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Tom tat

Trong nghién ctru ndy, chung t6i tién hanh két hop tinh dau Qué den vao mang
poly(vinyl alcohol)/agar dé cai thién hoat tinh khang khuan cta mang thu duoc. Tinh
dau qué den c6 hoat tinh khang Staphylococcus aureus (S. aureus), Pseudomonas
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aeruginosa (P. aeruginosa), Escherichia coli (E. coli), va Salmonella typhimurium la
nho thanh phan cinnamaldehydeco trong tinh dau. Mang hdn hop dua trén poly(vinyl

alcohol)/agar két hop véi tinh dau Qué den duoc tong hop thanh cong bang phuong
phap tao mang. Két qua cho thdy mang thu duoc c6 hoat tinh khang khuan dwa trén sy
két hop cua tinh dau Qué den, va do d6 mang thu dwoc gitp cai thién chat lugng bao bi

trong linh vyc bao quan thuc pham.

Tur khoa

Poly (vinyl alcohol), Agar,
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1 Gi¢i thiéu

Polyvinyl alcol (PVA) 1a san pham caa qua trinh alcol
hoa tir polyvinyl acetate vgi mat dd cao cia nhém
hydroxyl phan bé doc theo mach chinh, lam cho PVA
c6 tinh wa nudc. Gan day, PVA duoc sir dung trong
nhiéu ung dung xu 1i nuéc thai nho vao sy hap phu
cao, tinh tuong hop, khéng doc va cé kha nang phan
huay sinh hoc [1,2]. Tuy nhién, tinh wa nudc da lam
giam hiéu qua va d6 bén cua vat liéu trong qua trinh
xir i nudc thai [3,4]. Gan day, nhidu phuong phap da
dugc nghién ciru dé giam tinh wa nuwéc cia PVA nhu
khau mang PVA biang cach sir dung nhiét, tic nhan
hoa hoc (glutaraldehyde, glyoxal, axit boric va dat sét)
va tac nhan vat i (str dung UV va btc xa ion) [3,5].
Viéc két hop agar vio mang PVA nham giam tinh ua
nudc cua nd. Agar la mt phic hop pollysaccharit cua
agarose va agaropectin. Thanh phan chinh cua mach
3,6-anhydro-o-L-
galactopyranose lién két voi nhau boi lién két p-1,4 va

la  B-D-galactopyranose  va
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a-1,3 Mach pollysaccharit dugc este hoa & mic do
thap véi axit sulfuric [7]. Cac nghién ciru trude ciing
cho thdy agar nhu mét &ng cir vién trong cai thién tinh
chat vat li cia mang PVA [7-9].

Gan day, xu huéng két hop cac chat khang khuan tu
nhién vao vt liéu tng dung bao quan thuc pham di va
dang nhan dugc nhidu quan tim cuia cac nha khoa hoc
[10-14]. Nhitng nghién ctru trude cho thay tinh dau qué
c6 hoat tinh khang khuan chéng lai cac vi khudn nhu
Stenotrophomonas maltophilia, Staphylococcus aureus,
Listeria  monocytogenes, Streptococcus  oralis,
Streptococci anginosus, Escherichia coli va Bacillus
subtilis [15,16]. Cac hoat tinh khang khudn va khang
ndm duogc cho 1a do cac hop chat phenolic véi cau tric
vong 1dp dugc chirc nang hoa [17].

Nghién ctru nay thuc hién két hop tinh dau Qué den
(TDQD) viao mang PVA dé tao ra mang sinh hoc c6
hoat tinh khang khudn, nham cai thién chat luong bao
bi trong linh vuc bao quan thyc pham.
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2 Thuc nghiém

2.1 Hoa chét va nguyén lidu

Poly (vinyl alcohol) (M = 160 g/mol, d¢ thuy phan 86,5
% - 89 %) la san pham thudc cong ty HIMEDIA, An
Do. Agar powder (C¢H1oOs), dugc mua tir Cong ty
WVP, Phap. Tinh dau Qué den (TDQP -Cinnamomum
cassia) duoc cung cap boi Cong ty TNHH Notessen,
Viét Nam. Cac chung khuan Staphylococcus aureus
NRRL B-313 (S. aureus), Pseudomonas aeruginosa
NRRL B-14781 (P. aeruginosa), Escherichia coli
NRRL B-409 (E. coli), va Salmonella typhimurium
YS1646(S. typhi) dwoc cung cap bai Vién Sinh hoc
Nhiét d¢i Tp. H6 Chi Minh.

2.2 Phuong phap ché tao mang

Quy trinh tong hop mang PV A/agar két hop véi tinh
TDQD dugc tong hop theo phuong phap bay hoi dung
moi da dugc mo ta trong nghién ctu trudC cla nhom
[14,18]. Pau tién, hdn hop cua dung dich PVA (5 %,
w/v) va dung dung dich agar (2,5 %, w/v) dugc khudy
tir v6i toe do khudy tir 500 vong/phut & nhiét ¢o 90 °C
cho dén khi agar tan hoan toan. Sau do, 30 % glycerol
(wiw, so véi khdi lugng ciia tong chat ran) véi vai tro
1a chat hoa déo, duoc thém vao hdn hop va khuay lién
tuc trong 1 gio ¢ 60 °C. Dung dich polymer sau khi
ddng nhat dugc li tam trong 1 phut dé loai bo cin va
bot khi. Sau d6, TDQD dugc thém vao dung dich
polymer & cac nong do 0,5 %; 1 %; 1,5 % (v/v) cung
V6i 0,25 % (v/v) chat nhii hoa tween 80 va duoc siéu
am trong 30 phut ¢ 60 °C. Trong giai doan ké tiép,
dung dich tao mang duoc db trén cac dia petri (duong
kinh 90 mm) v&i cing thé tich (30 mL) dé dam bao do
day cic mang tao thanh déng déu. Sau d6, cic mang
tao thanh dugc siy kho & 40 °C trong 72 gio va dugc
tach khoi khudén bao quan & 25 °C. Cic mang
PVA/agar va PVA/agar chaa 0,5 %; 1 %; 1,5 % (v/v)
TDQD dugc chu thich twong ung PA, PA-0.5, PA-1
va PA-1.5.

2.3 Phuong phap xac dinh thanh phan hoa hoc TDQD
Phuong phap GC-MS duoc dung dé xac dinh thanh
phan cac chat ¢ trong mau. Thanh phan TDQD dugc
xéac dinh bang thiét bi GC Agilent 6890 N véi ap luc
cua cot dau 1a 9,3 psi, téc do dong khong ddi & muc
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1 mL/min, nhiét d6 dau phun 13 250 °C. Chwong trinh
nhiét chay mau tinh dau: 50 °C gitt trong 2 phut sau
do tang 5 °C /min dén 200 °C tiép tyc tang 10 °C /min
dén 280 °C giir trong 5 phat. Thanh phan TDQPD duoc
phan tich GC-MS ¢ Trung tam Cong ngh¢ Viét - buc,
Trudng PH Cong nghiép Thuc pham Tp. HCM.

2.4 Phuong phap dénh gia kha ning khang khuan cua
TDQD

Hoat tinh khang khuin cia TDQP dugc danh gia
bang phuong phap khuéch tan dia gidy duoc béo cio
boi tac gia Hasan Baydar [19] véi mot s thay doi
nho. Qui trinh dugc thuc hién nhu sau: 100 uL dung
dich huyén phu vi khuan the nghiém gom
Staphylococcus aureus (S. aureus), Pseudomonas
aeruginosa (P. aeruginosa), Escherichia coli (E. coli),
va Salmonella typhimurium (S. typhi) vai mat do
khuan 2 x 10" CFU/mL dugc nho vao dia mi trudng
va trai déu trén mit thach. Mau gidy (Whatman No.)
Vv6i duong kinh 6 mm duoc thim 20 uL TDQD sau d6
duogc dat 1én trung tdm mat thach. Cac dia petri chira
khuan va gidy tham TDQD dugc dit vao ti u 37 °C
trong 24 gio. Hoat tinh khang khuan cia TDQD duoc
danh gia thong qua duong kinh (mm) vong tron uc
ché. Tat ca miu duoc thuc hién it nhat 3 lan dé lay gia
trj trung binh va sai sd.

2.5 Phuong phéap danh gia kha ning khang khuan cua
mang

Kha niang khang khuan ciia mang duoc xac dinh bang
phuong phap khuéch tan dia thach theo tac gia Bektas
Tepe va cong su [20] voi mot sb thay ddi nho. Cac
chung vi sinh vat tha nghiém S. aureus, P.
aeruginosa, E. coli va S. typhi, méi truong thach
thuong, dia petri khtr tring, con, cac dung cu trai
khuan dwoc chuin bi. Mang dugc cit thanh hinh
vuodng canh (1 x 1) cm, sau d6 dit 1én bé mat thach da
trai khuan (sir dung 100 pL khuan c6 mat do 2x10’
CFU/mL), sau d6 u & 37 °C trong 24 gio. Hoat tinh
khang khuin cua TDQD dugc danh gia thong qua
duong kinh (mm) vong tron e ché. Tat ca mau duoc
thyc hién 3 lan dé Iy gia tri trung sau binh va sai sd.
Do bén khuin cua mang duoc kiém tra 0 ngay va 7
ngay luu trir mang & nhiét d6 phong (25 °C).
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3 Két qua va thao luan

3.1 Thanh phan héa hoc cia TDQD

Céc thanh phan chiém ham luong I6n c6 TDQP st dung
trong nghién ctru nay dugc thé hién trong Bang 1 bao
gom: trimethylamine (17,45 %), 2-propenal (31 %),
cinnamaldehyde (21,73 %), va phenylacrolein (23,97
%). Két qua cho thy tinh dau tir 1a va canh Qué den An
Do c6 ham luong cinnamaldehyde thap hon so véi tinh
dau Qué Viét Nam (90,08 % Trans-cinnamaldehyde va
4,69 % Trans-cinnamyl acetate) [21] va tinh dau Qué
Cinnamomum zeylanicum Bark (71,5 %
cinnamaldehyde, 7 % linalool, 6,40 % B-caryophyllene,
5,4 % eucalyptol, va 4,6 % eugenol) [16].

Bing 1 Thanh phan cac chét chira trong TDQD

Ergosta-5,22-dien-3-ol, 0,09
acetate, (3p3,22E)-
[5,9-Dimethyl-1-(3-phenyl- 0,06

oxiran-2-yl)-deca-4,8-
dienylidene]-(2-phenyl-
aziridin-1-yl)-amine

Androstan-17-one, 3-ethyl-3- 0,15
hydroxy-, (5a)-
Benzyl benzoate 0,49

Thanh phan Ham lwong (%)
Trimethylamine 17,45
Pyranton A 0,65
a-Pinene 0,84
Benzaldehyde 0,22
3-Carene 0,23
Cyclohexene, 4-isopropenyl-1- 0,05
methoxymethoxymethyl-
Eucalyptol 0,10
3-Oxo-androsta-1,4-dien-173- 0,03
spiro-2'-3'-0x0-oxetane
Camphor 0,10
Benzenepropanal 0,05
(2)-3-Phenylacrylaldehyde 0,28
2-Propenal 31,00
Cinnamaldehyde 21,73
Phenylacrolein 23,97
[B-lsosafrole 0,05
Brassicasterol acetate 0,03
a-ylangene 0,09
B-Longipinene 1,27
trans-o-Coumaric acid 0,78
Androstan-17-one, 3-ethyl-3- 0,11
hydroxy-, (5a)-
Retinol, acetate 0,06
B-Guaiene 0,06
Gibberellic acid 0,05

3.2 Hoat tinh khang khuan cua TDQD

Két qua kiém tra kha nang khang khuan cua tinh dau
qué bang phuong phap khuéch tan gidy duoc thé hién
trong Hinh 1. Co thé thdy TDQD khang manh dbi
v6i P. aeruginosa khi khong con quan sat thay khuan
lac trén dia thach chira gidy thdm tinh dau (Hinh 1c).
TDQP ciing dugc tim thiy c6 kha ning @c ché ddi
vai S. typhi, E. coli va S. aureus khi ban kinh vong
ban khuan duoc ghi nhan tuong tmg (60 + 0,7; 49 +
0,14 va 22,5 + 0,35) mm. Hoat tinh khang khuan cao
cua tinh dau qué duoc cho 1a do su tac dong cua
cinnamaldehyde - mot phan tir am dién co thé can
thiép vao qua trinh sinh hoc té bao, dic biét 1a cac
chét chira nito nhu protein va nucleic acid [21]. Co
ché khang khuan cua tinh dau qué 1a do ai lyc dién ti
ciia nhom cacbonyl (trong cinnamaldehyde) lién ké
véi lién két do6i, diéu nay da gitp TDQD co thé vuot
qua thanh té bao cua vi khuan va phan tng voi
nucleophile, ching han nhu protein sulfhydryl va cac
nhém amine cuia vi sinh vat, 1am &c ché sy phén chia
té bao va thay ddi cau trac lipid din dén wc ché hoat
dong cua vi khuin. Két qua tuong tu ciing duoc bio
cdo tir cac nghién cuau kiém tra kha ning khéang
khuan cua dau qué va cac loai dau khac chdng lai S.
aureus va E. coli trudc d6 [16,17,22-25]. Nghién ciru
nay tién hanh két hop TDQD viao mang PVA/agar va
tiép tuc khao sat uu viét khang khuén caa san pham.
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Hinh 1 Két qua khang khuan ciia TDQPD chdng lai S. typhi
(@), E. coli (b), P. aeruginosa (c), va S. aureus (d)

=3

3.3 Két qua vé ché tao mang

TrangparenCy \ TrangpaenCy

(@]

TranspdenCY Trangpare anj/

Hinh 2 Anh mang a) PA, b) PA-0.5,
¢) PA-1, va d) PA-1.5
Hinh anh cua cac mang dugc trinh bay & Hinh 2. Ddi
v6i mang PVA/agar (PA) khong chira TDQD (Hinh
2a), mang hoi duc, khong c6 bot khi, mang co d¢
truyén qua t6t. Khi thém TDQBD, mang trong va co do
truyén qua tét hon so voi mang PA (Hinh 2b va Hinh
2d). Do truyén qua déu kha tét cho ca bén mang khi
c¢6 thé quan sat duoc nhitng dong chit bén dudi. Két
qua ting do truyén qua cia mang khi két hop voi
TDQD 1a do lién két cong hoa tri giita PVA va
TDQD, diéu nay dan dén giam sy két tu cua cac giot
dau trong qua trinh 1am kho va su tin xa anh sang
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nhin thdy [26]. Riéng voi mang PA-1.5, ta thiy co
mau vang nhat dac trung cia TDQD dam hon so vai 2
mang PA-0.5, va PA-1. Két qua twong ty ciing duoc
béo cao bai Gao va cac dong nghiép [27], khi két hop
PVA véi tinh dau qué ¢ céc ti 18 khac nhau, cic mang
tré nén vang hon va mo dyc hon. Didu nay cé thé lién
quan dén mau vang tuy nhién cua tinh dau qué va sy
gia tang phan xa khuéch tan giy ra boi Sy tan xa anh
sang trong cac giot lipit. B day cac mang PA, PA-
0.5, PA-1 va PA-1.5 tuong tng (0,21 + 0,01, 0,23 +
0,01, 0,26 + 0,00 va 0,29 + 0,00) mm. Két qua nay
cling tuong ty nhu trong bao cao trudc day khi quan
sat d0 day cua mang PVA/gum arabic/chitosan két
hop véi tinh dau tiéu den va gimg [28] va mang
PVA/tinh bot két hop véi tinh dau sa [29]. Diéu nay
c¢6 thé duoc giai thich do su by nhing giot tinh dau
trong mach polymer [28].

3.4 Hoat tinh khang khuan cia mang

Hoat tinh khang khuén 1a mét trong nhitng déc tinh quan
trong nhit khi noi dén mang bao bi thuc phdm hoat tinh.
Két qua khang khuin cua E. coli, S. aureus, P.
aeruginosa va S. typhi trong thoi gian 24 gio cua céc
mau mang PA c6 va khong co két hop voi TDQD dugc
duoc trinh bay trong Hinh 3. Két qua cho thiy mang PA
khong c¢6 hoat tinh khang khuan. Khi thém 0,5 % (v/v)
TDQD, mang PA-0.5 tao thanh van khong cho thiy kha
ning khang khuan rd rét, c6 thé do ham luong tinh dau
thém vao mang thap. Tuy nhién, sy phét trién cia tit ca
cac vi sinh vat bj tc ché manh khi st dung mang PA két
hop v6i TDQD & ndng do cao hon (1 % va 1,5 % (v/v)).
Puong kinh khang khuan ting dan khi ting nong do
TDQD, cho thiy kha ning khang khuan ciia mang phu
thudc vao ndng do tinh dau duoc thém vao mang. Sau 24
gio tiép xuc, hoat tinh khang khuén manh nhét cua mang
duoc tim thiy c6 kha ning {rc ché P. aeruginosa (V6i
duodng kinh khang khuan cua PA-1 va PA-1.5 lan luot 1a
(10 + 0 va 26,5 + 2,5) mm) va thap nhit déi véi S.
aureus (véi dudng kinh khang khuan cua PA-1 va PA-
1.51a(30,5+ 0,7 va 13,5 + 1) mm trong khi PA-1 khong
c6 su tc ché). Két qua nay ciing phu hop voi nhimg gi
quan sat dugc trong d4anh gia kha ning khang khuan ciia
TDQD, khi tinh dau thé hién su tc ché manh dbi véi P.
aeruginosa va thap nhat ddi véi S. aureus. Nhu vay, khi
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két hop 1,5 % (v/v) TDQD, mang thu dugc c6 kha ning
khang khuin cao cho ca 4 vi sinh vat P. aeruginosa, S.
Typhi, E. Coli va S. aureus. Két qua khang khuan cua
mang PA két hop voi TDQD duoc tim thiy trong tw va
tham chi cao hon so v&i mang PVA/gum arabic/chitosan
két hop voi tinh dau tiéu den va gung [28],
PVA/manocellulose/nano  Ag [30] va mang
PVA/cellulose [31]. Ngoai ra, d6 bén khuan ciia mang
ciing duoc kiém tra ddi voi mang ngay sau khi tong hop
va sau 7 ngay luu trit & nhiét d6 phong (25 °C).

30
BPA
25 | mPA05
BPA-1
20 {BPA15 -

Puong kinh khang khuan (mm)
= =
o [6)]

ol
1

S. aureus P. aeruginosa E. coli S. typhi

Hinh 3 Két qua khang khuan cua mang
Két qua cho thdy co su phat trién khuan ting manh d6i
v6i mang PA-0.5 va PA-1 trong khi kha ning Gc ché
ciia mang PA-1.5 d6i véi P. aeruginosa, S. Typhi, E.
Coli va S. Aureus giam nhe tuong ung (18,87; 28,2;

Tai liéu tham khao

5,4 va 7,4) % sau 7 ngay luu trit mang & nhiét do
phong (25 °C). Piéu nay 1a do ndng do6 TDQD trong
mang PA-1.5 chiém cao nhat 1,5 % (v/v). Nhu vay,
mang PA két hop véi 1,5 % (v/v) TDQD thé hién kha
nang khang khuan tét nhit va co thé duy tri sau 7 ngay
luu trit & nhiét d6 phong (25 °C).

4 Két luan

TDQD sur dung trong nghién ctru nay c6 21,73 % ham
luong cinnamaldehyde va cho thiy kha ning khang
khuan manh chdng lai P. aeruginosa, E. coli, S. typhi
va S. aureus. TDQD duoc két hop vao mang PV A/agar
va két qua danh gia so bo cho thdy mang hdn hop chira
1% (v/v) cho sy tuong hop t6t nhit. Mang PA két hop
v6i 1,5 % (viv) TDQD cho kha ning khang khuan
manh ddi véi bon chung khuan duoc sip xép theo thi
tu giam dan P. aeruginosa > S. typhi > E. coli > S.
aureus. Ngoai ra, két qua danh gia do bén khuan ciing
cho thy hoat tinh khang khuan ctia mang PA-1.5 giam
nhe sau 7 ngay luu trir & 25 °C. Nhu vdy, nghién ctu
thanh cong mang c6 hoat tinh khang khuan dya trén
polyvinyl alcohol/agar két hop véi TDQD, va dugc ki
vong nhu vat liéu bao bi ddy tiém ning trong bao quan
thuc pham.
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Effect of black cinnamon essential oil on the antibacterial activity of Polyvinyl alcohol/agar film
Nguyen Thi Thuong
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Abstract The aim of this study is to incorporate black cinnamon essential oil onto the polivinyl ancol /agar film
to enhance the antibacterial activity of the resulting films. The polivinyl ancol/agar films loaded with black
cinnamon essential oil were successfully synthesized via facile casting method. The result reveals that black
cinnamon essential oil has great antibacterial properties against Staphylococcus aureus (S. aureus), Pseudomonas
aeruginosa (P. aeruginosa), Escherichia coli (E. coli), and Salmonella typhimurium due to the presence of
cinnamaldehyde. It is found that as-prepared blend film has bactericidal activity when incorporated with black
cinnamon and the best inhibitory efficiency is observed on P. aeruginosa bacteria. Furthermore, it can be seen
that the higher the oil concentration is, the greater antibacterial activity of as-prepared film is. Hence, it can be
concluded that polivinyl ancol/agar film containing black cinnamon oil is considered a potentially promising
material, ideally suitable for food packaging application.

Keywords Poly (vinyl alcohol), Agar, Antimicrobial activity, black cinnamon essential oil.
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