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G R A P H I C A L A B S T R A C T
� The acid-base titration method with a
new approach reported in this article for
the determination of degree of deacety-
lation of chitosan provides an accuracy,
reproducibility, and reliability.

� In addition, the reported method with a
new approach is very convenient as
compared to other existing methods to
determine the degree of deacetylation of
chitosan.

� The newly introduced equation to esti-
mate degree of deacetylation of chitosan
is very simple and convenient.

� The DD values of chitosan obtained by the
acid-base titration method are perfectly
validated based on 13C-NMR data.
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Several spectroscopic techniques such as nuclear magnetic resonance (NMR), UV-visible, Fourier transform
infrared (FT-IR), etc. have been already used for the determination of degree of deacetylation (DD) of chitosan.
These techniques involve the interpretation of spectral data apart from sample preparation for obtaining DD of
chitosan. In addition, inaccurate interpretation of data sometimes misleads researchers to get an exact value of DD
of chitosan. Among them, NMR is an excellent technique for the estimation of DD of chitosan but expensive and
not found easily in every research laboratory. On the other hand, titrimetric methods have been employed by
many researchers for determining the DD of chitosan but these existing methods involve many complex calcu-
lations, which do not always give accurate results. Moreover, few of the acid-base titration methods are little
complicated for execution. Therefore, in this present study, we adopted a very handy and simple acid-base
titration method with a new approach and proposed a new equation facilitating the ease of calculation that is
not reported elsewhere for the determination of DD value by observing the net volume of NaOH consumed for the
complete neutralization of protonated amino groups (-NH3

þ) of chitosan describing the novelty of the work. All the
DD values (77.04 � 1.36; 81.71 � 1.73; 91.68 � 1.42 for CS1, CS2, and CS3 respectively) obtained for various
chitosan samples were in good agreement with the reported DD values (>75%, >80%, and >85% for CS1, CS2,
and CS3 respectively) mentioned in the specifications of chitosan samples supplied by the manufacturer. Finally,
the experimental DD values were further validated with the DD values (77.39%, 81.64%, and 90.5% for CS1, CS2,
and CS3 respectively) obtained from the interpretation of 13C-NMR spectral data and all the experimental DD
values were consistent with the DD values as calculated based on NMR spectra.
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1. Introduction

Chitosan is a copolymer of N-acetyl-D-glucosamine and D-glucos-
amine units and it is derived from chitin, which is the second most
abundant natural polysaccharide next to cellulose [1]. It is mainly
extracted from the exoskeletons of insects, crustaceans, shrimp shells,
crabs, lobsters, the cell walls of fungi, and algae to name a few through
partial deacetylation of chitin [2, 3, 4]. Owing to its outstanding and
remarkable physicochemical characteristics including biodegradability,
biocompatibility, non-toxicity, and antimicrobial properties, still the re-
searchers have been interestingly using chitosan for various purposes
such as medicine, tissue engineering, drug delivery, food packaging,
environmental protection, and cosmetics [5, 6, 7, 8, 9]. However, the DD
of chitosan is an important factor that not only defines the molar fraction
of deacetylated units in its polymeric chain but also greatly affects its
own solubility, viscosity, ion-exchange capacity, flocculation ability, and
amino group reaction [10]. Increasing the degree of deacetylation of
chitosan to a certain extent facilitates its solubility, which in turn, is also
responsible for influencing its antimicrobial characteristics [11]. In
addition, other biological properties namely analgesic, antioxidant,
haemostatic, and mucoadhesive abilities increase with increasing its
degree of deacetylation [11, 12]. Therefore, it is mandatory to know the
DD value of chitosan, which is to be taken into consideration for carrying
out any sort of experimental work for research purposes. In order to
determine the DD value of chitosan, various researchers have reported
the use of different methods such as pH-metric titration, UV-vis spec-
troscopy, infrared spectroscopy, elemental analysis, 1H and 13C NMR
spectroscopy to name a few but due to their corresponding shortcomings
in terms of determining the DD of chitosan have rendered them to
explore very simple technique [13, 14]. Notably, NMR is an excellent
technique for the determination of DD of chitosan. Only the cost of this
instrument as well as the chemicals required for sample preparation has
restricted its uses. Moreover, the acid-base titration and potentiometric
titration appear to be more appropriate in this context and cost-effective
for determining the DD of chitosan [15, 16]. Yao et al. [17] demonstrated
the determination of DD of chitooligosaccharides (COS) of different
molecular weights with the help of the Chinese Pharmacopoeia’s
acid-base titration method using methyl orange as an indicator. In
another study, Hossain and Uddin [18] also reported the determination
of DD of chitosan by acid-base titration method using methyl orange as
an indicator. For both the cases, they separately used different equations
for calculating DD value of chitosan. Similarly, Varan [19] also reported
the use of acid-base titration method for the determination of DD of
chitosan using an entirely different equation. In another attempt, Youling
et al. [20] also used acid-base titration method to determine DD value of
chitosan. Still there are some loopholes in the equations as well as in the
methods and these are not explicitly addressed by none of them. In
addition, some of the reported acid-base titration methods are little
tricky.

Therefore, in this present study, we adopted the acid-base titration
method [1] with a new approach rather in a simplified way apart from
using a new equation to determine DD value of our chitosan samples,
which is expected to provide an accuracy, reproducibility, and reli-
ability. To validate the data obtained by this method, 13C-NMR spec-
troscopy was successfully employed. Further, to the best of our
knowledge, the proposed equation is not reported elsewhere yet and it
would be the robust equation over the existing equations and could be
successfully used for the estimation of DD value of chitosan via
acid-base titration.

2. Experimental

2.1. Materials

Three different grades of chitosan (CS) having degree of deacetylations
>75% (viscosity ¼ 1040 mPa.s), >80% (viscosity ¼ 372 mPa.s), and
2

>85% (viscosity ¼ 618 mPa.s) further assigned as CS1, CS2 and CS3
respectively were purchased from the Marine Hydrocolloids, Kochi, Ker-
ala, India. Hydrochloric acid (HCl) was supplied by Fisher Scientific India
Pvt Ltd., Powai, Mumbai. Sodium hydroxide pellets purified (NaOH) and
methyl orange pH indicator were purchased from Central Drug House (P)
Ltd. Corp., Daryaganj, New Delhi. All the chemicals including chitosan
samples were used as received without further purification.

2.2. Preparation of chitosan solution

Chitosan solution was prepared with modification according to the
method reported by Hossain and Uddin [18]. Briefly, 1g of each grade of
chitosan samples namely CS1, CS2, and CS3 was dried in a hot air oven at
110 �C for 1h. After drying and further weighing, the said chitosan
samples were individually added into a freshly prepared 100 mL of 0.1 N
HCl and stirred vigorously for 2h at room temperature for complete
dissolution. Notably, the freshly prepared chitosan solution made with
the dried chitosan for each case was used as a stock solution for
completing the whole titration process.

2.3. Acid-base titration method

Acid-base titration was adopted to determine degree of deacetylation
of chitosan. Succinctly, 100 mL of 0.1 N NaOH solution was freshly
prepared every time as a standard solution for titration against each
chitosan sample. After that an aliquot of each chitosan solution was
separately transferred into a conical flask and titrated against the stan-
dard NaOH solution. It is worth mentioning that every time same volume
of chitosan solution should be used for carrying out titration. In our case,
we used 30 mL of chitosan solution for each titration, but it may vary
depending on the experimental design done by individual users. Then,
into each conical flask containing several grades of chitosan solution, 2–3
drops of methyl orange indicator were added and titrated against the
standard NaOH solution until end point reached. The end point was
detected by visual inspection through a sharp colour change from pink to
yellow orange. For prompt and comprehensive visualization, the colour
transition is shown in Figure 1. Finally, the volume of NaOH solution
consumed was noted down. The same experiment was performed thrice
against each chitosan sample. The DD of each chitosan sample was
calculated using the following equation as established by the authors:

% of DD¼ðV1� V2Þ � 16
V1 � 9:94 � x

� 100 (1)

where, x is the weight of dried chitosan; V1 ¼ volume of chitosan solu-
tion prepared in 0.1 N HCl solution in mL; V2¼ volume of 0.1 N NaOH in
mL; 9.94 is the theoretical value of % NH2 group content of chitosan (the
molecular weight of glucosamine unit is 161 and molecular weight of
amino group is 16, hence, amino group content in percentage is 9.94);
and 16 is the gram equivalent weight of the amino group i.e. –NH2.
Notably, in this equation, the concentration terms of aqueous standard-
ized HCl and NaOH solutions in normality are deliberately omitted to
increase the ease of calculation. Moreover, to use the above-mentioned
equation, 0.1 N HCl and 0.1 N NaOH should always be prepared to
carry out acid-base titration for the estimation of DD value of chitosan.

Moreover, it is customary to take precautions such as carefully noting
burette’s readings, not allowing air gap in the burette, etc. while titrating,
which will help provide an accurate result and enable minimizing
experimental errors too.

2.4. Characterizations of chitosan samples

2.4.1. Fourier transform infrared spectroscopy (FT-IR)
The FT-IR spectra of CS1, CS2, and CS3 samples were recorded using

Bruker Tensor 37 spectrometer. The spectra were recorded in spectral
range from 4000 cm�1 to 500 cm�1. Various absorption band ratios and
equations have been used by many researchers to compute degree of



Figure 1. Prompt visualization of colour transition from pink to yellow orange during acid-base titration.
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deacetylation of chitosan using the FT-IR spectroscopy [5, 21, 22, 23, 24,
25]. Almost none of them does not give satisfactory results. However,
after a thorough reviewing, we used Eq. (2) as reported by Brugnerotto
et al. [26] to calculate degree of acetylation (DA) of chitosan samples
with the help of the absorption bands at 1420 cm�1 and 1320 cm�1

followed by subtracting the DA of each chitosan from 100 for obtaining
DD value of each chitosan as shown in Eq. (3):

A1320/A1420 ¼ 0.3822 � 0.03133 [26]. (2)

DD (%) ¼ 100 � DA (%) [26]. (3)

2.4.2. Nuclear magnetic resonance
The solid-state NMR experiments were performed on ASCEND™ 400

Bruker, using a Bruker solid state probe, operating at 100 MHz and 512
scans for 13C. The powdered samples were packed into 2.5 mm zirconia
rotors and all the spectra were recorded at 25 �C. To find out the degree
of acetylation (DA) of chitosan, the integral of the methyl carbon was
divided by 1/6th of the summation of integrals of carbon atoms from the
d-glucopyranosyl ring (C1–C6 atoms) followed by multiplying the whole
by 100 as shown in Eq. (4) [27]. Similarly, Eq. (3) was used to determine
the DD of chitosan.

DA¼
R
N� CH3

1
6

� R
C1þ R

C2þ R
C3þ R

C4þ R
C5þ R

C6
�� 100 (4)

where,
R
N–CH3 is the integral of methyl carbon, and

R
C1 þ

R
C2 þ

R
C3 þR

C4 þ
R
C5 þ

R
C6 is the summation of integrals of carbon atoms of the d-

glucopyranosyl ring.
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2.5. Statistical analysis

All experimental values are portrayed as mean � S.D. The data were
analyzed using one-way ANOVA. Moreover, Tukey HSD test and one
sample T test were also performed to analyze multiple comparisons be-
tween the groups of CS samples and within the groups of each chitosan
sample respectively by using p-value at less than 0.05 to ascertain
whether the values obtained through experimentation are significantly
different.

3. Results and discussion

3.1. Acid-base titration

In this study, the acid-base titration method was successfully
used for the determination of the degree of deacetylation of various
grades of chitosan. Undoubtedly, the said method is very cost-
effective but sample preparation takes longer time for performing
this titration. In contrast to the traditional method, chitosan is
initially dissolved in HCl for converting its –NH2 group into its
corresponding form of –NH3

þ (protonated amino group), which fa-
cilitates developing acidic character into chitosan solution and then
it is titrated against standard NaOH in presence of methyl orange as
a pH indicator, which helps us understand the neutralization point
of the reaction. The reactions involved while carrying out this
titration are shown below.

Before titration,



Table 1. Variation of consumption of NaOH during acid-base titration with DD
value of chitosan.

Sample Volume of
chitosan solution
against each
titration (mL)

Volume of
NaOH
(Mean � SD)

Experimental DD
value (%)

DD value
provided by
manufacturer

CS1 30 16.93 � 0.23 77.04 � 1.36 78.26

CS2 15.53 � 0.31 81.71 � 1.73 82.30

CS3 13.77 � 0.25 91.68 � 1.42 86.18
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During titration.

Step 1:

Hþ (aq) þ OH (aq) ¼ H2O (l)

Step 2:

R-NH3
þ (aq) þ OH (aq) ¼ R-NH2 (aq) þ H2O (l)

From the above results, it can be predicted that the excess amount of
HCl in test chitosan solution is neutralized first by OH ions before starting
the second step reaction during titration. In the second step, the pro-
tonated amino groups were converted to corresponding amino groups
and colour change was observed from pink to yellow orange, which
indicated the end point. Finally, the exact volume of NaOH required to
neutralize the individual chitosan solution was noted down to separately
determine DD for our three different grades of chitosan using the equa-
tion as mentioned above. Notably, the moisture content of the test chi-
tosan samples was in the range of 9–10%. Further, a plot between volume
of NaOH and various grades of chitosan is shown in Figure 2.

Moreover, from the data presented in Table 1, it is clearly seen that for
various grades of chitosan with varying degree of deacetylation, the
consumption of NaOH is different for each of them. Therefore, it can be
said that the higher the mean volume of NaOH the lower is the DD value
of chitosan and vice-versa.

It is quite desirable because percentage of amino group content is
more in case of higher deacetylated chitosan, which in turn, exhibits less
acidic character and thus, results in the requirement of lesser amount of
NaOH compared to low deacetylated chitosan during acid-base titration.
In other words, due to more numbers of amino groups for higher
deacetylated chitosan, it will attract more numbers of hydrogen ions
(protons), which in turn, will decrease the concentration of hydrogen
ions in the chitosan solution, thus resulting in the consumption of lesser
amount of NaOH. The mean volume of NaOH consumed against each
chitosan sample was used to estimate DD of various grades of chitosan
and their corresponding experimental DD values were compared with the
ones supplied by the manufacturer. It was found that the respective
experimental DD values of CS1 and CS2, and CS3 were 77.04% and
Figure 2. Consumption of NaOH for each 30 mL of va
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81.71% whereas the same for the aforesaid samples were 78.26% and
82.30% respectively as provided by the manufacturer. From the results, it
can be said that the calculated DD values using our established equation
are almost same with the values of chitosan samples supplied by the
manufacturer but in case of CS3, the percentage DD value (91.68) is little
higher than the expected value i.e., 86.18 and it is assumed that it may be
due to experimental errors occurring at the time of handling. Further, a
statistical analysis (data not shown) was performed to check whether the
values displayed in Table 1 were significantly different. From Tukey HSD
test at the 0.05 level, it was found that all the mean volumes of NaOH for
each chitosan sample were significantly different from each other. On the
other hand, by performing one sample T test, it was found that all the
respective volumes of NaOH against each chitosan sample were not
significantly different and which is extremely desirable. From these re-
sults, it was clear that all the measurements during titration were
recorded fantastically.

Apart from using our proposed equation, other equations reported by
other researchers had also been used for the estimation of DD of our
chitosan samples for comparison. None of them provided any fruitful
results. Moreover, Yao et al. [17] have shown the inappropriateness of
using the method based on Chinese pharmacopoeia and the European
pharmacopoeia for the estimation of degree of deacetylation of chitosan
using methyl orange as an indicator because of distinctly and accurately
recognizing the colour change from red to yellow at the completion of the
reaction. Therefore, we avoided using this method but used methyl or-
ange as an indicator for our study and finally we got an accurate result
using the acid-base titration as discussed in the foregoing section. In
rious grades of chitosan during acid-base titration.



Table 2. Estimation of degree of deacetylation of our chitosan samples via acid-base titration using various equations as reported by various researchers.

Sr. No. Equation Degree of deacetylation (DD) Reference

CS1 CS2 CS3

1.
NH2% ¼ ½ðC1V1� C2V2Þ � 0:016�

Gð100�WÞ � 100

DDð%Þ ¼ % of NH2
9:94

� 100

0.231 0.245 0.27 [1]

2.
DD% ¼ ðCHCl� VHCl� CNaOH � VNaOHÞ � 0:016%� 100%

G� ð100�WÞ � 9:94%
0.002 0.002 0.003 [17]

3.
DD% ¼ ðC1� V1� C2 � V2Þ � 0:016

M � 0:0994
0.232 0.245 0.275 [18]

4.

DD% ¼
��ðV2� V1Þ ðLÞ �MNaOH

�
mol
L

�
� Unit mass of chitosan

� g
mol

	

Mass of chitosan sample

� g
mol

	
)
� 100

0.144 0.154 0.171 [19]

Figure 3. Estimation of degree of deacetylation from the individual absorption bands at 1420 cm�1 and 1320 cm�1 of FT-IR spectra of (a) CS1, (b) CS2, and (c) CS3.

Table 3. Chemical shifts of our chitosan samples obtained by 13C/CP/MAS NMR.

CS1 CS2 CS3

C¼O 175.23 174.13 174.79

C1 106.16 105.73 105.8

C4 84.09 83.73 84.09

C3 or C5 75.84 75.69 75.54

C6 61.58 61.66 61.59

C2 58.06 57.93 58.39

CH3 24.17 24.02 24.02
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another study, Hossain and Uddin [18] also demonstrated the use of the
same method using methyl orange as a pH indicator except heating
chitosan solution at 60 �C while titrating against HCl. In another attempt,
Varan [19] reported the same acid-base titration method using phenol-
phthalein as an indicator. Similarly, Youling et al. [20] also demonstrated
on the determination of DD value of chitosan using acid-base titration
method. However, only the basic difference is that all of them used
different equations to obtain DD value for their respective samples using
the same titration with little modification. Notably, as shown in Table 2,
for cross-verification once we used various equations to solve our own
problem, different results were obtained rather we got very absurd re-
sults, which were really a matter of concern. This drastic variation in
terms of results greatly demands to introduce a new and simplified
equation. Hence, it is expected that our newly introduced equation for
the estimation of DD of chitosan would remove all the confusions over
the already mentioned equations and help researchers to deploy this
simplified method along with the equation to estimate DD of any chito-
san sample in an accurate manner.

Nevertheless, we got nearly the same results every time by using the
acid-base titration and the proposed equation as well. It not only clearly
5

indicated the reproducibility, accuracy, and reliability of the method
adopted by the authors but also boosted up the efficiency of the newly
established equation in terms of determining the DD value of our chito-
san as already shown in Table 1. Moreover, the method adopted here is
much more convenient over the other existing acid-base titration
methods in terms of its simplicity and reproducibility to estimate the
degree of deacetylation of chitosan. Notably, the reproducibility had
been checked at least 3–4 times by conducting acid-base titration using



Figure 4. 13C/CP/MAS NMR spectra of (A) CS1, (B) CS2 and (C) CS3 for the estimation of their deacetylated values.
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these three test chitosan samples followed by validation with 13C-NMR
technique to be discussed in section 3.3.

3.2. FT-IR

FT-IR spectroscopy was employed to estimate DD values of different
grades of chitosan samples using Eq. (3) as proposed by Brugnerotto et al.
[26] from the ratio of the absorbance of the amide III at 1320 cm�1 to the
absorbance of the CH3 bending at 1420 cm�1 in the individual spectrum
as depicted in Figure 3. The calculated DD values for our test chitosan
samples, namely CS1, CS2, and CS3 were 76.09%, 78.04%, and 76.22%
respectively.

The calculated DD value of only CS1 using FT-IR spectroscopy was as
nearly the same as the value obtained by acid-base titration i.e., 77.04%.
Moreover, it also approximately satisfied the value i.e., 78.26% as sup-
plied by the chitosan manufacturer. On the other hand, the calculated DD
values for the remaining two chitosan samples were inconsistent with the
experimental ones using acid-base titration as well as the same reported
by the manufacturer. In addition, various baselines were also studied to
calculate the degree of deacetylation of chitosan (data not shown) but
none of them gave accurate results. This similar kind of phenomenon was
also reported by Shigemasa et al. [24], while evaluating the various
absorbance ratios from infrared spectral data for estimating the degree of
deacetylation of chitin. It was further corroborated with the fact that the
use of various baselines in FT-IR spectra of chitosan would inevitably
contribute to variations in DD values [23, 25, 28]. In addition, some other
factors including sample preparation, type of instrument, and conditions
may also greatly influence the sample analysis in terms of determining
DD of chitosan [25, 28, 29].

3.3. 13C-NMR

Considering the flaws as mentioned in the section of FT-IR, 13C-NMR
spectroscopy was employed to validate the DD values of our chitosan
samples as obtained by the acid-base titration. Notably, it is quite evident
that 13C-NMR in solid state is very useful not only for analysing the
structure of chitosan but can also be deployed to determine its degree of
deacetylation [13, 27, 30, 31]. Chemical shifts of various grades of chi-
tosan are shown in Table 3. As can be seen in Figure 4, the peaks of C3
and C5 in each NMR spectrum are completely overlappedwith each other
and appeared as a single signal around at δ 76 ppm. Further, all the
corresponding peaks of all the chitosan test samples at various carbon
atoms obtained were validated with the 13C-NMR spectrum of a com-
mercial chitosan sample, which was already reported in the literature
[26].

The respective DD values of CS1, CS2, and CS3 calculated from their
corresponding peak areas were 77.39%, 81.64%, and 90.50%. Further,
all these DD values were in good agreement with the ones obtained by the
acid-base titration method. Moreover, all these DD values were also
perfectly in line with the ones reported by themanufacturer. On the other
hand, the trend of decreasing peak area under the peak at δ 24 ppm as
shown in Figure 4 (A-C) also reveals the tendency of increasing degree of
deacetylation as reported elsewhere [22]. Thus, it is a clear indication of
the authenticity of the adopted acid-base titration method [1] with a new
Table 4. Estimation of degree of deacetylation (DD) values of various chitosan
samples using different methods.

Samples DD values in percentage

Acid-base titration
Mean � SD

FT-IR Spectroscopy NMR Spectroscopy

CS1 77.04 � 1.36 (78.26) 76.90 77.39

CS2 81.71 � 1.73 (82.30) 78.04 81.64

CS3 91.68 � 1.42 (86.18) 76.22 90.50

*DD values mentioned in the parentheses are provided by manufacturer.
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approach as well as the newly established equation reported here to
determine the degree of deacetylation of chitosan. All the DD values
obtained by various methods are comprehensibly summarized in Table 4.

4. Conclusion

The acid-base titration method reported by Sivashankari et al. [1] was
used for the determination of DD for various grades of chitosan procured
from the Marine Hydrocolloids, Kochi, Kerala, India. The experimental
DD values estimated using the newly established equation through the
acid-base titration method were 77.04%, 81.71%, and 91.68% for CS1,
CS2, and CS3 respectively. All these values were consistent with the DD
values mentioned in the specification of the said chitosan samples.
Moreover, 13C-NMR spectroscopy was also employed to validate the data
obtained by the acid-based titration method. The respective DD values
calculated from NMR data for CS1, CS2, and CS3 were 77.39%, 81.64%,
and 90.50%, which in turn, were in good agreement with the same ob-
tained by the acid-base titration method. On the other hand, almost all
the DD values were inconsistent with the ones calculated from FT-IR
spectra of various grades of chitosan. So always we cannot rely on DD
values of chitosan obtained by using FT-IR spectroscopy rather we can
undoubtedly rely on NMR spectroscopy because of its extremely sensi-
tivity and high precision. Thus, it is suggested that the researchers,
manufacturers, etc. should mention the method while reporting DD
values of chitosan. However, apart from using other techniques, the
acid-base titrationmethod along with the newly established equation can
be used for the estimation of DD values of chitosan. It is worth
mentioning that the acid-base titration method is an inaccurate method
not only because of human error but also because of the inappropriate
equations reported so far in the literature. If the methodology be care-
fully adopted as described in the experimental section and the newly
established equation be used then every time, there are chances of get-
ting nearly same results and thus, it would be more beneficial, which
could obviate the need of using expensive techniques, such as NMR for
the estimation of DD value of chitosan. That is what is the novelty of this
work. Therefore, it can be concluded that the acid-base titration method
with a new approach along with the established equationmentioned here
can flawlessly be used to determine DD value of any chitosan sample of
interest for further research in terms of its relevant applications.
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