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ABSTRACT

Antibacterial coated papers were prepared by coated paper with coating
solutions, ethylene acrylic acid containing triclosan or silver-zeolite. The coating solutions were
prepared from each antimicrobial agents in different concentration 3, 5 and 10% w/w, and coating
solution were applied to provide the antimicrobial layers. The effect of precoating prior to apply
the antimicrobial layer was also studied. Bacterial inhibition by the coated papers was evaluated
using an agar diffusion assay. It was found that only treatments of paper coated with triclosan
clearly showed the effectiveness in inhibition of E. coli and S. aureus. Moreover, the precoating
layer showed significantly smaller inhibition zone than the no-precoating layer which indicated
less inhibition effect when using precoating layer. It was found that higher triclosan concentration
in antibacterial coating higher antibacterial activity but there was no statistically significant
difference when compared to treatment of 3, 5 and 10 % w/w. In addition, the inhibition against
the Gram-positive bacterium: S. aureus was found more effective than the Gram-negative
bacterium: E. coli. During 2-month storage test, the antimicrobial coated papers containing 5%
triclosan could retain their inhibitory activity over the test period which indicated the consistent
efficacy of the coating containing triclosan. The results suggested that triclosan had good
potential as an antimicrobial agent in paper coating to inhibit pathogenic and spoilage organisms
in foods. From the Cobb test, Bursting strength and Edge Crust Test, the paper coated with 5%
triclosan did not significantly affect on these properties. Fourier Transform Infrared Spectrometry
and Scanning Electron Microscopy confirmed that triclosan contained in a coating layer. The
migration tested of triclosan into food simulating solvents indicated that triclosan was found more
release into n-heptane than was in 50% ethanol solution but it was not observed in distilled water.
The antibacterial coated paper applied as a food contact material packaging, was tested on food
simulant agar. It was found that the coated paper effectively inhibited the growth of E.coli and

S. aureus and the shelf life of food simulant agar was extended up to 4 days. The roller coating
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and flexography printing processes were used to prepare the antibacterial coated paper in pilot
scale. It was found that the improvement on both coating processes was needed in order to obtain

the properties of coated paper comparable to the coated paper prepared in lab scale.
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PhTEOS
PS
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RNA
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American type culture collection

Adenosine triphosphate

Baird-Parker Agar

Center for Food Safety and Applied Nutrition
Colony forming unit
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Eosin methylene blue lactose sucrose agar
Food and Drug Administration

Food simulating solvents
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Nano-structure calcium silicate-silver composite
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Scientific Committee on Food
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Thailand Institute of Scientific and Technological Research
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(1D



ROS
UK
USA

WPI

ABBREVIATIONS AND SYMBOLS (Cont.)

Reactive oxygen species
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United States of America
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A1IADAIUIAUNTY uililuﬁﬂﬂizQﬂﬂi%ﬂﬂﬂiiﬂﬂﬂ‘!"ﬂ’éﬂ?ﬂi "l,mm Organic
acid, Anhydrides, Enzyme, Ag ion, Plants extract, Inorganic gases, Bacteriocins, Spice extracts,
Thiosulphinates, Isothiocyanates, Proteins, Antibiotics, Fungicides, Parabens, Metals, Potassium

sorbate, Imazalil, Hexamethylenetetramine, Chitosan (Vartiainen et al., 2004; Lee et al., 2003;

Cutter, 1999) FIFMNTOUAAIAMNGUA1T AR Table 1.

Tablel. Examples of antimicrobial agents for potential use in food packaging materials.

Class Examples References

Acid Anhydride Benzoic anhydride Weng and Hotchkiss (1993),
Huang and others (1997),

Dobias and others (2000)

Sorbic anhydride Weng and Chen (1997)

Alcohol Ethanol Luck and Jager (1997)

Amine Hexamethylenetetramine (HMT) Luck Jager (1997), Devlieghere
and others (2000b)

Ammonium Compound Silicon quaternary ammonium salt

Antibiotic Natamycin Luck Jager (1997)

Antimicrobial Attacin Dillon (1994)

Peptide Cecropin Dillon (1994)




Table 1. (Cont.)

Class Examples References
Defensin Dillon (1994)
Magainin Abler and others (1995)
Antioxidant Butylated hydroxyanisole (BHA) Hotchkiss (1997)
Butylated hydroxytoluene (BHT) Hotchkiss (1997)
Tertiary butylhydroquinone Hotchkiss (1997)
(TBHQ)
Bacteriocin Bavaricin Nettles and Barefoot (1993)
Brevicin Nettles and Barefoot (1993)
Carnocin Nettles and Barefoot (1993)
Lacticin Nettles and Barefoot (1993), An
and others (2000), Scannell and
others (2000)
Mesenterocin Nettles and Barefoot (1993)
Nisin Luck and Jager (1997),
An and others (2000), Natrajan
and Sheldon (2000a, b),
Scannell and others(2000)
Pediocin Barnby-Smith (1992),
Nettles and Barefoot (1993)
Sakacin Nettles and Barefoot (1993)
Subtilin Barnby-Smith (1992)
Chelator Citrate Hotchkiss (1997)
Conalbumin Cornner (1993)
EDTA Luck and Jager (1997),
Rodrigues and Han (2000)
Lactoferrin Cornner (1993)

Polyphosphate

Shelef and Seiter (1993)
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Class Examples References
Enzyme Chitinase Fuglsang and others (1995)
Ethanol oxidase Fuglsang and others (1995)
B-Glucanase Fuglsang and others (1995)
Glucose oxidase Fuglsang and others (1995)
Lactoperoxidase Cornner (1993),
Fuglsang and others (1995)
Lysozyme Cornner (1993), Fuglsang and others
(1995), Appendini and Hotchkiss
(1997), Luck and Jager (1997),
Rodrigues ans Han (2000)
Myeloperoxidase Fuglsang and others (1995)
Fatty Acid Lauric acid Ouattara and others (1997;2000b)
Palmitoleic acid Ouattara and others (1997)
Fatty Acid Ester Monolaurin (1auricidin®) Luck and Jager (1997)
Fungicide Benomyl Helek and Garg (1989)
Imazalil Hale and others (1986), Weng and

Inorganic Acid

Metal

Miscellaneous

Natural Phenol

Sulfur dioxide

Phosphoric acid
Copper

Silver

Reuterin
Catechin

P-Cresol

Hotchkiss (1992)

Thomas and others (1995), Christie
and others (1997), Luck and Jager
(1997), Opperman and others (1999)
Hotchkiss (1997)

Ishitani (1995)

Ishitani (1995), Luck and Jager
(1997), An and others (1998), Chung
and others (1998)

Helander and others (1997)

Walker (1994)

Hotchkiss (1997)
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Class Examples References
Hydroquinones Hotchkiss (1997)
Oligosaccharide Chitooligosaccharide Cho and others (2000), hong and
others (2000)
Organic Acid Acetic acid Doores (1993), Ouattara and others
(20002, b), Luck and Jager (1997)
Benzoic acid Luck and Jager (1997), Weng and
others (1997), Chen and others
(1999), Weng and others (1999)
Citric acid Doores (1993),
Luck and Jager (1997)
Lactic acid Doores (1993),
Luck and Jager (1997)
Malic acid Doores (1993)
Propionic acid Doores (1993), Ouattara and others
(2000a, b), Luck and Jager (1997)
Sorbic acid Luck and Jager (1997), Weng and
others (1999)
Succinic acid Doores (1993)
Tartaric acid Doores (1993)
Organic Acid Salt Potassium sorbate Chen and others (1996), Han and

Paraben

Sodium benzoate

Ethyl paraben

Methyl paraben

Floros (1997, 1999), Devlleghere and
others (2000a)

Chen and others (1996)
Davidson (1993), Luck and Jager
(1997), Dobias and others (2000)
Davidson (1993), Luck and Jager
(1997)
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Class Examples

References

Propyl paraben

Plant-Volatile
Component

Carvacrol

Cineole

Cinnamaldehyde

Citral

©O-Cymene
Estragole (methyl
chavicol)

Eugenol

Geraniol

Hinokitiol (B-thujaplicin)

Linalool

Terpineol
Thymol
Chitosan

Polysaccharide

Konjac glucomannan

Allyl isothiocyanate (AIT)

Davidson (1993), Luck and Jager (1997),
Dobias and others (2000)

Isshiki and others (1992), Luck and Jager
(1997), Brody and others (2001)

Ouattara and others (1997), Scora and Scora
(1998)

Lis-Balchin and others (1997), Scora and
Scora (1998)

Ouattara and others (1997; 2000b)
Lis-Balchin and others (1998), Scora and
Scora (1998)

Scora and Scora (1998)

Scora and Scora (1998), Suppakul and others
(2002)

Ouattara and others (1997), Scora and Scora
(1998)

Fallik and Grinberg (1992), Brody and others
(2001)

Lis-Balchin and others (1998), Scora and
Scora (1998), Suppakul and others (2002)
Scora and Scora (1998)

QOuattara and others (1997), Scora and Scora
(1998)

Sudarshan and others (1992), Begin and
Calsteren (1999), Hong and others (2000)

Xiao and others (2000)

111 : Suppakul tlazAME (2003)
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Table 2. Selected commercial antimicrobial packaging available for food applications.

— ) 2
T .
S ~
Silver AgIonTM Aglon Bulk food storage  http.//www.healthshield.com/
substituted Technologies  containers, index1.html
zeolite LLC paperboards Last accessed:01/25/02
cartons, plastic or
paper food
wraps milk
containers
Novaron" Toagosei, Many (Japan) Toagosei, Co.LTD Brochure
Co.LTD
Triclosan Microban®  Microban Deliwrap, Sherman (1998), Rice (1995)
Products Reheatable food
containers (UK)
Allyisothic- WasaOuro  Lintes Pressure sensitive  http./www.lintec.co.jp.index-
cyanate Corparation labels, sheets e.html
(Japan) Last accessed:01/25/02
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Chrorine MicrosphereTM Dry Sachets Anon (1995)
dioxide Compapny Strong bags Gray (2000)
LTD, for produce,
Bernard paperboard
Technologies coating, rigid
Inc. containers,
pressure
sensitive
labels
Carbon FreshpaxTM Multisorb Sachets Smith et al., (1995)
dioxide Technoligies
Varifrais SARL Sachets Smith et al., (1995)
Codimer (France)
Ethanol Ethicap® Freund Sachets Smith et al., (1995)
vapor Negam01d® Rice (1989)
Fretek" Sachets Smith et al., (1995)
Oitech Nippon Sachets
Kayaku (Japan)
Glucose Bioka Bioka LTD Sachets http://'www.lintec.co.jp.index-e.html
oxide (Finland) Last accessed:01/25/02
(hydrogen
peroxide)

131 : Appendini tta2 Hotchkiss (2002)



Table 3. Commercialized antimicrobial agents.
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Company Trade name Active compound Application
Sanitized AG, Smitized” Triclosan and others Textile, plastic,
Switzerland Clariant Actigard® leather and paper

Sanipr0t® home textile and PU-
foams films and in-
can preservation

DuPont, USA MicroFree" Ag, copper oxide and  Textile and carpet
zinc silicate fibres, paints,
packaging film, etc.
Milliken Co., USA Novaron® Ag-substituted Many
zirconium phosphate
Microban Products, Microban” Triclosan Many

UK
Thomson Research

Associates, Cannanda

Ultra-Fresh”

Triclosan and others

Polymers, adhesives,

latexes, plastics,

foams, etc.
Surfacine Surfacine” Ag-halide/polymer Many
Development complex
Company, USA
Ishizuka Glass Co., Ionpure Ag/glass Many
Japan
17 : Vermeiren HazAMY (2002)
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Y v E4
VDUFDI Rhizopus stolonifer, Penicillium spp. M0 Aspergillus toxacarius ﬁmﬂﬂummnﬁm

& <3 Y . < . ard
Wouaz luuenveld (Weng and Hotchkiss, 1993) U8NINUNIWTY Triclosan 1u¥lay LDPE
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4 4
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" o a § [ 09: a
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¥ o A Y .
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. . ' d =2 . . . . 9 Y
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Cl O Cl

Cl HO

MOLECULAR WEIGHT - 289.5
Figure 1. Molecular structure of triclosan
n Bhargava (taig Leonard (1996)

Table 4. Minimum inhibitory concentration of Irgasan DP 300 in vitro (Agar Incorporation

Method).

Microorganism Origin and strain no. Medium MIC (ppm)

Gram-positive bacteria

Bacillus subtilis NCTC 8236 NA 0.1
Bacillus megaterium A NA 3
Bacillus cereus A NA 3
B. cereus var. mycoides NCTC NA 3
Clostridium botulinum NCTC 3805 EA 3

Clostridium tetani NCTC 9571 EA 3
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Microorganism Origin and strain no. Medium MIC (ppm)
C. acnes (Propionibacterium acnes) ATCC 6919 BHI-A 3
Corynebacterium diphtheriae ATCC 6917 - 3
C. diphtheriae NCTC 3984 BHI-A 3
C. diphtheriae A BHI-A 3
Corynebacterium minutissium ATCC 6501 - 5
Diplococcus pneumoniae NCTC 7465 BHI-A 3
Lactobacillus arabinosus CITM 706 MACA 33
L. arabinosus ATCC 8014 MACA 33
Lactobacillus fermenti CIT™M 707 MACA 33
Listeria monocytogenes ATCC 15313 - 1
Mycobacterium tuberculosis A YA 100
Mycobacterium smegmatis NCTC 8152 BHI-A 1
Mycobacterium phlei A BHI-A 0.3
Sarcina lutea NCTC 196 BHI-A 3
Sarcina ureae ATCC 6473 BHI-A 0.1
S. aureus NCTC 7447 NA 0.01
S. aureus NCTC 4163 NA 0.01
S. aureus NCTC 6571 NA 0.03
S. aureus NCTC 6966 NA 0.1
S. aureus ATCC 13709 NA 0.01
S. aureus ATCC 6538 NA 0.01
S. aureus NCTC 7292 NA 0.1
Staphylococcus albus C-G NA 0.03
Staphylococcus agalactiae NCTC 8181 BHI-A 3
Staphylococcus haemolyticus A A BHI-A 1
Staphylococcus haemolyticus A BHI-A 3
Staphylococcus faecalis NCTC 8619 BHI-A 10
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Microorganism

Origin and strain no.

Medium MIC (ppm)

S. faecalis
Staphylococcus pyogenes
Gram-negative bacteria
Aerobacter aerogenes
A. aerogenes
Alcaligenes faecalis
Brucella intermadia
Brucella abortus
Brucella melitensis
Brucella suis

Cloaca cloacae

E. coli

E. coli

Haemophilus influenzae
K. edwardsii

K. aerogenes
Klebsiella pneumoniae
Legionella pneumoniae
Loefflerella mallei
Loefflerella pseudomallei
Moraxella duplex
Moraxella glucidolytica
Moraxella iwoffi
Neisseria catarrhalis
Pseudomonas capacia

Pasteurella septica

Pasteurella pseudotuberculosis

ATCC
NCTC

CITM

CITM

NCTC
NCTC

NCTC
NCTC
ATCC

NCTC

NCIB

NCTC
C-175
NCTC
C.G.

10541
8322

413

812

8226

8155
86

7242
8172

4352(isolate)

9674
10230

3622

948

BHI-A

BHI-A

NA
NA

NA

Br.A.A.
Br.AA.
Br.A.A.

Br.AA.

NA
NA
NA
BA
NA
NA

NA

NA
NA
NA
NA
NA

BA

NA
NA

1.3
>100
0.1
0.1
0.1
0.03
0.3
0.1
0.3
33
0.3
0.3
0.3
10
0.3

0.01
0.3
0.1

33
256
0.1
10
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Microorganism

Origin and strain no.

Medium MIC (ppm)

Proteus vulgaris
P. vulgaris
P. vulgaris (Neotype)
Proteus mirabilis
P. mirabilis
Pseudomonas aeruginosa
P. aeruginosa
P. aeruginosa
Pseudomonas fluorescens
Salmonella enteritidis
S. enteritidis
Salmonella typhimurium
Salmonella typhi
S. typhi
S. typhi
Salmonella paratyphi A
S. paratyphi B
S. paratyphi B
S. paratyphi B
Salmonella pollorum
Serratia marcescens
Shigella flexneri
S.flexneri
S.flexneri
Shigella sonnei
Shigella dysenteriae
Vibrio cholerae

Vibrio eltor

NCTC
NCTC
NCTC
A

NCTC
NCTC
NCTC
NCTC
NCTC

NCTC
NCTC
NCTC

NCTC
NCTC
NCTC

ATCC

NCTC
NCTC
NCTC
NCTC
NCTC

NCTC

8313
4636
4175
NA
8309
1999
12055
8060
4755

5710
8384
786

5322
3176
5704

9120

8192
8204
8205
7240
2249

8457

NA
NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.1
0.3
0.01
0.3
0.3
>100
>1000
>1000
>100
0.1
0.3
0.3
0.3
0.3
0.1
0.3
0.3
0.1
0.1
0.3
>100
0.3
0.1
0.1
0.1
0.1
10
10
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Table 4. (Cont.)

Microorganism Origin and strain no. Medium MIC (ppm)

Fungi and yeasts

Aspergillus niger ATCC 6257 M 30
Aspergillus fumigatus ATCC 9197 SMA 10
Candida albicans A NA 3
C. albicans ATCC 10259 M 3
Epidermophyton floccosum ATCC 10227 SMA 1-10
Keratinomyces ajelloi A SMA 10
Trichophyton mentagrophytes ATCC 9533 SMA 1
Trichophyton rubrum A SMA 10
Trichophyton tonsurans A SMA 10

NCTC, National collection of type cultures; NA, Nutrient agar; A, Bacterologic or veterinary
Institutes; EA, Eugon agar; ATCC, American type culture collection; BHI-A, brain-heart infusion
agar; CITM, Official; MACA, microassay culture agar; YA, Youmans agar; C-G, Ciba-Geigy;

BA, Blood agar: M, Microphil agar; SMA, Sabouraud maltose agar.
11 : Vischer 18 Regos (1974)
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Staphylococcus aureus ATCC 12598, Bacillus subtilis ATCC 6051, Shigella flexneri ATCC
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Bacillus cereus var mycoides ATCC11778 (spore) 125
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Salmonella gallinarum gallinarum 1FO3163 125
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31 : Sinanen Zeomic Co.,Ltd (2008)
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Figure 3. The antimicrobial activity of a nano-structured calcium silicate silver composite
containing 10 mg/kg silver (as AgNO,) following leaching in water, against

Staphylcoccus aureus (ATCC 25923)

131 : Johnson lazAML (2008)

Figure 4. Antibacterial activity of Ag-doped PhTEOS coatings against planktonic S. epidermidis
(CSF 41498) after 24 h.

7131 : Stobie HATAME (2007)
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Antimicrobial agents

Outside of package ® Inside of package

“Y4— Coating layer
Figure 5. Profile of a packaging film containing an antimicrobial coating

A Cooskey (2001)
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Table 6.Traditional and naturally occurring food antimicrobials approved by the Food and Drug

Administration.
Title 21 CFR
Compound (s) Microbial target Primary food application \
designation
Acetic acid, acetates, Yeasts, bacteria Baked goods, 184.1005,182.6197,
diacetates, condiments, confections, 184.754, 184.1185,
dehydroacetic acid dairy products, fats/oils,  184.1721, 172.130

meats, sauces
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Compound (s)

Microbial target

Primary food application

Title 21 CFR

. . a
designation

Benzoic acid,
benzoates
Dimethyl
dicarbonate

Lactic acid, lactates

Lactoferrin

Lysozyme

Natamycin

Nisin

Nitrite, nitrate

Parabens (alkyl
esters, propyl,
methyl, heptyl) of p-
hydroxybenzoic acid
Propionic acid,

propionate

Yeasts, molds

Yeasts

Bacteria

Bacteria
Clostridium botulinum,

other bacteria

Molds
Clostridium botulinum,
other bacteria

Clostridium botulinum

Yeasts, molds, bacteria

(Gram-positive)

Molds

Beverages, fruit
products, margarine

Beverages

Meats, fermented food

Meats

Cheese, frankfurters,
cooked meat and poultry
products

Cheese

Cheese, other products

Cured meats

Beverages, baked goods,

syrups

Bakery products, dairy

products

184.1021, 184.1733

172.133

184.1061,184.1207,
184.1639,

184.1768

b

184.1538°

172.155

184.1538"

172.160, 172.170,
172.175,172.177
184.1490,
184.1670,

172.145

184.1081,184.1221,

184.1784
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Compound (s)

Microbial target

Primary food

application

Title 21 CFR

. . a
designation

Sorbic acid,
sorbates

Sulfites

Yeasts, molds, bacteria

Yeasts, molds

Most food, beverages,
wines
Fruits, fruit products,

potato products, wines,

182.3089,182.3225,
182.3640,180.3795

Various

“These are the food and drug Administration’s in Title 21 of the Code of Federal Regulations.

Food antimicrobials approved by the U.S. Dept. of Agriculture’s Food Saftey and Inspection

Service for use in meat products are listed in Sections 424.21 and 424.22 of Title 9 of the CFR.

"FDA/CFSAN (2001a)

‘FDA/CFSAN (2001b)

‘FDA/CFSAN (2001c¢)

111 : Davidson K@ Harrison (2002)

Table7. List of permitted food additives that could be used as antimicrobial agents in packaging

materials.
Code Assigned by Legislative Authority
Additive 1 > ]

Australia/New Zeland Europe U.S.A.
Acetic acid 260 E260 GRAS
Benzoic acid 210 E210 GRAS
Butylated hydroxyanisole (BHA) 320 E320 GRAS
Butylated hydroxytoluene (BHT) 321 E321 GRAS

Carvarcol FA
Citral GRAS
Citric acid 330 E330 GRAS

O-Cresol

EDTA

FA

FA
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Code Assigned by Legislative Authority

Additive 1 ; ;
Australia/New Zeland Europe U.S.A.

Estragole (methyl chavicol) GRAS
Ethanol E1510 GRAS
Ethyl paraben E214 GRAS
Eugenol GRAS
Geraniol GRAS
Glucose oxidase 1102 GRAS
Hexamethylenetetramine (HMT) E239

Konjac glucomannan E425 GRAS
Lactic acid 270 E270 GRAS
Lauric acid FA
Linalool GRAS
Lysozyme 1105 E1105 GRAS
Malic 296 E296 GRAS
Methyl paraben 218 E218

Natamysin 235 E235 FA
Nisin 234 E234 GRAS
Phosphoric acid 338 E338 GRAS
Polyphosphate E452 GRAS
Potassium sorbate 202 E202 GRAS
Propionic acid 280 E280 GRAS
Propyl paraben 216 E216 GRAS
Sodium benzoate 211 E211 GRAS
Sorbic acid 200 E200 GRAS
Succinic E363 GRAS
Sulfur dioxide 220 E220 GRAS
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Table 7. (Cont.)

Code Assigned by Legislative Authority

Additive Australia/New Zeland' Europe2 US.A’
Tataric acid 334 E334 GRAS
Tertiary butylhydroquinone (TBHQ) 319 FA
o-Terpineol FA
Thymol FA

1 Assignment of a number signifies that additive is approved by the Australian and New Zealand
Food Authority (ANZFA) and The Australian New Zealand Food Standards Council (ANZFSC)
as being safe for food use.

2 Assignment of an “E” number signifies that additive has been approved by the European
Communities (EC) Scientific Committee on Food (SCF).

3 Classification in accordance with Food and Drug Administration (FDA). Title 21 of the Code of
Federal Regulations 21 (21 CFR) wherein substance intended for use in the manufacture of
foodstuffs for human consumption are classified into 3 categories (FA), prior — sanctioned food

ingredients and substances generally recognised as safe (GRAS).

11 : Suppakul ttazAME (2003)
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Figure 8. Pasteurized agar food stimulant.
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temperature storage.
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1. AsAedIuaunsd
- Triclosan (White powder; Melting point 57°C; USHN 89879 310A)
- Silver-zeolite (‘]J?’];IJTI Siam material)
- Zeomic AJION; MX, 0.ALO,.YSiO,-ZH,0 (M: Ag, Zn)
- Zeomic AWION; M, O-Na,0-ALO,-2Si0,-XH,0 (M: Ag, Zn, NH,)

(X, Y 18 Z unuaudaiulua)
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2. sinfinazermsiaoasen 19 umsnaans
- Cartaseal SVU liquid (Anionic water based emulsion of ethylene acrylic acid; colorless
to white liquid; solid content 29-31%; pH 7.5-8.5; USHN Clarint chemicals (Thailand))
- 1@NUDA (Absolute 99.9% , J.T. Baker solusorb”” (Malaysia) )
- 911992078 n-heptane (J.T. Baker solusorb”” (Malaysia))
- SmﬁLu
- Acetonitrile (HPLC Grade, Labscan Asia Co.,Ltd. (Thailand))
- Potassium tellurite Hydrate (Fluka; Puram:>95.0%; RT, Calc, On dry substance)
-Tw@sunan lsaanududu 0.85% Ynoaide W31 wosn (Uszmealneg) $1iia)
- 0.1% Peptone water (US¥n 1wa5n (1Uszima'’lng) $11a)
SR CHIER
- Nutrient Broth (NB) (US¥% wesa (szma'lne) $1da)
- Nutrient Agar (NA) (U35 wosa (Jszmelne) $1a)
- Plate Count Agar (PCA) (U3t eosna (Uszmealne) $1iia)
- Eosin Methylene-blue Lactose Sucrose Agar (EMB agar)
W3t wesa Wizmelne) $1ia)
- Baird Parker Agar (B-P) (US¥n iosna (Uszmalne) $11a)

a A A

9 a 4
3. AUNITIN 1F IUNTUATIEH

Q

Aav a 4

- Escherichia coli TISTR 780 (Gram-negative bacteria) (& D1UUITGINNFAATLAL
maTuTaguradszmalne)
- Staphylococcus aureus TISTR 118 (Gram-positive bacteria) (401118 INNAE a5
wazma TuTadurszme Ine)
4. N3z NINTA KS170/CA125/KA185 aou C ¥11@ 13x15 cm’
WTEnaeuDTTIA AT a9uan (1994) $11a)

5. napawanaaniehila
d
gunsas

1. 105359 I mation 2 dumiia @ Mettler/PG 5002 (Switzerland))
2. 1n5091 UM A (Model G-560E, Scientific Industries, Inc.)

31309930 pH (?Jﬁjﬂ Cyberscan/Eu Tech Instrument pH 510)
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G L) Y A 9 A
4. 1NFYNYN (AN TUADUNTTATHAIYUD)
5.1a50ahaudou (No0.882, Hakko Corporation)
6. Laminar air flow (Holten iq U Safe/Maxi Safe 2010)

7. UuFoAsguniiN 37°C (Memmert TV 40b; 220V; 600W)

U

8. 179911 (Stomacher) (?Jﬁlﬁl Seward iq' U 400CIR)
J < a
9. quIulTuguNnl 4°C

a

10. ’e‘imiwmuquqquu (31 WB7-45, Memmert)
11. Yalad Y313 1 wag 10 ml

12. Autopipette (L-1000 pipet-Lite LTS 100-1000 LLL, Rainin)

13. 110D (Forcep)

14. yagUnsainageuanuuiwssvesiag 8o LLOYD Ju LR 30K

15. ﬂ;ﬂqﬂﬂmimﬁaumﬁ@,ﬂfﬁm‘iwmﬂizmy (Cobb tester)

16. m%imWaammm?ﬁumuuﬂﬁumq (Bursting strength)

17. m%im Scanning Electron Microscopy (SEM) (5: U JSM-5800LV, JEOL)

18. IaaNAdoUMIUNT (Diffusion Cell)

19. Lﬂém High Performance Liquid Chromatograph (HPLC) (3:: U Agilent 1100)

20. 11304 Fourier Transform Infrared Spectrometer (FT-IR) (i: U EQUINOX 55, Bruker)
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Figure 10. Inhibition zone of E. coli and S. aureus around antibacterial coated paper using Agar
diffusion assay (after incubation at 37OC, 24 h.). A: Control paper; B: Coated paper
with antimicrobial coating (Triclosan 10% (w/w)) and No-precoating; C: Coated paper

with antimicrobial coating (Zeomic 10% (w/w)) and No-precoating.
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wrhewsdawaliimsaediumsnTyvesgaunsdla (Appendini and Hotchkiss, 2002)

Table 8. Inhibition zone and antimicrobial index of antibacterial coated paper and control paper

using agar diffusion assay.

Inhibitionzone

on
-8 . Antimicrobial index”
Coating treatment S (cm")£SD

[P]

A E. coli S. aureus E. coli S. aureus
containing 3% w/w triclosan \/ 5.00+0.28 7.91+0.65 1.250 1.978
Cartaseal SVU liquid X 8.254+0.22 12.82+0.46 2.063 3.205
containing 5% w/w triclosan \/ 6.54+0.28 10.13+0.67 1.635 2.533
Cartaseal SVU liquid X 8.97+0.87 13.68+0.25 2.243 3.420
containing 10% w/w triclosan \/ 6.57+0.28 10.13+0.59 1.643 2.533

Cartaseal SVU liquid containing X 0 0 0.000 0.000
3,5and 10% w/w AJ 10N \/ 0 0 0.000 0.000
Cartaseal SVU liquid containing X 0 0 0.000 0.000
3,5 and 10% w/w AW 10 N \/ 0 0 0.000 0.000
Control paper (Cartaseal SVU X 0 0 0.000 0.000
liquid no triclosan added) \/ 0 0 0.000 0.000

‘Area of inhibition zone excluded coated paper area (4 sz); each value represents the average
mean. (n=4)
® Antimicrobial index=(Inhibition zone-area of coated paper)/area of coated paper

(Adapted from Villasefior et al ., 2004)
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Table 9. Effectiveness of storage time on Inhibition zone (sz) of coated paper coating with

binder containing triclosan.

Inhibition zone (cm’)

Triclosan
Test bacteria Storage time (week)
concentration (w/w)
0 1 2 4 6 8
3% 7.57 6.89 7.57 7.22 7.57 7.23
E.coli 5% 825 7.56 825 825 825 825
10% 8.97 8.25 8.43 8.79 8.79 8.61
3% 12.82 11.22 12.00 12.00 1247 11.22
S. aureus 5% 12.82 12.00 12.82 13.68 13.25 12.00

10% 13.68 14.49 13.25 1449 1325 14.13
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Figure 11. Water absorption of uncoated paper, paper coated with binder (SVU) and paper coated

with binder containing 5% triclosan.
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Figure 13. Edge crust test of uncoated paper, paper coated with binder (SVU) and paper coated

with binder containing with 5% triclosan.
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Figure 14. FTIR spectra from three types of coated paper
(A) Uncoated paper
(B) Paper coated with binder

(C)  Paper coated with binder containing 5 % (w/w) triclosan
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Figure 15. Scanning electron micrograph of coated paper; (A1) surface of paper coated with
binder (A2) cross section morphology of paper coated with binder (B1) surface of
paper coated with binder containing 5% triclosan and no-precoating (B2) cross
section morphology of paper coated with binder containing 5% triclosan and no-

precoating

4. ﬂ1i!ﬂ%ﬁlNﬂ1§ﬁ$ﬁ1ﬂﬁ!ﬂuﬁ3!muﬂ1ﬁﬁ (Food simulating solvents: FSS) uaxmiﬁnmmi
U v v a ¢ = ' v a N d
UWINIZTNYVDIATITIAATIHIAUNIYDINNICAHIAADVATINDIHIAUNIY

9 9
a v A

= 1 1 Y = J Y o o =
ﬂ'liﬁﬂ']el'lﬂ’lill,Wiﬂi$i]'IEJ"’IJEN’L’f’liﬂ’E)G]'I‘Llﬁ!au‘ﬂiﬂiuﬂiiuulﬂ‘ﬂ'lﬂ'liﬂﬂla@ﬂ

AsTaHIAAe Ui an1IEMInao TN UsIef s A UR Triclosan 5%  (w/w) 1314
94A1/52n0 1ALIINMINATBUMIUNT NTL1BVB Triclosan mﬂci’?uﬁmﬂﬁaumqimiazmﬂ
funueis Taeugugngiivesasazatedunueriinilu 40°C nagimsimaizd
1510 Triclosan Mlamlaosasgaisazatsdumueisiiszeznan 6 41 1ue Tagmaiin
HPLC 4 Figure 16. Llﬁmﬁ?ﬁ)EJ'"NIﬂiﬂJﬂmLﬂﬂJ‘ﬁuﬁmm Retention time U® Triclosan 311
A5V IULAY Triclosan ﬁuwﬁmﬂbf?umsmﬁamjmsazmﬂﬁumu@mﬁ%ﬁwhm &9
A1382018 Triclosan mmgm"lﬁ’mﬂmiazmﬂ Triclosan ”lmwamﬁl‘auﬁ (Mobile phase) “ld;\igl‘%,
Acetronitrile #1911 TuSAT1dI1 60 4940 Taesnsms1naues  Mobile phase 1511

@ ] { o <3 [ 4
1 mlmin 910829813 Iasun Inunsui laaansadunaiuiaued Triclosan lasaauiio 14



54

@ I 1
F15a2a0a LN U151 UE15a2 19 Ethanol 50% MRAE n-heptane I@ﬂﬁﬂ"l Retention time
. A g ~ = o w a J a
V04 Triclosan magtlu 8.2183 11N A 8.0053 WINAWAIAY Laza w150 1ATIEHUT N

v Y v Y 1 v
Triclosan NtAaanmMstandassldaannunldia wunnunldiaved Triclosan 18910

k4 [
1A A

1] o d 1
Tasumn Inunsunldensazaredunuemsiiuaisazats Ethanol 50% Natiesniiunlddia
1 v o < Y 1 ' 1
n1dnnTasin Tnunsudldensazaredmunuevinsilu n-reptane nagiinildniadisiosngea
' o < k4 ~ . 1 ' 1 Y
e ldmsazaeiunuemisduiii uazil5uia Triclosan Nuns avga1saza1oALNUDINIT
a [ [V Y I VA 9 g’ I ] ]
YHAR9Y BAAIAY Table 10. MnA51aa iUl lmiuasazaredunueimis 1y
. g’ :J' dy A . = A ] g’ Y Y o A A
WU Triclosan 11111 919#i1i109910 Triclosan  Heruiia ldazarerh (Anudududrigaiinioq
a 4 I I [ [ 3
HPLC a111503tA512H 19 11 0.05 me/l) YuLi@edIdunuI Triclosan 81315 DLUNTAFUAT
1 @ I
IAROUNTZAIHAIGEITAZAIAIMNUD NG Ethanol 50% Wag n-heptane 1111 39.19 ppm 1@z
' Y
66.83 ppm MWAIAY  N157 Triclosan VINFUAITIAADUNTZAHAWTOUNT AIGA1TAZAY
Y a A . = va 4
Ethanol 50% 1Az @15a2a10 n-heptane 1A 1UTNUFUHDIIN Triclosan Hantiaazaisldly
Y o o a A o A |a . A
150218 Ethanol tazazane1aa ludiiaza1e8unsd (n-heptane) M9411/51184 Triclosan 9
HNINTZ18DGA1502a10 Ethanol 50% Haza@15aza1e n-hepiane Larganinafioyanalid
18 luemnsfae s mg/kg Y9913 (Scientific Committee on Food, 2000) NN INABDI
Y ]
na121891 Triclosan @ usounsasgiin uaa s ouNInIZ10a3g0 1115 ¥l A N
o A % [~ o 9 =R [ Y . [
ueanedoa taze1sni lviuiluesndseneuld 3908121691 Triclosan augaUNI NI
' A v d s Y A 7 I s
asgoriamadni ludwduesdisznouldaniemismainlueansseaiiuesdisznoy
v o 7q o & A "y P 2 P &
A UMIlszgnAlFUITYAUNNITAIHIAAOUAITADAIUYAUNTINY Triclosan 1lu
I'4 [ = Y o w [ ] 2L A
panilszneunueslsznn lududsns Idanudwyaemsuns nszaeuesasdail Tone
d' dy 1 a "9 ) 1 = [} a A [ 09/' a a
mzdudouligomanunidedmua iswdsanulszaninmlumsdudainmsniagana
a A 1 dy 1 <3 A9y o 1 1 ~ a c"
YoIgaUNIdluemanguil ed1 lsnamwidodunaiimsnaasimsunsnszaneigurnia
! (¢] ! . 1 9 = v
n2140°C anuawsalumsianilass Triclosan 89NUBHAY LAZTAITANHIANTUNTNTLIY
A o v ¢ a 29 ¥ o 2 2 A o Aq 9 &
orhussydusatail lldszgnaldaunismiladsridadumuemsilslumsnaaeuiu
A o w [ ~ 9 =\ [ Y A ] a @ P 9 o sq
fedian awnuemsnldasauansuz lndifesnunaasunindosnmsii l)Uszgnals
[ 4

A g o =R = Aq ¥ 3 o a
ll'lﬂ'i/]'q@] u@ﬂi]']ﬂUﬂ']fl'ﬂ'I‘Ll\iﬂ\i'ﬁﬂ'I'JZVlel,alf{li‘lﬂiSJ’U'JHﬂ’liﬂﬁﬁﬂllﬁglﬂﬂiﬂﬂ'l"llﬂﬁWﬁ@]ﬂmcﬂ

A I Y a A a 1 Y [ a A Y a A
REN(NP] L‘W’E'Jbl’ﬂUlﬂ“]J53J1m"lJ?J\1’(?fﬁ‘VILﬂﬂi]1ﬂﬂ1§LLW§1ﬂmﬂ8\‘]ﬂUﬂiiﬂm‘ﬂL!“Vﬁ]i\ﬁﬂﬂ‘ﬂq{ﬂ



55

Table 10. Migration of triclosan from coating layer of coated paper into food simulating solvents,

control temperature at 40°C

Food simulating solvents Triclosan (mg/1000 ml)

Water <0.05

50% Ethanol 39.19

n-Heptane 66.83
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Figure 16.Chromatogram from HPLC technique of triclosan from standard solution and released
triclosan into food simulating solvents A; triclosan from standard solution, B; triclosan

in water, C; triclosan in 50% ethanol solution, D; triclosan in n-heptane solution.
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Tablel1. Microbial count of E. coli and S. aureus on simulant food agars contacted with
antibacterial coated paper and control paper at ambient temperature in difference
storage time.

Coating Microbial Storage time (days)

Inoculated microorganism

treatment count 0 2 4 6 8
E. coli E. coli 100 110x10° NA NA NA
S. aureus S.aureus 10" 63x10°, NA NA N/A

A 84x 10’
Control: E. coli 44x100 N/A NA NA
No microorganism inoculated  S. aureus 51x100 N/A N/A N/A
E. coli E. coli 100 160x10° N/A NA N/A
S. aureus S. aureus 10° 38x10° N/A NA NA
b Control: E. coli 68x10° N/A NA N/A
No microorganism inoculated  S. aureus 87x100 N/A NA NA
E. coli E. coli 100 81x10° ND NA NA
S. aureus S. aureus 100 31x100 ~10 N/A NA
c Control: E. coli 1x100  ND NA NA
No microorganism inoculated  S. aureus ND ND N/A NA

- N/A ; Not available in that day because the visible of stimulant food agars was not acceptable

- ND; Not detected

- A: Uncoated paper, B: Control paper (coated with SVU), C: Antimicrobial coated paper (SVU 95%,

Triclosan 5% (w/w))
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Tablel2. Coating weight (mg/crnz) of coated paper prepared to study the effect of type and concentration of antimicrobial agents and precoating on antimicrobial

activity.
Silver-zeolite coated paper Triclosan coated paper
AJION AWI10N
3% 5% 10% 3% 5% 10% 3% 5% 10%

No. o0 o0 &0 &0 &0 &0 o0 o0 o0
) £ N £ o0 £ 0 = 0 = 0 = N £ N £ N £
g = g = 5 5 g s g s g s g s R = g =
h=1 ] h=1 ] h=1 ] =1 ] =1 ] =1 ] p=1 Qo p=1 [©] h=1 ]
s & 5 2 & @ s ¢ 5 2 & 2 s & & oz & ¢
= N = N = o™ = o™ = o™ = o™ = o™ = N = I
~ =) ~ =) ~ o ~ = ~ o ~ o ~ = ~ =) ~ =)
Z Z Z Z Z Z Z Z Z
1 42872 39469 43262 4.1025 4.2532 4.0732 4.1036 3.9649 4.2954 4.1738 4.2957 4.0021 4.193 41263 4.2573 4.0382 4.2783 4.1739
2 42800 4.0117 4.2874 4.048 3.9766 4.2746 42216 4.2014 4.0673 3.8527 4.3743 4.0257 4.0271 4.2537 4.2748 4.5823 4.1253 4.2649
3 42857 4.1039 43798 3.9473 4.2841 4.0196 43727 4.0287 4.3729 4.1864 4.2748 4.1633 4.2947 4.0142 4.2859 4.2893 4.1908 3.9874
4 42467 4.0692 3.9885 4.1621 4.0539 3.8957 43628 4.2947 4.2739 4.0158 4.1639 3.9462 4.2035 4.2637 4.1957 4.2957 4.0791 4.1958
5 42369 3.9677 4.3369 4.2462 4.2743 4.0892 4.1749 4.0197 4.2956 3.9784 4.1072 4.0958 4.1494 41536 4.2674 4.2732 42690 4.2527
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Table 13. Coating weight (mg/cmz) of no-precoating triclosan coated paper prepared to study the

effect of storage time on antimicrobial activity.

No-precoating triclosan coated paper

No.
3% 5% 10%
1 4.2872 4.1809 4.0903
2 3.9570 4.1487 4.2447
3 4.2838 4.2882 4.1986
4 4.0797 4.0604 4.2638

5 4.0369 4.0242 4.0437
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Table 14. Coating weight (mg/cmz) of 5% no-precoating paper prepared to study the mechanical, chemical composition, morphology, antimicrobial agents

releasing and application of coated paper.

5% triclosan no-precoating paper

No. No. No. No. No. No. No.

1 4.1313 11 3.9805 21 4.2359 31 39164 41 4.3467 51 4.1274 61 4.1838
2 4.3323 12 3.9031 22 4.2159 32 4.1210 42 4.5856 52 4.0859 62 43477
3 3.9431 13 4.1405 23 4.1369 33 4.2872 43 43692 53 3.9363 63  4.0334
4 4.1897 14 3.8600 24 3.9805 34 3.7800 44 4.2467 54 3.9954 64  4.1255
5 4.2959 15 4.1426 25 3.9031 35 4.2877 45  4.1875 55 4.0203 65  4.2719
6 4.1692 16  4.4118 26 4.1405 36 4.0467 46  3.8730 56  4.2385 66  4.3873
7 4.1487 17 3.9231 27 3.8600 37 4.3369 47  4.1947 57  3.9640 67 45372
8 4.2359 18 39164 28 4.1426 38 4.4036 48  4.0467 58  4.1926 68  4.2975
9 4.2159 19  4.1210 29 44118 39 4.4159 49  4.8369 59  4.2749 69  4.0159
10 4.1369 20 4.1174 30 3.9231 40 4.1474 50  4.4356 60  4.1323 70 4.3492
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