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CHE TAO VA XAC PINH PAC TINH MANG PHAN HUY SINH HQC TREN
CO SO POLY(VINYL ALCOHOL) VA CHITOSAN

ELABORATION AND CHARACTERIZATION OF BIODEGRADABLE FILM BASED ON
POLY(VINYL ALCOHOL) AND CHITOSAN
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Truong Pai hoc Bach khoa - Pai hoc Pa Nang; dthy@dut.udn.vn

Toém tat - Mang polymer phan hay sinh hoc trén co s& poly(vinyl
alcohol) (PVA) va chitosan (CTS) da duoc ché tao bang phuong
phap ductlr dung dich. Glutaraldehyde (GA) dworc sl dung lam tac
nhan taolién két ngang détang cuo’ng d6 chiu nwéc va dd bén co
hoc cliamang. Ketqua nghién ctru chothay, d6 trong trong nute
cda mang g|am gan 50% khi ph0| hop CTS. Bén canh do, do
trwong cua cac mang PVA/CTS véi ham Iuong CTS trong mang
tr 5% dén 15% |a xap xi nhau. D6 bén kéo ctia mang PVA/CTS
tdng lén theohamlwgngcda CTS, tuy nhién, khihamlwong CTS
trong mang dat 15% thi 6 bén kéo giam xubng. Két qua xac dinh
khanang khang khuén s dung vi khuan Bacillus Subtilis cho thay,
mang xuat hién khd ndng khang kh udn khicé matCTS. Quan sat
mang sau khichontrong d4t 50 ngay cho thAy sw twong thich sinh
hoc ciamang, cac dau hiéu ctia phén hiy sinh hoctrong khoéng
thoi gian chonlap nay khéng quan sat thay bang mat thuwdng.

Tiwrkhéa - poly(vinyl alcohol); chitosan; mang; phan hy sinh hoc;
khangkhuan

1. Pit van dé

Vat liéu polymer co rAtnhidu dic tinh vu viét nhu nhe,
bén co hoc, bén hoa chat,détao hinh va dacbiét a d& phdi
hop, bién tinh dé dap tmg nhiéu yéu cau k¥ thuit. Ngoairm
gi4 thanh ctia vatliéu polymer hién nay van con kha ré so
voi cac loai vat liéu khac. Chinh vi vy, lugng nhya san
Xuét va tiéu thy trén toan thé gioi ting khong ngung, dat
dén 299 triéu tdn vao nam 2013 [1] va dy doan s& gap ba
con s6 nay vao nam 2050. O Viét Nam, theo bao cio clia
Ipsos Business Consulting, lrong nhya tiéu thy tinh trén
dau nguoi & Viét Nam da ting manh tir 3,8 kg/ngudi vao
nim 1990 1én 41,3 kg/nguoi vao nim 2018. Do van dé kinh
té va cong nghé nén chi mot phan nho rac thai nhya duge
tai ché va xur li, phﬁn con lai dugc thdira mdi trudong tu
nhién. Thatkhongmay, hau hét vatliéu polymerhién dang
str dung rat kho phan hity trongméitruong tu nhién, vi vay
van dé 6 nhiém rac thaipolymer ngay cang nghiém trong.

Mot giai phap vira dap tmg nhu ciu st dung polymer
ctia con ngudi nhung vira giam thiéu van dé 6 nhiém rac
thai polymer 1a tang cuong st dung cac polymer c6 kha
ning phan hiy sinh hoc. Cac san pham di tir cac polymer
nay sau khisir dung s& bi phan hity nhanh chéng trong diéu
kién tu nhién va khongtao ra cac san pham doc hai.

Chitin 1a polymer sinh hoc phé bién thér hai sau
cellulose. Mac du rit phd bién trong ty nhién nhung chitin
lai kho Gng dung truc tiép do kha ninghoa tan kém, co
nhiét d6 nong chay cao hon nhiét d6 phan hay. Chinh vi
vAy,ngudi ta phaibién tinh va citngin mach phan tur cia
chitin thi m&i c¢6 thé tng dung dugc. San phdm phd bién
dugc san xuat tryc tiép tir chitin 1a CTS. CTS c¢6 kha ning
hoa tan trong dung dich acid lodng nén thuan tién cho viéc
gia cong cac san phim dang mang. Mang CTS c6 do bén
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co hoc cao, it tham am nhung kha ctmg. CTS c6 ratnhiéu
dic tinh tét nhukhongdoc, twong thich sinh hoc, phan hay
hiy sinh hoc va dic biét 1a kha ningkhangkhuan gram am
[2] va ca gram duong [3]. Vi vAy,n6 duge ing dungnhiéu
trong linh vyc y té, thuc pham, my pham.

Poly(vinyl alcohol) (PVA) 14 loai polymer tong hop ¢o
dic tinh phu hop cho viéc san xudt mang va bi phan hay
sinh hoc hoan toan [4]. Tuy nhién, PVA lai hut nudc nhiéu.
Dé cai thién kha ning chiu nudc cua PVA, ¢ nghién ctru
trude [5] da tién hanh tao lién két ngang cho PVA bing
glutaraldehyde (GA). Piéu kién tbi wu cho qua trinh dong
rin PVA bing GA duogc xac dinh 1a: Ty 1¢ khdi lwong
GA/PVA = 1/100, acid acetic/PVA = 3,5/100, nhiét do
dong rin 90°C va thoi gian déng rin 7h. D9 truong ciia
mang PVA dong ran bang GA dugc cai thién rd rét, tir
154% khi chua dong rin giam xudng con 118% sau khi
dong rin. Piéu nay cho thay, viée tao lién két ngang cing
chi han ché mot phan tinh hat nude cia né. Dé ting thém
kha ning chéng hut nude c6 thé tién hanh phdi tron PVA
voi cacpolymer c6 tinh ky nudec.

O nghién ctru ndy, mangpolymerdugc tao ra trén co so
phdihop PVA va CTS véi muc dich bd sung cac vu diém
cia CTS vio san pham ditirnguyén liéu chinh la PVA. Ham
lugng CTS trongmang la 5%, 10% va 15% khdiluong. Cac
diéu kién dongrin tdiuwu cho PVA dugc tim ra trongnghién
ctru trude [5] duge ap dung cho nghién clru nay.

2. Thuc nghiém

2.1. Héa chit

PVA v6id0 thuy phan 99% va khdilwong phén tir trung
binh khéi 85000 — 124000 g/mol, GA (dung dich 50%
trong nudce), acid acetic (99%) dugc mua cua hing Sigma-
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Aldrich. CTS thu dugc duge bang deacetylhoa chitin tai
phong thi nghiém theo quy trinh da dugc cong bo [6]. PO
deacetylhoéa 1a 52% (xac dinh bang pho hong ngoai).

2.2. Tao mang polymer

Cho lugng PVA va nudc cat duoge tinh toan dé tao
dung dich 10% PVA vao cdc thuy tinh c6 khudy tir. Tién
hanh khudy véi tbe d6 200 dén 250 vong/phat & nhiét do
phong trong 30 phit, sau d6 vira khudy vira gia nhiét cho
hdn hop lén 90°C. Ting téc do khudy lén 400 -
500 vong/phut va tiép tuc duy tri khudy tron ¢ nhiét do
nay trong 30 pht, luc nay s& thu dugc dung dich trong
suot. Ha nhiét d6 dung dich xudng 50°C 16i lan lugt cho
acid acetic, GA voi lugng da tinh toan vao vao tiép tuc
khuay tron 10 phat r6i méi d6 ra dia. DSi voi mang co
phdi hop vdi chitosan thi khéng cho acid acetic vao ma
sau khi cho GA vao tiép tuc cho tir tir dung dich chitosan
3% trong dung dich acid acetic roi tiép tuc khudy tron
10 phut trude khi d6 ra dia. Cac dia duoc dé kho tu nhién
trong 48h. Mang polymer dugc tach ra khoi dia va sdy &
90°C trong thoi gian 7 gid. Sau khi siy, mang dugc dé
ngudi ty nhién dén nhiét d6 phong va dugc bao quan trong
t0i nhya polyethylene c6 datsilicagel hut Am.

2.3. Xdc dinh ddc tinh vt liéu

Do truong cia mang duge xac dinh bing cach ngim
mAau trongnude cAt & nhiét dd 25°C, sau mot thoi gian mau
dugc 14y ra, ding gidy thadm dé lam kho bé mat roi can.
Cong thirc 1 dugc st dung dé xac dinh do truong clia mau.

W, — W,
SW (%) = ——2=x100 )
Wa
Trong d6, SW(%) 1a do truong, Ws 1a khéi lwong miu
sau khingam va Wq 14 khéi lrong mau truée khingdm.
bo b?an kéo cua mangduoc do trén may Shimadzu theo
ti€u chuan ASTM D 638 véi toc dd kéo 50 mm/phit.

Téc do truyén hoi nude (WVT) duge xac dinh theo
phuong phap ASTM E 96-95. Mang dugc co dinh Ién
miéng coc nhém, du’(mg kinh 6 cm ¢6 chtra sin 10 gam
silicagel da dugc sdy o 120°C trong 12h, sau d6 dat vao
binh kin d c6 sin mot coc chira dungdich mumMg(NOs)z
bédo hoa dé ho ¢ nhiét d6 25°C. Tién hanh can cdc nhdm
saumdi 12 gid trong 6 ngay. Toc do truyén hoi nude cia
mangdugc tinh theo cong thic 2.

w
WVT = T A (2)

Trong d6, W 1a khéi lugng cde (gam) taithdi diém t (h),
Ala dién tichmang(m?).

Kha nangkhdngkhuin ciia cac mangduoc kiém tra trén
vi khudn Gram duong (Bacillus Subtilis). Mang duogc dat
trén bé mit dia thachda céy s&n vikhudn rdiditvao th dm
& nhiét d6 35°C. Sau 12h kiém tra bang ngoai quan.

Kha nang phan hiy sinh hoc duge xac dinh bang cich
chén méu trongdat 0 d0 sdu 20 cm ngoaimoi truong ty nhién
va dinh ky dugc ldy 1én dé quan sat sy thay ddingoai quan.

3. Két qua va thao luin
3.1. Anh huong ham lupng chitosan dén dj truong ciia mang
Két qua xacdinh do truong cuia cac mau dugc thé hién
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Hinh 1. D¢ truong béo hda ciia mang o
cac ham lwong CTS khac nhau

Hinh 1 cho thdy, khi ¢6 mat CTS thi dé truong cia
mang giam dangké. Pidu nay c6 thé do tinh ki nudc cia
CTS manglai. Ngoai ra, két qua khao sat con cho thiy, do
truong bao hoa cua cac mangchtira CTS véi cacham lugng
khac nhau Ia x4p xi nhau, khoang 70%. Nghién ctru cta
Chuangva congsu [7] cho thdy, PVA va CTS khongtuong
thichhoantoan, vi vdy trongqua trinh taomang CTS c6 xu
huéng di chuyén ra bé mat lam cho ham lugng CTS & bé
mit cao hon bén trong. C6 I8 vi li do nay nén bé mit cac
mang c¢6 chua CTS trong nghi€n ctu nay c6 ham lugng
CTS du cao dé thé hién tinh khangnude xap xi nhau.
3.2. Anh hwiong ham lwong chitosan dén dj bén kéo dirt
ciia mang

Pong rin khong nhiing cai thién kha nang chiu nudc
ma con lam ting 6 bén co Iy ciia mang. Hinh 2 cho thay,
d6 bén kéo ciia mang PVA ting gan 100% khi duoc déng
rinbang GA. Caclién kétngang hinh thanh giita cdc phan
tir PVA thongqua caundila phan tir GA ngin can sy trugt
tuong ddi giita cAc mach phan tir PVA trong qué trinh kéo
[a nguy@n nhan lam cho d6 bén kéo dt tinglén.

Z, 60 \ \ \ )
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Hinh 2. Bg bén kéo ciia mang PVA dong rdnvéi cdc ham heong
CTS khdc nhau (cét gach ngang & mang PVA khéng dong rdn)
D6 bén kéo cua mang khi phdihop CTS theo cac ti 1&
khéc nhau ciing dugc thé hién & Hinh 2. Ta thiy ring cac
mangphdihgp v6i CTS déu cho gia tri do bén kéo cao hon
so v6i mang PVA khi chua phdi tron véi CTS. Khi ting
ham lugng CTS d6 bén mang ting 1én va sau d6 giam
xudng. Mang chira 10% CTS c6 do bén kéo cao nhit,
cu théla 78 N/mm2, sau d6 giam con 59,5 N/mm2 khi ting
ham luong CTS 1én 15%. Két qua nay phihop vdicong bd
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cua Esam A. El-Hefian va cac cong sy [8]. Nghién ciru ciia
Esam A. El-Hefian cho thdy, mic di d6 bén kéo cia CTS
bé hon so véi PVA nhung khi phdi hgp CTS vao PVA thi
d6 bén mangthu dugc tinglén dangké. Tuy nhién, d6 bén
mang gidm lién tuc khi ham lugng CTS trong mang vuot
qua 20%.
3.3. Téc dp truyén hoi nwéc

Tbc d6 truyén hoi nude phan dnh kha nangkhuéch tan
ctia cac phan tir nuéc qua mang vat liéu. Cé ratnhiéu yéu
t6 anh huong dén tdc d6 truyén hoi nudc, bao gdm chidu
day mang, nhiét d9, cdu tric mang, ban chat vat liéu...
Trong cdc ung dung bdo quan, dac biét 1a trong bdo quan
dugc pham, thyc pham, toc do truyén hoinude la mot trong
nhiing thong s6 k¥ thuat quan trong dé lya chon vat liéu
bao quan. O nghién ctru nay, téc do truyén hoi nuée qua
mang duoc xac dinh theo phuong phap ASTM E 96-95.
Céc mang duge duc co chiéu day 0,19 = 0,02 mm, dung
dich Mg(NOs)2 bao hoa dugc sirdung détao moitruong co
d6 am tuong ddi 52 + 2% & 25°C [9]. Téc dé truyén hoi
nude duge xac dinh theo cong thirc 2, trong d6 ty s6 W/t 1a
d6 dbc cua duong thing biéu dién sy thay dbi khéi luong
cbe theo thoi gian (Hinh 3).

162
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Hinh 3. Si thay déi khéi heong céc theo thoi gian
Tir két qua d6 ddc thu duge 6 Hinh 3 va dién tich mang
tinh dugc tc do truyén hoi nuéc qua mang (Hinh 4). B
tham hoi nuéc ciia mang PVA chira 5 va 10% chitosan
tuong tw mang PVA khong dong réin va c6 dongrin. Tuy
nhién, khitingham lugngchitosan trongmanglén 15% thi
d6 thAm hoinudc giam xudng.
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Hinh 4. Bg tham hoi nuée ciia cde mang )
(cot gach ngang la mang PVA khong dong ran)

3.4. Khd ning khdng khuén

Tinh chatkhangkhuan ciia mang dugc thirnghiém trén
vi khuén gram duong Bacillus Subtilis. Mang sir dung do
kha niang khang khuan chita 5% CTS. Hinh 5 cho théy,
PVA khéngdong rin (khongcd GA) va dongrinbang GA
nhung khong chtra CTS khong thé hién sy khang khuén,
trong khi d6 c¢6 mot vong khang khuan xudt hién xung
quanh mang c6 chia CTS. Nhu vay, khi dua CTS vao
mang thi mang s& c6 kha nang khang khuén gram duong
C6 2 co ché khang khuin duge dé nghi d6i véi CTS. Co
ché thir nhat cho rang, kha ning chdng vi khuén cia CTS
xudt phattirban chit polycationic ciia né [10]. Khi c6 mat
acid, nhém NH2 s& bi proton hoa, dién tich duong cua
nhém amino s& tuongtac voiphan mangdién Am ciia mang
té bao vi khuin lam thay ddi tinh chit che chin ciia chung
nén ngin can sy di vao cua dudng chdtva/hodc giy ra sy
giam ndi bao. Co ché thir 2 cho ring, sy khang khuan ¢6
lién quan dén viéc thim CTS khéi lvong phén tir thip vao
bén trong té bao, lién két voi DNA va két qua la e ché sy
tong hgp RNA va protein [11]. Sy xuét hién cua vong
khangkhuan xung quanhmangciingcho thay c6 sy khuéch
tancia cac phantd CTS ra khédimang.

PVA (khong c6 GA)

0% CTS 5% CTS

Hinh 5. Khd ndng khéng khudn ciia mdang

3.5. Khd nang phdn hiiy sinh hoc

Hinh 6 thé hién ngoai quan cac mausau khi chén dudi
dit 6 do sau 20 cm trong 50 ngay. Nhin bang mat thuong
thi chua thiy suthay d6ivé ngoaiquan mau. Tuy nhién, tit
ca cacmau déu dd coré cay bam 1én. Didu nay chimgto su
tuong thich sinh hoc ctia cac mang, dong thoi cac mang
ciing co thé la noicung cp dudng chdthodc nuédce cho thyc
vat. Subam récay lén mangco thé s€ thiic day suphan hay
mangnhanh hon. Thi nghiém nay van con dang dugc tiép
tuc theo doi.

Hinh 6. Mang PVA khéng dong rdn (a), dong rdn (b) va
co 15% chitosan (c) sau khi chon trong dat trong 50 ngay

4. Két luan
\{iéc phéihop CTS vao méngPVA caithién d6 kinudc,
d9 bén co hoc cia mang, dong thoi lam cho mang c6 kha
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ning khang khuan. P ki nudc cua mang polymer ting
manh khico 5% CTS trong mangnhung sau d6 khong tiép
tuc tang theo ham lugng CTS. Do bén kéo tang theo ham
luong CTS va di qua cuc dai. Mang PVA va PVA/CTS thé
hién sy twong thich sinh hoc khi chon trong dat. Véi thoi
gian chon ldp 50 ngay chua phat hién ddu hiéu cua sy phin
huy sinh hoc bangmit thudng,
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