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ABSTRACT

Degradation of chitosan in swollen state with hggno peroxide solution (1-5 % wi/v) lyy
irradiation was investigated. Molecular weight (Mwf irradiated chitosan samples was
determined by gel permeation chromatography (GH&@rier transform infrared (FT-IR)
spectra and X-ray diffraction (XRD) patterns wetiiaed to study the structure of degraded
chitosan. Results showed that low Mw chitosan d-4% kDa was efficiently prepared lpy
irradiation of chitosan (Mw ~ 91.7 kDa) swollen in hydrogen peroxide solutiamdow dose
less than 20 kGy. The main structure as well aslfygee of deacetylation of degraded chitosan
was almost unchanged. Furthermore, the radiatiagradation yield (@ was remarkably
enhanced with the presence of3as a sensitizer. Degradation of chitosan in swatate with
hydrogen peroxide solution hyirradiation is efficient due to synergistic effexty-ray/H,O, at
low dose.

Keywords:chitosan, degradation, hydrogen peroxidigradiation.

1. INTRODUCTION

Chitosan is commonly prepared by sodium hydroxidacetylation of chitin from crab,
shrimp shells and squid pens, and it consists eéagamine and N-acetylglucosamine units
linked byp(1-4) glycosidic bonds. Chitosan generally has nigtecular weight (Mw) which in
many cases limits its applications. The low Mw obé@n and its oligomer possess some special
biological properties that differ from those of tlwdinary high Mw chitosan such as
antimicrobial activity [1-6], antioxidant activity7—10], antitumor activity [11], immunity-
enhancing effect [12, 13], plant elicitation anabwth promotion effect [14-16], carriers for
drug delivery [17, 18], and so on. Comprehensivermation of biological activities of chitosan
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and oligochitosan can be referred to the papeewsd recently by Xia et al. (2011) [19]. In
addition, Zeng et al. [20] reported that the absomnp of chitosan in mice after oral
administration increased with the decrease of the and the increase of the water-solubility.
They suggested that chitosan with low Mw and/ogaiiers may be employed for different
functional food. Thus, the development of a sugégmocess for reducing the Mw of chitosan,
without altering chemical structure, is of greatessity. A variety of degradation methods of
chitosan, including chemical method using HCI [2], HCI-HsPQ, [23], HNO, [24], H,O, [25—-
27], enzymatic hydrolysis [8, 11, 22, 28-30], uoaic treatment [31-34], microwave
irradiation [35-38], gamma irradiation [10, 15, 39-42], etc has been studied. However,
radiation {-ray, electron beam) has been considered as al tisefdior degradation of polymer
from the viewpoint of environmentally friendly pressing method [43] and large scale
production [41]. Most of the previous research vgook radiation degradation of chitosan was
carried out by irradiation of chitosan in powdexi form and/or in solution. Moreover, Kang et
al. [40] and El-Sawy et al. [15] studied to irradiahitosan in gelling state with acetic acid as
solvent and hydrogen peroxide as sensitizer. Hoxyetlreey did not calculate radiation
degradation yield (¢ to compare with that of chitosan in powder fornddn solution state.
And furthermore, due to chitosan gelated with atidyas rather difficult to obtain degraded
chitosan product in powder form by drying.

Therefore, in the present study degradation ofoshit in swollen state with hydrogen
peroxide solution by-ray Co-60 irradiation was carried out for the tfitsne. G values of
chitosan swollen in different concentration of hygen peroxide solution (1-5 %) and absorbed
doses (5—-20 kGy) were calculated. It was observatithe concentration of hydrogen peroxide
was an important factor for increasing the dd chitosan. In addition, the degraded chitosan
powder products were easily collected by dryingraidiated chitosan in forced air oven or even
in open air at ambient temperature.

2. EXPERIMENTAL
2.1. Materials

Chitosan from shrimp shell chitin with Myef 91.7 kDa (polydispersity index, 21 2.26)
and degree of deacetylation (DD) of 91.3 % was lpased from Chitosan Co., Vung Tau
province, Vietnam. Before use, chitosan was dned forced air oven at 6 until reaching
constant weight in order to remove moisture contelgtirogen peroxide solution (30 %, w/v)
was of reagent grade supplied by Merck, Germany.thd other chemicals were of reagent
grade and used as received. Distilled water wag insall experiment.

2.2. Degradation of chitosan

Chitosan samples (1 g) in powder form were swaileB ml aqueous ¥D, solution with
concentration of 0 (water), 1, 3 and 5 % (w/v) 8 min. The mixture ratio of chitosan and
H,O, solution of 1/5 (w/v) was selected and this rafimost reached to the saturated capacity of
water binding of chitosan after 30 min mixing wivater [44]. Then, the swelled chitosan
samples were irradiated BYCo gamma rays on the Gamma Chamber 5000, BRITa ladihe
Nuclear Research Institute, Dalat with the absordieze from 5 to 20 kGy and dose rate of 3.6
kGy/h at ambient temperature. Then, the irradiafeitbsan samples were dried at ®in a
forced air oven and ground into fine powder forrelaterization.
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2.3. Characterizations

The weight-average molecular weight (Mw) of chitossamples was measured by gel
permeation chromatography (GPC) on an Agilent lihi®@ument with detector Rl G1362A and
two columns of ultrahydrogel model 250 and 500 fidraters (USA). The standards used to
calibrate the column were pullulan (Mw 780-380.000he eluent was aqueous solution
containing 0.25 M CECOOH/0.25 M CHCOONa with flow rate of 1 ml.mihand temperature
at 30°C [45]. The chitosan sample concentration was da%®(w/v), and the injection volume
was of 50ul.

IR spectra were taken on a Shimadzu FT-IR 8400Strgpdotometer in the range
between 4000 cthand 400 cr using KBr pellets. The DD (%) of degraded chitoseas
calculated based on FT—IR spectra according téoffeving equation [46]:

A13dA146= 0.3822 + 0.031:8100-DD) (2)
where Asoand A were absorbance of chitosan at 1320'@nd 1420 cr, respectively.

X—ray diffraction (XRD) patterns of degraded chénsvere measured by an X'Pert Pro X—
ray diffractrometer (PANanatical, Nertherlands) maerange of diffraction angledZrom 5’ to
40° and used a Cuikarget at 45 kV—40 mA at 2&.

3. RESULTS AND DISCUSSION

3.1. Reduction in Mw of chitosan
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Figure 1.The molecular weight of chitosan versus treatndese (the dose rate 3.6 kGy/h).

Figure 1 shows the reduction of chitosan Mw verthes treatment doses at different
concentrations of pD,. Accordingly, the Mw of chitosan decreased as itf@ease of the
absorbed dose and concentration gDisolution. It was also observed from figure 1 thit
of chitosan dropped rapidly at the dose range foaim about 7 kGy for all three concentrations
of H,O, used and then it decreased slowly up to 20 kGyreds the Mw of the irradiated
chitosan sample swelled in water decreased ingignifly. It was very surprised that chitosan
swelled in water degraded byirradiation with the extent less than that of driehitosan
powder, G of about 0.021umol/J (Table 1) was nearly five times smaller coragato that (0.1
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umol/J) of chitosan in powder form [39]. The reasnay be due to the radiation degradation
process occurred simultaneously with the radiati@sslinking process for chitosan swelled in

water, but they happened in different level. Funtiare, the Gvalues calculated based on two

different equations namely one used for solid daito[39] and the another one (Eqg. 2) used for
chitosan in solution [38, 41] will receive diffeteresults that could not be appropriate to

compare with each other. Therefore, further studpe effect of water on radiation degradation

of chitosan should be carried out.

It was also obvious in Figure 1 that the higherk®, concentration the higher the extent
of the decrease of chitosan Mw attained. This carexplained due the synergistic effect of
degradation occurred when chitosan was irradiateithe presence of @, [15, 40, 41]. The
mechanism of the synergistic effect of®d/y—ray for degradation of chitosan was described in
detail by Kang et al. 2007 [40] and Duy et al. (2D1]. Briefly, "OH radicals resulted from
the radiolysis of water and,B, were one of the main agents for the degradatiocgss of
chitosan in solution as well as in swollen statssuning that chitosan swelled in hydrogen
peroxide solution is supposedly as a solution, thenG (mol/J) of chitosan can be calculated
based on the following equation [47]:

1/My, — 1/Myo = GxDxd/2C )

where My, and M, are the weight-average molecular weight of polyrhefore and after
irradiation, d is the solution density (kg/3mD is the absorbed dose [Gy (J/kg)], and C is the
concentration of polymer in solution (g/@mIn this swollen mixture of chitosan and.®j
solution, d was measured to be of 0.705 kd/dnmd C was of 117.65 g/dnirhe calculated
values were presented in Table 1.

Table 1.G; values of irradiated chitosan at the differentadoand HO, concentration.

Dose Gs(umol/J)

(kGy) y-ray/ y-ray/l%  y-ray/3% y-ray/5%
water H,0, H,O, H,O,

5 0.031 0.405 0.636 0.741

10 0.024 0.379 0.493 0.591

15 0.022 0.329 0.377 0.454

20 0.019 0.259 0.296 0.375

Results inTable lindicated that Gvalues of chitosan in swollen state with water ever
from 0.02 to 0.03umol/J in the dose range from 5 to 20 kGy, whereasalties of chitosan in
swollen state with kD, solution were drastically high from 0.26 to 0.@rhol/J. Results in
Table lalso showed that the higher concentration gbtsolution the higher the Gralues
obtained at the same dose. It was also recogniegcht the same concentration glxdthe G
values decreased as the increase of the dose.t@liy(2011) studied on synergistic degradation
of chitosan byy-irradiation of chitosan solution of 3% in the prase of HO, with
concentration of 0, 0.25, 0.5 and 1 %d][ They reported that the higher the concentratbn
H,0, used the higher thes@alues obtained and particularly at dose of 12, k&yalues were
of 0.08, 0.55, 0.70 and 1.04 umol/J faQGH of 0, 0.25, 0.5 and 1 %, respectively. Furthermore
Duy et al. (2011) also found that the ¥alues decreased with the increase of dose. Tasone
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was due to that most of the existingd4 content decomposed at low dose less than 10 k@y an
subsequently the resultant content©H radicals for the degradation of chitosan was ks
higher dose. Therefore, it may not be appropriateatculate the average @lue for the whole
process of radiation degradation of chitosan cairgi O, because the scission reaction of
chitosan containing D, by y-irradiation occurs by mixed first-and second-orkieetics §8].
Thus, the presence of8, during irradiation can cause significant enhanagroé G, typically

in swollen state. Therefore, degradation of chitosaswollen state with }D, solution byy-
irradiation at low dose can be potentially appledarge scale.

3.2. FT-IR spectra
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Figure 2.FT—IR spectra of the initial (a) and degradedagah in swollen state with 1 % (b), 3 %
(c) and 5 % (d) concentration ob®h irradiated at dose of 10 kGy.

Infrared spectroscopy has been extensively appiedharacterize the structure and
calculate DD of chitosarkigure 2describes the FT—IR spectra of initial chitosad dagraded
chitosan irradiated at 10 kGy in swelled state wité different concentration of,B,. It was
observed inFigure 2that the spectra of degraded chitosan exhibitest mbthe characteristic
bands as the initial chitosan. The bands in thgearf 1158-890 cthare corresponded to the
characteristics of its polysaccharide structur@kBet 3450, 1650 and 1250 tare assigned to
the hydroxyl, carbonyl or carboxyl, methyl and C-€Dgroups, respectively49]. The FT-IR
spectra indicated that there is no change in ntaiictsire of degraded chitosan compared to that
of initial one. Peaks at 2920, 2872, 1423 and I@65indicated the D—glucopyranose ring CH
group’s symmetric and asymmetric vibrati@g][ was not altered. It indicated that there is no
ring opening reaction. Furthermore, the carboxyugis assigned as a oxidative product of
glucopyranose rings cleavage-peak at 1730 wrare absentZf]. It confirmed again that the
oxidation of glucopyranose rings to acidic funciibgroups did not occur. In addition, the
results of DD inTable 2also indicated that the DD of degraded chitosas ma@ significantly
different compared with that of the initial chitosa
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Table 2.Degree of deacetylation (DD%) of the initial clsiam and degraded chitosan in swollen
state versus concentration of®3 at 10 kGy.

Degraded chitosan
Samples Initial chitosan

1% H0, 3% H0, 5% HO,

DD% 91.3+0.3 90.0+04 91.0+x03 91.2+0.5

3.3. XRD analysis

103,198

Counts

0 10 20 30 40
2 - Theta-Scale

Figure 3.XRD patterns of the initial (a) and degraded datin swollen state with 1 % (b), 3 % (c)
and 5 % (d) concentration of,6, irradiated at 10 kGy.

The XRD patterns of the initial chitosan and degrhdhitosan are illustrated in Figure 3. It
revealed that XRD patterns of degraded chitosamlase two peaks,62= 10.3 and 19.8 that
are similar to characteristic peaks of the initlatosan [15, 40, 41]. Accordingly, the crystalline
structure of degraded chitosan was also unchanged.

The obtained low Mw chitosan has been tested a$ &ellitive for chicken (data not
shown). Preliminary obtained results showed that Mw chitosan improved the weight gain
and reduced the death rate of chicken. It is exgetttat the resultant low Mw chitosan will act
as an effective immunity-enhancing agent for doioeahimal and also for aquaculture of
shrimp and fish [12, 13].

4. CONCLUSION
Chitosan with low Mw of 30-45 kDa can be efficigntbrepared byy-irradiation of

chitosan swollen in 1-5 %@, solution with ratio 1/5 (w/v) at low dose of abdi@ kGy. The
structure and degree of deacetylation of degraddtbsan were almost unchanged. The
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radiation degradation yield Gvas remarkably enhanced with the presence s,Hs a
sensitizer. Degradation of chitosan in swollen estafth HO, solution by y-irradiation is
practically promising to apply for production ofAddVw chitosan on large scale.
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TOM TAT

NGHIEN CUU CAT MACH CHITOSANG DANG TRUONG TRONG DUNG OCH H,0,
BANG BUC XA GAMMA Co-60

bing Xuan Or*% V6 Quang Mdi, Nguyén Ngoc Duy®, Bang Van Phd, Nguyén Qubc Hién®
Truong Pai hoc Khoa lvc HW, 77 Nguyn Hué, Tp. Hé
*Truong Pai hoc Sai gon, 273 An&ng Mrong, Tp. B Chi Minh

*Trung tdm Nghién:gu va Trign khai Cong ngh Birc xq, Vién Ning leong Nguyénit Viet Nam,
202A,Dbuong 11, P. Linh Xuan, Q. Tibuc, Tp. Kb Chi Minh

"Email: ngocduy158@yahoo.com

Nghién @u cit mach chitosany dang trong trong dung th H,0, (1-5%) king hic xa
gamma Co-6@uoc thec hien. Khi lugng phant (Mw) cua cac u chitosan cliiu xa duoc do
bang phrong phap ac ki gel thm qua (GPC). R°hhong ngai va gin d6 nhidu xa tia X duoc ar
dung dé khao satdic treng ciu cia chitosan cléu xa. Két qua cho thiy chitosan cé Mw thp
(=30 — 40 kDa) nin dugc bang phrong phap chiu xa chitosan (Mw ~91,7 kDa) trong trong
dung dch H0, ¢ lidu xa thap hon 20 kGy. Gu trdc phantt vado deacetyl ¢a chitosan clii
xa thayddi khéngdang K. Hon nira, hiu stit cit mach hirc xa dwoc ting 1én rd &t khi c6 it
H,0,. Cit mach chitosart dang tnrong trong dung th HO, bing hic xa gamma Co-60 |3t
hiéu qua dé ché tao chitosan Mw thp.

Tir khéa chitosan, & mach, H,0,, bic xa gamma Co-60.

450



