crossing
point (ZCP).

When the first derivative spectra of three different concen-
trations of the acetic acid solutions were recorded against
watet, it was noted that all the acetic acid spectra shared a
common point at a wavelength of about 202 nm which
was denoted as zero crossing point (28). Superimposition
of these three spectra permitted the exact individualization
of the zero crossing point (ZCP) of the acid at 202 nm.
The ZCP corresponded to the N-acetylglucosamine maxi-
mum on the wavelength axis, and this makes the N-acetyl-
glucosamine determination independent of the acetic acid
concentration range usually encountered with dilute chito-
san solutions (31).

The correlation coefficient (r?) between ‘H’ values and
concentrations of N-acetylglucosamine (GlcNAc) was cal-
culated to be 0.998. The first derivative spectra of
unknown chitosan samples (S in Figure 3) were recorded.
The ‘H’ (mm) values from ZCP were measured and the
contribution due to GlcNAc was obtained from the cali-
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bration curve. The experimental data showed that the
presence of glucosamine (GlcN) could deliver a larger ‘H’
values for N-acetylglucosamine solutions than expected.
Muzzarelli and Rochetti (27) reported that the presence of
GlcN contributed to the ‘H’ value when the GlcNAc con-
tent was less than 10%. On the other hand, the results pro-
duced by Tan et al. (28) demonstrated that this effect was
prevalent when the GlcNAc was 20%. In view of these
discrepancies, a reference curve was constructed in the
present study as shown in Figure 4. It was observed that
the contribution of glucosamine to the ‘H’ value was
prominent even when the GIcNAc content was at 30%.

H1/(H1+H2)
-
g

0 5 10 15 20 25 30 35
N-acetylglucosamine (%w/w) with various amount of D-glucosamine

Figure 4: Correction curve for the determination of N-
acetylglucosamine.

DISCUSSIONS

The variation in the values of DD among the three chito-
san samples used in the study was anticipated as their man-
ufacturing process and condition differed from one to
another. The dependence of DD on the source and
method of purification has been reported in the literature
(17, 18). Other research groups also reported the depen-
dency of DD values on the type of analytical methods used
(17, 27). The varied values of DD for the same batch of
chitosan could be ascribed to different sample preparation,
experimental conditions as well as type of instrument used
and its sensitivity (29, 32). The HBr titrimetric method has
the advantage that it measured the protonated amine
groups directly. Furthermore, there was no problem of
lack of accessibility of the amine groups during the proto-
nation step as the salt was formed by precipitation from
solution using acid (24). Since the chemical basis of this
method is based on reaction with the amine group, the
presence of protein contaminants remained in the sample
during the extraction process could adversely interfere the

results. During the recovery of chitosan HBr salt, the fil-
trate was washed several times with a mixture of methanol
and diethyl ether until neutral to litmus. The use of litmus
paper could not indicate accurately the actual neutral pH
value, leading to a false reflection of a complete removal of
HBr. As a result, the chitosan HBr salt might not be com-
pletely free from HBr, which would ultimately affect the
DD values of chitosan. In addition, the use of phenol-
phthalein as an indicator of the end point in the titration of
the amino group could also result in lower DD values.

IR spectroscopic method, which was initially proposed by
Moore and Roberts (25), is commonly used for the estima-
tion of chitosan DD values. It has a number of advantages
because it is relatively fast and does not require dissolution
of the chitosan sample in an aqueous solvent (17, 29).
Nevertheless, IR spectroscopy is primarily a solid-state
method utilizing baseline for DD calculation. Employment
of different baseline would inevitably contribute to varia-
tions in the DD wvalues (17, 26). Furthermore, sample
preparation, type of instrument used and conditions may
influence the sample analysis (26, 29). In addition, there
may be possible argument for choosing Asys absorption
band as an internal standard as errors may arise due to the
effect of adsorbed water on the intensity of the hydroxyl
band (24). Chitosan is hygroscopic in nature and it was
reported that the capability of moisture adsorption of chi-
tosan decreased with an increase in deacetylation (32). This
suggests that samples having higher DD may absorb less
moisture than those with lower DD. Moreover, experi-
mental errors may occur during weighing of the samples.
As such, it is essential that the samples under observation
should be completely dry (32). In the present study, this
was circumvented by conditioning the chitosan samples in
a desiccator placed in a circulating air oven at 80°C for
16 hr. In the case of films, it was washed for 3-4 times with
methanolic ammonia for deprotonation, followed by
washing with distilled water and finally by methanol. The
deprotonation process was anticipated to be complete as
this could adversely affect the DD values. As such, it can
be concluded that different physical forms contribute to
different DD values.

In the FDUV-spectrophotometric method, comparisons
using Tukey-HSD test showed that the DD values of puri-
fied Chit-S2 samples were comparable and not signifi-
cantly different (p > 0.05) when dried in oven and freeze
dryer, indicating that the sample can be dried using an
oven, which provides a more economical means of drying
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and hence can reduce the overall cost of analysis. Tan et al.
(28) purified the chitosan samples to remove the impurities
followed by freeze-drying. Since freeze-drying is an expen-
sive process, we explored an alternative means of drying
for chitosan samples using oven. Similarly, no significant
difference was observed for unpurified chitosan samples
when dried using freeze dryer and oven (p > 0.05). Fur-
thermore, the DD wvalues of the purified and unpurified
chitosan samples dried using freeze dryer were not signifi-
cantly different except for Chit-S2. Hence, it can be sug-
gested that the chitosan samples used in the present study
could be of high purity and therefore may not require puri-
fication.

The FDUV-spectrophotometric method requires only a
small amount of sample and relies on simple reagents and
can be analyzed by common laboratory spectrophotome-
ter. It permits a simple, convenient, time saving and is sen-
sitive enough to detect the concentration of GIcNAc as
low as 0.0005 mg/ml. in 0.01 M acetic acid. The results
obtained are quite reasonable with less interference of pro-
tein contaminants, which provides a good precision and
accuracy for the assay of N-acetylglucosamine residues in
chitosan. The use of water as a reference blank avoids light
absorption in the optical system thus permitting a better
signal to noise ratio. On the other hand, the setback of
using FDUV-spectrophotometric method for the determi-
nation of DD of chitosan was that the results which
depended mainly on H-values (mm) were obtained manu-
ally, which appeared to be crude and depended highly on
operator.

CONCLUSIONS

It can be concluded that the DD wvalues were highly
affected by the analytical methods employed. Hence, we
proposed that the analytical method used for the quantifi-
cation of the DD values should be stated when reporting
DD values of chitosan products.
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Table 1: List of abbreviations used for DD Methods of

analysis in Figures 1A, 1B and 1C.

Methods Description

HBr Titr. Hydrogen Bromide Titrimetry.

IR Disc la Infrared spectroscopy with KBr disk comprising Chitosan and KBr at ratio of
1: 2 w/w calculated using baseline (a).

IR Disc 1b Infrared spectroscopy with KBr disk comprising Chitosan and KBr at ratio of
1: 2 w/w calculated using baseline (b).

IR Disc 2a Infrared spectroscopy with KBr disk comprising Chitosan and KBr at ratio of
1: 3 w/w calculated using baseline (a).

IR Disc 2b Infrared spectroscopy with KBr disk comprising Chitosan and KBr at ratio of
1: 3 w/w calculated using baseline (b).

IR Film 1a Infrared spectroscopy with film comprising 0.5 % w/v Chitosan in 1 % acetic
acid solution calculated using baseline (a).

IR Film 1b Infrared spectroscopy with film comprising 0.5 % w/v Chitosan in 1 % acetic
acid solution calculated using baseline (b).

IR Film 2a Infrared spectroscopy with film comprising 1 % w/v Chitosan in 1 % acetic
acid solution calculated using baseline (a).

IR Film 2b Infrared spectroscopy with film comprising 1 % w/v Chitosan in 1 % acetic
acid solution calculated using baseline (b).

FDUV1 First derivative UV-spectrophotometry with unpurified chitosan samples dried
using freeze dryer.

FDUV2 First derivative UV-spectrophotometry with unpurified chitosan samples dried
using oven.

FDUV3 First derivative UV-spectrophotometry with purified chitosan samples dried
using freeze dryer.

FDUV4 First derivative UV-spectrophotometry with purified chitosan samples dried

using oven.
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