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< SUMMARY >

| EELE | D-02

O The development of functional food packaging materials with natural es-
sential oil loaded halloysite nanotubes (HNTs)
(O The selection of multi-functional natural essential oil
- To confirm the effect of essential oil for antibiosis, mothproof, antioxidation

O The R&D of the encapsulation process of selected essential oil

Purpose& . . .
Contents - To develop essential oil loaded HNTs and evaluate release properties
(O The R&D of multi-functional food packaging materials
— Surface coating method of essential oil loaded HNTs for controlled release
- Manufacturing process and the evaulation of packaging materials
(O The confirmation of commercialization system of functional food pack-
aging materials
O Development of representative single and synergistic combination essential
oil for antibiosis, mothproof, anti-oxidation
- The selection of essential oils for antibiosis, mothproof, anti—oxidation
: Antibiosis and anti-oxidation (thyme oil), Mothproof (clove bud oil)
- The development of synergistic combination for essential oils
: 2 type of essential oils combination (5 type), 3 type (3 type)
O The development of encapsulation process for essential oil loaded HNTs
— Encapsulation machine design for commercialization
Results O The development of surface treatment process for longer release behavior
of HNTs capsules
- Layer—by-layer (LbL) and end-capping process
O The development of functional ink containing HNTs capsules
(O The development of evaluation system for quality factor of food packaging
O The development of antibiosis, anti—oxidation and mothproof food packaing
materials
* The publication of three paper
e The application of six related patents
* The sales of one developed products
O The commercialization of HNTs by basic research for its properties and
application
(O The improvement of economic feasibility in allied industries by extension
of shelf-life period using of functional food packaging materials in food
Cgr}ftiieljifiin (O The contribution for national health promotion by safety assurance for
food-borne pathogenic microorganism in food
(O The application in various industry fields and the contribution of market
formation by HNTs properties such as natural substance and nanotubualr
structure, excellent mechanical and thermal properties.
Keywords Food Package Antibiosis Mothproof Essential Oil Halloysite
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[¥ 6] A

A% A4 28

No. A 7 No. AR 7 No. AT TF
1 agarwood 35 costus root 69 marjoram
2 allspice 36 cranberry seed 70 melaleuca
3 almond 37 cubeb 71 melissa
4 angelicaroot 38 cumin 72 mustard
5 anise 39 curry leaf 73 myrrh
6 asafetida 40 cypress 74 nutmeg
7 balsam 41 cypriol 75 oregano
8 basil 42 davana 76 organge
9 bay leaf 43 elecampane T patchouli
10 benzoin 44 eucalyptus 78 peppermint
11 bergamot 45 fennel seed 79 perilla
12 birch 46 fenugreek 80 pine
13 blackpepper 47 frakincense 81 rose
14 Buchu 48 galangal 82 rosehip
15 Calamus root 49 galbanum 83 rosemary
16 camphor 50 geranium 84 rosewood
17 cannabis 51 ginger 85 sandalwood
18 caraway 52 grapefruit 86 sassafras
19 cardamom seed 53 guava 87 scented geranium
20 carrotseed 54 helichrysum 88 schisandra
21 cassia 55 henna 89 spearmint
22 cedar 56 hickory nut 90 tangerine
23 cedarwood 57 hops 91 tansy
24 celery 58 horseradish 92 tarragon
25 chamomile 59 hyssop 93 tea tree
26 cinnamon 60 jasmine 94 thyme
27 citronella 61 Juniper 95 tsuga
28 clary sage 62 lavender 96 turmeric
29 clove 63 lemon grass 97 velerian
30 coffee bean 64 lemon 98 vetiver
31 common sage 65 lime 99 wintergreen
32 copaiba 66 mandarin 100 yarrow
33 coriander 67 manuka 101 ylang-ylang
34 costmary 68 marjoram 102 zedoary

_26_




FAE A7 g AAS ASsd 2 AFHF AT SoE o] gt
o oo HF Ao thi AFHVAAE AAsta gr WekE v
S W Escherichia coli O157:H7, Salmonella enterica, Listeria monocytogenes,
Yersinia enterocolitica, Bacillus cereus, Cronobacter
5 (Z+ ¥ H2X 3 strains oA

Staphylococcus — aureus,
sakazakii, Vibrio parahaemolyticus, Shigella spp.
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stock culture &8 % ATCC, KCTC
%

Chromobacterium spp., Enterobacter spp., Lactobacillus spp., Propionibacterium spp. &
WA FF
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O =

O ol9] g1 Wto=m &
SAAY TF EES &8s
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O 134 oz2 FdAxAE &8 Add ddFd AFES 2534
sto] At @ A FRg e oig gty &9l HAo] MaE Gf{e
o] AWiste & 74 213
- A2 A9 : paper disk diffusion assay, MIC (minimum inhibitory concentration)
9} MLC (minimum lethal concentration) < &3] =4
- 71419 A% : vapor diffusion assay 5 T g =A
O vt dAFed A 59 AdAyA &<
- Ax =F 2 %o wit checkerboard assay, vapor diffusion assay 5< a1%%
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[1% 4] A% H2E EQY BAE

M

o AAAE 42l acetylcholinesterase & A 2 ¢

. Supernatant (& 59)
homogenize | enzyme source
Imt phosphate buffer
e centrifuge
Arget sz

[ 5] Acetylcholinesterase activity 573
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9. e AE 54 F7
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- Aol tiE FRe] w5487 A F

: MTT (3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)Z ©] &3} <]
o2 AEAELFE

A= 7] Al E (mesenchymal stemcell)?] C3H10T1/2 A <} o}

¥, 2¥aL Abere] kA2 HepG2E ol 8-3to]

_29_




- F8 AREAES AEWEE 297 GRAS 2
wob olUel 19 B @, WabE L 9E
BrhE AP R,

- ® 292 Bo ATl g8 7, 3 o
Az SHAAES FT R,

5ol

_?,]

Concentration gradient
causes molecules to diffuse
into pores

Loaded molecules
crystallize

inside the pores

Halloysite powders

1 Solution with substance to be loaded

[Z1¥ 7] HNTs We AF =3 ¥

@ A

+ SF+ halloysiteo] %9

=Y AT

- Layer-by-Layer (LbL) nanoassembly of the polyelectrolytes shells

SASRERER

‘P“r 1

* + + ¥ +

+ o+ o+ o+

e T
S ——————
V& S EE &Y

1 IR RE RN
— SN

+ o+ o+ o+

¥

[Z1¥ 8] HNTs WA 4y

_30_




- Synthesis of stoppers at tube endings
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712 ATEA 100F olde] A Fd AFE Rt FrF A9E EUE AAs ] 9%

EA4E A3 AFE APt TARALE S AEAAmAAE diste] o] -

B A 100F ol AAstAh A" HdA FAll BHFES Neumondiih©]

71 AA Fd A+ 81F, EuroAromajit o] A AEFd BF 1955 SRS ofd &
9

of 6 A4S slskel Fug 10059 A Af BHS ek

[¥ 7] 10059 3 A% 2=

_ A9 Aw
e 9 W (du) 5 3 AZA)
1 Basil Ocimum basilicum
2 Cinnamon bark Cinnamomum zeylanicum
3 Citrus (Rock Rose) Citrus ladaniferus
4 Citronella Cymbopogon nardus
5 Clary sage Salvia sclarea
6 Cypress Cupressus sempervirens
7 Eucalyptus globulus Fucalyptus globulus
8 Fennel sweet Foeniculum vulgare
9 Grapefruit Citrus paradisi 1=
10 Ginger Zingiber officinale =E
11 Hyssop Hyssopus officinalis
12 Lavender Lavandula angustiolia
13 Lemon Citrus medica limonum
14 Lemongrass Cymbopogon citrus
15 Lime Citrus aurantifolia
16 Marjoram sweet Origanum majorana
17 Oregano Origanum vulgare
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18 Pepper black Piper nigrum

19 Peppermint Mentha piperita

20 Spearmint Mentha spicata

21 Sage Spanish Salvia lavandulifolia

22 Thyme Linalol Thymus zygis

23 Thyme Spanish Thymus mastichina

24 Angelica root Angelica archangelica
25 Aniseed Pimpinella anisum

26 Benzoin Styrax tonkinensis

27 Bergamot Citrus aurantium bergamia
28 Cajeput Melaleuca cajuputi

29 Camphor white Cinnamomum camphora Nees
30 Caraway Carum carvi

31 Cardamom Elettaria cardamomum
32 Carrot seed Daucus carota

33 Cedarwood Atlas Cedrus atlantica

34 Chamomile Roman Chamaemelum nobile

35 Chamomile blue Chamomilla recutita

36 Coriander seed Coriandrum sativum

37 Davana Artemisia pallens

38 Dwarf Pine Pinus mugo

39 Eucalyptus radiata Fucalyptus radiata

40 Fir needle Abies sibrica

41 Frankincense Boswellia carterii

42 Geranium Pelargonium graveolens
43 Geranium Bourbon Pelargonium graveolens
44 Helichrysum Helichrysum italicum

45 Iris root 1% Iris florentina L.

46 Jasmine absolute Jasminum grandiflorum
47 Juniper berry Juniperus communis

48 Kanuka Kunzea ericoides

49 Laurel leaf Laurus nobilis

50 Lavandin super Lavandula hybrida

51 Lemon Myrtle Backhousia citriodora
52 Lotus Absolute 5% Nelumbo nucifera

53 Mandarin green Citrus reticulata

54 Manuka Leptospermum scoparium
55 May Chang Litsea cubeba

56 Melissa Melissa officinalis

57 Myrtle Myrtus communis

58 Neroli (Orange blossom) Citrus aurantium amara
59 Niaouli Melaleuca quinquenervia
60 Orange sweet Citrus sinensis

61 Patchouli Pogostemon cablin

62 Petitgarain Citrus aurantium amara
63 Ravintsara Cinnamomum camphora L.
64 Rose Bulgaria Fosa damascena

65 Rose Morocco Rosa damascena

66 Rosemary Verbenon Rosmarinus officinalis
67 Rosewood Dalbergia sissoo

68 Thyme thymol Thymus vulgare

69 Sweet Marjoram Origanum majorana

70 Clove Syzygium aromaticum
71 Petitgrain Citrus aurantium

72 Helichryseum Helichrysum splendidum
73 Sage, common Salvia officinalis

74 Sandalwood Australia Santalum spicatum
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75 Sandalwood white Mysore Santalum album

76 Silver Fir Needle Abies alba

77 Spike Lavender Lavandula spica

78 Spikenard Nardostachys jatamansi

79 Vetiver Ventiveria zizanoides

80 Yarrow blue Achillea millefolium

81 Ylang-Ylang Cananga odorata

82 Anise [licium verum

83 Cedarwood Juniperus Virginia

84 Cinnamon (leaf) Cinnamomum ceylanicum

85 Clove (bud) Syzygium aromaticum

86 Cumin Cuminum cyminum

87 Dill Anethum graveolens

88 Elemi Canarium luzonicum

89 Garlic Allium sativum

90 Mandarin Red Citrus reticulata -
91 Mastic Pistacia lentiscus o u}
92 Myrrh Commiphora abyssinica

93 Nutmeg Nyristica fragrans

94 Palmarosa Cymbopogon martini

95 Pine extra Pinus sylvestris

96 Ravensara Ravensara aromatica sonnerat
97 Rosemary CT cineole Rosemarinus officinalis

98 Marjoram Origanum majorana

99 Tea tree extra Melaleuca alternifolia

100 Galbanum Ferula galbaniflua

A el I grel B 2 AAEe AR V1x A AR "Il o]gd Ao tid

Fasg Aol o g9 A

2

=2 3%

3L
=3
AT =12 Salmonella enteria®t Listeria monocytogenesS SHE 5 strains® A A3

<

i
o2

ot AA-AH  FFEE Univ. of Georgia®l ‘Center for Food Safety’ (2] 3% <t Al E])ol A
HEo o8 A Ao A stock® H#3al ¥ laboratory stock cultureE AF-&3FAt) 2

D78 Erwinia spp.$t Pseudomonas aeruginosas A3ttt A& o] &5 A EX
e v AEAYLAE (Korean Collection for Type Cultures) % gH=w] A& 83 A4 E

(Korean Culture Center of Microorganisms) & %Fwto}l o] 85 ]t}
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[# 8] Ao A AFAAYE &F

NEEZ AERIAZ
Salmonella Montevideo
Salmonella Salmonella Michigan Erwinia sp. strain KCTC 12888
' Salmonella Enteritidis Erwinia spp. | Erwinia sp. strain KCTC 12839
enteria Salmonella Newport FE. carotovora strain KCCM 11319
Salmonella Typhimurium
L. monocytogenes strain F8027
Listeria L. monocytogenes Stra%n G1091 Pseudomonas P. aerugll.nosa StraiTl ATCC 27853
L. monocytogenes strain F8369 ) P. aeruginosa strain ATCC 9027
monocytogenes L. monocytogenes strain F8385 aeruginosa P. aeruginosa strain ATCC 15692
L. monocytogenes strain LDCD81861
. A FH AR AFHANBEA RS F gl
AR i Ao FHE PYSHAT, AR FTBHS T4 A4 ARt 9E
He= AR 7IAGY FEHE SA-8st] A fd AT dadA vl uig A3E =
Zahivt
ARG AAfE AR G B W/ F0E A4 AHE BPoR S8
. %, FRBAL SASE AdE 8o)e] Luke] A4 AKE Yo T 1 gue AhE
NBAD H71e FEES ZRAG ha) BEE ge] Afvt B JshH e 7}

g stol, 28719 FuE v|wtoe s Artsglv
(1) A 7 A/ AFAANA= i I2Y H7F B9
A A A T 715AS Ad AR A AFE AFAMNBE(S enterica, L.

monocytogenes, Erwinia spp., P. aeruginosa)©l ™3k MIC® MLCE &<13}9]t}.
n| A& o] A s)e4 &3ato] wiA o] Mwstel uwel vl Ee] ASIE A E Az
At 10059 " AFE A4S =AHsH7] Y3l airtight containerdl] A& Fo] &

3l & S enterica(57W strains &%

=
54

< o]
), L. monocytogenes(57Y strains €%, Erwinia spp.(37
strains &%), P. aeruginosa(37W strains &%) v % StAth 4 Fo nAE

R RS PRl 4847 Aelste] FREHL HASAT

ydrds

2+ A

o\

o

] 7V 7}

ot AEE A
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[Z3 17] mRBES A8y S4E o8t mAES ASHE HjA

Aol HEHA &2 miAE vAE ASAE wA
B : Salmonella enterica7t &% o] wix] <] MW st7F el vl #]
C : L. monocytogenes?t &% o] x| AW sl7t YEld b %]

(2) AA FA A9 AFANPAES O 37y HJU 2
(7}) S. entericadl Wig AA AHF 7]A ¢ MICS MLC &<

S. enterica® W3t H AN A
o] AfolA MICS MLCE <2135kt

S. entericad) W3 HAAHEEE cinnamon leaf AF7F 0.0391 pl/mlZ 7F vt 1

Arbs=s SATT A9 10059 19 A7 & 34

2 2+ thyme thymol®t thyme linalool --(0.3125 pl/ml), cinnamon bark®} oregano
A5(0.6250 ul/ml), clove bed, lomon grass, palmarosa, trea tree, marjoram &-(1.25 1
I/ml), lavender spike, spearmint, cajeput, cumin seed, fennel, lavensara A--(2.5 ul/ml),
basil, bergamot, caraway, citronella, coriander, dill, elemi, fir needle, hyssop, juniper berry,
lavernder, netmag, orange sweet, peppermint, rose bulgaria, rose morocco, rosemary, rose
wood AF(5.0 p/ml) =42 & MICE H St

MLC%E cinnamon leaf(0.0391 ul/ml) < thyme thymol = thyme linalool (0.3125 ul/ml) <
cinnamon bark = oregano(0.625 pl/ml) < clove bed = lomon grass = palmarosa = trea
tree(1.25 pl/ml) < marjoram = lavender spike = spearmint(2.5 ul/ml) < cajeput = cumin
seed = fennel = lavensara = basil = bergamot = caraway = citronella = coriander = dill =
elemi = fir needle = hyssop = juniper berry = lavernder = netmag = orange sweet =

peppermint = rose bulgaria = rose morocco = rosemary = rose wood(5.0 ul/ml) FHF o

= 9 aEEAY
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[E 9] NAA A4 AFY S enterica®l Wg MIC® MLC

A4 1 A

MIC (ul/ml)

MLC (ul/ml)

Cinnamon leaf 0.0391 0.0391
Thyme thymol 0.3125 0.3125
Thyme linolol 0.3125 0.3125
Cinnamon bark 0.6250 0.6250
Oregano 0.6250 0.6250
Clove bud 1.2500 1.2500
Lemon grass 1.2500 1.2500
Palmarosa 1.2500 1.2500
Tea tree 1.2500 1.2500
Marjoram 1.2500 2.5000
Lavender spike 2.5000 2.5000
Spearmint 2.5000 2.5000
Cajeput 2.5000 5.0000
Cumin seed 2.5000 5.0000
Funnel 2.5000 5.0000
Lavensara 2.5000 5.0000
Basil 5.0000 5.0000
Bergamot 5.0000 5.0000
Caraway 5.0000 5.0000
Citronella 5.0000 5.0000
Coriander 5.0000 5.0000
Dill 5.0000 5.0000
Elemi 5.0000 5.0000

Fir Needle 5.0000 5.0000
Hyssop 5.0000 5.0000
Juniper berry 5.0000 5.0000
Lavender 5.0000 5.0000
Netmag 5.0000 5.0000
Orange sweet 5.0000 5.0000
Peppermint 5.0000 5.0000
Rose Bulgaria 5.0000 5.0000
Rose Morocco 5.0000 5.0000
Rosemary 5.0000 5.0000
Rosewood 5.0000 5.0000

(W) L. monocytogenesd] that AA A 71419 MIC MLC &<l

L. monocytogenes®| ™3d MIC2 MLC

243 A, 10059

A% F 4382 4
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o HaAssEs AoANrES dsar

o

ﬂl

L. monocytogenes® ™3d MIC+= cinnamon bark, cinnamon leaf, clove bud, oregano,
oregano Spanish, thyme thymol A7} 0.078 ul/mlZ 7F¢ St I S22+ thyme
linalol A7} 0.1563 pl/ml, benzoin, carrot seed, basil -7} 0.625 ul/ml 4= < MIC
s ES

MLC+ cinnamon bark, cinnamon leaf, clove bud, oregano, oregano Spanish, thyme

thymole] 0.0781 ul/ml& 7F¢ @& MICE H v

[¥ 10] 7124 AEA BFY L. monocytogenesed] W3g MICS MLC

1 F9 A+ MIC (ul/ml) MLC (ul/ml)
Cinnamon bark 0.0781 0.0781
Cinnamon leaf 0.0781 0.0781
Clove bud 0.0781 0.0781
oregano 0.0781 0.0781
oregano Spanish 0.0781 0.0781
Thyme thymol 0.0781 0.0781
Thyme linalol 0.1563 0.1563
Benzoin 0.6250 0.6250
Carrot seed 0.6250 0.6250
Basil 0.6250 1.2500
Cypress 1.2500 1.2500
Fir Needle Siberian 1.2500 1.2500
Lemon grass 1.2500 1.2500
Myrtle 1.2500 1.2500
Orange sweet 1.2500 1.2500
Neroli 1.2500 1.2500
Palmalosa 1.2500 1.2500
Pacholi 1.2500 1.2400
Bergamot 2.5000 5.0000
Caraway 2.5000 2.5000
Chamomile Roman 2.5000 2.5000
Cumin 2.5000 2.5000
Elemi 2.5000 2.5000
Fir Needle Balsam 2.5000 5.0000
Hyssop 2.5000 5.0000
Jasmin 2.5000 5.0000
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Juniper 2.5000 5.0000
Lime 2.5000 2.5000
Netmag 2.5000 2.5000
Sandalwood 2.5000 2.5000
Spearmint 2.5000 2.5000
Spikenard 2.5000 2.5000
Tee tree 2.5000 5.0000
Citronella 5.0000 5.0000
Coriander 5.0000 5.0000
Dill 5.0000 10.0000
Ginger 5.0000 5.0000
Herichrysum 5.0000 5.0000
Lavender 5.0000 5.0000
Lemon 5.0000 5.0000
Rose Bulgaria 5.0000 5.0000
Rose Morocco 5.0000 5.0000
Ylang-Ylang 5.0000 5.0000

(YY) Erwinia spp.ol W3t A A 71A 9 HA2AAN =S HAANAEE &<

Erwinia spp.©l s MICS} MLCE &A% 23 10052 HA AR T 1752 AHolA
MIC¢ MLCE &2lstit.

Erwinia spp.©l ™3 MIC+ thyme thymol, thyme linalol, oregano, cinnamon leaf -7}
0.625 pl/ml= 7} wkth. MLC+ thyme thymol, oregano, cinnamon leaf A =2 =2 7}

e MICE Byt

[£ 111 1A QD BA5Y Erwinia spp.9l 9¥ MICe MLC

Ad +8 BH MIC (ul/ml) MLC (ul/ml)
Thyme thymol 0.6250 0.6250
Thyme linalol 0.6250 1.2500
Oregano 0.6250 0.6250
Cinnamon leaf 0.6250 0.6250
Clove bud 1.2500 1.2500
Sage 1.2500 1.2500
Cinnamon bark 1.2500 1.2500
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Marjoram 1.2500 1.2500
Spikenard 1.2500 1.2500
Lemongrass 2.5000 2.5000
Garlic 2.5000 2.5000
Basil 2.5000 5.0000
Peppermint 5.0000 5.0000
Rosemary 5.0000 > 10.0
Spearmint 5.0000 10.0000
Cypress 10.0000 > 10.0
Bergamot 10.0000 > 10.0

(2}) P. aeruginosadl W3 AA AF 71A <9 MICS MLC &<l

P. aeruginosa®) Wt MIC2F MLCE =43k 23 10052 A AR F 1359 AfolA
MIC¢} MLCE #elatsitt.

P. aeruginosa® W3 MICE= garlic AH7F 0625 pl/ml=Z 7F @oka, 1 o=
oregano®} cinnamon leaf A7} 1.25 ul/ml= 24tk MLCE garlic A-F7F 0.625 pl/ml=

7} 9kl oregano A7k 1.25 pl/ml® 1t o uhorr,

[E 12] 1A AE] BS99 P. aeruginosad W3 MICS MLC
A

Ad 49 A+ MIC (ul/ml) MLC (ul/ml)
Garlic 0.6250 0.6250
Oregano 1.2500 1.2500
Cinnamon leaf 1.2500 2.5000
Thyme thymol 2.5000 2.5000
Hyssop 2.5000 2.5000
Sage Spanish 2.5000 2.5000
Clove bud 2.5000 5.0000
Lemon 5.0000 5.0000
Peppermint 5.0000 5.0000
Marjoram 5.0000 10.0000
Rosemary 5.0000 10.0000
Black pepper 10.0000 > 10.0
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O Ad ) 9T AR 2gAA) A JEANNAE ATAUA A}
(1) 71 A4 7 S AFAYUAE A3 7] 93 Adurd A3

om, @AZA A7 DAl X e golth R ALY oAl it

(2

A nutrient agar®l] 1% (w/v)2] D-glucose®} 0.025% (w/v)2] bromocresol purple©] %
7}el NAGBAE A Z39] autoclavedt &, 50°Ce| & ZFo|A FA|ste] wtad HEHE

O

o
A&k th. Autoclave® experimental apparatus (vial type)9] upper welloll Y13 e 2
NAGBAE 049 mL¥ H-of A2 30 &3+ Z3lth 2 NAGBA®| 570 strainso] &%
Listeria monocytogenes Hj %<l (ca. 7.0 log CFU/mL)S 10 uLE #£3lal laminar flow
biosafety hood (22+2°C)oll 4] 30 #3F FA]A] 71t}
Lower wellol&= who 2 uUHo]x 8mm A &9 paper disc (Advantec Toyo Kaisha, Ltd.,
Tokyo, Japan)E % o=t} Diethyl etherE o]-&3sle] H &3 AF9 MIC 2¥j7F ¥ %=
= A d S A Fxeoh A FeE 34 2SS diethyl etherE ©]&38te] W ¥ microtube?l
20 @AM R A ste] Fujgth 1-88el, MICS] 2v] sx=%H MICO 1/640 F%=7F &
=5 A A AFE 5 u¥ i, 1-8delE MICY 28] s=HE MICO 1/64¥] 5%7t

HEE 345 B A5 oul Yev 258 A5 lower well?} upper wellS W2 A A5t

bom HEate] o] Aol AAHE HAFEdd o
o A%E s Y F i o

A &% (fractional inhibiting concentration, FIC)S A AF&kc}.

2% 3 3F Ao AUA =3l & FIC AL S vha3t 2.

d

A Al FIC = (23X AF Al MIC)/(Bfr AE @502 A& S we] MIC)
AH B FIC=(2FolM9 AF B MIC)/ (B BE 4502 AFE3S wel MIC)
FIC index = A% A2 FIC + AH B FIC
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A6 A9 FIC=(2F4 A% Asl MIC/(A% AZ B5o2 A§392 wel MIC)
A6 Bl FIC=(Z#4e 4% B MIO)/(A% BE B50% Agage we] MIC)
A6 Col FIC=(ZNA e A% Co) MIO/(Af C& 950w

FIC index= d# A% FIC + B+ BY FIC + F# C¢ FIC

0

FICI®] 814 ofglg} 2},

FICI < 0.5 : Synergism
0.5 < FICI < 1.0 : Partial synergism
1.0 < FICI < 4.0 : Indifference

FICI > 4 : Antagonism

(2 HENANPE] B FEAUAE Role A% JA 2% B4

b SEAANBES W FEAUAES Rols A% A 2 B4 Py

L. monocytogenes®ll 3] MICgo] w& A d+t AFES Adsta, Add Hdd &+t
AHES 2% £ 3TS =38t L monocytogenesdll tall AAUAE Hol= Hi 7]
onocytogenes®l ™3] MICZto] Ve AHS5S Adsl,

1
AdE ArEs 28 B 358 £2¥6te] =% BE AfAUAE st

() AFHAPAEN A FTAUAE ol AF 2T 71AY =3 &4 A7

e

A71el AdEE migo g AEEnAESR] L monocytogenesol STt qaHS H A
A+ A+ 5% (cinnamon bark, cinnamon leaf, clove bud, oregano, thyme thymol 3-F)
= AL, 55 ARrEe T TR 2@ £l wE Aeay oFE st
L. monocytogenes®| AWATAE HQA ZF2 cinnamon bark A9 oregano F+ 3
(FICI 0.38), cinnamon bark A% thyme thymol -+ %3 (FICI 0.50), cinnamon leaf %
9} thyme thymol A %% (FICI 0.5), clove bud A<} thyme thymol A %% (FICI
0.50), oregano A9 thyme thymol A+ %% (FICI 0.38) ©]%lt}. =3k Cinnamon bark
A9t cinnamon leaf A %3}, cinnamon leaf -2} oregano A+ X2 27} 0.759

0529 BEANEEAF (FICDE Hol FEAYAE B
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[¥ 13] L. monocytogenes cocktaile]l 3] ¥ MICE H <l cinnamon bark?® <t

oregano AFE 2§33 ZAHEY FFAYUA F

AA B+ MIC (uL/mL)
o Outcome®
(Essential oils) Alone In combination FIC® FICI®
Cinnamon bark 0.0781 0.0098 0.125
0.375 Synergy
Oregano 0.0781 0.0195 0.25

4 A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

> Fractional inhibiting concentration index (FICI): Sum of FICs of two essential oils.

¢ The FICI was interpreted as descrbed by Isenberg (1992): synergy (FICI < 0.5), partial
synergy (FICI > 0.5 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism (FICI > 4.0).

Cinnamon _
bark

0.1562 uliml

00781 uliml
0.0391 uliml ]
0.0185 uliml :
0.0088 uliml
0.0043 ulimi =

0.0024 uliml

0.0012 ulimi
-

- = L S i
O7TE1 00391 00185 0.0098 00049 0.0024 00012 —» Oreganu
uliml ulimi ulimd ulimi ulimnld ulimi ulimd

[Z3 18] 7I1Al checkerboard assayE ©]-83}% cinnamon bark A oregano A Z¥
2 g)oll 9% L monocytogenes cocktail A A=A &1 A=}

[¥ 14] L. monocytogenes cocktaild] 3] ¥ MICE E.¢ cinnamon bark®
9 thyme thymoldF& X33 ZAHAEY JHAYA &<

MIC (uL/mL)

A9 A
. . Outcome®
(Essential oils) Alone In combination FIC? FICI®
Cinnamon bark 0.0781 0.0195 0.25
0.5 Synergy
Thyme thymol 0.0781 0.0195 0.25

# A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

b Fractional inhibiting concentration index (FICD): Sum of FICs of two essential oils.

¢ The FICI was interpreted as descrbed by Isenberg (1992): synergy (FICI < 0.5), partial
synergy (FICI > 0.5 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism (FICI > 4.0).
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Cinnamon
Bark | : =
01562 pliml

0.0781 pliml

00391 pl/mL
00195 plfmL
0.0098 pl/mL
10,0043 pl/mlL
0.0024 plfmL

0.0012 plfml

0.1562 00731 0.03%1 00195 0.0098 00049 00024 0.0012
pliml  plfml pliml  pliml plfiml pliml pliml pliml Thyme th}'mn‘l teoet

[Z3 19] 71A checkerboard assayE ©]8-3} cinnamon bark -f$} thyme thymol A
Z38 Aol 9% L monacytogenes cocktail A AR &l A3

[ 15] L. monocytogenes cocktaild]l 3] 2 MICE X<l cinnamon leaf?
¢ thyme thymol AFE& 23T XA EY FTAYA

MIC (uL/mL)

A A+
. . I
(Essential oils) Alone .n ) FIC? FICT® Outcome®
combination
Cinnamon leaf 0.0781 0.0195 0.25 0.27 Synergy
Thyme thymol 0.0781 0.0012 0.02

# A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

b Fractional inhibiting concentration index (FICI): Sum of FICs of two essential oils.

¢ The FICI was interpreted as descrbed by Isenberg (1992): synergy (FICI < 0.5), partial
synergy (FICI > 0.5 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism (FICI > 4.0).
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Cinnamon
leaf |

"
— Sy R —

!

0.1562 ul/mi| &%
0.0781 ulimi| =3

0.0391 ul/ml

0.0195 ulimi 3
-

0.0098 ul/ml 33

0.0049 ul/ml
-m

0.0024 ul/ml ==

0.0012 ul/mi

- 11 "
0.1562 0.0781 0.0391 0.0195 0.0098 0.0049 0.0024 0.0012— Thyme thymol
uliml  ulml  uliml  ulfml  ubml  ulml ulml o uliml

[ 20] 7]1A checkerboard assayE ©]&3}% cinnamon leaf A-F$} thyme thymol &

23 Aol 93 L monacytogenes cocktail AAIIA &2l A

[¥ 16] L. monocytogenes cocktaild] & 2 MICE X<l clove bud A
¢} thyme thymol B3F& &% ZAZEY FTAIHA &2

MIC (uL/mL)

Ad AH .
(Essential oils) Alone .n _ FIC?® FICI® Outcome®
combination
Clove bud 0.0781 0.0195 0.25 0.50 Synergy
Thyme thymol 0.0781 0.0195 0.25

# A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

b Fractional inhibiting concentration index (FICD): Sum of FICs of two essential oils.

¢ The FICI was interpreted as descrbed by Isenberg (1992): synergy (FICI < 0.5), partial
synergy (FICI > 0.5 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism (FICI > 4.0).

[¥ 171 L. monocytogenes cocktaild] W3] F& MIC (AAAHFE)E H<Q
thyme thymol A ¢} oregano ZFE 23 ZAE FHFAAIYXA 2

MIC (uL/mL)

A9 A4 ; Outeomes
n
(Essential oils)  Alone o FIC*  FICD uteome
combination
Thyme thymol 0.0781 0.0098 0.125
0.375 Synergy
Oregano 0.0781 0.0195 0.25
Thyme thymol 0.0781 0.0195 0.25
0.375 Synergy
Oregano 0.0781 0.098 0.125

4 A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

b Fractional inhibiting concentration index (FICD): Sum of FICs of two essential oils.

¢ The FICI was interpreted as descrbed by Isenberg (1992): synergy (FICI < 0.5), partial
synergy (FICI > 0.5 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism (FICI > 4.0).
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Oregano ¢

0.1562 ul.l'rnl

0.0781 uliml & @
e

llllll Nt weEs e

0.1562 0.0781 0.0351 0.0195 0.0098 0.0049 0.0024 nuu12 —»Thyme thymol
ulim| ul/mi uliml  uliml ulimi uliml  uliml ulimil

[Z3 21] 71A checkerboard assayE ©]-&3} thyme thymol A2 oregano A-fr &%
2 glell 2§t L monocytogenes cocktail As|A A &<l A}

(W) AFA3vBE e FFAUAE BHole B 3F9 7|4 =% 34 23

A A4 @ AASFS £33t L. monocytogenesd 53 dr#E S Hol A & AH
%3t 3% F(cinnamon bark A9 oregano AF £, cinnamon bark A9 thyme
thymol A %3, oregano A9 thyme thymol A F3)E AWHstar, ZgolA AR
¥ 3 ¢ A= (cinnamon bark, thyme thymol®} oregano )& EF Zgste] 2ol uf
2 AU AEY oAFE st L. monocytogenes® Wkl cinnamon bark &,

oregano A%} thyme thymol A Z32 ANAIUAE HA 7ME 284 23 5%

= obelel wol vhEhgih

[¥ 18] L. monocytogenes cocktaile] 3] ¥ MICE H.<¢l cinnamon bar# -,
oregano 3¢ thyme thymol 34 233 2AHEY FJFAYA ¢
MIC (uL/mL)

A9 A4 o o .
Bssential oils)  Alone i Fic:  FICP  Oueome
combination
Cinnamon bark 0.0781 0.0024 0.031
Oregano 0.0781 0.0049 0.063 0.219 Synergy
Thyme thymol 0.0781 0.0098 0.125

* A fractional inhibiting concentration (FIC): MIC in combination/MIC alone.

b Fractional inhibiting concentration index (FICI): Sum of FICs of three essential oils.

¢ The FICI was interpreted as described by Isenberg (1992): synergy (FICI < 0.5),
partial synergy (FICI > 05 but < 1.0), indifference (FICI > 1 but < 4.0), antagonism
(FICI > 4.0).
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Cinnamon bark 0.0024 pL/mL
Oregano |

.
§

00195 0.0098 0.0049 0.0024 0.0012 Th th I
pl/ml  pl/ml pl/ml pl/ml plymil 7 TRAYME INYMO

[Z¥ 22] 7]Al checkerboard assay® ©|8&3t cinnamon bark 4, oregano A%
thyme thymol A =3 A2l ¥ L manacytogenes A3 AIHA &<l A3}

(3) A I+ A7 71A 9 A HFA EAsts AFAANB = AT I &<
(7 AQ I AR 71A9 ZA HFo EAse AFAAAAEN T FEH B}
i

W Xl A L. monocytogenes®ll -3+ 1S YElA HA it A 7]AEe] HAA A
W Rl EA8= L. monocytogenesell wietol dit#H S UEh=A Qe ] A
Aol A dojxl Aol A AUA &3E Uebd dA v AF VA 2ol AF Z¥d &
Adk= L. monocytogenesel Wato]l As|AIUA &S e =4 17

AA AE (Fe)oA Hd & AH 7] A(cinnamon bark A, thyme thymol A2}
oregano A 71ADe HA &4t AF 713 ZF(cinnamon bark A-f<F thyme thymol %+
(I:1) 71A %3, cinnamon bark g9t oregano A (1:2) 71A &3 oregano A-<F
thyme thymol A 71A(1:2, 2:1) 23S FEHZE Agste] Fdd& glstArt.

T4 100g & 570 strainse] 3 L. monocytogenes W% (ca. 7.0 log CFU/mL) 1Ll

2 9H] Fo ¥l L monocytogenesS 753l laminar flow biosafety hood

o
N

(22+2°C)oll Al 1A1ZF AZANZIY}. L. monocytogenes’t HEH <= bHgoll A &t AF
AE sEHR 30T, FUlFE 43% A4 A 24A17F Al st A & A/ 714
A

o

ot

ot A 714 28-S sEEE 30T, dulsE 43% S oA 2443 Agd F

i
5]
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of &A= L. monocytogenes®] NATE  oxford agarg ©]&3to] st L.
monocytogenes® NATF7F A

stal, Z& wEo M Fd AR VIAE Y AT wWep 23} A wWel L
= e

monocytogenes® NATE Hluste] HA 8 o A 7)A 3ol AFAIHA

W= Felstar.

o

(W) A & A 71AY AA 2AFd EAsts AFAAAEN A F+78 F7}
43
Z}7} o] cinnamon bark A, oregano B¢ thyme thymol A 71#AE F< Fwdo

0078 mL/L °o]¥¢] s5=2 @YU HFs<S w, L. monocytogenes®] NAF7F o)A o=

71l AT Ao AsYAIHYA S &2l3F cinnamon bark A9 thyme thymol “3-f
(1:1) 714 %3}, cinnamon bark -2} oregano -+ (1:2) 714 =33} oregano A -7+9+

[e)
o
thyme thymol g4+ 714 (1:2, 2:1) &5 F< FWl 0156 mL/Le &= ooz A

S W, = o EA8= L. monocytogenesd MAF7V fFoH o2 7FAsk T
F& 3o EAstE L. monocytogenesoll AAAUAE B HAA S AHF 7|A 23S

thyme thymol A$ oregano B-F= 1:2¢ 2:1 v &2 &3 %% o]t} Thyme thymol
A 7IA9F oregano AF7IAE 0.156 mL/L ©|4e] 52 AT = @d A Hu

Z3 Ael & ul, L. monocytogenes®] MAT7F FH o2 ¢ #A4ste AS FAsAh

[¥ 19] L. monocytogenesE %3 F ol cinnamon bark$} oregano 71A &< 4
S5 43%, 30°CoA  24A17F AHEI F, F& EWHY A= L
monocytogenes®] 7§ A4

Initial Populations + SD (log CFU/g)a
EO bop. Concentration of EO gas (mL/L)
combinations (log
CFU/g) 0 0.078 0.156 0.313 0.625

Cinnamon bark 6.5£0.2 A 50£0.1 a A 4601 b AB4.3+0.1bc A 41£0.1 ¢ A 29205 d
Oregano 6.5+0.2 A 50£0.1 a A 4701 b A 42%01 ¢ B 3702 d A 28+0.2 e
Cinnamon bark +

6.5%£0.2 A 50+£01 a A 47+0.1 ab B 44+02 b A 4.0+0.2 ¢ A 2903 d
oregano (1:2)

% Values in the same row that are not followed by the same lowercase letter are significantly different
(P < 0.05). Within the same pathogen, values in the same column that are not preceded by the same
uppercase letter are significantly different (P < 0.05).
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[ 20] L. monocytogenesES %3 F <ol cinnamon bark® thyme thymol 7|A %

d& FdHsE 43%, 30°ColA 24X AT F, F& WA EAs= L

monocytogenes® | A4

Initial Populations = SD (log CFU/g)?
EO DOD. .
e Concentration of EO gas (mL/L)
combinations (log
CEU/g) 0 0.078 0.156 0.313 0.625

Cinnamon bark 6.5£0.2 A 50+01 a A 46201 b A4.3+0.1bc A 4101 ¢ A 2905 d

Thyme thymol 6.5+0.2 A 5.0+0.1 a AB4.6+0.2b A4.3+0.2bc A 41+0.2 ¢ B 36+0.1 d

Cinnamon bark +
thyme thymol 6.5£0.2 A 50201 a B 48+0.1 a A 42+02 b A 41+0.1 b B 3.6+0.1 ¢
(1:2)

% Values in the same row that are not followed by the same lowercase letter are significantly different
(P < 0.05). Within the same pathogen, values in the same column that are not preceded by the same
uppercase letter are significantly different (P < 0.05).

[¥ 211 L. monocytogenesE 4£3 F <o thyme thymol® oregano 7] A Z&S A
HEE 43%, 30°ColA 24417t AHg F, F& FH EASE L
monocytogenes? 7 A

Initial Populations = SD (log CFU/g)?
].EO . LD Concentration of EO gas (mL/L)
combinations (log
CFU/g) 0 0.078 0.156 0.313 0.625

Thyme thymol 6.50.2 A 50+01 a A 45202 Db A4.3+0.2bc A 4102 ¢ A 36£01d

oregano 6.5£0.2 A 50+01 a A 47+01 b AB4.2+0.1c B 3.7+0.2 d B 2.8+0.2 e

Thyme thymol +
6.5£0.2 A 50%0.1 a A 50+0.2 a BC3.7£0.3b D 25+04 ¢ C 15104 d
oregano (2:1)

Thyme thymol +
6.5£0.2 A 50+0.1 a A 50+04 a C3.5%0.4b C 3.0£02 b C 1.7£0.3 ¢
oregano (1:2)

% Values in the same row that are not followed by the same lowercase letter are significantly different
(P < 0.05). Within the same pathogen, values in the same column that are not preceded by the same
uppercase letter are significantly different (P < 0.05).

2. A9 £ A8 AHY G4 L 43

kst a9rh 9% AAd Fd AwE AAS] skl V€ £ AT E AR eR A
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A7t AgRQon HPEA Ane] W B Q7 AAe] FUI B8 TAS AT 0
£ PUS 448 WP

R4

71 w3 A FAF A3 conjugated diene assay, aldehyde/carboxylic acid assay,

MA/GC assay$t 22 vt &4tst ddolA thyme oil 718 Aol wlsl, &4kt =4

2 43 A a-tocopherolol] 3l A2¥E HY
A il thymol& ¢ monoterpene phenol®4] 73k 34k3tel S H &

T3k thyme oil®] 4
g Ao o] AlgHo ¢t} 1 o &) zein based filmo] thymolS

7bete] WEE s Fold =F (M. Mastromatteo et al, Innovative Food Science and
Emerging Technologies, 10, (2009), 222-227)3} 213 X%-8 0% polypropylene filmoll

carvacrol¥} thymols #7}38F =& (Marina Ramos et al., Journal of Food Engineering, 109,

s
=

(2012), 513-519)¢ Zx 3 4

W 200 ug/mL 7 20 pg/mL
(I-TOCOphEr()' —
Aloe vera %]
poise seco IS Anise star
RRERN - i s i L L s | Basil
Chamomile |GG Bergamot [*
Cinnamon leaf IR Bitter orange
IORCRNUONAN i i i e J i i e i Cinnamon leaf /"
Eucalyptus NI Clove leaf
. SR Eucalyptus
Lemon
a-Tocopherol _
0 10 20 k1] 40 50 60 70 ROSEmary
Sage
Antioxidant Effect (%)
| Thyme ‘— |
Figure 1. Results for the essential ils exhibiting appreciable effects at 200 0 20 40 60 80
ug/mL after 24 h in the conjugated diene assay. Antioxidant Effect (%)

Figure 3. Antioxidant effects exhibited by essential cils at concentrations
of 20 and 200 xg/mL in the aldehyde/carboxylic acid assay.

Alfreda Wei et al., J. Agric. Food Chem. 58, (2010), 7218-7225

[ 23] b3t 523 ddo] 3 A7 A A7 234

%7 FREE BHOR FEe0 TR

=i
o

Thyme A-F+ thymus vulgaris®] &
< thymol, p—cymene, y-terpinene 5 o= FAE ATt 2 FHAoA HAFo| AMEH thyme
A+ thymolo]l 40% 7} B3 AlFo|th. Thyme AFE= I4r3t a3t opuyeg} 3ot

3 UsESE Basta dh
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' #
"* r g A

: __'h.m 2 - Y
[Z9 25] 3=y

(]

o dd 9 A a9 A% Ao 59 B
(D EFAHELES B¢ A4 79 3% 249 4% Ao 59 ¥}
b EFAHEAYS B¢ D FU A% LY A3 Ao 59 ¥ P

Ao A7) el FAwgde] w2 AF BHS 100%, 10%, 2%, 04% © wxdZ 72t7 W

& 100%, 10%, 2%, 0.4% 4714 =2 vro] 2b2b ARgstelt.

sk mhgl o] sfFo] £l 500ml polyethylene ®ol 2] vial 10701E A Akl #2 viale

SIS 5 g5 A HE 549 kS flste] U7 He SEHoE AYd ¥
AL AAsEAT. oAM= 1F AE TheAd e A7l ek Zb vialdl= dlF

A dn 3gS AAsA 2™ polyethylene Wo F74 b Fide ¥s =4 2%E 7%

ZE Aol HE FFsAth 120413F § AMEets a5 5 fAS] AHEES YERUIHL
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(W) EZAR49e 5 A9 49 A% B2 A% A 59 97} 2%

2% FEE Agste] 120417 Bt FEAEY

ZArd go] #&FZE It Oniond AF EdoAE

o

Garlic®] A9 A% garlice] dF &2
A, oF 55% o4 E
oF 40%°] FTAIEHOZA garlic AF 4 vgoz2 Hod 35 HYT Garlic

o

X

o
_llN'
rsi

onione] A =22 o]l organo, sage, orange, pine, mint, tea tree, clove, rosemary<
SAY A AbEE S HolA] gt ol g9t HluEE B=stAY e FEo A
garlic?} onionS #|¢)3 2 AH EHEL 2% Ay wZoA AlgEdHo] (vt ALs )

pA

s
=

Garlic#} onion AfolAl syt F35o s 2h2h 55%, 40%<2] o]de] =& &35 A
g5 HAomw 1 99 A freo F7F dxza 3 vz AL 12042 o)W

o AbEo] dojupx] ol £ AbEe] gl Hlow AmET,

i
s
S
-
123
ot

(2) 719 Hl2EE T A A B/ =29 35 A o8 H7L
7hH 719 H2EE T8 D +d BF 29 AT Ao 54 F7F ¥y

el we Ak BA 547 BT/ A T FEAE o g3tel Y

i fEel 1ME fEse B24e dAsd FEEA00%, 10%, 2%, 04%) A
i

st = 7)1y g AF WHoEA Zo] 37cm E A& 5emd
o £ i g %2 Hd fE AdUE ol&stden wil HRE JPYoRE A B, C
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[¥ 23] Clove bud oil®] T+4 A&

Retention
Peak . Name Total %
time

1 17.028 Methyl salicylate 0.283
2 20.352 a-Cubebene 0.067
3 20.417 Chavicol 0.21
4 20.995 3a,7-Methano—3aH-cyclopentacyclooctene 0.032
5 21.181 Copaene 0.527
6 22.038 Eugenol 60.997
7 22.244 2-Methylene—4,8,8-trimethyl-4-vinyl- 0.195
8 22.609 1,3,4-Eugenol methyl ether 0.228
9 22.725 B-Caryophyllene 17.899
10 23.618 a-Humulene 3.07
11 23.779 §-Cadinene 0.105
12 23.86 y-Cadinene 0.054
13 23.995 N,N-Dimethyldodecylamine 0.158
14 24.203 Vanillin 0.046
15 24.385 a-Guaiene 0.158
16 24.543 a-Selinene 0.099
17 24.926 Naphthalene, 1,2,3,5,6,8a—hexahydro—4,7-dimethyl-1-(1-methylethyl)- 0.38
18 25.101 1-Isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene 0.041
19 25.257 (-)-Calamenene 0.234
20 26.262 Eugenol acetate 11.73
21 27.749 Caryophyllene  oxide 0.851
22 38.568 Docosane 0.044
97.408

% 449 "4 &
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o2 F7HEEEHE At wEH S A AoR2 o 4% clove bud oil, eugenol, B
—caryophyllene, eugenol acetateE o}A|Eol 2% 3] ste] e Ho|uo] EF3le] A4S <t
ol AAIA Al whEy 2 el 1A% s 5 FJAS] 719 a3E YEATh
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wa2y 32 % 200+2) ke

(2) A€ A Fd BT B BF3E 94U =29 &< 29
(7h A 73 95 A7 ¢4 E24E ¥3H Fd

GC/MSE &3l 13 clove bud oil® @Y 48 AE&E59 555 EdE 7 B2 H&
2} A 3= eugenol (60.997%), B-Caryophyllene (17.899%), eugenol acetate (11.73%)¢] 3}
g ol dE 7vEs 242 gelstslh

Clove bud oildl A= 71Ee] A3pe}l w7 &= 2443k 3} 48A13Fe] A 3stdS o FFol
AT B CHYel o o] 93 Aoz Hol clove bud ol =2 7]¥8 & Ad Ao

o

2 A5 9t Eugenol &4 9 45, 24X 7k 48417kl A HstA S W fFo] A7 Bt C
T  @o] Ak Ao R Ho} clove bud oile] @Y A AF<Q eugenolS 713 H S

A Ao R Fgelun B-Caryophylleneo A & 244 7ko] A&t S wf FZFo] AT C+
AETt fFFo] o Bhow, 48 7te] AHeS Wl A7gH CH el H=d FEeE
=9 F7F #EE ] clove bud oil®] @Y 4 A<l B-Caryophyllene 713 &7} §l=
Ao R A gHET vpx 9o 2 Eugenol acetateol] A= 2447k} 484 1 7ko] A ¥ald S W &
o] ATY HT} CTYd ] ®o] ¢gXd HOo= Hol clove bud oile] @Y FA ARl
eugenol acetatex 719 HE& A Ao=Z FAF AT

AEAHORZ dlZzame Algt A (24417 T 48A17h el whet shEk e U f-F9] FrF C Y
Htp A79o 2 o Bol 7|9 go] gl Ao® Atz ¥tk Clove bud oile] 74 A&

3
G fEe g v9Ee 2 Ao Hg

K

A eugenol¥} eugenol actetate?t 3}
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1L Clove bud oil & F+ WHA=

of gee stk

21 B-Caryophyllene thzw3 o] 7|99

Ctel
ELA—=)

=2YE7|Og A32|'d Dayl thY SEY 7|oH A 32| d Day2

18 18

16 16
14 18
12 12
10 ]’ 10
: . B
- n ‘N 1
I 2 1
] i 0

Control Clove bud od Eugenod ELgenc acetate P-Caryophyllens

Pt 0o

oot

Control Clove bud oil Eugenol Eugenol acetate B-Caryophyllens

ATE ECES AFS mCES

[238 30] Clove bud oil®] ©d FAAREES 7|99

(W) Hd +d B35 A7 £F= 244 0 B35 g

Clove bud oil®] 4 A& T4 eugenold} eugenol acetate ©]2lol 3tat=ubul /3o
g = 0E 7y 8 Edo] EAGEAE PHACE gl E At ek 919 A3
TUSHA 7|9 EHAE EFRS o83 FUIY 5 H5ES A ST eugenol eugenol
acetateS 72.727% T3 EFES 2% FTEZ 345t VYHAES HAAES

Eugenol?} eugenol acetate©] 72.727% ¥t SFEolAl 2417} 48A17Fo] 7 38kl &
u 5ol ATY HUY CHYe ¢ wWol ¢33k Ao g Hol eugenold eugenol acetate©]

727727% I Ed=2 VIV EE Ad Aem EIHAY. d2aS Akl AEH(244) 3
T A8AZD A = AT, CH el 9] o] W)

1
&
I FAFSE AES Ko clove bud oile] 7 AEE FTAA 71YE Fiste ©9Y EEL

eugenol?} eugenol acetate® A& H U},
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7|mE & A32|d Dayl , 7|m| =& A 42| 'd Day2
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18 18
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Coritrol Cloye bud of Eugenok-Eugenolacetate Control Clove bud ol Eugenoh+Eugencl acetate
AT mciY AT mct

[ I -]

[Z2¥ 31] Eugenol3} eugenol acetate &3E2] 7|99

7 A £ A4 249 AL AZe WAL 9T B7h By

! Z o] AH&H = halloysite®] AE AEC WA= GFS TAst] UE

27 AEA A e kS PP Ao R doltr At ST
MTT (3-(45- dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)E o]-&3le] 7+H A o
AE AFEFE Felstg o ntgro] Ao F71 =7 A E(mesenchymal stemcell) 91
C3H10T1/2 AxX E wpgxo] AdFAEQ] 3T3-L1 A2, Al 7HdA 220 HepG2E

Eotshe vdd sE A Aol mA= FFS Hrskoh
96-well platedl X AIXE seedingdt § AFEZLS T2 Aol 24, 48, 724 1A 9
E

ob 27} w3t ¥ wjx|= A Atz DMSO

kel

kel
o

;

Z}2} 5 mg/mL MTTA kS H7bek § 44 3F

of olA 540 nmel A FREE SAs: BEe Assdr

[18 32] MTT assay
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(1) 3T3-L1 Alx2 A& mA= FFo 3 4323

Garlice] Af =49 ZAoME AF E2S 000002 ~ 0.02% == 3T3-Llol| 2447t
o APl A 0.002% 7R = oF 80% oo MEES Helth

Onion?] AF EZA= 000002 ~ 0.02% s=2 3T3-Llol 24A13F F¢t Hzg Ay
0.002% 7FA= oF 110 ~ 80% Axe AEEZ Koy Oreganod AF &2 HrlolHE=
0.00002 ~ 0.02% == 3T3-L1el Aglg 2z} 0.00002%FE 0.002% 7FA F 91 ~ 94% o]
e =2 AEEE B

Sage®] AH =42 000002 ~ 0.02% F==2 3T3-Llol Agd A3 24Xz Aol Ae=
T 7ad AEES Holu 48A17F AHEdel s BE FRoA Ax AEEo] thh o}

761 o2}

Pine?] A+ 4o W3 Axtoll A= 0.00002 ~ 0.02% FEZ 3T3-Llol A3 A3} 244]
Zh, A8A1ZF AT BE FEOA 90 T 116% % AE AESO] d3Fo] gl Aow e
= o] elsith.

Mint A &A= 0.00002 ~ 0.02% =& 3T3-L1o] sk A7 2447k 4847+ A
o] BE FRoA AE AEE Tl e AoR YERETh T2A1F AFdA®

k)
r o
o
o2

0.02%0l 4 °oF 71% BE=7HA FaA7Iv = &40 Aol lddtt

Tea tree?] A+ =2 ZIAdAE Tea treed AHF =S 0.00002 ~ 0.02% %=
3T3-Llcl Aelgh A3 24A1%F, 48413 A BE soA Ax A& FaFo] gle
Ao = ek

Cloved] A+ &4 A A= 0.00002 ~ 0.02% &X== 3T3-L1e| A 2lst A} 24471 48
A Aol BE FRoA AE AEEo & Gl gl HAoE YER

Rosemary®] A =2 H7F ZAyolA= 000002 ~ 0.02% == 3T3-Llo| Azt Az
4R 2F, ABAIZE Aol BE ROl AE AEE & o] e HOE UEY

v e 242 Xy = Halloysite =29 Ao gk JS AHEW 000002 ~
0.02% ¥%== 3T3-L1ol 24A|%F, 48A1%F, 72413 &b A2 gk A3 0.00002% 8 0.002%7F
A ME AEY BAo s FoAd A3dS HolA &kt 48A17F 0.02% A Bl wol A =

A

‘rr‘

Addor Aol AR FEoH RE METEL A DL EMHepG2 HE)YEA 7

o FF= MAA LU
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(2) HepG2 A X9 A& m A& G t 4927

Garlic A+ =4 H7F Aol A = 0.00002 ~ 0.02% FE= Az HAIERQ] HepG2 Al 3o
24X ZE, AN Y, T2A ZE Ek AR Ak B AP el A Al
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Onion A &A= 0.00002 ~ 0.02% == <A+ FHFAEZQ] HepG2 AlEoll 244 7F
ABAIZY, 2417 w9 Aelg A BE Aol AlE AEo vk EAQ] HAE HO
A Fgom Ax A JEFS vAA Fe Aow AdE
Oregano A =4l = 0.00002 ~ 0.02% == AZF FFAIEQ]
48AIZE, T2AIZE E}F ARt Ay BE Aol A AEe] sk oEHQ HaE Ko
Al ol AlE FolA AE Ao FFS MAA Fe Aoz dEuH.

Sage?] A &4 AT E 0.00002 ~ 0.02% TE=Z Q17F 7HbAE 2 HepG2 Al 3E0] 24
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ko)

D
O
=
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ARY, 48R, TN B ANF A3k RE AYTAN AZ AT 5% A FaE

HolA| ¢ol A s AXE AT dFS mAA = Aow A
Orange A+ &4 A& AHE™ 000002 ~ 0.02% == Q1ZF A EQ] HepG2 A3

of 24213, 48A1ZF, 72413t Fet AP d Ay mE AL AE A dFS vAA

Tea tree B &A= 0.00002 ~ 0.02% == QIZF IFFAIESQ]D HepG2 Al Eel 2441,
ABAIZY, 2413 E< Ad Ay B Aol AlE AEY TR EA WIE f

Clove A+ &2 Z¥oA = 0.00002 ~ 0.02% == AZF FFAEQJ HepG2 A 3ol 244
ZF, A8A1 7, T2A17F ot At Ay RE Kol A ME AES WA A k).

Rosemary A Z2 ZA3to] A= 0.00002 ~ 0.02% FE® A7 7FFAIE2] HepG2 Al E o
24X 7 A8A 7Y, T2A1ZF Bt A g e A3 BE Ao AE AES WHEAIT A et

[e)
;g FE

o
el

Y3t

rr

e =4<Q halloysite B7F 235 A REW 000002 ~ 0.02% sE= <
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(3) C3H10T1/2 A9 A& vA= FF Bt

Garlic 4 2 Z23%E 24 0.00002 ~ 0.02% sE2 =7|MEQ0 C3HIOT1/2 Azl A

# A3 BN 2% B AE ol AE AFd FE EH 3 A

[
o
o

H

32

Aol 4= 0.00002 ~ 0.02% FEE =7]AEQ C3HIOT1/2 Al 24413 &
%

Fe Holx Funt

Oregano A =2 ZAIo|A = 0.00002 ~ 0.02% wE==2 =7|AESQ C3HI0TL/2 AlEe] A
o An AwEAE BE EA da 43S nolx Wk

0.00002 ~ 0.02% §== Z7]AE20 C3HI0T1/2 AE] 2447 &
b AR dn Al Aoy Ao WEE HelA .
Orange A+ =24 2% 000002 ~ 0.02% =2 E7]AES C3HIOT1/2 Az =23
At Aol e AL Aol Fg¢ Waks Holx &t
EA Al A= 000002 T 0.02% s V]2 C3HIOTL/2 Al A ele

A AEY BAdol T oEAHQl AEFS Holx eFgith

Tea tree A =2 A4 = 0.00002 ~ 0.02% F=2 7|43 C3HI0T1/2 A3zl A
25t ls W, 2427l M= ofghe] AlE AE F7HF BEHAT shANE, 48413k T2A1E
Aol M= Al Aoy 540w =X FFE HolA &kt

Clove A+ &A1+ 0.00002 ~ 0.02% vE= =7|A32<Q C3HI0T1/2 A= A st <
Al Aoyt 540l T &2 B HolA &t

Rosemary 8-+ =&lA+= 0.00002 ~ 0.02% == =7]AEQ C3HIOT1/2 M3Eol] 24 ~
T2AIZE EF AEstAs W AlE ATl FA el WstE BolA] skrh

Halloysites 0.00002 ~ 0.02% ¥%=% Z7]A32<2 C3HIOT1/2 Mol 24 A[ZF, 48A%F, 724
oEeE A Ay BE AN AE ALl sk oAl HAE HolA Fol AT

H wEollM Al Aol dFS vAA fe Ao AdEn
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1. 3%+ X3 HNTs #e9 A=z 93 2 ¥3& 4 A7

4 B

A4 A HNTs A& Az 9y 2 =

7}
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AFE-3te], thyme

KeX
=

¥} 1}, Ethanol
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}ol, 30&7F HNTs W9

S

=
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t}. =2 loading efficiency
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file)

HNTs9] 99 -S ethanol

To-

22 EAEE YEh At

Halloysite nanotube

Thyme essential mil

[29 33] HNTs Wol thyme oil®] £F 3}A 2=

p—

o}
o

(2) HNTs W ¢

7h) BF7F =€ HNTsY =3 28 97}
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O A7 X9 HNTs9 =3 28371 Wy

HNTsol X3 ¥ thyme AF2 #EHS &2slr] 9t GC/FIDE ©] &3t thyme 4
899 Fxd ¥ 88 AMsd A9E =& o oY A& o] 833
Encapsulation Efficiency (EE)

EAHE Thyme -2 &
FE= BN Thymeﬂo«]o

X 100%

@ A4/ A9 ONTse 23 5¢ 937 2%

HNTsol 23 ZHPS 49, loading efficiency+= A %3t thyme A9 TZo uet zh2zt
10.95%, 12.63%, 9.73% = =43 th 1g9 HNTs T XH%E thyme A
65.6mg/g, 126.3mg/g, 136.3mg/g .2 =A = t}.

Ho
1o
oS
rlo
N
N

18 180

16 -

14

2

101

mgTO/ g HNTs

Loading Efficiency
(o)

20% 30% 40% 20% 30% 40%

[13 34] 1g9] HNTsol =34 thyme oil®] =& & ZHF

(4) B57F 49 HNTs9 Zeta-potential 37}t
D BE7 TR Y HNTs9 Zeta-potential 37} ¥

Zeta-sizers o|-&3ste] Axd AEo THAS} ¥ sizeE A7 Y5t S 22 W
Mog AFS WPt Thyme BHS £33 HNTso HWH HeE =AHslo] vlu &

A9
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@ AR7F £ HNTs9 zeta-potential H7} 23

=

HNTs® ¢3¢ #¥ Hddte= - 147mVelH, thyme A#E X3 o]Fo%= -139mV=E

i

npzZ Aalo| = AA JEFES FA Fom xFHE AS & 5 U T3 V)= E 2
o] 4% HNTs9 length?l 1= ¥F AF 25 FAFSE gho] A FH A}

[¥ 24] Thyme oil £3 5 & HNTs9 zeta-potential (ZP)3} = 7] H] L

ZP(mV) Size(nm)
Raw HNTs -14.7 958.8
HNTSs loading -139 1067.2

(th) BAH7F 39 HNTs9 FTIR H7}
D AE7F TFE HNTs9 FTIR H7F %4

Thyme A< HNTs, A

1=
MBS 53, thyme A+2 24 o5& ATy

Ho
b
N,
an
Z,
.%
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o
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s
N
i
s
Z,
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[42]
1o,
©
[
Lo

@ A%7t 39 HNTs9 FT-IR %7 A%

HNTs loading TO

J

HNTs

Transmittance (a.u.)

W

4000.58 371227 342301 313374 284447 25552 226593 197667 16874 139813 1108.86 819.593 530.325

Wavenumbers (cm1)

[29 35] Thyme B EH {5 @& HNTsY FT-IR spectra Bl
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() AH7F £3 " HNTs9 AHF 5= 443 a3 HU)
O ARF7F €9 HNTs9 A/ w29 F4ikst a3 Hr7F

A= e HNTs #® AF 23 HNTs #H&ES 3719 Ha o] Axd HES ethanol
of T3t HE2 o2& DPPH radical scavenger activity® 23 a4t3l a2 AS389)
t}. DPPH radical scavenger activityE Z743}7] ¢35t ozl A& A&

E5e=g

Radical-scavenging activity(%) = (] —Absﬂ) % 100
AbSEDI'I.ErDI

@ A#7F R 9 HNTs9 B+ s=d 43 a3 3F71 25

A7l AgdE HAE Ax WHoR AxdE AHF E
DPPH assay ¢ Reducing power assayS =74 3}%th. DPPH assay H7}S %3F¢] HNTs9

E ¥ thyme oil®] free radical 24 &S =43 23, 95 AH 2 HNTso A= d4akst &

ol

= HolAx LU ANE thyme oilS ¥ 33 HNTsolA = Alge F=7 F7lsE 3kt

w317k Zohehgon ol obel ol eIl
80
— | —@— Pristine HNTs
Fal —0— TOMMNT capsules
£ 60 -
=z
]
o
E
g 40 4
£
m
a
=
2 20 4
.
x
&

0 10 20 30 40 50
Concentration (mg/mL)

[28 36] HNTs%} thyme oil 3 HNTs F <2 =2 free radical &A%

Reducing power assay #7}oll4+= DPPH assay H7} 23} §AFSE 72 3Fo]

r
b
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32
rir
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A& Ao HNTsolA &= 343t &32 Holx fgkA| v thyme AH+ES R3S HNTs #H
L
T

solX= AR F&7
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N
X
ot

25

~@— Pristine HNTs
20 4 ~—O— TO/MNT capsules

k

1.5 4

1.0 4
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0.5 4
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0 10 20 30 40 50
Concentration (mg/mL)

[1¥ 37] HNTs®} thyme A# X3 HNTs #=9 5 reducing power ability

Y. A% £F HNTs HEdA9 AF 2JE A A+
(1) B4 ¥ HNTs #AEoAe R & A AF Y
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A S 3= Adol PayHEYTE HNTsE 50mol/Le] NaOH &0 2& % High speed
homogenizers ©]-&3te], 8000rpmelA & Az &<k E3sta AAE7IE o] &3t
NaOH #2]¥ HNTsE +# 83t NaOH A2le HNTsE S#F5E o8t Axd F,
AR 7IE ol &dte] tA] BeA7I=dH o] HAS 33 whEs HFHom Ed
HNTsE ZEAIA ARE A9 Alxz¥® Als5 TEM (Transmission Electron
Microscopy)< ©|-&3ted UF FxE #3932 BET (Brunauer - Emmett - Teller)
methodE ©]-§3t] NaOH A 2]€ HNTso WjF A% @ 194 F7HE Sdskdnt. w3

Bfol X3 B& 9 payloadsE 4] Afel A4 L& MAE L B4R

(2) B+ £3 HNTs fA€cM9 A# £3& ¢ 47 23




T8 HNTs¢ x2 HNTsE TEMO = E23 Zy NaOH *#lol ¢|sjr HNTse 49

FAZE SFolAl . Ul F- Fu7F FUhek AS g1 th Image] softwareE ©]-83}¢] images

2Ag A3, W7ol o5 15nmelA o 15~ Bime 7S BA 5 A9

T =

[Z9 38] Raw HNTs (a)9} NaOH *2]® HNTs (b)e] TEM ARz

BETZE o] &3} nitrogen adsorption—desorption %41 Z ¥ NaOH A& = 2siA W& A3
o] 0.17cm%/gell A 0.22cmY/go 2 F7bslelal, W4 Ea 311m%YgolA 628mY/ge= 7}
3tk FAg HNTs9F NaOH #g8]¥ HNTs9 adsorption—-desorption w41 A=
International Union of Pure and Applied Chemistry?] #/Fol wW=W type Vel 3lld3hH,
o] &= mesoporous?d TE2E ou|dtt FE Y] NaOH A& &Fvs& 837 93

A F9 3R Bayer processgl E2lH, 1 A& g3 o)

AlO32S10:2H,0(s)+ 2NaOH(aq)+5H,0 — 2A1(0H), (aq) + 2Si(OH)4(aq)+2Na’(aq)

Vol om™ g}
2

=L} a2 oa ik ] L} 3 g

Felative Pressne [PUF)

[Z¥ 39] Raw HNTs$} NaOH * &% HNTs9| nitrogen adsorptiontesorption isotherms
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Has A 27, 494 Fx9 thyme GF &0l FAX2 HNTs® NaOH e ¥
HNTsE o]&3te] AfF 2H HNTs HA&E& AxIPS ], xHIE(EE)T 14.46%° A]
2051%2 Z7Vek9L 3L, Payload (PL)E 1262%14 1497%% Z7hat9ch. =49 449
S =A3 Aytolx 7] HNTs 1lgd EH]HA thyme A9 %o] oF 178mgoll A 248mgo =
°F 40% 7t F7he A gRlsa

L=,

20 25

[ Payloads
I Encapsulation efficiency b

i

F 20
15 4

10 4

FPayloads (%)
Encapsulation efficiency (%)

Non4reated HNTs NaOH-treated HNTs

[13 40] Raw HNTs®} NaOH A2 HNTsE ©]&% thyme A+ X3 Al, Payloadst

Encapsulation efficiency

(3) HNTs A g o2 Ff TP HNTs fEdAMe BE A% 4
(7}) HNTs Ao @& Ff A HNTs P€dHe & A% 24 Oy

HNTs A& 5o & Z7 £F HNTs H<9 A% =148 thyme 79 W= A<
BASA A A 2108 &% 4T, 25C 283 5% 45%, 83%lA Fa =AUt Az 7
%5 300mg A o] 2]%8 polypropylene €719 ©ar z+z+e] polypropylene& 7] S A %
L o] "o incubatorol] X3 S (HFEo AF, LIFLNS A Z3Fe] polypropylene &
7)o dola o] By As| W APER ARE AU Holde AFo IS SAHINIE




GC/FIDE o] g&3lo], 2% 25T, AUlFE 45%, 83%ol wyd zhzte] M&Ew el A
WE A%S BA3 Ay F38 HNTs® NaOH A g3 HNTs F A& EFolA 15Y o
Aol W& g3 E BAY FHF WEHEFS HNTsE A3 H$-d+= HNTs 1g 3 168mg?]
A7 BEEAD, AH oz T HFo] B NaOH A2 HNTsZE AF&3 7 -9l HNTs
lg F 210mg9] thyme A7}
To] goll= FoA ztol7t At

A % 4T 25Tl Bad 47 feziy Ad 4E AsS 243 43, 4T A

i
i)
32
v}
e

e thyme G FEAsA i A =

2194, HNTsol A= 1g & 50.6mg, NaOH 2 HNTsolA+= 1g 9 73.1mg9 A-F7}

200 | —®— Non-treated thyme oil-loaded HNT capsule at RH 45% —s— MNon-treated thyme oil-loaded HNT capsule at 25 'C_
—o— NaOH-treated thyme oil-loaded HNT capsule at RH 45% —o— NaOH-treated thyme oil-loaded HNT capsule at 25 C
—s— Non-treated thyme oil-loaded HNT capsule at RH 83% 250 || —¥— Mon-treated thyme oil-loaded HNT capsule at 4 T
—a— NaOH-treated thyme oil-loaded HNT capsule at RH 83% —&— MNaOH-treated thyme oil-loaded HNT capsule at 4 ©

200 A

150 4

100 4

Released thyme ail (mg thyme ailig HNT)
Released thyme oil (mg thyme ollfg HNT)

50 -

0 5 10 15 20
Time (day)

! 5] & raw HNTs$ NaOH A2 HNTsE FE 9 thyme 3
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7b. HNTs W AH X3 2 3948 49
(1) HNTs W thyme oil £3

Vacuum pulling®¥& #8€3o] HNTsol thyme AHES EHst= HHo TAHAS H

A9 ARG, £H PEe obde) Aol weba A AH

3 ZAFo HNTs 10g 2 thyme A 20mle H7Iste] £dES A Fxd TIdES
25T 7E o] &3] 3083 BAAZL o] % EFES AFHEZE o] &3t HFdH
0% 2 guk F)FA 308K 2x1d wrEstn AxE ZAPES 2087 9ARE og
ato] AAEZ F HNTsE 2241713 HNTs9 9]3Z ethanolZ 33] FAlste] IF &

(2) 67 TH]E HNTsY & 24 = A=z

Thyme %7} £5¥ HNTsE ol&sto] & Edtel @& Axste] AFo BEEHS =
datr] flgk A7 AT & 2 I Az AP ofy
Thyme Af7F X8 E HNTsE THITl 3ste] awkA] A
sodium alginate ((-)d3})S HNTs thH] ok 5% #H7}sle] 587F W3S A7) 11 SH/F] &
3 ¥ 2% calcium chloride((+)d38h)& HNTs thH] ¢F 5% FH7bsto] 523t vb-&-& AlATTH
W8 ¥ HNTsE ethanols ©ol&3dte] 3H A A st w49 HNTse I L85
AFEEFA] 40Tl A 12417 & AZRAA AlRE A X3 TH

(3) A&7 ¥8¥ HNTse #9 =¥ (Layer-by-Layer, LbL)
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[19 61] TPU Z WA WA HNTs FFe B¢ 4 vlw
(a: HNT &4 b : 20w% HNTs , ¢ @ 30w% HNTSs)

H

@® Sodium alginate
@ Calcium chloride
Capping of HNTs ends

)
® 0% ® S —rgssentialoil
HNTs in solution with thyme oil

= Poly(ethyleneimine)
Surface treatment of HNTs

/

Application of printing for packaging materials
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Mixture of HNTs containing essential oil and ink
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[ 26] 42 2 Fo|XFA] € HNTs HAe A8 FTolXZA ®Wol| E. coli KCTC
2617 8 A H(ca. 5log(CFU/ml)) HF 24Xt ¥ TSANeA <9 A5
Populations (log CFU/cm?)

T Rep. Time after production of packaging material (day)
0 3 6 10 15 20 25
1 5.0 5.1 5.0 5.0 5.6 54 5.1
2 5.0 5.0 5.1 5.1 55 5.2 5.1
Control 3 5.0 51 5.0 5.0 5.7 5.1 51
TSAN Average 5.0 5.1 5.0 5.0 5.6 5.2 5.1
S.D. 0.0 0.1 0.1 0.1 0.1 0.2 0
1 0.0 0.0 15 2.4 4.6 5.3 5.2
2 0.0 0.0 1.3 2.3 45 5.3 5.2
Test 3 0.0 0.0 15 2.4 4.4 5.2 51
Average 0.0 0.0 1.4 2.4 4.5 5.3 5.2
S.D. 0.0 0.0 0.1 0.1 0.1 0.1 0.1

[ 27] 42 BF Fo|XFA 2 HNTs € A& FToXZA EWH| E. coli KCTC
2617 81 A ¥ (ca. 5log(CFU/ml)) HF 24Xt ¥ SMAAIA Y /AAS
Populations (log CFU/cm?)

T Rep. Time after production of HNTs material (day)
0 3 6 10 15 20 25
1 5.3 5.3 5.3 5.3 5.3 54 5.2
2 5.3 5.3 5.3 5.1 5.2 5.2 5.2
Control 3 5.3 5.3 5.3 5.3 5.2 5.3 5.2
SMA Average 5.3 5.3 5.3 5.2 5.2 5.3 5.2
S.D. 0.0 0.0 0.0 0.1 0.1 0.1 0.0
1 0.0 0.0 1.7 25 4.4 5.3 51
2 0.0 0.0 1.8 2.4 4.5 5.2 5.2
Test 3 0.0 0.0 1.5 2.4 4.1 5.2 5.2
Average 0.0 0.0 1.7 2.4 4.3 5.2 5.2
S.D. 0.0 0.0 0.2 0.1 0.2 0.1 0.1
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[ 28] 42 2 FTo|XFA € HNTs HAe A8 FTolXZA ®Wol| E. coli KCTC
2617 3 A H(ca. blog(CFU/ml)) HF 24Xt & SMANe| A9 A
Populations (log CFU/cm?)

T Rep. Time after production of HNTs material (day)
0 3 6 10 15 20 25
1 5.0 5.0 5.0 5.0 5.6 5.3 51
2 5.0 5.0 5.0 5.0 5.3 52 51
Control 3 5.0 5.0 5.0 5.0 55 5.3 51
SMAN Average 5.0 5.0 5.0 5.0 5.5 5.3 5.1
S.D. 0.0 0.0 0.0 0.0 0.2 0.1 0.0
1 0.0 0.0 1.6 2.2 4.7 55 51
2 0.0 0.0 1.7 24 4.8 54 51
Test 3 0.0 0.0 1.5 2.3 4.7 54 51
Average 0.0 0.0 1.6 2.3 47 54 5.1
S.D. 0.0 0.0 0.1 0.1 0.1 0.1 0.0

@ AT XX HNTs s A& AF TZAAY a 20 0 & JF 54 2%

WeEvwEd JFH E coli OI57H| W3t A+ £ HNTs He & Ast 2+ &
ol A3} 4T A=A += control 2log(cycle)?] A #3f 3= HQl Wb A3 o A
= dlog(eycle)®] A7zt 32 BT 25T A Lo E tx249 FF 7] HEZ

g oA S7Fete AES Hol vhH) 100mge] AeES 483 4-$ 35loglcycle), 200mg 2]
MES A3 A 45loglcycle)e A7+3 E37 &% Qo).

(a) (b)
=] i Cosrtral
L 4“(: = N0 iy iy oi-loaded HNT capsule 81 259{: =0= 100 my Brymae ofloaded MT dapmule
. 200 ey iy il bl HMT et

—p— 200 g By ol-oaded HMT capiule
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Tiere | chiy} Tiemas |clay)

[19 70] Thyme A X3 HNTs H&€9 AR =0 W& FFaH
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2) AUAE 7t A FF A% 1A 22 T HNTs 45 A8 AF LFA
372 F7}
Gh AE A F7E Brh wy

AR E BAd Hd AR 714 23ES HNTsoll Zxste] xAdAjo] A83sta Alxd
IR A=Y B EQ L. monocytogenese W3+ St AS ElEF ).
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[¥ 29] =344 3 Jd 337 B+ 22 L. monocytogenes cocktail NAF &<l

XA 5=
A4 I+ FH/ 2

Control populations
(log CFU/cm?)

Populations
(log CFU/cm?)

Cinnamon bark + oregano

Cinnamon bark + thyme

Thyme thymol + oregano (2:1)
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[18 71] Thyme B E£3 HNTs #< A& FTo|ZAAY free radical £2A%
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4. A7 X HNTs A<= HE&d AF TZA @584
7v. B A 37 By

=

b

A7t £HE 719 HNTss AE&3 Ja= e Fo] 2447

A}

/;1]
qupzh Ao w HF Ao] mi olul-olHE WANIEA Lolnr] A BEPAE

rr

of
L
lo
ot
2
BN
i,
)
e
tlo
o,
oo
ol
8
v
o
AU
=
(e
e
o
Jo

b}
[\

N
o
o,
Jo
BN
e
=2
=
il
_>|’1_';
o,

it

, 13 tide] Aoy, 24 WY, 3%
‘AT, 44 ‘REoty, 54 ‘2w FU, 68 ‘T, 74 ‘Ulvd] Frhe Wt gHo=
et 71z Jrp £A4& AT CEAGAY . e g Aol vl A A
ol Va2 AAEAY. Axs 14 ‘dws] okslty, 24 ‘okEry, 3 ‘2T dEy, 4%
‘Hgolty, 54 ‘2w ety 63 ey, 7d ‘tide] Aetrbe] Wrb dEo R A5k

Aol Wb AL AR oF, Auke] o] Auke] ofnl’ ‘mAR ] G, A ue]

(19 78] #5744 A44E AE
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[23 79] B5AAE AE AT

Y. Clove bud A E£F HNTs #H&€o] J&d Fo| XZA AFHA 27

A 0ol 74 HAEMer & 3 AFe 4 £4E VERE AR Ay 2" 800 o
il 7 S48 A=E AR Ay 2" 8ol vEridYh e i 312 A 3

‘TR o]F'Y AEE AW Fo|l EFA AFo] 2974, AE HE& Fol TAA AlFo|
2.80%, PE laminatione 7}t A|lFo] 3.13- o= Al A|Fo] 74z}t ‘ofsirye} ‘g ofsiry
= FrrEdon, Fo% Aol7t gle AoR yekom Aue] oje] A= Uyt Fo
EFAANA 340%, ME A& FTol EAANAM 2774, PE laminationo] F7FE Al Fol|A
350" o2 v Al AlFo] Zbzt fofstub el ‘e ofsttb R FrEow, oA zbolrt
= o ® e

el oul'e] AEE Anl

o\

ol XgA7t 2834, H&E AL Fol EIA 2874
lamination®] F7Fe AlgolA 3004 &2 YEh Al AlsFe] Z4zt ‘st et ‘xg ofatrh R
FrrE A ow, frelA zelrt gl Aom vehgta ‘¥R ] Fo Are dwk Fol X%
AolA 3.004, e A& FolxGAAA 2774, PE laminationo] F7Hd AlzolA Aol
287 0= vEhy Al Aol zbzh feRstri el ‘xw ofsttb® g7 Hdom, o4 o]t
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fle sow eyt 7sre] Aee Al AF BT 4003 o] Fo R ‘HFojtPE H Ity

el gFe] ARy Au Fol TAAE A& A§ Fol TAANA 35743 37080

Ak A AEDF FAH Aol 9t Ao vk ERY A% A AF BF

4008 o14o= ‘wEolthE HHom, feld Ao Ed gl Ao vehgrh
o el Aui Ak FolLA A& A8 FolLAANA 36777 373H R gk of

sttf 2 H71E Sl o™ PE lamination®] F7FHd AlRoAM = 400002 ‘HEojtf R H7HE S
ok Al AET 794 Aol e A= Yewt 7IExe] A Al AlF 2T 4008 ©]
Z O 2 e

AAAQ 7EEE Ak Fol EFAE 4374, e A& Fol EFAVE 4674, PE
=

%
O
it
=
fi
L
£
tt
o,
)
i,
32
O
A
E
o
k)
N
o
H
ot
rr

lamination®] F7}8 AlBolAM &= 443002 ‘HEZo|ty

HYHY 7|5
'J -

6 -

Aol o BYR|O Y
Aoy
— 2R SO ZEA
r— s HE Fo=HY
Y= 8 So|=FH + PE lamination

[ 80] FolZAA e SAHE 7|2 AA 23
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5
a4
- - —=
2
1 4 -
EEX|O 0l Almojoly Awojo|0] EWX|S|E  Alwojgt Alwghoj] af
— BHESO|ZFETY
— s EHE S0l=FH
M= &2 Z=0|Z&F + PE lamination

[1¥ 81] FolZRAR Y £A4E A= A5}

[# 31] Clove bud B+ 3 o] J&d FolxZAY AHA 23

Sample
& 4 2k Fo) I O I
A +
A Fo| XA ..

lamination

gAY o] H 2.97%£1.59 2.80%+1.35 3.13%+1.57

2 ug-o] o] Z 3.40°£1.38 2.77°£1.36 3.50%+1.46

A 2wl o] o] mj 2.83%£1.42 2.87%+1.33 3.00*+1.55

° A o] &k 3.00%+1.89 2.77%+1.22 2.87%+1.48

2l vg-o] 3 3.57%+1.28 3.70%+1.02 4.03%*+1.22

2 vg-o] vk 3.67%+1.09 3.73%+1.14 4.00+1.17

EAFA o] &k 457%+1.50 4.43%+1.22 4.10%+1.47

V5% 2 wl-o] 3 450°£0.94 453+0.97 4.37%+0.93

A o] Bk 4.37*+0.96 4.40*+1.00 4.40*+1.25

AAAR] 78 % 4.37%+1.25 4.67°+0.96 443%+1.25

« 3k AR =AA, n=30
o4 g8 g8 p7h 0055 2 W FoF Zolrt Sl
- PASWStatistics18 Z2Z 138 o] &3] dYux] 224 $ Duncand AFS AAS AAIEsoH,
AMFFE 5% 2 UEFY. (p<0.05)

7 FBo J= PA An EHAY o, Aol olF, | oju], YA e] F, °
ol g, Aure wel A A kel fold dolsk gl Ao vegom T PrE ‘o
o, RSP E WbE Ak mgAe] ), Aupe) ¥, Huwel W Are I F
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H~l

At Ae 48 FILPAVL Ot SRR BrsYor, Ae 4§ Fol LA
PE lamination 571§ ARlA ‘HEoltb R FrRUh NERAAE A AF 2T 4003
GO ‘WELE HhEol £ Aot G AN FrE AERd FFL F
A e Aoz BuAd WA A5 A9E A AF BT 4004 oldow
R GrhEgen, fo4 Holsk g Ao etk oled Adw v]Fe wop o
of A 2% ANRE 4ES TFHALS W, dRTH Aolst e Ao BuHn

EZAANAE oA BAZ nrt Bas Buas] sl oA F4 % Aolsk we A
FowaA ARFORE AuHo ARHAom B Ane} wo| EAAIAY o

=
wAZE B A Fhes FAs

EgA Y o7 Ax duk Fol EAA(91)7F 338%, Cinn-Thym %3 HNTs & A&

m
EZAA(B63)e] 3.304, cinnamon bark-thyme £33 HNTs & 2 &

K

22 -PE lamination
(673)¢] 373 o2 ‘g ofsttf=E HrtERNoH, Fo|F g&52 Al AF 1+ Aol gle A
o2 yebuth Aol olF HAxE Al AF BT 3.38%, 3134, 383707 ‘2T PR
B Ao, fold ELS A AFF Zol7t gle AoR eyt Aol oln AEE=
A AE R 3274, 323K, 337 R ‘T ofsttb R HUtEom, frold gES Al A
F1F A7k e Ae® YEidt x3A9 & A 951He] 265 o2 ‘ofsttf R 7t
Hom, 563H, 673H0] 3104, 3537 o ‘g ket HUtEATH o FE5LS 673
oAl Fol 951 I el 7k Qe Ao w vEtyth XA 9] I V]S % 9519, 563H 0] 458
A, 4170 ® ‘FAE FAE PR FriEdoen, 673H¢] 3733 R ‘g HrPE WUt
HAeh oy FEL2 951l 673 o7k e Ao E e

2ol g A= 9519, 673¥0] 4.35%, 4530 ® ‘FAE HAE PR HrhE o
563w o] 380 ® ‘g APE HUrEACh FolA e 673Wo] 563/ Aolvt

’

rr

32

POy
o
ot
i
Au)
X
=
>
©
o
N
fols

T A AFE BT 4547, 4107, 42708 ‘EAE A
= GUPE FrrE e, fo% FES A AED Zo|7}t flE AoE Yy
2374, 4074, 427 o5 ‘A= FetAw grPE Pt

som, oA FES A AET Aol7h fle Ao uEuth Ao g Ve A

1>
=
Lo
s
o,
b
s
>
2,
ofd
td
4
;.lk
N
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AFE BT 4814, 4133, 460002 FAE HAALE PR HUMHAoY FoH FES

91 I 5637 AFol 7t = AL

AAAC 7|55 A AE BT

2 e
45874, 43374, 4408 02 ‘EAE HAAE LrPR Hrly

Reow, 74 G52 A AF T 2ot gl A= e

EHRISI 04 Mwelold Awelon] ALY AMmelw  Awo|m

—eQ5] ——563 =673

[13 82] FoIxRA9 ¥ 7|2 AA A3

Aot

[Z13 83]

HHM 7|2

-~

Apro] 3

Q5]  =fle=563 —i—673

FO|ZRAA ] £A4E A= A3}
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[# 32] =% A# £ A=) &2 ToAXAAY 54 245

Sample
Atk o e qg | oe A% F
& A X&AA + PE
EAA FTolEZA .
(951) (563) lamination
(673)
ZAA 9] o] F 3.38+1.20 3.30%+1.34 3.73%+1.41
2wk o] o] Z 3.38%+1.50 3.13%+1.25 3.83°+1.51
a 2] v o] o] ] 3.27+1.40 3.23%+1.38 3.37%+1.30
e EgA o] & 2.65°+1.29 3.10°°+1.47 353%+1.57
2w o] aF 4.35+0.80 3.80°+1.06 453'+1.07
EEREES 4.23*+0.71 4.07°+0.78 4.27°+0.83
AR o] 3 458%+0.90 417"+1.12 3.73°+1.23
NEE 2 uo] aF 454*+0.81 4.10°+0.76 4.27°+1.05
2 wo] Bf 4.817+0.80 4.13°+1.11 4.60°°+1.04
HAAA 75 = 4.58*+0.76 4.33*+1.09 4.40°+1.22

7 gEel A AAb As AL OlA, Al oA, el ofu AT AEI Fo
Fole Ao vebgov, ‘23 ostr WAck £ Fe FEst )
ERlA AEL A Ao} Qi Ao Vergon, Just @5 sEwd 34

1 oz vhebd el Fe ARAA feld ok Y Aow vehgor), /EE

AAA 71a’e] AL Al AFE BT 4587, 4337, 44000 R ‘FEALE HAAE GpE
HrtE o, FoF Aol7b gl AR Yeyn oled AR mFolrol oy st
gk Zo] £ A7 (951), cinnamon bark-thyme A+ X3 HNTs #H<& ZHE& FAA)
cinnamon bark-thyme A X3 HNTs <& A8 XA -PE lamination®] A+ =Fe]7} ¢l

= Aog voFEo
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1. 71574 AF £33 483 A2d 75 2 F27E 81

9E 2RO A% HF oRE AR Fun 2o AuyS AT o] AEY S
N R A
; =

§]—E__E_ =

— = [e)

ox
tlo
i
)
N
do
:01:1[
>
rlr
2
i
B
__&‘
N
)
N
rlr
[
s
X
o,
o2,
i)
)

7F 715 EZAY 483 A"
(1) 83 Al2"d 55 93 <=3 7]7](encapsulation machine)d =

(7}) &3} 7]7](encapsulation machine)?] A}

O HNTsdl 2+ A+E 23 7171

- A2k &% 0 500g/hr. (19 4,000g A4 7Hs)

- 4,000g/2 AAFOZ 136,000g/D 9] Ao & s
136,000g/¥ 2] 7154 YdAZ 1m x 1m 27]2 AHA 16,800m/¥ A4 7
- 19 Ao Im x Im 2719 944 16800m/Y 94 7t

(}) #8<& 3t 7]7](encapsulation machine)d =H % ApzA

Encapsulation machine A 2 A &9
|

| L‘AAAWI
1
9 3

i
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Y. F3 29 /97 71E AF & Ut A" 75

S | wm | e | me | mm
s

o

== A

[ ==ter | [ =e=raraw | [ =mmrarwm |
— =2
=IO =F Lot HF==
| ] ~] F-——+ Claim2r & =5 Aq
s =ereia
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I':"Ez' ey —-—l 2 = |——| = =
== s T
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FF7E

to 2
[
)

5 H

SRk

0%
U
o
i)
=)

to 12
[
9%
=
=
g
fm’
e
=
4z
ok}
lo
0,

A/
P

iics
ofj
b
>
ol

d3l30C/30% <-> 947 60TC/30%
Aol 22 A% 124013 A4 F

Fb 3l

to
o
o)
E
=
4z
K
oo
o,

52

HE5B(AE 7710mm Zehag)o] HE
2722 2 50mm StrokeZ 3}&
500g, i+ 507603 HE= 4
3,0003] A A
W3 100% Cotton,

Mesh Grade 28 by 40

0%
[
r'O

dd AR e A

HEE(AF 7710mm Zet~g)o] HE
2 RS (EE 995%0 4 S
YA rt2A GRS FA R
. 50mm Stroke® 3} 500g,
507603 £ 45 1003 A
: 100% Cotton,

Mesh Grade 28 by 40

[\]
EEEJN‘I
510

=

E ol
Bl off ofy 2

o2
o
o
i
)
SE
)
o,
0
o
P

Cross

Cutting

Imm 7HA o2 11x11Z&HE3) a1
OPP TapeE& 53] o] =8 A3
Bz %5 90/180%= =2 w2 wo]y

KSA-1514¢ 3= 7007800gf/inch 2]
Tape®= 2 A]

)

£

<
T

A
% Cross Cutting &

o
52}

% 90/180

=
=)
k1
frt
il
)
ol
=2
2
i)

o
iy
o
i)
)
-z
e
o
SE,
X
N,
e
o
pou)
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2. 7154 XZAE 5T A9 13y
7b. AAAR A
(1) AFFE 9 F8 AL 71 =4 9

I-H

O A x£% HNTs #<9 A 34 14 scale-up &=
- 100g/3] CAPA = 500g/3] CAPA
- HNTs #& 500g A2FA ©F 17,000g¢] 71574 42 A= 7Fs (oF 3% &%)
- 17,000g9] 7154 4322 Im x Im 2719 A=A 2100m A2 7}&

(2) 7}b& =7 9% A

2
o

re
e
)

A 449 AE

_I \(

O 1#F scale-up 5% A

do

¥ 3 HNTs & Akl 500g/3] 9] 481<1 2,000g/3] &= A

O AE A EA 22 scale-upS =31 2,000g/3] Airo]l 753 A2 4 o4

= [}

(3) d4d=H+= A% 47 4= (1,000g 71E)

O A% =8 &8¢ HNTs9 714
- @A cleldEE B Sl FuizhE 1 1940009 kg
- HNTs + AAA=Z5E 9 249 714

A. Applied minerals, Inc.(56) = $9,100 / IMT (10,9209 /kg) : A7
B. Natural Nano, Inc.(3¢) = $71,876 / IMT (86,000¢/kg)

O 4% 24 A&s Aol 72

[ 33] AF/d 74 714

Types of essential oil Price (Won/L) Price (Won/ml)
Thyme essential oil 1,050,000 1,050
Clove bud essential oil 250,000 250
Cinamon essential oil(bark) 520,000 520
Cinamon essential oil(leaf) 340,000 340
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» Cinamon essential oil(leaf) : Thyme essential oil = 16 : 1

> A% 4 |, g 1

r U
rir

2,

=

i
By
=)

A

3 Fujels] wEe] 7170
oey 714 A9Y B o4

e Ae Az 47t
g+ 2 F43 HNTs A& W3 HNTs #€
oz Halloysite 10,9201 10,920
A 153,750 102,250¢
A2k 71 50,000¢1/1,000g 50,000¢1/1,000g
44 o8 21,5004 16,300
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