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Abstract: Chitosan, discovered in 1859 and named in 1894, has long attracted the attention of scientists. 

However, endless possibilities for the chemical engineering of chitosan still offer inspiration for various 

innovative applications. The highly biocompatible and antimicrobial features of chitosan enable its 

multi-disciplinary applications, such as in medical engineering, food science, environmental science, 

and cosmetics; this is evident from the significantly increasing number of chitosan articles in the last 

two decades. This article presents methods for identifying chitosan using various analytical techniques 

and summarizes the findings from such techniques throughout the literature. The summary of the key 

analytical data presented in this review article could be used as a quick reference for a researcher who 

intends to analyze chitinous content by the method of their choice. 
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1. Introduction 

Chitosan is derivative of chitin which is, after cellulose, the second most abundant 

polysaccharide [1,2]. Chitin is a linear homopolymer composed of β-1,4-linked N-acetyl-D-

glucosamine units [3] that have been identified within diverse skeletal structures of fungi [4], 

diatoms [5], and a broad diversity of invertebrates, including sponges [6–9], corals [10,11] as 

well as arthropods [12–16]. This structural amino polysaccharide is insoluble in aqueous 

solutions; however, when deacetylated, it becomes soluble in acidic solutions and is called 

chitosan [2]. It was produced for the first time in 1859 by the physiologist Charles Rouget from 

France (for details, see [17]). He discovered that after boiling chitin in a concentrated solution 

of potassium hydroxide, it could be soluble in dilute organic acid solutions. Rouget described 

the process of chitin deacetylation for the first time and called the product “modified chitin”. 

German scientist Felix Hoppe-Seyler introduced the name “chitosan” in 1894 [17]. The 

molecule is protonated in the acidic pH amine group in the chitosan and makes the particle 

soluble [18]. The chitosan solubility depends on the acetylation degree and molecular weight 

[19]. Chitin and chitosan structures are presented in Figure 1.  

Chitosan does not have every monomer unit deacetylated. But it contains chitin to some 

extent, which means that some units stay acetylated. It is possible to isolate more homogenous 

chitosan using carbohydrate-binding modules specific to chitosan. They are also useful for 

studying chitosan localization in biological tissues [20]. 
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(a) 

 

(b) 

Figure 1. Structure of: (a) chitin made of N-acetyl-β-D-glucosamine repeating units; (b) chitosan made of D-

glucosamine units (adapted from [2]). 

Chitin and chitosan remain great players in biomedicine due to their biodegradability, 

biocompatibility, and cell adhesion [21,22]. Chitosan is characterized by antimicrobial and 

antibacterial properties [18,23]. Among many biomedical applications, it should be noted that 

chitosan and its derivatives can be used for tissue engineering [24–27], drug delivery [28–33], 

or wound dressing [34–42]. Besides biomedicine chitosan is also used in cosmetics [43–45], 

biomineralization research [46,47], supercapacitors [48], water treatment [49–52], and food 

industry [53] as food packaging [54–57]. It is not surprising that such effective use of chitosan 

for medical and technological purposes stimulates analytical studies aimed at its identification 

and characterization. 

This review presents the pool of chitosan identification methods, including 

physicochemical, structural, and spectroscopical approaches. It is the methods of identification, 

rather than characterization of chitosan, that are the main topic of our analytical review. 

2. Spectroscopic and structural methods  

2.1. Nuclear magnetic resonance spectroscopy (NMR). 

NMR spectroscopy is a powerful method for analyzing organic compounds, including 

chitosan [58]. This technique is based on the possession of magnetic moment by some nuclei 

[59]. 

Both proton and carbon NMR methods are useful in chitosan identification.  

The chemical shifts change with the deacetylation degree both in the 1H NMR and 13C 

NMR spectroscopy [60]. The approximated values of 1H NMR and 13C NMR chemical shifts 

are shown in Tables 1 and 2, respectively. Figure 2 presents the 1H NMR spectrum of chitosan. 

Table 1. 1H NMR chemical shifts of chitosan [61]. 

Position H1 H2 H3, H4, H5, H6 N-acetyl 

δ (ppm) 4.8 3.1 3.6-3.8 2.0 

Table 2. 13C NMR chemical shifts of chitosan [61]. 

Position C1 C2 C3 C4 C5 C6 

δ (ppm) 100 60 73 80 78 63 

 

NMR spectroscopy allows for the assessment of acetylation patterns. This is done using 

HOBS - Homodecuopled Band-Selective NMR, splitting into signals assigned with the 
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multivariate Pure Shift NMR method. Thus, acetylation patterns can be easily determined on 

various chitosan samples [62]. 

The time-domain NMR relaxometry with the pulse sequence Rhim and Kessemeier - 

Radio-frequency Optimized Solid-Echo (RK-ROSE) can be used to obtain the 1H NMR signal 

of solid-state materials. The RK-ROSE pulse sequence can support classical methods for 

determining the degree of acetylation and the crystallinity index, which may be useful for 

distinguishing chitosan samples with a similar degree of acetylation and possibly different 

crystallinity or even chitosan with a completely different degree of acetylation. The decay of 

the time-domain NMR signal may be advantageous in predicting trends in the structural and 

morphological features of the chitosan powder [63]. 
1H NMR spectroscopy method also allows determining the deacetylation degree 

[64,65].  

The degree of deacetylation can be calculated using the ratio of areas of the peak from 

the hydrogen atom in the acetyl group and the peak of the CH groups [66] or to the peak of the 

hydrogen atom bonded to the carbon having amine group [67]. 

 
Figure 2. The 1H NMR spectrum of chitosan [68]. 

2.2. X-ray diffraction spectroscopy (XRD). 

XRD technique allows for analysis of the structure on the atomic scale [69]. Using this 

method, it is possible to find the atomic arrangement in the unit cell by data regression [70].  

On the XRD diffractogram, chitosan exhibits two main peaks at about 10° and 20° 2θ 

angle values (Figure 3). These peaks indicate conformational and structural properties and 

chitosan’s high degree of crystallinity [61,71]. The first peak is related to plane 020 (amine I – 

acetylated amine group of chitosan), and the second one is attributed to plane 110 (amine II – 

free amine group in chitosan) [72]. The 020 reflections are assigned to acetamide groups that 

can create hydrogen bonds with water and produce hydrated crystals [73]. The peak around 

20° 2θ angle values is related to the chitosan crystal lattice, the orthorhombic unit cell [74]. On 

the diffractogram, there is also a smaller peak at 21° associated with a 120 plane. However, the 

XRD pattern of β-chitosan doesn’t exhibit a peak at 2θ ≈ 10° because of the weak 

intermolecular force. Chitosan nanoparticles also don’t show a peak at about 10°, and the peak 

at 20° becomes weak and wide, indicating crystal structures being in the amorphous state [72]. 

As the deacetylation degree increases, the peak at 10° shifts to higher values, and its intensity 

decreases. In comparison, the peak at 20° shifts to the lower values of the 2θ angle, and its 

intensity decreases [66,75]. 

Wide angle XRD analysis shows that chitosan with a low degree of deacetylation with 

a value higher than 24% is characterized by a different crystalline structure than chitin [76] and 

a different network of hydrogen bonds [77]. 
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Figure 3. The XRD pattern of pure chitosan [78]. 

The peak at 10°, related to the 020 plane, moves to a higher angle and decreases with 

the increase of the degree of deacetylation. The crystalline index of this plane exhibits a linear 

relationship with the degree of deacetylation. This makes it possible to use the XRD technique 

to determine the deacetylation degree of macromolecular chitosan and chitin [75]. 

The chitosan fibers, after N-acylation, have their crystalline structure altered. The peak 

at 2θ = 10° on the XRD diffractogram is sharpened with the increasing chain length of the acyl 

group [79]. The change of the acetyl group content results in the expansion of the crystal lattice. 

N-deacetylation and N-acetylation cause a decrease in the crystallinity of chitosan or chitin 

[80]. Chitosan crystalline structure is destroyed in the milling process [81]. 

2.3. X-ray photoelectron spectroscopy (XPS). 

XPS is an analytical method for surface analysis of the material. X-rays bombard the 

surface, and the released electrons’ kinetic energy is measured [82].  

This method identifies the sorption sites in the chitosan molecule [83]. XPS can 

determine the bonding energy of atoms on the chitosan surface and its chelate with metals. XPS 

is also useful in ascertaining the coordination number of the complexes of chitosan with metal 

[84]. 

XPS analysis of chitosan shows carbon, nitrogen, and oxygen atoms. Nitrogen 1s 

narrow scan exhibits two peaks of about 400 eV associated with amine and amide groups. 

Percentage atomic ratios of those peaks enable calculating the acetylation degree of chitosan 

[85]. The degree of deacetylation can be determined using XPS based on the nitrogen content 

change [86]. The atomic percentages of the elements can be calculated based on the integrated 

intensities of the XPS peaks [87]. The carbon 1s spectrum displays four peaks. First at 286 eV 

associated with carbon atom bonded to the amine group, second at approximately 287 eV 

attributed to carbon atoms linked to ether and hydroxyl group, next at 288 eV from atoms 

forming a glycosidic bond, last at 289 eV comes from carbon attached to amide group. Other 

peaks can be assigned to impurities [88]. 

Oxygen 1s spectrum of chitosan film exhibits a peak at approximately 533 eV and 534 

eV. The former is attributed to oxygen in the hydroxyl group – linked with hydrogen and carbon 

atoms, the latter to the oxygen atom connected only with carbon atoms like in the ether group 

[89]. 

2.4. Fourier transform infrared spectroscopy (FT-IR). 

Infrared spectroscopy is a very important analytical technique when working with 

chitosan. It is based on the vibrations of the atoms in the molecule when using infrared 

electromagnetic radiation. Fourier transform is a mathematical process that improves the 
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quality of the spectra [58]. FTIR spectrum of chitosan exhibits bands shown in Table 3. The 

spectrum is shown in Figure 4. 

Table 3. IR bands of chitosan powder and its assignments [85,89]. 

Wavenumber (cm-1) Peak assignment  

3345 N-H symmetric stretching 

3315 - 3215 N-H asymmetric stretching overlapping O-H stretching 

2864 C-H stretching 

1648 Amide I  

1594 Amide II 

1573 N-H bending from an amine 

1414 CH2 bending 

1375 CH3 symmetrical deformation 

1150 C-O-C antisymmetrical stretching and C-N stretching 

1026 C-O stretching skeletal vibrations 

700 - 500 N-H wagging and O-H wagging 

The degree of deacetylation can be determined using FTIR spectroscopy in several 

ways. One of them is comparing areas of the C=O peak from amide, which changes with the 

number of acetylated groups in chitosan particle, with the non-changing C—H peak. Baseline 

location is very important; for better results, the peak areas shouldn’t be set too close. Another 

method is based on the peak maxima. First, the C—O—C peak is normalized to value 1. Then, 

the absolute height of C=O, N—H, and C—H peaks is used for forming linear equations and 

finally for calculating the degree of deacetylation. Another method is peak deconvolution. The 

degree of deacetylation is calculated by the integrals of the areas of the peaks deforming and 

stretching C — H [66]. Amide I band is more intense when the deacetylation degree is lower 

[90]. 

Chitosan from shrimp shells and chitosan from fungi exhibit the same characteristic 

peaks on the IR spectra. However, fungal chitosan presents a peak that is not seen in the 

chitosan from shrimps (around 1640 cm-1) [91]. Chitosan beads exhibit a generally similar 

FTIR spectrum to chitosan but are slightly different. NH3 peak around 1450 cm-1 is wider in 

chitosan beads [92].  

Glucosamine and its chlorhydrate form do not exhibit any differences in the IR spectra. 

This can mean that in the dried state, protonation of the sample does not influence the spectrum. 

Also, water content does not influence the size of the -OH band at 3350 cm-1 [93].   

 

Figure 4. The IR spectrum of chitosan [68]. 

FTIR spectra of α- and β-chitin exhibit differences due to different hydrogen bonds. 

The spectrum of α-chitin shows two separated peaks at 1630 and 1662 cm-1 related to 

intramolecular hydrogen bonds –CO∙∙∙HOCH2– and –CO∙∙∙HN–. On the contrary, the spectrum 

of β-chitin presents one peak at 1659 cm-1 attributed to the carbonyl group bonded to the amide 

group by a hydrogen bond. The amide bands at 3110 and 3264 cm-1
 are distinct and clear in α-
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chitin but weak in the β-chitin spectrum [94]. In chitosan’s spectrum, peaks at 3265, 3105, and 

1662 cm-1 disappear. However, the peak related to primary amide at 1596 cm-1 appears. These 

differences are better seen when β-chitin is deacetylated [95]. The characteristic marker is the 

CH deformation of β-1-4 glycosidic linkage is a band that shifts from 895 cm-1 in α-chitin to 

890 cm-1 in β-chitin [3]. The chitosan peak at 1153 cm-1 is related to the β-1-4 glycosidic bond 

[96]. 

IR technique is useful for checking the protection of amine groups. It is a convenient 

and simple chemoselective method based on the reaction of chitosan with phthalic anhydride 

in N,N-dimethylformamide (DMF), which results in the production of N-phthaoloylchitosan. 

The presence of this imide can be confirmed using IR spectroscopy. The IR spectrum exhibits 

twin absorption peaks at 1712 and 1776 cm-1 [97]. 

2.5. Raman spectroscopy (RS). 

In Raman spectroscopy monochromatic laser beam interacts with the sample particles 

and produces a scattered light. Scattered light with a frequency other than incident light is used 

to form the Raman spectrum [98]. 

Raman spectra exhibit peaks shown in table 4. 

Table 4. Raman shifts of chitosan and its assignments [77,99–101]. 

Wavenumber (cm-1) Peak assignment  

2885 CH2 stretching 

1654 C-O stretching  

1591 N-H deforming 

1456 C-H and O-H bending  

1324 C-N stretching 

1146 C-O-C stretching 

1109 C-OH stretching  

936 C-N stretching  

Chitin exhibit two peaks at 2882 and 2937 cm-1, while chitosan shows one peak at 2885 

cm-1. The peak at  2937 cm-1 can be attributed to C—H stretching vibrations in the acetyl group. 

The bands at 2882 and 2885 cm-1 are ascribed to C—H stretching vibrations in the glucosamine 

units. The spectrum of chitin presents signals ascribed to amide at 1621 and 1660 cm-1, while 

chitosan has only a band at 1591 cm-1 caused by the amine group [77].  

The degree of deacetylation can be determined using Raman spectroscopy. The bands 

at 1621 and 1660 cm-1 can be assigned to the carbonyl C=O groups in acetyl groups involved 

in forming hydrogen bonds. Using the areas under these bands and thus the relative amount of 

the carbonyl groups in chitosan compared to pure chitin can be calculated [77]. 

2.6. Ultraviolet-visible spectroscopy (UV-Vis). 

UV-Vis technique uses the phenomenon of electromagnetic radiation absorption from 

the ultraviolet/visible range and following the excitation of electrons to the state with higher 

energy. The absorption of this radiation is restricted by the presence of certain groups [58]. 

Chitosan solution in hydrochloric acid exhibits an absorption band at 201 nm [58]. It 

has been reported that chitosan nanoparticles show an absorption peak at 250 nm [102]. 

The chitosan deacetylation degree can be determined using the first UV-Vis derivative 

method. It is based on the presence of the acetyl groups and their absorbance intensity. Wu and 

Zivanovic described this method as follows: “The chitin and chitosan samples have been 

dissolved in concentrated phosphoric acid and heated, and UV-Vis scans are taken. Acetyl-
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glucosamine exhibit an absorption peak from 190 to 220 nm. The first derivative UV-Vis values 

have been plotted against the acetylglucosamine concentrations, and the best linear regression 

is at 203 nm” [103].  

The method for determining the content of chitosan in solution is based on the colored 

complex of chitosan and Cibacron Brilliant Red, which can be measured at 575 nm [104]. 

However, this method is not reproducible at low chitosan concentrations. The sensitivity of this 

method can be increased by changing the reagent composition and the ratio of dye solution and 

chitosan [105]. In another improved method, the solution is centrifuged from colloids, and the 

concentration of not complexed dye is measured. Consequently, the method's sensitivity is 

increased to 2 ppm [106]. 

2.7. Mass spectroscopy (MS). 

Mass spectroscopy is a destructive method that allows for obtaining the mass of the 

compound. This is by measuring the ratio of the mass to the charge of the ion [58]. 

It was used for the first time in 1982 as pyrolysis-mass spectrometry [58]. The sample 

under study has been decomposed at a high temperature and analyzed. The mass spectrum of 

chitosan exhibits peaks in the range from m/z 40 to 150. The most intensive peaks are at m/z 

40-45,59,67,80,94 [107]. 

Mass spectrometry can be used to determine the deacetylation degree. This is by using 

the combination of gas chromatography and mass spectrometry. The mass spectrum allows for 

identifying the volatile substances obtained from glucosamine and N-acetyl-glucosamine units. 

The peaks at m/z = 67 and 80 are derived from deacetylated units, while ions m/z = 42 and 60 

are from acetylated monomers. The deacetylation degree is established based on the peak ratios 

[58]. 

2.8. Colorimetric assay (CA). 

The colorimetric method is used to determine chitosan concentration in watery 

solutions quickly. This can be done by measuring the absorbance of the solutions and then 

plotting the analytical curve [108]. Figure 5 presents an example of the analytical curve for 

chitosan. 

 
Figure 5. Example of the standard analytical curve for chitosan [109]. 

There is a variety of colorimetric methods for chitosan determination. One of them 

involves converting chitosan into 2,5-anhydro-D-mannose, which reacts with thiobarbituric 

acid giving pink color measured at 555 nm [109]. In a modification of this method, the 

thiobarbituric acid is replaced with DNSA – 3,5-dinitrosalicylic acid [110]. In addition, there 

is a method allowing chitosan determination in the presence of proteins [111]. A proposed 
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method also uses anionic dyes such as bromocresol green or bromocresolpurple, which form a 

colored complex product with chitosan [112].  

The ninhydrin test is used to quantify free amine groups in the chitosan polysaccharide 

chain. The ninhydrin reacts with the chitosan’s primary amine groups forming 

diketohydrindylidene-diketohydrindamin. The product is a colored substance measured in the 

spectrophotometer at 570 nm [113]. 

Chitosan, after hydrolysis, led to the formation of glucosamine, which can react with 

acetylacetone under alkaline conditions to form pyrrole, and then react with an acid alcohol 

solution of paradimethylaminobenzaldehyde to give the red product, which can be measured 

by spectrophotometry at 525 nm and determine the chitosan content [114]. 

Chitosan can be converted to an intermediate to produce a pink-colored product that 

can be detected at 532 nm. The absorbance intensity is proportional to the concentration of 

chitosan [115,116]. 

2.9. Elemental analysis (EA). 

This technique allows for determining the number of certain elements in the sample. It 

is generally based on atomic absorption, fluorescence, and emission [117]. 

Chitosan contains approximately 40% of carbon, 7.5% of hydrogen, and 7.5% of 

nitrogen [118,119]. The weight percentage ratio of carbon and nitrogen enables the calculation 

of the deacetylation degree of the chitosan sample [66]. 

A higher degree of deacetylation is associated with an increase in nitrogen content and 

a decrease in carbon content [86]. The C/N ratio ranges from 5.145 for the fully N-deacetylated 

chitosan to 6.861 for the completely N-acetylated polymer. The percent of nitrogen in 

completely deacetylated chitosan is 8.7% and in fully acetylated chitin is 6.9% [120].  

3. Thermo-analytical methods  

3.1. Differential scanning calorimetry (DSC). 

Differential scanning calorimetry is a thermal analysis method measuring how the 

substance's physical properties change over time with temperature. The measurement is based 

on the difference in the temperature of the reference material and the sample [121]. 

DSC thermogram of chitosan exhibits two peaks. The first one (endothermic, below 

100°C) is associated with the loss of water molecules. The second signal (exothermic, 

approximately 300°C) is related to the decomposition of the chitosan pyranose ring [122–124]. 

The melting point of chitosan determined by the DSC method totals about 110°C [125]. 

3.2. Thermogravimetric analysis (TGA).  

The thermogravimetric analysis uses mass loss processes in high temperatures that give 

information about composition, thermal stability, and extent of cure. What is measured is the 

mass of the polymer as a function of time or temperature [126]. 

This method allows for assessing the thermal stability of a substance and checking the 

weight change. Chitosan nanoparticles present two losses of weight. The first, from 50 to 

110°C, is related to absorbed water loss. The second one, from 190 to 330°C is attributed to 

depolymerization and decomposition of the chitosan units or dehydration of the saccharide ring 

[127,128]. Solid and dissolved chitosan shows 5-8% weight loss below 100°C related to water 
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loss. In solid chitosan, at around 300°C there is about 50% weight loss associated with releasing 

oxygen-containing groups. As the deacetylation degree increases, the loss becomes greater. 

About 40% weight loss occurs in dissolved chitosan below 200°C. At the temperature of 350-

480°C, the saccharide ring depolymerization and dehydration occur [66]. Figure 6 shows the 

thermogravimetric analysis of chitosan. 

The first derivative of the TGA plot gives the derivative thermogravimetry thermogram 

(DTG), which presents degradation temperature. For chitosan nanoparticles, the DTG 

thermogram shows the first step of degradation at about 246°C and the second at about 330°C 

[127,128]. 

 
Figure 6. Thermogravimetric analysis of chitosan [78]. 

4. Other methods  

4.1. Potentiometric and conductometric titration 

For the titration, chitosan is dissolved in an acid and titrated with a base. The ending 

point of the titration is determined by an indicator or the conductance of the solution [113]. 

The degree of deacetylation can be determined by acid-base titration and pH 

measurement. Firstly, chitosan is dissolved in HCl, and KOH solution is added. The higher 

degree of deacetylation, the more volume of KOH is needed to neutralize the chitosan solution. 

The degree of deacetylation can be calculated based on the amount of the titrated amine groups 

with respect to the total amount of deacetylated and acetylated units [66,67]. 

The procedure is as in the potentiometric titration in conductometric, but the 

conductivity is measured. Using the titration curves, the number of moles of the amine groups 

can be calculated, and in consequence, the degree of deacetylation of chitosan [66,67]. 

4.2. Visual fluorescent identification. 

This technique uses the strong affinity of a fluorescent agent to the amine group in 

chitosan. Then, the resulting fluorescent product can be visually recognized [129]. 

TSTPE – 1,1,2,2-tetrakis[4-(3-sulfonatopropoxyl)phenyl]-ethylene sodium salt is a 

fluorescent substance that can be added to hydrogels to identify chitosan. This salt is bounded 

by electrostatic interactions to chitosan’s amino groups and exhibits fluorescence in blue color. 

After excitation at 360 nm, the hydrogels exhibit an emission spectrum presenting a peak at 

480 nm, the intensity of which increases with an increasing degree of deacetylation [129]. 
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4.3. High-performance liquid chromatography (HPLC). 

HPLC technique separates the molecules based on their solubility in organic solvents 

or water, their charge, or their size. Then, the compounds can be identified and quantified [130].  

This method is used for quantitative chitosan analysis. The chitosan is hydrolyzed in a 

strongly acidic environment to glucosamine salts, the concentration of which can be determined 

by HPLC. The higher the deacetylation degree of chitosan, the lower its hydrolysis rate. HPLC 

allows to the calculation of the actual chitosan content. This can be done using the hydrolysis 

rate of chitosan and ratio coefficient, which is based on the hydrolysis rates of chitosan and 

chitin [131]. The method combining acid hydrolysis and HPLC exhibits good precision and 

accuracy in determining the acetyl content, no matter the sample solubility. Hydrolysis of the 

oxalic acid and sulfuric acid at a temperature of 110°C during 30-40 min significantly increases 

the accuracy and precision. But the relative standard deviations are higher for chitosan with a 

high degree of deacetylation [132]. 

Because chitosan with aldehydes in Schiff base derivatives exhibits better hydrolysis 

than pure chitosan, it can be used for determining the chitosan content. The concentration of 

the product of the hydrolysis – glucosamine hydrochloride – has been determined by the HPLC, 

and its mass has been consequently calculated. The total chitosan content was calculated using 

the theoretical chitosan and the chitosan sample mass used in the Schiff base reaction. For this 

method, it is not necessary to purify and wash the derivative products before the hydrolysis 

[133]. 

The method to determine the chitosan in water and wood samples is based on acidic 

chitosan hydrolysis to glucosamine, derivatization with o-phthalaldehyde, chromatographic 

separation, and fluorescence detection [134]. 

4.4. Enzymatic method. 

In the enzymatic method, enzymes such as chitinases or chitosanases degrade 

polymeric chitosans to oligosaccharides. Then, the degradation products can be analyzed [135]. 

This method allows for determining the very small amount of chitosan content in the 

sample. Chitinase is the enzyme that hydrolyses the cell wall of fungi. Then the amount of 

glucosamine is determined [136]. This method can be used to determine the deacetylation 

degree of chitosan. Firstly, chitosan is completely hydrolyzed by enzymes. Then the amount of 

glucosamine and N-acetylglucosamine is measured using the colorimetric assay or HPLC. 

Then the degree of deacetylation can be calculated [137]. 

4.5. Viscometric method. 

The Viscometric technique measures the number of macromolecule agglomerates in 

solutions. The obtained viscosity values are a function of the degree of polymerization and 

chitosan content. This relationship can be used to determine the chitosan mass in solutions. 

This method allows for determining the absolute concentration of chitosan. The method 

is also applicable if the chitosan concentration is low. As the polymerization degree decreases, 

the viscosity changes. The pH and concentration must be constant [138].  

4.6. Van Wisselingh test. 

This test is also called the „chitosan-iodine test for chitin”. It is based on the hydrolysis 

of chitin to chitosan in the deacetylation process.  
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While natural chitin does not react in this reaction, chitosan reacts with iodine, giving 

brown colored adduct. For chitin, the color seems black, but after a more thorough examination, 

it is reddish-purple [3].  

5. Trends and open questions 

Using the Scopus database, the number of published articles every year was identified. 

Analysis of scholarly articles included title, abstract, and keywords. The search criteria 

consisted of “chitosan” and the above identification methods, namely NMR, XRD, XPS, FTIR, 

RS, UV-Vis, MS, DSC, TGA, SEM, CA, and EA. The results of the search are shown in Figure 

7.  

 
Figure 7. The plot shows the number of articles published each year containing chitosan and the method of 

identification. 

The oldest article was published in 1972 using elemental analysis. The most commonly 

used method was FTIR, and the second was XRD. 

One of the open questions concerning chitosan identification remains to be obtaining 

chitosan layers on 3D chitin scaffolds isolated from verongiid demosponges (see for an 

overview [11,139–146]. Recently, it has been reported [21] that “preliminary experiments with 

sponge chitin scaffolds using 47% NaOH at 85 ∘C showed, with strong evidence, that the outer 

layers of this chitin can be transformed into chitosan. The 3D architecture of the scaffolds 

remains stable after the surface deacetylation procedure. For future applications, however, the 

optimum degree of deacetylation needs to be determined” [21]. Such unique chitin-chitosan 

3D hybrid constructs seem to be highly interesting for diverse applications in the fields of 

biomedicine and technology in the future, especially due to the renewability of poriferan chitin 

as a large scale production of marine sponges aquaculture [147,148]. 
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6. Conclusions 

A thorough analysis of the most widely used analytical techniques of chitosan 

characterization one more time demonstrated that the most important parameter for describing 

chitosan particles was the degree of deacetylation. Chitosan structure has been described by 

different parameters, such as the pattern of acetylation, fraction of acetylation, and degree of 

polymerization. While the degree of polymerization and fraction of acetylation of chitosan 

oligomers can be simply determined with nuclear magnetic resonance (NMR), mass 

spectrometry (MS), size‐exclusion chromatography (SEC), thin‐layer chromatography (TLC), 

or gel electrophoresis (GE); the pattern of acetylation can be most effectively determined by 

NMR method only when the oligomers are not too long. For short and non-complex oligomers, 

MS proves to be the method of choice. For chitosan polymers, the molecular weight can be 

determined by light scattering and viscosity calculation combined with size exclusion 

chromatography. 

It has been evident from the SCOPUS keyword search that FTIR and XRD techniques 

have been the most frequently used techniques. In the case of FTIR, straightforward sample 

preparation combined with the possibility of differentiating alpha and beta-type chitinous 

materials stands out as the most obvious reason behind the popularity of the FTIR technique. 

On the contrary, the popularity of the XRD technique could be attributed to the vast availability 

of X-ray diffraction infrastructure that easily determines the occurrence of deacetylation in 

chitinous materials. 
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