Tap chi Khoa hoc va Céng nghé 51 (6) 729-735

TAC DUNG KHANG KHUAN CUA MANG POLYLACTIC ACID - NISIN

Tran Thanh Thiy', Hoa Thi Minh T, Pham Thi Thu Phwong, Nguyén Quéc Vigt,
Bui Thi Thanh Mai, Tran Pinh Man, L.é Thanh Binh

Vién Céng nghé sinh hoc, Vién HLKHCNVN, 18 Hoang Quéc Viét, Cau Gidy, Ha Ngi
“Email: tranthuy782002 @yahoo.com
Dén Toa soan: 30/8/2013; Chap nhan dang: 7/12/2013

TOM TAT

Mang polylactic acid (PLA) va nisin dugc tao thanh theo phuong phdp phdi tron. Trong dé,
polylactic acid va nisin déu 1a nhirng san phdm c6 ngudn goc tur vi sinh vat (tr ching Rhizopus
oryzae VLSH 01 va chung L. lactis subsp. lactis PD15.1). Anh kinh hién vi dién tir quét (scanning
electron microscopy — SEM) cho thay nisin phan bd khd déng déu trén mang. Nisin két hop vao
trong mang PLA dat 1415 IU/cm’. Bén canh d6, tic dung khang khuin ciia mang da dwoc
nghién ctru trén moi truong thach ban 16ng va mdi truong LB dich thé. Két qua cho thay, mang
PLA-nisin c6 tic dung tic ché sinh trudng ciia vi khuan kiém dinh thudc nhém vi khuan Gram
(+), dac biét dbi véi vi khuan giy bénh trong thuc pham gom Bacillus cereus, Listeria
monocytogenes va Staphylococcus aureus. Déng thoi, mang PLA-nisin c6 kha ndng tiéu diét
hoan toan B. cereus & nf)ng d6 1ay nhiém ban dau 12 10° CFU/ml sau 16 gio nudi cdy. Két qua
nghién ctru nay di cho thay mang khing khuan PLA-nisin c6 tiém ning (mg dung trong bao géi
va bao quan thyc pham.

Tir khéa: mang khang khuan, mang PLA-nisin, nisin, polylactic acid, vi khuan giy bénh trong
thyc pham.

1.MO DPAU

Van dé 6 nhiém thyc pham, ddc biét 12 nhiém vi sinh vat sau khi ché bién 1a mot trong sé
cdc nguyén nhan chinh lién quan t6i bénh thyc pham van nan strc khoe cong dong va la ganh
nang kinh té ddi v6i nganh cong nghiép thyc pham Déng g6i 1a mot trong céc khau cudi cling
trude khi thye pham duge bao quan, phan phdi va tiéu dung. Boi vy dong goi va vat li¢u dong
g6i 1a khéu c6 y nghia dac bi€t va la bude c6 thé kiém sodt 6 nhidm vi sinh vat sau ché bién.
Viéc kiém sodt sy nhiém nay 1a mot giai phap quan trong lam giam thiéu céc tic hai néi trén.
Ngoai ra, thuc pham dugc dong goi tré nén an toan hon, chét Iugng duoc dam bao va thuan loi
cho viéc cung cip va phan phdi.

“Déng géi tich cuc, active packaging” 1a dang ma & d6 c6 su twong tac giita thuc pham véi
vat liéu déng géi [1, 2]. Péng géi khang khuan 12 mot dang déng géi tich cyc [1, 2]. Viée sir
dung poly-lactic acid (PLA), mot polymer sinh hoc két hop véi nisin, mot bacteriocin - chat diét
khuan ngudn gdc sinh hoc 1am nhitng vat liéu co ban trong viéc tao bao bi thuc pham la mot
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hudng nghién ctru mdi [1 - 7]. Giai phdp nay la mot sy lya chon dat hai muc ti€u la tao ra bao bi
thyc pham khong chi c¢6 kha niang khdng khuan ma con c¢6 kha nang ty phén hay (phan huy sinh
hoc). Boi I€, do PLA ¢6 kha nang phén huy trong tu nhién, khong gay 6 nhiém méi trudng,
khong phu thudc vao tang gid do qua trinh khan hiém cua dau mo. PLA c6 thé thu nhan du’orc tu
viéc 1én men acid lactic cdc ngudn nguyén liéu c6 ngudn goc tu nhién nhu ngo, 161 ngd, g0 va tir
céc biomass n6i chung. Trong khi d6, nisin mét bacteriocin bén nhiét, dwoc sinh tong hop tir mot
vai chung thudc loai Lactococcus lactis [8, 9]. Nisin ¢6 kha ning tiéu diét cdc vi khuan Gram
duong, gdy bénh thuc pham nhu Staphylococcus aureus, Bacillus cereus, vi khuan ky khi
Clostridium botulinum va dac biét dbi véi Listeria monocytogenes- mot loai vi khuén noi bao
tiy tién, 12 tic nhan gy ra bénh listeriosis, bénh nhidm Listeria rat nguy hiém dbi véi tré em,
nguoi cao tudi, phy nit mang thai [7].

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Nisin 12 san phdm thu nhén tir qué trinh 1én men ching L. lactis PD15.1, bang phwong phép
hap phu phan hap phy, hoat tinh dat khoang 7200 IU/mg. PLA c6 trong lwong phan tir khoang
100.000, thu nhén tir qud trinh polymer héa acid lactic do ching Rhizopus oryzae VLSH 01 tng
hop. PLA va nisin 1 san phdm ciia Phong Céng nghé vat lidu sinh hoc, Vién Cong nghé sinh
hoc, Vién Khoa hoc va Cong ngh¢ Viét Nam.

Vi khuin kiém dinh L. plantarum JCM 1149, Bacillus cereus ATCC 147337, Listeria
monocytogenes ATCC 35152, Staphylococcus aureus ATCC 13709, Salmonella typhimurium
ATCC 13311, Escherichia coli DSM4620(613), Escherichia coli O157:H7 ATCC 43888 trong
tap hop gidng ciia Phong Cong nghé vat liéu sinh hoc.

2.2. Mang PLA-nisin

Mang PLA-nisin dugc chuan bi theo quy trinh phdi tron PLA va nisin st dung dung moi
methylene chloride [4]. Hn hop dugc khudy déu cho t6i khi PLA va nisin hoa tan hoan toan
trong mot thiét bi chira thich hop, tai nhiét d6 phong. Sau d6, hdn hop duoc duy tri trong diéu
kién tu hiit dé methylene chloride bay hoi hét. Mang film PLA-nisin tao ra ¢6 d6 day 0,06 +
0,01mm va ndng do nisin dat 1415 IU/cm’.

2.3. Xac dinh hoat tinh khang khuén ciia mang film PLA-nisin

Hoat tinh khang khuén cua mang film PLA-nisin x4c dinh theo phuong phap khuéch tan
trong moi truong thach cai tién [4, 5, 10]. Theo d6, cdc ching klem dinh bao gébm B. cereus,
S. aureus, S. typhymurium, E. coli, E. coli O157:H7 dugc nudi ciy trong méi truong LB,
L. plantarum 1149 trong MRS va L. monocytogenes trong mdi truong BHI. Cdc manh cat tir
mang PLA-nisin c¢6 duong kinh 6 mm dugc dit 1én moi truong thach ban 16ng ma trude dé da
ciy céc chiing vi khuan kiém dinh trén méi trudng thich hop néu trén. Cac dia petri sau khi giit &
nhiét do 4 °C trong 4 gid, dwoc nudi cy tiép tuc 12 gio & 37 °C dbi voi B. cereus, S. aureus,
S. typhimurium, E. coli, E. coli O157:H7, & 30 °C dbi véi L. plantarum va 24 °C dbi véi
L. monocytogenes. Hoat tinh ciia mang film PLA-nisin dugc xdc dinh thong qua viéc do duong
kinh vong v6 khuan hinh thanh quanh cdc méanh cit.
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Dbi véi thi nghiém kiém tra kha nang khang khuan trong méi trudng dich thé duoc tién
hanh theo phuong phép U trong dich ciia Appendini va Hotchkiss cai tién [10]. Miéng mang c6
kich thuéc mdt méit 1 x 2 cm duwoc dat vao 6ng nghiém c6 chtta 2 ml mdi truong LB dich thé.
Sau d6 bd sung 0,5 % dich gidng B. cereus dugc nudi cdy 12 gid vao éng nghiém dé dat sb
luong vi khudn khoang 10° CFU/ml. Mau duoc nudi ¢ 37 °C, lic 150 vong/phiit va 1dy mau theo
thoi gian, rdi cdy gat trén dia thach LB dé xéc dinh s6 lwgng vi khuan c6 trong dich nudi cay. Tir
d6 danh gid dwoc kha niang khdng khuan ciia mang. Mau d6i ching duoc chuan bi twong tu
nhung khong c6 mang PLA-nisin.

2.4. Phan bé nisin trong mang film PLA-nisin

Mang PLA-nisin duoc cit thanh cic miéng c6 kich thude 3 x 5 mm. Sau d6 trai mang 1én
lam kinh va chyp anh kinh hién vi dién t&r quét (scanning electron microscopy - SEM). Anh
SEM cuia mang PLA-nisin dugc so sinh v6i anh SEM ctia mau d6i chimg 1a mang PLA khong
chtra nisin.

3. KET QUA VA THAO LUAN
3.1. Sw phan b ciia nisin trong mang PLA-nisin

Két qua anh kinh hién vi dién tir quét b& mat mang PLA (hinh la) va anh kinh hién vi dién
t&r quét bé mat mang PLA-nisin (hinh 1b) v&i d6 phéng dai 200 lan cho thdy ciu tric bé mit
mang PLA-nisin 1a mot mang ludi polymer khéng ddng nhat. Bé mit mang PLA-nisin xi1 xi,
trong khi bé mit mang PLA lai kha muot ma. Ngoai ra, anh SEM cua mang PLA-nisin con cho
thdy trén bé mit mang 6 nhiing hat sang phan bo kha dong déu. Cic hat sang nay c6 thé 1a céc
phén tr nisin da dugc gan 1én trén nén PLA. Diéu d6 ching t6 trong chu tric mang PLA-nisin
dugc tao thanh tir quy trinh ph01 trdn nisin dugc phan bd khé dong déu (hinh 1b).

Hinh 1. Anh kinh hién vi dién tr quét (SEM) céu triic bé mit ciia: a) mang PLA; b) mang PLA-nisin.

3.2. Hoat tinh khang khuén ciia mang PLA -nisin

Xic dinh kha ning khang khuén ciia mang PLA-nisin gép phan dinh huéng ing dung mang
trong bao quan thyc pham mot cdch hiéu qua. Trong nghién ciru nay, tién hanh kiém tra hoat
tinh khang khuén cua mang PLA-nisin ddi voi 4 loai vi khudn Gram (+) va 3 loai vi khuén Gram
(-). Két qua duoc trinh bay trong bang 1 va hinh 2.
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Bang 1. Phd khang khuin ciia mang PLA-nisin.

Vi khuén kiém dinh Puong kinh vong vo khun cua cdc loai mang (mm)
béi chung (mang PLA) | Thi nghiém (mang PLA-nisin)
Lactobacillus plantarum JCM 1149, 0 13
Staphylococcus aureus ATCC 13709 0 12
Listeria monocytogenes ATCC 35152 0 13
Bacillus cereus ATCC 147337 0 12
Salmonella typhymurium ATCC 13311 0 0
Escherichia coli DSM4620(613) 0 0
Escherichia coli O157:H7 ATCC 43888 0 0

Hinh 2. Hoat tinh khing khuén cua mang ddi vé6i S. aureus (a) va L. monocytogenes (b).

Két qua bang 1 va hinh 2 cho thdy mang PLA-nisin ¢6 kha ning khang lai cdc vi khuin
Gram (+) nhung khong c6 kha ning khang lai vi khudn Gram (-). Cu thé mang PLA-nisin khdng
lai cdc vi khuén: L. plantarum 1149, Bacillus cereus ATCC 147337, Listeria monocytogenes
ATCC 35152, Staphylococcus aureus ATCC 13709. Pudng kinh vong v6 khuin tao ra c6 kich
thuéc dao dong trong khoang 12 - 13 mm. Két qua nghién ctru nay da ching minh tinh khang vi
khuén ctia mang PLA-nisin 12 do hoat tinh cia nisin.

Céc két qua & trén cho thiy nisin trong ciu tric mang PLA-nisin dd dugc gidi phéng ra mbi
truong thach ban 16ng khi tiép xiic truc tiép. Van dé dit ra 13, trong cdc moi truong dich thé liéu
nisin ¢6 dugc giai phéng va hoat tinh ra sao? Dé tra 10i cAu hoi nay thi nghiém duoc tién hanh dé
nghién ciru dnh hudng cia mang PLA-nisin ddi voi sinh truéng cua vi khuan B. cereus trong
mdi truong dich thé theo nhu phuong phip duge mé ta & trén. Két qua dwoc trinh bay trong bang
2 va hinh 3.
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Bang 2. Anh huéng ciia mang PLA-nisin 1én sinh trudng cia vi khuén B. cereus trong moi
trudng dich thé ¢ 37 °C.

Thoi gian S6 lugng vi khudn ¢ mau S6 lwong vi khudn ¢ miu
nudi cay (h) d6i chimg (CFU/ml) thi nghiém (CFU/ml)

0 2% 10° 2% 10°

4 3,5 x 10° 44 x10°

8 2,2% 10 3,8 x 10

12 8,2 x 10 2% 10

16 1,5 x 10" 0

20 1,3 x 10" 0

24 2,4 x 10" 0

36 8 x10" 0

48 1,9 x 10" 0

Log CFU/mlI

0 & & & o
T T T —@ ad T T A g T T ad

0 4 8 12 16 20 24 28 32 36 40 44 48 52

Thoi gian nudi cay (h)
—=— S6 lwong vi khuan dbi chirng —e— Sé lwong vi khuan thi nghiém
Hinh 3. Tac dong cua mang PLA-nisin I€n sinh trudng cua B. cereus.

Két qua nghién ciru trong bang 2 va hinh 3 cho thay, véi s6 luong B. cereus ban dau lay
nhiém 2 x 10°, sau 16h nudi cdy ¢ 37 °C, nisin trong mang PLA-nisin di dugc giai phéng vao
mdi truong va thé hién hoat tinh tiéu diét hoan toan B. cereus. Trong khi & mau ddi ching
(khdéng c6 mang PLA-nisin) s lwong B. cereus van tiép tuc ting va dat 1,5 x 10'° CFU/ml.

Két qua nghién ctru & trén ciing cho thdy, B. cereus rit nhay cam véi nisin dugc giai phéng
tir mang PLA-nisin. Trong nghién ciru twong tu cia Tony Jin va cong su [4] lai cho thdy, mang
PLA-nisin khong c6 kha ning rc ché hoan toan sy sinh trudng ctia L. monocytogenes voi mat do
khoang gan 10* CFU/ml khi nuéi trong méi truong BHI dich thé ¢ 24 °C.
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4. KET LUAN

Trong cdu tric mang PLA-nisin dwoc tao thanh tir phuong phdp tron trong methylene

chloride, su phan b cua nisin khd dong déu va duogc giai phéng ra khoi cau triic khi tiép xiic véi
mbi truong 16ng va ban 1ong. Mang PLA-nisin thé hién hoat tinh e ché sinh trudng cia vi
khuén kiém dinh thudc nhém vi khudn Gram (+), dic biét dbi voi vi khuan gy bénh thyc phdm
gdm B. cereus, L. monocytogenes va S. aureus. Vi ndng d6 nisin khoang 1415 TU/cm?®, mang
PLA-nisin ¢6 kha ning tiéu diét hoan toan B. cereus & ndng d6 ldy nhiém ban dau Ia
10° CFU/ml.

Loi cam on. Céng trinh duoc thuc hién voi sy hd trg kinh phi cuia dé tai ce“ip S& Khoa hoc va Cong nghé
Ha No6i, Ma s0: 01C-06/02-2012-2.

10.

734

TAI LIEU THAM KHAO

Brody A. L., Strupinsky E. R., Kline, L. R. - Active packaging for food applications.
Lancaster: Technomic Publishing Co., Inc., 2001, pp. 218.

Suppakul P., J. Miltz, K. Sonneveld and S.W. Bigger. - Active Packaging Technologies
with an Emphasis on Antimicrobial Packaging and its Applications, J. Food Science 68
(2) (2003) 408-420.

Perez- perez C., Regalaro-Gonzalez C., Rodriguez- Rodrigue C. A., Barbosa-Rodriguez J.
R., and Villasenor-Ortega F. - Incorporation of antimicrobial agents in food packaging
film and coating. Advances in Argicutural and Food Biotechnology, 193-216, ISBN 81-
7736-269-0, Ed. By Ramon Gerardo Guevara-Gonzalez and Irineo Torres-Pacheco, 2006.

T. Jin and H. Zhang. - Biodegradable polylactic acid polymer with nisin for use in
antimicrobial food packaging, Journal of Food Science 57 (3) (2008) 127-134.

Jin T., Liu L. S., Zhang H., Hicks K. - Antimicrobial activity of nisin incorporated in
pectin and polylactic acid composite films against Listeria monocytogenes. Int, J. Food
Sci. Technol. 44 (2009) 322-329.

Sunil Manglassary - Antimicrobial Food Packaging to enhance food safety: Current
Development and Future Challenges, Journal of Food Processing and Technology 3
(2012) 5100e103.

Lé Thanh Binh - Co s& Vi sinh vat thuc pham, Nha xuat ban Khoa hoc va K thuat, Ha
N6i, 2012.

Phan Khénh Hoa, Nguyén Viét Cuong, Lé Thanh Binh - Anh hudng ciia mot s6 ngudn
khoang va nito 1€n sinh tong hop nisin ctia chung Lactococcus lactis subsp. lactis 11, Tap
chi Khoa hoc va Coéng nghé 39 (5) (2001) 37-43.

Chen H., Hoover D. G. - Bacteriocins and their food applications, Comprehensive reviews
in food science and food safety 2 (2003) 82-100.

Appendini P., Hotchkiss J. H. - Review of antimicrobial food packaging. Innovative Food
Sci. and Emerging Technol. 3 (2002) 113-126.



Téc dung khang khuén cda mang polylactic acid — nisin

ABSTRACT

ANTIBACTERIAL EFFECT OF POLYLACTIC ACID - NISIN FILM

Tran Thanh Thuy*, Hoa Thi Minh Tu, Pham Thi Thu Phuong, Nguyen Quoc Viet,
Bui Thi Thanh Mai, Tran Dinh Man, Le Thanh Binh

Institute of Biotechnology, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi

‘Email: tranthuy782002 @yahoo.com

Antibacterial films were prepared from polylactic acid (PLA) and nisin by incorporation
method in solvent. The polylactic acid and nisin are products derived from microorganisms
(from R. oryzae VLSH 01 and L. lactis subsp. lactis PD14, respectively). The scanning electron
microscope image revealed that nisin particles were uniformly distributed in PLA matrix on the
surface. Nisin was incorporated into PLA films at 1415 IU/cm’. In addition, the antibacterial
effect of PLA-nisin film was performed using semi-agar and liquid medium. The results showed
that PLA-nisin films were able to inhibit the growth of tested bacteria belong to Gram positive
bacteria, especially the food-borne pathogenic bacteria including B. cereus, L. monocytogenes
and S. aureus. At the same time, the PLA-nisin films were able to completely against B. cereus
after 16 h cultivation in LB medium with initial concentration 10° CFU/ml. This study
demonstrates the potential application of antibacterial films in food packaging and food
preservation.

Keywords: antibacterial films, PLA-nisin film, nisin, polylactic acid, food-borne pathogenic
bacteria.

735



