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Abstract: Large molecular weight chitosan was depolymerized by a high
pressure homogenizer with a micro orifice module. 1 % (w/v) chitosan solution
was prepared with 1 % (v/v) acetic acid solution. The chitosan solution was
passed through a high pressure homogenizer at 500, 1000 and 1500 bar for 1
to 5 cycles. An increase in the pressure and the number of passes causes the
viscosity and molecular weight to decrease without the use of any additives,
such as acid/alkali solutions. The FT-IR spectra indicated no obvious
modifications of the chemical structure of chitosan before and after the high
pressure homogenizer treatment. The UV spectra showed a new absorption
band of carbonyl groups at 255 nm. The carbonyl groups might be formed
during depolymerization. The XRD results showed that the crystallinity of the
chitosan decreased with increases in the pressure and the number of passes.
Keywords: Chitosan, Depolymerization, High pressure homogenizer, Micro
orifice.

1. Introduction:
Chitosan is a natural polysaccharide and can be extracted by a deacetylation process from chitin, an
abundant matter from crustacean shells. It is a biocompatible, biodegradable and non-toxic polymer,
which makes it attractive for applications in the medical, pharmaceutical, cosmetic and food
industries [1-4]. In addition, chitosan is used in many other industries, such as sewage treatments, in
particular to minimize heavy metals [5, 6]. However, its large molecular weight and viscosity limit its
applications. Low molecular weight chitosan of high solubility in water would have great potential in
applications, especially in improving medicines, pharmaceuticals and cosmetics such as drug loaded
nanocomposites [7, 8].
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The molecular weight of chitosan can be controlled by acid or enzymatic hydrolysis. Acid hydrolysis
has several disadvantages, such as not being environmentally friendly, not being easy to control, and
the non-uniformity of the final product. In contrast, enzymatic hydrolysis produces specific products
as the reaction can be precisely controlled. However, it is very expensive and unavailable in bulk for
commercial exploitation [9-11]. In addition, scientists are focusing on reducing the molecular weight
of chitosan without changing its chemical structure by using different hydrolysis methods, such as
hydrogen peroxide, plasma, ultrasound, radiation, and so on [12-15].
Using a high pressure homogenizer is a novel approach for the depolymerization of large molecular
weight chitosan. Figure 1 shows a schematic of the high pressure homogenizer with a reaction nozzle
chamber. The fluid passes an orifice module under ultra high pressure, and supersonic speeds result
due to by a rapid decrease in pressure. During the high pressure homogenization process, the fluid is
affected by high energy processes such as impacts, cavitation and shear forces due to turbulence. The
implosive collapse of bubbles generates localized hot spots with a transient temperature of 5000 K,
pressure of 500 atm and cooling rates in excess of 109 K-1 by cavitation phenomena [16-18]. In
addition, this can produce oxidizing species radicals (H•, O•, OH•, etc.) and molecules (H2O2, O3,
etc.). The high pressure homogenizer produces high energy greater than other technologies, such as
using a homomixer, ball mill and ultrasonic [19-21]. Therefore, the high energy of the high pressure
homogenizer can lead to depolymerization because of the intense mechanical and chemical effects
associated with shear, cavitation, and impact effects.
This work reports the effect of depolymerization using a high pressure homogenizer through the
control of pressure and the number of passes. In addition, the depolymerized chitosan was
characterized by viscometry, gel permeation chromatography (GPC), Fourier-transform infrared
spectra (FT-IR), and UV-Vis, X-ray diffraction (XRD).

Figure 1: Schematic of the high pressure homogenizer with a reaction nozzle chamber
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2. Materials and Methods
2.1. Materials
Chitosan was supplied by Acros Chemical Reagent Co., Ltd. The degree of deacetylation (DD) of
chitosan was not less than 90 %. The average molecular weight was about 100,000 – 300,000 kDa.
Acetic acid (CH3COOH) was purchased from Samchun. All chemicals used were reagent grade.

2.2. Preparation of Depolymerized Chitosan
1% (w/v) chitosan solution was prepared with 1% (v/v) acetic acid solution. The chitosan solutions
were then passed through a high pressure homogenizer (Nano Disperser NLM-100, ILSHIN
AUTOCLAVE) with a micro orifice module operated at 500, 1000 and 1500 bar for 1 to 5
homogenization cycles. The micro orifice module of 75 ㎛ inside diameter (Z type) was used in the
high pressure homogenizer. The chitosan solution after high pressure homogenization was
precipitated with 1N NaOH to pH 8.0. The precipitated chitosan was recovered by centrifugation,
washed several times with deionized water, and freeze dried.

2.3. Characterization of the Depolymerized Chitosan
The viscosity of the chitosan solution was measured at room temperature using an A&D company
SV-10 viscometer. GPC was used for the qualitative evaluation of the reduction in molecular weight
of chitosan on an Agilent 1100 GPC instrument equipped with a refractive index detector. The GPC
measurement was carried out at 40 °C with 0.2 M CH3COOH/0.1 M CH3COONa solution as an
eluent at a flow rate of 1 mL/min. The UV-Vis spectrum was taken on a Shimadzu UV-1601 PC in
the range of 200 to 500 nm. The XRD patterns of the depolymerized chitosan were obtained on a
Rigaku diffractometer using Cu Kα radiation operating at 40 kV and 50 mA with a scanning rate of 2
o
min-1 from 5 to 40 o. The FT-IR spectra were measured on a Thermo Nicolet 6700
spectrophotometer by the potassium bromide pellet method in the range of 400 - 4000 cm−1.

3. Results and Discussion
3.1. Viscosity of the Chitosan Solution
Figure 2 shows the effect of high pressure homogenization on the viscosity of 1% (w/v) chitosan
solution. High pressure homogenization produces significant changes in the viscosity of the chitosan
solution. As the pressure and the number of passes increase, the chitosan solution shows a significant
decrease in viscosity. The viscosity of the original chitosan solution was 170.5 cp, whereas the
viscosity of the 5 passes sample at 1500 bar was 30.5 cp, with a decrease of about 82.1 % compared
with the original chitosan solution. The decrease in the viscosity was hypothesized to occur due to
depolymerization through the breakage of the glycosidic bond in the chitosan. In addition, this result
is consistent with other studies on polymers with a polysaccharide structure [9, 22, 23]. The viscosity
of the chitosan solution can be effective controlled by the high pressure homogenizer without any
chemical additives.

Int. J. Pure Appl. Sci. Technol., 25(1) (2014), 35-42

38

1500 bar
1000 bar
500 bar

180

Viscosity (cP)

150
120
90
60
30

0

1

2

3

4

5

The Number of Passes
Figure 2: Effect of the homogenization pressure and number of passes on the viscosity of chitosan
solution

3.2. Molecular Weight of Chitosan
The average molecular weight was analyzed by GPC to determine the molecular weight of chitosan
after the high pressure homogenization process. The molecular weight of the original chitosan was
about 208 kDa. The change in the average molecular weight of the chitosan by high-pressure
homogenization is shown in Figure 3. When the original chitosan solution was high pressure
homogenized at 1500 bar, the corresponding molecular weight of chitosan decreased from 208 to 30
kDa. The decrease in the molecular weight was 85.6 %. As the number of passes increase, the
chitosan shows a significant decrease in its molecular weight. This result appears to be in good
agreement with the data on the viscosity of the chitosan solution. We speculate that the decrease in
the molecular weight occurred through the high energy of the high pressure homogenizer through
shearing, cavitation, and impact effects. The entanglement and stretching of the chitosan polymer
chain was disentangled through shear forces. In addition, the large molecular weight of the chitosan
polymer was depolymerized through cavitation effects. The high pressure homogenizer process could
be used in commercial processes as an effective method to resolve the physical problems involved in
the use of chitosan with high viscosity and a large molecular weight.
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Figure 3: Effect of the homogenization pressure and number of passes on the molecular weight of
chitosan

3.3. FT-IR Spectrum of Chitosan
Figure 4 shows the FT-IR spectrum of the original chitosan and the depolymerized chitosan by high
pressure homogenization with 5 passes at 1500 bar.
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Figure 4: FT-IR spectra of (a) original chitosan and (b) depolymerized chitosan with 5 passes at
1500 bar
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The broad absorbent band centered at 3456-3290 cm-1 is characteristic of the stretching vibration of –
OH and –NH2. The band near 2921–2870 cm-1 corresponds to C–H stretching of the alkyl substituent.
The bands at 1653 and 1587 cm-1 are attributed to the binding vibrations of the amide groups. The
bands in the range 1158–1026 cm-1 are assigned to the characteristics of the glycosidic linkage in
chitosan [24,25]. In addition, the band at 1735 cm-1, which is assigned to the carboxyl group, was not
obvious, indicating that the carboxyl group of chitosan was not formed during depolymerization [12].
The spectrum of the depolymerized chitosan was similar to that of the essential one. This indicates
that the essential chitosan and high pressure homogenized chitosan both have similar FT-IR spectrum
patterns, without any notable changes in the functional group status.

3.4. UV-Vis Spectrum of Chitosan Solution
Figure 5 shows the UV-Vis spectrum of the original chitosan and the depolymerized chitosan by high
pressure homogenization with 5 passes at 1500 bar. The absorption band of the chitosan solution was
observed at 255 nm, which was ascribed to carbonyl groups [26]. The relative absorption intensity of
the peaks increased with increasing numbers of passes at 1500 bar. This result indicates that the
carbonyl groups might be formed during high pressure homogenization by the breakage of the
glycosidic bond. This result is consistent with other studies on polysaccharides [27].
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Fig. 5: UV spectrum of original chitosan and depolymerized chitosan

3.5. XRD Patterns of Chitosan Solution
The XRD patterns of the original chitosan and depolymerized chitosan are shown in Fig. 6. The peaks
appeared at 2 Θ values of 11.5 o and 20.3 o which match well with the literature values [28]. The
intensity characteristics of the peaks tend to decrease with increasing numbers of passes under high
pressure homogenization. A decrease in crystallinity occurs due to the destruction of the crystal
structure of chitosan as a result of the cleavage of the glycosyl bonds [22]. This result appears to be in
good agreement with the data on the viscosity and molecular weight of chitosan.

41

Intensity (arb.unit)

Int. J. Pure Appl. Sci. Technol., 25(1) (2014), 35-42

(a )
(b )
(c )
(d )
5

10

15

20

25

30

35

40

2 T h e ta (d e g re e )

Figure 6: XRD patterns of the original chitosan and depolymerized chitosan (a) original chitosan,
(b) 1 pass, (c) 3 passes and (d) 5 passes at 1500 bar

4. Conclusions
The chitosan was efficiently depolymerized by high pressure homogenizer. In the high pressure
homogenization, an increase in the pressure and the number of passes causes a viscosity and
molecular weight decrease without the use of any acid/alkali solution and without causing any
notable changes in the functional-group status. The results of XRD and UV-Vis confirmed this claim
that the reduction in the molecular weight of the resulting chitosan led to the transformation of the
crystal structure. The depolymerization of chitosan using a high pressure homogenizer is a green
chemical process for potential medicine, pharmacy and food industries applications.

References
[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]

N.V. Majeti and K. Ravi, A review of chitin and chitosan applications, React. Funct. Polym.,
46(2000), 1-27.
P. Carlos, F. Mar, G. Alberto, L. Antonio and S.R. Julio, Drug delivery systems based on
porous chitosan/polyacrylic acid microspheres, Macromol. Biosci., 3(2003), 540-545.
T.C. Chang, J.W. Wang and M.H. Hon, Synthesis of nanosized chitosan-poly (acrylic acid)
particles by a dropping method, Macromol. Biosci., 4(2004), 416-420.
I. Keiji and N. Yoshio, Fundamental adsorption properties of chitosan gel particles prepared
by suspension evaporation method, J Appl Polym Sci., 86(2002), 901-906.
Y.C. Chang and D.H. Chen, Preparation and adsorption properties of monodisperse chitosanbound Fe3O4 magnetic nanoparticles for removal of Cu(II) ions, J. Colloid Interface Sci.,
283(2005), 446-451.
P. Miretzkya and A. Fernandez, Hg(II) removal from water by chitosan and chitosan
derivatives: A review, J. Hazard. Mater., 167( 2009), 10-23.
B. Acharya, V. Kumar, R.G. Lalitha and N.T. Rudrapatnam, Non-specific depolymerization
of chitosan by pronase and characterization of the resultant products, Eur. J. Biochem.,
271(2004), 713-723.
P.D. Prerna and N.J. Ramanand, Characterization of the glass transition temperature of
chitosan and its oligomers by temperature modulated differential scanning calorimetry, Adv.
Appl. Sci. Res., 3(3) (2012), 1372-1382.

Int. J. Pure Appl. Sci. Technol., 25(1) (2014), 35-42
[9]

[10]
[11]
[12]
[13]

[14]
[15]
[16]
[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

42

E.H. Byun, J.H. Kim, N.Y. Sung, J.I. Choi, S.T. Lim, K.H. Kim, H.S. Yook, M.W. Byun and
J.W. Lee, Effects of gamma irradiation on the physical and structural properties of β-glucan,
Radiat. Phys. Chem., 77(2008), 781-786.
Z. Akram and J.T. Mohammad, Production of low molecular weight chitosan by hot dilute
sulfuric acid, Bio Resource, 5(3) (2010), 1554-1564.
T. Claudia, G. Simone and G.G. Michael, Hydrolysis and depolymerization during sourdough
fermentation, J. Agric Food Chem., 52(2004), 1307-1314.
M. Fengming, W. Zhenyu, Z. Haitian and T. Shuangqi, Plasma depolymerization of chitosan
in the presence of hydrogen peroxide, Int. J. Mol. Sci., 13(2012), 7788-7797.
A.C. Petit, N. Noiret, J. Guezennec, N. Gondrexon and S. Colliec-Jouault, Ultrason ultrasonic
depolymerization of an exopolysaccharide produced by a bacterium isolated from a deep-sea
hydrothermal vent polychaete annelid, Sonochem., 14(2) (2007), 107-112.
B. Shari, Z. Svetlana and W. Jochen, Molecular weight and degree of acetylation of highintensity ultrasonicated chitosan, Food Hydrocolloids, 19(2005), 821-830.
H. Ute, H. Merima, P. Antje, W. Gunnar and R. Thomas, Electron beam irradiation of
cellulosic materials-opportunities and limitations, Materials, 6(2013), 1584-1598.
K. Burapapadh, H. Takeuchi and P. Sriamornsak, Pectin-based nano-sized emulsions
prepared by high-pressure homogenization, Adv. Mater. Res., 506(2012), 286-289.
M.M. Pedras, C.R.G. Pinho, A.A.L. Tribst, M.A. Franchi and M. Cristianini, The effect of
high pressure homogenization on microorganisms in milk, International Food Research
Journal, 19(1) (2012), 1-5.
A.A. Nagi, A. Rasedee, I. Siddig and B. Ahmad, Tamoxifen drug loading solid lipid
nanoparticles prepared by hot high pressure homogenization techniques, Am. J. Pharm. and
Toxicol., 3(3) (2008), 219-224.
L. Qiuying, Z. Xiliang, W. Guozhang, X. Shiai and W. Chifei, Sonochemical preparation of
carbon nanosheet from carbon black, Ultrason. Sonochem., 14(2) (2007), 225-228.
I.K. Gopalakrishnan, N. Bagkar, R. Ganguly and S.K. Kulshreshtha, Synthesis of super
paramagnetic Mn3O4 nanocrystallites by ultrasonic irradiation, J. Cryst. Growth, 280(2005),
436-441.
G. Sudhamani, K. Aboobakkarsidhiq, D.J. Kumar and V. Ganesan, Nanocrystallization: A
novel solubility enhancement technology for poorly water soluble drugs, Int. J. Univers.
Pharm. Bio. Sci., 2(5) (2013), 539-556.
P. Shawrang, A.A. Sadeghi and B. Ghorbani, The effect of electron beam irradiation on βglucan content, X-ray diffraction of starch, protein subunit patterns and in vivo digestibility
of barley grain in cockerels, Turk. J. Vet. Anim. Sci., 37(2013), 443-448.
S.H. Ha, J.W. Rhim, B.Y. Kim and M.Y. Baik, Characteristics of low molecular weight
alginate film prepared with γ-irradiation, J. Korean Soc. Appl. Biol. Chem., 50(2) (2007),
111-115.
E.S.K. Tang, M. Huang and L.Y. Lim, Ultrasonication of chitosan and chitosan nanoparticles,
Int. J. Pharm., 265(2003), 103-114.
K. Jolanta, C. Małgorzata, K. Zbigniew, B. Anna, B. Krzysztof, T. Jorg and S. Piotr,
Application of spectroscopic methods for structural analysis of chitin and chitosan, Mar.
Drugs., 8(2010), 1567-1636.
M.E.S. Naeem, A.A.R. Hassan, A.H. Sayed and M.E. Ahmed, Preparation of low molecular
weight natural polymers by γ-radiation and their growth promoting effect on zea maize plants,
Chem. Mater. Res., 3(13) (2013), 66-79.
J.I. Choi, H.J. Kim, J.H. Kim, M.W. Byun, B.S. Chun, D.H. Ahn, Y.J. Hwang, D.J. Kim, G.H.
Kim and J.W. Lee, Application of gamma irradiation for the enhanced physiological
properties of polysaccharides from seaweeds, Appl. Radiat. Isot., 67(2009), 1277-1281.
S. Govindan, E.A.K. Nivethaa, R. Saravanan, V. Narayanan and A. Stephen, Synthesis and
characterization of chitosan–silver nanocomposite, Appl Nanosci., 2(2012), 299-303.

