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NGHIEN CUU TAC DUNG PONG VAN CUA TIA GAMMA Co-60
VA HYDROPEOXIT CAT MACH CHITOSAN CO PO DE AXETYL
KHOANG 70% O TRANG THAI TRUONG
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VO QUANG MAIT™)

TOM TAT

Bai bdo trinh bay két qua nghién ciu tac dung dong vin cua tia gamma Co-60 va
hydropeoxit dén kha ndang cdt mach chitosan & trang thdi trwong. P dé axetyl duoc xdc
dinh bang phé hong ngoai (IR). Khoi lwong phan tir rong dwoc xdc dinh bang sdc ky gel
tham qua (GPC). Két quda cho thdy chitosan khoi lu’onég phan tir thap khoang 13 kDa da
dige ché tao hiéu qua bang tdc dung dong van tia yCo va Hy0, 5% o liéu xa khoang 22

kGy. Chitosan cat mach c6 cdu triic hau nhi khong thay doi so véi chitosan ban dau. Hiéu
ung d‘ong van cdt mach cuc dai dat dwoc twong doi thap khoang 12% o liéu xa 14 kGy.

Tir khéa: dong vin, chitosan, tia gamma, Hy0,

ABSTRACT

In the present paper, the synergistic action of hydrogen peroxide and gamma ray for
degradation of chitosan was investigated. The degree of deacetylation (DDA) of chitosan
samples was determined by infrared spectra (IR). The molecular weight (M,,) of chitosan
was measured by gel permeation chromatography (GPC). Results showed that low Mw
chitosan with My, ~ 13 kDa could be efficiently prepared by gamma ray irradiation of
chitosan swollen in hydrogen peroxide solution (5%) at low dose ~ 22 kGy. The main
structure of degraded chitosan was almost unchanged in comparison with that of initial
chitosan. The maximum value of synergistic effect for degradation of chitosan by
hydrogen peroxide and gamma ray obtained is relatively low, ~ 12% at 14 kGy.

Keywords: synergistic, chitosan, gamma ray, H,0,

1. MO PAUOIEE) khang khuan [1], chat chong oxi hoa [2],
Chitosan va dan xuét ctia n6 1a nhimg  chét khang khdi u [3], chéat gdy hiéu tng
polyme c6 ngudn gbc thién nhién duoc tng  ting cudng mién dich [4], chit kich khang
dung trong nhiéu linh vuc khic nhau cia  bénh va thuc day ting truong cho cdy trong
doi séng. Ching dugc dung lam chat  [5], chat mang dugc pham [6],... Dic biét,
oligochitosan c6 d§ polyme hoéa tir 7 — 10
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C)ThS, Truong Dai hoc Ba Ria — Viing Tau loai nam gay bénh thyc vat thong qua co
“")ThS, Truomg THPT chuyén Hing Vuong, Gia  ché tw tao khang sinh (phytoalexin) [7].
!:,?J* Hang nam, c6 khoang 10 ti tin chitin duoc
san xudt ra trén thé giéi [8], 12 ngudn
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nguyén liéu doi dao dé ché tao chitosan.
Chitosan thQng thuong c6 khdi lwong phan
tu (KLPT) rat cao, chi tan trong moi truong
axit. Diéu ndy di han ché kha ning ung
dung ctia né trong nhiéu trudng hop [9]. Vi
vay, vAn dé bién tinh cit mach chitosan
nham mé rong kha ning tng dung cua loai
polyme nay 1 rt can thiét.

Nhiéu phuong phap cit mach chitosan
khéc nhau da dugc nghién ctru va 4ap dung.
Trong do, phuong phép hoa hoc su dung
H,0, va phuong phép chiéu xa st dung
bic xa gamma Co-60 (yCoGO) cit mach
chitosan gan diy dugc tip trung nghién
ctru 4p dung vi cho hiéu suit cao, than
thién v6i moi truong [10], [8] va co kha
nang ap dung véi quy mo lon [11]. Tuy
nhién, nghién ctu st dung két hop hai tac
nhan nay cho dén nay van con rat it va
chua that sy c6 hé thong.

Tac dung dong van dugc hiéu 1a su
tuong tac dong thoi cua hai tac nhan phan
mg cho hiéu qua 16n hon tong tuong tac
clia cac thanh phan riéng ré [11]. Nghién
ctru tac dung doéng van H,O, va buc xa
yCoGO cit mach chitosan co do dé axetyl
(BDA) 80% va 90% ¢ trang thai truong da
dugc chung toi cong bd [12], [13]. Trong
bai bao nay, chung toi thong bao tom tat
két qua nghién ctu tic dung dong vén
H,0, va bt xa yCo® ddi voi chitosan ¢d
bbA ~72%.

2. THUC NGHIEM
2.1. Nguyén liéu va Héa chit
Chitosan nguyén liéu duoc ché tao
tir vo tom c6 Myo = 48,7 kDa, Ply = 4,21va
DDA~72% (CTS-72). Hydroperoxit 1a san
pham tinh khiét ciia Merck (Puc). Cac hoa
chét khic CH3COONa, CH3COOH,... dugc
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stt dung & dang tinh khiét phan tich. Nudc
cat dugce st dung cho toan bg thi nghiém.

2.2. Phwong phap thuc nghiém

2.2.1. Chuan bi mau va chiéu xa

Can 5g CTS-72 vao binh chiéu xa,
thém vao 25 ml dung dich H,O0, 5%, tron
trong 10 phat dé CTS-72 trwong déu. Mau
duoc chiéu xa bang ngudon SVST Co —
60/B dén liéu t6i da 1a 25 kGy, suét lidu
1,33 kGy/h, tai Trung tdm Nghién clru va
Trién khai Coéng nghé Buc xa
VINAGAMA, Vién Ning luong Nguyén
tr Viét Nam, Thii Ptrc, Tp. H6 Chi Minh.
Sau khi chiéu xa, mau dugc rira sach béng
nude cat, sau d6 duge séy kho6 & nhiét do
60°C trong 2 gio.

2.2.2. Xac dinh khéi lwong phdn tir va
as ae axetyl

Khéi lugng phan tir khdi (M) trung
binh cia chitosan dugc x4c dinh bang
phuong phap sic ki gel thim qua (GPC)
trén may LC — 20AB Shimadzu (Nhat), st
dung detector RID —-10A va cot
Ultrahydrogel 250 cua hang Waters, kich
thudc cot 7,8x300mm. Nhiét do cot la
40°C, pha dong la dung mo6i CH3COOH
0,25M/CH3COONa 0,25M vdi toc dd chay
1a Iml/phat [14].

DDA cua chitosan dugc xac dinh bflng
phuong phap pho hong ngoai trén may FT
— IR 8400S, Shimadzu (Nhat) va dugc tinh

theo phuong trinh [15]:
bbA % =100
— ([31,92 X (Algzo/A1420)] — 12,20)
1)

Vi Ao vVa Aggxo 1a mat do quang
tuong ung tai cac dinh 1320 va 1420 cm™.
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2.2.3. Xdac dinh hiéu sudt cdt mach birc
xa va hdng sé toc do phan ing cdt mach

Hiéu suét cit mach buc xa (Gs) duoc
tinh theo phuong trinh (2) [11], [13]:

(1/My, — 1/Myo) =

GsxDxdx1000/2xC (2)

Trong d6, Myo, My lan luot 1a KLPT
khéi trung binh chitosan ban dau va
chitosan cit mach, D 1a lidu xa (kGy), d 1a
khéi lugng riéng dung dich chitosan
(g/ml), C 1a ndng d6 dung dich chitosan
(9/1) va Gs (mol/J) 1a hiéu suat cit mach
buc xa.

Hing sb tbc d6 phan Gng cit mach
chitosan dugc xac dinh dgya vao phuong

trinh (3) [16]:
11 k
— - Z kD
Mw MwO mO
Trong d6 My, va My, la KLPT
khdi trung binh ciia chitosan tuwong tng tai

thoi diém ban dau va thoi diém t, k (kGy™)
1a hang s6 tc d phan ung, D (kGy) 1a lidu

3)

xa, mg la KLPT ctia mot don vi monome.
3. KET QUA VA THAO LUAN

Khéi lugng phan tir khéi trung binh
M,y ctia cac san pham cat mach tir CTS-72
dugc xac dinh bang phuong phap GPC cho
sd liéu trén bang 1. Két qua cho thiy khi
cit mach bang H,O, 5%, chitosan thu duoc
c6 KLPT khoang 20,5 kDa sau 16,8 gio

23

phan tmg. Néu cit mach bang tia yCo® thi
KLPT cua san phém cit mach CTS-72 dat
duoc & 22,4 kGy (tuong Gng voi 16,8 gio
chiéu xa) 12 47 kDa. Gia tri nay cao hon
dang ké so véi khi cit mach béng H,0, 5%
trong cung thdi gian phan ung. Diéu nay
chung té H,0, 5% cit mach hiéu qua hon
so voi tia yCo® (sudt lidu 1,33 kGy/h).
Khéi lwong phéan tir khdi trung binh cua
san phidm cit mach CTS-72 khi cit mach
ddng thoi bang tia yCo® va H,0, 5% ¢ liéu
xa 22,4 kGy 1a 13,3 kDa. Gia tri nay thp
hon dang ké so véi khi cat mach chi bang
H,0, 5% (khéng chiéu xa). Piéu nay cho
thiy cat mach dong van CTS-72 bang tia
yCo® va H,0; 1a kha hiéu qua. Su thay ddi
KLPT khéi trung binh theo liéu xa tuong
ung véi thoi gian phan tng dugc mo ta trén
Hinh 1. Két qua cho thdy H,0, 5% cit
mach CTS-72 kha hi€u qua. Trong khi do,
d6 suy giam KLPT khdi trung binh cia
CTS-72 céit mach bang tia yCo® 1a khong
dang ké, nghia 1a CTS-72 hau nhu khong
bi cit mach béi birc xa yCon. Co ché cua
van dé nay hién van chua dugc rd. Tuy
nhién, theo chung t6i co thé c6 qua trinh
khau mach birc xa xay ra dong thoi véi cat
mach btrc xa chitosan ¢ trang thai truong
nudc. Vi vay, vai tro cia nudc trong qua
trinh cit mach chitosan ¢ dang truong can
dugc nghién ctru chi tiét hon trong thoi
gian toi.



NGHIEN CUU TAC DUNG DONG VAN CUA TIA GAMMA Co-60 VA HYDROPEOXIT...

Bing 1. Két qua cdt mach CTS-72 & dang triong trong nude va trong dung dich H,O; 5%

Licuxa | T A (H,0,5%)* B (tia yCo™)**' C** (A & B)
(kGy) | (gio) | My(kDa) | PI | My(kDa) | PI | My (kDa) | PI
3,5 2,6 32,3 4,17 48,4 3,56 30,2 3,19
7,5 5,6 24,3 4,01 48,1 3,59 21,1 2,33
14 10,5 21,7 3,91 47,6 3,12 14,7 2,36
20,1 | 15,1 20,7 3,42 47,1 3,01 13,6 1,98
224 | 168 20,5 3,12 47,0 2,92 13,3 1,62

Muo = 48,7 kDa ; Ply =4,21, * Mau khéng chiéu xa; ** Mau chiéu xa (thoi gian,
gio = kGy/1,33); '1g CTS/5ml H,0

Hinh 1 ciing cho thay su két hop dong
van tia \(Co60 va H,0, 5% cho két qua
khong that sy vuot trgi so véi cit mach
bang H,0, 5%. Két qua tinh hiéu tng dong
van trén Bang 2 cho thdy hiéu ung dong
vén tdi da dat duoc khoang 12% ¢ lidu xa
14 kGy. Gia tri nay thap hon so vdi hi¢u
ung déng van cuc dai thu duge khi cét

mach chitosan c6 DDA ~ 80% va 91% [12]
vol gid tri hiéu Ung déng van thu duoc
tuong ung la 17% va 47%. Su khac biét
nay theo ching tdi 1a do sy khic nhau vé
d6 két tinh cua chitosan. Chitosan c6 DDA
cang thap, do két tinh cang cao [17], ning
luong cin pha v& mang tinh thé 16n nén
kha ning cit mach cang thap.

50 5
40
‘é 30
< 20
| == 0,5% H202 —
10 —— Y —ray
—a— V¥ —Tay + 0.5% H2On
D T T T T 1
0 5 IQ 15 20 25
Lieu xa, kGy

Hinh 1. Quan hé giita KLPT va liéu xa doi véi CTS-72 cdt mach ¢ dang trwong trong
nuoc va trong dung dich H,O, 5% (thoi gian, gio = kGy/1,33)
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Bing 2. Hiéu iing dong van cdt mach CTS-72 bang tia yCo® va Hy,0, 5% & dang trwong
trong nuoc va trong dung dich HO, 5%

DSGKLPT, % = (Myo - My,)x100/ My,

Mau CTS 35kGy | 75kGy | 14,0kGy | 20,1kGy | 22,4 kGy
(2,6 gid) | (5,6 gid) | (10,5 gid) | (15,1 gid) | (16,8 gid)

A (5% H,0,)* 33,7 50,1 55,4 57,5 57,9

B (tia yCo®)** 0,6 1,2 2,3 3,3 3,5

C (A & B)** 38,0 56,7 69,8 72,1 72,7

Hiéu tng dong van D (%)
D = [C-(A+B)] 3,7 5,4 12,1 11,3 11,3

* Mau khong chiéu xa; ** Mdu chieu xa

(thoi gian, gio = kGy/1,33); "1 g chitosan/5 ml H,0

Béang 2 ciing cho thdy hiéu ng dong
van cit mach CTS-72 tuong dbi nho & lidu
xa thap, sau d6 tang dan dén 12% & liéu xa
14 kGy va giam dan khi ting liéu xa. Hiéu
mg dong van ban dau twong dbi thap co
thé 1a do kha ning di dong cua gdc "OH
gilta cic mach polyme bi han ché ¢ trang
thai truong vi chitosan ban dau c6 KLPT

16n — d§ nhét cao. Khi tang liéu xa KLPT
chitosan giam dan theo d6 d6 nhét giam
dan dén kha ning linh dong cia ‘OH ting
lén, tuong tac cua géc 'OH voi chudi
chitosan tr& nén thuan loi hon dan dén hiéu
mg dong vén ting. O lidu xa cao hon 14
kGy hiéu tmg dong van giam 13 do ndng do
H,0, giam dan theo thoi gian phan tng.

08 7 y=0.0347x 4
. R2=(.9862
S 06 -
S 04 -
£ 02 -
ﬂ T T T T |
o 5 10 15 20 25

Liéu xa, kGy
Hinh 2. Su phu thuéc (1/My—1/Myo) ciia CTS-72 cdt mach
theo liéu xa & trang thdi trwong trong nuéc
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Hiéu sudt cit mach bic xa Gs duoc
tinh theo theo phuong trinh (2) cho céac gia
tri trén Bang 3. Két qua cho thay hiéu suit
cit mach buc xa khi c6 H,O, giam dan
theo liéu xa. Trong khi d6, hiéu Suat cat
mach birc xa ciia chitosan truong nudc gan
nhu khong ddi va co gia tri trung binh tinh

theo cac sb liéu trén Bang 3 1a 0,012 +
0,001 umol/J. Gia tri nay tinh bang phuong
phép d6 thi (Hinh 2) cho két qua 14 0,0116
umol/J. Nhu véy, Gs khi cat mach CTS-72
truong trong nudc thip hon Gs khi cit
mach CTS-72 truong trong H,0, 5% it
nhat 1a 74 (0,871/0,012) lan.

Bing 3. Hiéu sudt cdt mach birc xa CTS-72 ¢ dang triwong trong nuede va trong dung dich

H,0, 5%
Liéu xa (kGy) 35 |75 14,0 |20,1 [22,4
G, yCo™ ' (umol/) 0,012 | 0,013 | 0,012 | 0,012 | 0,011
G, yCo™ + H,0, 5% (umol/J) | 1,203 | 1,199 | 1,136 | 0,883 | 0,817

Hing s toc do phan Gmg cat mach tinh
dugc dua vao hé sd goc cua duong thang
(3) trén hinh 2 13 k7o = 0,6x10”° kGy™. Gia
trj nay nho hon so véi hang sé toc do phan
mg cit mach cua chitosan c6 DDA 80%
(ksor = 0,88x10™° kGy™) [12]. Taskin va

'19 CTS/5 ml H,0

cong su (2014) cho rang PPA cang thap
tuong tmg véi do két tinh cang cao ciu tric
cang nho gon hon lam gia ting su tai két
hop ctia cac gbc R’ trong chudi chitosan, do
d6 toc do cit mach thép hon, gia tri Gs
giam (Bang 4) [17].

Bdng 4. Su phu thuoc cua hiéu sudt cat mach birc xa va hdng $6 toc dé phan ung theo
DDA khi cat mach o trang thdi van [17]

CTS-bPA 78 80 89 97
G, (umol/J) 1,36 1,37 1,62 2,07
k(kGyY) | 2,58x107 | 2,59x107 | 2,99x107 | 3,75x107

Béng 4 ciing cho thiy hang sb toc do
phan g & trang thai ran theo cong b cia
Taskin va cong su twong ddi thap hon so
véi gid tri ma ching t61 nhan dugc khi cat
mach ¢ trang thai truvong. Nguyén nhan co
thé 1a do su khéc nhau vé suét lidu birc xa,
KLPT va ham luong nuéc lién két véi
chitosan ban dau st dung. Nhin chung
hang s6 toc d6 phan ung cat mach buic xa
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phu thudc khéd phuc tap vao KLPT, DDA
va diéu kién cit mach chitosan nhu: dang
dung dich, dang rin, hay dang truong...
Nghia 12 ham luong nuéc lién két véi
chitosan ciing anh huong dang ké dén tbc
dd va hiéu suét cit mach. Vi vay, yéu td
nay nén dugc quan tdm nghién clru trong
thoi gian toi.

Sy thay d6i d0 phan tan PI (PI=
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Mu/Mp) dugc thé hién trén Hinh 3. Két qua
cho thay PI ¢6 xu hudng giam dan khi ting
lidu xa hay thoi gian cat mach. Su két hop
déng van cua tia yCo60 va H,0; cit mach
cho phan bé KLPT cua chitosan dong déu
hon. PI cua chitosan KLPT thép dat duogc <
2 ¢ liéu xa 16n hon 20 kGy. Hinh 3 ciing
cho thdy cit mach bang tia yCo®® cho

chitosan ¢6 d6 phan tan thip hon so vai cat
mach bang H,0, 5%. Nguyén nhdn c6 thé
1a do tac dung cua tia yCo® Ién chitosan
ddng déu hon & cac vi tri cia mau so véi
H,0, 5% & trang thai truong, vi vdy cat
mach bing tia yCo®® cho d6 phan tan
KLPT cua chitosan twong d6i thip hon.

5 -
4
3
o
2
—— 5% H:On
191 —— y—ray
—— Y —ray+ Ha02 5%
:] I I I T |
0 5 10 15 20 25
Licu xa, kGy

Hinh 3. Gid tri PI ciia san pham cdt mach CTS-72 ¢ dang triwong theo liéu xa va thoi gian
(thoi gian, gio = kGy/1,33)

Sy thay doi cac nhém chirc trong cau
tao cua san ph'flm cit mach CTS-72 so véi
CTS-72 ban dau dugc phan tich bang phd
FT-IR thé hién trén hinh 4. D& dang nhan
thdy san pham cit mach CTS-72 ¢ cau
trac pho IR hau nhu khong thay doi so véi
CTS-72 ban dau. Két qua tinh PPA theo
phuong trinh (2) dya vao cudong dd pic
1320 va 1420 cm™ cho két qua ¢ bang 5.
CTS-72 cit mach — KLPT théap ¢ liéu xa 20
kGy c6 PPA giam so véi CTS-72 ban dau
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khoang 12%. Do suy giam DDA tuong dbi
thip hon so v&i khi cat mach chitosan c6
DDA 80% [12]. Nguyén nhan theo ching
t6i 1a do chitosan c6 DDA thip bén hon so
v6i chitosan c6 DDA cao. Khi cit mach
chitosan c6 PPA thip, mic do suy giam
KLPT it hon nén sy dé amin héa kém theo
cling it hon, vi vay do suy giam DDA cua
CTS-72 bé hon so voéi khi cit mach
chitosan c6 DDA 80%.
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Bing 5. DDA ciia san pham cdat mach CTS-70 ¢ dang trwong trong dung dich H,O, 5%
theo liéu xa

Liéu xa, kGy 0 7,5

14,0 20,1

bbA,% |[72+0,3

70,5+0,3

66,1+ 0,2

63,2+0,5

D6 hap thu

“&W

4000 3200 2400

]80[)

]400 ]D[JID 6{]0

S6 song, cm'!

Hinh 4. Phé FT-IR ciia CTS-72 ban dau (a) va san pham cat mach CTS 6 dang triong
trong Hy025% tai cdc liéu xa 7,5 kGy (b); 14,0 kGy (c); 20,1 kGy (d) va 22,4 kGy (e)

Hinh 5 mo ta CTS-72 ban dau va san
phim cit mach bang hiéu ung ddng van
birc xa yCo® va H,0, 5%. Hinh anh cho
thdy chitosan cit mach c6 mau vang dam
hon so v&i CTS-72 ban dau. Nguyén nhan
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su thay d6i mau cta chitosan cat mach 1a
do sy hinh thanh cdu trac vong
glucopyranose chua bao hoa chia nhom
cacbonyl xay ra sau qua trinh cit mach
[13].
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Hinh 5. CTS-72 ban dau - 47,8 kDa (a); CTS-72 KLPT thdp - 13,3 kDa (b)

4. KET LUAN

Chitosan KLPT thap khoang 13 kDa
da dugc ché tao hidu qua bang tic dung
ddng van tia yCo® va Hy0, 5% tir CTS-72
& lidu xa khoang 22 kGy. Chitosan cit
mach c6 cau trac phd IR hau nhu khong
thay d6i so v6i CTS-72 ban dau. Hiéu tmg
déng van cit mach CTS-72 cuc dai dat
dugc tuong dbi thap, khoang 12%. Tac
nhan H,0, 5% cat mach khé hiéu qua CTS-
72, d6 suy giam KLPT cua CTS-72 khong

dang ké khi cit mach bang tia yCo®. Cit
mach déng van yCo60 va H,0, 5% d6i vai
CTS-72 & trang thai truong cho hiéu qua
khong that sy vuot troi so véi cit mach
bang H,0, 5% vé& muc d6 suy giam khbi
luong phén tir. Tuy nhién, phuong phép cit
mach déng van ¢6 uvu diém 1a cho san
pham polyme cit mach c6 khéi lugng phan
tr dong nhit hon so voi cat mach bang
H,0,.

TAI LIEU THAM KHAO

Qin C., Li H., Xiao Q., Liu Y., Zhu J., Du Y. (2006), “Water-solubility of chitosan and

its antimicrobial activity”, Carbohydrate Polymers 63, pp. 367-374.

Feng T., Du Y., Li J., Hu Y., Kennedy F.J. (2008), “Enhancement of antioxidant

activity of chitosan by irradiation”, Carbohydrate Polymers 73, pp. 126-132.

Qin C.D., Du Y.M., Xiao L. (2002), “Enzymatic preparation of water soluble chitosan

and their antitumor activity”, International Journal of Biological Marcomolecules 31,

pp. 111-117.

Cabrera J.C., Cutsem P.V. (2005), “Preparation of chitooligosaccharides with degree of

polymerization than 6 by acid or enzymatic degradation of chitosan”, Biochemical

Engineering Journal 25, pp. 165-172.

29



NGHIEN CUU TAC DUNG DONG VAN CUA TIA GAMMA Co-60 VA HYDROPEOXIT...

10.

11.

12.

13.

14.

15.

El — Sawy N.M., El — Rehim H.A.A., Elbarbary A.M., Hegazy E.A. (2010), “Radiation
— induced degradation of chitosan for possible use as a growth promoter in agricultural
purposes”, Carbohydrate Polymers 79, pp. 555-562.

Li K., Xing R., Liu S., Qin Y., Meng X., Li P. (2012), “Microwave-assisted degradation
of chitosan for a possible use in inhibiting crop pathogenic fungi”, International Journal
of Biological Marcomolecules 51, pp. 767-773.

Nguyén Quéc Hién, Lé Hai, Lé Quang Luan, Truong Thi Hanh, Pham Thi L¢ Ha
(2000), “Nghién ctru ché tao oligochitosan bang ky thuat bic xa”, Tap chi Héa hoc,
38(2), tr. 22-24.

Qin C.Q., Du Y.M., Xiao L. (2002), “Effect of hydrogen peroxide treatment on the
molecular weight and structure of chitosan”, Polymer Degradation and Stability 76, pp.
211-218.

Tahtat D., Mahlous M., Benamer S., Khodja A.N., Youcef S.L. (2012), “Effect of
molecular weight on radiation chemical degradation yield of chain scission of y-
irradiated chitosan in solid state and in aqueous solution”, Radiation Physics and
Chemistry 81, pp. 659-665.

Haji-Saeid M., Safrany A., Sampa M.H.O., Ramamoothy N. (2010), “Radiation
processing of natural polymers: the IAEA contribution”, Radiation Physics and
Chemistry 79, pp. 255-260.

Nguyen Ngoc Duy, Dang Van Phu, Nguyen Tue Anh, Nguyen Quoc Hien (2011),
“Synergistic degradation to prepare oligochitosan by y — irradiation of chitosan solution
in the presence of hydrogen peroxide”, Radiation Physics and Chemistry 80, pp. 848-
853.

bang Xuan Dy, Nguyén Thi Thu Huong, VO Quang Mai, Tran Thai Hoa, Nguyén Quéc
Hién (2013), “Nghién ctru hiéu ung dong van tia y/H,O, cit mach chitosan ¢ dang
truong trong nudc”, Tap chi Hoéa hoc, 51(3AB), tr. 169 — 172.

Dang Xuan Du, Bui Phuoc Phuc, Tran Thi Thuy, Le Anh Quoc, Dang Van Phu,
Nguyen Quoc Hien (2013), Study on gamma-irradiation degradation of chitosan
swollen in H,O, solution and its antimicrobial activity for E.coli, Nuclear Science and
Technology, Vol. 3, pp. 33-39.

Knaul J.Z., Kasaai M.R., Bui V.T., Creber K.A.M. (1998), “Characterization of
deacetylated chitosan and chitosan moleculer weight review”, Canadian Journal of
Chemistry 76, pp. 1699-1706.

Brugnerotto J., Lizardi J., Goycoolea F.M., Arguelles — Monal W., Desbriéres J.,
Rinaudo M. (2001), “An infrared investigation in relation with chitin and chitosan
characterization”, Polymer 42, pp. 3569-3580.

30



DANG XUAN DV - DIEP KHANH - TRAN THI ANH THU - VO QUANG MAI

16. Morris G.A., Castile J., Smith A., Adams G.G., Harding S.E. (2009), “The kinetics of
chitosan depolymerisation at different temperatures”, Polymer Degradation and
Stability 94, pp. 1344-1348.

17. Tas kin P, Canisag H, Sen M. (2014), “The effect of degree of deactylation on the
radiation induced degradation of chitosan”, Radiation Physics and Chemistry 94, pp.
236-239.

* Ngay nhan bai: 12/7/2014. Bién tap xong: 5/1/2015. Duyét dang: 10/1/2015.

31



