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Panitee Tippayatum 2007: Development of Antimicrobial Film Containing Natural Agents for Food
Packaging. Master of Science (Packaging Technology), Major Field: Packaging Technology, Department of
Packaging Technology. Thesis Advisor: Assistant Professor Vanee Chonhenchob, Ph.D. 164 pages.

The antibacterial activities of thymol, eugenol and nisin against Listeria monocytogenes, Bacillus cereus,
Staphylococcus aureus and Escherichia coli were investigated using agar well diffusion method. Thymol and eugenol
were effective against all the four bacteria tested, while nisin exhibited no antibacterial effect on gram-negative (£. coli)
bacteria. The minimum inhibitory concentrations (MICs) in vitro depending on bacteria strains were 3 - 4 mg/ml,

8 — 11 mg/ml, and 3 — 22 mg/ml for thymol, eugenol, and nisin, respectively.

Antimicrobial effect of ethylene vinyl acetate (EVA) films incorporated with thymol, eugenol, or nisin coated
on polyethylene (PE) films were investigated for their antibacterial activity against L. monocytogenes, B. cereus,
S. aureus and E. coli. The antimicrobial films with 33% vinyl acetate (VA) had more antimicrobial effect than those
with 41% VA in all treatments. The antimicrobial films incorporated with 4% w/v thymol, eugenol, or nisin exhibited a
larger clear zone around the film samples (17.45 - 24.56 mm), while those with 2% w/v thymol, eugenol, or nisin
showed the antibacterial effect only underneath the film sample. The synergistic effect of thymol and eugenol was
observed in the antimicrobial films tested, showing larger inhibition zone (18.66 - 29.58 mm) as compared to those with

thymol or eugenol alone. No synergism in the antimicrobial films incorporated thymol or eugenol with nisin.

The properties of ethylene vinyl acetate (33% VA) films containing thymol, eugenol, and the combination of
both substances, coated on polyethylene films were determined. The antimicrobial films developed showed no
significant (p > 0.05) in tensile strength, elongation, percent transmittance and thermal properties, as compared to the
control films without antimicrobial substances. However, increases in water vapour and oxygen transmission rates were

observed in the antimicrobial films developed, as compared to the control films.
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MICs = fhmmwﬁ’u%’uﬁwqﬂﬁmmmf']’ugqmsgﬁﬂﬂmﬂﬁuﬁﬁ
(minimum inhibitory concentration)
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Classes

Antimicrobial agents

Organic acids

Acid salts

Acid anhydrides
Para benzoic acids
Alcohol
Bacteriocins
Fatty acids

Fatty acid esters
Chelating agents
Enzymes

Metals
Antioxidants
Antibiotic
Fungicides
Sanitizing gas
Sanitizers
Polysaccharide
Phenolics

Plant volatiles

Plant/ spice extracts

Probiotics

acetic acid, benzoic acids, lactic acid, citric acid, marlic acid, propionic
acid, sorbic acid, succinic acid, tartaric acid, mixture of organic acids
potassium sorbate, sodium benzoate

sorbic anhydride, benzoic anhydride

propyl paraben, methyl paraben, ethyl paraben

ethanol

nisin, pediocin, subtilin, lacticin

lauric acid, palmitoleic acid

glycerol mono-laurate

EDTA, citrate, lactoferrin

lysozyme, glucose oxidase, lactoperoxidase

silver, copper, zirconium

BHA, BHT, TBHQ, iron salts

natamycin

benomyl, imazalil, sulfur dioxide

ozone, chlorine dioxide, carbon monoxide, carbon dioxide

cetyl pyridinium chloride, acidified NaCl, triclosan

chitosan

catechin, cresol, hydroquinone

allyl isothiocyanate, cinnamaldehyde, eugenol, linalool, terpineol, thymol,

carvacrol, pinene

grape seed extract, grapefruit seed extract, hop beta acid, brassica erucic

acid oil, rosemary oil, oregano oil, basil oil, other herb/spice extracts and

their oils

lactic acid bacteria

117: Han (2005)
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Antimicrobials Meat/poultry Dairy Seafood Produce Bakery Beverage Minimally
processed
Organic acids ~ Fresh meat Cheese Fruits Fruit juice ~ Precut salad
and their salts ~ Sausage Vegetable Wine Noodles
Ham Jam/jelly Pasta
Chicken Steamed rice
Sauce/dressing
Ethanol Nuts Bread Noodles
Cake Pasta
Cookies Sandwiches
Bacteriocins Fresh meat Cheese Fish Ham/Egg-
Sausage Shellfish sandwiches
Ham
Chicken
Enzymes Fresh meat Cheese Fish Ham/Egg-
Sausage Shellfish sandwiches
Ham Meatball pasta
Chicken
Chelating Fresh meat Cheese Fish Fruits Fruit juice  Precut fruits
agent Sausage Shellfish ~ Jam/jelly Sauce/dressing
Ham
Chicken
Fungicides Citrus
Berries
Nuts
Sanitizers Fresh meat Fish Fruits Precut salad
Chicken Shellfish ~ Vegetables
Volatile Fresh and Shredded Fish Berries Bread Fruit juice ~ Noodle
essential oils processed cheese Shellfish ~ Nuts Cakes Pasta
meats Dried Jam/jelly Cookies Steamed rice
Ground beef fish Sandwiches
Chicken Hamburgers
Nuggets Precut salad

Sauce/dressing




M319N 2 (¢19)

Antimicrobials Meat/poultry Dairy Seafood Produce Bakery  Beverage Minimally
processed
Spices Fresh and Cheese Fish Fruit juice  Noodles
processed Shellfish Pasta
meats Dried Steamed rice
Fresh and fish Sandwiches
Cooked Sauce/dressing
chicken
Probiotics Fresh and Cheese Fermented Deli mix
processed Yogurt vegetables
meats
Cured meat
Oxygen Fresh and Shredded Dried Nuts Bread Fruit juice  Noodles
scavengers processed cheese fish Jam/jelly  Cakes Wine Pasta
meats Cookies Steamed rice
Ground beef Sandwiches
Dried meats Sauce/dressing
Chicken Hamburgers

71u7: Han (2005)
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Gram-positive bacteria Gram-negative bacteria Yeasts/fungi
Arthobacter sp. Acetobacter spp. Aspergillus niger
Bacillus sp. Acinetobacter sp. A. Parasiticus
B. subtilis A. calcoaceticus A. Flavus
B. cereus Aeromonas hydrophila A. ochraceus
B. megaterium Alcaligenes sp. Candida albicans
Brevibacterium A. faecalis Candida tropicalis
ammoniagenes Campylobacter jejuni Dekkera bruxellensis
B. Linens Citrobacter sp. Fusarium oxysporum
Brochothrix C. freundii F. culmorum
Thermosphacta Edwardsiella sp. Mucor sp.
Clostridium botulinum Enterobacter sp. Pichia anomala
C. perfrigenes E. Aerogenes Penicillium sp.

C. sporogenes Escherichia coli P. Chrysogenum
Corynebacterium sp. E. coli 0157:H7 P. Patulum

Enterococcus feacalis Erwinia carotovora P. Roquefortii
Lactobacillus sp. Flavobacterium sp. P. Citrinum

L. Plantarum F. Suaveolens Rhizopus sp.

L. Minor Klebsiella sp. Saccharomyces cerevisiae
Leuconostoc sp. K. pneumoniae Trichophyton

L. Cremoris Moraxella sp. Mentagrophytes

Listeria monocytogenes Neisseria sp. Torulopsis holmii

L. inocua N. sicca Pityrosporum ovale
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Gram-positive bacteria

Gram-negative bacteria

Micrococcus sp.
M. luteus

M. roseus

Pediococcus spp.
Photobacterium
Phosphoreum

Propionibacterium acnes

Sarcina spp.
Staphylococcus spp.
S. Aureus

S. Epidermidis

Streptococcus faecalis

Mycobacterium smegmatis

Pseudomonas spp.

P. aeruginosa, fluorescens, fragi

and clavigerum
Proteus spp.

P. vulgaris
Salmonella spp.
Salmonella Enteritidis,
Senftenberg, Typhimurium,
Flexneri, Pullorum
Serratia sp.

S. marcecens

Vibrio sp.

V. parahaemolyticus

Yersinia enterocolitica

nu: Nychas and Skandamis (2003)
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CH,
OH
H,C CH,
a5 Tassadilnuea
117: Budavari e al. (1996)
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Packaging type

Examples of working

principle/mechanism/ reagents

Purpose

Examples of possible

applications

Oxygen absorbers
(sachets, labels,

films, corks)

Carbon dioxide

absorbers (sachets)

Ethylene absorbers

(sachets, films)

Humidity
absorbers (drip
absorbent sheets,

films, sachets)

Ferro-compounds, ascorbic
acid, metal salts, glucose

oxidases, alcohol oxidase

Calcium hydroxide and
sodium hydroxide or
potassium hydroxide

Calcium oxide and silica gel

Aluminium oxide and
potassium permanganate
(sachets)

Activated carbon+metal
catalyst (sachet)

Zeolite (films)

Clay (film)

Japanese oya stone (films)
Polyacrylates (sheets)
Propylene glycol (film)
Silica gel (sachet)

Clay (sachet)

Reduction/preventing of
mould, yeast and aerobic
bacteria growth
Prevention of oxidation of
fats, oils, vitamins, colours
Prevention of damage by
worms, insects and insect
eggs

Removeing of carbon
dioxide formed during
storage in order to prevent

bursting of a package

Prevention of too fast

repening ang softening

Control of excess moisture
in packed food

Reduction of water activity
on the surface of food in
order to prevent the growth
of moulds, yeast and

spoilage bacteria

Cheese, meat products,
ready-to-eat products,
bakery products, coffee,

tea, nuts, milk powder

Roasted coffee
Beef jerkey
Dehydrated poultry

product

Fruits like apples,
apricots, banana,
mango, cucumber,
tomatoes, avocados and
vegetables like carrots,
potatos and Brussels

sprouts
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Packaging type Examples of working Purpose Examples of possible
principle/mechanism/ reagents applications
Absorbers of off Cellulose acetate film Reduction of bitterness in Fruit juices

flavours, amines
and aldehydes

(films, sachets)

UV-light absorbers

Lactose remover

containing naringinase enzyme
Ferrous salt and citric or
ascorbic acid (sachet)

Specially treated polymers

Polyolefins like polyethylene
and polypropylene doped the
material with a UV-absorbent
agent

Crystallinity modification of
nylon 6

UV stabilizer in polyester
bottles

Immobilised lactase in the

packaging material

grapefruit juice
Improving the flavour of

fish and oil-containing food

Restricting light induced

oxidation

Improving the healthiness

of milk products

Fish

Oil-containing foods
such as potato chips,
biscuits and cereal
products

Beer

Light-sensitive foods
such as ham

Drinks

Milk and other dairy

products

71U Ahvenainen (2003)
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Packaging type

Examples of working

principle/mechanism/ reagents

Purpose

Examples of possible

applications

Carbon dioxide

emitters (sachets)

Ethanol emitters

(sachets)

Antimicrobial
preservative releasers

(films)

Sulphur dioxide

emitters (sachets)

Antioxidant releasers

(films)

Flavouring emitters

(films)

Pesticide emitters (the
outer or inner layer of

packaging material)

Ascorbic acid

Sodium hydrogen carbonate
and ascorbate

Ethanol/water mixture
absorbed onto silicon dioxide
powder generating ethanol
vapour

Organic acids, e.g. sorbic acid
Silver zeolite

Spice and herb extracts
Allylisothiocyanate
Enzymes, e.g. lysozyme
Sodium metabisulfite
incorporated in microporous
material

BHA

BHT

Tocopherol

Maillard reaction

Volatiles

Various flavours in polymers

Imazalil

Pyrethrins

Growth inhibition of
gram-negative bacteria
and moulds

Growth inhibition of

moulds and yeast

Growth inhibition of
spoilage and pathogenic

bacteria

Inhibition of mould

growth

Inhibition of oxidation of

fat and oil

Minimisation of flavour
scalping

Masking off-odours
Improving the flavour of
food

Prevention og growth of
spoilage bacteria

Fungicidal or pest control

Vegetables and fruits,

fish, meat, poultry

Bakery products
(preferably heated
before consumption)
Dry fish

Meat, poultry, fish,
bread, cheese, fruit

and vegetables

Fruits

Dried foodstuffs
Fat-containing

foodstuffs

Miscellaneous

Dried, sacked

foodstuffs, e.g., flour,

rice, grains

111: Ahvenainen (2003)
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Antimicrobial agents Packaging materials Foods Microorganisms Years

Organic acids

Benzoic acids PE Tilapia fillets Total bacteria 1997
Ionomer Culture media Pen. spp., Asp. niger 1997
Para-benzoate LDPE Simulants Migration test 2000
PE coating Simulants Migration test 2001
Styrene-acrylate Culture media S. cerevisiae 2001
Benzoic and sorbic acids ~ PE-co-Met-acrylate Culture media Penn. spp., Asp. niger 1999
Sorbates LDPE Culture media S. cerevisiae 1997
OE, BOPP, PET Water, cheese Migration test 1998
LDPE Cheese Yeast, mod 2000
MC/palmitic acid Water Migration test 1997
MC/HPMC/fatty acid ~ Water Migration test 1990
MC/chitosan Culture media 1996
Starch/glycerol Chicken breast 1993
WPI Culture media S. cerevisiae, Asp. niger, 1999

Penn. rogueforti
CMC/paper Cheese 1973
1977
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Antimicrobial agents Packaging materials Foods Microorganisms Years
PE Culture media S. cerevisiae, molds 1993
1997
Sorbate and propionates PE/foil Apples Firmness test 1999
Sorbic acid, WPI Sliced bologna, L. monocytogenes, 2002
p-aminobenzoic acid summer sausage E. coli 0157:H7,
S. typhimurium,
S. enterica
Acetic, propionic acid Chitosan Water Migration test 2000
Enzymes
Lysozyme PVOH Water Migration test 2003
Lysozyme, nisin, EDTA SPI, zein Culture media E. coli, 1998
Lactobacillus plantarum
Lysozyme, nisin, WPI Culture media Listeria monocytogenes, 2000
propyl paraben, EDTA Salmonella typhimurium,
E. coli 0157:H7,
Bacillus thermosphacta,
Staphylococcus aureus
Immobilized lysozyme PVOH, nylon, Culture media Lysozyme activity test 1996
cellulose acetate 1997
Glucose oxidase Fish 1986
Bacteriocins
Nisin PE Beef B. thermosphacta 1999
HPMC Culture media L. monocytogenes, 2001
S. aureus
HPMC/stearic acid Culture media L. monocytogenes, 2002
S. aureus
Corn zein Shredded cheese ~ Total aerobes 2000
Corn zein, Water Migration test 2002
wheat gluten
Corn zein, Culture media Lactobacillus plantarum 2003

wheat gluten
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Antimicrobial agents Packaging materials Foods Microorganisms Years
MC/LDPE, Peptone water L. monocytogenes 2004’
HPMC/LDPE
Ethylene-co-acrylic Culture media Lactobacillus leichmannii 2003
Nisin, lacticins LDPE/polyamide Culture media M. flavus, 2000
L. monocytogenes
LDPE/poly-amide Opyster, beef Total aerobes, coliform 2002
Nisin, EDTA PE, PE-PE oxide Beef B. thermosphacta 2001
Nisin, citrate, EDTA PVC, nylon, LLDPE Chicken S. typhimurium 2000
Nisin, lauric acid Corn zein Culture media L. plantarum 2000
Nisin, organic acids Acrylics, PVA-co-PE ~ Water Migration test 2001
Nisin, lauric acid Zein Simulants Migration test 2001
Soy protein Turkey bologna L. monocytogenes 2002
Nisin, pediocin Cellulose casing Turkey breast, L. monocytogenes 1997
ham, beef
Pediocin WPI Culture media Listeria innocua 2003
Polymers
Chitosan Cheese L. monocytogenes, 2002
L. innocua
Chitosan/paper Strawberry E. coli 1998
Chitasan/starch Sliced carrot S. aureus, E. coli, total 2006
coliform, mesophilic
aerobes, yeast, mold
Chitasan/cellulose Culture media S. aureus, E. coli 2004"
Chitosan, herb extracts LDPE Culture media L. plantarum, E. coli, 2000
S. cerevisiae,
Fusarium oxysporum
Chitosan, nisin, garlic oil, ~ Chitasan Culture media E. coli, S. aureus, 2005
Potassium sorbate S. typhimurium, B. cereus
L. monocytogenes
Chitosan, nisin, Chitasan Fermented E. coli, S. aureus, 2005°
allyl isothiocyanate Chinese cabbage  S. enteritidis,

L. monocytogenes
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Antimicrobial agents Packaging materials Foods Microorganisms Years
Chitosan acetate Culture media E. coli, Vibrio vulnificus, ~ 2003
S. typhimurium,
Salmonella enteritidis,
Shigella sonnei
UV irradiation, Nylon Culture media Pseudomonas fluorescens 1995
excimer laser Enterococcus faecalis 1998
S. aureus
Natural extracts
Grapefruit seed extract LDPE, nylon Ground beef Total aerobic, coliform 2001
LDPE Lettuce, S. aureus, E. coli 1998
soy-sprouts
Grapefruit seed extract, Na-alginate, Culture media 2002
lysozyme, nisin K-carrageenan
Clove extract LDPE Culture media L. plantarum, E. coli, 2000
S. cerevisiae,
F. oxysporum
Herb extract, LDPE Lettuce, E. coli, S. cerevisiae, 1998
Ag-zirconium cucumber S. cerevisiae, Asp. niger,
Leu. mesenteroides,
Asp. oryzae,
Pen. chrysogenum
LDPE Strawberry Firmness test 1998
Cinnamaldehyde Chitosan Bologna, ham Enterobacteria., 2000
Lactic acid bacteria,
Lb. sakei, Serratia spp.
Horseradish oil Paper in pouch Ground beef E. coli 0157:H7 2002
2003
Horseradish extract and PE/EVOH/PET pouch  Ground beef E. coli 0157:H7 2003

Lactobac. Reuteri

(probiotics)
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Antimicrobial agents Packaging materials Foods Microorganisms Years
Allyl isothiocyanate PE film/pad Chicken, meats, L. monocytogenes, 2002
Smoked salmon E. coli, S. enteritidis
Green tea extract PVA/starch Culture media E. coli 2003
(catechins)
Basil extract LDPE Culture media E. coli 2003
Anise oil, basil oil, Chitosan Culture media, E. coli 0157:H7, 2005
coriander oil, oregano oil Processed meat L. monocytogenes
Oregano oil, rosemary WPI Culture media E. coli 0157:H7, 2006
oil, garlic oil S. aureus, S. enteritidis,
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dg’ A =) ~ 1 Aa o o A A A 9 9 1
U1NUU (Cutter, 2002) L‘JJ’l’]L‘]JﬁfJ‘UWI‘(’J‘]Jﬁ%ﬁTNWﬁ'Iﬁ@]ﬂﬂﬂjﬁﬂﬂiﬁ’qsﬁu@@uﬂﬂlﬁﬂiﬁﬂq’f)']ﬁ']ﬁL!a'l NWUN
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a2 A 9 Aa A 3| 1 1 o o’ogj} 9 =)
nsmamslewaradnaailuyanlszuna 39 % ¥9IYamUITYNUNNKUA 370 MIUIHTIYANTY
o { IS o S @ a & ! 1
aqaadlunni 12 taziunssgnumMeoud’ (flexible packaging) Tugiauudiulng
a| d a { a -4 o [ a a a
(Anonymous, 2001) HauwaraAninaadudmsumsvssgeistounanlugduuuguazionlsy
a o 3 Y] a a A ' 1 42’ o o Y

naraaniszinnmes luwaitludaganlunmanaa esnndenenmsyugluazamnsainduinly

] o 1 a a a I [ 4
1913114 (Marsh and Buguru, 2007) 91nmsd1saanuiidsnamsldwaradanuwaaiuussgiua

v 4 4
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Aa o d a an | 9 a ad Aa o Aa 4
Wﬂﬂm@ﬂil“ﬂ%umﬂﬂﬂﬂu@m@ﬁ WU woatonau tuau (Lﬁ]iﬂlu, 2547) Waunwaradndatlunoames
o A va of v o g’ 4] a £ g £ Ao 9 a A
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[l ] 4 a d v N 1 a
91113 (Soroka, 2002) f]ElNhlﬁﬂ@nlllﬁf]\WW]WfJﬁLﬂJfJiﬁ\iLﬂ'ﬁ'lgﬁ'Ulil?ﬂiﬂiﬂﬂf)ﬁlﬁﬁ'lﬁlll@a]}ﬂN‘ﬁ'iﬁﬂJ‘]ﬂﬁ
o Ya o a S)d! L] U a 4 Aa A Yo a = = Av o d?
ﬂ'lﬁlﬁwaﬂﬂﬁiﬂﬂulﬂcﬂ\i@QiUﬂQM‘W@aﬂJﬂTﬁﬁﬂJGIfW]LﬁlI‘lﬂiﬂﬂQWNuﬂmllagﬂﬂTiﬁﬂH']'Jfﬂ‘(’lﬂ“lfllﬂﬂﬂéllu

iesnngeanilymawunadonla (Cagri ef al., 2004)
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Cther
3 % Metal
199
Glass
Plastics 29
F39%
Paper &
board 299

:; [ 1 o I'4 1 A 9 =
MNN 12 ﬁﬂﬁﬁuﬂlﬂﬂﬂiiﬁ)‘ﬂm“ﬂﬂ’i&ﬂﬂﬂN‘]‘I/Illﬂ”liﬁlsb'ﬂluﬂﬁ1ﬂjﬁﬂﬂ f.¢1. 2005

nu: Anonymous (2005)

1400 OF &
| B 2001 total: 3,049 kt Growthpa. to 2007 -
1200 W 2002 tetal: 3,144 ke Plastics only © 3.9% o
[ 2007 wotal: 3,663 kt Total : 3.1% BORF
00 I 7 CRE
B0 - .
EWiH Cogx
Bl - FE
g Fosdl
400 1 Papasr
200 Ll
PWC
o .
B & £ & B ¥ & % 3 E OB S5 (e 5, 10
= o = o 3 G o i
2 ° £ B
2
Lis
(M) (V)

d' a Y o Jd o A @ a a
w13 (n) YSunumsldussgaumneeuditl a.a. 2001-2007 tag () 6aTIMIRTUAL TAUDIUTTY
@ d o

aNvouUA A.A. 2002-2007 voanIlgls1)

N Anonymous (n.d.)

1. enavhilauedima

am a = . <3| a J v /A 9
onan liaue®ima (ethylene vinyl acetate, EVA) (Hunaames dunsizinnaa lanin
a a LAl 1 4 A a
ATZUIUMIIAANDAINBS TN (copolymerization) TEHINNOUBINDS VOUDNAULA: TatlaeFIna
a = A [ 9 I~ v o v A o [ o Y am
hitaue@imanieglulassadwaziiludrdaviemsiaiGssdrves Tuana vaziluaungiIdienau
Y [ v

Iflaue@maudasnnuiivinnniuienSeuieununeaenauanuruHuaT (Low density
polyethylene, LDPE) (Meszlényi and Kortvélyessy, 1999) tofiau TafiaueFmaliasiaauludiuaiu
A 1 ~ =y =1 Yy 9 9 an a
garigu ANNNIL) (toughness) azamnsoilaniin ladrennuiou Tnseadwvouenauia

HOFINAUTAIAININA 14
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M 14 Tasaadavesenau ilauedma

711: Hernandez et al. (2000)
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a K !

a a 3 a o
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Lﬂuaﬁmgmmmu mldneawesasnanianula AITNYANYUNYUTHUAT ANUATUNTUADLLI
Y

Y
a akK 9y
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0 an

= 1 1 R v A a =~ d? 9 ax A A
‘JJﬂT]iN']EJG]ﬂﬂi%ﬂ’)uﬂﬁll‘ﬂﬁ'g".‘lJﬁN‘JJﬂ‘L!EJ‘JJlHL’E)“VIa‘Llul’JuaLL’E)WWIGHJ']‘IJUE‘]J@’Jﬂ?‘ﬁﬂﬁlﬂﬁ@‘ﬂﬂi@ﬂﬁ

v =

= 1 <3 an a =y A9y o w 9y v 0 9 a
asa 0619 lsnauenau hilavedmalidedna luduanuasdtneanuseunaziguugilums
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NaoumadIf ualleInInwedesrilaiuaNuriengungid v lvamnsatiun s umaue
3’ <3 ad ) [ 1 a o L4 { <3|
vssylszianguinds vazavdadmsurendasmusilszinmiloan 1@ (Hernandez er al., 2000) 1ilu

v
AU

a 4 [ a 1o Jdo { a )
TuTwanavesasdunigmsganausi@oususavesnyilanduiinannmsdutaznise
a A = A Y :;l a v R J 1 a 1
wwinaNFNANNdAINED duTudususadlnasuuiulsg Temilumstsuenyiiaue any
o o v 1 a J a 1o Jdo a a
landuluasdedia]ld mstnsgistiavesnyilandululnssadsvesenauliianedimadie
a ~ I a =~ .
matayFesniunesudunsusaan)nInsa Inll (Fourier Transform Infrared Spectroscopy , FTIR)
1A [ a = 9 LY = d' o ] -1 @
wusudsusadilnasuves afauedma laun sWiuse C =0 ga MA@ WML 1740 cm” WUB2 C- O
] ’ Ao ] B 1 a { o ] -
89 YOO ANOT DALY 1230 11a2 1020 cm” WHEL C - H 30 Yoryjiia 1@ 1375 cm”
HaEWUSE CH, 90UUUNTT InT Yoeryjiuia NAMNUS 1440 cm™ wonain hilatedimandd
an a = 3 a P an 1 9 9 = 1 A d? o Yy
iau hilavedmailu Tawedes nlinauedTuTaseadade msiivg - CH,- uIui 191
E4 v
sunsusaalnasuvesenaunaluaIY 18N Wuse C - H 8a G119 2916 cm”' (Nishikida and

Coates, 2003)
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a 4 d Aa
Meszlényi and Kortvélyessy (1999) TdmaiayiSesniuosusudsusamilnInsalnillu
[] % 4 an a = 9 A v Aa ~
mynadeuyilanduvesilauenau hilaueBimannumu 20 um TAuouganaussd@dunsusan
o 1 A BN A = a ~ 23 @ dyd -1 -1
A uavnau (wavenumber, cm ) @ ivuenda hilatedimaniy asfiAe 1740 cm™, 1240 em”,
-1 -1 o ] A A an oA -1 -1 -1
1020 cm” 1@z 610 cm tazAWHUARYAAUNUIVBNENAUNS1 AD 2920 cm™, 2850 cm 1A 720 cm

o 1 A 1 v Aad a = [ ~
ﬂHlfl’iu\‘lm‘Uﬂﬁuua$W3;le0ﬂ“ﬁu%ﬂﬂlﬂﬂauhlﬁuﬁLL’E)WWW]LL@'@Q@Q?HWVI 15
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T, % Vel ©) B.CH: 1C=0
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Wavenumber, cm™

q‘ ] J v o 1 d' asy a =
MNN 15 wyﬁﬂqﬂﬂmuazmummmmﬂaummmmu"huauamm@

nun: Meszlényi and Kortvélyessy (1999)
2. lalauasu

< a J and IS . a
laTauwudunedwessssumaiFenianiin Poly (1,4-B-D-glucopyranosamlne) INAN

Ufnsemssdanajuedia (Deacetylation) Y04 lnaudloa1udutu (Wu et al., 2004) il Inseada

Jou Aa

v lnAuundulasunlaslu Taommgnailasuiiisg lu Tasnuidumvisnsueudai 2

TaseadalaTauyuuaainanIni 16
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HO

M 16 TagaadialaTausy

nu: Stephen (1995)

[ a J =S A = . =
laTansusadulanodmosuoaodnang Inaniiu (acetylglucosamine) ttazng Inaniiu
(glucosamine)Tszquaniiosniniingozi Tu (NH™) Tulaseaseluana awnsoazaie1ddlunsa
a S d an a a I 9 = Y
BUNTH 19U nIALRTHAN NTA TNIMIHA nsauanan Wudu Tanveusalumssusylessuves
A 4 ard 1 ard 1 a [
Tavig (Guibal, 2005) tazNautialunmstugUiaung dduinaannlalansulidnyasla mitie
1 a {3 1
uazdargu'la (Krochta and Mulder-Johnston, 1997) la Tausuannsomnalnseasiendusiaum
o I % { aan o o
(matrix) Januaziiluma (ionotropic gel) FeamnsoRuarsnozm 3dalu'la Wagg, 2544) irld
=\ 1Y . a "9 a S J ard A Y
laTasusinnuannsalumsidludam (carier) Tasmaauasdofugaunidasluilduiie 1¥uaas
A ard v 9 a ) Y . dy a = wa A
auavealaunoAUgaUNT & 1A (Cagri ef al., 2004) UONIINH IABEITNA In Tatauilauiian
Y 3 a a =S N Y a ng = 4 A A A F)
AWNTDFUIINTTYUDIYAUNTE IANewiIaNT1 Tad uazuuaiiize iesninlulasad e Tuana
a A d o

] a 8 o aan [ o 4
Uszneumelszguinvesnyesi Tugazitnljsennulszgavveuradyaunidi ldimaduanuaz

gﬁuw’%ﬁmﬂﬁwma (Coma et al., 2002; Wu et al., 2004; Pranoto et al., 2005)

L a J
3. msvuginednies

d? a J o 9 a JY Y A v o Y
msvugilwedawesansnii ldlasnsnasunedmesalennuieunsodiazalnlied
] <3 o a J I o g e . .
Tudnvazvosweuravia udrldnnuduih ldnedwesudadn (Hatzikiriakos and Migler, 2005)

-4 a o ard o @ W
msvugnedwes ugdduamsahlddenszurumssaia nszuaumsnhildu (blown film
process) ATZUIUATHAED LAZATLUIUMIIADDY (Ha et al., 2001; Kim et al., 2002; Grower et al.,
2004; Mariani et al., 2004; Cho et al., 2005; Pehlivan et al., 2005; Pinotti et al. (2007) Falned ’J‘L!Glﬁi}j

Y 1 dy o a Ya J ag A A A o
pamunmMvuglluszaumanaaeiionlyismsvdenazismanas N AgANBIINAINITDIN

R oAa v =~ ' A ~ ~ v amd
ladeuazgilnssinldyugiiisnm hinwaiionSsuhonsuisou
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H Fd
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1 < YR Al A [ ° a £ 9
NszUIUMIHaUNTZUIUMSTN WuﬁﬂwawmmmmuazqmwguﬂmﬂaN PR IIVTY

U

1
I a v

(% d? 9 ad v A W o2 o I~ " d 9 a P
numMsvugaleIsoasauazmathdaimgunginazanuauge iumsvasaylaglsneamesn
' A a 4 ~ ¥ o 9 ¥ o a o
aglugilmsazanensenedaesvaounazargludriiazas uarszmediazargeonnailu
1 o d d? (] A I o Y a OBJJ a o 1 Y] (] ad o Y
urudanIy daunszurumsmasuilumsi ninaduvesneame s UNuHUIBITY 15U Way 14
Yy o A 09/’ a J A 1 Q) o’/’ 1 T 9 A
lalauitisuveanofmosindouogilusuig (Soroka, 2002) daulnaudinnuruvesmsnao
1 ] a A o 9 a = 9 o o A A
g9z 11913 0.05 - 0.1 mm matiamsndouasoi lanarematia uanldnuna 11 Ae mandou
Qy 4 < a i § '
Taeldgnnas (roller techniques) tHpsnnidumaiinmsindouniengalasldunslans (mayer rod
. A = a J "o d a J A
coating) H30111A (doctor blade) 1ad1sazateneamesaduaIUUUHUTAY WoABIHABNN
Y 1 l Qy A 9 I [ A =~ 9 9 @ 4‘
Houdhgresinvesgnnauiie liluiagniovenaiouTasms ldnnuiounazanuaunnaio

[

v o <] a
asanselaaatiazaton 1 (95w, 2547)



¢ ad
gUnsaiazizms
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gUnsa
1. IngAY

ard a ax ] c;
1.1 NauweawnauaNUHUIUUAT (LDPE)
<3 a Aad a = Aa a = ™
1.2 dianaraanenau hilausdima 1U5ua Itiaue®ime 33% (Du Pont™ Elvax
1N39 EVAflex 150) 494 Du Pont UsemaAdniigomsm
< a an Aa = a a = ™
1.3 Wanaraanenau hilausdima 1Usua Itiaue®ime 41% (Du Pont™ Elvax
1N39 EVAflex 40w) 494 Du Pont U3sgmAanigomsm

o

1.4 'laTauasu vosusinidgiiou fad Uszmalng (degree of deacetylation 94.0%)

=

¢ ¢ ¢
2. iﬁuﬂ g INNININNANAAINITUNNE NITNITWNAFT1IUGY ﬂﬁ%mﬂu!‘ﬂﬂ

2.1 Escherichia coli ATCC 25922 DMST 4212
2.2 Staphylococcus aureus ATCC 25923 DMST 8840
2.3 Bacillus cereus ATCC 11778 DMST 5040

2.4 Listeria monocytogenes DMST 17303

3. MmN

a

v 9 o
3.1 @13aAUIAUNGY

3.1.1 lnwea (thymol 99 % FCC) Y04 Sigma-Aldrich Inc. Usgimaansgomsm
3.1.2 g3u0a (eugenol 98 % natural) Y99 Sigma-Aldrich Inc. YsEMATHTFOIUTN

3.1.3 U (nisin) Y09 Sigma-Aldrich Inc. Usginaansgomsm
& &
3.2 9IMITIABAUFD

Y Y
3.2.1 911M1312891%0141a7 (nutrient broth) U949 Merck KGaA Usineneosyii

3.2.2 ’SJ:L! (agar)
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3.3 Tadenlalalasiaues Invleawla (sodium dihydrogen orthophosphate) U84
Ajax Finechem U5gInfiooaiasiay
3.4 lalwdenlalasnues Ineala (disodium hydrogen orthophosphate) U84
Ajax Finechem Useinfiooaiasiae
3.5 n3alelasnse3n (hydrochloric acid) ANMYNYY 37% VB4 Scharlau Chemie S.A.
Usemeranlu
3.6 laiadavlonlad (dimethyl sulfoxide) Y04 Sigma-Aldrich Inc. Uszinsansgomim
3.7 NIAUDFAN (acetic acid) Y09 BDH Laboratory Supplies ﬂizmﬂ’é’mqy
3.8 msazaneuen lutienleasonlyd (ammonium hydroxide) Y94 Ajax Finechem
Uszimaooansiae
3.9 unnfiFoulunsa (magnesium nitrate) Y99 Ajax Finechem Useimsooeasiae
3.10 TnunaionloTo'lad (potassium iodide) Y94 Ajax Finechem Useinaooainsiae
3.11 Tan@eunse’lsa (sodium chloride) Y94 Ajax Finechem 1/5zimsoaaingiae
3.12 Tnunaiseunse'lsa (potassium chloride) Y04 Ajax Finechem Uszinpaaaside
3.13 TnunaiFeou luinsa (potassium nitrate) Y89 Ajax Finechem Useinsoadinsiae
3.14 1®NIUOA ANVTUTY 95% V4 guauﬁ‘ﬁaaﬁyq Ineuaud $1fia Yszmealne
3.15 'lanae 153imu (dichloromethane) Y04 Merck KGaA Useineioosuil

3.16 Fan1aa (silica gel)
d
4. UnIas

41 madoie

42 MunzEe

43 vaoaliea YUIAUTTY 20 ml
4.4 viaea luoadw YUIAVTTY 20 ml
4.5 TuTastla vura 200-1000 i

4.6 Tulasta vura 20-100 ul

4.7 Tulasdua vura 1-10 ul

48 viaoaliLAe YUIAV33Y 1 ml

4.9 UNLAI90

4.10 aziNedloanoand

4.11 yaneaduazglnsaidmiumnaaes

4.12 VI duran V1A 100 ml
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4.13 VI duran VH1A 250 ml
4.14 V939 duran V1A 1000 ml
Y Y
o o [

4.15 @]’JL%TSEHWW?!E?NL%@ (cork borers) (UD3 2 mumtﬁ’umug{uéﬂmq 5 mm

1 1 3
4.16 UNAUHRANNIUNTT (magnetic bar)

a 4
4.17 IA%LADT
4.18 UHUNTZIN

1 [ Y 9 d o [ Y 1Y
4.19 LL‘VI‘L!‘]JT]J?3@UW§®NQﬂﬂﬁﬂlﬁ1ﬁ§U’Jﬂ§$ﬂU

420 D1AANUYUIA 37x16 cm’
=}
5. 1N399D

5.1 wﬂﬁ)ﬁqmmﬁu (autoclave) 'jq'u HL-340 94949 Hung Lin Medical Instrument Co., Ltd.
szimeau
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5.10 1nFouAROUTEY (film coater) 1 PI-1210 404 Tester Sangyo Co., Ltd. Uszineidiju
5.11 1A389N7Y (agitator) VOIUTHN Arrow Engineering Uszmeranigomin
5.12 1n5ea3anuniunsac (pH meter) 31 HIS424 409 Hanna Instruments
Uszimaanigomin
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2.1.1 msvugiianlalausy

a o @ a 2 {
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VY o A o & & A o a
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< a an a = Y =\ Aa (A
azameianaaanenau hilatedma arearsazaelanse Isumunilsunu
a o < a
Thiiaue®ime 33 % (EVAflex150) ag 41 % (EVAflex40w) Tagiinslseuieuiianarann EVA
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minaaeuiszaninmuesildudeduaunidiminumwuminaasuuugunana
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FI00ZI08AITATIVIAUAAITUNANUIN U

42 ANumuMuLsIRsnatazilesIFuAMItada MuNIATIIU ASTM D882-02 (ASTM,
2006b) S19a2108AITATIVIALAAIIUNIANULIN

43 Sanmsduriuueslonh AWUIATIIU ASTM E96-00 (ASTM, 2003) 51802108AT
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61

a d
HWanasIvIu

= a A ) a2 U g’J 2 S A
1. ﬂ]ﬁﬂﬂy1ﬂ5$ﬁﬂﬁﬂ1wsﬂi’)@ul‘ﬂﬂi’)ﬁ g3uoa !l’d$"lu"li1!11!fn5fJ‘UENﬂ"lil‘i]ii’llﬁli’)ﬂ!!ﬂﬂ‘i’l!iﬂl‘i’lﬂﬂ@ﬂ

L. monocytogenes, B. cereus, S. aureus 0% E. coli

namsnadoulszaninimves Inuea givea uaz lugduiszauanudndu 0.3125, 0.625,
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1.25,2.5,5, 10, 20 tag 40 mg/ml 1uﬂ1iﬁﬂﬁﬂﬂ1ilﬁ)iﬂﬁlﬂﬂ L. monocytogenes, B. cereus, S. aureus L%

E. coli WaA9Ad91519% 10 LLagaIni 17-19

] 9
nnramsnaaeelumisei 10 wud lnvea givea vaz TuFuuaanlsza@niammsduds

a 1 1Y 1 a 4
mMInsyvesuaiisonageunszaua U NI UYeIEIABAIUIAUNTE 2.5, 5, 10, 20 118 40 mg/ml

Y
[

= ~ a A "9 a A Jd 1 a [ a
ﬂ"liL‘]Ji81JLTIEJTJ1J§$ﬁVlﬁﬂTV‘I"UFJQ@'T?@]@@]”IH’QE‘IHVI?EJLL@]EI%“Buﬂcluﬂ”IﬁfJ‘]JENﬂﬁﬁliiUusU@Q

[
=1

L. monocytogenes, B. cereus, S. aureus U8 E. coli NIEAUANUINTY 40 mg/ml WUNVUIAVOILT I
Ao 3 1 =) L) 1 aa = a A @ Z
AFud luunaznI NUUATANULANANNEDA (p<0.05) Tag Inueatdszantamlumsdudems
a A A Y A a 1Y Z A = v ] 9
wiguewuaiiiFenadou ladfiga usnadudinlinglivieeglusie 18.82 - 29.09 mm awae
v 4 v Y
gIu0a VUIAVBIVTIUNGUHL 11.31 - 21.83 mm taz Tudy v1nausHandues o - 14.25 mm

o w ] I J Y qul a 9}3
AU @81\1nl§ﬂ§]'13JW‘]J’J1U11/]3JE]mLa$Q%‘Ll’f]ﬁﬁ1ll'l§ﬂfJ‘]JEJ\‘]ﬂ'liLi]iiUfU@\‘]LLUﬂﬁL%EJ'V]ﬂﬁE]Uhlﬂ'I/N

a A a ] o 09.: a . £ g A A 4
4 ¥UA 1u611m31/lvlucliuhlilmmiﬂﬂummimimﬁlm E. coli Gﬁﬁlﬂullﬂﬂﬂﬁﬂuﬂﬁﬂﬁﬂqﬂ

[ z; = a { @ :JI a a 4
manuduiuigaved Inuea giuea tag lugu Aamsodudimsnsyvegaunsd
Y v Y v v
mﬁamawu?nmé’l’ué’aﬁm@ﬁuumﬂumﬁwﬁ 11 - 12 uagnni 20 - 22 wamsnaaeurIlsu I

a

ﬂ’JWiJL"lJﬂJ"llumﬁﬂ‘ﬂmﬂJﬁﬂEJ‘UENﬂTiLi]ﬁiUGIJ’ENi]au‘VIiEJ (Minimum Inhibitory Concentration, MICs) U89
Inuea giuoa uaz ludu Muaaadsmsd 11 doandesturansnaaesiildlumsed 10 fe
”lm@mmmﬂimmmwmﬁé’f‘uE‘Tﬁmimﬂuﬁumgmﬂmiamﬁauhlmﬂqsq T MICs vo4 Inuoany
11279 3 - 4 mg/ml A1 MICs Yo3gIUDA0Y 1UF9 8 - 11 mg/ml tazA1 MICs ¥4 Tuduogluria

3-22 mg/ml



. 1 J a Ao 3 { ~ a A o
msnﬁ 10 Lig(}uw1uﬁuElﬂﬁN"llﬂﬁﬂi!?ﬂ!ﬂﬁlﬂﬁl\‘ll%mmﬂﬁgEJ‘VIﬂf;T’é)‘U"lIENVlﬂiJﬂﬁ gauon uaz"l,ucnu mmummvﬁ'u%’u 0.3125 - 40 mg/ml

Agent Bacteria Inhibition zone (mm)
40 20 10 5 2.5 1.25 0.625 0.3125 0
Thymol L. monocytogenes ~ 23.94°+033  18.64°+0.50  11.71°+041  833°+046  6.17°+024  0.00°+0.00 0.00°+0.00  0.00"'+0.00  0.00"+0.00
B. cereus 27.17°+0.16  19.52°+0.31  12.85°+091  7.65°+0.49  0.00°+0.00 0.00'+0.00  0.00°+0.00 0.00"+0.00  0.00"+0.00
S. aureus 18.82°+032  17.91°+0.12  12.09°+048  8.12°+0.16  0.00°+0.00  0.00°+0.00  0.00°+0.00 0.00'+0.00  0.00"+0.00
E. coli 29.09°+0.13  25.62°+0.17 1596°+0.05 9.74°+036  6.15°+0.14  0.00°+0.00 0.00°+0.00 0.00°+0.00  0.00"+0.00
Eugenol L. monocytogenes 12.83+0.12  8.57"+0.25 6.20° +0.07 0.00'+0.00  0.00°+0.00 0.00°+0.00 0.00°+0.00 0.00"+0.00 0.00"+ 0.00
B. cereus 1131+ 0.04  9.44% +0.43 7.22'+0.03 0.00'+0.00  0.00°+0.00 0.00°+0.00 0.00'+0.00 0.00"°+0.00 0.00"+0.00
S. aureus 13.42%+0.03  10.09%+ 048  7.27'+0.38 6.39°+0.55  0.00°+0.00 0.00'+0.00 0.00°+0.00 0.00"+0.00  0.00"+0.00
E. coli 21.83+030  14.06°+026  9.11°+0.54 6.25°+035  0.00°+0.00 0.00°+0.00 0.00°+0.00 0.00°+0.00 0.00"+0.00
Nisin L. monocytogenes 1425'+0.36 12454028  10.67°+0.10  9.09°+0.57  6.74'+031  0.00°+0.00 0.00°+0.00 0.00°+0.00  0.00"+0.00
B. cereus 7794027  0.00'£0.00  0.00"+0.00 0.0 £0.00  0.00°+£0.00 0.00"°+0.00 0.00"+0.00 0.00"+0.00 0.0+ 0.00
S. aureus 1229" +1.82  1098'+1.73  9.62°+0.53 7.12°40.17  0.00°+0.00  0.00°+0.00 0.00°+0.00  0.00"+0.00  0.00"+0.00
E. coli 0.00’ + 0.00 0.00' + 0.00 0.00" + 0.00 0.00'+0.00  0.00°+0.00 0.00°+0.00 0.00'+0.00 0.00"°+0.00 0.00"+0.00
‘ ﬁ”lmﬁ'mﬁ'uw'mgmfTﬂmwmu?nmﬁﬁugm%mmﬂﬁﬁﬂ + drudeuuunas g (n=2)

D.

2 o o

IDNHINUANA

190U TUUUIREANULANA NI UNNEDA (p<0.05) 1A8IT Duncan’s New Multiple Range Test (DMRT)

9
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()

v v Y v Y
M 17 USnandudesinueaszauanududu 5, 10, 20 1ag 40 mg/ml lumsdudimsniay

VD4 (D) L. monocytogenes (V) B. cereus (A1) S. aureus () E. coli a7 agar diffusion
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()

v [ 4 1 Y
mwi 18 uSnuhdudwesgiveanszauanududy 5, 10, 20 wag 40 mg/ml lumsdudanmsnigy

VDY (N) L. monocytogenes (V) B. cereus (M) S. aureus (3) E. coli a7 agar diffusion



G)) )

v [ 4 [ v
M 19 USnandudaesluguiseauanudutu 5, 10,20 uaz 40 mg/ml Tumsdudamsnsay

UD4 (N) L. monocytogenes (V) B. cereus (A) S. aureus (N) E. coli Tae7% agar diffusion
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d' Y 9 o' A [ 3 a ==t =)
MINN 11 ANVAVVVUMNTANTINTDIUIINITRTUYVOILUANITY (MICs) mm"hnma gavoen

oz lugu
Bacteria MICs ' (mg/ml)
thymol eugenol nisin
L. monocytogenes 4.00 11.00 3.00
B. cereus 4.00 9.00 22.00
S. aureus 4.00 8.00 5.00
E. coli 3.00 8.00 NA’

1 .. . - .
Minimum inhibitory concentration

k4
> udngamsnsyveauaiGenadon

H 4 4 v
Av @

d' a A A A A o Y Y o A o 3 a A A
AN 12 UITIUN ‘UENL“]fE]LL‘lJﬂ‘VILiEJ‘VIigﬂﬂﬂﬂilﬂmellu@%jﬂﬂﬁﬁﬂiﬂfJ‘lJEJ\‘IﬂﬁLi]iilJuﬁlJE]\‘]LL‘]Jﬂ‘VIﬁEJ

Bacteria Inhibition zone ' (mm)
thymol eugenol nisin
L. monocytogenes 7.41+0.11 7.25+0.35 7.00 +0.00
B. cereus 7.00 + 0.00 7.25+0.00 7.00 + 0.00
S. aureus 7.50 +0.35 7.27+0.03 7.00 +0.00
E. coli 8.12 +0.53 737 +0.17 NA’

1 1 A F) ' 4 a Ao o’/’ dy S A 1 A
AUNAYTUAUFUINANUVDIVTNIUNIUVIAUFDUUANLTY + FIUVIAUVUNIATTIU (n=2)

k4
> udugamsnsyveauaiGenadon



9 Y
v A

d' a d' A A
MNUN 20 UTNIUNIVYUFDUUANLTINATDU (D) L. monocytogenes (V) B. cereus (R) S. aureus

[

Y Y [
() E. coli luommnsiasaoved Inuoanszdu MICs
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G) ()

d' a d' 3 :J’ d” S A
NN 21 UTNIUNIVIUFDUUANLTINATDU (D) L. monocytogenes (V) B. cereus () S. aureus

Y Y v
() E. coli Tuominsideuioussgiueanszal MICs
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a a Ao o & A A
MNN 22 UTNIUNIVIUFDUUANLTYINATDU (D) L. monocytogenes (V) B. cereus () S. aureus

Y Y '
Tuomsasusoved luFuNTdU MICs
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1 4

319N 13 naasdszansnimves Inuea givea uaz lududemsdudaimsnigaes
L. monocytogenes, B. cereus, S. aureus U E. coli IﬂEJLﬂiEJ“UL‘VIEJ‘]J‘]J‘iL’Jﬂ!‘VIEJ‘UElﬁﬂﬁmiﬂlu"ll’é)ﬂlmﬂmiﬂ
1 Y 9 v 9 a =4 1 Aa A Aa A [ aa.z‘ a
apaNudNTuveIEIIaoAuaun3d nu Inueauas Tuguiilsed@niamlumsdudaimsniguea

A A = 1 =~ 9 ~ 1 Aa A a A o'

uuafiFenaaeuaniigiuea eniulunsdives B cereus uag E. coli wun luguiisedansamaluy

9 9
MITVEIMINTYUDI B. cereus taz LiaunsadueImMsnIyues £ coli 18

1 4
Av @

d' a A A 1 Yy 9 v 9 a =4
AN 13 UITNIUN °1JENLL“]J?W]!,iEJ‘I/]‘I/]ﬂﬁﬁJ‘UG]E]ﬂ’JWmﬁlJiJ"lluGUE]\iﬁﬁﬁﬁlﬁnuﬂﬁuﬂiEJ

Bacteria Inhibition zone/MICs
thymol eugenol nisin
L. monocytogenes 1.85 0.65 2.33
B. cereus 1.75 0.80 0.31
S. aureus 1.87 0.90 1.40
E. coli 2.70 0.92 NA'

v
"higugimsniyueaaiiGenagou

] v 9 ==t = 1 Y] 3 9 a S Y
Iﬂﬂﬁ?ﬂiﬂiyllﬁ?!tﬂﬂwjﬂlmill‘]J’Jﬂﬁ]%‘JJﬂ’J"Ill"l'J@]’EJﬂ"IiQﬂEJ‘]JENIﬂEJﬁﬁ@]’O@"I‘L!i]‘auﬂiﬂulﬂ
= 1 A A 4' Y] 4 A A k) a =\
ANLUANIBLNTUAL LHININHIEAIFaavesuUaNSounsuavlsenoualea Inldsau
a a Jd a Aaaa = 3 & A a
alnnodugsnalsa uaznsalaoi TUNTAN HALINMUTUFUUDA (outer membrane) ¥4311/5119

@ = 3’ @ Y o % dy o Y o J A A ~
Ul"l]iJ‘Lliﬂﬂﬂx‘l 11 - 22 % VaIUI UNUWIN USSR @’I’JEJL‘HG]U‘I/HIWNU\?L%@QLLU?WILSEJLLT‘I?SJEHJSJ

q

Y A

9 Ao Y ' a A o I @ qgj = 4
TaseaangudeuinnnuuaiiseunsuuIn tazimindludnuasnivazieu lainnaeusn
9 Y 9 o 9 ] [ 4 ] < 1 ) Y 1
il lvinanesad 1@ Tasdie (uadnwal uaz 151, 2547) 0813 lsAamainar MICs 7' ldwu

k4 v
Tnweauazgivea i MICs TumsdudimsniguewuaiiGaunsua E. coli 103181 MICs Tums

4

§U89IM 59T YUDIUATNISOUNTUUIN L. monocytogenes, B. cereus 4ag S. aureus Fauaudanunna
) ad A - & ado ' S o 4
Pdedu Tunsditiiiosnn Inueauazgiveailumaniiniasglunquueuiniurouszedaiy

Y Y Y
[ Y] (% YY) o Y 1 I~ % % ] 4
assznev il ($aun, 2547) aatiuimldansdenananseazaielda lugu lviulumisyad

o Y

a ~ J 9 1 Y o @ S A A g J a =) Y o
UBIYAUNTY miwmmimmimuuazm1"l‘1J°nmwwuqwaamawaﬁm%ammqauﬂiéﬂﬂ mld

Q

Y
[

yaunsdgndudimsniyniegnihane
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% a1 d ' v a ¢

2. mswmmwamamu@aumﬂ
d? ard A a T Y a =4

2.1 msyugiiaylaTausuniimsauasaediugaunsd

= 2 a A o Ayy 2 & 3 A o
i]1ﬂfﬂiﬁﬂBWﬂWiﬂlugﬂV\lﬁNVlﬂImlcﬁu LSJE]U1‘V\|E1‘JJ‘1/]1@]’JN‘]JHE]1W1§!@ENL“]fE]LL"lN!WE]ﬁx‘ILﬂG]
Y] a d A v ow W dy dy dy 1 1 ad a 9 a
ANUAIAIVOINANND T NN AN UANUFUDUDIMTRSUFD WUNUHUNANNAMTUIUIBLAZINANS

a

g o < o ad 3 a A o g}’ a 4
vawvu i lnduilygmlumsiilauiv lUfnylse@ninmmsdudimsnsyvesgaunid 3914
Y [ ' o == v 9 1 = ad @ dyd dy LY 2L
wenemunymiaanan Iagimsaniiledeaiuaieg lumswssudlduasil Ao aAnusuduing lu
S o ard { a a d a
MU AN 51.4, 67.8, 75, 83.6 1Az 92.5 %RH a1 gunUH 09 ANUHIVOINAY LazMsIAY
T 9 a =4 Y 9 A = a 1 A dy [ Y (
AFADATUYAUNTIANWVLUU 0.5 130 1.0 %w/v 1AgNAUUATIUNMINUANVFUTUING 113
S o a Jd o Yy o zﬂy 9 1 A v o W dy zﬂy <3
wusnylavazihldiduaannuiu PBuazsrsasanuuiniodudanuemsidouseni
A 1 9 ard 9 a A ~ Aa CZY [} g‘
anuruNanasszIsaamstusevesilan 1a uazmadu Inueaniegiueanlauia luveuring

] A 2 9 =< ] g’ a Jd 9
GIf’JfJLWﬂJﬂﬂ!ﬁﬂJ‘]JGIﬂ’J"I‘JJGI"IH“V]THﬂ']S“MJFﬂull’f)u'IGIJ@QWiﬂiJUlﬂ

Y
Zivanovic ez al. (2005) ANYINAYDINTAVIITUNBNITLIMEINDDT N TUADANUNUIAY
] a o [ a t;y ] a Y 9
a5 lavesilanla Tausy wunms@uiniumous2e1noo3 N TIUANUTUTY 2.0 %w/w
a| d o i o Q‘ 4 1 1 9}cu [
adludulaTausum Ividuanuruunuvy 3 m1 tazanullsalaanas uenanildanuinmsg
Jd wvAa

a 3’ & a a d o Y ld;’ Q' d? [
LG]?J‘LHIIL!‘H@N?%MEﬁ]”lﬂf]i’]'iﬂﬂuaﬂiuwflll"l,ﬂjml,%u‘l/l11141/\]fl1111ﬁll1Jﬁﬂ’J"IiJlliJiJﬁU’Jl,WﬂJ‘lJuuazﬁlﬂﬂaﬂ

k4
m3gaguanuFuvesilan laTanauld

= 4?’ o Aa 1 4?’ ad 1 A dy
namsAnINsIugliazilateninadomsiugdilanla Tauau wunmsmuanudu
v o Paq Y S o = o = o a A ~ a o
duinsn g lumsmusnuiay myaaanunuivesilay tazmaay InueanTegiuoaasluilay
' 9 1oa o yz Y Y
”lﬂTmL%u%aﬂa@ﬂmmmﬁmmauazmiu:1umaqggwuvlauW\ﬁau"lﬂgaﬂuaﬂ ANHUSNITUINLAES
9 ad A a ~ A Yy 9 o
‘JJ’J“LN?JGU’E'JQV\IﬁNVlﬂImLGﬁHLLﬁﬂQGLUﬂ'IW‘VI 23-25 ﬂﬁmﬂmmauazg%uaawmmmmu 1.0 %w/v M1
Yya =] ] A d? &£ 9 [ [ 1 <
El“ri’WﬁﬂJhlﬂIGILLG]SuNﬂ’NWLIULWWUU FITDANNDINUNITNANDIVD Zivanovic et al. (2005) LW]’EJEJNll‘iﬂ
(= a d = Y Y] 1 [ []
mumﬂwamﬁ‘vlﬂamwmwmm‘ammmﬂau‘lﬂimwu ﬁ]\'l’éﬂﬂfff‘iqﬂvlﬂ’ﬂﬂﬁ‘l/]ﬂﬁ@\‘lﬂ\‘]ﬂﬁTJﬁNvlll

Yo = o Y 1 A
ansauddymmsvimvesilaylaTausu ldaminnas



H L4 a
MNA 23 wavesnnurinvesmsazateilanla TauyualSuiag () 100 ml () 150 ml (A1) 200 ml
dy A 2 a J A S @ dy
TuAuNVUIA 37 x 16 cm” Aomsvuveandy laTaugunanzmMsnusnEIA NS

Fuving 67.9 %RH

Q)

PNA 24 WAVDIANUFUTUINT () 51.4 %RH (V) 67.9 %RH (A) 75 %RH (1) 83.6 %RH
(@) 92.5 %RH siomsvanvesian laTausunanunuvesaisazareidula Tausy

151195 150 ml TuNUNVUIA 37 x 16 cm”
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()

1 1 a J
MW 25 wavesnNuduTUYeITIIABAIUYAUNSS (0) Tnuea 0.5 %w/v (V) Tnuea
= ~ v = o A
1.0 %w/v () 83100 0.5 %w/v (3) guea 1.0 %w/y aemsvanvesilay laTauaunai
4 a dy A 2
winvesmsazatelay la Tauauil5unas 150 ml Tuiufiana 37 x 16 cm’ nazan1izms

S o § v o 7
Lﬂ‘]Jiﬂ’kﬂﬂ?l"lﬂJGﬁuﬁiJW‘Vl‘ﬁ 67.9 %RH

AMIANEIVBY Shu and Zhu (2002) 1AL Wang et al. (2007) Wunms l¥asniilszeay

Q

wu laswodneaiua (tripolyphosphate) 130 TastRan1oadUa (sodium alginate) 113U ULTZUN
yo4'la Tauauih ldinamsion Tesdwlunun 3 Haszrnalszgiuanatenululaseaieves
a J 1 4 Y T <3 Ay v a
wodwes nazasaamsunvesilan lnTauaula edrelsnawnnwamsnaaesila msay
A = A o Yy 9 = ar d o Y a
TnueanTegiuoaniszauanududuies 1.0 %wr vosasazareilan laTausush ldinans

A = a J 1 Jd = a = ~
nJaﬂuuﬂamua:m1u1mm1/\Iau uﬁmaW\Ia3J"lﬂimwunmmmmmiumiL@m"lmaamaaﬂuaa

U

Y
v v o a =)

FY a d'o 2L o a v A a d a d' [ a d T 9 4
h1@1GlfL!‘]Ji3\I'If,1‘l‘1/'lfl]'l"ﬂ@] ﬂquufuq1/1mﬁwmimmma@ﬂwaamaiG]fuﬂauiumawmmﬂamamuﬁ)auma
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Y

=< a d an a ~ A a d a an 1 o
2.2 ﬂﬁGUL!?j‘ﬂ’V\l’sﬁJLfJTlﬁ1!Vl,’Jl.lfﬂLL?J%%GIL‘F]&@U‘UHWWJWE]QL@%ﬁuﬂﬂﬂJ‘Viu%LuuﬁW

(EVA/LDPE) Hiimsiduansaofugaunsd

mﬂmﬁﬁﬂmﬂamvfl’m%’uﬁmmzﬁmmmsazmmaﬁﬁu"hﬁaua%mmwiamﬂﬁﬂclums
9

= ard 9 v o J 1 Y Y an a = a a
‘lJ‘Ll?l‘]J‘V\lﬁiJ "lﬂmmﬁuwuﬁswanmmmmummmﬁazmme‘ﬂau”huauammm ‘lJﬁmm"hua

A Y

1 a o o’/’ a a { o
HOTINA 33% 1Az 41% aennunuveslansuenau hilatedmandasluasiei 14 dhdoyan1d
{ v o axa d 1
NATIN 14 IMANVANRUT 1A8ITAATIEHANNIDANDY (regression analysis) TEHINAIN
Yy 9 Aan a = a a = ad
Wuduvesasazareenau ldauedmalsuna hilauedima 33% oz 41% uazanuruvenldy

3 Aad a = 9 [ [ 4 [ ~
%ummull’mmmcﬁm@ ]’lﬂﬁllﬂ"liﬂfﬂ?JﬁllWH‘ﬁLLﬁﬂdﬂﬂﬂTWﬂ 26 Ly 27

Y v o 1 a a 1 a o
ﬂﬁ]\‘lﬁ 14 ﬂ’JHJﬂ'ﬂJ‘W’L!‘ﬁ33‘ﬁ"JNﬂ’SﬂllL"ﬁlil"19111,!"U’E')\1’dﬁﬁ%ﬁml@‘ﬂaull’)uﬁu@%mﬂﬁfJﬂ’Nllﬁlﬂ"llfNWﬁiJ

OBJ’ ad a =)
%ummau%uauacﬁmﬁ

Concentration EVA thickness' (um)
(wiv) 33%VA 41%VA
6 8.26 +0.92 NA’
8 12.33 +0.22 NA’
10 13.03 + 1.75 NA’
12 18.26 + 1.7 7.46 +1.37
14 NA’ 13.53 +1.85
16 NA’ 13.9+1.37
18 NA’ 19.46 + 0.55
20 NA’ 23.7+0.79

' AURRIAMNYUY + dAUTsUUULIATIIU (n=2)
1 4 ard 4 ~ a
*NiemnsadugdildnIdiosnnasazaelinnuniladoanu i

4 1
hiansaiugdilduldiiennmsazaeiianuniiaganu
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A 9 A 1 A a d an a =
NANINAABIN IADINAIT19N 14 NuIuileeannasazaeilauenay lilauedima
a a = ' a o a a a a
ﬂimmhlauaua@mel 33% iJﬂ’Nll“ri'ﬁﬂiﬂﬂﬂ’J1?{1563a1EJ"NmJLfJﬂauuhumm@mﬁﬂiNWﬂ‘!ll’Juﬂ
IS A =y = A Y 9 v A @ o Y o L:'d? Y [ Y]
HOTING 41% WordTouneunaANUYNTUTZALAYINY m“lwﬂawmugﬂ"lﬂnmmwm"luwnﬂu
[ QsJ‘ =® 9 = a o an a S a a = YA Yy 9
muufﬂmmmsﬂumﬁazmaﬂamamu"huauwmmﬂﬁmm'lauauwmm 41% TnianudnIy
1 a o an a IR a a = A g
mﬂﬂmmsazmﬂwamamu"buau@cvmﬁﬂiuwmllauauacumﬂ 33% LW@Lﬂuﬂﬁﬂ’JUﬂMﬂ’)ﬁJ‘HU'l
ad d'd? 9q YA (Y [ P a g 9
Gu’e‘)qwawmugﬂ%immmwmmmu IFU E]WIENﬂ"liﬂ’)‘]JﬂﬂJﬂ’JﬁJ‘HU"IGUENWmﬂhwﬂm 13 pm @194
=S aJd Aad a = a a = a d Aad
miﬂumiazmﬂwammnau"lauau,’e')«vm@ﬂimm‘lauauwm 33% uazaisazaneiauenau

a ~ a a =~ Y Yy 9 o w
”l’mal,mcﬁmmhmm"huaua%mm 41% TnianuNIY 10.0 tiag 14.0 %w/v AU 1A L

A 26 Lag 27 memmﬁuﬁuﬁﬁw:iNﬂ’;111L%’u%’uuazmmwmmm?\lﬁmaﬁﬁu

'
v Jdo =

a =~ a a =~ 9 [ A
”l’mmmcﬁmmhmm"huaua%mm 33% Lag 41% ]’lﬂﬂ’ﬂﬂﬁll‘wu‘ﬁ AAUNIN (1) agauns N (2)

AUAAY
y=1.535x — 0.84 qun1s (1)

y=1.92x-15.107 aun1s (2)

F4 i1
v o =)

a J an a = A o = A @
ﬂ\‘1’L!‘HLWfJﬂ’J“]JﬂﬂJﬂ’J13J°ViL!1"11fJ\1Waulﬂﬂﬁuqﬂumlﬂ%tﬂﬁﬂigﬂﬂ 15 pm RWABNTTAUNIUN

a o Y= a =1 a a { o
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(%VA) (%w/v) L. monocytogenes B. cereus S. aureus E. coli
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M1319N 16 ‘U'iL’Jm“VlEJiJENﬂﬁLﬁ]iiUfll’ﬂ\iLLUﬂﬂlﬁ81ﬂﬂﬁﬁ)ﬂﬂl®ﬁwahﬁﬂﬁ1ui}ﬁuﬂiﬂ EVA/LDPE mwzmugﬂ 600 um

EVA Antimicrobial agent Concentration Inhibition zone"” (mm)
(%VA) (%w/v) L. monocytogenes B. cereus S. aureus E. coli
ytog
33 control 0 0.00" + 0.00 0.00° + 0.00 0.00° + 0.00 0.00' + 0.00
thymol 2 16.06¢" + 1.50 15.00° +0.00 15.42° +0.59 15.00" +0.00
4 19.34° + 0.30 19.38" +0.85 20.62° + 0.84 24.02 +0.01
eugenol 2 15.00° + 0.00 15.00 + 0.00 15.00" + 0.00 16.70° + 0.89
4 17.59°+ 0.09 17.67°+0.38 20.65"+0.51 24.56"+0.98
nisin 2 15.00% + 0.00 0.00° + 0.00 1532 +0.45 0.00' + 0.00
4 15.43%+0.11 15.10"+0.14 17.45™ + 0.30 0.00' + 0.00
thymol and eugenol 2 15.00¢ + 0.00 15.00° + 0.00 15.05° + 0.07 18.457 + 0.08
4 23.33"+0.21 18.66° +0.38 21.27"+0.68 29.58"+2.31
thymol and nisin 2 15.07% +0.09 15.00° +0.00 15.00° +0.00 15.00" +0.00
4 15.07° +0.09 15.00" + 0.00 15.00" + 0.00 15.00" + 0.00
eugenol and nisin 2 15.28% +0.40 15.00° + 0.00 15.00° + 0.00 15.00" + 0.00
4 17.42° + 0.69 15.64° +0.91 16.22°+1.23 19.07°+ 0.91
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AURAYLTUATUAUINANUITNIUNIVIUFDUUANIITY + TIWUVSIUVUNINTIIU (n=2)
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M519N 16 (519)

EVA Antimicrobial agent Concentration Inhibition zone"” (mm)
(%VA) (%w/v) L. monocytogenes B. cereus S. aureus E. coli
44 control 0 0.00" + 0.00 0.00° + 0.00 0.00° + 0.00 0.00' +0.00
thymol 2 0.00" +0.00 0.00° + 0.00 0.00° + 0.00 0.00' +0.00
4 17.89°+0.15 15.32 + 0.45 16.35° +1.29 17.69" +0.45
eugenol 2 0.00" + 0.00 0.00° + 0.00 0.00° + 0.00 0.00' +0.00
4 16.61°+0.19 15.25°+ 0.35 18.67" + 0.38 21.97'+ 1.07
nisin 2 15.00% + 0.00 0.00° + 0.00 0.00° + 0.00 0.00'+ 0.00
4 15.00° + 0.00 15.00° + 0.00 15.10° +0.14 0.00' +0.00
thymol and eugenol 2 0.00" + 0.00 0.00° + 0.00 0.00° + 0.00 0.00' + 0.00
4 17.41 +0.16 15.00° +0.00 17.26° +2.21 22,97 +0.29
thymol and nisin 2 0.00" + 0.00 0.00° + 0.00 0.00° + 0.00 15.00" +0.00
4 15.00% + 0.00 0.00° + 0.00 0.00° +0.00 15.00" + 0.00
cugenol and nisin 2 0.00" +0.00 0.00° +0.00 0.00° + 0.00 15.00" + 0.00
4 15.00° + 0.00 0.00° +0.00 15.00° +0.00 15.00" +0.00
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Film Concentration Tg1 Tc Tm (OC) Xcz
(WHV) o) Peak ("C) AH, (/g)  Peak . AH (/g . Peak, . AH_ (g, . (%)

Pure LDPE - -110.0 108.7 98.9 119.8 127.5 119.0 97.2 33.1
EVA pellet - -25.0° 42.4 47.6 51.2 36.8 61.5 9.8 33
control - -28.8 40.9 8.3 44.1 19.3 61.3 5.6 1.9
thymol 2 -28.5 39.9 7.6 43.8 19.1 59.1 11.6 4.0
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4 -31.0 41.4 6.9 47.2 19.6 64.0 6.9 2.4

' gauriglian1zad1eun1ved EVA entiu Pure LDPE

> lofidudmaifanan (3, = AH, .100/AH., A H'PE =293.6 J/g)

* $19999710 Arsac et al. (2000)
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Y%ow/v ﬁ”liJﬁﬂﬁ"lu’Jﬂlllﬁ}ﬂﬂﬁﬂﬂ

a a

a d "9 =4 = v 9 =4
mmzmaﬂamamuqaumﬂ 100 mlllﬁ'ﬁ@]ﬁ]ﬁﬂ!i]au“ﬂiﬂ =4g
a d v 9 a =4 =\ v 9 a =4
miaxmﬂvdamamuqaumﬂ 0.1 ml HATADAIUYAUNTY = 4x 0.1 x1000 mg
100
= 4.0 mg
v

a T 9 a ~ (=4 A A [ a =4 Yy 9
muuﬂﬁmmmmamugaumaiuuwuﬂaumﬁaummumimmu@aum&lmmmmu 2.0

J - 1 ad 1
g 4.0 %w/v TAUMNY 2.0 Laz 4.0 mg aovlaunadou 1 LAY



130

MANUIN U

wa a o
mInageudulavoInan



131

A agd
mInagevandavesan

wasy o o & W ' & Y a ad 3 o YA Y
ﬂﬂﬁ@ﬂﬁﬂﬂ@lﬂﬂﬂiﬂﬂuWﬂﬁﬂJﬂﬂ@EINﬂ'J‘UﬂﬂJL!ﬁgv\lﬁll@]ﬂ@ﬂufgﬁu‘ﬂimﬂmﬂiﬂ‘]&ﬂuh‘ﬂ?if]\?

=

: a A ~ { v o ¢ A [~
nagoy Gdlim’qmﬁgmfaaﬂ 27 + 2 ONANY ALY YT LLaxﬂ’Jm“d]fumm‘ﬂﬁmaﬂ 65+ 5 %RH Wunan

o A o Y = Y 3 o A a o
24 ¥ 1U9 maﬂwamaﬂumimamlwagiugﬂtmummﬂu NNUUIIMINAdaUdulavoIWan

9 1 [ dy
Tudranagaail
1. auUaANIEMEMNLazaNIANIGNa
1.1 IAANNHU

MININAADINUNINTTIU ISO 4593:1993(E) TaglHnTeeianumu (Digimatic
thickness gage Model ID-C112BS, Japan) #1m133@ 10 92 Taggausnaziairaninarsuesilay uazdn

[ a a o [ Y ] 1 =
930 ’Jﬂﬂil’)ﬂ!i@ﬂ‘]ﬂl@ﬁ?\lﬁh mu"lﬂiuwma pm LHagHIn1URay
] 9 = d < A o
1.2 ANUMUMULS ALz IFumssan’

NININAADINUNINITTIU ASTM D882-02 A281AT04 Testometric (Model Micro 350,
[ v @ ] 2 A a @ 9 1 = o’/’
Uszmasangy Taedanle199u1a 2.5x10 cm” Wagusiinveaidmaaey neglu Tnuamsaavia @
52ELH (grip) ¥190U 5.0 cm MHUABATINTAADUNVDIINATOLIMIIND 500 mm/min AAAIDE1

a o 1 v a 4 4 Y] L] a 4 { v [ Y] [ Qy ]
WauNniY AAT0UNpAIAI106199 1A MINTOBUANATUNITITAdBINAaDINUF19819F U 11a]

C= =2

[ [ v [
Tufinussaanigani 195uA 19619919 (strees at peak) 1INIATOI 11198 MPa 1350 N/mm’ ay

E4
A o v A

o I3 4
faulesisuamseaal Al

Ca~] o @ @ a o
WosiFuamssaai = 52e2IAA1UINAN x 100

5LOLHNTENIN grip NOUNTIAA?
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@ I3 o [
1.3 oS suannuaaniuiLas

AUNINTIIU ASTM D 1746-03 A181A5 99 UV-VIS spectrophotometer (Model Genesys
10UV) Tagdadloe19ldivianemue naaaunyInNe1IAAL 200 — 800 nm A1INATOI

< ' J [ .
enuraluaulosiFuanud UL (% transmittance)

2. andamumMITurIuved lartiazufaeanaou

Y
2.1 a3 IFuuYed 191 (water vapor transmission rate, WVTR)

o v < ]
MNINAABINNUINTIIU ASTM E96-00 Tﬂﬂ@]ﬂﬂﬁwﬂaamﬂugﬂwﬂammmﬁumu

J

4 o Aaa 1 9 qu/ o A d Y A A Iya v Y
AUINAN 7 cm ganwanldludienaaey nnuihdavueauuy salauliaanuane

a

a 3 {
ﬂﬂﬁ@ﬁﬁ?ﬂWWﬁ”W\lHlﬂﬁ? Lﬂﬂiu%ﬂ?ﬂﬂﬂﬁﬂ?Wﬂﬁﬁﬂ’]ﬂ?ﬂ ﬁm’;:‘ﬂﬂﬁ’ouﬁqmﬂgu
{ o o ¢ & 0w o o s
27+1 @\“Iﬁ’ll"’]fﬁ@ﬂﬁ ﬂ')’lll%u’mJW'ﬂ‘ﬁ 65+ 2 %RH %QUWWUﬂé}ﬁﬂﬂﬂﬁﬂUnﬂ')ulﬂul')a’l 2 ﬁﬂﬂ’lﬁ
09.1’ 9 v g’ o A A J o Ay Y 9 ) [
Fﬂ’lﬂuuﬁi’l\?ﬂ5TV\lf!'5W'3'NL'Ja'lllagu'lWUﬂ‘ﬂlﬂaﬂullﬂaﬂ mmmqfu“nllmnﬂmiaiNﬂiW\lmmﬂm’Jm
4 [ 1
1 WVTR 911ngAT WVTR = Slope (g/day) / Surface area (m’) 119w g/m2 .day TagNuNvonI08199

JAMIFUHIIINTY 0.002827 m
v o ] (2 a
2.2 ’Jﬂ’ﬂ@]ﬂﬂTﬁé]iS?ﬂJmuGUfNuﬂﬁﬂ@ﬂGm%u (oxygen transmission rate, OTR)

v o ] (9% a 4
JA0ATIMIFUHIUVBILN TN AIUIATOY oxygen permeation analyzer (Illinois
. v A d a Y] 19 Yy & A Y]
instrument Model 8500, USA) Tasdaldunaia@nauuy (template) 5239 M 1AW auTiseadumse
o Y A Yy A a = 4 a =
ﬁ]ﬁ/]ﬂ‘l’iﬂ"ﬁ/]llﬂiJﬂ’NiJﬂa'lﬂma’f)u L‘]JﬂPhﬂi’f)‘U chamber 9890 NIYALADI VN UITIUYAIUHIU
09/’ 4 ] 1 1 a o N
mﬂumnwauﬂlﬁﬁq'luﬁﬂmmmﬁuumumwm chamber ‘]Jﬂt}h chamber Lléj’wnﬂ"liﬂﬂﬁﬂﬂ Lﬂ?@ﬂ
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ﬁ]gﬂa’ﬂﬂﬂ"l"]f’ﬂ@ﬂ"]ﬂﬁ]ullﬁ%ﬂTGﬂHlUIﬂiLﬁ]u!"fJ}"lllﬂ IﬂEJﬂ"I"]flluT@'i!ﬁﬂuﬁ]glﬂu%ﬂu'lﬂW"]fl’i]@ﬂ"]flfUL!ﬁﬁnJ']iﬂ
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1 1 ad [ A a o 1 A 1 VoA 9 I a [ A
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d‘ 1 S @ 4 1 1 1 a o 9 a =4 = =1 v ad
MINNUINN A1 ANYoTIFUAAUAINIULEA "UENW’GIJG]'E]GHH@EHA‘VHEJ EVAflex150/LDPE Lﬂiﬂﬂlﬂﬁlﬂﬂﬂwauﬂﬂﬂﬂu

Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% wiv 2% w/v 4% w/v

200 0.10+0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10+0.00 0.10+0.00
205 0.10+0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10+0.00 0.10+ 0.00 0.10+ 0.00
210 0.10+ 0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+ 0.00 0.10+ 0.00
215 0.10+ 0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+ 0.00 0.10+ 0.00
220 0.10 £ 0.00 0.10 +£0.00 0.10 +£0.00 0.10 +£0.00 0.10 £ 0.00 0.10 £ 0.00 0.10 £ 0.00
225 0.10+0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10+0.00 0.10+0.00
230 0.10+0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10+0.00 0.10+ 0.00 0.10+ 0.00
235 0.10+ 0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+ 0.00 0.10+ 0.00
240 0.15+0.00 0.27 +0.03 0.12+0.03 0.45+0.07 0.10+0.00 0.30+0.14 0.22+0.17
245 3.80£0.84 4.02+0.10 0.45 +0.00 6.30 +£2.47 0.55+0.00 4.15+1.48 2.87+222
250 14.62 +7.03 9.97 +0.03 1.60 + 0.00 19.27+0.31 1.45+0.35 11.17+3.92 7.42 +4.98
255 17.62+12.90 5.50+0.14 8.95 4+ 0.00 16.65 +0.56 1.20 +0.00 7.75 +4.45 472+3.71
260 7.97 + 8.59 0.72 +0.03 2.05+0.00 10.95+0.28 0.12+0.03 1.90 + 1.62 1.02 +1.09
265 2.45+3.04 0.10 +£0.00 0.42 +0.03 3.85+0.14 0.10 £ 0.00 0.35+0.35 0.22+0.17
270 0.25+0.21 0.10 +£0.00 0.10 +£0.00 0.10 +£0.00 0.10 +£0.00 0.10 £ 0.00 0.10 £ 0.00
275 0.17+0.10 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00 0.10+0.00 0.10+0.00
280 0.10+ 0.00 0.10+0.00 0.10+0.00 0.12+0.03 0.10 +0.00 0.10+0.00 0.10+0.00

1 A 1 ~
AUNAY + AIUVIUVUNIATIIY (n=3)

vel
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MINWHINT Al (71D)

Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% wiv 2% w/v 4% wiv

285 0.10+0.00 0.10 +0.00 0.10 +0.00 0.15+0.00 0.10 +0.00 0.10 +0.00 0.10 +0.00
290 0.57+0.17 2.65+2.40 0.35+0.21 1.60 +0.95 0.12+0.03 1.45+0.70 0.82+0.67
295 22.67+0.45 34.90 + 14.91 18.00 + 1.62 24.87+7.03 5.25+1.90 27.27+4.27 19.97 +5.83
300 62.65+1.20 68.22+7.95 59.20 +2.75 57.45+6.92 56.82 +6.61 60.85 + 3.67 49.47+0.10
305 77.77 +1.37 76.95+ 1.76 75.12+3.78 64.32+0.95 63.82+1.59 70.85+2.26 64.72 4+ 0.60
310 78.30 + 1.90 79.42+0.24 76.92 +3.78 66.05 +1.62 66.12+0.31 74.10 + 1.41 68.02 + 0.81
315 80.07 +0.17 80.22+0.24 78.20 + 1.20 68.10 + 1.48 68.62 +2.15 75.62+0.95 71.87 £+ 1.66
320 80.10 + 0.91 80.52 + 1.80 79.10 + 1.06 72.17+0.53 72.05 + 0.49 77.50 + 1.06 72.70 + 1.34
325 80.92 + 0.60 81.40 + 1.55 80.17 + 0.88 74.15+0.35 74.03 +0.08 79.07 £ 0.95 76.27 + 0.67
330 82.17+0.31 82.30+1.20 81.30 +0.70 72.27+0.24 75.40+0.10 79.92 +0.88 77.22+0.53
335 82.35+0.07 83.07 + 1.02 82.22+0.45 76.12+0.17 81.88 +0.22 80.60 + 0.91 77.92 +0.45
340 82.87+0.10 83.55+0.91 82.82+0.31 77.02+0.10 83.62 + 0.88 81.12+0.74 78.67 +£0.31
345 82.22+0.17 83.97 + 0.88 83.32+0.24 78.07 £ 0.10 83.91 + 0.65 81.40+1.13 79.47+0.10
350 83.82 £ 0.60 84.25+0.84 83.70 £0.14 79.27£0.03 84.45 +0.56 82.30+0.63 80.42+0.03
355 83.80 +0.21 84.80 + 0.49 84.02+0.10 80.62 +0.03 84.56 +0.51 82.95+0.56 80.60 + 1.48
360 84.05 +0.21 84.80 + 0.84 84.30 + 0.07 81.15+0.84 84.50 + 0.35 83.45+0.49 81.72 + 1.44
365 84.20+0.21 85.00+0.77 84.45 +1.90 82.05+0.70 83.20 + 1.55 83.90 + 0.42 82.52+1.30
370 84.40+0.14 85.17+0.81 84.67 +0.03 82.82+0.67 83.71+1.25 84.22 +0.38 84.02 +0.24

Sel
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MINWHINT Al (71D)

Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% wiv 2% w/v 4% wiv

375 84.87 + 0.67 85.35+0.77 84.92 +0.03 83.40 + 0.63 81.87+0.31 84.45 +0.49 84.67 +0.10
380 85.05 +0.63 85.45 + 0.07 85.05 +0.07 83.82 +0.60 82.90+0.21 84.72 +0.53 85.50 + 0.56
385 84.92 +0.24 85.72+0.74 85.25+0.07 84.17 + 0.60 83.77+0.10 84.95+0.42 85.90 + 0.42
390 85.07 +0.17 85.85+0.77 85.42+0.03 84.50 + 0.56 84.35+0.07 85.15+0.42 86.22 + 0.38
395 85.20+0.21 86.00 +0.70 85.55+0.07 84.72 + 0.60 85.15+0.56 85.42+0.31 86.42 +0.31
400 85.35+0.21 86.15+0.70 85.70 + 1.90 84.92 + 0.60 85.57+0.38 85.60 + 0.28 86.65 +0.28
405 85.57+0.24 86.47 + 0.45 86.25 +0.56 85.90 + 0.84 85.87+0.53 85.92 +0.67 86.77 +0.24
410 85.95 +0.63 86.57 +0.45 85.95+0.07 85.60 + 0.28 86.02 + 0.45 86.07 +0.74 86.87 +0.31
415 86.02 + 0.60 86.67 +0.45 86.05 +0.07 85.70 + 0.84 86.17 +0.45 86.22 +0.67 86.95+0.21
420 85.87+0.24 86.77 +0.45 86.15+0.07 85.67 + 0.60 86.20+0.21 86.35+0.70 87.02+0.24
425 85.97 + 0.24 86.87 +0.45 86.25+0.07 85.72 + 0.60 86.42 + 0.38 86.45 +0.70 87.12+0.24
430 86.10 +0.21 86.87 + 0.60 86.35+0.07 85.92 + 0.60 86.62 + 0.38 89.05 +4.24 87.27+0.24
435 86.22 +0.24 87.10 + 0.42 86.47+0.10 86.02 + 0.60 86.72 + 0.38 86.67 + 0.60 87.42+0.24
440 86.32+0.24 87.12 + 0.60 86.60 +0.07 86.17 + 0.60 86.90 + 0.35 86.77 + 0.60 87.60+0.21
445 86.42 +0.24 87.22 + 0.60 86.70 + 0.07 86.52+0.24 87.00 + 0.35 86.87 + 0.60 87.67+0.24
450 86.52 +0.24 87.27 + 0.60 86.72 +0.10 86.62 +0.24 87.10 + 0.35 86.95 + 0.56 87.72+0.17
455 86.57+0.17 87.45 +0.42 86.82+0.10 86.70 +0.21 87.40 + 0.07 87.05+0.63 87.72+0.24
460 86.65+0.21 87.52+0.38 86.90 + 0.07 86.57 +0.53 87.30 + 0.28 87.15+0.63 87.72+0.24

9¢1
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MINWHINT Al (71D)

Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% wiv 2% w/v 4% wiv

465 86.65 +0.21 87.55+0.35 86.97 +0.03 86.62 +0.53 87.35+0.28 87.27+0.67 87.75+0.21
470 86.77 £ 0.17 87.65+0.35 87.02 +0.03 86.67 +0.45 87.45+0.21 87.32+0.74 87.75 +0.28
475 86.82 +0.17 87.72+0.31 87.12+0.03 86.75 +0.49 87.55+0.21 87.47+0.74 87.82+0.24
480 86.92 + 0.24 87.77 +0.38 87.37+0.17 86.85+0.49 87.65+0.21 87.50 +0.70 87.87+0.24
485 86.95+0.21 87.85+0.35 87.22+0.03 86.87 +0.53 87.67+0.24 87.57+0.67 87.92 +0.24
490 87.02+0.10 87.92 + 0.38 87.30 +0.07 86.97 + 0.45 87.75+0.21 87.60 + 0.63 88.00+0.21
495 87.12+0.10 88.00 + 0.35 87.40 + 0.07 87.05 +0.49 87.87+0.24 87.70 + 0.63 88.12+0.24
500 87.17+0.17 88.05 +0.35 87.45+0.07 87.12+0.53 87.97+0.24 87.75+0.63 88.17+0.24
505 87.35+0.14 88.05+0.42 87.45+0.21 87.47 +0.88 88.02+0.17 87.97 +0.45 88.00 +0.70
510 87.42+0.17 88.12+0.45 87.52+0.24 87.57+0.88 88.25+0.07 88.05+0.42 88.10+0.70
515 87.45+0.14 88.17+0.45 87.60 +0.21 87.57+0.81 88.15+0.14 88.07 + 0.45 88.15+0.63
520 87.55+0.14 88.32+0.38 87.67+0.17 87.67+0.81 88.22+0.17 88.15+0.42 88.22 +0.67
525 87.60 + 0.14 88.30 + 0.42 87.72+0.17 87.75+0.84 88.30+0.14 88.22+0.45 88.30 +0.70
530 87.65+0.14 88.42 +0.38 87.72+0.17 87.65+0.63 88.32+0.17 88.25+0.42 88.32+0.67
535 87.72+0.10 88.40 +0.42 87.80+0.21 87.72 +0.67 88.42+0.17 88.27 +0.38 88.37+0.67
540 87.75+0.14 88.52 +0.38 87.85+0.21 87.77+0.67 88.45+0.14 88.40 + 0.42 88.47 +0.67
545 87.92 +0.31 88.57+0.31 87.90+0.21 87.85+0.63 88.65 +0.00 88.37 + 0.38 88.50 +0.63
550 87.97 +0.24 88.60 + 0.35 87.92+0.24 87.85+0.63 88.52+0.17 88.45+0.42 88.52+0.67

LET
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Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% wiv 4% wiv 2% wiv 4% wiv 2% wiv 4% wiv

555 88.02 +0.31 88.67 +0.31 88.00 +0.14 87.95+0.63 88.75 + 0.00 88.47 +0.38 88.57+0.67
560 88.07 +0.31 88.72+0.31 88.07+0.17 87.97 +0.67 88.85 +0.00 88.52+0.45 88.62 +0.67
565 88.10 + 0.28 88.75+0.35 88.10+0.14 88.00 + 0.63 88.85+0.00 88.62 +0.45 88.70 + 0.63
570 88.17 +0.24 88.70 + 0.42 88.10+0.21 88.05+0.63 88.87+0.03 88.57 +0.38 88.70 + 0.63
575 88.22 +0.31 88.77 + 0.38 88.20+0.21 88.10 + 0.63 88.95+1.34 88.65+0.42 88.75+0.63
580 88.25+0.28 88.82 +0.38 88.20+0.14 88.20 + 0.63 88.97 +0.03 88.67 +0.45 88.77 +0.67
585 88.27+0.24 88.87 +0.38 88.22+0.17 88.20 + 0.63 89.02 +0.03 88.72 +0.45 88.80 + 0.63
590 88.35+0.28 88.92 +0.38 88.32+0.10 88.27+0.67 89.07 +0.03 88.75+0.42 88.82+0.67
595 88.37+0.24 88.95+0.42 88.35+0.21 88.52+0.31 89.10 + 0.00 88.80 + 0.35 88.90 + 0.63
600 88.40 + 0.28 89.02 +0.31 88.37+0.17 88.55+0.28 89.10 + 0.00 88.85+0.42 88.95+0.63
605 88.40+0.21 89.12+0.31 88.45+0.00 88.75+0.28 89.25+0.00 88.77+0.38 88.87+0.67
610 88.45+0.28 89.20 + 0.28 88.45 +0.00 88.75+0.35 89.22 +0.03 88.77+0.53 88.97 +0.67
615 88.47+0.24 89.20 + 0.28 88.50 +0.07 88.80 + 0.28 89.27+0.10 88.95+0.35 89.10+0.70
620 88.47+0.31 89.20 +0.35 88.50 + 0.00 88.57+0.67 89.25 +0.00 88.85+0.56 8905+ 0.70
625 88.57+0.31 89.30 + 0.28 88.62 +0.03 89.05 +0.42 89.20+0.14 89.05 +0.35 89.15+0.70
630 88.60 +0.28 89.30+0.28 88.65 +0.00 88.80+0.84 89.12+0.03 89.05+0.56 89.20+0.77
635 88.62 +0.24 89.32+0.31 88.62 +0.03 88.67 + 0.60 89.15+0.07 89.02 +0.53 89.20 +0.70
640 88.60 + 0.28 89.35+0.28 88.67 +0.03 88.77 +0.81 89.17+0.03 89.05 +0.56 89.17 +0.67
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Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% w/v 2% w/v 4% wiv

645 88.67 +0.31 89.37+0.24 88.67 +0.03 88.72 +0.67 89.32+0.17 89.15+0.42 89.22 +0.67
650 88.75+0.21 89.42+0.31 88.70 + 1.34 88.77 + 0.60 89.22+0.03 89.15+0.49 89.35+0.70
655 88.55+0.28 89.52+0.24 88.77 +0.03 88.82 + 0.60 89.55 +0.00 89.10 + 0.49 89.27+0.74
660 88.60 + 0.14 89.50+0.21 88.82+0.10 88.95+0.91 89.40+0.21 89.10 + 0.49 89.62 +0.24
665 88.77+0.17 89.47+0.31 88.85+0.00 88.90 +0.77 89.37+0.10 89.17+0.53 89.67 +0.31
670 88.77 £ 0.38 89.52+0.24 88.75+0.07 88.85+0.63 89.35+0.00 89.22+0.53 89.12+0.81
675 88.62+0.10 89.47+0.24 88.67+0.17 88.90 + 0.56 89.45 +0.07 89.37 +0.38 89.00+0.91
680 88.80 +0.35 89.47+0.10 88.67+0.10 88.87 + 0.60 89.32+0.10 89.50 + 0.35 89.10+0.91
685 88.85+0.28 89.57+0.24 88.75+0.14 89.05 +0.70 89.37+0.03 89.47 +0.38 89.10 + 0.98
690 88.92 +0.38 89.62+0.17 89.10+0.21 89.10+0.77 89.47 +0.03 89.52 +0.38 89.17 + 0.88
695 88.90 + 0.21 89.62 +0.24 89.02 +0.17 88.97 +0.53 89.55+0.14 89.45 +0.42 89.17 + 0.88
700 88.95+0.21 89.60 +0.21 89.05+0.14 89.02 +0.53 89.47+0.10 89.45+0.42 89.25+0.84
705 89.05+0.21 89.67 +0.31 89.07 +0.17 89.10 + 0.49 89.67 +0.03 89.47+0.31 89.30+0.77
710 89.00 +0.14 89.65+0.42 89.02 +0.10 89.05 +0.42 89.77 +0.03 89.40 + 0.28 89.22+0.81
715 89.00 + 0.21 89.70 + 0.28 89.07 +0.24 89.10 + 0.42 89.77+0.17 89.55+0.21 89.80+0.21
720 89.05 +0.21 89.67 +0.24 89.12+0.24 89.12 +0.38 89.75 + 0.00 89.50 +0.21 89.75+0.21
725 89.07 + 0.24 89.70 +0.21 89.15+0.07 89.25+0.35 89.67 +0.03 89.57+0.17 89.90+0.21
730 89.15+0.21 89.75+0.35 89.27+0.17 89.17+0.45 89.75+0.07 89.57+0.24 89.87+0.24

6¢€1



MS1WUINT Al (519)

Wavelength Control Thymol Eugenol Thymol and Eugenol

(nm) 2% w/v 4% w/v 2% w/v 4% wiv 2% w/v 4% wiv

735 89.12+0.17 89.77+0.24 89.17+0.10 89.22+0.45 89.85 +0.00 89.52+0.24 89.37+0.74
740 89.15+0.21 89.82 +0.38 89.17 +0.03 89.22+0.31 89.75 +0.07 89.55+0.21 89.47 + 0.67
745 89.20 + 0.28 89.80 + 0.28 89.25+0.21 89.27 +0.53 89.80+0.14 89.57+0.24 89.52 +0.67
750 89.27+0.17 89.77+0.31 89.22+0.10 89.30 + 0.42 89.75+0.07 89.72+0.24 89.70 + 0.77
755 89.22+0.10 89.90 +£0.21 89.25+0.14 89.35+0.49 89.92 +0.03 89.60 +0.21 89.52+0.67
760 89.35+0.14 89.87+0.24 89.27 +0.10 89.35+0.49 90.02 +0.03 89.57+0.24 89.55+ 0.70
765 89.25 +0.07 89.87+0.31 89.30 +0.14 89.35+0.42 89.95 + 1.34 89.70 +0.21 89.65 +0.70
770 89.25+0.21 89.82+0.24 89.30+0.14 89.37+0.45 89.80+0.14 89.85+0.28 89.82+0.74
775 89.27+0.17 89.92 +0.31 89.27+0.10 89.37+0.45 90.05 + 0.07 89.80 + 0.28 89.67 +0.67
780 89.42+0.10 89.97+0.31 89.40 £ 0.07 89.42+0.31 90.00 +0.07 89.80 £ 0.21 89.75+0.84
785 89.35+0.00 90.07 £ 0.38 89.42 +0.10 89.50 + 0.42 90.12+0.03 89.80 + 0.28 89.75 +0.70
790 89.35+0.21 89.97 +0.31 89.35+0.14 89.42 + 0.38 90.02 +0.10 89.67 + 0.38 89.72 +0.67
795 89.42+0.24 90.07 + 0.03 89.50 + 0.28 89.55+0.56 90.05 + 0.00 89.75+0.21 89.77 +0.67
800 89.45+0.14 90.07 +£0.31 89.50 £ 0.14 89.52+0.53 90.02 +0.03 89.70 £ 0.35 89.82 £ 0.67
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" E' Sample : LDPE
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1071 Method : Tension mode
Temp.range -130-50°C, scanning rate 4°C/min, Frequency 1 Hz,
Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.1780 mm, Thickness 44.0000e-03 mm
Experiment: LDPE, 04.04.2007 15:43:07
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Sample : EVA flex 150 control

1013

n ] B
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10~1 - Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 2.63 mm, Thickness 0.10 mm
Experiment: EVA-flex-150-control sc2, 02.04.2007 11:38:17
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Sample : EVA flex 150 thymol 2% w/v
Mpa_| E

1073~

10n2-
E

101 - Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.37 mm, Thickness 0.10 mm
Experiment: EVA-flex-150-thymol 2% w/v, 02.04.2007 15:10:25
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Sample : EVA flex 150 thymol 4% w/v

MPa
-
1073 — i ®
1072 -
e
et

10~1 -| Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.29 mm, Thickness 0.12 mm
Experiment: EVA-flex150-thymol4% w/v sc1, 03.04.2007 09:24:09
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MPa E' Sample : EVA flex 150 eugenol 2% w/v

1073

1072

10~1 - Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.20 mm, Thickness 0.11 mm
Experiment: EVA-flex150-eugenol2% w/v sc1, 03.04.2007 11:28:17

T T T T T T T T T T T T S T T T T T T T T T T T T
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E Sample : EVA flex 150 eugenol 4% w/v

1073+

1042

B

10~1 —-| Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.43 mm, Thickness 0.12 mm
Experiment: EVA-flex150-eugenol4% wy/v sc1, 03.04.2007 13:16:42

T T T T T T T T T T T T T T T T T T 1 T I T T L B T T I T T T
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E Sample : EVA flex 150 thymol+eugenol 2% w/v

1023

1072

10~1 — Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.35 mm, Thickness 86.0000e-03 mm
Experiment: EVA-flex150-thymol+eugenol2% w/v sc1, 03.04.2007 10:33:35
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— Sample : EVA flex 150 thymol+eugenol 4% w/v
E

1073

1072

10~1 - Method : Tension mode

Temp.range -80-30°C, scanning rate 4°C/min, Frequency 1 Hz,

Force amplitude 0.6 N, Displacement amplitude 80 um, Auto Offset 150%
Sample size : Length 9.0 mm, Width 3.04 mm, Thickness 0.11 mm
Experiment: EVA-flex-150-thymol-+eugenol4% w/v, 02.04.2007 13:30:31
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