Tap chi Khoa hoc & Céng nghé S& 13

Anh huong caa nano bac dén tinh chat coa

mang PVA/D-glucose/Agar
Nguyén Thi Thuong’, Pham Tran Bao Tran

Vién Ki thuat Cong nghé cao NTT, Pai hoc Nguyén Tat Thanh.

“nthithuong@ntt.edu.vn

Tom tat

Nghién cau sir dung nano bac dé cai thién tinh chat co 1i, tinh ki nudc va hoat tinh
khang khuan cua mang PVA/D-glucose/Agar. Mang hdn hop duoc tong hop bang

phuong phap d6 mang. Két qua ATR-FTIR cho thay khong cé sy twong tac hda hoc

giita nano bac véi cac thanh phan polymer trong mang, vi vay do tan va do truong
cia mang PVA/D-glucose/Agar khdng bi anh huong khi két hop véi nano bac. Pic
biét, nhd hoat tinh khang khuan ting, mang két hop nano bac ht:a hen tiém ning tng

dung Ién trong bao quan thyc pham.
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1 Gidi thiéu

Poly (vinyl alcohol) (PVA) la mét hop chat cao phéan
ti, dwgc hinh thanh tir phan (ng polymer héa céac hop
chat vinyl. PVA ¢6 nhiéu dic tinh ndi troi c6 kha ning
phan huy sinh hoc, tinh twong hop sinh hoc cao,
khéng c6 doc tinh va khi da dugc khdu mach mang
mong thi ¢6 nhitng tinh chat co hoc wu viét nhu c6
tinh nang co - li tot, c6 d6 tham nwdc va khi oxi cao.
Tuy nhién, do c6 nhiéu nhém hydroxyl trong mach
phéan tir nén PVA kha nhay vai cac phan tir nudc, lam
giam mot s6 dic tinh cua PVA, dan dén han ché viéc
str dung trong nhiéu linh vuc [1,2]. Cho dén nay, c6
rat nhiéu phuong phép bién tinh khac nhau da va dang
duoc dé xuat, chang han, ding cac tac nhan vat Ii hoic
hoa hoc dé tién hanh khau mang PVA nham cai thién
nhiing tinh chét dac biét nhu kha ning khang oxi hda,
khang khuan va tinh chit co li cia mang PVA. Trudc
day, nhom tac gia da két hop thanh cong D-glucose va
Agar vao mang PVA va tng dung trong loai bé mau
thuéc nhudém [3].

Hat nano bac (AgNPs) c6 dang ciu, kich thudc tir
(1 =+ 100) nm, c6 dién tich bé mat riéng va hiéu img bé
mat rat Ién. AgNPs va cac hop chét cua bac thé hién

tinh doc dbi voi vi khuan, virus, tao va nam. Tuy
nhién, khac véi cac kim loai nang khac (chi, thuy
ngan,...), bac khdng thé hién tinh doc dbi véi con
ngudi. AgNPs ¢6 kha ning phan tan 6n dinh trong céc
loai dung méi khac nhau (trong ca cac dung méi phan
cuc va khdng phan cuc). Ngoai ra, AgNPs c6 do bén
hoa hoc cao, khdng bi bién d6i dudi tac dung cua anh
sang va cac tac nhan oxi hoa khtr thong thuong. Chinh
Vi vay, gan ddy AgNPs di duoc cac nha nghién cau
dic biét quan tdm va két hop vao cac vt liéu cho tng
dung biang b6 vét thuong boi tinh khang khuan ciing
nhu kha nang cai thién tinh chét co 1i. Dién hinh nhu
két hop AgNPs vao mang PVA/bacterial
nanocellulose bién tinh gidp cai thién d¢ dan dai va uc
ché su phat trién cua vi khuan E. coli [4], twong tu khi
két hop AgNPs vao PVA/CS gilp cai thién do bén
kéo ciing nhu ting kha niang khang khuan E. coli, S.
aureus [5,6], két hop AgNPs vao mang PVA cho cac
ng dung dong goi thuc pham khang khuan, két qua
cho thiy vat liéu c6 kha nang uc ché cac vi sinh vat
trén trai cay trong 10 ngay ¢ nhiét d6 phong [7]. Do
d6, trong nghién ctru ndy, ching toi két hop AgNPs
vao mang PVA/D-glucose/Agar nham cai thién kha
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ning khang khuén ciing nhu tinh chét co li cua mang
tao thanh.

2 Thuc nghiém

2.1 Hoa chat

Poly (vinyl alcohol) (M = 160 g/mol, d6 thuy phén
(86,5 = 89,0) %), va D-(+)-Glucose monohydrate
(CeH1,06.H,0) la san pham thuoc Cong ty HIMEDIA,
An Do. Agarose power dugc cung cip bai Cong ty
VWR BHD Prolabo Chemicals, Singapore. Ethanol (>
99,5 % purity) dwoc cung cap tr Cong ty VN-
Chemsol, Viét Nam. Dung dich bac (1 000 ppm) duoc
cung cap tir Cong ty DKSH, Viét Nam.

2.2 Phuong phap ché tao mang

Mang PVA/D-glucose/Agar dugc tong hop theo quy
trinh dwoc bdo céo trong nghién ciru trudc caa nhém
ching t6i [3]. Trong nghién ctu hién tai, ching toi
phdi tron AgNPs & cac nong do khac nhau vao mang
PVA/D-glucose/Agar theo ti 1€ PVAD-glucose/agar
da t6i uu trong nghién ctru trude dé cung cap hoat tinh
khang khuin cho mang thu dwgc, phd hop cho tng
dung bao gdi ndng san. Hon hop cua dung dich PVA
3 % (w/v), Agar 1 % (w/v) va D-glucose 1 % (w/v)
duoc khuay lién tuc trong vong 1 gio dé thu duogc
dung dich polymer dong nhét. Sau d6, 30 % glycerol
(v/v) duoc thém vao hdn hop tao mang nhu mot chat
hoa déo va hdn hop dugc khudy trong 1 gio. Trong
giai doan sau, dung dich tao mang (PDA) dugc li tdm
dé loai bo bot khi va can ban. Dung dich nano bac,
duoc thém vao dung dich tao mang vai ti 1€ 0,2 % +
0,6 % (W/w) so véi khdi luong PVA, duogc viét tat
twong tng la PDA-AgNPs-0,2, PDA-AgNPs-0,4, va
PDA-AgNPs-0,6. Khudy siéu &m hén hop 30 phit &
60 °C dé dung dich nano bac dwgc phan tan déu.
Mang duoc do trong dia petri nhwa, duong kinh 90
mm va sy khd & 45 °C trong 48 gio. Sau khi siy kho,
mang dugc tach khoi dia va bao quan ¢ 25 °C trong
binh hat am.

2.3 Phuong phap danh gia ciu trdc mang

Su tuong tac cua nano bac 1én cac nhdm chuc trong
thanh phan mang duoc xac dinh bang pho hong ngoai
phan xa toan phan tit dan (ATR - FT-IR) va dugc do
trong khoang (500 + 4 000) cm™ trén may FT/IR 4700
type A. Tinh chat co 1i gdm do bén kéo va do dan dai
tai diém dut cua mang duoc kiém tra theo tiéu chuan
ASTM — D882 trén may Universal Testing Machine —
YMH 4202.
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2.4 Phuong phap danh gia do tan, do truwong, tinh ua
nudc va ki nwrdc cia mang

Dé danh gia ban chit wa nude/ki nuéc cia mang, goc
tham w6t cua giot nudc khi tiép xic véi bé mat mang
dugc thyuc hién trén méay do quang ké Theta (thiét bi
KSV, Mi). Viéc xac dinh d6 tan, do truong cua mang
dugc thuc hién theo phuong phap dugc bdo céo bai
Mittal va cong su [8] v&i mot sé thay ddi nho. Mang
duoc cat thanh hinh vudng c6 canh (2,5 x 2,5) cm, sau
d6 cac mau mang duoc say khd & 50 °C trong 24 gid
thu duoc khdi lwong khoé ban dau (M,). Tiép theo
ngam cac mau mang trong 30 mL nudc trong vong 24
gio. Sau 24 gio, luong nudc con lai duoc loai bo, cac
mau mang duoc say khd (M,). Mang duoc siy kho
trong ta siy ¢ 50 °C trong 24 gio dé xac dinh khoi
lwong kho cudi cung (Ms).

M, — M
Do tan (%) = (11\/[73) x 100 1)
1

M, — M,)
M

bo trwong (%) = x 100 2)

1

2.5. Phuong phap danh gia kha ning khang khuén

Kha ning khang khuan cua mang duoc xac dinh bang
phuong phap khuéch tan dia thach theo Bektas Tepe
va cong su [9] véi mot sb bién tinh nho. Céac chang vi
sinh vat thir nghiém (Staphylococcus aureus NRRL B-
313, Pseudomonas aeruginosa NRRL B-14781, va
Escherichia coli NRRL B-409) dwoc chuan bi, moi
truong thach thuong, dia petri khir tring, con, cac
dung cu trai khuan. Mang duoc cét thanh hinh vudng
canh (1 x 1) cm, sau d6 dat I&n bé mit thach da trai
khuan (sir dung 100 pL khuan 2 x 10° CFU/mL), sau
d6 u ¢ 37 °C trong 24 gid. Cudi ciing, mau duoc lay ra
do duong kinh vong khang hinh thanh trén bé mat
thach theo don vi mm. Tat ca mau duoc thuc hién 2
lan d¢ lay gia tri trung binh va sai sd.

3 Két qua va thao luan

3.1 Anh mang

Hinh anh cua mang duoc trinh bay qua Hinh 1. Két
qua cho thdy mang PDA trong suét, bong loang,
phing va co do truyén qua tét khi thdy dwoc nhitng
doan chit bén dudi mang. Mang PDA két hop voi
nano bac c6 mau vang ting dan dén dam khi ting ham
luvong nano bac 0,2 %, 0,4 % va 0,6 % (w/v) trong
mang hdn hop nhung van giit duge do bong so voi
mau PDA ban dau.
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Hinh 1 Anh mang a) PDA, b) PDA-AgNPs-0,2,
c) PDA-AgNPs-0,4 va d) PDA-AgNPs-0,6

3.2 Phan tich quang phé hong ngoai

Phuong phap ATR-FTIR dugc sir dung dé nhan dién
cac nhém chirc trén bé mat va xac dinh tuong tac co
thé c6 giira cac thanh phan trong mang hdn hop. Mang
PVA thé hién cac dinh dic trung tai viing s6 séng
3269 cm™ dic trung cho nhom -OH duoc hinh thanh
boi cac nhom hydroxyl va nuéc, 2 938 cm™ dic trung
cho su dao dong gitta C-H cta nhém -CH,, 1 718 cm’
' 1635 cm™ dic trung cho dao dong C=0 cua nhém
vinyl acetate cua PVA, su dao ddéng cua peak
1 245 cm™ thé hién dic trung cua lién két C-H trong
phan ta, 1 035 cm™ thé hién su dao dong cua C-O
trong nhanh ancol. Khi két hop Agar va D-glucose
vao PVA, chan cia nhém -OH mé& rong va cuong do
ciia nhém -OH ting (3 000 + 3 500) cm™. Ngoai ra,
cuong d6 peak ¢ 1 718 cm™ véi dao dong cua C=0
giam dang ké, diéu nay cho thay tuong tac hydrogen
gitra PVA, Agar, D-glucose va Glycerol [10]. Su dich
chuyén peak & 1 100 cm™ sang peak 1 035 cm™ tuong
ung vai dao dong C-O-O-H cua nhom cacboxyl, lién
két O-H cua vong phenol va lién két C-O cua mach
ancol [11]. So véi mang PDA, pho ATR-FTIR cua
mang PDA két hop véi nano bac khong cé su thay doi
vé cudng d6 va su dich chuyén peak so véi phd PDA
va vi vay cd thé thiy khong co su twong tac giita PDA
VGi nano bac trong cau tric mang. Két qua tuong tng
cua Sarwar [12] va cong su chi ra rang viéc bd sung
AgNPs khdng c6 anh huéng dén ciu tric cia mang
PVA/nanocellulose.

Pé truyén qua (a.u.)

1092 %

1035
ZSbO ' 20b0 ' leO 10b0
S6 song (cm)
Hinh 2 Phé ATR-FTIR ciia a) PVA, b) PDA,
c) PDA-AgNPs-0,2, d) PDA-AgNPs-0,4
va e) PDA-AgNPs-0,6

3.3 Tinh chat co 1i cia mang

Tinh chit co li cia mang dugc danh gia thong qua do
bén kéo va d6 dan dai tai diém dut va duoc quan st
trong Bang 1. Két qua cho thiy d¢ bén kéo va do dan
dai tai diém dut twong ng ciia mang PDA 1a (7,49
0,45) MPa va (179,59 + 5,74) %. Khi két hop voi
nano bac, dd bén kéo va d6 dan dai tai diém dat cua
mang tang. Diéu nay c6 thé 1a do AgNPs dong vai tro
chat don gia cudng cho polymer nén d6 bén kéo
tang, 46 dan dai ting din dén sy gia ting d6 sap xép
O trat tu cua PDA sau khi thém nano bac hoic do su
hinh thanh lién két hydro, twong tac gitra AgNPs va
polymer. Sy gia ting twong tu Vé gia tri d6 bén kéo
va dan dai khi dirt ciing duoc tim thay trong nghién
citu két hop AgNPs vao PVA/nano-cellulose cua
Sarwar va cong su [12].

4000 3500 3000

Bang 1 Tinh chat co 1i cia mang PDA va PDA két hop voi
nano bac

Do bén kéo | Po dan dai tai

(MPa) diém dit (%)

PDA 749+0,45 | 179,59 +5,74
PDA-AgNPs-0,2 | 11,16 +0,83 | 170,29 + 6,86
PDA-AgNPs-0,4 | 12,09+0,28 | 237,12 +5,56
PDA-AgNPs-0,6 | 12,08 +£0,37 | 300,24 + 22,22

3.4 Tinh va nudc/ki nudc, d6 tan, do truong ctia mang
G6c tham w6t 1a mot théng sé dé xac dinh tinh chat ki
nude va wa nudc cia bé mat vat liéu. Géc tham w6t
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cang nho thi tinh wa nuéc cang cao. Su thay doi goc
thim w6t theo thoi gian dugc quan sat trong Hinh 3.
Khi thém agar va D-glucose, goc tham wét cua mang
PDA giam so v6i mang PVA.
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Thoi gian (s)
Hinh 3 Gdc tham w6t cua mang

Khi thém nano bac vao mang, goc thdm uét ting dan
theo ndng d6 0,2 % + 0,6 % (w/v), diéu nay c6 thé do
su phan bd cua nano bac trén bé mat mang 1am cho bé
mat mang nham va tré nén ki nuéc hon. Nhu vay, su
két hop cua nano bac da cai thién tinh ki nudc trén bé
mat mang PVA/D-glucose/Agar.

Do treong ctia mang duoc cho la kha nang tuong tac
v6i phan tir nuéc va gitr nudc trong cau tric caa nén
polymer, trong khi d6 tan 14 ti & cua céc thanh phan
ran trong mang sau khi ngdm mang trong nuéc. Tir
két qua Bang 2 c6 thé thdy do tan cua mang han hop
khong thay ddi nhiéu sau khi két hop nano bac vao
PDA. Trong khi d6 truong ting nhe khi két hgp nano
bac vao mang hén hop.

3.5 Hoat tinh khang khuan cia mang

Két qua khang khuan (Hinh 4) cho thiy mang PDA
khéng c6 kha nang khang khuan. Khi thém nano bac,
duong kinh khang khuan cia mang ting 1én tuong
g véi ndng d6 (0,2 + 0,6) % w/v va kha ning khang
manh nhat ddi voi ching Pseudomonas aeruginosa
sau d6 1a Escherichia coli va cudi cung la
Staphylococcus aureus, chiing té6 kha nang khéang
khuan cua nano bac véi Gram am tét hon véi so Voi
Gram dwong. Cu thé duong kinh khang khuan cua
mang PDA két hop véi nano bac nong do (0,2; 0,4 va
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0,6) % w/v lan luot 1a (13,0 + 0,0) mm, (17,0 + 0,0)
mm va (18,0 + 05) mm ddéi véi Pseudomonas
aeruginosa, va dbi véi khuan Staphylococcus aureus
duong kinh khang khuan lan luot 12 (0,0 £ 0,0) mm,
(13,8 £ 0,4) mm va (15,3 + 0,4 mm). Piéu nay duoc
giai thich do vi khuan Gram am c6 mang ngoai tich
dién am véi 16p peptidoglycan mong dé dang cho
nano bac xam nhap vao bén trong [13]. Trong khi véi
vi khuan Gram dwong, nano bac cho hoat tinh khang
khuan yéu hon, diéu nay c6 thé Ia do thanh té bao cua
vi khuin Gram duong day hon thanh té bao cua vi
khuan Gram am [12].

Pseudomonas | Escherichia coli
aeruginosa (-) ()

@ ..

Staphylococcus
aureus (+)

PDA

PDA-
AgNPs-
0,2

PDA-
AgNPs-
0,4

PDA-
AgNPs-
0,6

Hinh 4 Hinh anh khang khuan cia mang PDA,
PDA-AgNPs-0,2, PDA-AgNPs-0,4 va PDA-AgNPs-0,6

4 Két luan

Nhiing két qua thu dwoc cho thiy mang PVA/D-
glucose/Agar két hop véi nano bac di duoc thu
nghiém thanh céng. Su két hgp nano bac di cai thién
dugc dang ké tinh chat co i, tinh ki nudc va hoat tinh
khang khuan cia mang PVA/D-glucose/Agar. Két qua
SEM cho thidy mang tao thanh cé su hién dién cua
nano bac trén bé mat. Cac két qua ATR-FTIR ciing
chi ra viéc thém nano bac khdng lam anh huéng dén
lién két giira cac thanh phan PVA, Agar, D-glucose va
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nano bac. Vi vdy khong lam thay déi do tan, do mot ung cir vién phu hop cho ung dung bao quan
truong ctia mang. Tuy nhién, hoat tinh khang khuan ndng san.

cua mang PVA/D-glucose/Agar dugc cai thién dang

ké véi su két hop ctiia nano bac, do d6 mang tao thanh | 4i cdm on

dap mg dugc f]hme tinh chat quan trong cua mang Nghién ctru duoc tai trg boi Quy Phat trién Khoa hoc
bao goi thuc pham. Dya vao kha nang khang khuan va  va Cong ngh¢ - Dai hoc Nguyén Tat Thanh, dé tai ma
tinh chat co li tot, mang PDA-AgNPs-0,2 dugc xem la s6 20210.01.18 /HD-NCKH.
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Effect of silver nanoparticles on the characteristic and properties of PVA/D-glucose/Agar film

Nguyen Thi Thuong’, Pham Tran Bao Tran
NTT Hi-Tech Institute, Nguyen Tat Thanh University
“nthithuong@ntt.edu.vn

Abstract In present work, we introduced silver nanoparticles (AgNPs) into PVA/D-glucose/Agar film for the
purpose of enhancing mechanical behavior, hydrophobicity, and antibacterial activity of the resultant film. The
PVA/D-glucose/Agar films loading AgNPs were prepared via facile casting method. The ATR-FTIR results
demonstrated no chemical interaction between AgNPs and polymer component formulated in films and thus, the
swelling degree and solubility of resulting film was not affected by the addition of AgNPs. More importantly, the
antibacterial activity of film with loading AgNPs was significantly revitalized and therefore it is a potentially
promising material ideally suitable for food packaging application.

Keywords Poly (vinyl alcohol), Agar, D-glucose, silver nanoparticles, and antibacterial film
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