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NGHIEN CU'U CHE TAO MANG POLYMER KHANG KHUAN
TREN CG SO POLYLACTIDE VA POLYPHENOL TRA XANH

STUDY ON PREPARATION OF ANTIBACTERIAL POLYMER FILM
BASED ON POLYLACTIDE AND GREEN TEA POLYPHENOLS

Pham Héng Quyén’, Mai Tung Duong’, Nguyén Thanh Thao’,
To Nguyén Bao Ngoc', Nguyén Thi Nga? Lé Thi Ha Péng?, Nguyén Thi Thay"”

TOM TAT

Bai bao nay trinh bay cic két qua vé nghién ctu ché tao va cic tinh chat clia
mang polymer khéng khuan trén co s axit polylactic (PLA) va polyphenol tra
xanh. Mang t6 hop PLA/polyphenol véi céc ty |& khac nhau dugc ché tao bang
phuong phép bay hei dung méi. Cac tinh chdt co hoc, phd hdng ngoai, ham
lugng &m va kha nang khang khuan cia mang dugc danh gid. Két qué thu dugc
cho thdy mang t6 hop PLA/polyphenol ¢6 do bén kéo dit va do dan dai khi diit
cao hon so vdi mau PLA ban dau khi ché tao vdi ti 18 PLA/polyphenol 1a 97/3. Cac
mang t6 hop ¢ hiéu qua khang céc ching vi khudn S. aureus va E. coli.

Tir khéa: Polylactide, polyphenol tra xanh, mang polymer khdng khudn, dg
bén kéo diit, khd ndng khdng khudn.

ABSTRACT

This paper presents the results of study on preparation and properties of
antibacterial polymer film based on polylactic acid (PLA) and green tea
polyphenols. The PLA/polyphenol composite films with different ratio were
prepared by solvent evaporation method. The mechanical properties, infrared
spectra, moisture content and antibacterial ability of the composite films were
evaluated. The obtained results show that PLA/polyphenol composite film
prepared at the ratio of PLA/polyphenols of 97/3 had the best tensile strength
and elongation at break as compared to PLA film. The composite films could
against to S. aureus and L. coli strains.

Keywords: Polylactide, green tea polyphenols, antibacterial polymer film,
tensile strength, antibacterial ability.

"Trutng Trung hoc phé thdng Vinschool Imperia
Trugng Cao dang Y té Ha Noi

3Trudng Dai hoc Hai Phong

“Email: v.thuynt208@vinschool.edu.vn

Ngay nhan bai: 05/5/2022

Ngay nhdn bai stta sau phan bién: 09/6/2022
Ngay chap nhdn ddng: 27/6/2022

1. MG PAU

Trong nhiing ndm gan day, nhiéu nghién ctu dugc tap
trung khdm phd stf dung cac vat liéu sinh hoc ty nhién hoac
téng hgp trong tng dung mang bao géi, nhu chitosan, axit
polylactic (PLA), tinh bét,... vi cac vat liéu nay cé cac uu
diém d6 la c6 khd nang tuong hop sinh hoc, phan hay sinh
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hoc, than thién moi truong va an toan véi ngudi st dung [1,
2]. Trong d6, PLA la mét trong nhiing vat liéu sinh hoc duagc
st dung phé bién trong linh vuc bao géi do né cé thé san
xudt véi san lugng 16n tir cdc nguén thuc vat nén gia thanh
ré [3, 41. Tuy nhién, PLA c6 tinh chat co hoc thap va khong
¢6 kha nang khang khuan nhu chitosan [1]. Do dé, dé mé
réng Ung dung clia PLA trong linh vuc mang bao géi, cac
hoat chat c6 khd nang khang khudn dugc dua vao trong
mang PLA dé cai thién kha nang khang khuan ctia mang.
Trong s6 céac hoat chat sinh hoc ¢ kha nang khang khuan,
polyphenol tra véi gia thanh ré va kha nang khang khuén,
khang ndm t6t nén dugc sir dung cho mang polymer [1, 5-
9]. Zhang va cong su da nghién ciu tinh chat ctia mang cé
thé an dugc vdi thanh phan gém natri alginate va
polyphenol tra [5]. He va cong su cling chi ra cac sgi té hop
chitosan/polyphenol tra/nisin c6 hiéu qua Utc ché sy phat
trién cda vi khudn gay bénh va hu héng trén thit ctiu uép
lanh [6]. Liu va cdng su da ché tao sgi nano PLA/polyphenol
tra bang phuong phap phun sgi dién [1]. Cac tac gia da chi
ra sy c6 mat cta polyphenol tra lam giam d6 bén kéo dut
va do dan dai khi dat ctia PLA, tuy nhién lai cai thién kha
nang chéng oxi hda va khang khuan cda PLA. Ye va cong su
cling ché tao va nghién ctiu cac tinh chat cda mang t8 hop
PLA-polyphenol tra - chitosan va ting dung mang nay trong
bdo quéan qua anh dao [10]. Mang khang khudn PLA chiia
2% chéat chéng oxi héa ho phenol t6ng hagp dugc ché tao
bing phuong phap dun [11].

C6 thé thay, ché tao va tinh chat cia mang t8 hop
PLA/polyphenol tra xanh ché tao bang phucng phap phun
sgi dién da dugc nghién ctu [1], tuy nhién, chua cé nghién
clu dé cap dén ché tao mang t6 hgp PLA/polyphenol tra
xanh bang phuong phap dung dich bay hoi dung moéi. Do
dé, bai bao nay trinh bay cac két qua nghién ctiu ché tao va
tinh chat co hoc, cau tric va khd nang khang khuan cda
mang t& hgp PLA/polyphenol tra xanh ché tao bang
phuong phdp dung dich bay hoi dung méi.

2. THUC NGHIEM
2.1. Nguyén vat liéu, héa chat

PLA do hang NatureWorks san xuat (ma 3001D) co6 ty

trong 1,24g/cm?, chi s6& chdy (MFl) 10 - 30g/10
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phut/190°C/2,16 kg. Polyphenol tra xanh (TPP, d6 tinh khiét
> 98%, HPLC), diclometan (DCM) (d6 tinh khiét 99%),
etanol (@6 tinh khiét 99,5%) la san pham thucong mai cla
Trung Quéc.

2.2. Ché tao mang té hgp PLA/polyphenol tra xanh

Mang t6 hgp PLA/TPP dugc ché tao nhu sau: Dau tién,
dong 100ml dung dich DCM cho vao céc thay tinh, sau dé
cho PLA vao va khudy hén hgp trén may khudy ti dén khi
PLA tan hoan toan. HGt 20ml etanol cho vao céc thuy tinh,
sau d6 cho TPP vao, khudy hon hgp trén may khudy tir va dem
di rung siéu am dén khi polyphenol tan hoan toan. Sau do,
tron cac dung dich trén véi nhau va khudy trén may khudy
tur trong 1 gid. D6 dung dich ra dia petri va dé kho tu nhién
trong khéng khi, thu dugc mang t6 hgp mau vang nhat.
Béc mang ra khéi dia petri va bdo quan mang trong tui zip
dé do dac cac dac trung, tinh chat. Ty 1& thanh phan va khéi
lugng cac tién chat dugc trinh bay & bang 1.

Bang 1. Ty I& thanh phan cdc mau mang t6 hgp PLA/TPP

T | Mau Tylé Khéi lugng Khéi lugng
PLA/polyphenol PLA(g) polyphenol tra (g)
1 M1 100/0 1,00 0
2 M2 97/3 1,94 0,06
3 M3 90/10 1,80 0,20

2.3. Cac phuong phap dac trung

Phé hong ngoai (IR) ctia mang t6 hgp PLA/TPP dugc ghi
trén thiét bi phd héng ngoai Nicolet iS10 clia hdng Thermo
Scientific (My).

Tinh chat co hoc clia mang dugc do trén thiét bi co ly da
nang Zwick (Puic) theo tiéu chudn ASTM D882.

Ham lugng &m trong mang dugc xac dinh theo cong
thace [12]:

Ham lwong 4m (%) = (W“;—Wa) x 100 (M

Trong d6, w; 1a khéi luong mau ban dau, w, la khoi
lugng mau sau khi say & 105°C trong 24 gid.

Kha nang khang khudn cila mang dugc danh gia theo
phuacng phap 16 thach. Cac vi khuin véi néng d6 10° cfu/ml
dugc trang déu trén bé mat thach trong dia petri truéc khi
lan lugt dat tiing mau tha (c6 dudng kinh 10mm) 1én trén
bé mat thach. Dia petri dugc nudi & ta &m 37°C dé vi sinh
vat phat trién trong 18 - 24 gid. Lay cac dia thach ra khéi ta
am. Do va ghi lai kich thudc vong vé khuén.

3. KET QUA VA THAO LUAN
3.1. Phé héng ngoai

Hinh 1 trinh bay phé IR ca polyphenol tra xanh va cac
mang t6 hop PLA/TPP véi cac ti I& khac nhau. Quan sat hinh
1 ¢6 thé thdy trén phd IR clia PLA xudt hién cac pic dic
trung cho dao dong héa tri cia nhom C-H no & s6 séng
2995cm™, nhdm C=0 & s6 séng 1747cm™, nhém C-0 & s6
song 1083cm™ va 1182cm”, nhém C-C & 1043cm™ va
1127cm™. Ngoai ra cling quan sat dugc dao dong bién
dang va dao déng ngoai mat phang ctia nhém C-H no & cac
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vi tri 1452cm™, 1381cm™ va 867cm™ [1]. Phé IR cla
polyphenol xuat hién cac pic dac trung cho cac nhém O-H
(3301cm™ va 1609cm™), C-H no (2920cm™, 1360cm’,
846cm™), C=0 (vai pic & 1695cm™), nhéom C-O, C-C (1015cm?,
1076cm™, 1147cm™) trong cau tric cta polyphenol [1, 10].
So sanh phé IR cia mau M2 va M3 véi phé IR clia mau M1
va TPP, c6 thé thdy trén phé IR clia cAc mau mang M2 va
M3 déu xuat hién cac pic dao déng ctia TPP va PLA, ching
td TPP dé dugc dua thanh cong vao mang PLA. Khi dua TPP
vao PLA vdi ham lugng I6n (ty 1& PLA/TPP 1a 90/10), c6 thé
thay rdé cac pic dao déng ctia TPP & 3362cm™, 1649cm™. Vi
tri cac pic dao doéng dac trung cho cac nhém chic O-H,
C=0 dich chuyén nhe ching té cac nhém chiic O-H, C=0
trong TPP da tuong tac véi nhom C=0 trong PLA.

M3

-

M2

Hinh 1. Phé hdng ngoai (IR) cda polyphenol va cdc mau mang M1, M2, M3
3.2. Tinh chét co hoc
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Spannung in MPa

M3
Hinh 2. D6 thi phu thudc luc kéo - d6 dan clia cic mau mang t6 hop PLA/TPP
Bang 2. D bén kéo diit va do dan dai khi diit cia cdc mau mang t6 hgp PLA/TPP

T | Mau Do bén kéo ditt (MPa) Do dan dai khi diit (%)
1 M1 13,79+0,22 2,22£0,68

2 M2 16,49+247 4,09+1,20

3 M3 3,50£0,51 3,14+0,74

D6 bén ca hoc la mét trong cac tinh chat quan trong dé
danh gia cac mang t6 hgp polymer trong (ing dung bao
goi, bao quan [1, 2]. Mang c¢6 tinh chét co hoc t6t sé bén,
dai, giup bdo quén hoa qua, thuc phdm t6t hon. Pac biét 1a
trong qua trinh van chuyén, diéu nay sé gilp cac mang han
ché su tac déng clia ngoai luc vao thuc phdm. Hinh 2 va
bang 2 trinh bay cac két qua dé bén kéo dut va dé dan dai
khi @it cGa cac mau mang t6 hogp PLA/TPP.

Két qua & hinh 2 cho thdy cac mau mang cé cau truc
kha déng déu nén su chénh léch tinh chat co hoc tai cac vi
tri mau khéac nhau la khéng nhiéu. Bang 2 cho thdy ham
lugng TPP ¢4 &nh hudng dang ké dén dé bén kéo dut va do
dan dai khi dut cia mau. Khi dua TPP vao mang PLA véi cac
ty 1& PLA/TPP 97/3 va 90/10, d6 dan dai khi dit cta PLA
dugc cai thién 1,84 1an va 1,41 1an so vai PLA ban dau. O ty
|&é PLA/TPP 97/3, TPP da cai thién d6 bén kéo dit clia PLA
1,2 lan trong khi & ty 1& PLA/TPP 90/10, d6 bén kéo dut cla
mang t6 hgp gidm so vai PLA. Diéu nay ching to &ty |é 97/3,
PLA va polyphenol da tuong téc va trén lan véi nhau tét, nén
cai thién dé bén kéo dut va do dan dai khi dut cua vt liéu.
Mac du da c6 nghién ctu chi ra TPP lam gidm nhe dé bén
kéo dut va do dan dai khi dut cta PLA khi vat liéu dugc ché
tao bang phuang phap phun sgi dién [1, 13], nhung trong
nghién ctu nay, TPP da cai thién dé bén kéo dut va dé dan
dai khi dut ctia PLA & ty |é PLA/TPP 97/3. Két qua nay la uu
diém cta nghién ctu nay khi vat liéu dugc ché tao bang
phuaong phap dung dich bay hai dung méi.

3.3. Ham lugng 4am

Két qua & bang 3 cho thdy cdc mau mang té hop c6 TPP
¢6 ham lugng 4m cao han so vGi mang PLA ban dau. Dac
biét, khi st dung t6i 10 % TPP (ty lé PLA/TPP 90/10), mang
c6 ham am rét cao, lén t&i 12,22%. Piéu nay c6 thé do khi
say @ 105°C, polyphenol cling bi phan hdy mét phan nén
lam tang ham am clia mau.
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Bang 3. Ham lugng dm cla cac mau mang M1, M2, M3

1 Mau Ham lugng am (%)
1 M1 1,114£0,02
2 M2 3,01£0,15
3 M3 12,22+£1,27

3.4. Kha nang khang khuan

Mang PLA khéng cé khad ndng khang khudn [14], nén
trong nghién ctru nay, cac mau mang té hogp PLA/TPP & ty
& PLA/TPP 97/3 va 90/10 dugc danh gid kha nang khang
khuadn véi cac chang vi khudn Gram (+) Staphylococcus
aureus va Gram (-) Escherichia coli. Hinh 3 la hinh anh dia
thach cta cac mau PLA/TPP trén cac chling S. aureus va E.
coli. Bang 4 trinh bay két qua dudng kinh vong vé khudn
clia cac mau mang PLA/TPP.

Ky hiéu S.aureus E.coli
mau
M2 -

M Pkl =
M3

M"", LA 5

s i

FO_]

Hinh 3. Hinh anh dia thach clia mau thit trén chling S. aureus va E. coli

Két qua cho thdy cac mau thir M2 va M3 c6 dudng kinh
vong vo khuan la 10 mm trén ching S. aureus va E. coli. Nhu
vay, TPP da phat huy vai trd khang khuan d8i véi cac chiing
vi khuan Gram (+) S. aureus va Gram (-) E. coli khi dugc dua
vao PLA. Khi so sdnh v&i mang PLA/nisin, mang PLA/nisin
chi c6 kha nang khang lai vi khudn Gram (+) nhung khéng
¢6 kha nang khang lai vi khuan Gram (-) (dudng kinh vong
v6 khuan = 0) [14]. K&t qua nay md ra Ung dung clla mang
t6 hop PLA/TPP v&i d bén co hoc cao va kha nang khéng
khuén tét d8i véi cac ching vi khudn Gram (+) S. aureus va
Gram (-) E. coli.

Béng 4. Dutng kinh vong vd khudn cla cdc mau mang t6 hop PLA/TPP

ST Téﬂn Puding kinh vong vé khuan ciia cac loai mang (mm)
mau Staphylococcus aureus Escherichia coli
1 M2 10 10
2 M3 10 10
4, KET LUAN

Trong nghién ctiu nay, mang t8 hop PLA/polyphenol tra
xanh da dugc ché tao thanh cong bang phuong phéap dung
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dich bay hai dung méi. Két qué phé IR da chi ra polyphenol
tra xanh da tuong tac vai PLA. Mang ché tao & ty lé
PLA/polyphenol 97/3 c6 d6 bén co hoc cao, ham lugng 4m
thap, kha nang khang khuan tét, thich hgp ting dung trong
linh vuc bao g6i thuc phdm.
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