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Toém tit: Beta-chitosan (BCTS) c6 do dé acetyl ~70% va khoi luong phan tir (M,,) 91,5 x 10° tan
trong dung dich axit lactic lodng dugc x 1y cat mach bang H,0, 1% két hop véi chi€u xa gamma
Co-60 (1,3 kGy/h) trong khodng liéu dén 16 kGy. Hiéu tng cit mach duoc khao sit trén co s& do
khoi luong phan tir (M,,) ctia BCTS bang phuong phép sic ky gel thim qua (GPC). Két qua cho thay
hiéu tng déng van cat mach BCTS trong dung dich 5% (w/v) 1a 58,4% & 4 kGy va giam dén 0% & 16
kGy. Hiéu suat cat mach bic xa 1a Gs = 2,2 umol/J va Gs = 0,2 umol/J duoc xac dinh tuong tng doi
v6i dung dich BCTS 5% c6 va khong c6 H,0, 1%. Cau tric ctia BCTS sau khi cat mach duoc khao
sat bang phé héng ngoai. Do dé acetyl ciia BCTS hau nhu khong thay déi sau chi€u xa. Ham luong
oligochitosan hoa tan trong nudc ctia dung dich BCTS chiéu xa ciing dugc khao sat.

T khéa: Chitosan, Hiéu iing dong van, Cat mach, Chiéu xa gamma.

1. MO PAU

Chitosan (CTS), poly-B-(1-4)-D- glucosamin, dugc ché tao tir qua trinh dé acetyl héa chitin
béng kiém dac, cht yéu 1a alpha-chitosan (tlr vd tom) va beta-chitosan (tir mai muc) [1, 2]. CTS ¢6
tinh chat tuong hop sinh hoc, phan huy sinh hoc, than thién moi truong [3].. . Vi vay, CTS dugc
ting dung rong rdi trong cong nghé sinh hoc, xir 1y nudc, nong nghiép, duoc phadm va thuc pham
[4]. Tuy nhién, tinh chat cia CTS khong chi phu thudc vao cau tric ma con phu thudc khai lugng
phan tlr. CTS dugc x{ 1y cat mach ¢6 khoi lugng phan tir thap va oligochitosan ¢6 thé hoa tan t6t
trong nudc, thé hién hoat tinh khang khudn, khang nam, kich thich tang trudng cay trong t6t hon
so v6i CTS ban ddu [1, 5]. C6 nhiéu phuong phap cat mach CTS tao oligome nhu: thiy phan trong
moi truong axit, oxi hda, phuong phap enzime, chi€u tia UV, chi€u xa gamma [6]. Phuong phéap
cat mach oxi héa st dung hydroperoxit (H,0,) da dugc quan tam nghién citu do qud trinh dé thuc
hién va khong doc d6i véi moi trudng. Nhung phuong phdp nay ciing c6 han ché 1a 1am thay doi
mau sic va cdu tric san phdm khi st dung ham lugng H,O, va nhiét do cao [7]. Phuong phap
chiéu xa gamma Co-60 cat mach CTS ciing dugc quan tam nghién ctu do phuong phdp nay than
thién moi trudng, thuc hién ¢ nhiét do thudong, khong lam thay déi cau tric héa hoc cua CTS.
Nhung néu chi sir dung mot minh phuong phdp nay thi su cit mach giam cham, phai can liéu xa
kha cao méi dat dugc oligochitosan ¢ khéi luong phan tir mong muén [7,8]. Vi vay dé dat dugc
CTS c6 khoi lugng phan tir thap & liu xa thap, chiing toi két hop hai phuong phép trén, CTS dugc
chiéu xa v6i H,O, nhu mot tdc nhan nhay ciat mach bic xa. Qua d6 nghién cttu hiéu ting déng van
cat mach beta-chitosan (BCTS) bing biic xa gamma két hop véi hydroperoxit.

II. THUC NGHIEM
1. Nguyén liéu va hda chat
- Beta-chitosan, Viét nam
- Axit lactic, H,0, va cac hoa chit khac & dang tinh khiét.
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2. Phuong phap

- Hiéu tng dong van (synergic effect): Chi€u xa cat mach BCTS c6 chit oxi hda trong dung
dich: hoa tan BCTS véi ham luong 5% (w/v) (50 g/1) trong dung dich axit lactic nong do 3% (v/v)
(30 ml/1). Cho H,0, vao dung dich BCTS trén véi nong do 1%, sau d6 chiéu xa trén ngudn gamma
SV-ST Co-60/B tai Trung tam Nghién cttu va Trién khai Cong nghé Biic xa, trong khoang liéu cho
dén 16 kGy.

- Xé4c dinh ham luogng oligochitosan tan trong nuéc: Ham lugng oligochitosan tan trong
nuéc pH7 (OCtan) dugc xac dinh bang phuong phép trung hoa dung dich BCTS sau chi€u xa biang
dung dich NaOH 2M cho dén pH7, tach phan két tha bang cdch ly tam, sy kho, can. Ham lugng
OCtan dugc tinh theo cong thiic [9]:

OCtan (%) = (m, - m,) x 100/ m, (D)

Trong d6 m, la ham lugng BCTS kho (g) ctia dung dich ban dau, m, 1a ham lugng BCTS
khong tan khi trung hoa.

- X4c dinh do dé acetyl cta BCTS bang pho hong ngoai: do dé acetyl (PDA%) ctia BCTS
duoc xédc dinh bing phd hong ngoai (IR) trén mdy EQUINOXS55 cta hing BRUKER, USA va
DPDA% dugc tinh nhu sau [10]:

A0/A s = 0,3822 + 0,0313 x (100 - PDA%) (2)

Trong d6: A ;5 va A, 12 mat do quang tuong tng tai mii 1320 va 1420 cm™.

- X4c dinh khoi luong phan tir cia BCTS bang GPC: M, duoc xac dinh bang phuong phap
sac ky gel thdm qua trén mdy HP-GPC 1100 cuia hang Agilent USA, dung cot Ultrahydrogel 250,
500 cuia hang Water USA. Chat chudn st dung la loai polysacarit Pullulan, khoi lugng phan tir

trong khoang 780-380000 Da. Mau BCTS néng do 0,4% trong hén hop dung moi: 0,25M
CH,COOH/0,25M CH,COONa dugc dua vao cdt, toc do dong 1 ml/phit, nhiét do 30°C.

II. KET QUA VA THAO LUAN

Bang 1: KLPT (M,,) ctia BCTS theo thdi gian oxi héa bang H,0, 1%
Thoi gian, gio 0 3 6 9 12 18 24
M, x 10° 91,5 82,0 78,2 72,0 70,0 62,5 60,3

Bang 2: KLPT (M,,) cta BCTS theo licu xa

Lidu xa, kGy 0 4 8 12 16 24 32
M x 10 0%HO, | L5 716 | 50,5 | 349 | 244 | 152 | 89
v 1% H,0, | 915 8,6 5.7 3.6 2,7 - -
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Hinn 1: Sy phu thuge KLFP1 M, cua pU1S theo iiéu xa va thoi gian phan ing

Tur két qua bang 1, 2, hinh 1 cho thay hiéu qua cat mach lam giam M, caa BCTS trong dung
dich ¢6 1% H,0, khong chi€u xa cham hon so v6i chi€u xa dung dich BCTS khong c6 H,0,. So
sdnh ca 3 phuong phép thi hiéu ting dong van (két hop chi€u xa gamma va H,0,) 1am cit mach
phan tir BCTS nhanh nhat, dac biét trong khoang liéu tir 0 dén 4 kGy. Dung dich BCTS 5%/H,0,
1% c6 do suy giam khoi lugng phan tu rat nhanh (90,5%, bang 3). Két qua nay ciing phtut hop véi
nghién cttu cia Kang et al. [6]. Nhém tdc gia khang dinh véi su cat mach két hop biic xa gamma
va hydroperoxit thi lam giam khdi lugng phan tir CTS nhanh hon so véi chi st dung mot minh biic
xa gamma hay hydroperoxit.
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Hinh 2: Su phu thuoc (1/M,, - 1/M,,,) theo liéu xa

Tur bang 2 xéc dinh hiéu sudt cat mach btc xa Gs theo cong thic [11] nhu sau:



(I/M, - 1/M,) = Gs x D x d x 1000/2C 3)
Dat y= (1/Mw B 1/Mwo)

Trong d6 M,,,, M,, 1a KLPT cta BCTS ban dau va tai céc liéu xa khdc nhau, D: liéu xa hap
thu (kGy), d: ty trong dung dich (g/cm’), C: néng do dung dich (g/lit), Gs: hiéu sudt cat mach biic
xa (umol/J).

Tur két qua hinh 2 tinh dugc hiéu suat cat mach bic xa d6i v6i dung dich BCTS 5% c6 va
khong c6 H,0, 1% tuong ting 1a Gs = 2,2 umol/J va Gs = 0,2 umol/J. Nhu vay khi c6 H,0O, trong
dung dich BCTS thi hiéu suat cat mach bic xa tang lén khoang 10 1an. Cic tac gia trong cong
trinh [7] so sdnh hiéu suat cat mach biic xa cia mau CTS chia 5,7% H,0, cao gap 20 14n so vé6i
mau chi€u xa khong c¢6 H,0,. Su khdc biét nay c6 thé 1a do ndng do H,O, st dung, suit liéu, néng
do va loai CTS st dung ban dau.

Ngoai ra liéu xa cat mach giam khoang 8 1an, tir 32 kGy trong dung dich 0% H,0, giam
xuong con 4 kGy trong dung dich chita 1% H,0, (bang 2).

Bang 3: Hiéu ting dong van cat mach BCTS bing biic xa gamma va H,0,

Ky hiéu miu Suy giam KLPT M, % = 100 x (M,,, - M)/M,,
i 4 kGy (3h) 8kGy (6h) | 12kGy (9h) | 16 kGy (12h)
a Ox (1% H,0,) 10,4 14,5 21,3 23.5
b | y-Ray (1,33 kGy/h) 21,7 44,8 61,9 734
c y-Ray + Ox 90,5 93,8 96,2 97,1
Hiéu ting dong van %, d
d d=c- (ath) 584 34,5 13,0 0,2

Hiéu ting dong van (btc xa gamma & H,0,) dugc dinh nghia la tic dung toan phan cua hai
thanh phan phan tng déng thoi 16n hon tong tac dung clia cdc thanh phan khi tac dung riéng ré.

Hiéu ting dong van khoang 58,4% & liéu xa 4 kGy, tiép tuc chi€u xa dén 16 kGy hiéu ting
déng van 1a 0,2%. Hiéu tng dong van chiéu xa tia y va 1% H,0, lam tang hiéu suit cit mach
BCTS so vdi chi chi€u xa tia y. Diéu nay c6 thé giai thich 1a cdc san phdm phan ly bic xa nudc
(4) tuong tac cat mach lién két glycozit cua BCTS ma cha yéu I1a goc tu do hydroxy (‘OH) [6].
Néu dua théem H,0, vao dung dich BCTS thi nong do goc "OH tang 1én theo phan tng (5).

Goc tu do "OH cat mach lién két 1-4 glycozit 1am giam khoi luong phan tir BCTS theo phéan
ung (6, 7).

H,O0 Arrn— Ha, H,0,, H', "OH, €, H,0" @)
H,0, Aman— 2 'OH ®)

R +'OH - R+ H,0 (6)

R"> R, +R, (7)

Bang 4: DDA va KLPT M, ctia BCTS trong dung dich theo liéu xa



Thong s6 BCTS BCTS (H,0O, & bic xa gamma)
khao sat ban dau 4 kGy 8 kGy 12 kGy 16 kGy
DDA% 70,4 70,5 73,2 - 74,6
Mw 91.500 8.600 5.600 3.600 2.700
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Hinh 3: Pho d6 IR ctia cic mau BCTS theo liéu xa
a) BCTS ban dau ; b) Ox & 4 kGy; ¢) Ox & 8 kGy; d) Ox & 16 kGy
Két qua bang 3 va hinh 3 cho thdy khi cat mach BCTS trong dung dich ¢6 1% H,O, trong
khoang liéu chi€u xa cho dén 16 kGy, DDA thay déi khong déng ké.

Bang 5: Ham luong OCtan (%) trong nuéc pH7 cua BCTS

Liéu xa, kGy | 4 8 12 16 24 32
0% H,0, - 45,0 i 6190 | 698 | 782
OCtan, % o Ho. | 749 | 860 | 939 | 1000 : -

Ham lugng oligochitosan tan trong nudc (Octan) ciia mau BCTS DDA70% trong dung dich
0% H,0, dat ~78 % tai liéu xa 32 kGy. Trong khi d6 ham lugng OCtan trong dung dich 1% H,O,
12 100% tai licu xa 16 kGy. Tir két qua thi nghiém vé do tan cua oligochitosan trong nudc pH7 va
do khoi lugng phan tir M,, bang sic ky gel thim qua (GPC) ching toi thdy ring oligochitosan tir
BCTS 5% & H,0, 1% chiéu xa 16 kGy c6 M,, = 2.700 thi tan hoan toan trong nudc.

IV. KET LUAN
- Hiéu ting déng van (btic xa gamma Co-60 & H,0,) cit mach lam giam khdoi luong phan tir
BCTS trong dung dich 1a rit hiéu qua.

- Ham lugng OCtan trong dung dich BCTS 5% & H,0, 1% dat ~75% tai li€u xa 4 kGy va
100% tai liéu 16 kGy.

- Do dé acetyl cta BCTS sau chiéu xa c¢6 va khong cé 1% H,0O, trong khoang liéu dén 16
kGy thay d6i khong ddng ké.



- Hiéu ung dong van lam giam liéu xa cat mach BCTS trong dung dich 5% khoang 8 lan.

TAI LIEU THAM KHAO

[11.
[21.
[3].
[4].
[5].
[6].
[7].
[8].
[9].
[10].

[11].

Qin C. et al., Moisture retention and antibacterial activity of modified chitosan by hydrogen
peroxide, J. Appl. Polym. Sci., 86, pp. 1724-1730, 2002.

Qin C. et al., Effect of hydrogen peroxide treatment on the molecular weight and structure
of chitosan, Polym. Deg. Stab., 76, pp. 211-218, 2002.

Shao J. et al., Studies on preparation of oligoglucosamine by oxidative degradation under
microwave irradiation, Polym. Deg. Stab., 82, pp. 395-398, 2003.

Bui Phuéc Phiic va ccs., Nghién ciu ché tao oligochitosan bang phuong phép chi€u xa dung
dich chitosan, Tap chi Héa hoc va Ung dung, S6 9 (57), Tr. 38-41, 2006.

Luan L.Q. et al., Biological effect of irradiated chitosan on plants in vitro, Biotechnol. Appl.
Biochem., 41, pp. 49-57, 2005.

Kang B. et al., Synergetic degradation of chitosan with gamma radiation and hydrogen
peroxide, Polym. Deg. Stab., 92, pp. 359-362, 2007.

Lu Y. et al., Radiation degradation of chitosan in the presence of H,0O,, Chinese J. Polym.
Sci., 22, pp. 439-444, 2004.

Nguyén Qudc Hién va ccs., Nghién citu ché tao oligochitosan bang ky thuat bic xa, Tap chi
Hoéa hoc, S6 2 (38), Tr. 22-24, 2000.

Choi W.S. et al., Preparation of chitosan oligomers by irradiation, Polym. Deg. Stab., 78, pp.
533-538, 2001.

Brugnerotto J. et al., An infrared investigation in relation with chitin and chitosan
characterization, Polymer, 42, pp. 3569-3580, 2001.

Wasikiewicz J.M. et al., Degradation of chitosan and sodium alginate by gamma radiation,
sonochemical, ultraviolet methods, Radiati. Physi. Chem., 73, pp. 287-295, 2005.

STUDY ON SYNERGIC EFFECT FOR DEGRADATION OF
CHITOSAN IN SOLUTION WITH GAMMA Co-60 RADIATION AND
HYDROGEN PEROXIDE.

Abstract: Chitosan with deacetylation degree (DD) 70% and mass average molecular weight (M,)
91.5 x 10’ in dilude lactic acid solution containing H,0, (1%) was effectively degraded by
irradiation with gamma Co-60 radiation (1.3 kGy/h) in low dose range up to 16 kGy. The
degradation effect was studied by measurement of M,, with gel permeation chromatography (GPC).
Based on M, results, the synergic effect of degradation was of 58.4% at 4 kGy and gradually
decreased to zero at 16 kGy. Values of scission yield (Gs) were found out to be Gs = 2.2 pmol/J and
Gs = 0.2 pumol/J for 5% chitosan with and without 1% hydroperoxide, respectively. In addition, the
structure of degraded product was characterized by Fourier Transform infrared (FTIR) spectroscopy.
The DD values of chitosan were almost unchanged by irradiation of chitosan solution either with or
without 1% hydroperoxide. Water soluble content of oligochitosan in irradiated chitosan solution
was also investigated.



