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Abstract

Three kind of Vietnamese chitosans with the same deacetylation degrees of about 75% and viscosity average
molecular weights are 69.000, 187.000 and 345.000Da, respectively, were produced from shrimp shells and cuttle-bone
at the MTV chitosan company (Kien Giang). These chitosans were irradiated at 25, 50, 75, 100, 200 and 500 kGy under
Cobalt-60 gamma sourse at Hanoi Irradiation Center in order to prepare a series of chitosan segments with wide
distribution of molecular weights. Different chitosan samples of the predetermined average molecular weight from
3,000 to 50.000Da were separated from the irradiated chitosans by ultrafiltration with series of filter membranes
(Centriprep devices). Moleculer properties of the fragmented chitosans were analysed with gel permeation
chromatography, Fourrier transfer infra red spectrometry, and the results suggested that principal characteristics of
chitosan were not affacted by gamma irradiation, even its deacetylation degrees was increased. Solubility of the
fragmented chitosans were much improved by radiation processing, and the chitosans having molecular weights below

5.000Da were water-soluble polymers, which can easily apply as the auxiliary agent in textile.
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1. DAT VAN BE

Chitin va chitosan da dugc nghién ctu va ing
dung réng rai trong nhiéu linh vuc khac nhau, tir
cong nghiép thyc pham, y t&, my pham, duoc phim
cho dén cac linh vuc cong ndng nghiép khac [1-3].
Mic du chitosan hoa tan kha t6t trong cac dung dich
axit lodng, song lai rit kho hoa tan trong nudc tham
chi & nong do rat thap, lam anh huong dang ké dén
kha nang ung dung thuc tién ctia no, dic biét 1a khi
ung dung ching lam vat liéu trg dét trong qué trinh
hoan tit soi vai [4]. Tuy nhién, cac oligo-chitosan co
khdi Iwgng phan tir thip c6 thé hoa tan trong nude &
mic d6 nhét dinh. Cac oligo nay co thé dat duoc
béang cach thity phan trong dung dich axit, phan huiy
enzyme hay cit mach bang phuong phap vat Iy gom
chiéu xa vi song, chum dién tr, blrc xa gamma.
Trong do, birc xa gamma da dugc ching minh la
cong cu hiéu qua trong viéc phan huy khong chi d6i
v6i chitosan ma nhiéu loai polyme loai phan hiy
khac, trong khi khong lam anh huéng dén dic tinh
hoa 1y va hoat tinh sinh hoc ciia polyme ban dau [5].
Trong nhitng nghién ctu trude, chung t6i da chi ra

khdi lwong phan tir trung binh nhét cia chitosan
giam nhanh khi chiéu xa, tuy nhién sin pham
chitosan cit mach c¢6 phan bd khéi lwong phan tir
kha rong va chi mot phan rat nho co thé hoa tan
trong nudc [6-8]. DPé thu dugc cac phan doan
chitosan c6 khéi lugng phan tir ddng nhat, chitosan
chiéu xa duoc tach phan doan theo cac gioi han khoi
luong phan tir khac nhau.

Nhiéu k§ thuat di dwoc ap dung dé tach chiét cac
phéan doan polyme c6 kich thudc phéan tir khac nhau
nhu két taa, khuéch tan, léng loc, séc ky... trong dé
két tia va loc ly tim 13 hiéu qua nhét ddi voi chitosan
vi d6 nhét cao cta no. Trong khi két tiia doi hoi phai
str dung mot s6 hé dung méi khac nhau cho timg phan
doan va khé co thé tach biét chinh xac theo khéi
lugng phén t, ky thudt siéu loc lai doi hdi phai s
dung cac loai mang loc c6 kich thudc nhat dinh.
Trong nghién ctru nay, cic ong loc ly tim Centriprep
voi giéi han khdi lugng phan tir quy dinh (Nominal
Molecular Weight Limits) 1a 3, 10, 30 va 50 kDa
duoc ky hiéu 1a YM3, YMS5, YM10, va YMS50 tuong
tmg dugc st dung dé tach cac phan doan chitosan
trong khoang khdi lugng phan tir dudi 50.000 Da.

282



TCHH, T. 52(3), 2014

Bén canh d6 6ng loc UF-4 c6 gidi han khéi luong
phan t@ (Molecular Weight Cut-Off) MWCO 5000
Da ciing duoc sir dung dé tach phan doan co khdi
luong phan tir trong khoang 3 dén 10 kDa.

Sau khi tach phan doan, cac dac tinh co ban cua
chitosan phan doan gém khdi lwong phéan tir, phan
bb khéi lwong phan tir, mirc do deaxetyl hoa va tinh
tan trong nudc cua chung duoc xac dinh dé danh gia
kha ning ing dung cta chiing 1am chét trg dét.

2. THUC NGHIEM
2.1. Nguyén vit liéu

Ba loai chitosan (CTS1, CTS2 va CTS3) nguén
gbc vo tdm va xwong muc c¢6 muc do deaxetyl hoa
khoang 75 % va khdi lugng phan tir trung binh nhdt
twong ung la 69, 187 va 345 kDa nhu xac dinh trong
nghién ctru trude [6] dd dugc mua tr cong ty MTV
chitosan Viét Nam (Kién Giang). Axit Acetic
(glacial), ethanol (99,5 %) dugc mua tir cong ty hoa
chat DeaJung (Gyonggi, Han Qudc). Kali bromua,
natri acetat va amonium acetat dugc mua tir hang
Merck (Puc).

Nép kin khi —-_,.“'_'TL

-
Nép xodn khéa — .. j
Rénh théng —Eﬂ

Vai thu gom chat loc iy
Phan gom chatloc — |

Gia do mang loc

/ﬂ'\

.P

3\4 i

Phan chtra mau

Y

Puodng dinh co

G

Hinh 1: Chu tao dung cu loc mau Centriprep

Dung cu lgc ly tam Centrprep dugc mua tir cong
ty Nihon Milipore Ltd, (Nhat Ban). Ong loc phan
doan Concentrator vdi MWCO 5000 dwoc mua tir
hang Life Science Products Inc., (Hoa Ky). CAu trac
cua cac dung cu loc ly tdm nay dugc trinh bay trén
hinh 1. Pay 1a loai 6ng ly tdm c6 niap khoa chiu
duogc luc ly tim cyc dai dén 3000 g, trang bi mang
siéu loc c6 kich thudc khac nhau dung lam giau va

Luu Thi Tho va cong sy

khtr mudi cadc miu sinh hoc ¢6 thé tich tir 2 dén 15
ml. Chung ciing dugc st dung cho cac ung dung loc
va tach cac polyme, nhét 1a cac polyme sinh hoc ma
khong 1am anh huong dén hoat tinh ciia chiing.

2.2. Phuwong phap chiéu xa va tach cic phan doan
chitosan c6 trong lwgng phan tir khac nhau

Chitosan da dugc déng vao cac tai PE, mdi thi
khoang 100 g va duoc chiéu xa trén ngudn chiéu
gamma v6i dai lidu chiéu 25, 50, 75, 100, 200 va
500 kGy nhu trong nghién ctru trude. Mot s6 miu
chitosan chiéu xa liéu cao dugc sir dung lam nguyén
liéu dau dé tach cac phén doan chitosan.

PAu tién, chitosan chiéu xa dwuoc hoa tan hoan
toan trong axit axetic 0,2 M thanh dung dich 5 %.
Sau d6 15 ml dung dich nay dugc dua vao ong loc ly
tam YM-50, ly tim v&i toc do 1000xg trong khoang
20 phat trén may ly tam Centrifuge (Hoa Ky) dé
tach phan dung dich polyme c6 khéi lugng phan tir
l6n hon 50.000 Da, dugc ky hiéu la PD1. Dung dich
thu duoc tiép tuc duoc loc ly tdm véi 6ng loc YM-30,
thu dugc dung dich chwra chitosan co khoi luong
phan tir gidi han trong khoang 3 ~ 5x10* Da, ky hi¢u
la PD2. Tiép tuc qua trinh nhu vy thu duoc céac
dung dich chitosan PD3, PD4, PD5 va PD6 co
khoang khéi lwong phan tir 1 ~ 3x10% 5~ 10x10%;
3 ~ 5x10° va < 3x10° Da tuong img.

Cac dung dich chitosan dugc lam giau va két tua
trong ethanol. Rura sach vai lan bang nudc cat va siy
kho dén khéi lugng khong d6i trong tii sy chan
khong (Shellab, Vuong qudc Anh) & 60 °C trong 24
gio dé thu dugc cic mau chitosan phan doan. Ty 1¢
cac phan doan thu dugc tir cung loai chitosan chiéu
xa dugc xac dinh dé danh gia hiéu qua tach.

2.3. Pic trung ciia cac phan doan chitosan

Céc dic tinh phan tir clia cac mau chitosan phan
doan duoc xac dinh béng hé séic ky thdm thau (GPC-
SEC, Aligent, Hoa Ky) trang bi cac detector do nhot,
tan xa anh sang, tor ngoai va khuc xa véi chi s6 khuc
xa 1,331. Mau chitosan dugc hoa tan trong dung méi
hdn hop gdm axit acetic 0,2 M va natri axetat 0,1 M
thanh dung dich c6 ndng d 2 mg/mL, loc qua mang
loc kich thude 0,22 pm trude khi bom vao sic ky.
Hon hop dung méi nay ciing dugc sir dung 1am pha
dong trong qua trinh chay sic ky, téc do dong dugc
dat 1a 1 ml/phut cho tit ca cac miu phan tich. Phan
bd khéi lugng phén tir cta chitosan duge ghi lai trén
sic d6, va dugc xtr Iy bang phan mém phan tich phd
ASTRA dé xac dinh khdi lwong phén tir trung binh
va chi s6 da phan tan ctia n6. Sic dd cling chi 16
phan bd khéi lugng phan tir ciia mau do.
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Céu triic phén tir cta chitosan phan doan ciing
dugc phan tich bing phd hdng ngoai chuyén hoa
Furrier (FT-IR, Perkin Elmer Spectrum 2000, Anh
qudc). Chitosan sau khi siy kho dugc tron déu voi
KBr va ép thanh mau c6 dang dia mong. Mau duogc
dic vao gia dé mau va phd hong ngoai duoc ghi lai

sau khi da loai bo nhiéu tin hi¢u gy ra do khong khi.

Di‘én tich cac dinh Phé duoc xac dinh béng ph?m
mém phan tich phé IR Spectrum 2.0. Muc do
deaxetyl hoa cua mau dugc tinh theo cong thic:

DD:IOO—an

3450
Trong d6 Sigs0 va Sisso 12 di€n tich cac dinh phé tai
s6 song 3450 va 1650 cm™ dic trung cho cac nhoém
chuc —OH va —COCHj; trong phén tir chitosan, va a
1a hé sb thuc nghiém. H¢ s6 thuc nghiém nay phu
thudc vao loai thiét bi phén tich va phuong phap ap
dung. Trong nghién ciu nay, hé s6 thuc nghiém
dugc tinh bang 115 [6].

Kha nang tan cua cac phan doan chitosan dugc
xac dinh thong qua thoi gian hoa tan tinh theo phut
clia 1 g miu chitosan trong 100 ml nudc hodc cic
dung dich axit axetic loang.

3. KET QUA VA THAO LUAN

3.1. Hiéu qua tach cac phan doan chitosan bang
mang siéu loc

Cac phan doan chitosan khac nhau duoc tach ra
tir chitosan chiéu xa lidu trén 100 kGy. Ty 1& cac
phan doan khac nhau dugc xac dinh dya vao téng
luong chitosan chiéu xa trude khi tach va khéi luong
chitosan phan doan thu dugc sau khi séy kho. Hiéu
qué tach ciing duoc tinh theo ty 1& phan trim tong
luong chitosan thu dugc sau qua trinh tach. Bang 1
trinh bay luong chitosan phan doan thu dugc va hi¢u
qua tach phan doan tir cac miu chitosan chiéu xa
khac nhau.

Bang 1: Ty 1& cac phan doan tach duoc tir cac mau
chitosan chiéu xa khac nhau

Mau Ham lugng chitosan (%) thu dugc sau
chitosan khi tach phén doan tr
phan CTS1- CTS2- CTS2- CTS3-
doan 100 kGy | 100 kGy | 200 kGy | 200 kGy
PD1 22,22 1,78 0,37 0,12
PD2 44,04 11,94 1,56 0,87
PD3 9,76 48,76 3,49 1,32
PD4 2,56 23,13 23,35 15,09
PD5 1,62 2,31 57,57 31,82
PD6 13,78 7,27 9,28 45,71
Hicuqua| 9398 | 9519 | 9562 | 94,93
tach

Tach cac phan doan chitosan...

C6 thé nhén thdy rang mdi miu chitosan chiéu
xa déu chura tit ca cac phan doan, nhung v6i ham
luong khac nhau rat 16n phy thugc vao ngudn goc
ban dau va lidu chiéu sir dung. Trong khi cac phan
doan kh01 luong phén tir trén 10* Da dugc tach ra
chu yéu tir chitosan ngudn gbc vo tdm chiéu xa, cac
phan doan c6 khi luong phén tu thip hon duoc tach
ra tir chitosan nguon goc mai myc, la loai co khéi
luong phan tir thip hon rit nhiéu. Diéu nay hoan
toan pht hop, do khéi lwgng phén tir trung binh ciia
CTS1 chiéu xa liéu 500 kGy vao khoang 1,4x10* Da
nhu chi ra trong nghién ctru trudc, cao hon gidi han
khéi luong phan tir ctia phan doan PD3. Tuy nhién,
trong nghién clru nay chung t6i chi sir dung cac loai
chitosan chiéu xa liéu thip dudi 200 kGy do liéu
chiéu cao 1a khong mong mudn vi 1y do kinh té. Két
qua bang 1 ciing cho thiy hiéu qua tach phan doan
dat dugc kha cao (khoang 95 %), nghia 1a chi 5 %
luong mau da bi mét di trong cac qua trinh hoa tan,
két tiia va rira mau.

Nhu vay, k§ thuat tach bang mang siéu loc 1a
phuong phép hiéu qua cao, va co thé thu duoc nhiéu
phan doan khac nhau trong cung qua trinh tach. Hon
nira, qua trinh tach dugc thyc hién tudn ty qua cac
mang loc c6 gidi han khdi lwong phan tir gan nhau
nén mau chitosan phan doan dat dugc co do dong
nhat cao. Piu nay co thé kiém chtng thong qua sic
d6 phan bd khdi lwong phan tir ciia chitosan phan
doan duoc tién hanh tiép sau. Tuy nhién, do qua
trinh tach phan doan gdm nhiéu budc, tiéu ton thoi
gian va nguyén vét liéu, nén can phai danh gia vé
hiéu qua kinh té khi tmg dung trong thyc tién.

Nghién ctru vé anh huéng cta xir 1y chiéu xa va
viéc tach loc dén dic tinh cua cac phan doan
chitosan khac nhau, chiung t6i chi sir dung cac phan
doan tach dugc tir chitosan ngudn goc vo tdm CTS2
c6 khéi luong phan tir trung binh khoang 187.000
Da, chiéu xa liéu 100 kGy, vi ham luong cac phan
doan dat dwoc déu phu hop cho cac phén tich tiép
theo. Hon nita, viéc lya chon cung loai chitosan ban
dau gitp viée so sanh trd nén chinh xac hon.

3.2. Dic tinh phéan tir ciia phin doan chitosan

Péc tinh phan tir ctua chitosan da dugc xac dinh
ba"mg sic ky thim thiu GPC-SEC. Sau khi bom miu,
tbc do rira giai cua polyme dugc ghi lai theo thoi
gian. Hinh 2 thé hién sic dd cua mau chitosan dién
hinh. C6 thé thay 1 sy sai khac vé dang diéu cac
duong cong ghi duoc, tuy cac dinh va do rong phd,
nghia 1a khdi lugng phan tir cyc dai va phan b cia
mau khac biét khong dang ké. Nhu vay, viéc sir
dung nhiéu detector déng thoi giap lam tang tinh
chinh xdc cua gia tri khéi luong phan tir trung binh
va phan b6 khéi lugng phén tir ctia mau.
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Hinh 2: Séc db cta chitosan ghi dugc véi cac
detector khac nhau: (1) tan xa anh sang, (2) tir ngoai,
(3) d6 nhat va (4) chi so khuc xa

Céc phan doan chitosan khac nhau da dugc hoa
tan cing nong do 1 mg/ml va dic tinh phan tir dugc
phan tich bang sic ky tham thau véi cung diéu kién.
Gia tri khdi luong phan tir trung binh s6 (M,), khdi
luong phén tir trung binh khdi (M,,), ty sé da phan
tan (PDI) cua cac phan doan chitosan da duogc xac
dinh théng qua phan mém phan tich sic d6 ASTR,
va két qua duoc trinh bay trén bang 2.

Bdng 2: Thong s6 phan tir ctia cac phan doan
chitosan tach duoc

Mau o 10°Da| Mw,10°Da | PDI
chitosan
PDI 46.9 81,14 1.73
PD2 30,46 47.52 1,56
PD3 18,66 2837 1,52
PD4 6.72 9.61 143
PD5 4,04 5.25 1,30
PD6 2.83 3.91 138

Két qua bang 2 cho thdy, cac san pham chitosan
phan doan c6 chi s6 da phan tan thap hon nhiéu so
v6i ca chitosan ban ddu va chitosan chiéu xa, ching
t6 cac phan doan chitosan tach dwgc bao gdm cac
phan tir ¢6 kich thudc tuong ddi dong déu. Khdi
luong phén tir trung binh cua tit ca cac phan doan
déu nam trong khoang giéi han cta dng loc st dung
dé tach mau. Két qua nay 1a hoan toan phu hop do
chi nhitng phan tir polyme c6 kich thudc nho hon
giéi han ciia mang loc mai co thé di qua. Trong
nghién ctu nay, chung t6i cling ap dung phuong
phap tan xa anh sang dé xac dinh ty sé khic xa
dn/dc clia cac miu chitosan phan doan, gitup hiéu
chinh sic d6 ghi dugc cua detectot chi sb khiic xa va
két qua tinh khi lugng phan tir trung binh.

Luu Thi Tho va cong sy

Bang 2 ciing chi ra chi s6 da phan doan ctia miu
chitosan giam xudng theo khdi luong trung binh ciia
n6, mic du chi sd nay ting 1én chuit it & miu phan
doan c6 khdi lugng phan tir thiap nhit (PD6). Diéu
nay c6 thé 1a do mau PD6 bao gdm tat ca cac phan
tir chitosan c6 kich thudc phan tir dudi 3000 Da thu
duoc sau két tia, vi nghién ctru nay chi sir dung
mang loc c6 gidi han khdi lwong phan tir 16n hon.
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Hinh 3: Phan b khéi lugng phén tir cia
cac phan doan chitosan khac nhau
(PD1; PD2; PD3; PD4; PDS5; PD6)

Phén b6 khdi lugng phan tir cia cac phan doan
chitosan khac nhau dugc trinh bay trén hinh 3. Co6
thé thay 15 cac phan doan polyme c6 kich thudc
phan tir 16n hon s€ rua giai sém hon. Hinh 3 cling
cho thdy do rong phan bd khdi lwong phan tir giam
dan theo kich thudc cac phan doan. Két qua nay 1an
nira ching t6 cac phan doan khdi lugng phén tir thip
hon gém nhitng phan tir chitosan c6 kich thuéc dong
déu hon.

3.3. Mirc do deaxetyl hoa ciia chitosan phin doan

Muc do deaxetyl hoa cua chitosan phan doan
duoc xac dinh thong qua phd hong ngoai ciia no.

Hinh 4 thé hién phd hdng ngoai chuyén hoa
Furrier (FT-IR) cuia tat ca cac phan doan chitosan
thu duoc.

Céc dinh phd dic trung cho cic nhom chirc cua
chitosan déu duoc ghi nhéan trén phd dd FT-IR cua
bat ky phan doan chitosan nio, chimg to ciu trac
héa hoc cia chitosan hoan toan khong bi anh huéng
boi chiéu xa va tach phan doan.

Ngoai dinh phd 16n nhét trong khoang 3410-
3450 cm™ dic trung cho nhém hydroxyl OH™, c6 thé
thdy o cac dinh phé tai 1630, 1530, 1380 cm™, dic
trung cho giao dong dan ctia cac nhém chic C=0
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cua amide bac I, N—H ctia nhém amin va amide bac
II, bién dang d6i ximg cta nhom CHj trong cdu tric
cua cac phan doan chitosan. Cac dao dong gian cua
lién két C—O—C bat dbi xing (lién két glucoside) va
C-N cling xuét hién tai khoang 1150 cm™!. Tu dién
tich cac dinh phd dic trung cho cac nhom chirc
—C=0 va —OH cua phan tir chitosan tai khoang
3410-3450 va 1620-1650 cm™', mirc d6 deaxetyl hoa
ctia cac phan doan chitosan da duoc xac dinh va két
qua cho thiy khong co su khac biét dang ké vé muc
d6 deaxetyl hoa gilta cic mau chitosan, mic du gia
trj tinh dwoc d6i v6i phan doan chitosan cao hon mot
chut so véi chitosan ban dau trudce khi chiéu xa.

N, PDI
N

V1 PD

\ PD6
ﬂ/ : ~1620- g

I} ~3410- AT \16%0

| 3450 7N

4' .y A/ /PD4 ,' \

\._:.,r \ / s

S6 song (cm™)

Hinh 4: Ph6 hdng ngoai chuyén hoa Furrier cia cac
phan doan chitosan khac nhau
(PD1; PD2; PD3; PD4; PD5; PD6)

3.4. Tinh tan cia chitosan phian doan

Kha nang hoa tan trong nudc va cac dung dich
axit axetic loang cua cac phan doan chitosan dugc
xac dinh theo thoi gian tan & nhiét d6 phong va két
qua duoc trinh bay trong bang 3.

Bdng 3: Thoi gian tan trong nudc va axit axetic
lo@ng cua cac mau chitosan phan doan tinh theo phut

Mau
chitosan |0 |0,1 |02 [0,5 [1,0 [2,0 |5,0
PD1 Ins |Ins |Ins 200 |90 |60 |50
PD2 Ins |Ins [210 [165 |70 |40 |35
PD3 Ins [300 [150 |60 |30 |17 |15
PD4 8§ |7 |6 |5 |5
PD5 5 |15 |4 |4
PD6 4 13 |3

Nong d6 dung mdi axit axetic, %

Ins: Khong tan (insoluble).

Tach cac phan doan chitosan...

C6 thé thay tit ca cac mau chitosan déu tan
trong dung dich axit axetic c6 ndng do trén 0,5 %. O
nong d6 axit thip hon, mau phan doan PD1 va PD2
gan nhu khong tan, trong khi PD3 tan rat cham, diéu
nay chimg t6 cac loai chitosan c6 khéi luong phan tur
cao trén 10.000 Da rat khé tan trong axit axetic
loang. Cac phan doan chitosan c6 kich thudc nhod
hon, PD4, PD5 va PD6 khong nhiing hoa tan hoan
toan trong dung dich axit ma con c6 thé tan trong
nude voi toe do khac nhau. Nhu véy, c6 thé khing
dinh cac phéan doan chitosan c6 kich thudc phan tir
dué6i 5.000 Da c6 thé hoa tan hoan toan trong nudc,
trong thoi gian ngin (dudi 5 phut). Didu nay gitp
cho cac phan doan chitosan nay c6 thé dung trong
cac ung dung doi hoi phai hoa tan cao nhu 1am chat
kich thich sinh trudng thuc vat, chit gia ting kha
ning mién dich, tmg dung trong néng nghiép, hay
céc chit tro dét trong qua trinh hoan tat vai bong [9].

4. KET LUAN

Céc loai chitosan c6 khdi lwong phén tir thap c6
thé dugc tao ra tir chitosan thuong mai bang phuong
phap chiéu xa cit mach. K¥ thuét tich phan doan
dung mang loc ly tdm da chung té 1a phuong phap
hi€u qua trong viéc tao ra cac phan doan chitosan cé
khoang phan b6 khdi lwong phén tir dong déu phu
hop cho muyc dich tng dung thyc tidn. Cau tric hoa
hoc ctia chitosan phan doan khong bi anh hudng boi
qua trinh xtr Iy chiéu xa va tach loc, gitip duy tri cac
dac tinh hoa 1y cling nhu hoat tinh sinh hoc cua né.
Tinh tan ctia chitosan tang 1én sau khi chiéu xa, thAm
chi cac phan doan chitosan c6 khéi luong phén tir
trung binh dudi 10.000Da co thé tan hoan toan trong
nudc, giup ting kha ning ung dung thuc tién cia
chung.

Loi cAm on: Nhom tac gia xin trdn trong cam on
Vién Dét may va Trung tam Chiéu xa Ha Ngi (Vién
Nang luwong nguyén tw Viet Nam) la cac don vi chu
tri va hop tdc thiee hién dé tai cap Nha nuwée: Nghién
cieu 1tng dung Cong nghé chiéu xa tia gamma trong
nganh dét, md sé dé tai: 06/HP-PT2010/PVPX, di
tao diéu kién thuan loi dé thywe hién nghién curu nay.
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