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Tom tit:

Xir Iy chiéu xa cat mach da dwoc biét dén 13 mét cong cu hiéu qua dé phan hiiy cac polysaccharide thanh cic phan
doan c6 kich thwéc va khdi lwong phan tir nho hon, hay thim chi tao oligo-saccharide véi hoat tinh sinh hoc cai
thién. Muc dich ctia nghién ciru nay nhim xac dinh mét s6 dic tinh cia xanthan chiéu xa huéng t6i ing dung cho
san xuét phan bén 1. Dung dich xanthan 2% da dwgc chiéu xa bing chum dién tir (EB) véi cac liéu 10, 20, 30 va 50
KGy, suit lidu 1,5; 3,5 va 7,5 kGy/s. Cac thong sé nghién ciru bao gom anh hwéng ciia lidu chiéu, suit liéu dén mot s6
diic tinh ciia xanthan & trang thai dung dich. Két qua chi ra rang, d9 nhét va khoi lwong phan tir ciia xanthan giam
Kkhi ting lidu xa va suit liu. Chiéu xa EB khong lam thay ddi cdu triic ciia xanthan, dit phd héap thu phan tir (UV-Vis)
va may quang phf; h("ing ngoai bién ddi Fourier (FT-IR) déu cho th'?iy dinh h:‘ip thu wng véi nhém carbonyl ting 1én
do qua trinh cit mach 1am hinh thanh cac lién két ddi C=0 trong phan tir. Cic phan doan xanthan cit mach hinh
thanh c6 dé linh dong cao hon, do dé dd két tinh va nhiét dd néng chay cia xanthan chiéu xa ciing cao hon.

Tir khoa: cat mach, cau tric phan ti, chiéu xa bang chum dién tir, dic tinh, xanthan.
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Abstract:

Irradiation-induced chain scission is known as a useful tool for degrading polysaccharides into smaller-sized and
lower-molecular-weight fragments or even producing oligo-saccharides that have improved bioactivities. This study
aimed to investigate the properties of radiation-degraded xanthan for further application in the production of foliar
fertiliser. The xanthan solutions of 2% were electron beam (EB) irradiated at 10, 20, 30, and 50 kGy doses, with
dose rates of 1.5, 3.5, and 7.5 kGy/s. The study parameters include the effects of irradiation dose and dose rate on
certain properties of xanthan in solution. Results showed the viscosity and molecular weight of xanthan significantly
decreased with the increases in radiation dose and dose rate. EB irradiation seemed not to introduce the changes
in the xanthan structure, though UV-Vis and FT-IR spectra both revealed the absorption peaks corresponding to
the carbonyl group increased with radiation dose due to the formation of C=0O double bonds during radiation
degradation. The resulting degraded xanthan fragments showed higher mobilities for crystallisation, so their
crystallinity degree and melting temperature also increased.
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1. Dat van de

Xanthan 1a mét polysaccharide dugc hinh thanh trong
qué trinh 1én men co chat gidu glucose, nhu tinh bot ngd
ctia cac ching vi khuan Xanthomonas campestris. Phan tix
xanthan ¢ cdu tric gdm mot mach chinh 14 cellulose, trong
d6 cac phan tir glucose lién két voi nhau bang lién két p(1,4)
va cac mach nhanh trisaccharide gdm 2 gbc manose va mot
gbc galactose. Mdi don vi p-D-glucopyranosyl trén mach
chinh lién két voi mot don vi trisaccharide [1-4]. Da s6 cac
san phim xanthan thwong mai déu c6 khdi lugng phan tir
(KLPT) rat cao (2x10%-2x107 g/mol), ciu tric viing chic
nén la nhitng polysaccharide rat bén voi tac dung cua axit
va enzyme.

Trong linh virc nong nghiép, xanthan thuong duoc dung
dé kéo dai thoi gian tiép xuc phan bon véi cay trong, gitp
bam dinh chat cac hoa chat nhu dung dich phén bon qua la
khi phun va kiém soét sy that thoat, bay hoi trong khi phun
ctia thude diét co, thude trir sau va phan bon [3, 6]. Xanthan
cling ¢ thé bi phan hiy boi cic enzyme gidng nhu nhiéu
polysacharide khac. Mtrc d phan huy xanthan trong dung
dich boi cac enzyme ngoai bao cua chung cellulomonas sp.
LX di dugc khao sat. Két qua cho thay, san pham xantho-
oligosacharide c6 thé sir dung nhu chat kich thich va diéu
hoa sinh truéng, giup ting tbc do sinh truong va phat trién
cua cay dau tuong [7].

Trong nhiing nim gan day, k¥ thuat cat mach bang birc
xa da duoc ap dung dé phan hay cac polysaccharide [8].
Tuong ty nhu cac polysaccharide khac, xanthan ciing dé
dang phan huy khi chiéu xa thanh cac phéan doan ngén hon,
v6i kha ning hoa tan tét hon, do d6 dé dang sir dung hon.
Trong khi chiéu xa xanthan & dang kho doi hoi liéu chiéu
cao, muc d9 phan huy xanthan 16n hon khi chiéu xa & dang
long [9]. Khdi lwong phan tir cia xanthan chiéu xa & trang
thai dung dich giam con mot nira ngay & lidu thap 5 kGy,
nhu da dugc bao cao boi Y.J. Li va cs (2011) [10]. Két qua
ctia ho ciing cho théy, oligoxanthan véi KLPT khoang 10
kDa c6 thé tao dugc tir dung dich xanthan chiéu xa liéu 120
kGy. Khi chiéu xa dung dich xanthan n@)ng d0 khac nhau,
H. Hayrabolulu va cs (2018) [11] nhén thdy, hiéu suit cit
mach xanthan ting theo sy ting cua liéu chiéu, song giam
khi nong d6 dung dich tang tir 0,5 dén 4%.

Nghién ctru trude day cia ching toi ciing cho thiy,
xanthan c6 KLPT trung binh nhét khoang 12.000 g.mol,
c6 thé thu dugc khi chiéu xa dung dich xanthan trén ngudn
Co-60 véi liéu 150 kGy [12]. Nghién ciru nay tiép tuc khao
sat anh huong cua chiéu xa EB dén mot s dic tinh cua
xanthan, hudng téi img dung cho san xuat phan bon 1a. Cac
dung dich xanthan néng d6 2% da duogc chiéu xa trén may
gia toc (EB) va anh huong cua lidu chiéu, suat lidu chiéu
dén mot sd dic tinh quan trong cia xanthan cit mach da
duoc xac dinh.
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2. Nguyén, vat liéu va phuong phap nghién cuu
2.1. Nguyén, vit liéu

Xanthan do Deosen Biochemical Ltd. (Trung Qudc) san
Xuét va cung cép 0 dang bt mau tréng, dung dich xanthan
1% pha trong dung moi KCl 1% c6 d¢ nhot 1200-1600
mPa.s. Cac hoa chat st dung déu 1a tinh khiét ciia Hang
Merck.

2.2. Xur Iy chiéu xa xanthan

Xanthan duoc hoa tan trong nudc cit thanh dung dich
dong nhat véi ndng do 2%, sau d6 dugc dong vao cac chai
nhua 500 ml, mdi chai chtra 150 ml. Chiéu xa chum dién
tor dugc thuc hién trén may gia tbc UELR-10-15S2 cua
Trung tdm Nghién ctru va Trién khai Cong nghé Buc xa
(Vinagamma) tai TP Tha BPtrc, TP HO Chi Minh. Thiét bi c¢6
nang luong electron 10 MeV va cong suit 15 kW. Cac miu
dung dich xanthan dugc chiéu xa & cac lidu 10, 20, 30 va 50
kGy, véi suat lidu 1,5; 3,5 va 7,5 kGy/s. Trong d6, higu g
ctia suat liéu chung t6i chi nghién ctru & lidu 20 kGy. Sau khi
chiéu xa, cac dung dich xanthan dugc tach nudc trén may
dong kho FDU-2110 (Nhat Ban). Mau dugc bao quan dé
phuc vu cac phan tich khéac nhau.

2.3. Xdc dinh d¢ nhét biéu kién

Do nhét biéu kién cua xanthan chiéu xa voi cac lidu xa
khac nhau duoc xac dinh béng may do do nhot Brookfield,
DV-III Ultra (Anh). Cac miu xanthan khac nhau dugc pha
thanh dung dich nong d6 0,5%, duoc do véi dau do LV1
cho miu ddi ching (khong chiéu xa) va LV4 cho cac miu
chiéu xa tir 10 dén 50 kGy, tbc d6 quay 100 v/ph & nhiét do
phong 25+1°C.

2.4. Xdc dinh khéi lwong phin tir trung binh nhot

Khéi luong phén tir trung binh nhét (M) cta xanthan
duoc xac dinh theo phuong phap do do nhdt ndi phan ti.
Cac mau xanthan duoc hoa tan trong NaCl 0,01 M thanh
cac dung dich lodng c6 nong do (c) trong khoang 0,01 dén
0,08%, d6 nhét tuong ddi (n,) cua mdi dung dich duoc xéac
dinh tir ty s6 thoi gian chay t cﬁa’ dung dich va t, cta dur}g
mdi trong mao quan cua nhdt ké Ubbelodhe ¢ cung dicu
kién. BJ nhét dic trung (nsp=nr-1) lién quan dén sy ting do
nhot do cac phan tir polyme, va do nhot giam (n ,=n_/c)
phan anh kha nang tdng d6 nhét do dung m6i cua polyme.
Su phu thu¢c cua do nhot giam (n ) va ndng do dung dich
duogc 1ap thanh d6 thi va gia tri o nho“[ thuc [n] ctia polyme
dugc ngoai suy tir d6 nhot gioi han khi ndng d6 dung dich
¢=0. Khdi lwong trung binh nhét ctia xanthan duogc xac dinh
theo cong thure:

M = ([n)/K)"™
trong do: gia tri K=2,79x10° va a=1,2754 [13].
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2.5. Phén tich ciu tric va ddc tinh nhiét

Mau xanthan duoc hoa tan trong nude cit thanh dung
dich ndng d6 0,1%, phd UV-Vis cua dung dich duoc ghi lai
bing quang phd ké UV-2450 Shimadzu (Nhat Ban), trong
khoang budc séng 200-350 nm. Phd FT-IR dwoc ghi trén
Spectrum One FT-IR spectrometer 8100 (Perkin-Elmer), tai
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha
Noi. Khoang 3 mg miu xanthan kho dugc tron déu véi 30
mg KBr tinh khiét va ép thanh mang mong. Phd FT-IR cua
méu dugc ghi lai trung binh cta 20 1an quét trong dai 4.000-
400 cm™'. Gian dd nhiét luong vi sai (DSC) dugc xac dinh
bang thiét bi do nhiét luong TG/DSC Setaram (Phép). Mau
xanthan dugc gia nhiét tir nhiét o phong (30) dén 250°C,
v6i toe do gia nhiét 10°C/phit. Nhiét dd nong chay (T,) cua
méu dugc xac dinh theo phan mém phén tich pho DSC-131.

3. Két qua va ban luan

3.1. Tdc dung ciia chiéu xa bang chim dién tiv dén dj
nhot biéu kién cua dung dich xanthan

Sy thay doi d6 nhét biéu kién cua dung dich xanthan va
xanthan chiéu xa theo thoi gian dugc trinh bay trén hinh 1.
RS rang, d6 nhét biéu kién cia dung dich xanthan dudng
nhu khong phu thudc vao thoi gian trugt. Két qua ciing cho
thdy, d6 nhot biéu kién cua dung dich xanthan giam nhanh
khi chiéu xa, mic d6 giam tiép tuc ting theo sy ting cia
lidu xa. Piéu nay 1a do hiéu (mg cit mach buc xa da bé giy
lién két glucozit trong phan tir xanthan ban dau thanh cac
phan doan co6 kich thudc ngén va linh dong hon, dan dén do
nhét cta dung dich giam xudng. Nghién ctru cua Y.J. Li va
cs (2011) [10] ciing dd bao céo rang, do nhét biéu kién cua
dung dich xanthan giam con 1/3 ngay khi chiéu xa gamma
lidu 5 kGy. Két qua nay ciing phut hop véi nghién ctru trude
day cua chiing t6i khi chiéu xa xanthan trén nguén gamma
Co [9, 12].
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Hinh 1. D6 nhét biéu kién clia dung dich xanthan khéng chiéu xa (A) va
chiéu xa lidu 10 (B), 20 (C), 30 (D) va 50 kGy (E) theo thoi gian truot.
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3.2. Anh hwong cia chiéu xa bcing chum dién tir dén
khéi lwong phén tiv ciia xanthan

Anh huong cua chiéu xa EB dén do nhét thyc va KLPT
trung binh nhdt cia xanthan chiéu xa duoc xac dinh theo
lidu xa va suat lidu duoc trinh bay trén bang 1 va 2. Két
qua & bang 1 thiy ring, ca do nhét va KLPT ciia xanthan
d3 giam nhanh khi chiéu xa ngay ¢ liéu 10 kGy. Sau do,
tiép tuc giam cham khi lidu chiéu ting 1én dén 50 kGy.
Tham chi, duong nhu khong cé sy khac biét rod rét vé KLPT
ctia xanthan chiéu xa liéu 30 va 50 kGy. Twong tu nhu tia
gamma, btrc xa chum dién tir EB d4 bé giy lién két glucozit
trong phan tir xanthan thanh cac phan doan ngan hon véi
KLPT thap hon. Trong nghién ctru trude sir dung ngudn
chiéu xa gamma, ching t6i ciing thu duoc két qua tuong
tu. Cu thé, KLPT trung binh nhét cua xanthan gidam nhanh
ngay khi chiéu xa liéu thdp duéi 25 kGy, sau d6 giam cham
lai. Y.J. Li va cs (2010) [14] khi nghién ctru xir 1y chiéu xa
xanthan ¢ trang thai kho trong dai liéu (0-500 kGy), bang
ngudn Co-60, nhan thiy c6 sy thay d6i KLPT (1,71 x 10° -
2,23 x 10° & liéu 10 kGy, 1,59 x 10* & liéu 500 kGy).

Bang 1. Anh hwéng clia ligu chiéu xa bing chum dién tir dén d6 nhét va

khéi Iwgng phan tir trung binh nhét (M,) caa xanthan chiéu xa & dang
dung dich.

Liéu chiéu (kGy) P9 nhét thue (dl/g) If;,fi‘;;?;iﬁ;n tﬁ
0 351,5 1,798

10 4,08 176,7

20 3,02 38,7

30 1,78 22,3

50 1,86 22,6

Anh huong cua chiéu xa EB dén tinh cht phan tir cia
xanthan ciing phu thudc vao suit liéu nhu néu trong bang
2. Két qua cho théy, khi chiéu xa cac dung dich xanthan
v6i lidu 20 kGy, mirc do suy giam d¢ nhot va KLPT cia
no ty 1¢ thuan véi sut liéu chiéu. Khi chiéu xa dung dich
xanthan 2% voi lidu 20 kGy va suit lidu 7,5 kGy/gidy,
M, cua xanthan giam gan 50 lan (1,798x10° g/mol xudng
38,7x10° g/mol). Trong khi chiéu xa véi cac suét lidu thap
honla 3,5 va 1,5 kGy/gidy, M, cta xanthan chi giam khoang
20 lan. Chiéu xa EB c6 suét liéu rat cao so véi chiéu xa
gamma nén hiéu ung phan huy oxy héa khi c6 mét oxy la
khong dang ké, lugng gbc tu do tao thanh khi chiéu xa &
sudt liéu cao 16n hon nhiéu so véi suat liéu thap, din dén
hiéu suét cit mach tang va KLPT cua xanthan gidm theo
su ting cta sudt lidu. Khi chiéu xa xanthan biang chum
dién ta (EB), F.F. Vieira va cs (2001) [15] cling nhan
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thiy d6 nhét cua dung dich xanthan chiéu xa véi suat lidu
11,17 kGy/gidy giam theo sy ting ciia lidu chiéu trong
khoang tr 5-50 kGy. Nhu vay, hiéu qua cit mach buc xa
ctia chum dién ttr di v6i xanthan cao hon so véi tia gamma,
do suit liéu chiéu cao va tdc d6 chiéu nhanh hon.

Bang 2. Anh hwéng clia suét liéu chiéu bang chum dién tir dén do nhét

va khéi lwong phan ti trung binh nhét (M) cia xanthan chiéu xa liéu 20
kGy & dang dung dich.

Suit lidu (kGy/s) D nhét thue (dl/g) If;',f;‘;:g‘;i,‘::gn m
7,5 3,02 38,7
3,5 3,24 89,9
1,5 3,32 92.8

Theo 1y thuyét, qua trinh cit mach buc xa cua cac
polysaccharide cht yéu phu thudc vao san lwong gbc tu do
hinh thanh trong qué trinh chiéu xa. Khi chiéu xa ¢ trang
thai dung dich, tac dong gian tiép cia birc xa lam phén ly
cac phan tir nudc da tao ra mot lugng géc tu do 16n hon
nhiéu, bang cach d6 thiuc ddy cac phan Gmg phan huy lam
dut gy cac lién két p(1,4) glycosid, tao thanh cic phan doan
¢6 kich thudc va KLPT khac nhau [6]. Khi lidu xa ting 1én,
cac doan mach 16n hon tiép tuc bi tAn cong badi géc tu do va
KLPT cua polyme tiép tuc giam xudng. Tuy nhién, luong
géc tu do tao thanh do xa ly nudc co thé bio hoa khi lidu xa
va suét liéu ting dén gia tri nhit dinh, din dén KLPT cia
polyme giam khong déng ké khi lidu chiéu ting tir 30-50
kGy. Mit khac, véi cac heteropolymer nhu xanthan, dd nhét
dung dich c6 thé khong thay d6i, nhidu du KLPT tiép tuc
giam. Diéu nay chi ¢ thé nhan biét dwa trén KLPT trung
binh s (Mn) va KLPT trung binh khdi (Mw) [11].

3.3. Anh hwong cua chiéu xa bang chum dién tir dén
cdu truc va ddc tinh nhiét ciia xanthan

Phé UV-Vis cioa dung dich xanthan (0,2%) chiéu
xa & cac liéu khac nhau duge néu ¢ hinh 2. C6 thé nhan
thiy d6 hip thu cua tit ca cac dung dich xanthan déu cé
xu hudng giam khi budc song tang. Mirc do giam manh
trong dai budc song thap, sau do giam cham lai. Phd UV-
Vis ctia xanthan khong chiéu xa (A) c6 dang hyperbol, phd
UV-Vis ciia cac dung dich xanthan chiéu xa (B-E) c6 hai
diém u6n & khoang 235 va 265 nm, va mot dinh hap thy méi
hinh thanh ¢ khoang budc séng 265 nm voi cuong do tang
theo lidu chiéu tir 20 (C) dén 50 kGy (E). Diéu nay co thé Iy
gidi 1a do sy hinh thanh lién két d6i C=0 hinh thanh khi cét
mach chinh cellulose va tach nguyén tir hydro khoi xanthan,
tuong tu nhu khi chiéu xa alginate [16].
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Hinh 2. Phd hap thu phén t'Cw clia xanthan (A) va xanthan chiéu xa & trang
thai dung dich véi liéu chiéu 10 (B), 20 (C), 30 (D) va 50 kGy (E).

Anh huong cua chiéu xa EB dén cdu triic nhom chirc
cta xanthan dugc phén tich bang phd hdng ngoai bién ddi
Fourier (FT-IR). Hinh 3 cho thdy, phd FT-IR cua tat ca cac
mau xanthan va xanthan chiéu xa déu gidng nhau, du cé
su thay d6i cuong do cua dinh hép thu tai khoang sb song
1750 cm!, twong tng v6i dai hap thu cua nhom carbonyl
(-R-C=0) trong polyme. Két qua nay cho thay rang, chiéu
xa EB khong anh hudng dén céu tric cta xanthan, di qua
trinh cit mach birc xa da hinh thanh cac nhém chirc carbonyl
mo&i nhu dé chi ra trong phd tir ngoai.
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Hinh 3. Ph6 hong ngoai bién dbi Fourier ciia xanthan (A) va xanthan chiéu
xa & dang dung dich lieu 10 (B), 20 (C) va 50 kGy (D).

Gian d6 nhiét lugng vi sai (DSC) cung cap thong tin
vé cac ddc tinh nhiét ctia mau thudc dang tinh thé hay vo
dinh hinh. Hinh 4 trinh bay gian d6 nhiét lugng vi sai ciia
xanthan va xanthan chiéu xa liéu 50 kGy. D& dang nhan
thdy xanthan 1a mot polyme ban tinh thé, c6 thé nong chay
& nhiét 6 kha thip. Nhiét 6 nong chay (Tm) cua xanthan
khong chiéu xa ban dau vao khoang 111,3°C. Gia tri nay la
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108,9°C nhu trong bao cdo cua T. Ramasamy va cs (2011)
[17]. Sau khi chiéu xa lidu 50 kGy, nhiét d6 néng chay cua
xanthan chiéu xa tang 1én 137,9°C. Piéu nay la do qué trinh
cit mach da tao thanh cac phéan doan nga"m v6i tinh linh dong
cao hon, dan dén muc két tinh 16n hon thanh céc tinh thé
noéng chdy ¢ nhi¢t do cao hon.
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Hinh 4. Gian db nhiét lwong vi sai ctia xanthan va xanthan chiéu xa &
dang dung dich v&i lidu 50 kGy, suét liéu 7,5 kGy/giay.

4. Két luan

Anh hudng cua chiéu xa chum dién tir dén mot sd dac
tinh ciia dung dich xanthan da dugc nghién ctru. Két qua cho
thiy, giéng nhu tia gamma, birc xa chum dién tir EB ciing
gdy cit mach phan tir xanthan, 1am giam do nhét biéu kién
cua dung dich cling nhu KLPT trung binh nhét ctia xanthan.
Sy giam d6 nhét va KLPT cta xanthan phy thude vao liéu
xa va suat liéu chiéu. KLPT cua né giam manh ngay khi
chiéu xa dung dich 2% véi liéu 10 kGy, sau d6 giam cham
lai va dudng nhu khong thay doi khi lidu chiéu tang tiép tir
30 dén 50 kGy. Qué trinh cit mach va tich nguyén tir hydro
da 1am hinh thanh cac nhoém carbonyl song khong lam thay
ddi ddc trung nhom chic ciia xanthan nhu chi ra trén phd
UV-Vis va FT-IR. Chiéu xa EB ciing lam tang d¢ két tinh va
nhiét nong chay cua phan tir xanthan.

Nghién ctru nay duogc tai trg bdi BO Khoa hoc va Cong
nghé thong qua dé tai cip bo, ma s6 PTCB.03/21/TTCX.
Céc tac gia ciing xin dugc cam on Trung tim Chiéu xa Ha
Nbi va Trung tim Nghién ctru va Trién khai Cong nghé birc
xa da hd tro viée chiéu xa.

TAI LIEU THAM KHAO

[1] F.G. Ochoa, V.E. Santos, J.A. Casas, et al. (2000), “Xanthan gum:
Production, recovery, and properties”, Biotechnol. Adv., 18(7), pp.549-
579, DOIL: 10.1016/S0734-9750(00)00050-1.

[2] M.P. Tombs, S.E. Harding (1998), A4n Introduction to
Polysaccharide Biotechnology, Taylor & Francis Ltd, pp.158-163.

KHOA
&CONGHI\?GCI:-IE

67(1) 1.2025

memssssmsmn Khoa hoc Tu' nhién | Vat ly; Khoa hoc Néng nghiép | Cac linh vuc khac cla khoa hoc néng nghiép

[3] A. Lackke (2004), “Xanthan - A versatile gum”, Resonance, 9,
pp.25-33, DOI: 10.1007/BF02834866.

[4] D.E.S. Petri (2015), “Xanthan gum: A versatile biopolymer for
biomedical and technological applications” Appl. Polym. Sci., 132(23),
DOI: 10.1002/app.42035.

[5] R.W. Lewis, A.E. Richard, N. Malic, et al. (2016), “Polymeric
drift control adjuvants for agricultural spraying”, Macromol. Chem. Phys.,
217(20), pp.2223-2242, DOI: 10.1002/macp.201600139.

[6] X. Zhang, J. Liu (2011), “Effect of arabic gum and xanthan gum
on the stability of pesticide in water emulsion”, J. Agric. Food Chem., 59(4),
pp-1308-1315, DOL: 10.1021/jf1034459.

[7] F. Qian, L. An, X. He, et al. (2006), “Antibacterial activity of
xantho-oligosaccharide cleaved from xanthan against phytopathogenic
Xanthomonas campestris PV”, Campestris Process Biochem., 41(7),
pp.1582-1588, DOI: 10.1016/j.procbio.2006.03.003.

[8] F. Yoshii, N. Nagasawa, T. Kume, et al. (2002), "Radiation
degradation of marine polysaccharides by low energy electron beam",
Proceedings of The Fnca 2002 Workshop on Application of Electron
Accelerator-Radiation System for Liquid Samples, JAERI-Conf, 2003-
016, pp.42-47.

[9] N.V. Binh, T.B. Diep, N.T. Thom, et al. (2016), “Low molecular
weight xanthan prepared by gamma irradiation and its effects on
development of seedlings ”, RAD Conf. Proc., 1, pp.95-98, DOI: 10.21175/
RadProc.2016.22.

[10] YJ. Li, Y.M. Ha, F. Wang, et al. (2011), “Effect of irradiation on
the molecular weight, structure and apparent viscosity of xanthan gum
in aqueous solution”, Adv. Mater. Res., 239-242, pp.2632-2637, DOI:
10.4028/www.scientific.net/AMR.239-242.2632.

[11] H. Hayrabolulu, M. Demeter, M. Cutrubinis, et al. (2018),
“Radiation-induced degradation of xanthan gum in aqueous
solution”, Radiat. Phys. Chem., 144, pp.189-193, DOIL: 10.1016/.
radphyschem.2017.08.014.

[12] T.M. Quynh, N.V. Binh, T.X.A. Tran (2018), “Preparation of
low molecular weight xanthan by gamma radiation degradation”, Vietnam
Journal of Science and Technology, 60(3), pp.41-44 (in Vietnamese).

[13] B. Tinland, M. Rinaudo (1989), “Dependence of the stiffness of
the xanthan chain on the external salt concentration”, Macromolecules,
22(4), pp.1863-1865, DOI: 10.1021/ma00194a058.

[14]YJ. Li, Y.M. Ha, F. Wang, et al. (2010), “Effect of irradiation on
molecular weight and antioxidant activity of xanthan gum”, J. Agric. Sci.,
24(6), pp.1208-1213, DOT: 10.11869/hnxb.2010.06.1208.

[15] F.F. Vieira, N.I. Del Mastro (2001), Electron Beam Irradiation
Effects on Xanthan Gum, Rheological Aspects, IAEA-SM-336, 152pp.

[16] N. Nagasawa, H. Mitomo, F. Yoshii, et al. (2000), “Radiation-
induced degradation of sodium alginate”, Polym. Degrad. Stab., 69(3),
pp.279-285, DOI: 10.1016/S0141-3910(00)00070-7.

[17] T. Ramasamy, U.D.S. Kandhasami, H. Ruttala, et al. (2011),
“Formulation and evaluation of xanthan gum-based aceclofenac tablets
for colon targeted drug delivery”, Brazilian J. Pharm. Sci., 47(2), pp.299-
311, DOTI: 10.1590/S1984-82502011000200011.

21



