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ABSTRACT

Due to the trend toward active and green packaging and the need for
safe and natural antimicrobials with specific target, development of biodegradable
film, especially poly(lactic acid) (PLA) enriched with antimicrobial peptides from
lactic acid bacteria for food packaging has been received a consideration attention.
However, direct incorporation of hydrophilic antimicrobial peptide to PLA film was
limited by the hydrophobic characteristics of PLA. Therefore, this study ams to
develop the method for incorporation of antimicrobial peptides from lactic acid
bacteriato PLA film to produce an antimicrobial biodegradable food packaging.

Initially, the production of pediocin PA-1/AcH (Ped), an antimicrobial
peptide produced by Pediococcus pentosaceus BCC 3772 was firstly optimized in
order to improve the productivity and to reduce the browning index of pediocin
preparation. The production of pediocin in the optimal medium containing 1.5% (w/v)
of sodium caseinate, 1.5% (w/v) of yeast extract and 0.5% (w/v) of glucose at the
initial pH of 6.5, temperature a 30 °C for 12 h not only improved the pediocin yields
(16-fold and 256-fold higher than those in TGE and MRS broths, respectively) but
also significantly reduced browning index about 2-fold lower than that of MRS broth,
thus providing suitable quantity and color of pediocin preparation for use in food
packaging development.

A method for incorporating hydrophilic antimicrobial peptide into
hydrophobic film by using pediocin PA-1/AcH and PLA film as a prototype was
developed. Pediocin PA-1/AcH was successfully impregnated into PLA/sawdust
particle (SP) biocomposite film (or PLA/SP) using diffusion coating technique.
Sawdust particle played an important role in embedding Ped in PLA film. Dry-heat
treatment of PLA/SP composite film before coating with Ped maximized Ped
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adsorption with the highest amount of 11.63 + 3.07 ug protein/cm®. A model study of
PLA/SP + Ped as a food-contact antimicrobia packaging on raw pork revealed a
potential inhibition of Listeria monocytogenes (99%-reduction of total listeria
population) on raw pork during the chilled storage. In addition, PLA/SP + Ped
significantly improved the quality and shelf life of packaged fresh pork meat stored at
4 + 2 °C. Based on sensory characteristics of packaged pork, PLA/SP + Ped could
maintain the quality of fresh pork meat up to 7 days under chilled condition, which
was at least 3 days longer than the unpackaged meat.

In order to broaden the antimicrobial spectrum of the packaging,
putatively novel bacteriocin 7293A and bacteriocin 7293B from Weissella hellenica
BCC 7293, which active against both Gram-positive and Gram-negative food-borne
pathogenic and spoilage bacteriaincluding L. monocytogenes, Staphylococcus aureus,
Pseudomonas aeruginosa, Aeromonas hydrophila, Escherichia coli, and Salmonella
Typhimuriumwere discovered. Through a series of chromatographic purification
including hydrophobic interaction chromatography, ion exchange chromatography
and reversed-phase HPLC, bacteriocins 7293A and 7293B were purified to
homogeneity and revealed the molecular weight of 6249.302 and 6489.716 Da,
respectively. Both bacteriocins exhibited bactericidal effect against both Gram-
positive and Gram-negative indicators without cell-lysis. Bacteriocin 7293A and
7293B were stable in wide range of pH and temperature. Antimicrobia activity of
both peptides was inactivated by proteolytic enzymes but was not inactivated by
lipase, amylase, organic solvents and surfactants.

Lastly, to validate the incorporation technique previously developed
for Ped, a partialy purified bacteriocin 7293 was tested with PLA/SP film. The
PLA/SP film coated with Bacteriocin 7293 effectively inhibited several important
bacteria reported to contaminate on Pangasius fish fillet (L. Monocytogene, S. Aureus,
P. Aeruginosa, A. Hydrophila, E. coli and S. Typhimurium) both in vitro and
challenge testing with dliced fish fillet. The result indicated that PLA/SP + Bac7293
could reduce the growth of target microorganisms up to 5 log CFU/cm?. The results
validated the efficiency of the developed technique for incorporating other
antimicrobial peptidesinto PLA film for an antimicrobia PLA-based film production.
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CHAPTER1
INTRODUCTION AND REVIEW OF LITERATURE

1.1 Introduction

Antimicrobial peptides (AMPs) from lactic acid beda (LAB) are the
peptides that ribosomally synthesized by lacticdabiacteria and exhibit the
antimicrobial activity against other bacteria, esgky bacteria which are closely
related to the antimicrobial peptide producer (Klzemmer, 1993). AMPs from LAB
have been used as food bio-preservatives becaitbeiotiesirable properties such as:
i) generally recognized as safe, ii) inactive andtoxic on eukaryotic cells, iii) easily
deactivated by digestive protease, thus havinig littfluence on the gut microbiota,
iv) stable in wide range of pH and heat treatméntelatively broad antimicrobial
spectrum against food-borne pathogenic and spoitegeria and vi) possess no
cross resistance with other antibiotics and hacdlyse resistant bacteria (Helander
al., 1997; Clevelandt al., 2001; Topissirovicet al., 2006; Galvezet al., 2007,
Hwanhlemet al., 2014).

The application of AMPs from LAB in food packagirgga promising
way to control the growth of spoilage and pathogenicroorganisms in food since
the packaging could act as a reservoir and diffuffethe concentrated AMPs
molecules to the food ensuring a gradient-dependentinuous supply of AMPs.
Moreover, packaging could protect AMPs from deatton by interaction with food
components such as lipid and enzyme deactivatiba.application of AMPs on food
packaging required lower amounts of AMPs compacedlitect application in the
whole food volume, decreasing the production cost eould avoid the addition of
AMPs directly to foods, attemping to actual tenden€ consumers of searching for
healthier foods and free of additives (Appendird &totchkiss, 2002).

However, because of the opposite hydrophobicity AMPs and
packaging materials, only few studies have achiet®dapply AMPs in food
packaging to produce active packaging with highinaictobial effectiveness and
desirable packaging property (Daesehal., 1992; Minget al., 1997; Natrajan and
Sheldon, 2000; Seb#t al., 2003; Sebtet al., 2007; Iseppit al., 2008; Yeet al.,



2008a; Jiret al., 2009; Imraret al., 2010). In this study, the emerging technology to
incorporate hydrophilic AMPs to hydrophobic food ckaging material was
developed using pediocin and poly(lactic acid) (P& a model. Sawdust particle, a
low-water solubility hydrophilic particle, was ingrated into PLA film to enhance
the adsorption of pediocin using diffusion coatiaghnique.

Pediocin is one of only two AMPs from LAB that halveen received
attention to be used in food and food packagingd(Raezet al., 2002). According
to Kingchaet al. (2012), pediocin PA-1/AcH fronfPediococcus pentosaceus BCC
3772 has high efficiency in the inhibition of theogth of Listeria. monocytogenes,
an important food-borne pathogen that causes aesdigease called listeriosis (Alves
et al., 2006; Gialamast al., 2010). In contrast to other antimicrobial pepsid
pediocin PA-1/AcH has potential to inhillitsteria without disturbing other bacteria
exceptionally beneficial ones (Blay et al., 20Qi)addition, pediocin PA-1/AcH was
heat-stable and active in wide range of pH (pH Ry#8ich showed high potential to
be used as natural antimicrobial agent in food agiclg and food application for
various types of food including low-acid and higheafood (Degnaret al., 1993;
Nieto-Lozancet al., 2010: Kingchaet al., 2012).

Although pediocin shows high potential to be usedfaod bio-
preservatives, the high cost of pediocin productasd high browning index of
pediocin preparation,which could affect color cloéeastics of food and/or food
packaging may limit its uses in food industry (Angmary et al., 2011). To
overcome these limitations, optimization of pedio&A-1/AcH production byP.
pentosaceus BCC 3772 was performed. Previous studies showetdctiiture medium
compositions especially nitrogen and carbon sousagsficantly influence both of
AMP productivity and production cost (Guerret al., 2001; Halami and
Chandrashekar, 2005). Moreover, initial pH of c@dtumedium and incubation
temperature also significantly affect the productaf AMP (Biswaset al., 1991,
Altuntaset al., 2010). In this study, we focused on the useowf tost, food grade
materials instead of the commercial media with roed incubation condition in
order to reduce the production cost, improve pradig, and reduce the browning
index, and thus increasing the potential use ofqo@d PA-1/AcH in food and food

packaging applications.



Poly(lactic acid) (PLA) is recognized as compostatiopolymer that
attracts the interest for the food packaging ingudtecause of its outstanding
properties and environmental-friendly biodegradgb{lJin et al., 2009; Theinsathid
et al., 2012). PLA packaging exhibits many propertiest tre equivalent to or better
than many petroleum-based packaging (&iwl., 2009) and could be produced by
many manufacturing processes, such as film blowinggction molding, sheet
extrusion, blow molding and thermoforming (Imaetnal., 2008; Jamshidiast al.,
2010). The combination of biodegradability of PLAtlwantimicrobial property of
pediocin against an important food-borne pathogdirbe of full benefit as the active
packaging. As a consequence, health-risk of consipa be reduced. Shelf-life can
be extended, thereby lowering the economic lospohtantly, the waste of post use
of this packaging will be decomposed through cortglie system without causing
environmental waste problems.

Before being introduced to the market, the developstimicrobial
packaging was characterized for physical, mechhmicd antimicrobial properties.
Moreover, effect of the packaging on shelf life aahlity of packaged food was
investigated in order to ensure the potential uséhe produced film in real food
system.

In order to broaden the antimicrobial spectrunthef packaging rather
thanListeria monocytogenes, new AMPs with wide spectra of inhibition agaiogter
food spoilage and pathogenic microorganisms haven bexplored. Some
characteristics including molecular masses, speofrainhibition, some factors
affecting antimicrobial activity and mode of actiohputatively novel antimicrobial
peptides were studied since this information wi#l benefit for the selection of
appropriate application. The new found AMPs wergliad to the packaging system
which has been developed in this study in ordervétidate the developed
incorporating technology and to produce a novettgpantimicrobial food packaging

with broader antimicrobial spectrum.



1.2 Review of Literature
1.2.1 Antimicrobial peptidesfrom lactic acid bacteria (LAB)

The lactic acid bacteria (LAB) comprise a clade Gram-positive,
acid-tolerant, generally non-sporulating, non-rasgirod or cocci that are associated
by their common metabolic and physiological chaastics. The genera that
comprise the LAB are at its coréactobacillus, Leuconostoc, Pediococcus,
Lactococcus and Streptococcus as well as the more peripher@derococcus,
Carnobacterium, Enterococcus, Oenococcus, Sporolactobacillus, Tetragenococcus,
Vagococcus and Weissella; these belong to the order Lactobacillales. LAByp&n
important role in the fermentation process, contifiy to the organoleptic and
textural profile of fermented foods. During fermatitn LAB do not produce only
lactic acid but they are also known to produce excrete antimicrobial substances,
including antimicrobial peptides (AMPSs) or bacteiits that exhibit a great potential
as food bio-preservatives (Ray, 1992; Hwanhétiad., 2014).

Several desirable properties that make AMPs fronB LsAiitable for
food preservation are (i) are generally recognaedafe (GRAS) substances, (ii) are
inactive and nontoxic on eukaryotic cells, (iii) coene inactivated by digestive
protease, having little influence on the gut micotdn, (iv) are usually pH and heat-
tolerant, (v) have a relatively broad antimicrolsgkectrum against many food-borne
pathogenic and spoilage bacteria, (vi) show a baalal mode of action, usually
acting on the bacterial cytoplasmic membrane, angtleir genetic determinants are
usually plasmid-encoded, facilitating genetic matagon (Helanderet al., 1997;
Clevelandet al., 2001; Topissiroviet al., 2006; Galvezt al., 2007; Hwanhlenet al.,
2014).

1.2.1.1 Sources of antimicrobial peptide producing LAB

LAB found in numerous foods and non-foods souraeslyce a high
diversity of different AMPs (Clevelandt al., 2001). According to Klaenhammer
(1988), 99% of all bacteria may make at least oMPAand the only reason more

have not been isolated is that very few researchave looked for them. On the



screening of AMP producing LAB, it is very importamhat materials are used as the
isolation sources. The efficiency of isolating LABains is easily influenced by the
isolation sources. The materials associated witticlaacid fermentation such as
natural cheese, natural fermented milk productsndated vegetables, should be
used. Until now, many European groups have usegralatheese, fermented milk
products, fermented sausage, etc, originated frobmal products as the isolation
sources (Ennahaat al., 1996). AMP producing LAB have been discovereahir
many animal-origin foods such as fermented saus@gasigaet al., 1993), Spanish
raw meat (Nieto-Lozanet al., 2006), traditionally Tunisian fermented meatiezl
Gueddid (Belgacenet al., 2008), Xuan-Wei Ham, a traditional Chinese fentad
meat product (Livet al., 2008), Alheira, a fermented meat sausage (Alletrad.,
2009), artisanal dry sausages (Casttoal., 2011), Thai shrimp paste (Kapi)
(Kaewklom et al., 2013), charqui, a Brazillian fermented, salted alried meat
product (Biscolat al., 2013).

In addition, it is proposed that AMP originated rfroLAB isolated
from local fermented vegetables have the advantdgibtaining permission for the
use as food additives. AMP producing LAB have beancessfully isolated from
many plant-origin foods such as fermented mixeddsahd fermented carrot (Uhlman
et al., 1992), Spanish-style table olives fermentatidlalfonadoet al., 2002), poto
poto, a Congolese fermented maize product (Cenat., 2008), traditional Chinese
fermented cabbage (Gabal., 2010), cereal based fermented beverage from Balga
(Todorov, 2010), traditional Chinese fermented shdUianget al., 2012), fermented
baobab seed (maari) (Kaboggal., 2013.). These materials should be used for the
isolation sources of LAB strains to find new AMPchase there are few reports using
these materials. Namely, the use of these matemdllpromise us to find new AMP
with high frequency. However, Ohmonab al. (2003) reported that no LAB strain
was isolated from the fermented vegetables (Pakgppuarchased at the urban area
market in Bangkok, Thailand. The authors suggettatl this vegetable should be
soaked in lactic acid solution instead of fermaatatNamely this is a fermented-like
product, not real fermented product. If these sesi@re used for isolation, it will be
very hard to isolate LAB. So, the use of hand-mizdmented vegetables purchased
at the rural markets is better way for the isolatwd LAB.



Non-foods are also the interested sources for tisolaof AMP
producing LAB. Several AMP producing LAB have besalated from this kind of
sources including oral cavity of human (Liraaal., 2002), soil in Japan (Chen and
Yanagida, 2006), mangrove forests in southern @hdil(Hwanhlemet al., 2014).
However, AMP from LAB isolated from these sourcasdinot been accepted for use
in food and food packaging application yet sincéhbaf these AMP and LAB have

not been approved to be safely used.
1.2.1.2 Some characteristics of antimicrobial peptides

As mentioned above, the AMP from LAB exhibited higbtential to
be used as a natural food preservative. Understgnithe characteristics of these
AMP would be useful in designing the technology tloeir application in food and
food packaging systems. Some characteristics of AMRys studied are molecular
weight, amino acid sequence, antimicrobial spectramad some factors affecting the

antimicrobial activity of peptides.

1.2.1.2.1 Molecular mass and amino acid sequence of antimicrobial
peptides

The amino acid sequence of AMP could be useful redipt the
secondary structure, antimicrobial activity and gibgchemical characteristic when
applied in food or food packaging systems. Moreprelecular mass and amino acid
sequencing of antimicrobial peptides were used ridentify or classify the
antimicrobial peptides. Base on molecular mas®)sand amino acid sequence with
other properties of AMP, Klaenhammer (1993) clasgdiAMPs from LAB into four
groups as shown in Table 1.

The molecular mass of purified antimicrobialppa@es generally
ranged from 2.5 kDa to 6.5 kDa (Elegadbal., 1997; Ennahaet al., 2000).
Molecular mass and amino acid sequence of somenianbbial peptides were
presented in Table 2. Many antimicrobial peptidesws in Table 2 have the same
amino acid sequence on the basis of the N-termi@ GV so these were classified

to the class lla bacteriocins.



Table 1. Classification of bacteriocins

Class General characteristics
Class | Lanthionine-containing bacteriocin, lardtins
Class Il Heat-stable, non-lanthionine-containing cteaocins  with
molecular mass of not more than 10 kDa. This diagarther
divided into four groups.
Class lla Listeria-active bacteriocins withc@ansensus sequence in the
N-terminal of YGNGVXC
Class lIb Two-peptide bacteriocins
Class lic Cyclic bacteriocins
Class lid Other class Il bacteriocins
Class Il Heat-labile bacteriocins with moleculaass larger than 30
kDa
Class IV Bacteriocins which require non-protein ietes for the

antimicrobial acitivty such as glycoproteins armbfroteins




Table 2. Molecular mass and amino acid sequence of somaianvbial peptides

Bacteriocin Producing strain  MolecularAmino acid sequence  Reference
mass
(kDa)
Bac 31 Enterococcus 50 ATYYGNGLYCNK  Tomitaet
faecalis QKCWVDWNKASR al., 1996
EIGKIIVNGWVQH
GPWAPR
Bavaricin A Lactobacillus 35 KYYGNGVHCGKH Larsenet
sake M1401 SCTVDWGTAIGNI al., 1993
GNNAAANXATGX
NAGG
Bavaricin Lactobacillus 4.8 TKYYGNGVYCNS Kaiser and
MN bavaricus MN KKCWVDWGQAA  Montville,
GGIGQTVVXGWL 1996
GGAIPGK
Bifidocin B Bifidobacterium 33 KYYGNGVTCGLH  Yildirim et
bifidum NCFB DCRVDRGKATCGI al., 1999
1454 INNGGMWGDIG
Carnobacteri Carnobacterium 5.0 VNYGNGVSCSKT McCormick
ocin B2 piscicola LV17B KCSVNWGQAFQE etal., 1996

RYTAGINSFVSGV
ASGASIGRRP




Table 2. Molecular mass and amino acid sequence of somenianbbial peptides

(cont.)

Bacteriocin Producing strain ~ MolecularAmino acid sequence  Reference

mass
(kDa)
Coagulin Bacillus 3.4 KYYGNGVTCGKH Le Marrec
coagulans 14 SCSVDWGKATTCI etal., 2000
INNGAMAWATGG
HQGTHKC
Curvacin A Lactobacillus 4.3 ARSYGNGVYCNN Tichaczek
curvatus KKCWVNRGEATQ etal., 1992
LTH1174 SIIGGMISGWASGL
AGM
Divercin V41 Carnobacterium 4.5 TKYYGNGVYCNS Metivier et
divergens V41 KKCWVDWGQAS al., 1998
GCIGQTVVGGWL
GGAIIPGKC
Enterocin A Enterococcus 4.8 TTHSGKYYGNGV  Aymercih
faecium YCTKNKCTVDWA etal., 1996

KATTCIAGMSIGG
FLGGAIPGKC
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Table 2. Molecular mass and amino acid sequence of somenianbbial peptides

(cont.)
Bacteriocin Producing strain  MolecularAmino acid sequence  Reference
mass
(kDa)
Enterocin P Enterococcus 4.4 ATRSYGNGVYCN Cintaset al,
faecium P13 NSKCWVNWGEAK 1997
ENIAGIVISGWASG
LAGMGH
Leucocin A-  Leuconostoc 3.9 KYYGNGVHCTKS Hastingset
UAL187 gelidum GCSVNWGEAFSA al., 1991
GVHRLANGGNGF
W
Mesentericin Leuconostoc 3.7 KYYGNGVHCTKS Fleuryet
Y105 mesenteroides GCSVNWGEAASA al., 1996
Y105 GIHLANGGNGFW
Mundticin Enterococcus 4.3 KYYGNGVSCNKK Benniket
mundtii GCSVDWGKAIGII  al., 1998
GNNSAANLATGG
AAGWSK
Pediocin PA- Pediococcus 4.6 KYYGNGVTCGKH Henderson
1 acidilactici PAC- SCSVDWGKATTCI etal., 1992
1.0 INNGAMAWATGG

HQGNHKC
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Table 2. Molecular mass and amino acid sequence of somenianbbial peptides

(cont.)

Bacteriocin Producing strain ~ MolecularAmino acid sequence  Reference

mass
(kDa)

4.4 KYYGNGVSCNKN Bhugaloo-

Piscicocin Carnobacterium
GCTVDWSKAIGIIG Vial et al.,

Vla pisdicola V1
NNAAANLTTGGA 1996
AGWNKG
Piscicolin Carnobacterium 4.4 KYYGNGVSCNKN Jacket al.,
126 maltar omaticum GCTVDWSKAIGIIG 1996
UAL307 NNAAANLTTGGA
AGWNKG
Sakacin A Lactobacillus 4.3 ARSYGNGVYCNN Holck et
sake LB706 KKCWVNRGEATQ al., 1992
SIIGGMISGWASGL
AGM
Sakacin G Lactobacillus 3.8 KYYGNGVSCNSH Simonet
sake 2512 GCSWNWGQAWT al., 1992

CGVNHLANGGHG
VvC
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Table 2. Molecular mass and amino acid sequence of somenianbbial peptides

(cont.)
Bacteriocin Producing strain  MolecularAmino acid sequence  Reference
mass
(kDa)
Sakacin P Lactobacillus 4.4 KYYGNGVHCGKH Tichaczek
sake LTH673 SCTVDWGTAIGNI etal., 1992
GNNAAANWATGG
NAGWNK
Weissellicin - Weissella 4.9 MVSAAKVALKVG  Masudaet
M hellenica QU13 WGLVKKYYTKVM al., 2011
QFIGEGWSVDQIA
DWLKRH
Weissellicin - Weissella 4.9 MANIVLRVGSVAY Masudaet
Y hellenica QU13 NYAPKIFKWIGEG al., 2011
VSYNQIKWGHNK
GWWwW
Weissellicin - Weissella cibaria 3.4 SDKNNVFFQIGKR Srionnualet
110 110 YVAPVLYXFGKX al., 2007
AE
Weissellicin - Weissella 4.4 KNYGNGVYCNKH Papagianni
A paramescenteroid KCSVDWATFSANI and
esDX ANNSVAMAGLTG Papamichae
GNAGNK l, 2011
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1.2.1.2.2 Antimicraobial spectra of antimicrobial peptides

The antimicrobial activity of antimicrobial piges is commonly
directed against several Gram-positive bacteridn &8l actobacillus, Leuconostoc,
Pediococcus, Lactococcus, Carnobacterium, Enterococcus, Microcouccus,
Saphylococcus, Strephylococcus, Clostridium, Bacillus, andBrochothrix (Ennaharet
al., 2000; Anastasiadost al., 2008a, b). In the case of class lla bacterioits,
antimicrobial activity seems to be targeting priilyatisteria strains. Furthermore,
some class lla bacteriocins have been shown tceptdtie outgrowth of spores and
vegetative cells ofClostridium spp. (Ennahaet al., 2000). Pintoet al. (2009)
investigated that bacteriocins produced Byterococcus faecium ALP7 and
Pediococcus pentosaceus ALP57 have an antimicrobial activity against therg-
positive strains, especially fdristeria species, but have no antimicrobial activity
against gram-negative indicator strains. The agtiolial spectra of some AMPs

produced by LAB were shown in Table 3.

Table 3. Antimicrobial spectra of some AMPs produced by LAB

Bacteriocin Producing strains Spectrum of action feRce
Acidicin A Lactobacillus Enterococcus Kanataniet al.,
acidophilus TK9201 Lactobacillus 1995
Pediococcus
Sreptococcus

Listeria monocytogenes

Acidocin Lactobacillus Gram-positive bacteria Tahareet al.,
J1132 acidophilus JCM Lactobacillus 1996
1132 Lactobacillus fermentum

Enterococcus faecalis
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Table 3. Antimicrobial spectra of some AMPs produced by L&Bnt.)

Bacteriocin Producing strains Spectrum of action feRmce
Bavaricin A Lactobacillussake  Enterococcus Larsenet al.,
MI401 Lactobacillus 1993
Lactococcus
Leuconostoc
Pediococcus
Listeria monocytogenes
Curvacin A Lactobacillus Listeria monocytogenes Eijsink et
curvatusLTH1174  Listeria innocua al.,1998
Listeria ivanovi
Pediococcus
Enterococcus
Divercin Carnobacterium Enterococcus Métivier et al.,
V41l divergens V41 Lactobacillus 1998
Pediococcus
Listeria monocytogenes
Listeria innocua
Listeria ivanovi
Enterocin A Enterococcus Listeria monocytogenes Aymerichet
faecium CTC492 Listeria innocua al., 1996
Pediococcus
Enterococcus
Lactobacillus
Helveticin J  Lactobacillus Lactobacillus bulgaricus Paradeet al.,
helveticus Lactococcus lactis 2007
Lactacin B Lactobacillus Lactobacillus del brueckii Paradat al.,
acidophilus Lactobacillus helveticus 2007

Lactobacillus debrweckii
Lactobacillus helveticus




Table 3. Antimicrobial spectra of some AMPs produced by L&Bnt.)
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Bacteriocin Producing strains Spectrum of action feRmce
Lactacin F  Lactobacillus Lactobacillus fermentum Paradat al.,
acidophilus Enterococcus faecalis 2007
Lacticin Lactococcus lactis Enterococcus Ryanet al.,
3147 DPC3147 Lactobacillus 1996
Lactococcus
Leuconostoc
Pediococcus
Streptococcus
Listeria monocytogenes
Lacticin Lactococcus lactis Listeria innocua Ryanet al.,
3147 DPC3147 Staphylococcus aureus 1996
Bacillus spp
Clostridium spp
Lactocin 705 Lactobacilluscasel  Listeria monocytogenes Paradeet al.,
Lactobacillus plantarum 2007
Lactocin A Lactobacillus Lactobacillus delbrueckii Paradat al.,
amylovorus 2007
Lactocin S Lactobacillussake  Lactobacillus Cintaset al.,
L45 Lactococcus 1998
Leuconostoc
Enterococcus
Pediococcus

Listeria monocytogenes
Listeria innocua
Staphylococcus
Bacillus cereus

Clostridiumspp




Table 3. Antimicrobial spectra of some AMPs produced by L&Bnt.)
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Bacteriocin  Producing strains

Spectrum of action feRmce

Leucocin A Leuconostoc

gelidum

Lactobacillus
Enterococcus faecalis 1991

Listeria monocytogenes

Hastingset al.,

Mesentericin Leuconostoc

Y105 mesenteroides Y105

Enterococcus faecalis Fleuryet al.,

Pediococcus 1996
Leuconostoc

Lactobacillus

Listeria monocytogenes

Listeria innocua

Listeria ivanovi

Nisin Lactococcus lactis

subsp. Lactis

Cintaset al .,

1998

Enterococcus

Lactobacillus

Nisin Lactococcus lactis

subsp. Lactis

Cintaset al .,
1998

Lactococcus
Leuconostoc
Pediococcus
Listeria monocytogenes
Listeria innocua
Listeria ivanovii
Listeria murrayi
Listeria sedligeri
Listeria welchimeri
Saphylococcus spp.
Bacillus spp.

Clostridium spp.

Pediocin A Pediococus

pentosaceous

Paradaet al .,
2007

Lactobacillus ,Lactococcus,
Leuconostoc ,Pediococcus,
Saphyl ococcus,Enterococcus,
Listeria, Clostridium
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Table 3. Antimicrobial spectra of some AMPs produced by L&Bnt.)

Bacteriocin  Producing strains Spectrum of action feRmce
Pediocin F  Pediococcus Gram-positive bacteria Paradeet al.,
Pediocin acidilactici Listeria monocytogenes 2007
PA-1 Gram-positive and Gram-
Pediocin negative bacteria under
AcH stressing situations
Plantaricin C Lactobacillus Enterococcus Gonzalezt
plantarum LL441 Lactobacillus al.,1994
Lactococcus
Leuconostoc
Plantaricin C Lactobacillus Pediococcus Gonzalezt
plantarum LL441 Stroptococcus al.,1994
Saphyl ococcus carnosus
Bacillus spp.
Clostridium spp.
Sakacin A Lactobacillussake  Enterococcus Holck et al.,
LB706 Lactobacillus 1992
Pediococcus
Listeria monocytogenes
Listeria innocua
Sakacin P Lactobacillussake  Enterococcus Guyonnetet
LB674 Lactobacillus al., 2000
Pediococcus
Listeria monocytogenes
Listeria innocua
Weissellicin - Weissella Lactobacillus Papagianni and
A paramensenteroides Bacillus cereus Papamichael,
DX Listeria monocytogenes 2011

Micrococcus luteus
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Table 3. Antimicrobial spectra of some AMPs produced by L&Bnt.)

Bacteriocin  Producing strains Spectrum of action feRmce

Weissellicin - Weissella hellenica  Streptococcus thermophilus Chenet al.,
D D1501 Lactobacillus 2014

Saphyl ococcus aureus

Escherichia coli

Bacillus

Pseudomonas aeruginosa

Listeria monocytogenes

Candida albicans

Mucor

Weissellicin - Weissella hellenica  Streptococcus ther mophilus Leonget al.,
L 4-7 Lactobacillus 2013

Listeria monocytogenes

Weissellicin - Weissella hellenica  Lactobacillus Masudeet al.,

Mand Y QU 13 Pediococcus pentosaceus 2013
Bacillus

Weissellicin - Weissella cibaria Lactobacillus sake Srionnualet

110 110 al., 2007

1.2.1.2.3 Some factor s affecting the antimicrobial activity of
antimicrobial peptides

A. Temperature

The effect of temperature on antimicrobial activitf AMPs was
investigated in several studies. The resistandeetd treatment seemed to be AMP-
dependent. Anastasiadetial., (2008b) tested the antimicrobial activity of pmexh
SA-1 produced byediococcus acidilactici NRRL B5627 after heat treatments at 40,
60, 80, and 10@ for 10, 30, and 60 min, 12@for 10 and 20 min, and -80, -20, 4,
and 30C for 4 weeks. They found that treatment for 60 ati 122C and storage for
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4 weeks at -80, -20, 4, and 30 did not affect the antimicrobial activity, sinmiiato
pediocin PA-1 produced biPediococcus pentosaceus ALP57 that remained fully
active after treatments at 4, 10, 25, and°G0(Pintoet al., 2009). The activity of
pediocin PA-1 was reduced when subjected to 421Ifor 20 min, in contrast to
pediocin SM-1, pediocin SA-1 (Anastasiaddal., 2008b), pediocin ACCEL (Wet
al., 2004), pediocin PD-1 (Greet al., 1997), pediocin SJ-1 (Schvetal., 1993),
pediocin N5p (Strasser de Saadl., 1995), pediocin AcH (Bhuniet al., 1987), and
pediocin PA-1 (Gonzales and Kunka, 1987) in whiblkirt antibacterial activity
remained after subjected to 12C for 60 min. The antimicrobial activity of
weissellicins was stable even incubated at high ¢©) or low (-20°C) temperature
(Srionnual et al., 2007; Papagianni and Papamichael, 2011; Lesing., 2013;
Masudeet al., 2013; Chert al., 2014).

B. pH

The pH value was investigated as a factor affectitegantimicrobial
activity of AMPs. Generally, the antimicrobial asty of AMPs was stable in wide
range of pH (pH of 2.0-10.0). At the pH value oivlr than 2.0 and higher than 10.0,
the antimicrobial activity of AMPs was decreasetiBiaet al., 1987; Gonzales and
Kunka, 1987; Greeret al., 1997; Wuet al., 2004; Anastasiadoet al., 2008a;
Anastasiadolet al., 2008b). In the case of class | and class lletdecins, the

antimicrobial activity are usually very stable aidic pH (Chen and Hoover, 2003).
C. Enzymes

Since the AMPs are proteinaceous in nature, thejddee digested by
proteolytic enzymes and consequently the antimiataztivity was inactivated. The
sensitivity of antimicrobial peptides to many enagrsuch as lipases, amylase, and
proteases are usually studied. Pietoal. (2009) reported that pediocin PA-1, an
antimicrobial peptide, produced Bgdiococcus pentosaceus ALP57 were completely
inactivated after treatment with the proteolytiagmes trypsin, proteinase K, pronase
E and papain, in contrast to pediocin SA-1 produbgdPediococcus acidilactici

NRRL B5627 which is resistant to treatment withpsin, pepsin, and papain, but not
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to proteinase K (Anastasiadetial., 2008b). Lipase and-amylase had no effect on
antimicrobial activity of pediocin SA-1, confirmdtie proteinaceous nature of this
AMP. (Pintoet al., 2009).

D. Chemicals

In many cases, purified or crude AMPs were mixedused with
chemicals in food matrix, film forming solutions,r dilm coating solutions.
Understanding the effect of chemicals always usddad systems or food processing
on the antimicrobial activity of AMPs may help us tlesign the application
technologies. Pintcet al. (2009) studied the effect of some chemicals oa th
antilisterial activity of pediocin PA-1, an antimibial peptide produced by
Pediococcus pentosaceus ALP57, usedListeria monocytogenes ESB54 andListeria
innocua 2030c as the indicator strains. From this studgy tfound that the treatments
of cell free supernatant containing pediocin PA-thwl% NacCl, Triton X-100,
Tween 20, Tween 80, and EDTA did not affect theliatdrial activity of pediocin as
reported similarly for enterocin EJ97 producedHnyerococcus faecalis (Glaveset
al., 2005), pediocin HA-6111-2 produced Bgdiococcus acidilactici (Albanoet al.,
2007) and bacteriocin ST15 producedBnterococcusmundtii (De Kwaasdsteniedt
al., 2005), while the treatments with ox-bile andau(& the case dfisteria innocua
2030c) reduced the antilisterial activity of pedincThe antimicrobial activity of
Weissellicin D was also not affected by tested dbamncluding 25% methanol,
25% ethanol, 1% Tween 80, SDS and Urea (C&eanl., 2014), whilst EDTA
exhibited the synergistic effect with AMPs to initilbthe growth of target
microorganisms (Cutter and Siragusa, 1995: Lagipa., 2009; Martin-Visscheet
al., 2010; Chert al., 2014).

1.2.2 Listeria monocytogenes

Listeria monocytogenes is a small non-spore forming gram-positive
and catalase positive rod shape bacterium, difftcuidentify in old cultures because
of coccoidal appearance (BAM, 1995). It can growdaem anaerobic or

microaerophilic conditions and under a wide tempees range (0 - 48) with an
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optimum range of 30-37C. Because it can grow at low temperatures, ibrsswered

as psychrotrophic microorganism that can easilyptdad grow under conditions of
most foods. Its capacity to grow at refrigeratiemperatures can be one of the most
important factors that make them present at the adrithe shelf life of non-sterile
refrigerated products. The limiting growth conditsofor Listeria monocytogenes are

summarized in Table 4.

Table 4. Limiting growth factors foListeria monocytogenes

Parameter Range

Aw >0.92

Temperature°C) -0.4 — 45 (optimum 30-37)
pH 45-9.6

NaCl <0.5-10

Sources: Donnellyet al. (1992) and Husat al. (1997)

Increased attention had been paid.isteria monocytogenes since it
was recognized as a food-borne pathogen being msdgpe for human listeriosis
(Jemmi and Keusch, 1994). Listeriosis is a seuwavasdive illness in humans, which
may result in death. The clinical syndromes assedisvith adult listeriosis include
mainly central nervous system infections and prymbacteremia. The risk of
contracting listeriosis is high in immune-comproedspersons, the elderly, pregnant
women and neonates. More recentlgteria monocytogenes has been implicated in a
new form of disease, causing mild gastrointesyaiptoms (Thévendat al., 2006).

The human population responses to exposures to od-dorne

pathogen are highly variable. Disease incidenaesendent on a variety of factors,
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including virulence of the pathogen, dose (the naimtf pathogens ingested), the
general health and immune status of the host amndtthibutes of the food matrix that
alter microbial or host status (Théveratal., 2006). However, the incidence of
Listeria monocytogenes in meat products is generally low, even if thehpgen is
present at low or moderate levels (Encidiaal., 1999). Even if a single bacterial cell
has the potential to cause disease, epidemiolodatalindicate that foods involved in
listeriosis outbreaks are those in which the orgianhas multiplied and in general
have reached levels significantly >1,000 CFU/g &absl., 2002).

Criteria or recommendations for tolerable levels bisteria
monocytogenes in processed foods have been established in sauetries. For
example, the USA practices ‘zero tolerance’ or rganisms found in 25 g of a food
product (Shanlet al., 1996). The probability of contracting listeri®ss thought to be
very low when food contamination was below 100 GFWherefore, a level of not
more than 100 CFU/g is tolerated in certain fooffistuvhile zero tolerance is applied
to foods which suppottisteria monocytogenes growth and have extended shelf life
(Thévenotet al., 2006).

In order to reduce the contamination lakteria monocytogenes in
foodstuffs, many types of technology and antimi@bblgents have been used. Pork
meat products which are cooked at very high tenmpeya are quite likely free of live
Listeria monocytogenes cells. However, products such as ‘rillettes’, whare cooked
at fairly low temperatures (50 - 6C) may not bed.isteria monocytogenes free even
after if cooking times are long (Théveratal., 2006). Addition of salt to foodstuffs
which reduces the water activity (A of food can inhibit the growth ofisteria
monocytogenes (Lucke, 1985). After drying, the water activity <s0.90, which also
inhibits bacterial growth (Tyopponest al., 2003) Smoke, which contains phenols,
carbonyls and different organic acids, may inhiliterent bacteria includingisteria
monocytogenes on the surfaces of cured pork products. Accordm@ncinaset al.
(1999), the manufacturing process and smoking fsegnitly reduced.isetria counts
in sausages and ham. Encirmssal. (1999) also found significant differences in
numbers ofListeria between chorizos formulated with hot and mild pagprOther
spices, such as pepper, cardamom and garlic mayhaige antimicrobial properties
(Tyopponenet al., 2003). Other preservatives used to inhibit themh of Listeria
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monocytogenes are lactic acid, acetic acid, sodium chloride (Na€odium nitrate
(NaNGs), sodium nitrite (NaN@), potassium nitrate (KN£) and potassium nitrite
(KNOy). In recent years, antimicrobial peptides (AMPs3tsas pediocin which was
produced by lactic acid bacteria have already veckwide attention to be used as a

natural anti-listeria agent in food.
1.2.3 Pediocin PA-1/AcH
1.2.3.1 Characteristics

Pediocin PA-1/AcH is an antimicrobial peptide (AMRbosomally
synthesized by some strains of Pediococci. Sewdrains and several species of
Pediococcus such asPediococcus acidilactici and Pediococcus pentosaceus were
found to produce pediocins (Anastasiadbal., 2008a, b). According to Kingcheh
al. (2012),Pediococcus pentosaceus BCC 3772 produced pediocin PA-1/AcH with
high antimicrobial efficiency againkisteria monocytogens. Moreover, pediocin PA-
1/AcH from Pediococcus pentosaceus BCC 3772 has an antimicrobial activity against
Listeria innocua, Enterococcus faecalis, Lactobacillus sakei andBacillus coagulans.
The outstanding properties of pediocin PA-1/AcH &réeat stable, ii) active in wide
range of pH, iii) digested by proteolytic enzymewed in digestive tract of human,
iv) safe to consume as it was certified as GeneRdlcognized As Safe (GRAS), V)
environmental friendly and vi) high effective inhibiting the growth ofListeria
monocytogenes. For all of these characteristics, pediocin PA¢Hfhas been one of
the interesting groups of AMP for use in food preagon (Clevelandt al., 2001).

Pediocin PA-1/AcH is composed of 44 amino aciddess (NH-Lys-
Tyr-Tyr-Gly-Asm-Gly-Val-Thr-Cys-Gly%Lys-His-Ser-Cys-Sér-Val-Asp-Trp-Gly-
Lys?-Ala-Thr-Thr-Cys-11é>-lle-Asn-Asn-Gly-Al&°-Met-Ala-Trp-Ala-Thr>-Gly-
Gly-His-GIn-Gly**-Asn-His-Lys-Cys-COOH), has two-disulfide bridgéaf, 1992).

It has a molecular mass of 4623 Da, pl of 8.6 (lBanet al., 2000). Similar to other
pediocin-like bacteriocins, the N-terminal 20 amammds are mainly polar, cationic,
and highly conserved with a consensus sequence-Slyt-Asm-Gly®-Val'-. Its C-
terminal region (residues Afato Cy$* is much less polar and less conserved

containing a hypothetical hydrophobic membrane ragiéng domain. The
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antimicrobial activity of this AMP was retained efttreatment with many chemical
agents, but was destroyed by proteolytic enzymegeriRion of antimicrobial activity
following treatment with lipase, ribonuclease, Bgme and organic solvents
indicates that it is a pure protein. Bhumtaal. (1991) first reported on the mode of
action of pediocin PA-1/AcH. The authors describieat treatment with pediocin PA-
1/AcH results in the leakage of Kand some UV adsorbing materials. Pediocin PA-
1/AcH was shown to dissipate the membrane poter{idl) of Pediococcus
pentosaceus and to cause release of amino acids accumulatedren a proton
motive force (PMF)-dependent or —independent marfgthermore, pediocin PA-
1/AcH induces the release of amino acids and dtvemolecular weight compounds
from the vesicles of sensitive cells while it hgrdiduces carboxyfluoresceine (CF)
efflux from liposomes, suggesting that a targettggromay be required for AMP
activity. Chenet al. (1997) reported that pediocin PA-1/AcH induces &ffux in a
concentration dependent manner from liposomes,estigg that a protein receptor is
not required. They also indicated that the binddhgediocin PA-1/AcH to liposomes
is dependent on electrostatic interactions andonahe YGNGV consensus motif. It
is finally proposed that pediocin PA-1/AcH might dily the permeability of
sensitive cells likely by forming pores in the gyf@smic membrane and that it needs

a specific target molecule at the surface of tmsisige cells.
1.2.3.2 Optimum conditionsfor pediocin production

The production of pediocin byediococcus spp. is normally performed
in complex growth media such as de Man, RogosaSdailpe (MRS) and Tryptone
Glucose Yeast Extract (TGE). Biswetsal. (1991) studied the production of pediocin
PA-1/AcH by Pediococcus acidilactici H in MRS and TGE (1% tryptone, 1%
glucose, 1% yeast extract, 0.2% Tween 80, 0.005%®Jgand 0.005% MnSgK)
broth. They found that this strain could produckatreely much higher levels of
pediocin in TGE broth than in MRS, several modiiimas of MRS and buffered TGE
broth. The authors suggested that buffered systeMRS and buffered TGE broth
exhibited the negative effect on the productiopediocin by this producing strain. In
contrast,Lactobacillus plantarum WHE92 produced pediocin at a higher level in
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MRS broth than in TGE broth indicated that the myptn culture medium for
pediocin production is dependent on the producairst

Carbon source, nitrogen source, vitamins anaerals were found to
influence the pediocin production. Generally, geeavas the optimal carbon source
for pediocin production by several producer strajAsastasiadouet al., 2008b,
Papagianni and Anastasiadou, 2009), whilst orgamimgen source was more
suitable for pediocin production than inorganicagen source (Guerra and Pastrana,
2001; Vazquez et al., 2006). The addition of JRBy, CaC} and KHPQ, in culture
medium decreased pediocin production, whilst MpBgD increased pediocin
production as reviewed by Papagianni and Anastagig2D09).

Incubation temperature and pH of culture medialso affected
pediocin production (Biswast al. 1991; Papagianni and Anastasiadou, 2009;
Altuntaset al. 2010). The optimum temperature for pediocin pobidm was in the
range of 30-37°C (Yin et al., 2003; Wu et al., 2004; Todorov andkd., 2005;
Anastasiadou et al., 2008; Altunteisal. 2010). The optimal pH of culture medium
was initially between 6.0 and 6.5 and declinedei@ach a value of 3.7 to 3.5 after 25
hours of incubation (Anastasiadou et al., 2008)e Téw pH value at the end of
fermentation is required for the posttranslatiqmalcessing and secretion of pediocin.
This could explain why the buffer system in cultunedium was not suitable for

pediocin production.
1.2.3.3 Control of Listeria sp. in food by pediocin PA-1/AcH

The use of pediocin PA-1/AcH and other variantspefdiocin to
control the growth of.isteria sp. in food is increasing. ALTA' 2351 is an example
of pediocin that has already marketed as a foodtieedAs a role of food bio-
preservative, pediocin could be applied by two weyuding direct application into
food matrix (Schlyteet al., 1993;Huanget al., 1994; Garrigaet al., 2002; Chen et
al., 2004; Mattilaet al., 2003; Grosulescet al., 2011) and indirect application by
coated or immobilized on food packaging (Santiagea<et al., 2009). Both of these
techniques exhibited high anti-listeria efficiendyhe 0.9 log reduction ofisteria
monocytogenes in turkey slurries was observed after pediocin O(bCarbitrary
units/ml) was applied (Schlytest al., 1993). Huanget al. (1994) reported that the
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addition of pediocin 5 to partly skimmed milk comiag 1% and 3.25% milk fat led
to a sharp reduction in viablasteria by approximately 3.0 log cycle during the first
day. At the moderate contamination level of aboub@ CFU/mI, the survival of
Listeria in milk was below the detection limit suggested thotential of its use as
anti-listeria agent in milk. The hurdle of high gsere technology with chilled
refrigeration and application of pediocin could ued the Listerial population
contaminated in meat model system for more thayg2ZJFU/g (Garrigat al., 2002).
Mattial et al. (2003) found that application of pediocin AcH ¢ime surface of
sausages could decrease the numbkr wbnocytogenes for more than 1 log CFU/g.

Using a packaging as a carrier of pediocin ¢da¢ advantage for its
anti-listeria activity on food. The packaging cowadt as a reservoir and diffuser of
the concentrated pediocin molecules to the fooduramg a gradient-dependent
continuous supply of bacteriocin. It could protgediocin from inactivation by
interaction with food components such as lipid andyme inactivation. In addition,
the application of pediocin on food-contact packggrequired lower amounts of
pediocin compared to application in the whole foedlume, decreasing the
production cost. Moreover, the application of pediovia antimicrobial packaging
could avoid the addition of pediocin, a presenatidirectly to foods, attemping to
actual tendency of consumers of searching for hiealfoods and free of additives.
However, for our knowledge, only few researchesehstudied on the application of
pediocin to food packaging. Santiago-Silstaal. (2009) developed cellulose-based
packaging incorporated with pediocin (ALTA® 23519 tontrol the growth of
Listeria innocua on sliced ham. It was found that the viable codritieteria innocua
on sliced ham was reduced for 2 log cycle aftendpepntacted with the film.

1.2.4 Application of antimicrobial peptidesin food packaging

The use of antimicrobial peptides in food packagmag provide the
antimicrobial packaging that act to reduce, inhiloit retard the growth of
microorganism that may be present in the packaged 6r packaging material itself
(Appendini and Hotchkiss, 2002), and/or improve noidal food safety and/or
improve sensorial properties (Vermeirgiral., 2002; Devliegheret al., 2004). Two
methods of incorporation of antimicrobial peptideso food packaging materials
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usually used are (i) direct incorporation of antirabial peptides into film matrix, (ii)

indirect incorporation by coating the antimicrohp@lptide onto the film surface.
1.2.4.1 Direct incor poration of antimicrobial peptidesinto film matrix

Incorporation of bioactive agents including antirolmals into
polymers has been commercially applied in drug pesticide delivery, household
goods, textiles, surgical implants and other biokeddevices. The number of
recently published articles and patents suggestrés@arch on the incorporation of
antimicrobials into packaging for food applicatidmss more than doubled in the past
5 years. GRAS, non-GRAS and ‘natural’ antimicrabibve been incorporated into
paper, plastics, biopolymers, and have been tegjeuhst a variety of microorganisms
including Listeria monocytogenes, pathogenice. coli, and spoilage organisms (Han
and Floros, 1997; Siragushal., 1999; Han, 2000;Appendini and Hotchkiss, 2002;
Dawsonet al., 2002;Dawsoret al., 2003;Leeet al., 2003;Maurielloet al., 2004;
Mauriello et al., 2005; Liuet al., 2007; Marcost al., 2007; Milletteet al. 2007;
COMA, 2008; Iseppet al., 2008; Jiret al., 2009; Santiago-Silvet al., 2009). Many
antimicrobial peptides have the potential to beofporated into polymers such as
magainins, cecropins, and defensins (Hotchkiss7199ther examples included: the
polyethylene-based plastic film incorporated witkimin liquid form that was used to
vacuum-pack beef carcasses (Siragetsal., 1999).The rationale for incorporating
antimicrobial peptides into the packaging is tovpre surface growth in foods where
a large portion of spoilage and contamination cgcur

Many antimicrobials are incorporated at 0.1-5% wfwhe packaging
material, particularly films. Antimicrobials may liecorporated into polymers in the
melt or by solvent compounding (Dawseial., 2003). For antimicrobial peptides,
the heat-sensitive compounds (Appendini and Hosshkl001), solvent compounding
may be a more suitable method for their incorporainto polymers. Although some
bacteriocins and antimicrobial peptides are reddyivheat-resistant (Appendini and
Hotchkiss, 2001), their antimicrobial activity mbg higher when heat is not used in
the process. Studies on nisin showed that theigctb the bacteriocin in cast films
was three times greater than that of heat-presisesl (Dawsoret al., 2003).
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Dawson et al. (2003) studied the effect of film-forming method
(casting or heat-pressing) on the retention ofdgialally active nisin (Nisaplin®) and
release of activity into water at four differenteeratures (5, 25, 35 and 46).
Nisin activity was measured using the agar diffnsmethod againstactobacillus
plantarum 1752. The authors reported that film-formation moet had an effect on
retention of nisin activityg < 0.05) with casting retaining greater activitathheat-
pressing. Higher temperatures used to form heasptefilms may have attributed to
the greater loss of activity although the highengerature used to form heat-pressed
wheat gluten films (140C) compared to that used for heat-pressed corn(z2srC)

did not result in a significant difference in adjwretention.

The release of nisin activity into water was aldtected by heat-
pressed processing. The result showed that higheumts of activity were released
from casted wheat gluten (CWG) films at all timesnpared to other film types. The
higher nisin release from CWG films was due in partthe higher retention of
activity through the film-formation step. Howeventh CWG and heat-pressed wheat
gluten (HPWG) films released approximately 1% ao&ireed nisin activity. The casted
corn zein (CCZ) and heat-pressed corn zein (HP@@sfreleased about 0.7% of
retained activity. At 45C as with all other temperatures, CWG released mizia
activity than all other film types. At 45 °C, mongsin activity migrated into water
from HPWG than either corn zein film type. Betwdée corn zein films, the CCZ
film released more activity than the HPCZ after 4fhexposure to water. Although
the net release of nisin activity into water wa®agest from CWG films, the
percentage of activity released (based on actiitit was left available after film
production) did not differ between CCZ and CWG 8Irp > 0.05) with both cast
films having greater % release rates than heaspdefims. This trend held for all
exposure temperatures but differences between arabtheat-pressed release was
greater at higher temperatures compared0.5

This study supported the hypothesis of castingptvesit compounding
processing is more suitable for used to incorpogatEmicrobial peptide into food
packaging when compared to heat-pressed proce§degefore, the later researches
and developments in technique to incorporate aotobial peptide into food

packaging have been focused on casting or solwenpounding process.



29

In solvent compounding, both the antimicrobial dnel polymer need
to be soluble in the same solvent. Biopolymersgared candidates for this type of
film forming process, due to the wide variety obtains, carbohydrates and lipids
which act as plasticizers that form films and aogdi These polymers as well as their
combinations are soluble in water, ethanol and nahgr solvents compatible with
antimicrobial peptides (Dawsomt al., 2003). There are many studies using
biopolymers as film forming materials in castingqess to produce the antimicrobial
packaging incorporated with antimicrobial peptidelsas incorporation of enterocin
produced byEnterococcus faecium CTC492 into alginate, zein and polyvinyl alcohol
film (Marcoset al., 2007; Marcot al., 2008), incorporation of nisin into modified
alginate film (Milletteet al., 2007) and incorporation of pediocin ALTA® 235ia
cellulose acetate film (Santiago-Silgtaal ., 2009).

Santiago-Silvat al. (2009) investigated the antimicrobial efficierafy
cellulose acetate film incorporated with PediocihTA®2351 on preservation of
sliced ham. 25% and 50% of Pediocin ALTA®2351 waddeal directly into cellulosic
base film solution and then cast to produce thm.fiThe antimicrobial efficiency of
the films against.isteria innocua ATCC 33090 andsalmonella sp. ATCC 6539 on
sliced ham was tested by means of a challengeneshich the slices were immersed
in 0.1% peptone solution containing about’® XDFU/mL of Listeria innocua or
Salmonella sp The experiment was set up overlapping the slidelam with the
films (control, 25% and 50% of pediocin). Thesetsys were packaged under
vacuum and stored at 12 °C. The slices of ham amab/zed folListeria innocua and
Salmonella sp. counts at 0, 3, 6, 9, 12 and 15 storage days.

The result showed that the film with 50% pediocirorpoted an
inhibition onL. innocua counting, while films with 25% pediocin and contatiowed
the microorganism growth, increasing, on averag®,ahd 1.4 logarithmic cycles,
respectively, during storage period. At the endtofage period was found significant
difference p < 0.05) onL. innocua counting among treatments. It was observed for
the ham slices separated with the films: contrb%2and 50% groups, counts around
to 7.60, 6.80 and 5.60 logCFU/g, respectively, destrating reduction of 2 log
cycles for the product in contact with film 50%ddess than 1 log cycle for the film
25%, in relation to the control.
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In the case ofsalmonella sp., it can be noted a small reduction in
Salmonella sp. counting in the ham slices in contact with 2826 and 50% pediocin
in relation to the control. The results confirm the vitro studies, in which
ALTA®2351 pediocin was slightly effective agairslmonella sp. a gram-negative
microorganism. In this study, it was detected greaffficiency of pediocin on the
inhibition of L. innocua growth compared t&almonella sp. This can be attributed to
the fact that pediocin has specificity against sggseof Listeria, and also due to the
preference of this microorganism to grow at thefesugr of the food. Katz (1999)
emphasizes that the pediocin acts particularlyregaisteria sp., on its inhibition or
elimination.

The conditions used in this assay were drastic.sttrage temperature
used in this work (12C) is not adequate for storage under refrigeratbon,this is a
reality commonly found in the retail market produsesides the abusive temperature
in the storage period, a high amount of microorgian{1§ CFU/mL) was inoculated
in the slices of ham. Therefore, these factors rbestaken in consideration in the
analysis of the performance of the films.

This study is a case that shows the potential adctlincorporation
technique to incorporate the antimicrobial peptidectly into food packaging matrix
to produce the antimicrobial food packaging witgthantimicrobial efficiency. The
morphological characteristic of film produced byisthtechnique in this study,
however, was poorer when compared with the nonggadicontained film. The
alteration of film morphology was increased whenipein concentration increased.
The control film was visually the most transparant the most homogeneous one.
The film surfaces containing pediocin became roughs the antimicrobial
concentration increased and, consequently incredbed quantity of granules
dispersed in the matrix, due to the lack of antiobtal compound solubility.
Moreover, direct incorporation of pediocin intonfil matrix showed the negative
effect on the film thickness and some mechaniaap@rties of produced films such as
force in rupture and deformation in rupture.

To improve the physico-chemical, especially filnartsparency and
thickness, and antimicrobial properties of film ongorated with antimicrobial

peptide, Imraret al. (2010) added hydrophilic plasticizer into celkilomatrix of film
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incorporated with commercial antimicrobial peptidie.this study, the antimicrobial
film was produced using casting process with ditacbrporation of antimicrobial
peptide into film forming solution. Nisaplin®, conamcial nisin, acted as the
antimicrobial peptide when glycerol was used agdyiilic plasticizer.

The authors suggested that film thickness depermngedtly on film
nature and composition as suggested by Btali. (2004) and Sebdt al. (2007). The
addition of plasticizer alone (10-50% w/w) produg¢kd HPMC films with thickness
statistically indifferent § > 0.05). The narrow range variation in thicknesghhibe
there because elevated glycerol content maintairgdter moisture content at the end
of film drying (Chen and Lai, 2008). However, thecaorporation of Nisaplin®
radically increased the film thickness (70 £ 12 paole to the formation of salt
crystals (salt present in Nisaplin® formulation)daurse of drying and the film was
non-homogenous. In this study, the composite fidhisaplin® with 30 and 50%
glycerol normalized the crystals effect by homogenadispersibility because
plasticizer could reduce the intermolecular for@ewsl increase the mobility of
polymer chains. The tensile strength of composdltasf decreased, while ultimate
elongation was increased significantly.

The transparency of antimicrobial film with glycer@10-30%
glycerol) as a plasticizer was not significantlyfelient from control film (without
nisin and glycerol); however, the film incorporatedth nisin without glycerol
reduced the film transparency. The result indicateat Nisaplin® was the more
important factor which reduces the film transpayenompared with glycerol. This
attribute of the HPMC edible film justified its uas edible film biopolymer primarily
to fulfill the consumer eagerness to see food ftinopackaging. Transmission
percentage had depended on the concentration sifqi@r (glycerol) and addition of
active agent Nisaplin®. The transparency of HPM® fivas inversely proportional
to the Nisaplin® addition and glycerol concentratas an effect individual.

As suggested by the authors glycerol played aigegible to improve
the transparency of films containing Nisaplin® dige improved dispersibility of
Nisaplin® in network of HPMC film and thus providé®mogenous film which had
higher transparency values. HPMC film containingsdplin® only had given
transmission value close to bottom which was impdowith the addition of glycerol.
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But higher addition of plasticizer decreased thangparency, as HPMC films
containing both Nisaplin® (104 IU) and glycerol %0 db) showed minimum
transmission value second to Nisaplin® additiomalo

This study demonstrated that the addition of glgcas a plasticizer
can improve stretch-ability, transparency and finmmogeneity. In addition, the
antimicrobial efficiency of active film was highh film had an ability to inhibit the
growth of 16 strains of indicatorsLiéteria, Saphylococcus, Bacillus and
Enterococcus). Glycerol found to have no effect on the releaseisin from film and
thus the inhibition zone from active film was siarilto the plasticized active film.
However, plasticizer generally causes the increasgdr permeability so it must be
added at a certain amount to obtain the films withroved flexibility, thickness and
transparency without significant decrease of meiclastrength and barrier property
to mass transfer (Mélleat al, 2004; Brindle and Krochta, 2008).

1.2.4.2 Indirect incorporation by coating the antimicrobial peptidesonto

film surface

In some cases, the antimicrobial peptide was iraratpd into plastic
film which had preferable properties such as watelubility, tensile strength,
flexibility, water and gas permeability, color atdnsparency when compared to
biopolymer films. The problems occurred during irpmrating the antimicrobial
peptide directly into plastic polymer was the ingatbility of antimicrobial peptide
with polymers, caused the poor distribution of mntrobial peptide in film matrix
and made film opaque which lowering the consumeepiance (Santiago-Sila
al., 2009). To solve this problem, the indirect inmmation by coating the
antimicrobial peptide onto plastic film surface wased (Iseppket al., 2008). Cast
edible films, for example, have been used as garf@ antimicrobial peptides and
applied as coatings onto packaging materials antbods. Examples include,
pediocin-containing milk-based powder adsorbed amitulose casings and barrier
bags (Minget al., 1997), nisin adsorbed onto the silicon surfddaescheet al.,
1992), nisin/EDTA/citric solutions coated onto PV@ylon and LLDPE films
(Natrajan and Sheldon, 2000), nisin in methylcelal coating (Seb#t al., 2003;
Sebti et al., 2007), nisin coated onto the surface of polyethy, ethylene vinyl
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acetate, polypropylene, polyamide, polyester, &syand polyvinyl chloride films
(COMA, 2008) and plastic film coated with nisin-tsan solution to use as anti-
listerial packaging for cold-smoked salmon prodi¥tset al., 2008a).

Iseppiet al. (2008) studied the anti-listerial activity of alymeric film
coated with hybrid coatings doped with Enteroci®K1 for use as bioactive food
packaging. The antimicrobial film was produced byr@pping the Enteriocin 416K1,
produced byEnterococcus cassdliflavus IM416K1, in an organic-inorganic hybrid
coating and then was coated onto a low-densitygtojyene (LDPE) film surface.
The antimicrobial activity of the coated film was/atuated againstlListeria
monocytogenes NCTC 10888 by qualitative modified agar diffusioassay,
guantitative determination in listeria saline smntsuspension and direct contact with
artificially contaminated food samples.

The result of qualitative evaluation showed tha émterocin doped
coated film showed clear zone of inhibition in thdicator lawn in contact with and
around (about 2 mm). No activity against the intticastrain was observed for the
undoped coated film. This result suggested thatrtheipulations required to prepare
the coated films do not affect the anti-listeriefity of bacteriocin.

For the quantitative antibacterial evaluation, a®¢ h of exposure, the
viable counts ot.isteria monocytogenes NCTC 10888 in the solutions in contact with
the enterocin-activated coated films decreasedboyta0.5 log units in comparison
with the results observed for undoped control filldsteria enumeration was further
reduced to a difference of 1.5 log units after 7p & 0.0096). This further reduction
of the listeria counts suggested that there wagressive release of enterocin and
ruled out an effect due to the enterocin preselyt on the surface of the coating. In
this latter case, a decrease of the listeria viabiets would be observed exclusively
over a short time of contact. Similar rates of loithon have been reported in other
studies on plastic films containing different aritrobial compounds (Scanneli al.,
2000; Maurielloet al., 2005; Haret al., 2007).

Listeria monocytogenes NCTC 10888 viable counts, observed in the
contaminated frankfurters samples packed in entexmped and undoped coated

films stored at 4 and 22C, were also reported. Theisteria monocytogenes

population in the frankfurters samples maintained &C in presence of enterocin
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doping, rapidly decreases during the first 24 A (g units) compared to the control.
This level of decreased dfisteria monocytogenes population was maintained until
the 14th day, and only after 28 days there waslaced difference (< 0.5 log unitg) (
= 0.0127) with respect to the control. For the slasgtored at 22C, a similar trend
was observed after one day and the difference regpect to the control remains
significant p = 0.0475) at longer times, even if it decreaseith Wwime (Iseppiet al.,
2008).

By observing, it was noteworthy that after a fsgjnificant decrease
of the bacteria population over the first 24 h, theve profiles of both undoped and
enterocin-doped films were very similar for frankt&rs. This suggested that the
diffusion of enterocin out of the coating was fémt the enterocin contained within
the first layers of the coating, but was slowemtlthe bacteria growth rate for the
enterocin contained in the deep layers of the ogatin this respect, we had to
consider that the slow diffusion of enterocin, witiolecular weights of about 3-4
kDa, was not surprising and that coatings with edéght morphologies and
compositions had to be developed in order to aehiegher diffusion rates. This data
were in agreement with those of other researchdrs had observed prompting
results in reducing bacteria populations withind@amples wrapped up in packaging
materials containing bacteriocins (Miegal., 1997; Scannebt al., 2000; Dawsoret
al., 2002; Leest al., 2003; Mauriellcet al., 2004).

In conclusion of this study, the effects of the daitive packaging
demonstrated that the Enterocin 416K1 retained aa gotimicrobial activity when
trapped in a hybrid coating applied to plastic fifor food packaging, as it was
previously reported for other systems (Miegal., 1997; Siragusat al., 1999;
Scannelet al., 2000;Maurielloet al., 2005). A further advantage of the approach
presented in this paper in point of potential aggtions, was that the coated films
showed the same transparency of the uncoated ameéshat the bioactive coating has
good adhesion to the plastic films even without amgliminary treatment of the
plastic film surface. All these results, along witte relatively low cost of reactants
and the easy application to plastic substratedjromed the possible industrial use of

this technology in the food packaging field.
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1.2.5 Some properties of antimicrobial films

When antimicrobial peptides are added to packagmajerials to
reduce microbial spoilage, it may affect generaygutal properties and processing
ability/machinability of the packaging materialseri@ral properties of packaging
materials include mechanical properties such asléestrength, elongation, stiffness,
and physical properties such as oxygen (and othsj germeability, water vapor
permeability, wettability, water absorptivenesseage resistance, brightness, haze,

gloss, transparency, and others (Han, 2000).
1.2.5.1 Mechanical properties of film

The performance of the packaging materials musnbmtained with
the addition of the active substances, even thotingh materials contain more
heterogeneous formulations. In the case of plasties antimicrobial peptides are
very-low-molecular-weight chemicals compared to glze of the polymeric structure
and are added in small amounts. In properly dedigaetimicrobial packaging
system, the chemicals will position themselveshs amorphous structural regions of
the polymeric structure and may not affect the maatal strength of the polymeric
packaging materials (Han, 2000; Pérez- Pérek., 2006).

Considering the huge size of the amorphous arethefpolymeric
materials (or porous area of papers) to the relBtigmall size of the antimicrobial
peptide, a large amount of the antimicrobial pegstidnay be needed to show any
effect on the tensile strength of the packaging ens. However, after the
amorphous area of the polymers and the porouscddiréee papers are saturated by a
high concentration or large powder particle of mntrobial peptides, the tensile
strength of the antimicrobial materials could bgeadely affected. Santiago-Silea
al. (2009) investigated that the maximum force intuog of the cellulose acetate film
incorporated with 25% (w/w of cellulose weight) pkdiocin indicated that it
presented greater resistance (p < 0.05) in relatidhe control and 50% films, which
did not differ between each other. However, it wasfound significant difference (p
< 0.05) among the films for deformation in ruptufde addition of pediocin in the

concentration of 25% increased the force requiediln rupture in relation to
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control, which contained 0% pediocin, indicatingp@ssible interaction between the
pediocin and the cellulosic matrix which became enoigid. However, at the
concentration of 50%, it possibly had an excesspediocin incorporated thus
weakening the cellulosic chains. On the other h&meks (2006 in Santiago-Sihet
al.,2009) when evaluated the addition of nisin anthmacin, isolated or combined
into cellulosic base films observed reduction atéat rupture with the increase of
substances concentration in the matrix. The coffiral (without antimicrobial) was
the most resistant compared to those incorporaigd %0% nisin + 8% natamycin
and 50% nisin. Similar results were obtained bystret al. (2008) when investigated
the impact of antimicrobial compounds on mecharnpcaperties of sodium caseinate
films. They verified that the addition of increagisodium lactate and potassium
sorbate concentration resulted in reduction of mamn force and increasing of
elongation at break, suggesting that they act astipizers for the films. Chet al.
(2002) when evaluated the effects of antimicrobredorporation on mechanical
properties of films also verified that films comtaig antimicrobial compounds were
weaker compared to those without antimicrobialsvafioban et al. (2008)
investigated that the tensile strength of soy pnogelible film decreased when nisin
was incorporated into the film. They described thditen the hydrophobic nisin
incorported into soy protein film solution which chaboth hydrophilic and
hydrophobic properties, those hydrophobic nisingooles were tent to form larger
clusters in film matrix and may weaken the strontgeractions between protein
molecules.

In the case of coated film, the study of Choketal. (2009) when
investigated the difference in the tensile strerftifoly Ethylene (PE) film coated
and uncoated with nisin loaded Hydroxy Propyl MétRellulose (HPMC). The
tensile strength of plastic films were 31 + 4 Ma the control and 28 + 3 MPa for
the multi-layer PE film coated with nisin loaded M€ film. This absence of
difference could be due to a lack of interactiomslaw interactions between the
hydrophilic HPMC coating polymers and hydrophobie fims. The possibility of
adherence of HPMC and PE films was obtained byilrEdorona surface treatment

at a potency of 5 kW before coating. Similarly, Geo et al. (2004) reported that
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nisin addition made no difference in the mechanpcaperties of LDPE films coated

with a nisin-containing cellulose-based coating.

1.2.5.2 Optical propertiesof film

Besides mechanical strength changes, incorporatioantimicrobial
peptides usually reduces optical properties oftjgldéms such as transparency. This
may result in serious disadvantage in using thigmacrobial plastic film for see-
through packaging. In the study of Cholkttal. (2009), there was no change in
opacity of plastic film coated with nisin loaded ME film. Therefore, the films
maintained a good transparency which is esserdratdnsumers, who wish to see

foods through the packaging before purchase.

1.2.5.3 Effect of antimicrobial packaging on quality and shelf life of
packaged food

A little research has been conducted to investighte effect of
antimicrobial packaging on quality of packaged foetbwever, effect of modified
atmosphere packaging and vacuum packaging on thkygof packaged food was
widely studied. Leest al. (2003) studied the effects of micro-perforatdchfon the
guality and shelf life improvements of pork loingrihg chilled storage. The results
showed that the total aerobic counts of control@anwere significantly lower than
those from micro-perforated film treatment. At A/slaf storage at €C, total color
difference of control meat sample was significantligher than other samples.
Moreover, sensory evaluation analyses showed thetofperforated film treated
samples had generally better in all evaluated pat@m/ (color, odour, outer
appearance and overall acceptability) over theagmitime. Lee and Yoon (2001)
studied on the quality changes and shelf life opanted vacuum-packaged beef
chuck during storage at @. The result showed that the off-odour of vacuum-
packaged sample was detected after 66 days ofgst@mad colour deterioration was
detected at day 76 of storage. It means the vacpaukaging can maintain the

guality of beef upto 66-76 days afO. Parket al. (2010) studied on the application



38

of chitosan-incorporated LDPE film, as an antimimad packaging, to sliced fresh red
meat for shelf life extension. Parameters invetgan this study were microbial
counts, color and total color different of packageehts.

In conclusion, food packaging affects the qualihyd ashelf life of
packaged foods. Quality attributes of food thaeetid by packaging are color, pH,
microbial growth, biogenic amines, volatile compdsn as well as, sensory
characteristic. The effective antimicrobial packagishould inhibit the microbial
growth and improve the quality of packaged foodsrider to prolong shelf life and
obtain the consumer acceptance. Previous literatengewed that the parameters that
should be concerned when study on the effect om@rbbial packaging on quality
and shelf life of packaged food are pH of food,ocolmicrobial growth, biogenic
amines formation. All of these parameters relateettsory characteristics (color, odor

and outer appearance) which directly relate to wores acceptability.
1.2.6 Polylactic acid (PLA) in therole of antimicrobial food packaging
1.2.6.1 Introduction to PLA

Polylactic acid (PLA) is a biodegradable polymerivkd from lactic
acid. It is a highly versatile material and is méaen 100% renewable resources like
corn, sugar beets, wheat and other starch-richustedKrishnamurtht al., 2004).
Polylactic acid exhibits many properties that ageiealent to or better than many
petroleum-based plastics, which makes it suitateafvariety of applications (Auras
et al., 2003). It is important that PLA compares wellttwbther popular plastics
already used for packaging. It is clear and natugabssy like the polystyrene used in
"blister packs" for products such as batteriess taypd many others.

PLA is resistant to moisture and grease. It hasofland odor barrier
characteristics similar to the popular plastic ptityylene terephthalate (PET) used for
soft drinks and many other food products (Rubam)920 Tensile strength and
modulus of elasticity of PLA is also comparableP&T. It can be formulated to be
either rigid or flexible and can be copolymerizedhwother materials. Polylactic acid
can be made with different mechanical propertiegBle for specific manufacturing

processes, such as injection molding, sheet ertruslow molding, thermoforming,
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film forming and fiber spinning using most convemial techniques and equipment
(Jamshidiaret al., 2010).

PLA is a nonvolatile, odorless polymer and is dfest as GRAS
(generally recognized as safe) by the Food and Pwministration in the United
States (Jamshidiaat al., 2010). For all of its outstanding properties aadh-friendly
biodegradability, PLA is a material that is cregti lot of interest in the packaging

industry.
1.2.6.2 Theuses of PLA asfood packaging material

As review by Jamshidiaa al. (2010), PLA has potential for use in a
wide range of applications including the use of Pag\a food packaging materials.
PLA food packaging applications are ideal for fresbducts and those whose quality
is not damaged by PLA oxygen permeability. PLA igrawing alternative as a
“green” food packaging polymer. New applicationsdéeen claimed in the field of
fresh products, where thermoformed PLA containeesused in retail markets for
fruits, vegetables, and salads. The market capatiiyese products packaged in PLA
is unlimited.

The major PLA application today is in packagingaige 70%). In the
field of packaging, two specific areas have reatictse attention, namely high-
value films and rigid-thermoformed containers. PbAngs a new combination of
attributes to packaging, including stiffness, d¢lardeadfold and twist retention, low-
temperature heat sealability, as well as an intiegesombination of barrier properties
including flavor, and aroma barrier characteristMsreover PLA is good resistant to
oils and terpens, excellent printabiliby, metalieaband antifogging ability.
Commercialized PLA products demonstrate this flaat PLA is not being used solely
because of its degradability, nor because it isenfaoin renewable resources; it is
being used because it functions very well and plewiexcellent properties at a
competitive price. As reviewed by Jamshidiah al. (2010), there are many
commercialized PLA products in today’'s market ahelirt variety and consumption

are increasing rapidly (Table 5).
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Table5. Some commercialized PLA products

Product Company name

Film and trays for biscuits, fruit, vegetableSreophan, Natura, IPER, Sainsburys,

and meat Sulzer, Ecoproducts, RPC
Yogurt cup Cristallina/Cargill Dow
Trays and bowls for fast food McDonalds

Envelope with transparent window, papéitsui, Ecocard

bag for bread with transparent window

Sour ce: Jamshidiaret al. (2010)

1.2.6.3 Development of PL A film incor porated with antimicrobial

peptidesfor uses as antimicrobial food packaging

The innovative strength of PLA antimicrobial packeghas a direct
impact on consumer health by creating safer ande mdmolesome packaged foods.
Active packaging realizes certain extraordinary anthl functions other than
providing an inert barrier between product and mkeconditions. Active substances
that are important and considered for novel bieactipackaging include
antimicrobials, vitamins, phytochemicals, prebistienarine oils, and immobilized
enzymes (Lopez-Rubiet al., 2006). A whole range of active additives, inahgg
silver-substituted zeolite, organic acids and tlseits, bacteriocins such as nisin and
pediocin, enzymes such as lysozyme, a chelatorelikglenediaminetetraacetic acid
(EDTA), lactoferrin, and plant extracts have alngdden successfully incorporated in
antimicrobial active packaging (Joerger 2007).

Currently, there are very little research exists dddress the
incorporation of antimicrobial peptide to PLA filfor use as antimicrobial food
packaging. An example of development of PLA filngcarporated with antimicrobial
peptide for use as antimicrobial food packaginthesdirect incorporation of nisin to
PLA film (Jin and Zhang, 2008). The PLA film comtaig nisin inhibited the growth
of Listeria monocytogenes andEscherichia coli O157:H7 in simulated food including

orange juice and liquid egg white. The developéd Ehowed high potential for use
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in antimicrobial food packaging. Jat al. (2009) developed the PLA film coated with
nisin solution. The authors suggested that neat Rad no capability to be coated
with nisin because of the opposite hydrophobic prigpof PLA and nisin solution. In
order to improve the capability to be coated witisim solution, the authors
incorporated pectin with hydrophilic property ifed.A film before coated with nisin
solution. Pectin added into PLA film play an imgort role in embedding nisin into
the film. The result from this study indicatedttRd.A/pectin incorporated with nisin
has a great potential in antimicrobial food packggp reduce post-process growth of

food pathogens.
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1.3 Objectives of study

1.

To optimize culture medium and incubation ctinds for the production of
pediocin PA-1/AcH, an antimicrobial peptide proddicédoy Pediococcus
pentosaceus BCC 3772.

To develop a method for incorporating hydroph@ntimicrobial peptide into
hydrophobic film by using pediocin PA-1/AcH and yp@éctic acid) film as a
model and to characterize the physical, mechaait@dlantimicrobial properties of
the produced film.

To study the effect of the PLA/SP film incorptad with pediocin PA-1/AcH on
guality and shelf life of packaged food.

To screen, purify and characterize the putbtiveovel antimicrobial peptide
produced by lactic acid bacteria which exhibitsevebectrum of inhibition.

To validate the incorporation technique devetbpn 3. using a putatively novel
antimicrobial peptide as an active compound ang(faaltic acid) as a packaging

polymer.
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CHAPTER 2

OPTIMIZATION OF PEDIOCIN PA-1I/ACH PRODUCTION BY
PEDIOCOCCUS PENTOSACEUSBCC 3772

2.1 Abstract

A sequential optimization based on Plackett-Burndasign (PBD),
central composite design and one-factor-at-a-ti@eAT) method was employed to
optimize the production of pediocin PA-1/AcH IRediococcus pentosaceus BCC
3772. Tryptone Glucose yeast Extract (TGE) brot ((w/v) tryptone, 1% (w/v)
yeast extract, 1% (w/v) glucose, 0.2% (w/v) TweertB03 mM MnSQ and 0.02 mM
MgSQ,) was used as basal medium. The analysis from Riflizated that sodium
caseinate and yeast extract had significant pesiiffects on pediocin PA-1/AcH
production. According to the response surface nuktlogy (RSM) analysis, the
optimal culture medium contained 1.5% (w/v) of swdicaseinate, 1.5% (w/v) of
yeast extract and 0.5% (w/v) of glucose. Based BAD the optimal initial pH and
incubation temperature were at 6.5 and 8 respectively. The production of
pediocin PA-1/AcH under the optimal condition wasoat 16-fold and 256-fold
higher than cultivations in the un-optimized TGEaWRS broths, respectively. In
addition, browning index of pediocin PA-1/AcH preaton was significantly lower,
which overcomes the limitations and increases thssipility for use in food

packaging.
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2.2 Introduction

Pediococcus pentosaceus BCC 3772 produced the anti-listeria
substance called pediocin PA-1/AcH (Kingaital., 2012). Pediocin PA-1/AcH has
received a considerable attention because of titanding properties (Degnahal.,
1993; Gélvezt al., 2007; Bernbonet al., 2009; Nieto-Lozanet al., 2010; Deviet
al., 2011; Naghmouchat al., 2013; Woraprayotet al., 2013). Pediocin PA-1/AcH
has been approved for use in food. Pediocin igylike has higher activity and acts
more specifically againdt. monocytogenes than nisin (Cintast al., 1998; Rodriguez
et al., 2002). According to the study of Kingcleaal. (2012), pediocin PA-1/AcH
from P. pentosaceus BCC3772 had a molecular mass of 4622.35 Da witherisinal
amino acid sequence of KYYGNGVTXGKHSXSVDWGKATTXIINGA (X
represents an undetermined amino acid residue)n Rh@ antimicrobial property
point of view, pediocin PA-1/AcH inhibited the grdwof Listeria monocytogenes
(Kingchaet al., 2012), an important food borne pathogen alwaysd to be out
break in ready to eat (RTE) meat products in manyntries (Yeet al., 2008), and
other pathogens includingisteria innocua, Enterococcus faecalis and Bacillus
coagulans. In contrast to nisin, pediocin PA-1/AcH has paianto inhibit Listeria
without disturbing other beneficial bacteria (Bletyal., 2007). Moreover, pediocin
PA-1/AcH was heat-stable and active in wide rangptb (pH 2-10) which showed
high potential to be used as natural antimicrolaglent in food packaging
(Woraprayoteet al., 2013) and food application for wide types ofdancluding low-
acid and high-acid food (Degna&hal., 1993; Nieto-Lozaneat al., 2010; Kingchaet
al., 2012).

The production of pediocin PA-1/AcH b¥. pentosaceus BCC 3772
and other pediococci strains is normally perforrmedomplex growth media such as
de Man, Rogosa and Sharpe (MRS) broth which maleesigh yield of production
(Arokiyamary and Sivakumaar, 2011). However, theeze some limitations of the
use of MRS broth as a culture medium for a largdesor industrial-scale production
such as the high cost of culture medium, the coxiiyl®f medium composition and

high browning index which interferes pediocin pigation and clarification for
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further applications. To overcome these limitatioihie simple culture medium with
low browning index and low cost for pediocin protiac should be developed.

Biswas et al. (1991) reported thaPediococcus acidilactici H in
Tryptone Glucose Yeast Extract (TGE) broth (1% tope, 1% yeast extract, 1%
glucose, 0.2% Tween80, 0.03 mM fMrand 0.02 mM M§) yielded the higher
production of pediocin AcH compared to MRS and rfiedi MRS broths. The
authors suggested that TGE broth was not only @ffe¢or pediocin production but
also inexpensive. The alternative low cost nitroged carbon sources for pediocin
production were optimized in several studies. Whmgtein, yeast extract and
glucose, sucrose and lactose were always usedt@gan and carbon sources
respectively (Guerrat al., 2001; Halami and Chandrashekar, 2005). Initidl qf
culture medium and incubation temperature were downplay an important role in
pediocin production by LAB and were also optimi{8iswaset al., 1991; Altuntas
et al., 2010). To our knowledge, sequential OFAT, Pla#eBarman design and RSM
have not been followed in optimization study foe timprovement of pediocin
production.

The objective of this study was to optimize thetud medium and
incubation conditions for the production of pedio@&@A-1/AcH byP. pentosaceus
BCC 3772 using sequential statistical experimedésign. To achieve the optimum
conditions, the present study was carried outva fitages; firstly, the basal medium
was selected from the culture media usually usepeutiocin production including
TGE and MRS broths. Secondly, optimal food gradeogen and carbon sources
were screened using OFAT method. Thirdly, the RdgeRurman design was applied
to address the most significant medium componehtshwaffect pediocin production.
Then, response surface methodology (RSM) based emrat composite design
(CCD) was employed to determine the optimal coma#ion of each medium
component. Finally, optimal pH and incubation tenap&re was studied to maximize
the pediocin PA-1/AcH production.
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2.3 Materialsand Methods
2.3.1 Cultures and conditions

Pediococcus pentosaceus BCC 3772 was obtained from BIOTEC
culture collection (BCC), Thailand. Prior to exmpeentation,P. pentosaceus BCC
3772 was streaked on de Man Rogosa and Sharpe (M&8k, Germany) agar and
grown at 30°C for 24 h. A single colony obtained on MRS agas\waown twice in
MRS broth and incubated at 30 for 24 h without shaking. For use as an inoculum
in optimization study, the cells d®. pentosaceus BCC 3772 was harvested from
overnight culture by centrifugation (8000 x g, 10nm4 °C) and the pellet was
resuspended in one volume of sterile 0.1% peptoatenlListeria monocytogenes
ATCC 19115 was used as an indicator strain. Paarse, indicator was streaked on
TSB agar (Tryptic Soy Broth, Merck, Germany) anduimated at 37C for 24 h.
Before used in the experiment, the single colontaioled on TSB agar was grown
twice in TSB broth at 37C for 24 h.

2.3.2 Assay for anti-listeria activity

The anti-listeria activity was evaluated using spotlawn assay
(Ennaharet al., 2001) withListeria monocytogenes ATCC 19115 as indicator. Prior
to assay, pH of culture supernatants was adjustéglS and the supernatants were
filtered through sterile cellulose acetate filte@s2 um pore size (ADVANTEE,
Japan). For qualitative assay, iDof aliquot of cell-free culture supernatant was
spotted directly onto the prepared indicator lawnTSB with 1% (w/v) agar). For
semi-quantitative assay, two-fold serial dilution§ 10 ul of cell-free culture
supernatant were prepared in sterile distilled wiate 96-well microtiter plate prior
to spotting on the indicator lawn. Anti-listeriatiady is defined as the reciprocal of
the highest two-fold serial dilution showing zoné& growth inhibition and is
expressed as arbitrary unit (AU) per ml (Kwaadstestial., 2006).
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2.3.3 Optimization procedure and experimental design
2.3.3.1 Effect of culture medium

To select the most suitable culture medium for pneduction of
pediocin PA-1/AcH byPediococcus pentosaceus BCC 3772, MRS broth and TGE
broth (Biswaset al., 1991) were compared. The medium were sterilaligclaving
at 121°C for 15 min. An 1% (v/v) inoculum dPediococcus pentosaceus BCC 3772
prepared as in 2.3.1 was added to 50 ml of cultoedium in 125 ml Erlenmeyer
flask. The samples were incubated a@0without shaking. The samples were taken
at different time intervals to determine the vialoleunt of producing strain. The
changes in pH were measured using pH meter (Mdtderdo, Switzerland). The
anti-listeria activity (AU/ml) produced was determad using critical dilution spot-on-
lawn method as descirbed in 2.3.2 udingeria monocytogenes ATCC 19115 as the
indicator strain. All parameters were measuredhatdame time intervals for both

culture media.
2.3.3.2 Screening for the optimal nitrogen sour ces

To investigate the effect of nitrogen sources @pédiocin PA-1/AcH
production, tryptone and yeast extract in the aabiTGE broth were replaced with
different nitrogen sources at the equivalent nigrogontent. Nitrogen sources and the
corresponding concentrations were shown in Figur@l2 production of anti-listeria

activity of the samples was performed as descrihad®.
2.3.3.3 Screening for the optimal carbon sources

To evaluate the effect of carbon sources on pedidehA-1/AcH
production, glucose in the original TGE broth waplaced with 1% (w/v) of various
carbon sources including D-glucose, D-sucrose,udtfise, D-galactose, D-lactose,
D-maltose, D-mannose, and D-xylose. The productibpediocin PA-1/AcH and

anti-listeria activity assay of the samples wendgrened as described in 2.3.2.
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2.3.3.4 Screening for the medium components having significant effect

on the production of pediocin PA-1/AcH

To identify the significance of culture medium camnents for the
production of pediocin PA-1/AcH, Plackett and Burmmg1944) statistical
experimental design was performed. Six factors wested in two level; + (high
level) and - (low level). The components tested were, Yeastaekt Sodium
caseinate, Glucose, Tween 80, Mg&0d MnSQ.7H,O. PB design is a fraction of a
two level factorial design and this design offdnme screening of a large number of
independent factors (N) in a small number of (N)-€xXperiments. The main effect of
each variables was calculated as the differencedeet the average of measurements
made at the high value (+) and at the low valdeof that factor. In this study, PB
design gave an output of 13 experimental runs (doations) with 6 independent
variables as shown in Table 6. All the experimemtse performed in duplicate and
the average of anti-listeria activity produced Rypentosaceus BCC 3772 was used
as the response (dependent variable). The PlaBkettan experimental design is

based on the first-order model which is as follows:

Z=by+) bx )
WhereZ is the response (anti-listerial activityy, is the model intercept arglis the
linear coefficient, and; is the level of the independent variable.

The program Design Expert® was used to analyzee#perimental
Plackett-Burman design. In this experiment, the gponents having confidence levels
above 95% were considered as significant comporientie production of pediocin
PA-1/AcH and were taken up for further optimizatistiudies keeping the

insignificant components at the constant level.

2.3.3.5 Optimization of the screened medium components for pediocin
PA-1/AcH production

Response surface methodology (RSM), which has séensively
applied in optimization of fermentation medium camspion for bacteriocin
production (Liet al., 2002; Leeet al., 2012), enzymes production (Rajendran and
Thangavelu, 2007; Rajendran and Thangavelu, 20@fgrjan and Rajendran, 2012)
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and drug production (Seramainal., 2010), is a collection of statistical techniqiies
experiment designing, model developing, evaluatajors and searching optimum
conditions. In this study, RSM using three-level @C@as used to optimize the
screened components for enhance pediocin PA-1/Aaduyation. A total of 13
experimental run was employed with duplicates atdénter point and an axial point
located at a specified distanedérom the design center in each direction on eath a
The coded and actual values of variables at vateweds are given in Table 7.

Upon completion of experimental, pediocin PA-1/Apkbduction was
taken as dependent variable as respoMieThe independent variables were coded
for statistical calculation according to the foliogy equation:

X =X,

X =" )

When X; is the dimensionless coded value of the independarable
X, X is the real value of that independent variabtg,is the real value of the
independent variable at the center pointAx is the step change. The role of each

variable, their interactions, and statistical asalyto obtain predicted yields is

explained by applying following quadratic equation:
Y =B+ BX + D Bixx + > Bixt (3)
WhenY is predicted response, is effect term,s, is linear effect,s,
is squared effectf; is interaction effectyx, and x; are the levels of the independent

variables.

Statistical analysis of the model was performedualuate the analysis
of variance (ANOVA). Statistical significance ofetimodel equation was determined
by Fisher’s test value, and the promotion of var@aexplained by the model was
given by the multiple coefficient of determinatioR,squared ) value. For each
variable, the quadratic models were representecbaster plots (2D) and response
surface curves were generated. The software DeSkpert® was used in this

investigation.
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2.3.3.6 Effect of initial pH of culture medium on pediocin PA-1/AcH

production

Samples of the optimized medium were prepared lpysadg pH to
6.0, 6.5, 7.0, 7.5 and 8.0 with 0.1 N or 1.0 N Na@tdl 0.1 N or 1.0 N HCI before
sterilization. The production of anti-listeria adty of the samples was performed as
described in 2.3.2.

2.3.3.7 Effect of incubation temperature on pediocin PA-1/AcH
production

To find the optimum temperature for the productmhanti-listeria
activity, the cultivation was performed at 25, 3@,and 40°C in the optimal medium

as described above.
2.3.3.8 Time course of pediocin PA-1/AcH production

Pediocin PA-1/AcH production and microbial growtlere compared
in original (un-optimized) TGE broth (Biswas al., 1991), and optimized media.
Cultivations were conducted at 3G for 24 h without shaking. Sample were taken at
different time intervals to determine the bactegabwth by plating method, pH
changes, and the anti-listeria activity (AU/ml) goced was determined using a
critical dilution spot-on-lawn method as describeabve usingL. monocytogenes
ATCC 19115 as indicator strain.

2.3.4 Color characteristics of culture supernatants

The color characteristicd.{, a*, b*) of culture supernatants were
assessed using a Lamda950 UV/Vis spectrophotoniBekinElmer, USA). The
presence of browning products in culture supernataas determined by measuring
the absorbance at 420 nm and browning ind&X Was calculated according to the
method of Paloet al. (1999) as follows:

Bl = [100 & -0.31)]/10.72
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where, x=(a* +1.78.*)/(5.649.* + a* - 3.01D*)
2.3.5 Statistical analysis

All data were analyzed by one-way analysis of varga (ANOVA)
using SPSS version 17.0 software unless otherwisetioned. Duncan’s Multiple
Range Test (DMRT) was used for comparison of medmeg at a significant level of
0.05.

2.4 Results and Discussion

2.4.1 Pediocin PA-1/AcH production by Pediococcus pentosaceus BCC 3772
in MRS and TGE broths

Growth and the pediocin PA-1/Acptoduction ofP. pentosaceus BCC
3772 in MRS and TGE broths were compared (Figurel'ig maximum amount of
pediocin PA-1/AcH was produced after 12 h of indidrain both MRS and TGE
broths. After 12 h, the anti-listeria activity oélcfree supernatant produced in TGE
broth was 16-fold higher than that produced in MR&h. This result indicated that
TGE medium was more suitable for pediocin PA-1/Agitoduction by P.
pentosaceus BCC 3772 when compared with MRS broth and washéurtised as the
basal medium in optimization study.

As reported by Biswaat al. (1991), TGE broth was found to yield the
maximum amounts of pediocin AcH, an anti-listeriacteriocin produced by.
acidilactici H, compared with original and modified MRS brotRediocin production
might be dramatically inhibited by buffering systemd phosphate ions present in
MRS broth. At pH above 4, pediocin synthesis waspsessed (Guerra, 2001). The
need of a final pH of 3.6-3.7 for post-translatiopeocessing of pediocin to active
pediocin has been also reported (Biswtead., 1991).

From the culture medium compositions, higher amainglucose in
MRS compared with that in TGE broth could decreidmepediocin production. As
reported by Guerret al. (2007), the increase in glucose concentratiorbitédd both
the growth and pediocin production Byacidilactici NRRL B-5627. The inhibitory

effect of increasing glucose concentrations ongaediproduction could be due to
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Figurel. Comparison of bacterial growth® (), anti-listeria substance production
(M,1J), and pH changes&(,A) profiles forP. pentosaceus BCC 3772 in
MRS medium (closed symbols) and TGE medium (opayatbols). Cells
were grown in 50 ml of MRS medium or TGE medium 185 ml
Erlenmeyer flask at 30C without shaking; the initial pH of both culture
medium was adjusted to 6.5. The anti-listeria #@gtiof the cell-free
supernatants was tested agalnsihonocytogenes ATCC 19115. Data are

means of duplicate determinations from two indepebnéxperiments.

substrate inhibition (Vazqueet al., 2003) or due to the carbon source regulation
involved in the bacteriocin biosynthesis (de Vugstal., 1989). In addition, high
content of MgSQ®@ in MRS broth (50-fold of MgS®@in MRS broth when compared
with that in TGE broth) may repress the pediociadoiction. Jack and Tagg (1992)
reported that the reduction of antimicrobial peptidroduction byStreptococcus
pyogenes FF22 was found when the excess magnesium was adt®dculture
medium. The same authors explained that the remuci the anti-listeria activity
might be caused by the repression of the growtthefproducing strain by excess
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magnesium and/or the increasing of growth of thdicetor strain by excess

magnesium in tested cell-free supernatant.
2.4.2 Screening for the optimal nitrogen sour ces

The effect of nitrogen sources was determined u$iB& broth as a
basal medium. Organic nitrogen sources such asotrgpand yeast extract yielded a
higher amount of pediocin PA-1/AcH than inorganitragen sources such as
ammonium sulfate and monosodium glutamate (FigyteJ&nsen and Hammer
(1993) and de Vuyst (1995) suggested that the nmpsortant feature of nitrogen
sources is the content of peptides and amino aitids can act as inducers or
precursors of bacteriocin biosynthesis. In addjtigast extract may contain various
types of minerals, and multi-vitamins that are aiaéfor the growth and bacteriocin
production. Compared to hydrolyzed protein souraézation of sodium caseinate,
protein isolates from whey and soy as nitrogen cgsimay be restricted by their
limited solubility in acidic pH.

Figure 2 indicates that the highest amount di-lesteria activity was
produced in TGE basal medium containing 2% yeastexand TGE basal medium
containing the combination of 1% yeast extract &% sodium caseinate (8.2 x°10
AU/ml). Due to the medium cost, the combination18b yeast extract with 1%
sodium caseinate was selected as the optimal aitregurce for pediocin PA-1/AcH
production byP. pentosaceus BCC 3772. In addition, the browning index of cudu
medium containing this combination was lower thaheo formulations which
produced the equal amount of pediocin (data notwslhoColorless bacteriocin
preparation or bacteriocin preparation with lowvaning index could be directly
applied in food and food packaging without any effen color characteristic of food
or food packaging. Combination of casein and yeasact was also used as nitrogen

source for pediocin production By acidilactici (Bhuniaet al., 1988, 1991).
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Figure2. Effect of nitrogen sources on the pediocin PA-HAgroduction byP.
pentosaceus BCC 3772 in static flask culture after 12 h incidra (A,
ammonium sulfate; C, sodium caseinate; M, monosodjlutamate; S,
soy protein isolate; T, tryptone; W, whey protesnlate; Y, yeast extract).
Results are means of duplicate determinations ftam independent

experiments.
2.4.3 Screening for the optimal carbon sources

The optimal carbon sources for the pediocin PA-HAgas screened
in TGE basal medium with 1% yeast extract and 1@iusp caseinate as nitrogen
source. Glucose, the carbon source in TGE basaiumedvas replaced by sucrose,
fructose, galactose, lactose, maltose, mannosexoske in the equal concentration.
Glucose was shown to be the most suitable carbarcesdor pediocin PA-1/AcH
production (Figure 3). Glucose was also reportebdetmptimal carbon source for the
production of streptococcin A-FF22 (John and Ingfi@91; Jack and Tagg, 1992),
nisin Z (Matsusaket al., 1996) and pediocin (Anastasiadaal., 2008b; Papagianni
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Figure3. Effect of carbon sources on the pediocin PA-1/Apkbduction by
P. pentosaceus BCC 3772 in static flask culture after 12 h incidra
Results are means of duplicate determinations fiam independent

experiments.

and Anastasiadou, 2009) since it could be usedntigtfor bacterial metabolism and

bacteriocin production.
2.4.4 Evaluation of medium components by Plackett-Bur man design (PBD)

PBD was used to evaluate the significance ofiameccomponents on
bacteriocin production. Anti-listeria activity of3x 10° to 12.3x 10° AU/ml was
observed in the thirteen runs conducted based oexXpBrimental design (Table 6).
The main effect of each medium component was #taily analyzed by PB
experimental design and presented in Figure 4.

The analysis indicated that sodium caseinate, ydsdct and glucose
had the positive effect, increasing the bacterigeimduction when the concentration
of these variables were increased in the testegerand vice versa for the other three
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Table 6. Plackett-Burman design for the screening of thdiome compositions

Sodium Response

Run Yeast caseinate Glucose Tween80 MgSQO, MnSQ,.7H,0O Anti-

extract (%) (%) (%) (mM) (mM) listeria

(%) activity

(10

AU/ml)
1 1.50 0.50 1.50 0.40 0.00 0.07 4.10
2 0.50 0.50 0.50 0.40 0.00 0.07 4.10
3 1.50 1.50 0.50 0.00 0.00 0.07 8.19
4 1.50 0.50 1.50 0.40 0.04 0.00 1.28
5 1.00 1.00 1.00 0.20 0.02 0.03 8.19
6 1.50 1.50 1.50 0.00 0.00 0.00 12.29
7 0.50 1.50 1.50 0.00 0.04 0.07 4.10
8 0.50 0.50 0.50 0.00 0.00 0.00 2.56
9 0.50 1.50 0.50 0.40 0.04 0.00 3.07
10 1.50 1.50 0.50 0.40 0.04 0.07 8.19
11 1.50 0.50 0.50 0.00 0.04 0.00 4.10
12 0.50 0.50 1.50 0.00 0.04 0.07 1.54
13 0.50 1.50 1.50 0.40 0.00 0.00 8.19

Data are means of duplicate determinations.

variables (Tween80, MgSOand MnSQ.7H,O) which showed negative effects.
Among the six variables tested, sodium caseinaastyextract and MgSMad the
confidence level of 95% or more which suggestedl tthese variables had significant
influence on pediocin PA-1/AcH production. Sodiuaseinate and yeast extract had
significant positive effect on pediocin productiblmt MgSQ was found to have
significant negative effect in the tested rangecamposition. As discussed above,
MgSQ, and nitrogen sources played an important roldhenregulation of pediocin
production. The analysis also indicated that tleeiasing of sodium caseinate and
yeast extract concentration range from 0.5 to 1sk§aificantly increased pediocin

production.
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Figure4.Main effects of the medium compositions on the -asteria
substance production to the Plackett-Burman experat results (Y,
yeast extract; C, sodium caseinate; G, glucos@&wien80; Mg, MgSQ@
Mn, MnSQ,.7H,0).

2.4.5 Optimization of the screened medium components for pediocin PA-
1/AcH

Response surface methodology was used to detertheneptimal
concentration of significant variables (yeast exttrand sodium caseinate) evaluated
by PB screening. Each variable was studied atdoreentration levels (Table 7). The
concentrations of non-significant components asluawad by PB design were
maintained at their low levels for further optintioa procedures.

The average anti-listeria activity (AU/ml) of céiee supernatant
obtained from the culture was used as responsepemdient variable. For predicting
the optimal value of pediocin PA-1/AcH producedhait the experiment, a second
order polynomial model was fitted to the experina¢nésults for pediocin PA-1/AcH
yield by the Design Expert software. An empiricalationship between the response

and variables was expressed by the following eqoati
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Table 7. Experimental design using CCD showing coded aridaho/alues along
with the experimental and predicted (using modelagiqn) values of the

anti-listerial substance production

Run  Yeast extract Sodium caseinate Anti-listerial activity (1C AU/ml)
(%) (%) Experimental Predicted
1 2.59 (+) 2.00 (0) 4.10 0.71
2 2.00 (0) 2.00 (0) 8.19 4.40
3 2.00 (0) 2.00 (0) 8.19 4.40
4 2.50 (+1) 2.50 (+1) 8.19 6.38
5 2.00 (0) 2.00 (0) 8.19 4.40
6 2.00 (0) 2.00 (0) 8.19 4.40
7 2.00 (0) 1.41 ) 65.54 60.17
8 1.50 (-1) 2.50 (+1) 16.38 11.08
9 2.00 (0) 2.00 (0) 8.19 4.40
10 2.50 (+1) 1.50 (-1) 16.38 37.68
11 2.00 (0) 2.59 (@) 4.10 8.72
12 1.41 (a) 2.00 (0) 16.38 20.77
13 1.50 (-1) 1.50 (-1) 65.54 66.98

Data are means of duplicate determinations.

Y = (6.42 x10) — [1.39 x10(A)] — [4.38 x10(B)] + [2.46 x16(AB)] +
[1.82 x16(A?)] + [8.63 x16(BY)] (4)

Where,Y was the predicted response of pedicoin PA-1/Aabtipction
(AU/mI), A andB were yeast extract and sodium caseinate, respictiv

At the model level, the proportion of variance epéd by the model
was given by the multiple coefficient of determinat (R?). In this experiment, the
coefficient of determinatiof® was 0.97, which implied that pediocin productioasw
attributed to the given independent variables (Wetral. 2008). TheR?indicated that
only 3% of the total variations were not explaingdthe model. The value of the

adjusted determination of coefficient (adjusid= 0.9563) was also high to indicate
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a high significance of the model. These measurdkated that the accuracy and
general ability of the polynomial model was goodl dhe analysis of the response
trends using this model was reasonable.

Statistical significance and adequacy of the moded determined by
Fisher's test valueHvalue). The greater tHe-value indicates that the factors explain
adequately the variation in the data about its maad the estimated factor effects are
real (Bari et al., 2009). The corresponding analysis of variancé&NQXA) is
presented in Table 8. The quadratic regression madse highly significant, as an
evident from the Fisher'&-test with a very low probability value gdfogel > F) =
0.0001]. The analysis of variance (Table 8) shothadl the variables that were highly
significant were the linear effect of sodium cas&n@) and the square term of
sodium caseinateBf). Yeast extractA) was significant at the level @f < 0.01 and
the interactive term between yeast extract andusodiaseinateAB) was significant
at the level op < 0.05. The square term of yeast extrdé} (vas not significanty(>
0.05). It means that yeast extract and sodium ateplayed a significant role in the
higher production of pediocin PA-1/Achb & 0.01). Linear and quadratic effects of
parameters were significant, meaning that theyamras limiting nutrient and little
variation in their concentration would alter theguction (Imandit al., 2008; Bariet
al., 2009). However, as it was a hierarchical motihe insignificant coefficients were
not omitted from the equation (4) (Wang and Lu,400

The 3D and 2D contour plots, the representativehef interactive
effect of yeast extract and sodium caseinate oropieg were presented in Figure 5.
It could be seen that the pediocin PA-1/AcH produrcincreased upon decreasing the
concentration of yeast extract and sodium casefmaite 2.5 to 1.5% (w/v). Based on
the regression equation [equation (4)] and conpbats, the optimum concentration of
both yeast extract and sodium caseinate were & MW3v) (Figure 5).

The model predicted that the maximum pediocin PAcH production
could be obtained by using above optimum conceatraitof the variables was 6.7 x
10° AU/ml. The verification of the results using thptionized culture medium was
accomplished. The maximum pediocin production oléiexperimentally was found
to be 6.6 x 10 AU/mI. This was obviously in close agreement witle model

prediction and validation. After optimization oflttire medium, the pediocin
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Table 8. Analysis of variance (ANOVA) for response surfaeedratic model

Source Sum of squares F-value p-value 3
Model 6.18x 10" 53.53 <0.0001
Yeast extracti 4.93x 10 21.33 0.0024
Sodium caseinat® 3.32x 10" 143.47 < 0.0001"
AB 1.51x 10" 6.54 0.0377
A2 9.06x 10" 3.92 0.0881

B? 2.04x 10 88.08 < 0.0001"

"p < 0.05 indicates that the model terms are sicpuific
“p < 0.01 indicates that the model terms are highygificant.

Anti-listerial activity
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Figure5. 3D response surface and 2D contour plots showfthet®f yeast extract
concentration (%) and sodium caseinate concentraffd) on the
production of the anti-listeria substance (AU/nifoculum concentration

was 1% (v/v).
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production was improved by 16-fold, compared wité tin-optimized TGE medium.
According to CCD analysis, the increasing of sodicaseinate and
yeast extract concentration range from 1.5 to 2si§aificantly decreased pediocin
production. This result may be explained by the that the high content of sodium
caseinate (2 to 2.5%) in culture medium could fdnigh-strength gel (data not
shown) which could not be utilized by the produst&rain. Moreover, the gel could
entrap pediocin in its structure that interferedipein extraction and antimicrobial
activity assay. Since yeast extract used in tiidyscontained MgS§) the increasing
of yeast extract concentration from 1.5 to 2.5%the increasing of MgSQO
concentration which caused the inhibition of pesiqmroduction. As reported above,
the optimal concentration of each component forigead production was 1.5%

sodium caseinate, 1.5% yeast extract and 0.5% gguco

24.6 Effect of initial pH of culture medium on pediocin PA-1/AcH

production

The effect of initial pH of culture medium on pedio production was
determined using 50 ml of the optimized culture medin 125 ml Erlenmeyer flask
incubated at 30C for 12 hours without shaking. Figure 6 shows htdt6.5 was the
optimum pH forP. pentosaceus BCC 3772 to produce pediocin PA-1/AcH with the
anti-listeria activity against. monocytogenes ATCC 19115 of 6.6 x 10AU/mI. In
general, pH is known to be important to cell groveth well as to bacteriocin
production due to aggregation, adsorption of bamtar onto the cells, and/or
proteolytic degradation (Kinet al., 2006). Moreover, pH of culture medium played
an important role in the expression of the biosgtithgenes (Mataraga&s al., 2003)
and post-translational processing of pediocin todpce active pediocin (Biswasb
al., 1991). Bacteriocin production is generally omtimat suboptimal pH for growth
since higher amount of nutrients and energy aréadola for bacteriocin biosynthesis
(Mgretrget al., 2000). However, the decrease or increase inogbe€low or above the
threshold value of bacterial growth could be resiilin repression of bacteriocin
synthesis due to the increased energy demand famaatenance (Mataragas al.,
2003; Messenet al., 2003). The optimal initial pH of culture medidor pediocin
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Figure 6. Effect of initial pH of culuture medium on the pedin PA-1/AcH
production byP. pentosaceus BCC 3772 in static flask culture after 12 h
incubation. Results are means of duplicate determinations from two

independent experiments.

production byP. pentosaceus BCC 3772 was pH 6.5 which was the same as pediocin
AcH produced byp. acidilactici H (Biswaset al., 1991).

2.4.7 Effect of incubation temperature on pediocin PA-1/AcH production

In order to investigate the effect of incubatiomperature on pediocin
production, the initial pH of the optimized cultuneedium was adjusted to 6.5 and
incubated at four different temperatures of 25, 3D,and 40°C for 12 h without
shaking. Among tested temperatures,,@0wvas found to be an optimum temperature
for the production of pediocin PA-1/AcH Wy. pentosacues BCC 3772 with anti-
listeria activity of 6.6x 19 AU/mI (Figure 7). The result was in agreement vith
pentosaceus ST18 (Todorov and Dicks, 2009, pentosaceus SM-1 (Anastasiados&t
al., 2008a)P. acidilactici H (Biswaset al., 1991; Ray, 1995),
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Figure7. Effect of incubation temperature on the pediocin ZAcH production by
P. pentosaceus BCC 3772 in static flask culture after 12 h incidra

Results are means of duplicate determinations from twoepshdent

experiments.

P. acidilacticic NRRL B5627 (Anastasiadoet al., 2008b) andP. damnosus NCFB
1832 (Baueret al., 2005). The production of bacteriocin has beeowkn to be
regulated by temperature (Yusaifal., 2012). In a similar way to the effect of pH on
bacteriocin production, temperatures below thaipiimal growth may increase pools
of energy and nutrients for bacteriocin product{Mwretrget al., 2000). However,
decrease or increase in temperature to below ovealtte threshold of bacterial
growth may cause the reduction of bacteriocin sggith(Mataragagt al., 2003). The
increased temperature may also cause the losscterlmein activity due to higher
protease activity or a more pronounced cell-bamtéri or bacteriocin-bacteriocin
interaction (Messena al., 2003).

2.4.8 Time cour se of pediocin PA-1/AcH production

Time course of bacterial growth and pediocin PA€HAroduction by

P. pentosaceus BCC 3772 in TGE and optimized medium broth wereesgtigatedin
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both culture mediaP. pentosaceus BCC 3772 produced pediocin during early
logarithmic growth phase and the maximum antimi@bhactivity againstL.
monocytogenes ATCC 19115 was detected at 12 h of growth (Figd)teNo changes
in anti-listeria activity were found during 12-24ahthe stationary phase. After 12 h
of incubation, the production of pediocin in thdiopzed medium was 16-fold higher
than that in TGE basal medium. The viable cell ¢oohthe producer strain in
optimized medium was also higher than that in T@gabmedium. Using the optimal
culture medium and cultivation condition, pediodif-1/AcH production byP.
pentosaceus BCC 3772 displays primary metabolite kinetics withe rate of
production paralleled the growth rate, so it shaawmsilarity to other bacteriocins
(Altuntaset al., 2010). Higher pediocin production in the optiadzculture medium
may be explained by the elimination of some lingtiagents, including Tween80,
magnesium sulfate and manganese sulfate, which ywergented in TGE basal
medium. Therefore, optimal nitrogen and carborrcesiat the optimal concentration
and optimal pH and incubation temperature enhabogia cell growth and pediocin
production.

2.4.9 Color characteristics of culture super natants

Browning index and absorbance at 420 nm, whichcatds the
occurrence of products from browning reaction, wfure supernatant of the optimal
medium were lower than that of MRS medium<(0.05) (Table 9). Compared with
MRS broth, the optimal culture medium contained mim~ver amount of glucose,
(Table 10) which can react by caramelization andland reaction with amino acid
of nitrogen sources to produce browning produdtss tprovide culture supernatant
with lower browning index. Formation of browningogiucts indicated the loss of
nutrients and may directly exert anti-microbial eetf on bacterial growth and
bacteriocin biosynthesis (Sant’Angtal., 2011).
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Figure8. Comparison of bacterial growtl (), anti-listeria substance production

(M.L1), and pH changes&(,A) profiles forP. pentosaceus BCC 3772 in
TGE basal medium (closed symbols) and optimized imned(opened
symbols). Cells were grown in 50 ml of TGE basalmm or optimized
medium in 125 ml Erlenmeyer flask at°8without shaking; the initial
pH of both culture medium were adjusted to 6.5. @he-listeria activity
of the cell-free supernatants was tested agalnstmonocytogenes

ATCC19115. Data are means of duplicate determinatirom two

independent experiments.

Table9. Color characteristics of culture supernatants

Media MRS TGE Optimized medium
L* 69.13 £ 0.02a 76.58 £ 0.06b 76.73 £0.01b
a* 7.75 £ 0.00b 2.53 £0.01a 2.60 £ 0.01a
b* 46.75 + 0.03b 32.80 £ 0.02a 32.52 £ 0.00a
Browning index 110.76 £ 0.52b 56.03 £ 0.02a 55.35 £ 0.02a
OD 420 nm 1.15+0.00b 0.71 + 0.00a 0.61 + 0.00a

Data are means * SD of triplicate determinations.

Different lower case letters in the same row inticagnificant differencep(< 0.05).
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Table 10. Composition of MRS, TGE and optimized media

Culture media

Ingredients MRS TGE Optimized
Sodium caseinate - - 15 g/L
Tryptone 10 g/L 10 g/L -
Beef extract 10 g/L - -
Yeast extract 59/L 10 g/L 15 g/L
Glucose 20 g/L 10 g/L 5 g/L
Tween80 1g/L 2 g/L -
Ammonium citrate 2 g/L - -
Sodium acetate 5g/L - -
Magnesium sulfate 0.1g/L 0.002 g/L -
Manganese sulfate 0.0m/L 0.005 g/L -
Di-potassium phosphate 3/l - -

2.5 Conclusion

Using TGE as a basal medium, combination of sodiaseinate with
yeast extract and glucose were the optimal nitragehcarbon sources, respectively.
Plackett-Burman analysis indicated that sodium inase and yeast extract had the
significant positive effect on pediocin productigkccording to the analysis of CCD
and RSM, the optimal medium contained 1.5% (w/\3adium caseinate, 1.5% (w/v)
of yeast extract and 0.5% (w/v) of glucose. Thedpabion of pediocin in the optimal
medium with optimal pH of 6.5 and optimal incubati@mperature of 38C not only
improved pediocin production but also decreasedhitwsvning index of pediocin

preparation, which is more suitable for use in fpadkaging.
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CHAPTER 3

DEVELOPMENT OF POLY(LACTIC ACID)/SAWDUST PARTICLE
BIOCOMPOSITE FILM IMPREGNATED WITH PEDIOCIN PA-1/AC H
AND APPLICATION IN RAW SLICED PORK

3.1 Abstract

A novel poly(lactic acid) (PLA)/sawdust particle R5biocomposite
film with anti-listeria activity was developed bydorporation of pediocin PA-1/AcH
(Ped) using diffusion coating method. Sawdust plartplayed an important role in
embedding pediocin into the hydrophobic PLA filmheTanti-listeria activity of the
PLA/SP biocomposite film incorporated with Ped (P8R + Ped) was detected,
whilst no activity against the tested pathogen alaserved for the control PLA films
(without SP and/or Ped). Dry-heat treatment of fidefore coating with Ped resulted
in the highest Ped adsorption (11.633.07 ug protein/cni) and the highest anti-
listeria activity. A model study of PLA/SP + Ped asfood-contact antimicrobial
packaging on raw sliced pork suggests a potentidlibition of Listeria
monocytogenes (99% of total listerial population) on raw slicesrk during the
chilled storage. This study supports the feasibitit using PLA/SP + Ped film to
reduce the initial load df. monocytogenes on the surface of raw pork.
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3.2 Introduction

Listeria monocytogenes is a food-borne pathogen that causes a severe
disease called listeriosis (Alvesal., 2006; Gialamast al., 2010).L. monocytogenes
has been listed in the top five highest rankindn@géns with respect to the total case
of food-borne illness in the United States (Theinisbet al., 2012) and is a major
concern in food industries (Farber and Peterki®1)9This pathogenic bacterium is
of major concern in a wide variety of foods, esplygiin chilled meat and ready-to-
eat (RTE) meat products due to its ability to seeviand grow at refrigeration
temperatures (Schlech, 2000; ¥eal., 2008). In order to reduce healthy risk for the
consumer frombL. monocytogenes, criteria or recommendations for tolerable lewadls
L. monocytogenes in processed foods have been established. The an8AT hailand
practices “zero tolerance”, while Canada and Frapgy different norms according
to the foodstuff (Thévenat al., 2006).

To guarantee food safety through the inhibitiorl.ofmonocytogenes,
the use of bacteriocins and other biologically =gl antimicrobials with anti-listeria
activity in packaging material have received a abgrable attention. Thus, during the
last decades, innovative bioactive films enricheithwbacteriocins have been
developed (Comet al., 2008; Jiret al., 2009; Cao-Hoangt al., 2010; Theinsathiet
al., 2012). The most-commonly studied antimicrobgeras for applications in this
sense are nisin (Hoffmaet al., 2001; Koet al., 2001; McCormicket al., 2005;
Neetooet al., 2008; Jinet al., 2009; Cao-Hoangt al., 2010; Guigeet al., 2010),
pediocin PA-1/AcH (Minget al., 1997; Santiago-silvat al., 2009), and enterocin
(Iseppi et al., 2008; La Storieet al., 2012). Among these bacteriocins, nisin and
pediocin PA-1/AcH are the only bacteriocins, toedahat have been approved for use
in food. Although anti-listeria efficiency of nisiand pediocin significantly differed
depending on the producing or indicator straine,gample preparation method, and
the bacteriocin assay conditions, pediocin is Vikiel have higher activity and acts
more specifically againdt. monocytogenes than nisin (Cintast al., 1998; Rodriguez
et al., 2002). In addition, pediocin PA-1, in contrasthoth nisins A and Z, has
potential to inhibitListeria without disturbing other bacteria including benfi ones
(Blay et al., 2007).
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Due to a trend toward active and green packagimg,use of bio-
materials including cellulose, starch, pectin amdyfactic acid) (PLA) have been
more emphasized (Rodriguet al., 2006; Liuet al., 2009; Kuorwelet al., 2011).
PLA is recognized as compostible biopolymer thdtaats the interest for the
packaging industry because of its outstanding ptgse and earth-friendly
biodegradability. PLA exhibits many properties tha¢ equivalent to or better than
many petroleum-based plastics (laual., 2009). Importantly, PLA packaging can be
produced by many manufacturing processes, sudhmablbwing, injection molding,
sheet extrusion, blow molding and thermoformingaimet al., 2008; Jamshidiast
al., 2010). The combination of biodegradability ofAPWith antimicrobial property of
pediocin against a wide broad spectrum of food qgeth will be of full benefit as the
active packaging. As a consequence, health-ristonfumers can be reduced. Shelf-
life can be extended, thereby lowering the econdoss. Importantly, the waste of
post use of this packaging will be decomposed tjinocompostable system without
causing environmental waste problems.

However, direct incorporation of antimicrobial pejtto PLA film has
been limited by the hydrophobic characteristicsRifA. The incompatibility of
bacteriocin in hydrophobic polymers caused the @lsgparation in film, leading to
poor antimicrobial activity and mechanical propestiTo solve this problem, sawdust
particle (SP), a low-water solubility hydrophiliamicle, was incorporated in PLA
film to enhance adsorption of pediocin using diifiscoating technique. In contrast
to the large amount of information on the antimigab activity of packaging films
containing antimicrobials, to our knowledge no mf@ation is available about using
natural fiber as carrier of pediocin PA-1/AcH in#film. Research on the possibility
of using sawdust particle would lead to an altemeahatural preservation method,
easily applicable and of low cost. In addition eetfof pre-conditioning methods was
also investigated to enhance the pediocin adsorpEmally, anti-listeria activity of
the PLA/SP biocomposite film toward a model porkteyn was determined in order

to ensure the potential use of the film in realdfeystem.
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3.3 Materials and Methods
3.3.1 PLA, saw dust, pediocin and other chemicals

PLA polymer 4042D was purchased from NatureWork§®.prepare
sawdust particle, wood sawdust was subjected tdataremill (Wonder Blender,WB-
1,Waring Products, Inc., Connecticut, USA) to abtparticles in the range of 100—
300um and dried at 70 °C for 24 h in air circulatingeavbefore further pretreatment.
Dried wood sawdust was stirred with absolute ethahcoom temperature for 1 h in
order to eliminate the impurities on the surfaceaidust. Treated sawdust was dried
at 70 °C for 3 h to evaporate the solvent and #waked into 10% sodium hydroxide
at 40 °C for 3 h to remove natural impurities irtthg pectin, lignin, waxy substances
and natural oils. Finally, processed wood sawdust vinsed with distilled water to
remove sodium hydroxide and dried at 60 °C for 24Tlhe obtained powder was
referred to as sawdust particle or SP.

Partially purified pediocin fromPediococcus pentosaceus BCC 3772
(Kingcha et al., 2012) was prepared by the method of Zemtl@al. (2003). P.
pentosaceus BCC 3772 was obtained from BIOTEC culture colleati(BCC),
National Center for Genetic Engineering and Biotextbgy, Pathumthani, Thailand.
Culture was maintained as frozen stock held in 2@0n culture broth containing
15% (w/v) glycerol. Prior to use, culture was skexhon medium agar (1.5% casein
sodium salt, 1.5% yeast extract and 0.5% glucosd)grown at 30 °C for 24 h. A
single colony obtained from the plate was growrcéain culture broth and incubated
at 30 °C for 24 h without shaking. The cell-freepematant was obtained by
centrifugation at 7500 xg for 15 min at 4 °C usa¢fli-speed centrifuge (Beckman:
Avanti J-E). The anti-listeria substance was cotre¢ed at 1000 ml of cell-free
supernatant by hydrophobic interaction chromatdgyapsing an Amberlite XAD-16
polymeric resin (Sigma, USA). In brief, a 20 g bétresin was activated in 50% (v/v)
isopropanol at 4 °C for 24 h. Thereafter, isoprapamas completely removed from
the resin by washing with one volume of deionizemten. The activated resin was
added into a 1000 ml of the culture supernatarit ge&ntly mixed and kept at 4 °C for
24 h. The resin was loaded into the Econo fast fmumn 2.5 x 30 cm (Bio-rad,
USA) and washed with 100 ml of deionized waterloleed by 100 ml of 40% (v/v)
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ethanol in deionized water. The anti-listeria sabsé was eluted with 100 ml of 70%
(v/v) isopropanol in deionized water containing%. {v/v) trifluoroacetic acid (TFA).

The eluent was then evaporated to get rid of iqugnol using rotary evaporator (40
°C for 30 min) and then freeze dried at —60 °C, @Bar and kept at 4 °C prior to

use. The powder was referred to as partially pdifiediocin.
3.3.2 Elaboration of PLA/SP biocomposite film

PLA/SP biocomposite film was fabricated using a wbslo film
extrusion. Firstly, 5% (w/w) sawdust was mixed wBLA resin using treated
sawdust, and subjected to a twin screw extruded{SHtwin screw extruder product
line, Nanjing Chengke Machinery, China). Then, toenposite film was fabricated
via blown film technique. For PLA film without SEhe PLA resin was subjected to a
blown film extruder to fabricate the control filmithout pre-compounding with SP.
The thickness of the film was adjusted to 400-h@0 by controlling the take up

speed.
3.3.3 Film pretreatment and coating procedure

PLA/SP biocomposite films were pretreated with éhreethods
including dry-heat treatment (heating the film sémspat 90 °C for 2 h in air-
circulating oven), dry-heat treatment followed laydatreatment (soaking in 2% acetic
acid for 30 min) and moist-heat treatment (heatimggfilm samples at 90 °C, 90% RH
for 2 h). Partially purified pediocin was loadedarpretreated films by a diffusion
coating method according to Liet al. (2007) and Jinet al. (2009) with some
modifications. Briefly, eight (2 x 2 cfp film samples were soaked in a beaker
containing 5 ml of 0.2% (w/v) partially purified gecin solution for 30 min at room
temperature. After pediocin adsorbed onto the Bumface, the films were removed
from the pediocin solution and washed three timégk & ml of deionized water by
shaking in the solution for 1 min for each timeonder to eliminate the un-adsorbed
pediocin.

The washed films were dried under laminar flow 360 min and

stored at 4 £ 2 °C in a refrigerator prior to baedeinhibition tests. To quantitatively
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determine the pediocin adsorption on composite, filme amount of pediocin retained
in the solution was analyzed as the total proteintent according to the method of
Lowry et al. (1951). Pediocin adsorption on the film was clatad by the following

equation:
Pediocin adsorbedi¢/cnt) = [P1-P2)/A

whereP1 andP2 represent the total proteing) of pediocin solution before and after
adsorption, respectively ardrepresents the total surface areajanfi the films used

in the experiment.
3.3.4 Anti-listeria activity of film

Anti-listeria activity of film was evaluated usinig monocytogenes
ATCC 19115 as the indicator strain. Culture wasntaaned as frozen stock held at
—-80 °C in tryptic soy broth (TSB, Merck, Germangntaining 15% (w/v) glycerol.
The indicator was streaked on TSB with 1.5% agdriaoubated at 37 °C for 24 h. A
single colony obtained on TSB agar was grown twic&SB broth and incubated at
37 °C for 24 h. The inhibition oE. monocytogenes was evaluated using an agar
diffusion method as described by Appendini and Hkis (2002) and Jin and Zhang
(2008) with some modifications. Film sample (2 &) was placed on the surface
of TSB agar plate. The plate was overlaid with BW0of the semi-soft TSB agar
(1.0% (w/v) agar) containing approximately’ XDOFU/ml of L. monocytogenes ATCC
19115. After the plates were incubated at 37 °C Zérh, inhibition zones were
calculated using the following equation (Erdem dnudu, 2008):

H = [D-d]/2

whereH is the inhibition zone or clear zone width in mby;is the total width of
specimen and inhibition zone in mm; ahd the width of specimen in mm.

Pretreated and un-pretreated films coated withqoédiwere evaluated
for anti-listeria activity. Film uncoated with pedin was also assayed as negative

control.
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3.3.5 Determination of film properties
3.3.5.1 Film thickness

Thickness of the film sample was measured withiektless gauge
(Mitutoyo Absolute, Model ID-C112BS, Japan) to thearest 0.0001 mm at five
random locations on the films. Average thickness waaluated and used in the

calculation of tensile strength and film transpayen
3.3.5.2 Tensile strength and elongation at break

A universal testing machine (Instron, Model 55R4502nton, MA,
USA) was used to determine tensile strength anageliton at break. Five specimens
(10 x 10 mm) cut from each coated and uncoated films wereede$or tensile
properties. Initial grip separation and cross-hepded were set at 10 mm and 10
mm/min, respectively. Tensile strength value wesdcuated by dividing the
maximum stress by cross sections area of the spaciand elongation values were
expressed as percent units, with the ratio of elddriength at break point of initial

length.
3.3.5.3 Film solubility in water

Film solubility in water was determined as the petage of sample
dry matter solubilized after 24 h immersion in dlistl water at pH 6 (Pereda al.,
2011). Film samples (2 x 2 &nwere dried in an air circulating oven at 105 € 24
h and weighed for initial dry mass (60-90 mg/pie¢elms were directly immersed in
a 50 ml screw cap tube containing 30 ml of disdileater with 0.02% sodium azide
to prevent microbial growth. After 24 h of storagea shaking water bath at 25 + 2
°C, the specimens were recovered, gently rinsirnt wistilled water and the oven
dried at 105 °C for 24 h, to determine the weighdrny matter not dissolved in water.
Three measurements were taken for each treatmimt.sBlubility was calculated

from the initial dry mass and the final dry masmgghe following equation:
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Film solubility (%) = [(W1-W2)/W1] x 100

where W1 and W2 represent the film mass before and after solybitest,

respectively.
3.3.5.4 Film color

The color of film samples was assessed using aiowter (Minolta,
CR-300, Tokyo, Japan) with an 8 mm diameter meaguarea. A white standard
color plate (*= 97.26,a*= +0.34,b*= +1.84) for instrument calibration was used as
a background for color measurement of films (eeal., 2008). Five measurements at
different locations on each specimen were conducted 10 x 10 cfsegment of
film (Chana-Thaworret al., 2011a). The total color differencAK) and whiteness
index W), were calculated by following equation (Peretal., 2011):

AE = /(AL*)? + (A@¥) % + (Ab¥) ?

Wl =100-/(100— L*)® + a*? +b*2

3.3.5.5 Film transparency

The transparency of flms was determined using mdad50 UV/Vis
spectrophotometer (PerkinElmer, USA). The film skwpwvere cut into rectangles
and placed on the internal side of the spectropheter cell. The percent
transmittance (%T) was determined at wavelengtBbQff nm and the transparency

was calculated from the following equation (Han &tatos, 1997):
Transparency = [Log % T§/ wherex is film thickness (mm).

3.3.6 Determination of the activity of the antimgrobial-coated PLA/SP
biocomposite films againsL. monocytogenes on raw sliced pork

The antimicrobial effectiveness of the coated PLA/MMocomposite
films was evaluated using raw sliced pork. Accogdio Siraguseaet al. (1999),
sections (5 x 5 cf) of pork loin were UV-sterilized under a biosafétgod for 15
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min. Sterilized meat sections were then inoculagl 250 ul of an overnight culture
of L. monocytogenes ATCC 19115 to obtain the final bacterial density meat
surface of 16 CFU/cnf. The inoculated pork samples were then packedirgctd
contact with the pediocin coated films, placed be tray and stored at 4 + 2 °C.
Samples packed with uncoated film and unpacked sne@re used as negative
controls. After 0, 1, 2, 3, 4, 5, 6, 7 and 14 dal/storage, selective viable counts of
listeria were performed. For the analysis, the damprere placed in sterile plastic
bags, 10 ml of sterile 0.1% (w/v) peptone solutreere added, and then the samples
were homogenized for 1 min in a Stomacher Lab Bler{f8eward; UK). PALCAM
agar (Merck) withL. monocytogenes selective supplement was used to allow the
growth of L. monocytogenes. Each plate was incubated at 37 °C for 48 h, dwed t
colonies were enumerated. The experiments wereormpeefl in triplicate and the

results were expressed as CFUicm
3.3.7 Statistical analysis

Antimicrobial experiments were conducted in triptie, with two
observations per film treatment for each replicder physical and mechanical
testing, all measurements were performed on fivepsss. Data value was expressed
as the mean + SD. All data were analyzed by oneavayysis of variance (ANOVA)
using SPSS version 17.0 software. Duncan’s MultiRdege Test (DMRT) was used
for comparison of mean values at a significantlle?®.05.

3.4 Results and Discussion

3.4.1 Anti-listeria activity of composite film ard effect of pre-conditioning

methods

PLA/SP + Ped films showed the inhibition zone agagrowth ofL.
monocytogenes ATCC 19115 as shown in Figure 9. The average denae width of
these films ranged from 2.75 0.52 to 3.88+ 1.02 mm. The result indicated that
sawdust particles in the composite film not onlpayed the role in embedding
pediocin but also allowed the adsorbed pediocirelease to the environment and act

as antimicrobial agent. In contrast, PLA/SP biocosiie film without pediocin and
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Figure 9. Anti-listeria activity of PLA and PLA/SP biocomsgite film pretreated
with different treatments (N: no pretreatment, By-deat treatment, D +
A: dry-heat treatment followed by acid treatment,: Mhoist-heat
treatment). Bars represent the standard deviatidn daplicate
determinations from three independent experimdbiferent letters on
the bars denote the significant differenpe<(0.05).

PLA film coated with pediocin showed no zone ofimtion, suggesting no anti-
listeria activity. Hydrophobic PLA film might notbée to adsorb the hydrophilic
pediocin. As reported by Jat al. (2009), PLA film coated with nisin showed a small
antimicrobial effect againgt. monocytogenes.

After soaking, PLA/SP biocomposite film adsorbedipein at a level
of 2.75+ 0.52g protein/c of film surface area, whilst no protein was adsdrbn
the PLA film surface (Figure 10). The result sudgdsthat the sawdust particle in
PLA/SP biocomposite film played the role in embeddipediocin during the
diffusion coating process. Due to hydrophobic cbiaméstic and the smooth surface
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Figure 10. Protein adsorption of PLA and PLA/SP biocomposite pretreated with
different treatments (N: no pretreatment, D: drgthieeatment, D + A:
dry-heat treatment followed by acid treatment, Miisttheat treatment).
Bars represent the standard deviation of duplidaterminations from
three independent experiments. Different lettergshenbars denote the
significant differenceg < 0.05).

of PLA film, the capability to incorporate the hwghilic pediocin onto the film
surface was limited. After washing, pediocin wasilgaemoved. On the contrary, the
incorporation of hydrophilic sawdust particle ifR.A film not only increased the
surface hydrophilicity but also facilitated the agstion of pediocin.
Bower et al. (1995) reported that higher nisin content wasined

when it was embedded to less hydrophobic surfdoeseasing amount of chitosan, a
hydrophilic molecule, into PLA/chitosan films inased the availability of hydroxyl
group of chitosan in film, thus increasing the alisat character of the films
(Sébastieret al., 2006). As reported by Ji al. (2009), the addition of pectin, as a
hydrophilic particle into PLA film created a rougind hydrophilic surface which

improved the adsorption of nisin onto the film.
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In order to improve pediocin adsorption onto PLA/SR, the films
were treated with three different pre-conditionimgthods prior to be coated with
pediocin. Dry-heat treatment was hypothesized thaece the adsorption by
enlarging polymer entanglement thus expose a nuofi®P inside the film matrix to
adsorb more amount of pediocin. Whilst, moist-heatl acid treatments were
hypothesize to disclose and enlarge the absorpioface by swelling SP thus
increase capability of SP to embed pediocin motcinito the films. Regarding these
film pre-conditioning methods, heat treatments lilyez dry-heat or moist-heat were
found to enhance the anti-listeria activity of désg film and pediocin adsorption
(Figure 9 and 10). Based on specific activity, petti adsorbed in all pretreated films
could be estimated to be 0.63-0.67 AU/ug of totedtgin/cnf which was the
maximum amount of pediocin adsorbed on PLA/SP film.this study, pediocin
adsorption was limited by the amount of SP imprégghan film. Our preliminary
study showed that addition of SP of higher than(®%w) seriously affected the film
formation. Therefore, the amount of SP used in $tigly was the highest possible.
Since the maximum pediocin adsorption of 0.63-A67ug of total protein/crhwas
still observed even the concentration of pedioaiaking solution was increased
higher than 0.2% (w/v), the concentration of penfion soaking solution was used at
the lowest possible (0.2% (w/v)) in this study.

The effect of heat treatment on the incorporatiénpediocin into
PLA/SP biocomposite film is proposed in Figure 1lilis postulated that during
pretreatment of PLA/SP biocomposite film by heatat®0°C, the PLA chains can
readily move apart from each other which in turduice numbers of void formation.
This phenomenon would enable pediocin to be trajyyetie soaked film. Moreover,
pediocin not only diffused rapidly into the loosegientanglement of molecular chain
of the soaked film but also attached to naturaldsestv particles. Consequently, the
small amount of pediocin was gradually releasethftbe composite film. When the
film was cooled down, the entangled molecular chaihthe polymer moved closer
and become stiff and well pack again, leading &odifficulty to adsorb or release the
pediocin molecule from the film. For untreated filthis process did not occur.
While, for acid treated film, the exposed SP wa®mrelosed by PLA chain after

treated with acid solution. Therefore, pediocinldaattach only on the film surface
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Figure 11. Proposed effect of heat treatment on the incepor of pediocin into
PLA/SP biocomposite film

and could not penetrate into the film matrix. Theelipcin adsorption and anti-listeria
activity of untreated and acid treated films welsodower than those of heat treated
films (P < 0.05).

3.4.2 Film properties
3.4.2.1 Thickness

The thickness of PLA/SP biocomposite film was a0 mm. The
thickness of films with and without pediocin coatiwere not significantly different
and were not affected by pre-conditioning methddsle 11). This result was similar
to the study of Jiret al. (2009) who reported that the addition of nisinPioA and
pectin/PLA films by diffusion coating had no effexnt the film thickness.

3.4.2.2 Tensile strength and elongation at break

Tensile strength of films was found to be 7-10 MPable 11). Dry-
heat treatment of film prior to coating with pediosolution increased the tensile
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Table 11. Properties of PLA/SP and PLA/SP + Ped films preé@avith different
treatments (N: no pretreatment, D: dry-heat treatmP + A: dry-heat

treatment followed by acid treatment, M: moist-heaatment)

Treatments Thickness Tensile Elongation at Solubility

(mm) strength (MPa)  break (%) (%)
PLA/SP 0.42 +0.03a 8.32 £ 0.87ab 4.83+2.37a 1.61 +#.39
(N)
PLA/SP + Ped 0.41+0.0l1a 7.38 £ 1.40a 3.92 £ 1.06a 1.64 +0.28a
(N)
PLA/SP + Ped 0.42 +£0.03a 10.06 £+ 0.96c  4.53+0.97a 2.01 +#€.18
(D)
PLA/SP + Ped 0.41+0.0la 9.77+0.73bc 4.92*1.2la 1.65 +8.22
(D +A)
PLA/SP + Ped 0.43 £0.09a 7.92 +£1.91a 3.86 £ 1.41a 1.85+0.17a
(M)

Data shown are means + SD of five determinations.
Different lower case letters in the same columnciaig significant differencep(<
0.05).

strength of PLA/SP biocomposite film. The increasdensile strength of the film
with dry-heat treatment might be explained by tberientation or reorganization of
the polymer chain. By slow cooling after dry-heaeatment of the PLA/SP
biocomposite film, there was a formation of humbefsmall stacks of crystalline
phase which led to higher mechanical strength. fdosdering of new formed crystal
stacks was known as densification which causednaiderable decrease in the free
volume and molecular mobility, resulting in a maacked structure. Consequently,
the stress required for establishing yielding dyii@nsile testing was greater in dry-
heat treated film. Zilbermast al. (2001) reported that heat treatmentTat Tg
resulted in the increase in strength of the PLAfdue to further crystallization and
evaporation of solvent residues and moisture.

In the case of moist-heat treated PLA/SP film, @igth the same

temperature as those of dry-heat treatment was, tisedensile strength was lower
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than those of dry-heat treated one. Degradatiorhyalrolysis of PLA by high
temperature and high humidity during moist-heatimght take place, resulting in the
decrease in the film strength (Weiral., 2004).

Elongation at break of films with all treatmentsrev@ot significantly
different < 0.05), all around 4-5% (Table 11), indicatingttpre-conditioning and
coating technique did not affect film elongationowever, elongation at break of
PLA/SP biocomposite film developed in this studyswhigher than those of
PLA/pectin film developed by Jiet al. (2009) and Liuet al. (2009) which was
around 1 to 3%. Dorgaet al. (2000) reported that the elongation at break of
commercial-grade PLA films was nearly 4% that igheir than that of Poly styrene
(PS).

3.4.2.3 Film solubility in water

Film solubility in water is an important propertywhich governs
potential applications of these materials to fooedsprvation. Films with low water
solubility are necessary for the protection of fasidffs with high or intermediate
water activity (@). The very low water solubility of PLA/SP bioconsgite film was
observed in this study (Table 11). The solubilitlywater of PLA/SP biocomposite
film was in the range of 1.61 to 2.01%. It was lowean those of PLA film with 5 to
16.6% PEG400 as plasticizer and PLA/chitosan corgé@sn which had about 5%
and 35% solubility, respectively (Sébastienal., 2006). Normally, PLA and its
composites are found to have very low water salybdompared with other bio-
based materials especially protein- and polysaabdrased materials which have
water solubility around 5-50% (Padgettal., 1998; Hoffmaret al., 2001; Koet al.,
2001; Chana-Thaworst al., 2011a, 2011b). The high water solubility of tilen
made from bio-based polymers remained a major problThese films adsorb water
and swell over the course of contacting with paeklafpods (Milletteet al., 2007),
thus degrading the films, causing a rapid reledsth@® antimicrobials, decreasing
physical and mechanical property of packaging, dasmg the contamination of
packaging materials into packaged food and lowedogsumer acceptability. The
incorporation of water-soluble materials such astipe(Jin et al., 2009) into PLA

composite film may cause the same problems asidedabove.
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The PLA/SP biocomposite films developed in thisdgtwvercame
these problems since they had very low water sliiybThe very low water solubility
of the resultant films may be explained by the {@ater solubility of film formulation
which mainly consisted of PLA and sawdust particlee solubility in water of
PLA/SP biocomposite film was not significantly affed by film pre-conditioning
methods although it was slightly increased by drnd moist-heat treatment. Based on
solubility characteristic, PLA/SP biocomposite fildeveloped in this study can be
expected to be mechanically stable when packagmgtrfoods at chilled to ambient

temperatures.
3.4.3 Film color and transparency

Appearance of PLA/SP biocomposite film pre-condiéd with
different methods was not visually different. Tilen were quite brown, opaque and
appeared to have particulates. The resulting fiwere similar to PLA/pectin
composite film developed by Jit al. (2009) and Liuet al. (2009) and Hydroxy
Propyl Methyl Cellulose (HPMC) film developed by &fta-Thaworret al. (2011a,
2011b). Color characteristics of film determinedtinmentally are shown in Table
12. The result showed that pre-conditioning methatdkigh temperature (including
dry-heat treatment, dry-heat treatment followed doyd treatment and moist-heat
treatment) affected color characteristic of filma/hiteness index V\1) of pre-
conditioned films decreased, whilst rednes9 and yellownesslt*) values of films
increased. The increased redneg$ énd yellownessk) value may be caused by the
discoloration of sawdust particle during high tenapere conditioning. However, pre-
conditioning methods did not affect film transparngm@nd total color difference\E)
between the films coated and uncoated with pedifaata not shown)AE values of
all treatments of film were not more than 2.3 whadrresponded to non-noticeable
difference or not different when observed by na&gels (Sharma, 1997). The addition
of pediocin into film by diffusion coating did naffect both color characteristit¥,

a* and b*) and transparency of film (data not shown). Comegawith synthetic or
petroleum based polymer films, PLA/SP biocompofliie was more opaque or had
lower transparency. However, this film had highansparency when compared with
other bio-based packagings. Edible HPMC films ipooated with Kiam wood
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Table 12.Color characteristics of PLA/SP and PLA/SP + Péuddipretreated with
different treatments (N: no pretreatment, D: drgtheeatment, D + A:

dry-heat treatment followed by acid treatment, Misttheat treatment)

Treatments Transparency L* a* b* Wi

PLA/SP 453+0.36a 88.07+0.90a 0.94+0.17a 12.44 6#.582.73 +1.0C
(N)

PLA/SP + Ped 455+0.11a 87.87+0.75a 0.94 +0.15a 12.53 4#.682.53 + 0.94L
(N)

PLA/SP + Ped 4.44+0.33a 87.62+1.14a 1.12+0.18b 13.83 5190.981.9 +1.40a
(D)

PLA/SP + Ped 4.48+0.15a 87.86+0.93a 1.09+0.20b 13.68 2190.9 81.68 +1.29¢
(D +A)

PLA/SP + Ped 4.31+0.84a 87.72+1.05a 1.16+0.19b 13.52 819.8 81.70 + 1.35¢
(M)

Data shown are means + SD of five determinations.
Different lower case letters in the same columncawg significant differencep(<
0.05).

extracts had the transparency range from aboutdl#.8 (Chana-Thaworet al.,
2011b) which lower than those of PLA/SP biocommosiim. The optical
characteristics of PLA/SP film may be improved kgdiion of natural sawdust
particle subjected to clarification or bleachingmtefore compounding with PLA.
This step could reduce the effect of the colorhef sawdust on the yellowness of the
film. Moreover, the particle size of natural sawidasuld be reduced in order to
reduce light scattering of the produced film. Hoe®eWLA/SP biocomposite film
developed in this study can be used as food paogagvhich see-through
characteristic of products was not required.

3.4.4 Antimicrobial activity of coated PLA/SP bi@omposite films againstL_.

monocytogenes on raw sliced pork

The anti-listeria activity of film in raw sliced pgoinoculated withL.
monocytogenes ATCC 19115 and stored at42 °C in a retail refrigerator for 14 days

is shown in Figure 12. Among four treatments of PRRA + Ped, film pre-conditioned
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Figure 12. Challenge test of control oListeria monocytogenes on pork meat
surface [J: no film, l: PLA/SP,s: PLA/SP + Ped (no pretreated;:
PLA/SP+ Ped (pretreated with dry-heat treatmext)PLA/SP + Ped
(pretreated with moist-heat treatment) and°LA/SP + Ped pretreated
with dry-heat treatment followed by acid treatmel®rs represent the

standard deviation of duplicate determinations fribnree independent

experiments.

by dry-heat treatment showed the highest antirlestactivity (2 log cycles or 99%
reduction of listerial counts compared with thofeantrol was investigated at day 14
of storage). However, all treatments of PLA/SP +d Rggnificantly reduced the
listerial population by about 1.5-2 log cycles frdmto 14 days. As reported by
previous studies, antimicrobial film incorporateithvpediocin reduced the listerial
population on meat surface by about 1-3 log cyc&mntiago-Silvaet al. (2009)
reported that the reduction of 2 log cycles ofelist on sliced ham contacted with
cellulose-based film incorporated with 50% pediosss observed during 15 days of
storage at 12 °C. Mingt al. (1997) studied the anti-listeria activity of cedisic

casing sprayed with pediocin and observed thatfithre completely inhibited the
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listerial growth in meat samples during 12 weekstorage at 4 °C. Santiago-Silea
al. (2009) reported the behavior of film incorporateith 60% pediocin over sliced
mortadella previously inoculated with. monocytogenes and found that the
antimicrobial film reduced 1.18 log cycles of listeafter 15 days of storage.

Normally, raw meats and other raw foods are comtated with a
moderate level of. monocytogenes (not more than 100 CFU/g) (Inoekeal., 2000).
If the film developed in this study is applied, tbentaminated bacterial can be
reduced to 1 CFU/g or not found in 25 g which i® thcceptable levels of
contamination and below the dose necessary to imeddéhy people ill.

The present study demonstrated that PLA/SP + Peath igffective
approach not only to reduce the populationLofmonocytogenes on pork during
refrigerated storage, but also to reduce the heigklof consumer from listeriosis.

3.5 Conclusion

Natural sawdust particle (SP) played an importaig m embedding
pediocin into the PLA film. Pre-conditioning of tH&LA/SP biocomposite film by
dry-heat treatment not only improved anti-listeguctivity but also increased tensile
strength with no effect on film color, transpareraoyd solubility in water. PLA/SP
biocomposite film coated with pediocin can be usasl a good anti-listeria

biodegradable packaging for pork and other highstooé foods.
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CHAPTER 4

QUALITY AND SHELF LIFE OF CHILLED PORK PACKAGED WITH
POLY(LACTIC ACID)/SAWDUST PARTICLE BIOCOMPOSITE FILM
INCORPORATED WITH PEDIOCIN

4.1 Abstract

Quality and shelf life of chilled pork were impravby packaging with
poly(lactic acid)/sawdust particle biocompositemfilincorporated with pedicoin
(PLA/SP + Ped). The listerial counts of pork padagvith PLA/SP + Ped declined
to below the detection limit (10 CFU/g) and wergngiicantly lower than those of
pork unpackaged (control) and packaged with PLA(BRoated with pediocin.
According to the biogenic amine index (BAIl), PLA/SP Ped maintained the
acceptable quality of packaged pork up to 7 dagns8ry evaluation showed that
pork packaged with PLA/SP + Ped gained higher sicoadl attributes tested over the
storage time. Based on sensory characteristics/$.A Ped could extend the shelf
life of fresh pork meat by maintaining consumeregtance of the products up to 7
days in retail chilled condition, which is at le&stlays longer than those observed for
the unpackaged one. It could be concluded that BPAf Ped could be used as an
effective anti-listeria biodegradable packaging foeserving the fresh pork loin
during chilled storage.
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4.2 Introduction

Pork meat and pork products have been the worladist monsumed
meat for decades. Worldwide pork meat consumptiomare than 104 million tons
achieved very high market value in 2012 (USDA, 20ILBteria monocytogenes is an
important food-borne pathogen always found to aoimate in pork meat and its
products. The contamination of this pathogenic agdoganism in pork has been
concerned since it can survive and multiply in ponkat during chilled storage
(Hugaset al., 1998; Schlech, 2000; Yat al., 2008b). During storage at refrigeration
temperature, the contamination levello$teria monocytogenes may reach from the
moderate level (> 100 CFU/g) (Inoekal., 2000) to higher level, which can causes a
severe disease called listeriosis in the consulddves et al., 2006; Gialamast al.,
2010).

Antimicrobial packaging is one of promising approes that is used to
control the microbial contamination in food (RoevE®98; Appendini and Hotchkiss,
2002; Aymerichet al., 2008; De Maet al., 2013; Rhimet al., 2013; Salarbaslet al.,
2013). Antimicrobial packaging with biodegradablegerty has been received great
attention to be used in food application accordmghe trend toward environmental-
friendly packaging and global warming problem (Salag et al., 2003; Cutter, 2006;
Peelmaret al., 2013). To date, the use of antimicrobial biodelgble packaging in
meat products has been reported in various st@eattaraet al., 2000; Milletteet
al., 2007; Santiago-Silvet al., 2009; Zinoviadotet al., 2009; Emirglu et al., 2010;
Qinetal., 2013; Bonilleet al., 2014).

According to our previous study, we succeeded introtling the
contamination level ofisteria monocytogenes in chilled pork meat using a novel type
of anti-listeria biodegradable packaging (Woraptaya al., 2013). The developed
poly(lactic acid)/sawdust particle biocompositemfilincorporated with pediocin
(PLA/SP + Ped) exhibited high potential to redute tpopulation ofListeria
monocytogenes (99% of total listerial population) contaminated raw sliced pork.
Because of high anti-listeria efficiency of thignfi PLA/SP + Ped seem to be an
effective antimicrobial packaging for pork meat.oialer to ensure the potential use of
PLA/SP + Ped as a pork packaging, effect of PLA¥*SPed on quality and shelf life
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of packaged pork was investigated. The effect enctianges in microbial load, pH,
color, biogenic amines content, and consumer aaneptof packaged pork samples

were evaluated during chilled storage.
4.3 Materialsand Methods
4.3.1 Elaboration of PLA/SP + Ped

PLA/SP biocomoposite film was fabricated by blowimfextrusion
technique as previously described by Worapragbta. (2013). Briefly, 5% (w/w)
treated sawdust was mixed with PLA resin and stbgeto a twin screw extruder
(SHJ-36 twin screw extruder product line, NanjinpeBgke Machinery, China).
Then, the composite film was fabricated via blowm ftechnique. The thickness of
composite film was adjusted to 400-500 um by cdintigp the take up speed. The
produced film was designated as PLA/SP and usedrasol film. PLA/SP + Ped was
elaborated by coating partially purified pediociolusion onto PLA/SP film pre-
treated with dry-heat treatment. Briefly, PLA/Snfiwas pre-heated at SC for 2 h
in air-circulating oven. The pre-heated film wasnowed from the oven and
immediately placed into 0.2% (w/v) partially puedi pediocin solution prepared from
culture supernatant oPediococcus pentosaceus BCC 3772 for 30 min at room
temperature. Then the films were removed from pedisolution and washed three
times by shaking in deionized water for 1 min facle time in order to eliminate the
un-adsorbed pediocin. Pediocin adsorbed on PLA/SPed was 2.75 + 0.52 ug
protein/cnf with anti-listeria activity againdtisteria monocytogenes ATCC 19115 of
0.63-0.67 AU/ug of total protein/dmFilm coated with pediocin was then dried under
laminar flow for 60 min, sterilized under UV lamprfl5 min each side and stored at

room temperature prior to use.
4.3.2 Preparation and treatment of meat samples

Pork loin labeled as no preservatives was purchéisetdlocal market
in Pathum Thani, Thailand. The loin thickness wapraximately 1.5 cm. Meat
sections were cut into 5 cm 5 cm squares. These samples were put on the table

covered with a plastic bag that had been previodsinfected with 70% ethanol
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solution for 30 min and turned inside out. There samples were sufficiently mixed
with inherent microorganisms by hand wearing segpibstic gloves for ensuring the
homogeneous contamination of the sample surface di_al., 2003). Samples were
randomly separated into three groups. The firstigrnwas untreated and used as the
control. Each pork piece of the second group wakamged in direct contact with
PLA/SP. The pork pieces of the third group werekpged in direct contact with
PLA/SP + Ped. All samples were then placed in pgtgse trays, wrapped with
polyethylene film and stored in a retail chilledrigerator that was maintained at 4 +
2 °C until testing. Two samples for each treatmentewmndomly selected for

analysis.
4.3.3 Microbiological analysis

Pork samples were aseptically removed from eackguss; placed in a
sterilized stomacher bag and homogenized with 8@f0l.1% sterile peptone water
for 2 min in a stomacher (Seward model 400, Wests&y United Kingdom).
Decimal dilutions of the samples were preparecha game diluent and plated onto
appropriate media in triplicate. Viable counts atat aerobic bacteria, psychrophilic
bacteria, Staphylococci, lactic acid bacteria, Eoliacteriaceae, and Listeria were
carried out. Total aerobic bacteria and psychraophibcteria were determined by
incubating on Plate Count Agar (PCA; Merck, Darrdst&ermany) at 30C for 2
days and 7C for 10 days, respectively. Staphylococci couns watermined using
Baird-Parker agar supplemented with Egg-yolk TékuEmulsion 20% (Merck,
Darmstadt, Germany) as a medium after incubation3@at°C for 24-48 h.
Staphylococci was recognized as black colony saded by clear zone on this
medium. Lactic acid bacteria (LAB) were enumerdigdncubation at 30C for 48-
72 h on de Man Rogosa and Sharpe (MRS; Merck, DadnsGermany) agar plate
containing 0.5% calcium carbonate. The colony surded by clear zone was
recognized as LAB. Determination of Enterobacter@ecwas carried out on Violet
Red Bile Agar (VRBA; BD Difcd", Becton, Dickinson and Company, NJ, USA)
supplemented with 1% glucose after incubation at ¥]7 for 18-24 h.

Enterobacteriaceae was recognized as purple-rednyol0.5 mm in diameter,
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surrounded by a zone of precipitated. Listeria waremerated by plating 0.1 ml of
serial dilutions and 0.1 to 1 ml of pork homogenate PALCAM agar plates
supplemented with PALCAM antimicrobic supplementD(BDifco™, Becton,
Dickinson and Company, NJ, USA) after incubation3at°C for 24-48 h. On
PALCAM agar, Listeria was recognized as grey-greelony with black precipitate.
In addition, the selectivity of each medium wasakesl routinely by Gram staining
and microscopic examination of smears prepared frandomly selected colonies
from all the media. Microbial colonies were countadd expressed as logCFU
(colony forming unit)/g of pork sample. The microlaugical analysis was carried out

twice on two different batches.
4.3.4 Deter mination of biogenic amines

Biogenic amines were determined by HPLC method raatg to
Tosukhowonget al. (2011). Biogenic amines were extracted with 0.4éfchloric
acid and then derivertized with dansyl chloridee Tderivertives were separated on
Hypersil BDS C18 column, 4.6 x 200 mmug (Thermo, Bellefonte, PA, USA) and
the analyte was quantified on an Alliance 2690 HRlyStem (Waters, Milford, MA,
USA). The column temperature was set at 40 °C. AuR@liquot of standard or
derivatized sample was injected. The mobile phaa® s@mposed of 0.1% acetic acid
as solvent A and 0.1% acetic acid in acetonitridesalvent B. The flow rate was 1
ml/min. The gradient program started at 50% A a@% 3 and then solvent B was
raised to 90% within 25 min, after that the gratsas switched to 50% A and 50%
B within 10 min and held for 5 min before startitige next run. Biogenic amines
were detected at wavelength 254 nm by a Photo dasdey detector model 996
(Waters, MA, USA). The concentration of biogenic iaenin pork meat was

calculated by comparing with the concentrationtahdards.
4.3.5 Color evaluation

Color characteristics of packaged pork were detsethi by a
colorimeter (CR-300, Minolta, Japan). Color was suegad 30 min after packaging

opening as described by Djenasteal. (2001), in order to allow color stabilization on
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air exposurelL* (lightness),a* (redness/greenness) amd (yellowness/blueness)
were measured and thereafter the total color éiffee AE) with respect to the pork
sample stored for 0 day was calculated ast¥(* + (Aa*)? + (Ab*)]"% Redness
index @*/b*) was also calculated according to method of Cétesd. (1997).

4.3.6 pH

The pH of all pork samples were directly measurefive different
locations on pork samples using an Ifflabi combination puncture electrodes meter
equipped with a SevenEd&y pH meter S20 (Mettler Toledo, Schwerzenbach,

Switzerland). The pH values were reported as aecoéfjve replicates.
4.3.7 Sensory evaluation

The pork samples were subjected to sensory evatuati order to
ascertain whether there were differences betweatraidunpackaged), PLA/SP and
PLA/SP + Ped samples over the storage time. Thendraber-trained panel was
formed for the evaluation of the samples. The psiselvere selected on the basis of
their sensory skills (ability to accurately detemmiand communicate the sensory
attributes, color, odor, appearance of fresh pdpkjor to testing pork samples, the
panelists were trained in sensory vocabulary aedtification of particular attributes
in order to let them familiarize with samples olgetof investigation. Panelists were
asked to evaluate color, odor, appearance and Ibaeceptability of pork samples
using five-point scale ranging from 1 to 5 (Leteal., 2003). The scale points were:
excellent, 5; good, 4; acceptable limit of markatity, 3; poor, 2 and extremely poor,
1. Shelf life criteria assumed that rejection woatttur when the sensory attributes
declined below 3. During the test sessions, theptssnwere served randomly,
identified by three random digit codes. Fresh plaik was provided as reference
sample at different stage of storage. In orderwvoicaany logical error, the odor
attributes were evaluated under blinded conditibhe color of packaged pork
samples was assessed 30 min after package openarder to stabilize the color of

sample.
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4.3.8 Statistical analysis

All data were analyzed by one-way analysis of varéga (ANOVA)
using SPSS version 17.0 software. Duncan’s MultiRdege Test (DMRT) was used
for comparison of mean values at a significantlle?®.05.

4.4 Results and discussion
4.4.1 Changesin microbial counts

The changes in microbial counts of pork loin asiaction of storage
time were shown in Figure 13. PLA/SP + Ped effetyivcontrolled the growth of
Listeria in chilled pork meat during storage a4 °C. Listerial count of PLA/SP +
Ped sample decreased initially from 1.96 + 0.08Cked/g to below the detection
limit and was lower than those of control and PLRA/Sample R < 0.05) after 1 day
storage (Figure 13a). Pediocin coated on PLA/SR &tted as theéisteria growth
inhibitor (Kingchaet al., 2012). In agreement with our previous study (Spoayote
et al., 2013), this anti-listeria compound could relefisen the film matrix to reduce
the listerial counts in pork meat up to 99%. Forkpmeat with moderate level of
Listeria contamination (>100 CFU/g), this anti-listerianfil could reduce the
contamination to the level which is safe to consume

In contrast, PLA/SP + Ped could not reduce the trsvof total
aerobic bacteria (Figure 13b), EnterobacteriacEapi(e 13c), LAB (Figure 13d) and
psychrophilic bacteria (Figure 13e) whilst it codlelay the growth of Staphylococci.
During storage time, the significant increases iatalt aerobic bacteria,
Enterobacteriaceae and LAB of all samples was gbdelAfter 14 days, the growth
of these microorganisms was more pronounced ingugek samples. This result may
be explained by the fact that the condensation afewvapor inside packaging
accelerated the microbial growth, whilst the unpagd one was getting dry during
storage and thereby the microbial growth was nedfti retarded compared with
packaged groups as reported by Maretal. (1997) and Reet al. (1972). The viable

counts of these microorganisms in PLA/SP and PLAfS®ed were not significantly
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different, indicating that pediocin in PLA/SP + Peoluld not inhibit the growth of
these microorganisms.

The increase in psychrophilic count was also detedh all pork
samples throughout the storage time (Figure 13eA/$P + Ped could retard but
could not reduce the growth of psychrophile dughe fact that pediocin had no
inhibitory activity against the member of psychritigh bacteria including
Pseudomonas (Kingchaet al., 2012).

The Staphylococcus count of packaged samples aksmlewith an
increasing time, whilst the count of control (unkeged) sample increased (Figure
13f). It is assumed that the growth of Staphylocaafc packaged samples was
inhibited by low oxygen and/or high carbon dioxidencentrations created in the
package. Acid and antimicrobial substances, pratlicge LAB which rapidly grew
during storage time, also suppressed the growstagthylococci (Newton and Gill,
1978). Compared with PLA/SP samples, PLA/SP + Reddcnot reduce the number
of Staphylococci due to the fact that pediocin frBetiococcus pentosaseus BCC
3772 has no antimicrobial activity against Stapbgéxi (Kingchaet al., 2012).

4.4.2 Changesin biogenic aminesin pork meat

The changes in biogenic amine content in contral aackaged
samples as a function of storage time are shownhalrie 13. Spermine of control
sample was significantly decreased whilst thosePbA/SP and PLA/SP + Ped
samples was constant throughout the storage pdmdocz (1995) and Hernandez-
Joveret al. (1996) pointed out that spermine content oftearelsed during food
spoilage since it could be used as a nitrogen solnycsome microorganisms. This
result is in agreement with our study that the spee content decreased along with
the increase of total aerobic bacteria and therpssipn of spoilage.

In this study, putrescine, cadaverine and tyramweee not found at
time zero. As reviewed by Hernandez-Josteal. (1996), putrescine, cadaverine and
tyramine did not occur in fresh meat. However, frenation of tyramine, cadaverine
and putrescine was observed in all meat samples &ft4 and 14 days of storage,
respectively. A continuous increase in these bimgamines along with the storage

period was observed. Putrescine, cadaverine aathige content were more
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Figure13. Changes in microbial counts on pork meats duringechstorage ¢:
control, unpackagedli: PLA/SP,A: PLA/SP + Ped)Bars represent the
standard deviation of duplicate determinations frtwo independent
experiments.

pronounced in PLA/SP and control samples than i®/BE + Ped. This result

suggested that PLA/SP + Ped could decrease thefiomof some biogenic amines,
such as putrescine, cadaverine and tyramine in samaples. It was noticed that the
formation of these biogenic amines was relatechéincreasing of bacterial load in
pork samples. This relationship may be explainetheyfact that the biogenic amines

in foods are produced by the breakdown of aminalsadue to the action of
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decarboxylases of microbial origin (Chanditral., 1989). As previously reported,
biogenic amine production becomes evident when ebatt load approach 6
logCFU/cnf (Daintyet al., 1986; Smittet al., 1993; Lee and Yoon, 2001).

In this study, the histamine content in all samphles not detected
until the end of storage time (data not shown).régorted by Ruiz-Capillas and
Jimenez-Colmenero (2004), the concentration oahigte in meat and meat products
are usually quantitatively lower than those foumather foods (e.g., fish).

The presence of biogenic amines in pork meat igtefrest for two
reasons. Firstly, the intake of foods containinghhtoncentrations of biogenic amines
can present at health hazard through the direat tftect of these compounds and
their interaction with some medicaments. Secorttigy may have a role as indicators
of quality and/or acceptability of food (Ruiz-Cda#l and Jimenez-Colmenero, 2004).

The biogenic amine index (BAI) consisting of themsof putrescine,
cadaverine, histamine and tyramine was calculatedused as a meat quality index
with the following limits: BAI < 5 mg/kg for gooduality fresh meat, between 5 and
20 mg/kg for acceptable meat but with initial spgé signs, between 20 and 50
mg/kg for low meat quality, > 50 mg/kg for spoileseat (Hernandez-Jovet al.,
1996). According to these values, pork meat paakagih PLA/SP + Ped was
designated as low quality pork after 14 days ofagfe, whilst both unpackaged and
PLA/SP packaged samples were designated as sjpoitkcfter 14 days (Table 13).

4.4.3 Changesin pork color

The color characteristic of packaged samples coedpaith that of the
control is shown in Table 14he L* value of all samples did not change during
storage period. PLA/SP and PLA/SP + Ped did nacafthelL* value of packaged
pork.

During storage,a* value gradually increased followed by bending
down. The peak point ai* value was reached at day 1 for all of sampleserAft
days, a* value of all samples decreased. It was found #iavalue of packaged
samples was significantly lower compared with thiatontrol samplesR < 0.05). It
can be assumed that the condensed water vapor rgndoss from meat samples

inside the package extracted the water-soluble maahent, myoglobin, which
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ultimately led to a pale surface color. Leteal. (2003) observed with naked eye that
the pork meat surface discolored palely and lightmeat juice was formed inside the
film. Meanwhile, theb* value rapidly decreased in all samples at the @es/ of
storage. At the same day of storage, there wasigmifisant difference observed
among three treatments, except in the first andfdoeth day which the control
sample showed highd® value P < 0.05). Any differences ia* andb* value was
observed between PLA/SP and PLA/SP + Ped sampdesated that Ped in PLA/SP
+ Ped did not affect these values.

The apparent change in redness of pork samplesreasted as
redness indexat/b*). Table 14 shows that redness index of all samgitgsficantly
increased during storage period. This can be exgdiaby the reduction df* value
while a* value was slightly constant. Heli al. (2001) explained that the thickness of
oxymyoglobin layer, which contributed to rednessnaat, increased with the storage
time. This is because the respiratory activity @atis reduced during chilled storage
and oxygen is not consumed so rapidly. When thigtnsefully bloom after exposure
to the air, the oxymyoglobin layer is thereforeckar. However, after 14 days of
storage, redness index of pork samples packagddRUA/SP and PLA/SP + Ped
was significantly lower than that of contrd® & 0.05). In agreement with several
studies, the packaging affected the changes inr adldhe packaged meat sample
(Boakye and Mittal, 1996; Huat al., 2001; Leeet al., 2003). The condensed water
vapor inside the package extracted the water-solaidat pigment led to a pale
surface color (Leet al., 2003). Packaging with low oxygen permeable adlavet
enough oxygen to enter the packaging to bloom tleatnto any degree. This
condition favors metmyoglobin formation led to browoloration of meat (Huat al.,
2001). Moreover, hydrogen sulphide,&) produced by microorganisms could react
with myoglobin to form sulphmyoglobin which alteon color to green (Hui et al.,
2001). Meanwhile, the unpackaged one was exposedtietair with high oxygen
content which caused the changes of myoglobin yongwglobin consequently made
the meat become more redness. Color appearandee isndst important sensory
attribute of fresh meat for retail sale. When pasthg meat, consumers judge its
quality chiefly by means of the color of its sudacdhey prefer the bright red
oxymyoglobin (Djenanet al., 2001).
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Table 13. Changes in biogenic amines content in pork méstiwwere not packaged (control) and packaged RiitA/SP and PLA/SP

+ Ped during storage time at 4 °C

Parameter Treatments  Storage time (days)
0 1 4 7 14
Putrescine (mg/kg) Control 0.00+0.00aA 0.00@01A 0.00£0.00aA 0.00£0.00aA 13.33 £+ 2.ABDb
PLA/SP 0.00+£0.00aA 0.00+0.00aA 0.00+x0.80a 0.00+0.00aA 17.67+1.80bB
PLA/SP + Ped 0.00+0.00aA 0.00+0.00aA 0.@@®aA 0.00+0.00aA  11.56 +2.58 bA
Cadaverine (mg/kg)  Control 0.00+0.00aA 0.00@0A 1.04+£0.09aA 3.96+0.24cB 2594 +1.683d
PLA/SP 0.00+£0.00aA 0.00+0.00aA 3.11+0.69b 7.57+0.94cC 34.17 £ 0.32dC
PLA/SP + Ped 0.00+0.00aA 0.00+0.00aA 1.3604 bA 2.70+0.05bA  13.15+0.47cA
Tyramine (mg/kg) Control 0.00+0.00aA 1.06+D#A 6.13+0.33bA 1585+0.96dB 23.20+0.85€eB
PLA/SP 0.00+£0.00aA 3.03+0.16bB 8.33+0.28c 14.99+0.71dB 32.59+0.49eC
PLA/SP + Ped 0.00+0.00aA 0.32+0.09bA 7.6¥% cB 11.32+0.18cA 15.79+0.21dA
Spermine (mg/kg) Control 6.30£0.17 bcA 6.40210cAB 6.94+0.14dA 591+0.21bA 5.15+0.44 aA
PLA/SP 6.59+0.28aA 6.05+0.11aA 6.68+0.A0a 580+0.26aA 5.74+£0.85aA
PLA/SP + Ped 4.19+3.63aA 6.58+0.35aB 6.743BaA 589+0.05aA 5.75+0.89aA
BAI (mg/kQ) Control 0.00+0.00aA 1.06+0.82aA 7.17+0.41bA 1981+1.19cB 62.47+5.17dB
PLA/SP 0.00+£0.00aA 3.03+0.16 bB 1144 + @ 22.56+1.39dC 84.43+1.61eC
PLA/SP + Ped 0.00+0.00aA 0.32+0.09aA 9. bB 14.02+0.16 cA 40.50 +2.65 dA
Meat quality Control good good acceptable accéptab spoiled
PLA/SP good good acceptable low spoiled
PLA/SP + Ped good good acceptable acceptable low

Data are means + SD of triplicate determinationfefznt lower case letters in the same row indicagnificant differencep(< 0.05).
Different upper case letters in the same columhiwithe same parameter indicate significant diffeesat p < 0.05).
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Table 14. Changes in color of pork meat which were not pgekla(control) and packaged with PLA/SP and PLA/SPed during

storage time at 4 °C

Parameter Treatments Storage time (days)
0 1 4 7 14
L* Control 46.00 +4.42 aA 46.11+1.48aA 46.37471aA 4753 +1.41aA 47.17+3.01aA
PLA 45.86 £3.88 aA 4556 +5.09aA 46.29+4a85 4593 +2.01aA 48.89+1.28 aA
PLA + pediocin 43.80+3.19aA 46.40+3.28aA HA6+2.75aA 4538+578aA 47.08+1.07 aA
a* Control 7.14+1.03abA 9.04+0.77 cB 778+ 0080 6.72+1.26aA 7.39+0.99 abB
PLA 6.67 £+ 0.40bA  7.36 £0.91 bA 6.73+0.52 bA .88+ 0.94bA 5.69+0.78 aA
PLA + pediocin 6.91+£0.79 aA 6.90 £ 0.74 aA 6#60.42 aA 6.16 £1.38aA 6.23+£0.85aA
b* Control 4.17 £ 0.47 cA 4.26 + 0.26 cB 268+0H8 1.68+0.60aA 1.21+0.71aA
PLA 4.13 £0.54 cA 2.65 +1.97 bA 2.17+0.38abA.86 £ 0.71 abA 1.51 +£0.59 aA
PLA + pediocin 4.34 +0.54 dA 2.50+1.04 cA 2A08.50 bcA 158 +0.74 abA 1.29£0.37 aA
AE Control - 2.31 2.10 3.44 3.62
PLA - 1.67 2.31 2.46 4.72
PLA + pediocin - 2.09 2.36 2.75 3.54
Redness index Control 1.73+0.31aA 2.12+0.14 ab 2.99 + 0.49 abA 4.25+1.18 bA 8.48+4.93cB
PLA 1.64 £0.20 aA 5.15+4.37 bB 3.23+£0.84 abA.03£1.07bA 4.31+1.65bA
PLA + pediocin 1.61 +0.22 aA 3.42 +1.98 abAB &#20.82 abA 5.39+3.76 bcA 5.14+1.30cA

Data are means + SD of five determinations. Diffiefewer case letters in the same row indicateiagmt difference |p < 0.05).
Different upper case letters in the same columhiwithe same parameter indicate significant diffeesat p < 0.05)
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The total color difference between the samplesat @ and each
measurement days was recordedA&svalue. The increase &E implies that the
greater change in the absolute value of color spaoedinates as compared with that
of the day 0 has occurred. TA& value of all samples increased significanty<
0.05). Boakye and Mittal (1996) and Lekal. (2003) reported that the total color
difference of chilled beef and pork meat incredssehrly with an increase in ageing.
After 7 days of storage\E of all treatments reached to above 2.3 which sporded
to a “just noticeable difference” or JND (Sharm®917). This implied that the
changing of pork color was observed by naked eyeafioof pork samples, both

unpackaged and packaged one, after 7 days of storag
4.4.4 pH changes

The pH of pork samples packaged with PLA/SP and/BPA+ Ped did
not significantly changep(> 0.05) maintaining the level of 5.7-5.8 until teed of
storage (Figure 14). However, after 14 days ofagfey the pH value of unpackaged
sample significantly increased and was higher wbempared with the packaged
ones P < 0.05).The increase in pH value during storage might be th the
accumulation of the microbial metabolites excemlpnammonia from amino acid
metabolism of bacterial spoilage in pork meat (ldugl., 2001; Leeet al., 2003;
Biswaset al., 2012; Qinet al., 2013).

4.4.5 Sensory evaluation

Changes in the sensory characteristic of pork sasmhliring storage at
4 + 2 °C in retail chilled refrigerator were compared begw the control group and
those packaged with PLA/SP and PLA/SP + Ped (Figb)e The evaluation of the
color attributes showed a tendency of declininghesstorage period extended and
was lower than 3.0 in all samples at day 14. Acogrdo Leeet al. (2003), the color
score lower than 3.0 was implied that the prodilmss its market value. The color
score of PLA/SP and PLA/SP + Ped samples was ffetelt throughout the storage
period p > 0.05) and still higher than 3.0 until day 7, rating that the consumers
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Figure14. Changes in pH of pork meats during chilled stordge control,
unpackaged,l: PLA/SP, A: PLA/SP + Ped). Bars represent the

standard deviation of five determinations.

accepted the color of these samples until day $tafage. In contrast, the control
sample obtained color score of 2.9 after day 4jcaiohg that the discoloration
apparently occurred. This result was in agreemeith wE value obtained from
instrumental evaluation.

The odor (Figure 15b) and appearance (Figure 1&ades of pork
samples unpackaged and packaged with PLA/SP dddlinee below 3.0 after day 7,
while the score of PLA/SP + Ped sample remained 8\¥®until day 7, maintaining
the market value. It was noticed that the off-odbpork meat samples was detected
when the total aerobic bacteria reached 7 log Cm&/cThis relationship was
supported by Tewast al. (1999) and Leet al. (2003).

Among three samples, PLA/SP + Ped obtained theebtgbcore of
overall acceptability throughout the storage timjlst the control group obtained
the lowest score. Control and PLA/SP samples halihgel below 3.0 after 4 and 7
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Appearance Overall acceptability

Figure15. Sensory characteristics of pork meat unpackaggd(d packaged with
PLA/SP @) and PLA/SP + Peda(). Data points are means of fifteen

determinations.

days of storage, respectively, whereas PLA/SP + diédn day 14. This can be
concluded that the pork meat packaged with PLA/S®ed was higher score for all
sensory attributes and was more attractive whenpaosa with the others. These
results appeared to be in good agreement with tledsmicrobiological analysis,
biogenic amine content and color characteristic,jclwhrefers to the fact that
discoloration, off-odor, appearance and overalleptability of chilled pork are

related to microbial growth, biogenic amine contamd color changes.
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4.5 Conclusion

Poly(lactic acid)/sawdust particle biocompositenfincorporated with
pediocin (PLA/SP + Ped) significantly affected theality and shelf life of fresh pork
meat stored at 4 2 °C. Based on sensory characteristic and biogenioemdex of
packaged pork, PLA/SP + Ped could extend shelf tifepackaged pork by
maintaining consumer acceptance of the producte Updays during storage in retail
chilled condition, which was at least 3 days lonilpan those observed for the control
unpackaged and packaged with PLA/SP film. Frormtierobiological point of view,
however, one important drawback of the applicatadnPLA/SP + Ped in food
preservation is the limited inhibitory effect of diecin on Listeria but not other

pathogenic and spoilage bacteria.
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CHAPTER 5

DETECTION AND CHARACTERIZATION OF PUTATIVELY NOVEL
ANTIMICROBIAL PEPTIDES PRODUCED BY
WEISSELLA HELLENICA BCC 7293

5.1 Abstract

Weissella hellenica BCC 7239, isolated from Thai fermented pork
sausage called Nham, produced two putatively nbaeleriocins, 7293A and 7293B.
Both bacteriocins had broad antimicrobial spectré @xceptionally inhibited several
important Gram-negative food-borne bacteRae(idomonas aeruginosa, Aeromonas
hydrophila, Salmonella Typhimurium andgscherichia coli). The highest amount of
bacteriocin was produced in MRS and APT media at°@0without agitation.
Bacteriocin 7293A showed relatively higher antirolwal activity than bacteriocin
7293B. However, pH and thermal stability of baacein 7293A was lower. These
bacteriocins were of proteinaceous nature, in whiehcomplete inactivation of their
antimicrobial activity after treatment by proteatyenzymes, including trypsiry-
chymotrypsin, pepsin and protease K was observddstwipase ando-amylase
exhibited no effect. Antimicrobial activity of botheptides was also not inactivated
by organic solvents (ethanol, isopropanol, acetawstronitrile) and surfactants
(Tween 20, Tween 80 and Triton X-100). Bacterio@i293A and B exhibited
bactericidal effect against both Gram-positive &rdm-negative indicators without
cell-lysis. According to ESI/MS analysis, the maller masses of bacteriocin 7293A
and B were determined to be 6249.302 and 6489. 4l Gd3pectively. Because their
molecular masses were not similar to those of omwn bacteriocins, both

bacteriocin 7293A and B could be putatively nowvetteriocins.
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5.2 Introduction

One of the most important problems always founébod industry is
the contamination of pathogenic bacteria (Ma&tial., 2012). Among the techniques
used to control the microbial contamination in fpdte application of natural
antimicrobial agents has received wide attentidme @iemand for natural, chemical
preservative-free, minimally processed, and hegttioglucts with microbial safety is
increasing (Deega&nal., 2006; Papagianni and Anastasiadou, 2009). Bactes or
antimicrobial peptides produced by lactic acid baat(LAB) are members of natural
antimicrobial agents which have received greatntitie (Clevelandet al., 2001;
Cotter et al., 2005; Zacharof and Lovitt, 2012). Although mabgcteriocins from
LAB, such as nisin and pediocin, have been approsed widely used in food
products (Zacharof and Lovitt, 2012), the inabitibyinhibit Gram-negative pathogens
limits their applications (Cotteat al., 2005; Deegamt al., 2006; Gilloet al., 2008).
Some bacteriocins from LAB could exhibit antimiciabactivity against Gram-
negative bacteria when unpurified form was used Kid@adsteniett al., 2005; Lin
et al., 2008; Gonget al., 2010; Raviet al., 2011; Bendjeddoet al., 2012; Marieet
al., 2012; Jenat al., 2013;) or they were used together with chelatiggnt such as
EDTA (Cutter and Siragusa, 1995; Lapgieal., 2009; Martin-Visscheet al., 2010).
Till date, only few purified LAB bacteriocins acévagainst Gram-negative bacteria
have been reported. Purified enterocin AS-48 etdubantimicrobial activity against
Escherichia coli(Galvez et al., 1989), whilst purified enterocin E-760 was agtiv
against many strains &lmonella enterica, Escherichia coli, Yersinia enterocolitica,
Yersinia pseudotubercolosis, Citrobacter ifreundii, Klebsiella pneumonia, Shigella
dysenteriae andCampylobacter jgjuni (Line et al., 2008). However, these bacteriocins
might be subjected to crtical scrutiny on the safespecially since the producer
strains were isolated from non-food origins and hagafe history of use in food.

Amongst the bacteria belonging Weissella genus, a food origins
LAB, only few strains could produce bacteriocin gBthanasopoulost al., 1997;
Srionnualet al., 2007; Pal and Ramana, 2010; Masadal., 2011; Papagianni and
Papamichael, 2011: Leong al., 2013). This study reported bacteriocin from

Weissella genus which is active against Gram-negative bactencluding P.
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aeruginosa ATCC 27853 A. hydrophila B1 AhB1, S. Typhimurium DMST 0562 and
E. coli ATCC 25922 In this study, the optimal culture medium which mmaized
bacteriocin production was investigated. Purifimatiand characterization of these
bacteriocins were performed. Effects of hydrolyeonzymes, pH, temperature,

chemicals and organic solvents on their antimiabactivity were also evaluated.
5.3 Materials and Methods
5.3.1 Bacterial strains and culture conditions

Strain BCC 7293, a bacteriocin-producing strains visolated on a
deMan Rogosa and Sharpe (MRS) agar (BNcoUSA) plates containing 0.5%
CaCQ from Thai traditional fermented pork and was idfead by 16S rDNA gene
sequencing. Gram staining and catalase test weferped as a preliminary step in
the screening of LAB (Sawet al., 2009).

Strain BCC 7293 was stored at -80°C in MRS mediuitih 5%
glycerol and propagated in MRS broth at 30°C forhliBefore use. Indicator strains
(Table 17) for the determination of antimicrobiattigities were propagated at
appropriate temperatures (30 or 37 °C) for 18-2defore use. LAB strains were
grown in MRS medium, and the other Gram-positivd &ram-negative indicator
strains were grown in Tryptic Soy Broth (TSB, Mer€&ermany) supplemented with
0.6% yeast extract (Merck, Germany).

5.3.2 Determination of bacteriocin activity

Bacteriocin activity assay was performed using #pot-on-lawn
method as previously described (Zeratlal. (2005).Lactobacillus sakei subsp sakei
JCM 1157 was used as an indicator strain unless otherwisetioned. The titer of
antimicrobial activity in the culture supernatamt production experiments was
expressed as activity units (AU) per millilitre, which the reciprocal of the highest
dilution at which growth inhibition was still detable. The minimum inhibitory
concentration (MIC) of the bacteriocin for the was indicator strains were
determined with purified bacteriocin solutions uggithe spot-on-lawn method
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described above. The MIC was defined as the minirhaateriocin concentration that

yielded a clear zone of growth inhibition in thelicator lawn.
5.3.3 Bacteriocin production in different culturemedia

To compare the effectiveness of different culturedia on the

production of the bacteriocin produced Wegissella hellenica BCC 7293, TGE (1%
tryptone, 1% yeast extract, 1% glucose, 0.2% Twa®n0.03 mM MnS@and 0.02
mM MgSQy), WYG (1.5% whey protein isolate, 1.5% yeast esttrand 1.0%
glucose), CYG (1.5% casein sodium salt, 1.5% yes=sact and 0.5% glucose), TSB,
MRS and APT broths were compared. The media werdiztd by autoclaving at
121 °C for 15 min. A 1% (v/v) inoculum V. hellenica BCC 7293 was added to 50
ml of culture medium in 125 ml Erlenmeyer flask.eTéamples were incubated at 30
°C without shaking. After 18 h of incubation, thengples were taken and
antimicrobial activity againsth. sakei ssp.sakei JCM 1157 was determined using

the spot-on-lawn method.
5.3.4 Time course of bacteriocin production

The overnight culture diV. hellenica BCC 7293 was added to 50 ml of
MRS broth in 125 ml Erlenmeyer flask at the financentration of 1% (v/v) and
incubated at 30 °C without shaking. The samplesewtaken at different time
intervals to determine the viable counts of thedpoing strain. The changes in pH
were measured using a pH meter (Mettler-Teledoz&wénd), and the antimicrobial
activity (AU/ml) was determined using the criticdilution spot-on-lawn method as
described above usind. sakei JCM 1157 as an indicator strain.

5.3.5 Purification of bacteriocin fromW. hellenica BCC 7293

Bacteriocin purification was carried out by a thstep procedure
using the supernatant of a 1-L cultureViéf hellenica BCC 7293 grown for 18 h in
MRS broth at 30 °C. The culture was adjusted to3p®Hwith 1 M HCI in order to
recover bacteriocin adsorbed on the cells, and tihencells were removed by

centrifugation at 8,00& g for 15 min at 4 °C. The cell-free supernatans waxed
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with 20 g of Amberlite XAD-16 (Sigma-Aldrich, St s, MO, USA), synthetic
hydrophobic resin previously activated with 50%vjMéopropanol. The mixture was
gently shaken at 4 °C for 24 h and transferred ¢olamn (25 mm internal diameter,
300 mm length). After the mixture was washed will® 2nl of MilliQ water and 200
ml of 50% ethanol, bacteriocins were eluted with0 1@l of 70% isopropanol
containing 0.1% trifluoroacetic acid (TFA). Theiaeteluted solution was placed in a
rotary evaporator to remove isopropanol. The resybkolution was then diluted with
50 mM sodium phosphate buffer (pH 5.7) to 100 nd bvaded onto a SP-Sepharose
Fast Flow cation-exchange column (15 mm internahmwter, 100 mm length; GE
Healthcare, Uppsala, Sweden) pre-equilibrated ®@thmM sodium phosphate buffer
(pH 5.7). The column was washed serially with 1d®frthe same phosphate buffer.
Bacteriocin was eluted with 50 ml of 50 mM sodiuhopphate buffer containing 1 M
NaCl (pH 5.7). For further purification, the actieduted solution was applied to a
reverse-phase column (3-ml RESOURCE RPC column; r8inaen biosciences,
Uppsala, Sweden) incorporated in the LC-2000 Pl&@t.E system (Jasco, Tokyo,
Japan) and eluted with a gradient of MilliQ wateed@nitrile containing 0.1% TFA at
a flow rate of 1 ml/min as follows: 0 to 0.1 minf&30% acetonitrile; 0.1 to 10 min,
30% acetonitrile; 10 to 35 min, 30 to 80% acetdmritr35 to 40 min, 80 to 100%
acetonitrile and 40 to 50 min, 100% acetonitriletive fractions were placed in a
Speed-Vac Concentrator (Savants, Farmingdale, N8A)Uo thoroughly remove the
acetonitrile. Active fractions containing bacterioavere pooled and subjected to
MIC determination and further characterization. Tdmimicrobial activity of each
fraction in the purification steps was determinedd@scribed earlier. The protein
concentration (mg/ml) of each fraction was detesdiraccording to the Lowry

method (Lowryet al., 1951) using bovine serum albumin as standard.
5.3.6 Molecular mass determination

Molecular mass of purified bacteriocin 7293A andvBre determined
by electrospray ionization time of flight mass dpametry (ESI-TOF MS) with a
JMS-T100LC mass spectrometer (JEOL, Tokyo, Japan).
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5.3.7 Mode of action of bacteriocin 7293

The bacteriocidal effect of bacteriocin 7293A and/&s assayed using
the modified method described by Htial. (2008) based on the killing manner
toward the indicator strainWeissella paramesenteroides JCM 9890 and S.
Typhimurium DMST 0562. Purified bacteriocin 7293AdaB were added in the
middle of the logarithmic phase of the growth cu#eh of incubation) of indicator
strains to final concentration of 5-fold of MICshd effect on the optical density at
600 nm and the bacterial viability were then eviadda Purified nisin at the
concentration of 5-fold of MIC was used as a pusiticontrol for W.

par amesenter oides JCM 9890.

5.3.8 Effect of enzymes, chemicals, pH and tempéugae on activity of
bacteriocins

Purified bacteriocin 7293A (28.8 uM) and 7293B (BjM) were used
in the following experiments. The sensitivity ofethbacteriocins to hydrolytic
enzymes (Sigma-Aldrich, St. Louis, MO), includinggsin (pH 7.5) g-chymotrypsin
(pH 7.5), pepsin (pH 3.0), proteinase K (pH 7.fpase (pH 7.5) and-amylase (pH
7.5), was examined by incubating the purified b@otén in the presence of 1.0
mg/ml of each enzyme at 37 °C for 3 h (Ca#tral., 2011). The samples were then
heated at 100 °C for 10 min to inactivate the ereynmThe purified bacteriocin
without enzyme and 1.0 mg/ml enzyme solution withpurified bacteriocin were
used as controls.

Effect of chemicals, including organic solvents audfactants, on the
antimicrobial activity of bacteriocin was also istigated. Various organic solvents
such as acetone, acetonitrile, ethanol and isopmpaere added to purified
bacteriocin solution at 1:1 ratio. Untreated pedfibacteriocin solution and organic
solvent with equal volume of sterile distilled wateere used as controls. All samples
were thoroughly mixed and kept at room temperatorés h (Karagluet al., 2003)
before antimicrobial test.

Effect of chemicals on antimicrobial activity ofdsariocin 7293A and

B was investigated by incorporating non-ionic (@nitX-100, Tween 20, Tween 80),
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anionic (sodium dodecyl sulphate) surfactant, ECAPA urea. All agents were added
to purified bacteriocin to yield the final conceatton of 1% (w/v). Untreated purified
bacteriocin and chemicals at this concentratioatamile distilled water were used as
controls. All samples were incubated at 30 °C foh %Pintoet al., 2009) before
antimicrobial test.

To examine the heat and pH stability of bacteriat293, the purified
bacteriocin solution was adjusted to pH values betw3.0 and 11.0 using 1 M HCI
or 1 M NaOH. The the preparations were incubate2batC (24 h), 80 °C (30 min),
100 °C (30 min) and 121 °C (15 min). The bacteriaattivity of the pH 3.0 sample
without heat treatment was defined as 100% ($aag 2009).

The residual antimicrobial activities of controlsdatreated samples
were determined by critical dilution spot-on-lanathinique usind.-b. sakei subsp.

sakei JCM 1157 as an indicator strain.
5.4 Results and Discussion
5.4.1 ldentification of strain BCC 7293

The isolate BCC 7293 was identified &¢eissella hellenica with
99.58% identity tdMNeissella hellenica NCFB 2973 accession no. S67831 (Colliets
al., 1993) based on sequence analysis of the 16S riDtéAgenic spacer (Table 15).

5.4.2 Bacteriocin production in different culture media

The maximum amount of bacteriocin producedVvidyhellenica BCC
7293 was obtained in MRS and APT media at 30 °Qvdroamount of bacteriocin
was produced in CYG and TSB, whilst, it could netgroduced in TGE and WYG
(Figure 16).

The type or composition of culture medium, espéciaitrogen and
carbon sources, always has an influence on bacterfgroduction (Cheight al.,
2002). In the case oW. hellenica BCC 7293, the bacteriocin production was
maximized when the producer strain was cultureMiRS and APT media at 30 °C
for 18 h (Figure 16). As reported by several stsdMRS was an optimized culture
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Table 15. Similarity of 16s rDNA of strain BCC 7293 companedh closely related

species

Rank  Name Strain Accession Pairwise
Similarity
(%)

1 Weissella hellenica NCFB 2973(T) S67831 99.58

2 Weissella paramesenteroides ATCC 33313(T) ACKU01000017 98.37

3 Weissella thailandensis FS61-1(T) AB023838 97.49

4 Weissella confusa JCM 1093(T) AB023241 96.45

5 Weissella cibaria KACC 11862(T) AEKT01000037 96.05

6 Weissella oryzae SG25(T) AB690345 95.69

7 Weissella viridescens NRIC 1536(T) AB023236 95.1

8 Weissella minor NRIC 1625(T) AB022920 95.1

9 Weissella koreensis KCTC 3621(T) AKGG01000017 94.77

10 Weissella soli DSM 14420(T) AY028260 94.76

11 Weissella ceti 1999-1A-09 FN813251 94.61

medium for bacteriocin production by LAB since iasvrich in organic nitrogen and
carbon sources and minerals, which enhanced thetlyrof the producer and
bacteriocin biosynthesis (Biswaisal., 1991; Dabe al., 1993; Cheigét al., 2002).
The production of bacteriocin by the other speoied/eissella was also performed in
MRS (Papathanasopoutbsl., 1997; Srionnuat al., 2007; Pringsulalat al., 2012).
APT broth was used to cultiva®. hellenica QU 13 for the production of weissellicin
Y and M (Masudaet al., 2011). Although the cultivation was performedhe same
culture medium,W. hellenica BCC 7293 produced bacteriocins with different
antimicrobial spectra and molecular masses, cordpasth those produced bw.
hellenica QU 13. This indicated that even the same spediéfgerent strains could

produce different bacteriocins.
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Figure 16. Bacteriocin production bW. hellenica BCC 7293 in different culture
media (TGE: Tryptone Glucose Yeast Extract cont@ni% tryptone,
1% yeast extract, 1% glucose, 0.2% Twen80, 0.03MW3$0O, and 0.02
mM MgSQ,; WYG: Whey Protein Yeast Extract Glucose contagnin
1.5% whey protein isolate, 1.5% yeast extract a®dolglucose; CYG:
Casein Yeast Extract Glucose containing 1.5% casmiium salt, 1.5%
yeast extract and 0.5% glucose). Data are meansdupficate

determinations from two independent experiments.
5.4.3 Production of bacteriocin fromW. hellenica BCC 7293

Time course of bacteriocin production @y hellenica BCC 7293 in
MRS broth was investigatedV. hellenica BCC 7293 produced bacteriocin during
early logarithmic growth phase and the maximumnaictiobial activity against.b.
sakel subspsakei JCM 1157 of 800 AU/ml was detected at 12 h of growth.
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Figure 17. Growth kinetics and bacteriocin biosynthesis\afhellenicaBCC 7293
cultured in MRS broth at 30C. Cellular growth ¢), bacteriocin

production (bar) and pH changas.(Data points and bars are means of

duplicate determinations from two independent expents.

No changes in antimicrobial activity were foundidgrl2-18 h at the
stationary phase. After that, the antimicrobiaiaist decreased (Figure 17). As this
antimicrobial substance was produced only durirgy érponential phase, it can be
considered to show primary metabolite kineticse Idkher bacteriocins (Srionnusl
al., 2007; Papagianni and Papamichael, 2011; Priakgadl al., 2012). The reduction
in the antimicrobial activity may be attributed pooteolytic degradation by non-
specific protease, adsorption on producer cell ial., 2009) or aggregation of
bacteriocin (Kingchat al., 2012).

5.4.4 Purification of bacteriocin fromW. hellenica BCC 7293

Since the maximum amount of bacteriocin was prodatter 18 h, the
culture supernatant was harvested at 18 h of inmuband then was used for
bacteriocin purification. A three-step purificatioprocedure, which included
hydrophobic interaction, cation-exchange chromatplgy and reversed-phase HPLC

was performed. The total antimicrobial activityelg and the purification fold of the



113

bacteriocin, along with the purification proceduseg summarized in Table 16. Forty
percent of the activity in the culture supernatamts recovered by hydrophobic
interaction chromatography (Amberlite XAD-16). Afteeing subjected to cation-
exchange chromatography (SP-sepharose), the lmitesctivity was recovered in
1.0 M NaCl fraction. This fraction was applied &gversed-phase HPLC. Two peaks
with antimicrobial activity, termed as A and B, webpbtained (Figure 18) and
designated as bacteriocin 7293A and B, respecti¥@hally, approximately 25.6 and
12.8% of the total activity of the culture supeamdtwere obtained after these
purification steps. Bacteriocin 7293A and B did hate any synergistic activity (data

not shown).
5.4.5 Molecular mass determination

ESI-TOF MS analysis showed that purified bactenot293A and B
had molecular masses of 6249.302 and 6489.716eBpectively (Figure 19). These
molecular masses were different from those of amgnin bacteriocins. Therefore, we

concluded that these bacteriocins were putativeixeh
5.4.6 Antimicrobial spectra

The inhibitory spectra of bacteriocin 7293A andrB shown in Table
17. Bacteriocin 7293A and B exhibited the samenaiotiobial spectra. However, the
antimicrobial activity of bacteriocin 7293A was aiger than those of bacteriocin
7293B. Bacteriocin 7293A and B had broad antimiobpectra against not only
Gram-positive but also Gram-negative bacteria ihidg A. hydrophila, E. coli, P.
aeruginosaandS. Typhimurium. Amongst indicator strains used in tlisdy, bacteria
belonging to genu¥/eissella were the most sensitive strains to bacteriocir8A28nd
B. This confirmed the general characteristic oftéaacin which is active mostly
against the bacteria closely related to the bamteriproducer (Srionnuetlal., 2007).
Furthermore, both bacteriocins 7293A and B did inbtbit the growth of the other
bacteriocin-producers includirignterococcus faecium BCC 49239 E. faecium JCM
5804, L. garvieae BCC 43578 (Tosukhowomtal., 2011) L. lactiss sp.lactis NCDO
497 andPediococcus pentosaceus BCC 3772 (Kingchat al., 2012).
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Table 16. Purification of bacteriocin 7293A and B produdagdW. hellenica BCC

7293
Total Total Specific
Volume  activity Yield protein activity  Purification

Purification step (ml) (AU)? (%) (mg)’ (AU/mq) (fold)
Supernatant 1000 800000 100 20450 39 1
Amberlite 100 320000 40 1238 258 7
SP-sepharose 45 288000 36 244 1179 30
RP-HPLC

Bacteriocin 7293A 1 204800 25.6 0.18 1137778 2908

Bacteriocin 7293B 1 102400 12.8 0.24 426667 10907

@Antimicrobial activity [in arbitrary units (AU)] wa assayed by the spot-on-lawn
method usind.b. sakeis sp.sakei JCM 1157 as an indicator strain.

®The protein concentration (in mg/ml) was determibgche Lowry method (Lowry
etal., 1951).
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Figure 18. Reversed phase-HPLC of bacteriocin frdmhellenica BCC 7293. The

bacteriocin activity was detected in the fractiamtaining the peaks as
indicated by A and B.
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This characteristic would be an advantage of theliegion of
bacteriocin 7293 in food system both in the fornmpafified bacteriocin and starter
culture since the beneficial bacteria would nokitied by these bacteriocins.

Although bacteriocins from LAB have been frequemdported, those
from Weissella genus have been rarely investigated (Papathanalesmb al., 1997;
Srionnual, Yanagideet al., 2007; Pal and Ramana, 2010; Maswiaal., 2011;
Papagianni and Papamichael, 2011; Leengl., 2013; Cheret al., 2014). To our
knowledge, this study is the first report of baictein from Weissella genus,
exhibiting the antimicrobial activity against atagt 4 species of food-borne
pathogenic Gram-negative bacteria includighydrophila, E. coli, P. aeruginosa
andS Typhimurium. Purified bacteriocin 7293A and B binhibit Gram-negative
bacteria without the use of chelating agents sicERTA which weaken cell wall
integrity (Cintaset al., 2001). With the trend toward foods with chemiitak
preservatives, especially for health-concerned wmess (Deegast al., 2006;
Papagianni and Anastasiadou, 2009), bacteriocir3A28hd B could be used as an
effective natural food preservative.
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Table 17. Antimicrobial spectra of bacteriocin 7293A and B

MIC (uM)
Bacteriocin  Bacteriocin

Indicator strains 7293A 7293B
Gram-positive bacteria
Bacilllus cereus DMST 5040 N.A. N.A.
Bacillus cereus B34 N.A. N.A.
Bacillus cereus B9 N.A. N.A.
Bacillus circulans JCM 2504 0.007 0.0181
Bacillus coagulans JCM 2257 0.0035 0.009
Bacillus subtilisATCC 6633 0.9001 2.3113
Bacillus subtilis ssp.subtilis JCM 1463 0.0281 0.1445
Enterococcus faecalis JCM 5803 1.8002 4.6227
Enterococcus faecium BCC 49239 N.A. N.A.
Enterococcus faecium JCM 5804 N.A. N.A.
Kocuria rhizophila NBRC 12708 1.8002 2.3113
Lactobacillus plantarum ATCC 14917 N.A. N.A.
Lactobacillus sakei ssp.sakei JCM 1157 0.0141 0.0361
Lactococcus garvieae BCC 43578 N.A. N.A.
Lactococcus lactis ssp.lactis ATCC 19433 0.0141 0.0361
Lactococcus lactis ssp.lactis NCDO 497 N.A. N.A.
Leuconostoc mesenteroides ssp.mes. JCM 6124 0.0281 0.1445
Listeria inocua ATCC 33090 0.0563 0.1445
Listeria monocytogenes ATCC 19115 0.0281 0.0722
Micrococcus luteus MllI N.A. N.A.
Mucococcus luteus ATCC 9341 N.A. N.A.
Pediococcus dextrinicus JCM 5887 N.A. N.A.
Pediococcus pentosaceus BCC 3772 N.A. N.A.
Pediococcus pentosaceus JCM 5885 0.0141 0.0361
Saphylococcus aureus ATCC 23235 3.6004 9.2454

Saphylococccus aureus ATCC 25923 0.0563 0.1445
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Table 17. Antimicrobial spectra of bacteriocin 7293A andddnt.)

MIC (uM)
Bacteriocin  Bacteriocin
Indicator strains 7293A 7293B
Gram-positive bacteria
Saphylococcus aureus ATCC 6538 N.A. N.A.
Saphylococcus aureus Cowan 1 N.A. N.A.
Methicillin-resistantStaphyl ococcus aureus (MRSA) N.A. N.A.
Saphylococcus xylosus BCC 3710 0.4501 1.1557
Weissdlla confuse JCM 1093 0.0281 0.0722
Weissella cibaria JCM 12495 0.225 0.5778
Weissella paramesenteroides JCM 9890 0.0004 0.0011
Weissella hellenica JCM 10103 0.0035 0.009
Gram-negative bacteria
Aeromonas hydrophila B1 AhB1 0.1125 0.2889
Escherichia coli ATCC 25922 0.225 0.5778
Escherichia coli O157:H7 N.A. N.A.
Pseudomonas aeruginosa ATCC 27853 0.0563 0.1445
Salmonella Typhimurium DMST 0562 0.225 0.5778
Vibrio parahaemolyticus Vpl N.A. N.A.
Vibrio algenolyticus Va N.A. N.A.
Vibrio harveyi Vhl N.A. N.A.
Vibrio sp. Brood 4.27 N.A. N.A.

Data are means of duplicate determinations fromihslependent experiments. N.A.,
no activity detected at the highest concentratibapplied bacteriocin 7293A (28.8
pKM) and bacteriocin 7293B (37.0 uM)

ATCC, American Type Culture Collection, RockvillD; BCC, Biotech Culture
Collection, National Center for Genetic Engineeramgl Biotechnology, Pathumthani,
Thailand; DMST, Culture Collection for Medical Mawrganism Department of
Medical Sciences Thailand; JCM, Japan CollectibrMacroorganisms, Saitama,
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Japan; NBRC, NITE Biological Resource Center, Chib@pan; NCDO, National
Collection of Dairy Organisms (Reading, United Kdiogn)

5.4.7 Mode of action of bacteriocin 7293

Bacteriocin 7293A and B exhibited the same mode aofion,
bactericidal effect without cell lysis, against bddV. paramesenteroides and S
Typhimurium since the addition of bacteriocin 7298Ad B to the indicators could
reduce the bacterial population without any deengggr increasing of cell density. In
contrast, the addition of nisin, a bacteriolyticteiocin significantly reduced viable
cell count and cell density (Figure 20 and 21).

Bacteriocin 7293A and B plausibly acted on the plemic
membrane of target cells by forming hydrophilic geomwhich caused an efflux of
important cellular metabolites and subsequentdmdith as suggested by Papagianni
and Papamichael (2011). However, the reductioniadfle count ofS. Typhimurium
(Figure 21) was slower than that Wf. paramesenteroides (Figure 20). This result
might imply the absence of an outer membrane lay€ram-positive bacteria (De
La Fuente-Salcidoet al., 2012). Therefore, the presence of an outer
lipopolysaccharide membrane of Gram-negative bacteould retard bactericidal
effect of bacteriocin 7293A and B.

5.4.8 Effect of enzymes, chemicals, pH and tempéugae on activity of
bacteriocins

The antimicrobial activity of bacteriocin 7293A aBdwere affected
by hydrolytic enzymes, chemicals, pH and tempeea{lliable 18 and Figure 22).
Both two bacteriocins were completely inactivated groteolytic enzymes, which
included trypsin,a-chymotrypsin, pepsin and proteinase K. Whilamylase and

lipase did not affect the bacteriocin activity.
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Figure 20. Effect of bacteriocin 7293A and 7293B on viabddl counts (a) and cell
density (b) ofW. paramesenteroides JCM 9890. Bacteriocin 7293A and
B were added to the suspension of the indicatois cgter 4 h of
incubation to final concentration of 5-fold of MICE€ell density in
optical density was measured at 600 nm. Purifiedinniat the
concentration of 5-fold of MIC was used as posita@ntrol for W.
paramesenteroides JCM 9890. Bars represent the standard deviation of

duplicate determinations from two independent expents.
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Figure 21. Effect of bacteriocin 7293A and 7293B on viabddl counts (a) and cell
density (b) ofS Typhimurium DMST 0562. Bacteriocin 7293A and B
were added to the suspension of the indicator aéks 4 h of incubation
to final concentration of 5-fold of MICs. Cell detysin optical density
was measured at 600 nm. Bars represent the stamgadtion of

duplicate determinations from two independent expents.



122

The result confirmed that these antimicrobial sambsts were
proteinaceous in nature and not containing lipid carbohydrate groups in its
molecule (Riley and Chavan, 2007). The absenceif imoieties in the bacteriocin
molecules was confirmed by the stability of bacein activity in the presence of
organic solvents (Osmagaoglu, 2007). As shown in Table 18, treatment of
bacteriocins with organic solvents including acetoracetonitrile, ethanol and
isopropanol did not cause any losses in bacteriaciivity. The complete inactivation
of bacteriocin activity by proteolytic enzymes alsmsured the safety for the
consumer since these bacteriocins could be conhpldeactivated by enzymes in
human gastrointestinal tract and then were novedgainst beneficial bacteria in
human intestine.

The antimicrobial activity of bacteriocin 7293A aBdvas not affected
by 1% (w/v) Tween 20, Tween 80 and Triton X-100.l\Othe exposition of the
purified bacteriocin to 1% urea resulted in theuan of the bacteriocin activity.
The increased activity of bacteriocin 7293A andnBcombination with EDTA and
SDS was observed. EDTA and SDS acted as destahillzeh alter the permeability
of the cell membrane of sensitive bacteria and emgisntly increased the
susceptibility to bacteriocins (Shafa and Salto®6Q Alakomiet al., 2000). The
sensitivity of bacteriocin 7293A and B to chemicalgre similar to the other
bacteriocins (De Kwaasdstengttal., 2005; Albancet al., 2007; Pintcet al., 2009;
Jiang et al., 2012). However, the sensitivity to surfactant&l airea seems to be
bacteriocin-dependent. Activity of bacteriocin SEbproduced b¥. faecium ST5Ha
was not affected by the presence of urea (Todetrak, 2010).

The effects of pH and heat treatment on antimiedobictivity of
bacteriocin 7293A and B were investigated (Figu®. 2ZThe activity of both
bacteriocins decreased upon the exposure to etewataperatures and high pH.
Under heat treatment at 121 °C for 15 min, thevagtiof bacteriocin 7293A was
completely inactivated (Figure 22a). In contrasictbriocin 7293B showed higher
stability against high temperatures and pH whenpayed with bacteriocin 7293A
(Figure 22b). Even at 121 °C and pH 3, it stillareed 50% of its initial activity.
Moreover, bacteriocin 7293B retained 100% actiatyits activity after exposure to
pH 3 at 25 °C (24 h), 80 °C (30 min) and 100 °Cit36).
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Table 18. Effect of enzymes and chemicals on antimicrobiaivag of bacteriocin

7293A and 7293B

Relative activity (%) after treatmént

Treatment Bacteriocin 7293A Bacteriocin 7293B
Untreated* 100 100
Enzymes
Trypsin 0 0
Alpha-Chymotrypsin 0 0
Pepsin 0 0
Protease-K 0 0
Lipase 100 100
Alpha-Amylase 100 100
Organic solvents
Acetone 100 100
Acetonitrile 100 100
Ethanol 100 100
Isopropanol 100 100
Chemicals
Tween20 100 100
Tween80 100 100
EDTA 200 200
SDS 1600 1600
Triton-X-100 100 100
Urea 25 25

#The activity of an untreated sample was definetiofgso.

Data are means of duplicate determinations fromihdependent experiments.
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Figure 22. Effect of pHs and temperatures on the activitiepuwified bacteriocin
7293A (a) and 7293B (b). Purified bacteriocins atgd to a pH range of
3.0-11.0 were incubated at 26 for 24 h, 8C°C for 30 min, 100C for
30 min and 12XC for 15 min. The activity of the samples at pH 3.0
without any treatment was considered to be 100%s Bee means of

duplicate determinations from two independent expents.
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As a common feature of bacteriocins, bacteriocia3ARand B were
stable in the wide range of pH and temperature d&iapni, 2003; Papagianni and
Papamichael, 2011). However, bacteriocin 7293A Bus¢emed to be more stable in
low pH. In food application point of view, low-pHodd was suitable for these
bacteriocins. Since bacteriocin 7293B was moreletab high temperature than
bacteriocin 7293A, it could be applied even in fopdckaging which high
temperature is always used to produce antimicrqiaekaging.

Further work is in progress to study the structfrbacteriocin 7293A
and B. Until now, no signals were obtained whentdramcin 7293A and B were
subjected to N-terminal amino acid sequencing biypraated Edman degradation.
This suggested that the N terminus of bacterio2@®3A and B was blocked. Various
fragmentation procedures, such as BNPS-skatolenogga bromide treatment,
endoprotease V8 digestion and acid hydrolysis, venrdormed to obtain a partial
amino acid sequence of these bacteriocins. Howesy, treatments could not

provide appropriated fragments of bacteriocin 72984 B (data not shown).
5.5 Conclusion

Weissella hellenica BCC 7293, isolated from Thai fermented pork
sausage called Nham, produced two bacteriocingmnigsid as bacteriocin 7293A and
B. Their unique molecular masses and antimicrob@éctra against both Gram-
positive and Gram-negative food-borne pathogengesigd that bacteriocin 7293A
and B could be putatively novel bacteriocins. Thas#tivity to proteolytic enzymes
and stability in organic solvents, pH and tempemnf both bacteriocins suggested

the potential use of bacteriocin 7293A and B indf@and food packaging applications.
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CHAPTER 6

APPLICATION OF PUTATIVELY NOVEL BACTERIOCIN
PRODUCED BY WEISSELLA HELLENICA BCC 7293 IN PLA/SP
BIOCOMPOSITE FILM FOR FOOD PACKAGING

6.1 Abstract

The objective of this study was to develop an aictiobial
biodegradable food packaging by using Bacterio@®37 (Bac7293), a putatively
novel antimicrobial peptide produced Weissella hellenica BCC 7293. Bac7293 was
loaded into poly(lactic acid)/sawdust particle lmogosite film (PLA/SP) using
diffusion coating technique. The maximum amounBat7293 incorporated into the
pre-heated PLA/SP was achieved at 19.54 + 2.87mfgafter 30 min of diffusion
coating, whilst PLA film without sawdust particleodd not absorb Bac7293.
According to the JIS Z 2801:2000 standard testireghod, the produced PLA/SP
impregnated with Bac7293 (PLA/SP + Bac7293) effetyi inhibited both Gram-
positive (isteria monocytogenes and Staphylococcus aureus) and Gram-negative
bacteria (Pseudomonas aeruginosa, Aeromonas hydrophila, Escherichia coli and
Salmonella Typhimurium). Antimicrobial activity of PLA/SP + B&293 film
remained unchanged even after storage at 25 °Cfaronths. In a food model study,
PLA/SP + Bac7293 film effectively inhibited the grihs of P. aeruginosa, A.
hydrophila, L. monocytogenes, E. coli, S Typhimurium andS aureus artificially
inoculated on fresh Pangasius fillet during storageéer refrigeration. A reduction of
2 to 5 log CFU/crh of all tested bacteria on fish fillet was observétie overall
migration of PLA/SP + Bac7293 film to food simulawas maximized in isooctane
(3.67 + 0.47 mg/d@ which was much lower than the overall migratiomit
regulated by the commission of the European comtesni
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6.2 Introduction

The growth of global consumption of fish as an alimprotein has
doubled since the 1970s. In particular, the consiommf freshwater fish has grown
massively in recent decades, primarily in East ABielgadoet al., 2003). Pangasius
fish (Pangasius hypophthalmus) is one of the most famous freshwater fish congume
not only in Asia but also in the European Union JEUSA and Canada (Tong Téi
al., 2013). Pangasius fish products in the formskofreed and boneless fillets are the
most popular forms being sold in supermarkets iar0 countries (Orbast al.,
2008; Tong Thet al., 2013).

Despite the high economic importance of this fighgoduct, the food
safety issue according to microbiological contarmoma still remains as evidence
from the notifications and rejection of the contaated products by EU (Littlet al.,
2012). The microbiological contamination of pangasfish consists of a diverse
mixture of Gram-positive and Gram-negative bacteiigcluding Listeria,
Staphylococcus, Aeromonas, Escherichia, Pseudomonas and Salmonella (ICMSF,
2005; Sarteet al., 2007; Littleet al., 2012; Noseda&t al., 2012; Tong Thiet al.,
2013). The contaminations aisteria and Salmonella in pangasius fish fillets were
predominantly detected and alerted by EU RapidtAfgistem for Food and Feeds
(RASFF) during 2005 and 2010 (Littkeal., 2012; Nosedet al., 2013).

Several technigues have been introduced to comni®l microbial
contamination in fish fillet such as treating lifish with antibiotic (Sarteet al.,
2007) and pesticides (Littlet al., 2012) during aquaculture, washing fish filletshw
chlorinated water (Tong That al., 2013), treating fish fillets with tannic aciddan
modified atmosphere packaging (MAP) (Magsood anddeil, 2010).

Due to the trend toward the natural products withatibiotics or
chemical preservatives, bacteriocins, the antinbiedopeptides produced by lactic
acid bacteria, have been used to control the grasftispoilage and pathogenic
microorganisms in foods (Deegas al., 2006; Zacharof and Lovitt, 2012). The
desirable properties of bacteriocins that make tbaitable for food preservation are
(i) are generally recognized as safe (GRAS) substr(ii) are inactive and nontoxic

on eukaryotic cells and the consumers, (iii) becamaetivated by digestive protease,



128

having little influence on the consumer’s gut mibada, (iv) usually active in wide
range of pH and temperature and (v) have a relgtiv@ad antimicrobial spectrum
against many food-borne pathogenic and spoilagéebac(Helanderet al., 1997,
Clevelandet al., 2001; Galvezt al., 2007; Hwanhleet al., 2014). During the last
decades, innovative bioactive films enriched witltteriocins have been developed
and received a consideration attention for contmarobial contamination in foods
(Comaet al., 2008; Jiret al., 2009; Cao-Hoangt al., 2010; Theinsathiet al., 2012).
The important role of packaging system in this sgegnaintaining the concentration
of bacteriocins above the active concentration@minuously releasing bacteriocins
to Kill the target microorganisms contaminated oads (Appendini and Hotchkiss,
2002).

Recently, Woraprayotet al. (2013) have successfully developed the
technique to incorporate hydrophilic antimicrobigleptide, pediocin, into
hydrophobic PLA film to provide high efficiency amicrobial biodegradable
packaging. The film played significant role to gaand release bacteriocin into food
matrix to reduce the population of target microoigen up to 99% during chilled
storage. However, the antimicrobial activity ofstipackaging was limited against
only Listeria monocytogenes, thus it was not sufficient to control the micrabi
contamination in pangasius fish fillet which cotsi®f both Gram-positive and
Gram-negative bacteria. Our previous study dematestrthe wide spectrum of
inhibition of Bacteriocin 7293, a new found antinoicial peptide produced by
Weissella hellenica BCC 7293, against all of the above mentioned biacte
contaminated in pangasius fish fillets. Therefohe, application of Bacteriocin 7293
with PLA/SP could be a promising means to controé tgrowth of target
microorganisms in pangasius fish fillets.

To our knowledge, no study has reported the usantimicrobial
biodegradable film containing bacteriocin to cohtitee growth of pathogenic and
spoilage microorganisms in pangasius fish filldisus, the objective of present work
was to develop an antimicrobial biodegradable pgicikp impregnated with
Bacteriocin 7293 to control the growth Aromonas, Escherichia, Pseudomonas,
Saphylococcus, Listeria and Salmonella on pangasius fish fillets during refrigerated
storage.
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6.3 Materials and Methods
6.3.1 Bacterial strains and culture conditions

Weissella hellenica BCC 7293 was isolated from Nham, a traditional
fermented pork sausage in Thailaw. hellenica BCC 7293 was maintained as
frozen stock held in -80 °C in De Man, Rogosa ahdrfe (MRS) culture broth
containing 15% (w/v) glycerol. Prior to use, cuéuwvas streaked on MRS agar and
grown at 30 °C for 18 h. A single colony obtaineahi the plate was grown twice in
MRS broth and incubated at 30 °C for 18 h withcwakeng. Bacterial strains that
were used as indicators for the antimicrobial assase propagated in culture broth

for 18-24 h at the temperature (30 °C or 37 °CGymanended by culture collection.
6.3.2 Determination of antimicrobial activity

Antimicrobial activity assay was performed using tepot-on-lawn
method as previously described by Zemtlal. (2005). The antimicrobial activity of
bacteriocin preparation was expressed as actiwiiy (AU) per ml, in which the
reciprocal of the highest two-fold serial dilutiah which growth inhibition was still
detectable.

6.3.3 Preparation of partially purified Bacteriocin 7293

W. hellenica BCC 7293 was grown in CYG broth at 30 °C for 18 h.
Antimicrobial substance was recovered from cellfasrg by adjusting the pH of
culture broth to 2.0. Cells were removed by cemgidttion at 10,000 x g for 15 min at
4 °C using a Hi-speed centrifuge (Beckman: Avastf).J The cell-free supernatant
was partially purified by hydrophobic interactiohrematography using amberlite
XAD-16 polymeric resin (Sigma, USA). In brief, a B5of the resin was activated in
50% (v/v) isopropanol at 4C for 24 h. Thereafter, isopropanol was completely
removed from the resin by washing with one volunfedeionized water. The
activated resin was added into a 1,000 ml of then@isupernatant with gently mixed
and kept at 4C for 24 h. The resin was loaded into the Econbffas column 2.5x
30 cm (Bio-rad, USA) and washed with 100 ml of deted water, followed by 100
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ml of 50% (v/v) ethanol in deionized water. Theiaetfraction was eluted with 100
ml of 70% (v/v) isopropanol in deionized water aining 0.1% (v/v) trifluoro acetic
acid (TFA). The eluent was then evaporated to gkbf isopropanol using rotary
evaporator (40C for 30 min) and then freeze-dried at -60 °C,rABar and kept at 4
°C prior to use. This preparation was designategba3 293.

6.3.4 Elaboration of antimicrobial PLA/SP film coded with Bac7293
(PLA/SP + Bac7293)

PLA/SP biocomposite film was fabricated using a wbslo film
extrusion as described by Woraprayeteal. (2013). Firstly, 5% (w/w) sawdust
particles (SP) in the range of 100 — 300 um wasethiwith PLA resin (Nature
work®) and subjected to a twin screw extruder (SdJXwin screw extruder product
line, Nanjing Chengke Machinery, China). Then, tdoenposite film was fabricated
via blown film technique. The thickness of the casife film was adjusted to 400-
500 micrometer by controlling the take up speed.

Incorporation of Bac7293 into PLA/SP biocompositémf was
performed by diffusion coating method accordingWwraprayoteet al. (2013).
Briefly, the film was pre-heated at € for 2 h in air-circulating oven. The pre-
heated film was removed from the oven and immelyigtéaced into 0.2% (w/v)
Bac7293 solution. The film surface area to Bac788i8tion ratio was 8 cm5 ml.
The coating was performed in static condition fOrr8in at 25 °C. Then, the films
were removed from the Bac7293 solution and waskheeettimes with 5 ml of
deionized water by shaking in the solution for Innfior each time in order to
eliminate the un-adsorbed Bac7293. The washed fere dried under laminar flow
for 60 min and stored at#42 °C in a refrigerator prior to bacterial inhibitioests.

To quantitatively determine the Bac7293 adsorptinrcomposite film
during diffusion coating, the amount of Bac729&med in the solution was analyzed
as the total protein content according to the nubtbioLowry et al. (1951). Bac7293

adsorption on the film was calculated by the foilogvequation:

Bac7293 adsorbed (ug/éns (P1 —P2)/A
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whereP1 andP2 represent the total protein (g) of pediocin solubefore and after
adsorption, respectively ardrepresents the total surface areajanfi the films used
in the experiment. Absorption of Bac7293 onto PLAMmM (pg/cnf) was plotted as
a function of soaking time (min) (Figure 23).

6.3.5 Evaluation of antimicrobial efficiency of PIA/SP + Bac7293

The guantitative evaluation of the antimicrobialivaty of PLA/SP +
Bac7293 was evaluated as their efficacy after ahdther JIS Z 2801:2000 testing
conditions (Anonymous, 2000). A PLA/SP film withdd&c7293 coating was used as
the negative control. Approximately Lt 10 cells of eitherAeromonas hydrophila
B1, Escherichia coli ATCC 25922, Listeria monocytogenes ATCC 19115,
Pediococcus pentosaceus JCM 5885, Pseudomonas aeroginosa ATCC 27853,
Salmonella Typhimurium DMST 0562 o&aphylococcus aureus ATCC 25923 was
inoculated onto each respective test PLA/SP or BPAA Bac7293 film. The
inoculated specimens were incubated at €7 at a relatively high humidity
(approximately 90% RH) for 24 h. The bacterial £ellere harvested from the film
surface using 10 ml of SCDLP (soybean-casein didmeth with lecithin and
polysorbate) broth and serial dilutions plated oh8B agar plate for enumeration of
the viable cells of indicator strains after culbgriat 37°C for 24 h. The value of
antimicrobial activity was expressed as the diffiee in the logarithmic value of
viable cell counts between antimicrobial produatsl aintreated products (negative

control) after incubation of bacteria.
6.3.6 Stability of antimicrobial activity of PLA/SP + Bac7293

The PLA/SP + Bac7293 films were sterilized under lght for 15
min each side and incubated at@ and 25°C. After 3, 6, 9 and 12 months of
incubation, the tested films were removed and titeérécrobial activity was tested
according to JIS Z 2801:2000 standard testing noktiengW. paramesenteroides
JCM 9890 as the indicator strain. The residual antimicrblietivity of the film
samples was reported as a percentage of antimatrabiivity of the samples after
storage compared with that of time zero.
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6.3.7 Challenge test of inhibition of pathogenic rmaroorganisms in chilled

pangasius fillet

The antimicrobial effectiveness of the PLA/SP + B3 films was
evaluated using raw pangasius fish fillet. Secti@ns 5 cni) of pangasius fillet were
UV-sterilized under a biosafety hood for 15 miner8ized fish fillet sections were
then inoculated with 250 pl of the cocktail inoculuwf Escherichia coli ATCC
25922 Listeria monocytogenes ATCC 19115Salmonella Typhimurium DMST 0562,
Saphylococcus aureus ATCC 25923,Aeromonas hydrophila B1 andPseudomonas
aeruginosa ATCC 27853 to obtained the final bacterial densityeach indicator on
fish surface of 1DCFU/cnf. The inoculated fish samples were then packedrétd
contact with the antimicrobial PLA/SP + Bac7293qad on the tray and stored at 4
+ 2 °C. Samples packaged with uncoated film anchokpaged were used as negative
controls. After 0, 1, 3, 5 and 7 days of chilledrage, selective viable counts of
indicator strains were performed. For the analyii® samples were placed in
sterilized plastic bags, 10 ml of sterile 0.1% (WMpeptone solution were added, and
then the samples were homogenized for 1 min in &tter Lab Blender (Seward;
UK). Determination ofA. hydrophila and P. aeruginosa count was carried out on
GSP agar (Pseudomonas Aeromonas Selective Agar, Besek, Germany) after
incubation at 37C for 18-24 h.A. hydrophila andP. aerugiosa was recognized as
yellow and red-violet colony on this culture mediumspectivelyL. monocytogenes
was enumerated on PALCAM agar plates supplemenigdRALCAM antimicrobic
supplement (BD DifcB”, Becton, Dickinson and Company, NJ, USA) after
incubation at 37 °C for 24-48 h. On PALCAM agae tjrey-green colony with black
precipitate was recognized &s monocytogenes. E. coli was enumerated on Eosin
Methylene Blue Agar Modified (Holt-Harris & TeaguégMB, BD, BBL™, Becton,
Dickinson and Company, NJ, USAJ. coli was recognized as blue-black colony with
green metallic sheen on this medium after incuba@ 37 °C for 18-24 h.S
Typhimurium was enumerated as red colony with bleekters on XLD agar (BD,
Difco™, Becton, Dickinson and Company, NJ, USA) afteulvation at 37C for 18-

24 h. Staphylococci count was determined usingdBRarker agar supplemented with

Egg-yolk Tellurite Emulsion 20% (Merck, Darmsta@@ermany) as a medium after
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incubation at 30°C for 24-48 h. Staphylococci was recognized as kblemony
surrounded by clear zone on this medium. The exmaris were performed in

triplicate and the results were expressed as CFt/cm
6.3.8 Migration of PLA/SP + Bac7293 into packagefish fillet

The overall migration as the total mass of compasurahsferred from
the packaging material to the food simulants waaluated according to Directive
97/48/EC (The Commission of the European Commwiti®97). In this study, 4
simulants were used including water, 3% acetic &) in aqueous solution as a
stimulant of aqueous food with pH of lower than,418% ethanol (v/v) in aqueous
solution as a stimulant of aqueous foodstuff withqd higher than 4.5 and isooctane
as a fatty food stimulant.

Total immersion migration tests were performed escdbed by Tovar
et al. (2005). A 12 crh piece of PLA/SP + Bac7293 was placed in glass tube
containing 20 ml of the simulant (area-to-volumgoré dnf/L). The migration tested
tubes were then incubated at 4D for 10 days in an incubator. After exposure, film
samples were removed and the simulants were evtaddog rotary evaporation. The
solid residue remained in the tube was then gravicadly determined. Six
independent replicates were analyzed for each Emwhurhe overall migration value
was expressed as mg of the migrated film matediafsof food contact surface.

6.3.9 Statistical analysis

Antimicrobial experiments were conducted in triptie, with two
observations per film treatment for each replicatee overall migration testing was
performed for six replications. Data value was esped as the mean £+ SD. All data
were analyzed by one-way analysis of variance (ARPWsing SPSS version 17.0
software. Duncan’s Multiple Range Test (DMRT) waed for comparison of mean

values at a significant level of 0.05.
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6.4 Results and Discussion
6.4.1 Antimicrobial activity of Bac7293

After 18 h of incubation in CYG medium at 30 °Cetlrulture
supernatant was subjected to partial purificatioith whydrophobic interaction
chromatography of Amberlite XAD-16. The obtainedtiadly purified bacteriocin
7293 was designated as Bac7293. Bac7293 was therefdried to produce Bac7293
powder. Based on this production procedure, 2.8 Bac7293 powder was obtained
from 1 | of culture supernatant. The antimicrobaativity (AU/mg) of Bac7293
powder against the target microorganisms was showiable 19. Bac7293 exhibited
antimicrobial activity not only against Gram-positibacteria but also against Gram-
negative bacteria. To our knowledge, only few stadiave discovered bacteriocins
from lactic acid bacteria of food origin with antorobial activity against Gram-
negative bacteria (Gorgg al., 1210; Ravkt al., 2011; Marieet al., 2012; Chert al.,
2014). In addition, Bac7293 was more effective agaiGram-positive than Gram-
negative indicators except aeruginosa. This result was in agreement with general
characteristic of bacteriocins of Gram-positive tbaa which exhibit high
antimicrobial activity against Gram-positive baceior closely related bacteria
(Klaenhammer, 1993; Jack al., 1995). In addition, many bacteriocins producgd b
Gram-positive bacteria can kill Gram-negative spethat are likely to have the same
ecological niche (Jaolt al., 1995).

6.4.2 Protein adsorbed and antimicrobial efficieng of PLA/SP + Bac7293

The adsorption of Bac7293 was monitored by thel tpi@tein
adsorbed onto PLA and PLA/SP films throughout tiffision coating. After coating,
PLA/SP film adsorbed high amount of Bac7293, winite protein was adsorbed on
PLA film. The result indicated that the sawdusttioée and coating technique used in
this study effectively embedded Bac7293 into PUA fivhich was in agreement with
the result of our previous study (Woraprayettal., 2013).
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Table 19.Antimicrobial activity of Bac7293

Indicator strains Antimicrobial activity (AU/mg)
Gram-positive bacteria

Listeria monocytogenes ATCC 19115 4326

Saphylococcus aureus ATCC 25923 1082
Gram-negative bacteria

Aeromonas hydrophila B1 270

Escherichia coli ATCC 25922 68

Pseudomonas aeruginosa ATCC 27853 1082

Salmonella Typhimurium DMST 0562 68

Figure 23 shows that the maximum amount of Bac7B88rporated
into the PLA/SP film was achieved at 19.54 + 2.8jicpt after 30 min of diffusion
coating. The adsorption capacity of this system wgker than those of other reports.
Nakanishiet al. (2001) reviewed that the amount of protein adsdris on the order
of several mg/or ng/cnf, varying with the kind of protein, type of surfased
adsorption conditions. Lactocin 705 maximally atieor on multilayer-LLDPE film
at 0.07 + 0.02 pg/cm(Massaniet al., 2013). The amount of nisin adsorbed on
hydrophilic and hydrophobic PE film was recorded &3 + 0.3 pg/cfand 1.8 + 0.1
nglcnt, respectively (Karamet al., 2013), whilst pediocin PA-1/AcH could be
adsorbed by PLA/SP film with maximum amount of BL6 3.07 ug protein/cfn
(Woraprayoteet al., 2013).

The adsorption kinetic of Bac7293 to the PLA/SR&AfC was shown
in Figure 23. Bac7293 adsorption exhibited a ste#jal slope (in the first 10 min of
diffusion coating) followed by the attainment opkateau after 30 min of diffusion
suggested that a time of 30 min was needed to regaitibrium. Therefore, the time
of 30 min was selected as a time for Bac7293 cgatmPLA/SP film at 25 °C. This
result was similar to Woraprayotg al. (2013), suggesting that the affinity of
Bac7293 and pediocin for PLA/SP was similar. Thegkr times (on the order of
hour) were necessary to adsorb other bacterioansother hydrophobic and
hydrophilic surfaces (Gueret al., 2005; Ibargurest al., 2010; Massarsat al., 2013).
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Figure 23. Absorption kinetics of Bac7293 in PLA film. Barspresent the standard
deviation of duplicate determinations from threedependent

experiments.

To ensure that the adsorbed Bac7293 could desorb the film to
exhibit antimicrobial activity against the sensgtimnicroorganisms, the determination
of the antimicrobial activity of PLA/SP + Bac729&svperformed by determining the
reduction in the number of viable bacteria (as @#J/cnf) over the exposure time
according to the JIS Z 2801:2000 testing methodhik study, after 24 h of exposure
to the film, the viable counts of each indicatoasts were in the range of 3.03 to 4.78
log CFU/cnf reduction compared to the control PLA/SP film (PSR film without
Bac7293) (Table 20). The value of antimicrobialiatt obtained by this standard
testing method shall not be less than 2.0 for tiieracrobial efficacy of antimicrobial
products (Anonymous, 2000). Based on this standace, PLA/SP + Bac7293 could
be designated as high efficiency antimicrobial picid The result are similar to that
for PLA/SP + Ped reported by Woraprayetal. (2013), where the 3 log reduction
of L. monocytogenes population in model food system was observed afbetacted
with the film. PLA/SP + Bac7293 was more activeiagGram-positive indicators
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Table 20.Antimicrobial efficiency of PLA/SP + Bac7293

Indicator strains Antimicrobial activity

(log reduction)

Gram-positive bacteria

Listeria monocytogenes ATCC 19115 4.78

Saphylococcus aureus ATCC 25923 4.56
Gram-negative bacteria

Aeromonas hydrophila B1 3.12

Escherichia coli ATCC 25922 3.03

Pseudomonas aeruginosa ATCC 27853 4.10

Salmonella Typhimurium DMST 0562 3.03

than Gram-negative indicators which was in agreemeith the antimicrobial

property of Bac7293 powder.
6.4.3 Stability of antimicrobial activity of PLA/SP + Bac7293

The stability of antimicrobial activity of Bac729®wder and Bac7293
adsorbed on PLA/SP in real storage conditionsigefated temperature at 4 °C and
room temperature at 25 °C) was investigated. Awmfiafiial activity of Bac7293
powder decreased with an increasing time and cdeipléost after 12 month of
storage at 25 °C whereas no changes in its activety observed at 4 °C (Table 21).
The result indicated that absorption of Bac729 d?itA/SP improved the stability
of Bac7293, thus protecting its antimicrobial aityivThis result was similar to those
of pectin-Nisaphlin® and pectin-nisin complexes ethithe complexes played an
important role to improve the thermal stabilitylEcteriocin (Liuet al., 2009) Other
previous studies also showed that bacteriocingnrékeir activity when applied to
various surfaces (Daeschel and McGuire, 1992; Mingl., 1997; Scannelét al.,
2000). However, a detailed mechanism remains fo\sstigated.

The decrease in antimicrobial activity of Bac7283artially purified
Bac7293 powder may be associated to the interadtiibin proteolytic enzymes,

proteins, fat and sugar remaining in the powderilSWRLA/SP film selectively
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Table 21. Stability of antimicrobial activity of partiallgurified Bac7293 and
PLA/SP + Bac7293

Samples Residual activity (%)

Bac7293 powder 4 °C, 3 months 100
4 °C, 6 months 100
4 °C, 12 months 100
25 °C, 3 months 50
25 °C, 6 months 25
25 °C, 12 months 0

PLA/SP + Bac7293 4 °C, 3 months 100
4 °C, 6 months 100
4 °C, 12 months 100
25 °C, 3 months 100
25 °C, 6 months 100
25 °C, 12 months 100

adsorbed Bac7293, only small amount of contaminalidsved to react with Bac7392

was not enough to cause the reduction of antimiat@lativity.
6.4.4 Challenge test of microbial inhibition in ciilled pangasius fillet

The antimicrobial effectiveness of PLA/SP + Bac72@finst targets
microorganismes artificially inoculated on pangadigh fillets is shown in Figure 24.
PLA/SP + Bac7293 film effectively inhibited the gvth of all tested microorganisms
including L. monocytogenes, S aureus, A. hydrophila, P. aeruginosa, E. coli and S.
Typhimurium. A reduction of 4 to 6 log cycles of tsted bacteria on fish fillet was
observed.

Packaging with PLA/SP + Bac7293 reduced ltheteria population in
pangasius fish fillets when compared with the cdrdnd PLA/SP packaged samples
throughout the storage time (Figure 24a). The 2rbmbction ofListeria count was
observed in PLA/SP + Bac7293 sample after 5 daghitied storage.

The growth ofSaphylococcus in control unpackaged fish fillets was
slightly increased from 5.2 log CFU/éno 7.4 log CFU/crhduring chilled storage.
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Figure 24.Challenge test of inhibition of pathogenic micrcamgms in chilled

pangasius fillet. Bars represent the standard temiaof duplicate

determinations from three independent experiments.

Packaging with PLA/SP + Bac7293 showed the redunai®&aphylococcus by about
2 to 3 log CFU/crfy compared with the control (Figure 24b).
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The growth of A. hydrophila and P. aeruginosa, a Gram-negative
pathogenic and spoilage bacteria always foundeshfwater fish including pangasius
fish (Hannineret al., 1997; Bhowmiket al., 2009), were also inhibited by PLA/SP +
Bac7293 throughout the storage period. PLA/SP +7B88 reduced 2.0 and 1.4 log
cycle of A. hydrophila andP. aeruginosa, respectively, after 1 day of chilled storage
(Figure 24c and 24d).

The viable count o& Typhimurium was also inhibited by PLA/SP +
Bac7293 (Figure 24e). In control and PLA/SP packaggmplesS. Typhimurium
counts slightly increase initially from 4.7 to Adyy CFU/cnf throughout the chilled-
storage period. The growth reduction of up to Bg CFU/cnf was observed in
PLA/SP + Bac7293 packaged sample compared witbttiers.

During the first three days of chilled storage,aimange in thée. coli
counts were observed in control and PLA/SP packageuples (~4.5 log CFU/én
and the counts naturally decreased at the entdge as shown in Figure 24f. The
counts ofE. coli were significantly reduced (~2 log CFU/nby packaging with
PLA/SP + Bac7293 at first day of storage.

These results reconfirmed the antimicrobial etficaf PLA/SP +
Bac7293 against indicator strains as previouslyentesl invitro and demonstrated
the potential used of PLA/SP + Bac7293 to contnel growth ofL. monocytogenes,

S aureus, A. hydrophila, P. aeruginosa, E. coli and S. Typhimurium on pangasius
fish fillet in retail chilled storage condition.

Other studies reported a similar reduction behawvidhe populations
of the target microorganism when food preparatis@se packaged with the high
efficiency antimicrobial food packaging containibgcteriocins. Generally, the high
efficiency antimicrobial packaging could reduce tirewth of target bacteria by at
least 2 log cycles within 1 to 3 days of contactiing et al., 1997; Scannekt al.,
2000; Dawsoret al., 2002; Leeet al., 2003; Maurielloet al., 2004; Guerrat al.,
2005; Woraprayotet al., 2013).

It was noted that the antimicrobial activity of PAS® + Bac7293 was
decreased when applied to pangasius fish filleigu(E 24). The alteration of

bacteriocin bioavailability in food systems may baused by the portioning of
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bacteriocins into polar or non-polar food composeamd the interaction with food
components such as phospholipids, glutathione r&fgease and other endogenous
food enzymes, (Clevelarat al., 2001; Chollekt al., 2008; Sant’‘Annat al., 2011;
Malheiroset al., 2012).

6.4.5 Migration of PLA/SP + Bac7293

In order to quantify the total release of polestomponents of PLA/SP
and PLA/SP + Bac7293 film to food, the overall maiipn of packaging materials
was evaluated according to the Directive 97/48/H@ble 22 depicts the overall
migration value of PLA/SP + Bac7293 into all foddchslants was higher than those
of PLA/SP ¢ < 0.05). The additional mass presented in the anigof PLA/SP +
Bac7293 might be the contribution of Bac7293 migglafrom PLA/SP film during
tested. This assumption was supported by the presehprotein content in water,
one of tested food simulant, after film exposuratgéchot shown).

Among four food simulants, the maximum migratioh PLA/SP +
Bac7293 film (3.67 + 0.47 mg/dinwas observed after exposure in isooctane, a fatty
food simulant. This result may be explained byftst that isooctane could absorbed
in the film structure, leading to the swelling betpolymer matrix, thereby enlarging
the gaps between the molecules and enhancing tgeatton of small particles
including PLA degradation products (Fortuna al., 2012) and bacteriocin.
However, this value was far below the overall migra limit (OML: 10 mg/dnf)
regulated by European directive 2002/72/EC. Noneth# studied PLA films
exceeded the overall migration limit of 60 mg/kg X0 mg/dni (Fortunatiet al.,
2012; Mattioli et al., 2013). This result suggested that PLA/SP + B@87 in
compliance with the overall migration limit and ¢oie used safely as a food contact

materials for low acid, high acid and fatty foods.
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Table 22. Overall migration of PLA/SP and PLA/SP + Bac729Bn§ into food

simulants
Overall migration (mg/dn)

Simulant PLA/SP PLA/SP + Bac7293
Water 1.18+0.68 a 3.00+0.48b
3% acetic acid 156+1.34a 3.44+0.38Db
10% ethanol 1.33+0.47 a 3.17+£0.24 Db
Isooctane 1.52+0.20 a 3.67+£0.47b

Data were expressed as mean = SD of six indepeedpertiments.
Different lower case letters in the same row inticagnificant differencep(< 0.05).

6.5 Conclusion

Bacteriocin 7293 could also be impregnated into B film to
produced high antimicrobial efficiency packagingmitar to pediocin. PLA/SP
played the role to maintain the antimicrobial atyivof Bac7293 for at least 12
months at 25 °C. The produced PLA/SP + Bac729%wify inhibited the growth
of both Gram-positive and Gram-negative bacteriast¢ria monocytogenes,
Saphylococcus aureus, Pseudomonas aeruginosa, Aeromonas hydrophila,
Escherichia coli andSalmonella Typhimurium) both invitro and food models during
chilled storage. The overall migration of PLA/SBac7293 was much lower than the
overall migration limit regulated by the commissiohthe European communities.
This suggested high potential application of PLA/$PBac7293 as a good
antimicrobial packaging for pangasius fish fillets.
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CHAPTER 7

SUMMARY AND FUTURE WORKS

7.1 Summary

The use of bioactive films enriched with antimidadpeptides from
lactic acid bacteria as an antimicrobial food paok@ have been received a
consideration attention. Biodegradable materiadpeeially poly(lactic acid) (PLA),
have been more emphasized due to the trend towsnek seand green packaging.
However, direct incorporation of antimicrobial peetto PLA film was limited by
the hydrophobic characteristics of PLA. In thisdstuthe emerging technology to
incorporate antimicrobial peptide from lactic aciwhcteria to PLA film has
successfully been developed. Pediocin PA-1/AcH frBedliococcus pentosaceus
BCC 3772 was impregnated into poly(lactic acid)/dast particle biocomposite film
(PLA/SP) using diffusion coating technique to progldood packaging with high
antimicrobial efficiency. The optimization of pedio production was performed in
order to improve the productivity and reduce thewsring index of pediocin
preparation, thus providing the desirable quaraitg quality of pediocin preparation
for use in food packaging. The challenge test bfbmion and effect of PLA/SP +
Ped on microbiological property of packaged porttigated that the antimicrobial
activity of the film was limited only oiisteria monocytogenes. In order to broaden
the antimicrobial spectrum of the packaging, pu&dyi novel antimicrobial peptide,
Bacteriocin 7293 fromWeissella hellenica BCC 7293, which active against both
Gram-positive and Gram-negative food-borne pathisgand spoilage bacteria was
discovered and introduced to PLA/SP film. The PLA/m with Bacteriocin 7293
effectively inhibited several important bacteri@oged to contaminate on Pangasius
fish fillet. This validated the incorporating techue and suggested the feasibility of
the use of PLA/SP enriched with antimicrobial péetfrom lactic acid bacteria as a
high efficiency antimicrobial biodegradable packapifor a variety of foods. The
following are the detailed summary.

1. Culture medium and incubation condition for gmeduction of

pediocin PA-1/AcH by Pediococcus pentosaceus BCC 3772 were optimized.
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According to the analysis of Plackett-Burman andtreé composite design (CCD)
under response surface methodology (RSM), the aptimedium for pediocin
production contained 1.5% (w/v) of sodium caseinat®% (w/v) of yeast extract and
0.5% (w/v) of glucose. The production of pediocm the optimal medium with
optimal pH of 6.5 and optimal incubation temperatof 30°C not only improved
pediocin productivity but also the color of pedi@reparation, thus increasing the
possibility of its use in food packaging.

2. A method for incorporating hydrophilic antimibial peptide into
hydrophobic film was developed using pediocin PAe€H and poly(lactic acid)
(PLA) as a model. Natural sawdust particle (SP)ygdaan important role in
embedding pediocin into the PLA film. Pre-condiiimp of the poly(lactic
acid)/sawdust particle (PLA/SP) biocomposite film dry-heat treatment not only
improved anti-listeria activity but also increagedsile strength with no effect on film
color, transparency and solubility in water. PLA/Bi®ecomposite film coated with
pediocin can be used as a good anti-listeria bi@dizdple packaging for pork and
other high-moisture foods.

3. Poly(lactic acid)/sawdust particle biocompoditen incorporated
with pediocin (PLA/SP + Ped) significantly affectdwe quality and shelf life of fresh
pork meat stored at # 2 °C. Based on sensory characteristic and biogenia@mi
index of packaged pork, PLA/SP + Ped film could #xension the shelf life of
packaged pork by maintaining consumer acceptancheofproducts up to 7 days
during storage in retail chilled condition, which at least 3 days longer than those
observed for the control unpackaged and packagddRUA/SP film. However, from
the microbiological property point of view, the @microbial activity of PLA/SP +
Ped was limited only ohisteria, an important food borne pathogen always founded
in pork meat and product.

4. Two putatively novel antimicrobial peptides wedéscovered.
Weissella hellenica BCC 7293, isolated from Thai fermented pork saesealled
Nham, produced two bacteriocins designated as facite 7293A and B. Their
unique molecular masses and antimicrobial spegeanat both Gram-positive and
Gram-negative food-born pathogens suggested tleterioacin 7293A and B could be

novel bacteriocins. The sensitivity to proteolygozymes and stability in organic
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solvents, pH and temperature of both bacteriocugyested the potential use of
bacteriocin 7293A and B in food and food packagipglications.

5. Bacteriocin 7293 could be impregnated into PLEAffEN to produce
antimicrobial packaging by the technique developethis study. PLA/SP played the
role to maintain the antimicrobial activity of B&93 for at least 12 months at 25 °C.
The produced PLA/SP + Bac7293 effectively inhibitbeé growth of both Gram-
positive and Gram-negative bactetias{eria monocytogenes, Staphylococcus aureus,
Pseudomonas aeruginosa, Aeromonas hydrophila, Escherichia coli and Salmonella
Typhimurium) both invitro and in food model, pangasius fish fillets, durciglled
storage. The overall migration of PLA/SP + Bac7288s much lower than the
overall migration limit regulated by the commissiohthe European communities.
This suggested high potential application of PLA/$PBac7293 as a good

antimicrobial packaging for pangasius fillets.
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7.2 Futureworks

1. The elongation at break and optical propertPlofA/SP + Ped film

should be improved to produce more flexible filnttwiransparent property.

2. The complete amino acid sequences and structifreacteriocin
7293A and B should be further studied in order tettds understand the

physicochemical properties of these two bactergcin

3. To ensure the use of PLA/SP + Bac7293 as a paxkaor
pangasius fish fillets, the effect of PLA/SP + B2@3 on quality and shelf life of

packaged fish fillets should be investigated.

4. The combination of several antimicrobial pepidbould be applied
to PLA/SP film to produce the antimicrobial film thi broader antimicrobial

spectrum.
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