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Abstract

Eight essential oils of anise (Pimpinella anisum), bastard cardamom (dmomum xanthioides),
cinnamon (Cinnamomum zeylanicum), dill (4nethum graveolens), mace (Myristica fragrans),
zedoary (Curcuma zedoaria), Zanthoxylum limonella and Zingiber zerumbet were determined for
their antimicrobial activity against 16 microorganisms. Of all, cinnamon oil had the highest
antibacterial activity. The most sensitive bacterium was Bacillus cereus with the minimum
inhibitory concentration (MIC) of 0.5 mg/ml. Oils of anise, cinnamon, dill, mace and Z. limonella
exhibited strong antifungal activity. The most susceptible fungal species to these oils were
Rhodotorula glutinis, Schizosaccharomyces pombe, Aspergillus ochraceus and Fusarium
moniliforme. The fractional inhibitory concentration index (FICI) of cinnamon oil mixed with
mace oil, and cinnamon oil mixed with Z. limonella was in the range of 0.32-0.38 mg/ml,
showing a synergistic effect against Staphylococcus aureus, Pseudomonas fluorescens and
Salmonella Rissen. Antioxidant activity of these oils was studied. Compared to other oils, oils of
cinnamon, mace and Z. limonella had stronger antioxidant activity with 0.29-5.66 mg/ml IC,, (by
DPPH method), 61.46-68.52% antioxidant activity (by B-carotene bleaching method) and 0.22-
2.11 mM/mg reducing capacity (by FRAP method), while oils of cinnamon and Z. limonella
showed percentage of inhibition with 84.30% and 82.62% (by superoxide anion-scavenging
activity), respectively. These oils also contained high amount of total phenolics (51.54-140.90 pg
gallic acid/mg oil).

Antibacterial effect of cinnamon oil and mace oil on different food model media (starch
agar, meat agar and sausage agar) against pathogenic bacteria and lactic acid bacteria was

evaluated by agar dilution. Salmonella Senftenberg, Sal. Rissen, S. aureus and L. monocytogenes

I



were more sensitive to cinnamon oil on sausage agar (MIC 0.063 mg/ml) than the others. Sal.
Senftenberg was the most resistant bacteria to cinnamon oil with MIC value of 14 mg/ml on
starch agar, while Sal. Rissen was the most resistant bacteria to mace oil on sausage agar (MIC 22
mg/ml). All lactic acid bacteria tested (Pediococcus pentosaceus, Lactococcus lactis,
Enterococcus faecalis and Enterococcus faecium) were more resistant to cinnamon and mace oils
than pathogenic bacteria. Among all food model media, most of lactic acid bacteria had the
highest resistance to mace oil, but showed sensitivity to cinnamon oil on sausage agar. Based on
the MIC values of cinnamon and mace oils against pathogenic bacteria on sausage agar, effect of
mixed essential oil at different concentrations on controlling growth of Sal. Rissen and S. aureus
and retardation of lipid oxidation in fermented beef sausage was studied. P. pentosaceus (104
CFU/g) was used as starter culture. Cinnamon (1008 ppm) and mace (1375 ppm) oil combination
effectively decreased S. aureus viable counts in beef sausage by 3.70 log CFU/g at the end of
fermentation period (96 h). However, cinnamon oil at the concentration as low as 252 ppm mixed
with mace oil (1375 ppm) was sufficient to cause decreasing number of viable Sal. Rissen to
below detection level (<1 log CFU/g), and retardation of lipid oxidation. Considering sensory
acceptability, this combination of cinnamon and mace oils can be used as effective strategy to

control these pathogenic bacteria and extend shelf-life of fermented beef sausage.
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M9 2.1 iiaveunseunanilgnegialan

Foinmemand Foeet Foaly druvesfizild
1. Acorus calamus Araceac Sweet flag, myrtle flag, mi
calamus, flag root
2, Aframomum Zingiberaceae Madagascar cardamom o uazidn
angustifolium
3. Aframomum hanburyi Zingiberaceae Cameroon cardamom A LazIda
4. Aframomum koranima Zingiberaceae Korarima cardamom HA LSan
5. Aframomum melegueta Zingiberaceae Grain of paradise, Guinea AR taTan
grains
6. Allium ascalonicum Liliaceae Shallot f11ddu
7. Allium cepa Liliaceae Onion F11dau
8. Allium cepa var. Liliaceae Potato onion F214au
aggregatum
9. Allium tuberosum Liliaceae Indian leek, Chinese chive W2 18du uazly
10.  Allium fistulosum Liliaceae Stony leek, Welsh onion, wlddu uazly
Japanese bunching onion
11.  Allium porrum Liliaceae Leck, winter leek Wald auunazly
12.  Allium sativum Liliaceae Garlic M ldau
13.  Allium schoenoprasum Liliaceae Chive 1y
14.  Alpinia galangal Zingiberaceae Greater galangal, Longwas, m¥
Siamese ginger
15.  Alpinia officinarum Zingiberaceae Lesser galangal mih
16.  Amomum aromaticum Zingiberaceae Bengal cardamom Ha Lazdn
17.  Amomum kepulaga Zingiberacecae Round cardamom, Chester Aa tazda
cardamom, Sitamese
cardamom, Indonesian
cardmom
18.  Amomum krervanh Zingiberaceae Cambodian cardamom Ha Lazwan
19.  Amomum subulatum Zingiberaceae Greater Indian cardamom, Ha uazda
large cardamom, Nepalese
cardamom
20.  Amomum tsao-ko Zingiberaceae Tsao-ko cardamom Ha Lazdn
21.  Anethum graveolens Apiaceae Dill wa v uazven

(Umbelliferae)




5190 2.1 vilaveunsounsnlgnegnalan (dAe)

Foinomnans Fordt Foauly dnesisi g
22.  Anethum sowa Apiaceae Indian dill Ha
(Umbelliferac) '
23.  Angelica archagelica Apiaceae Garden angelica wa wazAmly
(Umbelliferae)
24.  Anthriscus cereifolium Apiaceae Chervil Ty
(Umbelliferae)
25.  Apium graveolens Apiaceae Celery, garden celery wa 570 uazly
(Umbelliferae)
26.  Apium graveolens var, Apiaceae Celeriac wa 30 uagly
rapaceum (Umbelliferae)
27.  Armoracia rusticana Brassicaceae Horse radish 0
28.  Artemisia dracunculus Asteraeae Tarragon, estragon 1y
(Compositae)
29.  Averrhoa bilimbi Averrhoaceae Belimbing, bilimbi cucumber K@
tree
30. Averrhoa carambola Averrhoaceae Carambola, caramba Wa
31.  Brassicajunceae Brassicaceae Indian mustard wan
32.  Brassicanigra Brassicaceae Black mustard wan
33.  Bunium persicum Apiaceae Black caraway wian uasa 14
(Umbelliferae) AU
34.  Capparis spinosa Capparidaceae Caper, common caper, caper ANYU
bush
35.  Capsicum annuum Solanaceae Capsicum, chillies, paprika Ko
36.  Capsicum frutescens Solanaceae Chillies, bird’s eye chilli HO
37.  Carum bulbocastanum Apiaceae Black caraway wa uazrrldau
(Umbelliferae)
38.  Carum carvi . Apiaceae Caraway, blond caraway HO
(Umbelliferae)
39. Cinnamomum Lauraceae Cassia, Chinese cassia wdon'ld uazly
aromaticum
40. Cinnamomum burmanii Lauraceae Indonesian cassia wldenld
41. Cinnamomum loureirii Lauraceae Vietnamese cassia wldenls
42, Cinnamomum tamala Lauraceae Tejpat, Indian cassia waenl uazly
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Foimnemand Foaufl oy drmvesiiaii1é
43.  Cinnamomum zeylanicum Lauraceae Sri Lankan cinnamon, Indian ndenl uazly
cinnamon
44.  Coriandrum sativum Apiaceae Coriander v uazwa
(Umbelliferae)
45.  Crocus sativus Iridaceae Saffon nersAaadio
46.  Cuminum cyminum Apiaceae Cumin ]
(Umbelliferae)
47.  Curcuma longa Zingiberaceae Turmeric wmiuasly
48.  Cymbopogon citratus Poaceae West Indian lemongrass 1y
49.  Cymbopogon nardus Poaceae Sri Lankan citronella 1u
50.  Elettaria cardamomum Zingiberaceae Small cardamom Ha uazIda
51.  Elettaria cardamomum Zingiberaceae Sri Lankan cardamom o uazan
52.  1.Ferula assa-foetida Apiaceae Asafoetida wm¥
2.Ferula foetida (Umbelliferae)
3.Fferula narthex
53.  Foeniculum vulgare Apiaceae Bitter fennel v ﬁ'\i lazHa
54.  Foeniculum vulgare Apiaceae Sweet fennel Tu ﬁﬁ lagnHa
55.  Garcinia cambogia Clusiaceae Garcinia, Camboge nlaenna
56. Garcinia indica Clusiaceae Garcinia, Kokum nlaenma
57.  Hyssopus officinalis Lamiaceae Hyssop Ty
58.  Illicum verum Dliciaceae Star anis, Chinese anise Ha
59.  Juniperus communis Cupressaceae Common juniper W
60.  Kaempferia galangal Zingiberaceae Galangal wmih
61.  Laurus nobilis Lauraceae Laurel, true laurel, bay leaf, lu
sweet flag
62.  Levisticum officinale Apiaceae Garden lovage, lovage wa uazly
63. 1. Lippia graveolens Verbenaceae Mexican oregano 1u uazilawsin
2. Lippia berlandieri
64.  Mangifera indica Anacardiaceae Mango WaBOU
65. Melissa officinalis Lamiaceae Balm, lemon balm, melissa v wazlarsn
66.  Mentha arvensis Lamiaceae Japanese mint, field mint, corn v uagvarvsin
mint
67.  Mentha citratete Lamiaceae Bergamot v uaztaiwsin
68.  Mentha x piperita Lamiaceae Peppermint 1u uazdarwsn
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Fonuendnd §oeft ooy danvesitai g
69.  Mentha spicata Lamiaceae Spearmint, garden mint v uazaiesn
70.  Murraya koenigii Rutaceae Curry leaf 1y
71.  Myristica argentea Myristicaceae Papuan nutmeg an
Papuan mace fan
72.  Myristica fragrans Myristicaceae Indonesian type nutmeg, N uagAvn
Indonesian type mace,
Siauw type mace
73.  Nigella damascene Ranunculaceae Damas black cumin, loveina maﬂ
mist
74.  Nigella sativa Ranunculaceae Black cumin wan
75.  Ocimum basilicum Lamiaceae Sweet basil v uazilaiwsin
76.  Origanum majorana Lamiaceae Sweet marjoram v uazABNgY
77.  Origanum vulgare Lamiaceae Oregano, origan v uazaen
78.  Pandanus amaryllifolius ~ Pandanaceae Pandan wangi 1y
79.  Papaver somniferum Papaveraceae Poppy, blue maw, mawseed wida
80.  Petroselium crispum Apiaceae Parsley v uagsin
81.  Pimenta dioica Myrtaceae Pimento, allspice, Jamaica waveu uazly
pepper
82.  Pimentaracemosa Myrtaceae West Indian bay wa uazly
83.  Pimpinella anisum Apiaceae Aniseed WO
84.  Piper guineense Piperaceae West African or Benin pepper K@
85.  Piper longum Piperaceae Long pepper, Indian long W
pepper
86.  Piper nigrum Piperaceae Black pepper, white pepper, WO
green pepper
87.  Punica granatum Punicaceae Pomegranate waaudandon
iife
88.  Rosmarinus officinalis Lamiaceae Rosemary dawsin uazly
89.  Salvia officinalis Lamiaceae Garden sage Uawsn uazly
90.  Satureja hottensis Lamiaceae Summer savory vatwsin uazly
91.  Satureja montana Lamiaceae Winter savory Ty uazﬁe
92.  Schinus molle Anacardiaceae American pepper, Califomian  H@ uazulden
pepper tree Ha
93.  Schinus terebenthifolius Anacardiaceae ‘Brazilian pepper’ HO
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Somenans Foufl ooy dmveafiaiilé
94.  Sesamum indicum Pedaliaceae Sesame, gingelly wina
95. Sinapis alba Brassicaceae White mustard, yellow mﬁﬂ
mustard
96.  Syzygium aromaticum Myrtaceae Clove ADNGY
97.  Tamarindus indica Cesalpiniaceae Tamarind WO
98.  Thymus serpyllum Lamiaceae Mother of thyme, wild thyme, taosin uazly
creeping thyme
99.  Thymus vulgaris Lamiaceae Thyme, common thyme tawsn wazly
100.  Trachyspermum ammi Apiaceae Ajowan Wa
101.  Trigonella Fabaceae Fenugreek wéa ualy
foenumgracecum
102.  Vanilla planifolia syn. Orchidaceae Vanilla An
Vanilla fragrans
103.  Vanilla tahitensis Orchidaceae Vanilla #n
104.  Vanilla pompona Orchidaceae Pompana vanilla An
105. Xylopia aethiopica Annonaceae Negro pepper, Guinean pepper K@
106. Zanthoxylum bungei Rutaceae Chinese prickly ash pepper, Ha
Sechuang pepper
107.  Zanthoxylum Rutaceae Chinese pepper 213
acanthopodium
108.  Zanthoxylum piperitum Rutaceae Japanese pepper 23]
109.  Zingiber officinale Zingiberaceae Ginger wmi

nn: Parathasarathy IagAMY (2008)
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4 a o S o
(terpene skeleton) uazluiigaszinamsdaudaslasoulmififedes (iadgnsesaend

9

4 o v v
(redox reaction)) ¥84 153851935 AU (terpene skeleton) i I NgmernTAuaznihfiiuandg

'l (Bakkali nazame. 2008)

4 a a 1 3 o
M13197 2.2 FliauazAe19vBImIngy Ty Tumesnu

Uszianvesenstseney  wiiavedlassade  wilavesmsiszneu
Carbures acyclic myrcene LAY ocimene
monocyclic terpinenes, p-cimene 11@1¢ phellandrenes
bicyclic pinenes, 3-carene, camphene lIDZ sabinene
Alcohols acyclic geraniol, linalool, citronellol, lavandulol
IL8% nerol
monocyclic menthol, a-terpineol AL carveol
bicyclic borneol, fenchol, chrysanthenol tl0e
thuyan-3-ol
Aldehydes acyclic geraial, neral LQ citronellal
Ketone acyclic tegetone
monocyclic menthones, carvone, pulegone URY
piperitone
bicyclic camphor, fenchone, thuyone, ombellulone,
pinocamphone LI01S pinocarvone
Esters acyclic linalyl acetate (propionate) Q% citronellyl
acetate
monocyclic menthyl (a-terpinyl acetate)
bicyclic isoborny] acetate
Ethers - 1,8-cineole (11% menthofurane
Peroxydes - ascaridole
Phenols - thymol §1Q% carvacrol

#1147: Bakkali itazamg (2008)
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iﬁi‘ﬂ’d\ilﬂ51$ﬁﬂlﬂﬂ1ﬂimﬁf1ﬁilﬂﬂuﬂ°m¢m Tﬂﬂﬁisu%mummwuﬂu%znqﬂmmmmnunu

a

] L4 ¥
ﬂiﬂvl‘llﬁu Llﬁi‘il%',lmﬂﬂ'l\‘lﬁ’ljﬂiﬂvl‘llﬁuﬁ'iﬂﬁﬁ'lﬂﬂﬁ'lﬁ%31‘?1QTNlﬂuﬂQﬁTUﬁ'l‘U'llmzlﬂu'N
] Y t da P Y1 Y é
HHIUUINNIT ma&nmmmimmwuﬂawwn"lﬂuau"lﬂLm UNIUDR LD msgw«ﬂumﬂu

3 4 yv da an .. &
nquvesTuTumesfin usnvniifalivhiiiaea (famesol) oz 01RTFU (artemisin) Fuiluars

aaan v o

' a o 9 o 4
Tunquusuransmesiudas dmsveriiifunaseyiusuearh-e1Mines (a-arteether) N30

Qe

o

9o q a o 4 o ] 4
iundinduludo ginghaosu iumsidudalsaldinarse Feinduaslunguusunes
AuDaA WU (Cowan. 1999)

o { a o @ '
Ty Tumesiuduasiifannnssaudaiuveaniiele Tansu (isoprene unit, C,) uaz
{I 4 o S a Ay >
dumsfinumniigalminfuneyszmelaslinindedesay 90 vesmsdszneunavualy
2 . 4 W ;
Wiiuneyszivel lassadaanvats $edseney ldreashiinhiaequinuie @15199
2.2) tileTuanavesasiinuautia optically active vzwulssIINTTnez i lowed
o { v Y (]
(enatiomer) 2 'lolmines lunsnuana19iu 154 (+-woav-niiu ((+)-o-pinene) 910 Pinus
. . P a . 3
palustris, (-)-L‘U?’ﬁ-“l‘Wﬁu ((-)-B-pinene) 910 Pinus caribaea, (-)-a119a ((-)-linalool) ININAA
And uaz (+)-8u1ga ((+H)-linalol) 91nduMsYsuNYHA TuutnsdiveifagUiyuves racemic
< 4 ' . a o
JuFany'ldves 5y -5 Insuuansa ()-citronellol) Taogauuy ) wiflugudnyus
] v . 1 4
wwiziiny' 181 Eucalyptus citriodora uazgthiwuves () Wugduuuiing 18210 luiniu
AUAULAZI98 3 UTYY (Bakkali 1azANE. 2008)
o et . a y v [Y <t
I AASINDSNY (sesquiterpenes) innnmsdsensuidnaloiuveslelansu 3 Tuana
Y ‘i‘_l P a %l P {' 5 4 o Y a
(C,) misenuves Tuanasudumogzmumaialassadesiidusnnyudgailvina
anunannatsves Iassadn Iassadauasniifives sesquiterpenes 9zad1oadstunguus
2 ~ o v 4 3 dy o 1
monoterpenes ¥4 18uaras 13 lumsen 2.3 Frednvesirhiasmarfiiduesnsenou 1dud
o i [] .é’ ¥ o
19NN (bergamot) 191 (caraway) YURWY (celery) az'lasney (citronella) AN (coriander)
a tw a o
gﬂ'lﬁﬂﬂ’d (eucalyptus) G ERINLLY (geranium) aUIUAY (lavandin) AUIUADT (lavander) NSUT
a o Vet
(lemon) az'lans (lemongrass) dudu (mandarin) YU @ (mint) #u (orange) o :szuﬂuﬁjﬁu
A o
(peppermint) Tudu (petitgrain) T5a1335 (rosemary) 19 (sage) wag'Ing (thyme)
2.3.1.2 arsdsznovez lsunan

= . g 4 a -
#151UsznouesT5N1AN (aromatic compound) tTua1sRiAasInWHaTnsiwy

& 9 9 ] o aa o S A 9 Y oy
(pheny]propane) ‘-]NW‘leﬂuE)ﬂﬂ')'lWlﬂiwu aaiumsmmsw NINYAIUDINUINDIWULUAS
& o ;

o d oy A a o a =)
syWuSvosililalnsniiln (phenylpropanic) luis Tnews lueszifinvuusndu udluirueyia

“a J 1 o a a, ar ¢ w o, ] :’ LY
p1ufnvuI iy lasesinludd (pathway) vesnrsdunsizvndng 139 wu dniusuiyy

s a -4 o
FunsizAasFuninend 184 (cinnamaldehyde) Wuaisisenoundnuazyiuea (eugenol)
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o P 1 y a t.g :' o :, LY b 4
L{luﬁ'ﬁﬂi:"ﬂﬂ‘lﬁﬂﬂ amelmzmiLﬂﬂwuﬁ%zmmm‘lumuumuwquazumutﬂmuamu

FUNY (Bakkali lagAfie. 2008)

1 a o v J a 4
ﬂ'l‘ﬂ\iﬁ 2.3 ‘lﬂlﬂ!lﬂ:’,ﬁ'JEIU'N‘UﬂﬂﬁTiﬂQNlcﬁﬁﬂilﬂﬂiﬁu

Yszinnvsaaisisenou M98

Carbures azulene, B-bisabolene, cadinenes, B-caryophyllene,
logifolene, curcumenes, elemenes, farnesenes (0%
zingiberene

Alcohols bisabol, cedrol, B-nerolidol, farnesol, carotol, p-santalol,
patchoulol 40¢ viridiflorol

Ketones germacrone, nootkatone, cis-longipinan-2-7-dione, p-
vetinone ({0 turmerones

Epoxide caryophyllene oxide 110 humulene epoxides

#11: Bakkali tazae (2008)

asilszneveslsmAnlsznoudis msnqudadlen (aldehyde) (U Fuuiwead lan
NYNYDALBNDAFDA 13U FUUMINIBANBHDA (cinnamic alcohol) NGUYBIHLEDD 1F1 313ABA
(chavicol) HAZYAUDD OYWUTUBUUNONF (methoxy derivative) (TU 8LUNDA (anethol)
AT (elemicine) 1BANIINDA (estragole) HAZINNAYIUDA (methyleugenol) tazluNguves
#151szneuianlaeend (methylene dioxy compound) IFU 1OHADA (apicole) 1uSafgu
(myristicine) tazisWIo (safrole) fiiionuasyszneumani 1dud Houdnaiyud (anise)
DUIYY (cinnamon) MUNY  (clove) SUMINA (nutmeg) FnBHS (parsley) Wodn (star anise)
UAZAYUIISF 19U Apiaceae, Lamiaceae, Myrtaceae 118% Rutaceae Tuars il luTasiou
uazFamesiunsnilszaey ivu ngladTuian (glucosinolates) tazeyinivedlela'lnlely
8UUA (isothiocyanate detivative) Somuluitunsedouuasiviutanda msmardiiums
navgiiffiguinyauzinmzlufanannawyiawazdonyldlundafusion nielu
HAANIIIT019A28 (Bakkali LAZAMZ. 2008)

232 Semsadarinfumenszime

myafmiiuneussmenyhinmanawitiuandalumsiey diumenssimeli
1ozl mstudeunTeitu (cold or hot expression) MsARARILFNIAZAW MsndN NS0
ms1¥a1fuenlasenledmainioldnnudugs (supercritical carbon dioxide) HA3sMiiowld

o 4 o o o o 4 3 3 Ty
ﬂuiJ'lﬂﬁQ?iﬁ'ﬂ msﬂauuazmsanﬂﬁwmmazaw mﬂﬂszﬂ‘aummmqmﬁmﬂimmuaz

110391
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: o ] LY Adtﬂ’ 9 o ndd' 9 a o
ﬂmmwmmmnuﬂﬂusxmUﬂzuﬂﬂm\mummwﬂlﬂumsa’nﬂ HTQQEVIGI‘B%g"lNilﬂ'Iiﬂ'Wﬂ
4y . o o dwy S a ¢ ad
mi'ﬂsznaum‘luazmumaan"lﬂ umuﬁamzmuﬂﬂmnmiﬂauﬂzumﬂﬂszﬂafumamuw
¥
AoudeFudou 1wy 11U oUsZIMYIN French Tarragon (Artemisia dracunculus) WuNN
J a ' a A aa o :’ o A o d”
ﬂ\?ﬂl‘izﬂﬂlm'lﬂlﬂlm'lﬂﬂ'ﬂ 50 ¥uUA (Deans. 1991) maﬂumsaﬂﬂmuunauszmuumu
2.3.2.1 M3NAY (Distillation)

y

o o v A Y N A Y d o & P
nann1s laona ldvesmsndufensduisaansouisluingu Fenszurumsil
° a s o 1 o, Y °y
sz Iifan1suanvensuAwad (grand cell) tagiimsdassiniunenssmossnu Tei
o e” ar ] 4 1 é o ] oy o
L e NI BTUN BN IMYBBNNIHILIATBIAIVLMY (condenser) FavgshrlRduvoainiy
1 ] o” g :’ o o o :' {
weuszimunsvegmiieduveni1 msinuiniuneussmemusaiild lasihdmveaim
3 s -3 H oy o i a o
agdmaneen lludRufuduveniniunenszime 1813 dnamsnaudesldinanlszanu
@ 2 :' ar dy ¥ ' ;4 = N :’ o o @ A
3-5 ¥2 Tae Fainfuneuszime ldszegmlssinudosas 12 (Ysmasderimin) dmiuiy
v Y []
yvuriine1ney 18USaniniunenssmoninn il wu 1seuss Rosmarinus officinalis) 18
1 4 L d
vnfuneusyimodesas 3-5 uag Origanum officinalis lasiniuneuszioiovas 3-7 (Deans.
1991)

.74 :’ LY ~, yﬂ 3 0" é (-] Oy U
msatmiiuneuszmed1093is uiludeslfinseenaudaezinln ldviuveu

s bl
o

v y
smeilussnfuiwazusndaiiuaesiu Tassuunzdiudiuvesiniuneyssmouas
R T 4 v &4 o A4 A > -
Fumauudiuveninen limTeorhayulwsNlindunen (aromatic water, floral water 139
4 . ER ey \
hydrolates) Faannsnyin Iy dlse Tomi1& (ins134l. 2550) Tasmsnaudsansouisesn|d
i 3 3540
$ g <1\ f & S e 43 o
- M3NAUAI (Water distillation) tHlunsnan Taswsszugeg luih lususinm
msdu FnflonldfuRuntwazms luftvezdeanuaenuieon higaieldiegnanuieu
v ¥ 1 4 v
- msndudoiaz 1o (Water and steam distillation) 1ilun1sndulaofiyes la
(] o’ b4 °y Yy A4 vy J L] A AqY W ' A :’ b4
usegluhwasdy hdudensyegiuais dauisnldnauszieeguuazunsaunileiny

L'

A astd v qYu A A A 9 A Ay ' 9 A
ion 335 FruRsaanTefvudantasn hinsnuaonnuiou uagervszaarnliiflogn
ANNSOUGI)
1] v v ¥y
- mynaud1e'lei (Steam distillation) 1Wumsnaulasldndedininenoonly
] :‘ [ | [] wd:: NQ.IQGJQ Yo M d'd é- T
anmin Taolohezgndehunemdsitsfies 19nau F3idonldnuRsaaniiosi lunanude
9
anuieu
v o o

2.3.2.2 m3us ' luiugu (Enfleurage)

ast d”ﬂ ad v Vel 9) o :, Y ~ Y 9 ar sld'd

Simsiidudimsimusildlumsasaitiuneussimelusaa Tnldnuaen i

4 . 0]

YSurainiunenszmodossy llamsa 19550 1snau'ld 1w uzd deunau Wudu msada

aad ° o & du s a & '
FrwiEiiszdeninen linSenduasn e lunan lufudui hifindudgaumiiuduuy
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y v v v
aszen aena Burnaissr luaniesrniiuiu luuszgadunnuneuiiszimessnan
o o o d |4 ' 4 Vo 1 A
aon Itnazau 3 lulviudu nmiuffoueaen i lmivuddsuns i mi duguiinane
o’: a 1a A A o o Ao 9 a o a k4 sld”
afssuivSnaanuvevsnnenieduda luffuiinmihiigadunauneuninaen i1t
=) 1 3 2 o v a ay s A :' o o/
3un91 pomade ML I afadniid ousansseditousminiuneyszimessnain luiiu
g oy Y a sld” = v o Y] @ Ao 74 ﬂ o o &
By iniuneuszimei 1dtzGon absolute dwsy Tusiuiiihunldestu lviunndaids
9 4 a o ~ =4 Y °y LY LY = ) .:i
wdes hilinduuasfianuuSanige 1un siniuny luiu waslinnunianmingan msig
o s a ' a v ° 4 ]
dudaszgadunauldfes uaduvaniulienss luveduaen i idifGouaen i 14
nn mlmdanmsgads luiuszninmsnda (n3dl. 2550)
2.3.2.3 myananie luifudou (Maceration)
o ¥ o ¥ ad v o 3 o sld' A v A =1
amsasadaeluiudouduitmsadanldiuaenldindunenlauiu liegnida
v
sonuvInAuldtedesldanuieudhiionsedquldldiiuneuszme Tamiwen T us
1 4 ]
Tuiniufirigulnfourszuna 80 ssruwaiBoa guuuiszanu 30 wifl udalensesnen i
o 9 [] 1 v " o ] dy o’: :’ @ & z; -
aon 1haon I i ldudrguing iusuiinarggasaeminiuidsnunduneumnnense
A o :’ o A dAa :’ s ;d 1 <@ o - 3 b4 4
pud dunsRhiniuneusemoil 5un31 pomade 18239111 lafiadnaedasueanssed
] 14 v
e 1 ldvhduneuszinonisun absolute (WN31341. 2550)
a 9 4 g 4 @ .
2.3.2.4 msanalavlgnisueulasenleaivainieldniuaugs Hypercritical
Carbon dioxide)
1 4
FEmsafadsin1ldTasldmamveulasenladnisldnamdugs 200 mwes
. d . & 4 Lot wa
ANUAULTIMA Nganail 33 sernwaioa Gesslianmiunadnems Hgmaulialums
o :’ s Ad;u ' o T LY A:‘
avarwge snseadmihuneyssmeesnu 18 33 fisadutunianssulmiluilegiun
° 9 o ey Y 9 at Qddyd 3 & ﬂ A o o
Wl lumsasaiiuneuszime dedvesisil e mivoulasen ledezidumilouddm
¥y
azagnazdINITafagINANg YoM unBNsZIMuRBNN IdBIslinnNuAnA1eIa
VoA a o o Aa 1y o @ e acda  a
Astiind USaMaiauailiegiosuinszgaiidaoen l)nminiuneussive uagisiiedl
'8 @ iy o v o a
U5z lomi Tasmwizduarsdsenoui linanudenaudeu (#ns3al. 2550)
¥
1INMITANYINTANANUNONTSINYYDS Origanum  majorana WAL Artemisia
t 4 ¥ 1 4
absintheum f83BHNUNANNI0 IR )sznoummzvsniniureuszimelulTinage 354
v v
o o o Ld . . - 2 l
gar 1 Idiniuneuszmoveana lfinszgadu (citrus volatile oil) NTUTWIUTHTUMBIY
b4 t 4
lgTnsA15 U8 (Monoterpene hydrocarbon) Tageiedesas 90 uensniimsanaauIsidang
L v
Snndvenitiuneusamouastuna Iindasaaii 1Alis1n1gde (Deans. 1991)
2.3.2.5 msanalasldaiazas (Solvent Extraction)
aw o - o o d 1
Tavdn@aniazaioiiion]s Ao Aihazaisninueansasd 1FU INNIUBA LAZION

Yo o A [ o 9) o [ ] -«
Hoa llﬂﬁ':l'ﬂ'lﬁzﬂ10011"']ﬂﬁ1u1iﬂu1ﬁ11‘lﬁ1uﬂ']‘iﬁﬂﬂ‘1ﬂ IBU t8NIFY (hexane) tUUTYU
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b e

o @ o ' Y o :’
(benzene) M50 Tlasidon Bines (petroleum ether) Aahawmaissiiudatainiuven
A Y A& o I a4 a4 & aad v3 o
simgepnnniY udasui W adminiuneussimeesnudnfinils 35iee Iariuiuneu
a o o 9 9y :’ s TR =} 1
semolSuann Fndlen1dlulssnumszdesasnuge shiiuneuszimeh ldseiSond
3 a = 1 1 o” @ ] a, Y =
concrete (iioi IR uSgNTrz5un 1 absolute HaudIninfunouszinei 1ad 3B e oy
9 1 Addyd @ o é ° Yas [
Musmisiazo uallyvmvesitiife nsandevesdiniosaisdienneei lnisgniauns
Tiduiionld (131341 2550; Deans. 1991)
2.3.2.6 M3afafumMsily (Expression)

v 9 Ql:ldy ﬂ ac v o A ] 9 ' A
NTHNAAIYITUISL u']ﬁﬂ'liﬁﬂﬂﬂﬁﬂ'ifﬂﬁzﬂﬁﬁll Y U USUI LUDININDN NID

v
04

Fediunousemoazaveyludonldfisventden Sezunneenldhuilogniiu uag
msddinaaied 18hwidiegnanudeu (nsi3a. 2550)

233 mmmmsiflumsé‘n’ué’aqﬁunfsévmﬁﬁummzmn

Agaoglu  uazaKs (2007) wuinfﬁuenwmi‘lmfﬁuﬁﬁﬂsz’:’?ﬂﬁmw‘lumsﬁué"q
Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeroginosa, Escherichia coli,
Enterococcus faecalis, Mycobacterium smegmatis, Micrococcus luteus Wag Candida albicans

Al-Bayati (2008) 51tNm:hm'i1‘1’5’1{11‘3'11'1711?5";11ﬁ'nﬁyﬁmﬁwﬁmuut‘fmmsm’hu
wuaiise . aureus, Bacillus cereus W Proteus vulgaris 14

Natta LagaAME (2008) swaminﬂﬁu%qi]zﬁﬂszﬁw%mwﬁlumsﬁngué’mmﬂﬁx‘%‘vuniu
120 18@ éﬂﬁ’uﬁ S. aureus, B. cereus W Listeria monocytogenes

hta O - i 3 P - = N

Nguefack itazaasz (2004) wuininiugns il duiuezlad Sdszansnmlums

ﬂmﬁumsm?iguazmsaﬂﬂ‘umﬁﬂaﬁé’aﬂ Aspergillus fumigatus, A. flavus Wag Fusarium

moniliforme

vy )
aa

Omidbeygi lazAnle (2007) s indiesivudumesanesiinaannsaly
msdusudes 4 favs I8iseauanududi 350 Rduiaz 500 AU Amdidy
Oussalah tiagaue (2007) 5100111’515133’1&116115 2IV891n Apanish oregano, Greek oregano,
savory  8UI¥su uazildsnsuyeime ﬁﬁszﬁwﬁmw‘lumsﬁué’wﬁuﬂ?tT E. coli,
L. monocytogenes, Salmonella Typhimurium WaS S. aureus Taoiin1 MIC (minimum inhibitory
concentration 3088 < 0.05 UYswasaoTuIAT
Rusenova 1402 Parvanov (2009) 1évinsnaaeuaIeis agar dilution method WU 1511‘1’14
’ ’ ’ v »
Uiy dnTueesm Ty Wituaz1af uaziiniu'lng GdsedniamlumsduduFeuuanse

Taslinn MIC agsznindovas 0.015-2 UTmas lasdinas
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y
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. t :’ LY 9 et a o
Sacchetti HazAME (2005) 51091 WiNuaz laduaziniulnitidsedniamiuns
E 4
a o [4
§UG8aA Candida albicans, Rhodotorula glutinis, Schizosaccharomyces pombe, Saccharomyces
cerevisiae Qg Yarrowia lypolytica
14 v

Shukla g Tripathi (1986) wewininiudoudaayuiiissaunududu 1000
actd o o & a ’ (4
#udy eunsaduduies 28 wila 1Redeauysal

’ : Y o s o n’: -1

Singh 1asAas (2005a) WU')']H'Illuﬂﬂﬂ'ﬂuﬂul'ﬂﬂﬁ'lU'ﬁﬂU‘UU\N%ﬂi"I Fusarium

. =) a o’ o’: ' o Qg . .
graminearum vlﬁﬂiﬂﬂlﬂﬂT“]mmi YUIDYNT umm“lumsmamuumﬁ poison food medium

1 4 o vy 14

Singh HaAME (2005b) FwNUININTUHsUMARUAUANISATUTUTBST Aspergillus

terreus, F. graminearum W< A. flavus 184
14 [
Singh uazAmE (2007) 1winiifusuisefildvinlunazsilden ldianialy
b4 1 4

msdududes) Aspergillus niger, A. terreus, A. flavus, A. parasiticus, F. moniliforme Q%

F. graminearum

= Ay R a a oy J Y
2.4 MIANANVANITUHINSIIIYVBIYAUNTHYRINNUNDNITIHY
° o s [ &' a a o o’ o =) Y
dwmsumsAnuautanmsdufimsnsyvesgaunidveniniuvouszime limatanugiu
] ¥ y i 4
Al lunmnageuisauianisdudenssyusauniiouazi¥esioy 2 35 Ao agar diffusion
method (paper disc %38 well) 1182 dilution method (agar #50 broth) MINAFOULATMITUTLITY
aa Y 3 a o 4 : 3 o 1 4
quauiialumsfudinisisSavesgaunisveninfuneuszineirladeudnoimiiosnn
2 L ] y
auanianissziveld quantan liazaini uazTassadnndudeuveniniunouszimy
o o o a, 1 adad @ g
Tumsnareviaduiudesdimsdaudasitmsunesninisind i laldgnianuive1d
o &' = =~ P °y y
dumsiudamsiiguesyduniddamsanzainnii1d (Kalemba itag Kunicka. 2003)
14 ' L L 4
Wiluneuszmodumssssunan osawhuazinnumilags Arequdnyusiuil
o 9/ o A - Y a ar :’ LY] )
g1 ldfanuansalumsiiPensasninseduaunglfifianisaszarsdveniniuli
o A =4 9y = 9 ] A < £ o
aiuauodionauluomstaudnziimsidarsdromumsazaroiain uazezasesimsg
' awv a 4 . A @ o LY ¥ ¥ do =
A32908UNA1501aF 171003 (emulsifier) 3B 1azatsluszAuaIdud Ui
¥ a a L4 v y:’ LY [ { =
HansENUABMIISYYeseaunIdniell usnninihiiuneussmedadumsifiany
o é ! ¢=' v = o
Fudeudatidinlszneuvssmshannsoszme’ld frldszeznarlunmsununulleii
b4
WiRamsszmeniemsaaisdivesmsilsznsuueetieszninnsnaneyld duiuluns
o a a o a AR 4 R
nageutsnlstuiudeamdnfosannzivilfifalsngmseliguil (Kalemba tiag Kunicka.
2003)
[ [ = Ad a Ao Sk 9y ::’ b4 at
dmugdunidusazyiiafitinnldlumsnadeussdestosluemismaineldanzih

.g a o e o 9 o’ d o a ’ a o e 9 -g a
3 P b4 B L‘]ﬂ’)ﬂfﬂ«ﬁ’liUYIN'IIJ']‘Vlﬂﬁﬂﬁ‘ilz,lﬂll']‘inﬂﬂuﬂmﬂiﬂB'lﬂau‘VliU Llﬂﬂﬁ1ﬂ1501$!ﬂfﬂﬂ
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uoniealdninumasiaeu nndaedwitldnndiae un moude Ay vusil uaedad dhidu
yaunidildnaaeuszdesnglugumaniyfimnsauineisamradisunizaons
nadou Tasilefumariazinanemsmaaoudae dmiumsnaaeusineziiounaeud
Uszane: 2-7 41 Tasmsmageuszihsan iy negative control Foldimtedhazaroumu
shifumeuszme Tuveisf positive control szldemlfFanzdar 1fssiiunnulveudod
¥naouuaz enSouiouiulsy@nnmueniiiumenszineds e619157mm Janssen
uazanz (1987) lanar i mmJ‘s’umﬁunﬂmﬂuﬁﬁvmﬁﬁuﬂanszmuﬁumﬂﬁ«?nus"lﬂ

o

o WYY amd a ad vy A ¥y A A
’BT'IU'I?Q‘VIﬂﬂﬂ'JU'JﬁH ﬂ'ﬁmiiy‘ﬂﬂ\iﬂﬂuﬂiﬂﬁ'lll'liﬂﬂi'ﬂﬁi’)'ﬂvlﬂﬂ')f}ﬂ'lﬂm‘"78ﬂ171‘]ﬂﬂ59\11]ﬂ

9
v

(] LY ] a aAag & aa o 9 ° [ 1 .
%30 M3iaanuguidudnitnisniontimn1$lunisaseaey Tasviinisiaa optical
] ] P a a r'd oy . . .
density (OD) fasuwilasly msIamsesgyvasgdunidfle7s Impedimetric monitoring
[ agd d @ o i { = J o v add
Fadhitndudss Temiiduasatususzuuildlumensdm ldgandadu dmsuisou
¥ ] -3 o .

98191%U bioautography NgMIN1Flunisasnaoudau (Kalemba ag Kunicka. 2003)

2.4.1 Agar diffusion method

Adayij atda Yo ' 9 a4 9 1 o A A R E

Widhasntsyldtuesnevnamsizlinnugnass winduazi¥ens 1adwdlwa
P 9 &4 A o 9 1 ] J = d a 1] n,: T
lszidlunuuduBaSne flsunsmnanhdumsinnzdiFaun iy uas 'l

° :’ ] 1 -4 a ”w o o o’: )
fT"IiJ']‘iﬂ‘Yl'l"]f’l‘lf’s\’UﬂU 'BUN"liﬂﬂ'lll’J%ﬁUQﬁ'm']iﬂﬂ5’)%ﬁﬂ'ﬂi3ﬂ‘]Jﬂ'liUUUQﬂ'liW$iyuﬂ$ﬂ'li

b 4
s A

] y [
wasuwlasgdsrsvesgdunidlddae msnaasudieitizdesldnumizieniivuia

o =

] o a 1 o @ 1 a
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2.4.3 Non-conventional method
2.4.3.1 Microatmosphere method
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2.4.3.2 Bioautography
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2.4.3.3 Turbidimetry
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2.4.3.4 Bioimpedimetric method
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2.4.3.5 In situ system
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daszaouiulyshulaomwieFandu (cysteine) 1ag 1w 15 Totiu (methionine) (Ali ttas
ARE. 2008)
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nIAeABlinT30IM U & a-tocopherol N303A1HU B NgA1 15 10U (glutathione; GSH) un 13
a % 4 A v A, Y 44 ¥ o a a ’
fiusud WanTouesd uazdus arsmariissimihiineadesiunalndiss 1 nalanieinnnd
] a a o o @ a a a 1
i Aenssulumsiad msdidaeyyadase mafamsdszneuiFidouveslanzidlu
a d o o a {y s ad i

Tuseenduaud uazmstialumnasondoui hileyyanetidnasowaey anuilull1g
[] ] ¥ 1
fazananuiissvoamsialsaeswasmsiannisilesiulsalasmsmudisdeyya
a a ' A 9 a da 14 o .
daszrrsumaniolusimenielasldermsiasugquamilansdueyyaddass (Ali uag

A, 2008)

£d a
2.6 MIMUDYYABAIY
a o o v =4 A o o
msamoyyadase ldgnidanny i iuiluarslaafauiissauanudududige
L4 1 4 v
aunsavzasuaziuiamsfialjisoeendindusesaisasduinianiseondinduldediad

= L) & 1 ¥ = <
UsgAnam Feansautsesn il 2 agu fie aisdueyyadaszilyuginieasdu

©

yyadaszhawlfnse1gnlar (chain-breaking antioxidant) Haza1sAuBYYadasE YA

i g . . . . < { o a aaa
Fooyyaii14loafU (preventative antioxidation) Fuilumisuszneuiini lfifad §Asen

a o 9 2 aan 4 d” =) u’: o w g Y & o_o
DONWIATUYIA cmﬂ;]ﬂsmmmumwwam‘luﬁ’ﬁumimﬂﬂmimﬂumomsmmimaqa

<

a S0 e s ad P . % a s ¥ 9
sendlaui lufieyyavnsodianasouiAea (singlet  oxygen) TsdIuByYyadaszN MY
LY aaa ¥ 1 a ar (J ]
WuszlfnsergnTge19liegai1usssus1Aniee19Un15dUATISHUN 15U Butylated
hydroxytoluene (BHT), Butylated hydroxyanisole (BHA), tert-Butylhydroquinone (TBHQ) ltag
a A w o [y L] ]
gallates @1sAUBYYaDAsyTiiadunszd ¥ lugaamnssuemisiuedaunsnay msl¥
asdneyyadasesIsumd idgnmiveyullfineldifannuilaendy asdueyyadase
nnsssunAsiiguautiadueyyadaseadionistiunseorvnnasdueyyadassill
o i&'
ANTAAUANTICHUU (Antolovich LazAMS. 2001)
¥ -= @ Y 4 . Y A d
asameyyadaszeistlesiulalussyunitaudevdumamienutuaunguesniy
P} = P 9 a a o o e’: a aan o o LY
@oneludnszuunils msdmsyyodaszidludrdudimsifal §ASemlesoondiaduyes
Qs o Y 1 a o 3 A 1 -1 = n’:
Tusfusisssi f binamstlessuaeithuuteduq 1su Avwe uazTusau uazluueass

o Y a -3 ] v Y = ,3 b 4 ::’ ' a .3’
s iiaanuguisanniiu v neldifaanudomeiula Tomauuuiiee hifiaduun
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a o R = ' ~ J 3 (] a a ]
Tuiauumsnd (food matrix) uemdsnnhezdasmaniusgluduanniune uagesl
[-] = o ¥ [ o ! é 1] Qr - r-%-7-19
midsamauazdnuaziiloduds (texture) vosomsiaouluas imilsudumsifal §ase
I o Y Y L] ] o o q’: o aaa o o @ o
weseonlanves luiu fAretruvu BHA ihudidudimaimlfisouleseon laaves luiun
a a P= 3 ° a -1 1
fszansam uazd ¥ ludSamnzanunsamileni ifaussalunsamzomisaiu
o ' 4 o a o .
wihwesny uazdegauuzheszineadesiumsifiaanudomovesfiduie (oxidative DNA
damage) (Aruoma. 2003)
¥ a Y A o a o & -~
anvaulvluanuiluasdueyyadaszvesasadavinisdnsdiog ¥ ldtiswau
(-] o’ 4 ‘:' d
mswumsdngyluasanauesIsauns Gosemary) 1d9 (sage) tlionmuanlnif (cocoa shell)
12187 (0at) 1 (tea) NZNBN (olive) NI (garlic) V9 (ginger) 11/FDANDULAY (red onion)
} 4
v 'Y r's
{4 (grape) 1ldenueililla (apple cuticle) ¥10% (licorice) AIUNUNA (nutmeg) NIUNWY
a 4 @ ]

(clove) 993 mlu (oregano) ny (thyme) lﬂﬁﬂﬂm%ﬂﬂ’l (peanut seed coat) TN (mango) LA
a . d”w = a [ o o A a A a a b4 <4
1Miiaa1 (vanilla) WenvnideiinisendsiofuuinnelnnIaiEiusg Ia18ud wana Tshu

o At A - o A A & v dyd Y
VarTaussanaznedWusadugnnuluaisanavostisunsiagsaismarthiuaisaiu
a Ao o [] o 4 Aad a o
syyadaszidngremstlesdulsa warTawesd dumssssumdninasineyiusveuuu

2 A U v 4 - LY q’:
Taunuu'In 15U (benzowy-pyrone) Fuilumisiifiegnanunouvslumaduesiy deilu
b4
Au3 Tnade lA5uansi91nem15(Aruoma. 2003)

2.6.1 Msdauvslsziamvesasiiueiasse

»
=t

msdautiaszianvesmnsiusyyadass lusIns (food antioxidants) Tegerdoniinn
yoarrsansodaude 1@l 3 dszian fie 1) sdueyyadassyiiailgugdl (primary
antioxidant) ¥3aa13ABYYadaszia1mial§5019n 19 (chain-breaking antioxidant)
a 1 & a o a o
2) dsAeyyadaszNeongnESuAY (synergistic antioxidant) LAz sAIUBYYABNITTiln
naﬂgﬁ (secondary antioxidant)
2.6.1.1 @13@ oYY AdAsvYiinLlgunil (Primary antioxidants)
asausyyadaszyilalguglzngamsinal §nsugn lgveseyyadass Taons
arul A ad @ a o q ¥a ﬂ da a s v
i lglasmuniedianassunusyyadassuasi natlumsnianuadesnniu msau
a v : I Y o o C% aaa o Y a ﬂ 9}
ayyasaszmartszlinhnlumsidveyys luiuaslulasoni dnadlumsédueyya
dasziFadouves vl ﬂi’jil‘um hindered phenolic antioxidants (1ru Butylated hydroxytoluene;
BHT, Butylated hydroxyanisole; BHA, tert-Butylhydroquinone; TBHQ 110% tocopherol) tiag
polyhydroxyohenolic antioxidants (1¥u gallates) Fadues 9’1’1u61gy,ﬁ§ﬁi x‘lfﬁﬂﬂgllqﬁ

a A a .3 ey N T o
msﬂsxﬂenﬂuaaaﬂmnﬂ‘uummﬁssu‘ﬁmnﬁmwuﬂ 1¥U Wﬁ'ﬂ?uaﬂﬂ gﬁuaa (eugenol)

v
=N

iiadu (vanillin)  uazTsauns Wuarsdueyyadaszsiifiguandalunisiatens

Halfnsugale msiusyyasasssiadguplissiiss@ninmiszavanudududunn
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y

wagiseiuanududugegmsdueyyadaszaiadgugiieznmedug InseenSuaud
(prooxidants)
asdueyyadassaiiagugli (AH) erwimthilszaenieduditunsuiudu

(initiation step) Tﬂtjt%ﬁmﬁﬁ?mﬁnaqgaﬁﬁszﬁum"lmﬁun‘%’aﬁntfqgumauﬂmﬁﬂﬂﬁﬁ?m
(WS V81U (propagation reaction) Tﬂﬂli’l"lﬁ’lﬂf]ﬁ? mﬁnaqgmﬂa{aeﬂ% (peroxy radical; LOO-)
3904 yasanand (alkoxy radical; LO-)

AH+L- —> A-+LH

AH+100- —>» A-+LOOH

AH+1O- ~ —> A-+LOH
eyyadaszvsdIsdueyyadass (A+) orud ldaved §sorgn Tsvesmsunsvero
(chain-propagation reactions) Tauiiaiuaisisznouvesmsdueyyadasslugluuvves
ieseond (peroxy antioxidant compound)

A*+LOO- —> LOOA

A-+LO- —»  LOA

v
@ tet g

a3 IUBYYadEsTNGU hindered phenolic v:iinydada (alkyl group) 3 onyfiliang
ﬂaﬂﬂﬁaaﬁxﬁnmammuﬁ0§jiuﬁ1xmﬁaaaTﬁ (ortho) %3 W31 (para) TulRseaseaveana
MU (aromatic ring) Fevzgaamsifailfiserveanyleasendn (OH-group) mijfifins 1
§Lﬁnﬂsau%zlﬁummﬂmuﬁwmﬁnﬁﬂmsauuu‘ny:'laﬂsan%aiwuwﬁwaﬂiznuﬁami
mi"imﬁmamﬁumsLﬁﬂﬂﬁﬁ?mﬁuawamm%ﬁu msgaunudigaonyiafia (butyl group)

M30187a (ethyl group) NAWMUIWITININAINSTUMsAMEYYadase lAunndmyuia

1 i
ttana

] -3 { Vel ad ]
(methyl) 8813 IsNarumsunuifaonyiiinishqasianaseu 15u Tulas nSenyniing

«

]
1A w

Aued nienyhillsafaidufsdiueun (branched alkyl group) AALMUINITI9ZARINTTY
YOI 1sAIBYYaB ST UPN1v0ee1IAIUBYYADAITNGY hindered phenolic AR ATY
Wunalfifanisadeyyafluenddass (free phenoxy radical) oyyaWNusnFdaszgniild
a 2 ad An v ' Y . . o § Yot
s Iaon1sasdianasoud lunsugoensin 1nsee31929UnIU (aromatic ring) uazR il
= ' ld’d 3 1 d' o ] d'dy o a aan
anuadesae laonyhd Ingnhindundses Is msununiszaadaumsfaljisents
J & =4 i e d' o = o ol
unsveeFnsfieufsadessueyyaiidudassussmsdmeyyadase dmfuasdm
ayyadaszlunguues polyhydroxyphenolic wumsany eIt uguanianuniivaznalnh
pry 9 9 P @ aan 9 a o o e
Hyrveapon Insoensuingisovemsaueyyadassiveyyanlesesndinnu

uly Tdneeinatiuee 1sa3 Tuy (orthoquinone) (Rajalakshmi it¢ Narasimhan. 1996)
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2.6.1.2 A3AUBYYABAsZYIAR9IUTINAY (Synergistic antioxidant)

msfuoyyadassriaiauiwsuannsogndautnguldetranireq il 2
Uszian fs Audneendiou (oxygen scavenger) LLaZAN19% lanzniin (chelator) msma'ﬁi’ﬁ
nalamstiaunaienalnTaseredmhfiidug2 18 s Tastuuneyyailuens (phenoxy

o

1 4

radical) AauIuTuAISINULBISA (regenerate) asAMBYYRD AT ¥ilaYgUgliTUL 1N

vy » v
mszaziumsAueyyadasz lunguuesiluednssannsaldfszauanudududig 14
a 4 & A o a o o P &g a o yo
@nasNiosngnilasuiu (synergist) as T lundaducnamisde arsheengmiiasuiuiin
tlw a & v o q ¥ ¥ a A A o s 4
Aomisianuilunsadeszaioiiliamsdeyyadasssialgugiifinsnnadosuintdy
(Rajalakshmi 140¢ Narasimhan. 1996)

@ Y o 1 I L) = . o

FIU9ADDNBINU 1FU NTAUBAABINUN UBTADIUA U1iinA (ascorbyl palmitate) ¥a

J an o aaa o a a ar
W (sulfite) 1taz 830U (erythorbate) ssil s niiusendgnudassuazudaoenluszuy
da o a a o 9 - P & A o 9/

U nsaueanssin uazuedasitn thilaa sedimdidluaisiieenguiiaSuduaisdu
ayyadaszyialgugll lnumwiziuInTadsea (tocopherol) Aat1alanzuiiniyy EDTA
(ethylenediaminetetraacetic acid) n3AFAsA azroaa lisaitluaisdueyyadass udeed

a a ar Y]

d’ QJ oy s T3 . =~ =)
Uszansamgalumaumsiosnguiiasutumsdueyyadaseyiinlgugiiuazdvi
o [J ad i [} T ar { ]
pondiau lnoguesdianasoud limusalds1uiuld (unshared pair of electron) Nifioglu
Tuanasoduaiunissidalangniln (chelating action) TavaziRallumsilsznemFadoun
2 - [y o A ar a o 2 ’ <
fanuadesdulansminfidud Inseenduand (prooxidant metal) 15U IMANUATNO LA
2 s = aan A v a o 9 a aan A v y"i‘_'
Feezaiuayumsinalfiseusudunasimuwasaunszquuasnsifal §seusudu lditu
31UIUNN (Rajalakshmi 1A% Narasimhan. 1996)
2.6.1.3 A15ATUOYYADASTUANABAI (Secondary antioxidant)
arsaueyyasassyilagAvgindearsdueyuadaseriiatlosu (preventive
antioxidants) 14 n3aInTe’laTnsiiedin (thiodipropionic acid) tiaz'laassalnlelaInsn
2 1 e o o
Totua (dilauryl thiodipropionate) #99siivinflunmsaatonlossonleavesluiiu ipid
ry prop p
peroxides) IHiflundnsuaigatonlinnuaios dmsulaassalnlolaTnsilomaidums
{ -ooa ° o o . 1 o ) o S
atidszansamluiifidesusda  (peracid) liv19mlussvvdfinsaesveiin
(performic acid) UOUIOUDA (nonanal) 1ofialoflen (ethyl oleate) 130 ABIANIABIOA
A d” - -~ - r
(cholesterol) ~ #1luszuuiilansialnlelalnsilomavzgneond ladiludanenled
(sulfoxide) uaztloaiumsiiavosnsauaue 1udn (nonanoic acid) 9-dwendiehialodion (9-
epoxyethyl oleate) UL 5,6-0NBNF-NABIATIADIOA (5,6-epoxy-cholesterol)  AVAIAY
(Rajalakshmi 118¢ Narasimhan. 1996)

2.6.1.4 A15ATUBYYABAITBUS (Miscellaneous antioxidants)
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P ] 4 } 3 a 2 ] 4
arsilsznouiisglunguussansdueyyadaszoug (vu Warloussa uas
A A4 b4 ~ daa Y d'ﬂ &' 9 a a a
#5seneuduineIves uaznsaszil luilindhnidunsmsdueyyasassrilalgugiinag
1 = A‘ o Y] s $ 4
asfaSugns dmiuluasnuas lulas dumsildlumseusuemisiseinniiie (meat
curing) Mnthiuasdueyyadass TaonlfouduTusAu (heme protein) Tihifluluasneen
d o o {y ¢ .
loa lasn1sAan (chelating) Hu'lossuveslane lasanizimanhl1lidu (nonheme iron)
¢ & 9! Af 9 P~ =) P I 9 {] a
nesuasnazInvoad Fenuldluile wawalsfunaza lsiussamifnonveseziilull
a a 0o w a {y ad 3 .

Usgniamlunsiisaluanasenginui lilioyyansedianasounel (singlet oxygen)

ar a I'd ¢ o a Ao o’l’ a I'4 Py o Y
uazflestumsinalalasilesoenlad dinzfilunahdudimsitaloseendiaduvesluiu
- P : o o g §
8alusedudouiraddaes llnlfoumnlamiedlostunmsidnduveanan Faoudusign
fuiludimsunsdunsiziuazmsifafinssuvengainleu wleseendiad (glutathione

. P ﬂ vl (4'31 = a 4 4 a

peroxidase) fatiuiou muwmuwyaaﬁsﬂmzﬂuwaa tﬂquUﬂQTﬂﬁﬂﬂﬂ%Lﬂﬂ (glucose
oxidase) 1AZALALIAN (catalase) Tl lumsfidavandisuniazaieldnSosendiouiioglu
#9331 11015829879 (headspace  oxygen) azFredlssfiunisazanveslalasounlos

89N ¢ (Rajalakshmi 1102 Narasimhan. 1996)

CO (CHy), CH,

(a)

Butylated hydroxyanisole. (a) 3-BHA. (b) 2-BHA.

QOOR

HO OH
H
R: C,H, Propylgaliate .
C,H,, Octyl gallate
C;,H,; Dodecy] gallate
Gallates.

OH
C(CH,),

-

OH
Tertiary butyl hydroquinone.

4 a [ [ a
31 2.1 msdhmoyyadasedunsiziunsiia

1 : Rajalakshmi 1162 Narasimhan (1996)

OH OH
C(CHj); OH
C(CH3)y HO
3 Hy OH
®)

Trihydroxy butyrophenone.

OH ]
(CH])IC C(CH_‘)J

H;

Butylated hydroxytoluene.

OH
(CHJ):;C C(CH:);

H,0H

Ionox-100
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2.6.2 UMAIVBIAIIMUBLYADAIY
a [ d
2.6.2.1 sAIOYAdAszAUATIZN (Synthetic antioxidants)
a @ a3 1 ' a ] 0’:
arsamueyyadsaszdunsizddulngifuaisnquiluedn Fesousie BHT
(Butylated hydroxytoluene), BHA (Butylated hydroxyanisole), TBHQ (tert-Butylhydroquinone)
Tws#a (propyl) onfia (octyl) taz IndAdaiaan (dodecyl gallate) (317 2.1) MsAmoYYa
~ < L] A
parszuuy Indne3n (polymeric antioxidant) 191 Anoxomer, Ionox-330 142 Ionox-100 Futily
@ ° ' ' a o a a
oyWusvee BHT lauueii PBuads L1819 husansd Taena larsdeyyadaszyila
a - ° s -4 o o
guqiiviia BHT, BHA n58 TBHQ vzfimuald1dluseay 100-200 fion dmsy gallates
" ¥ ]
smualfldluszau 200-500 fAfidw evh I luduuaniniunsds luFensdrarsindou
@ o { ] A 1
Heziidihazaen 14 luoms 19 propylene glycol 139 glycerol monooleate Faiiua15H
L ~ Al L o Lo TG
FIATUGNBIFURAEINUNIATASN (Rajalakshmi 1102 Narasimhan. 1996)
2.6.2.2 arsausyyannIaqfilFluuss9emIs (Antioxidants from food packaging
material)
Hegtiulatinmsidmaradnuldussgemsiusdisndeuns 1dun Wdu nauz
o Hde Y A 4 o ) Na o, B (82 ' " .
ussyuaziagilfindoudaimioin InfieAduisianlinaumunniugs (high-density
polyethylene) HAZAMUH U WU UA (low-density polyethylene) Tna'laflanaelsa (polyvinyl
chloride) 1WA IWSNAYU (polypropylene) uag Inwedesvesionau (copolymer of ethylene)
wazliiaszFian (vinyl acetate) Jngivdunisrilai@uatlyiunaradnse i ifidums
dusyyadase Mlditannuasdarenriudeu illuasnaradlawes (plasticizer) uazqn
[ =2 a " a a ¢ A @ 3
Funaeyd arsezgnidnaslluszninnszuunsrdaiaznsdszang nsendennnisiiu
9 a ar d a Y o aan 1 o A
31 msdeyyadaszdunssvisiatiesiuuazdiarod§asorgnlgezgnidvaslihiiie
[ P . 9 . ~ 4 3 a Jd <
flesfumsidouaniu (oxidative degradation) voeInfwasszninmsiseAniuaznisiiy
Sy ansdueyyadassimel§iseign 19useneuR s hindered phenol, 02 TsunAneiiu
(aromatic amine) AIHY (quinine) woz @15Usznoululas (nitro compound) msAUBYYE
paszyiindlosdu 18un o IWAoaines (phosphite ester) 4a'lWd (sulfide) waz la'lnle
Woala (dithiophosphate) 3R MBYYAdAITUNFIANSoNARAUaTNIosaa1tIdB 1902
1 [ b 4
wasuiad I lusdasusomsiuiagieui lidsluduas Ty
msiAvmsAsyyadassiumsindeuthenntagildhussydusinannsad 14
A P sy 4 e @ c’: P 9 q’: ;ﬂ Y
11189970 BHA 10y BHT Ufaiauiiaszimg 14 (steam volatility) fetiudsldasneaesiiiuing
v [ b » ]
ReduiidnyiteiduasluSaguesussyiudiasissnieudrodrligemisieglunssy
Y v & a a { ° o L4 Q’: 4 y‘g
fanld mswmdriiawisadvasldludagildiiussydasnaidunuuiims

{ o (Y o . . 1, : ° o & [
(paraffin wax) N 1¥8 M3V waxed inner liner w3014 luurunszamimussyaaivoiu
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av o & 4 Aa o o v LY Aﬂ o A A
avadu Fevziluilse Toniinalaomwz luoms il ludud wu emsihitlutyisnse
& $ o a o 1 - o Q’I’
warvashudn Fulumseniivgldfuasdudaedramuiganiu vy mvs1zis BHA uas
1 { a v y‘g | A o I'4
BHT Wuasiiszmeldfigaunglilasseuisensouns 1dfasdosnniiudrgraniua
(Rajalakshmi {02 Narasimhan. 1996)
2.6.2.3 A1IAIUOYYAINTTIUYIA (Natural antioxidant)
Y o ay ¥ s 2 1 Ay '
a1sAoYyadaIzsITNmA Ingniandusdisnlusey 10 Yk uuuws iz
g o o A A J 9/ 9 = o/ I'd ] a 9Ya @ &R
dasidanmniuiunsidasduoyyadassdunsiziuasduasuidinnuassminda
wansgnuAsguam Taodnadus Tnnzveumsdmeyyasaseiilusssumaninniumsig
gninsanudiiniasadis defuazdaifuvesamsdueyyadasesssumanazmsdiueyya

a Qs I's 9\ a
ﬂfﬁzfﬁlﬂi']zﬁllﬂﬂﬂhl'ﬂuﬁ'liwﬂ 2.4

a Y Y A ) a a d 2y W o ¥
AN 2.4 ‘Uﬂﬂlm&'ﬁlﬂlﬁU‘UﬂQﬁ'ﬁﬂ']uﬂigigﬁﬂﬁi3'5551!‘]5'19]LNﬂLﬂ%UULﬂUHﬂUﬁ'ﬁﬂ’IUﬂHQﬁ

Saszdunsiedt

Y _ a2 Y
Jo doidy

a Y A

1. Wufiveusvvesdus Inaulisennfintsan 1. SuluasiivSqniesiisiammantn udda

Q

Y o 4

udrnfinnuilasasiviag hilsased TildrumsmlduSgnilsz@ninmezan
2. awngruie i lddmuandesimaaey  fsuas
anufasafe (safety test) S1daudsznonly 2. guausAvesdts v oud o3 msdredu
pMIsgNANITUIATIa0aRY (generally  sziinamfundsd i lBiumsiliusqnd
recognized as safe, GRAS) 3. ﬁaoﬂiza‘fi"himmﬁqmmﬂaaﬂﬁu

4. o ldifnd saf ienausafinalng

T lundnsasiomis

U1 : Rajalakshmi (10 Narasimhan (1996)

datsznevluems Taoia e iiasdsznoufifluasdmeyyadase @i 2.5)
ot lsfmudnszneumarisraunsolldlundasasivinfy Ssezdhduldfudnuae
foduda & uazsamAvesndnfusinld ﬁaﬁumﬁmmzﬁ'uaxmsﬁﬂﬁn?qwﬁm
msszneviidumsdueyyadassSinmoidiudesuiudmivas 1¥msdmoyyadass
sssumetiefidszinimnluniemsé msdweyyadasitamsssuna 1Bud nsaozd
Tu n3adasn gouea TulsAu WarTauesd Imiiud Saniiud wdualsiiu mneseesa nsagsn

Milady nsaWuBaN [FAY (lecithin) N3a TWAN (phytic acid) NTAMIMIN (tartaric acid) N3A
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aa o d a . J .
T5e0154In (rosmarinic acid) AnUUY (lignans) 19BIYNY (curcumin) A1FUBFHYU (camosine)
¢ e
15 1408 (carnosol) 1A% nordihydroguaiaretic acid
a LS | o~ a A 9 a nd’ 9 o ]
3015uD (a-tocopherol)  wagimiiuFiiluaisdueyyasasesssumnanldiuedn
9 a  w U4 & ﬂ d' o d"g o gy a a A e 4
n’nm’nﬂuwammmmms b uﬁ'liﬂilﬂﬁ\ilﬂi'lzﬂilu1u53ﬂ‘ﬂﬂ15ﬂ1 NUUDAIAIIEH
HaTeEFIANYBIIMITUS A0 di-a-tocopherol 1% dl-a-tocopheryl acetate #1131 trolox-C 1§14
o d . 4
DYNWUTVUBI a-tocopherol LAY d-a-tocopheryl polyethylene glycol 1000 succinate Fuilu
i :’ a a d aa i
s1luYes a-tocopherol azmeni1 I8 asadinin nsaminiin uasiadiu Wumsdsznoud
1) A ‘ﬁ' Q( - ~ o <
wuludauilsenevvesomsigalfifumsiesngnitadulundaduaioms nsa’lnan
o = H 2 9 o v o .
Wuasdseneundnluwdatsimuasuiiuasediylumssiuaanulans (chelating

agent) (Rajalakshmi (10¢ Narasimhan. 1996)

M319h 2.5 @sdueyyadaszssumannyludulszneuuesomis

\J ‘:; 9 a
BHAINNY TIAIUDYYaBaTe

v k4
LY

y
o @ =] A o PES
iutazaanshiiiiy Inlaulesea (tocopherol) uaz InTa'lasdusa
(tocotrienol) ¥a13/9@ (sesamol) taz a3 NN Todn
208159 Y (olive oil resin) Woa Inatla
14 14 o 9 - o o a a =
912108 tazsHn asszaeuidiueyiusvesdniiunalosiia
14 [ da a o aa
wa'lduazAn AsaLeEABI 1N NIA leasendnsvendan
' <t I4
(hydroxycarboxylic acid) Wa1lauasa a1lsnuesa
wseuna ayulns 11 In1d m1silszneuiuedn
a a a o P
Tsaunazlsaulalaslamm  nsmesziilu la'lelas InSAu (dihydropyridine) HaAsfaiNnh

Ténnlfnseunania (Maillard reaction)

11 : Rajalakshmi 1482 Narasimhan (1996)
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a o & a K4 a d Py ~ ’
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nldenuetitla nung iWdeniwdaln1d aszifien aonuazgasumima uznen §1218n

v b 4
2850114 WSn'lne nasnvieuuns Tsauwus 1NN wage

7

a a e 1 o a 2
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. . { = o '
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L

. o o A @ A dl Ya < o ;d
para-substituted msmjﬂtgm“flumiﬂszﬂauﬂaﬂuwxmﬂw"lﬂnswam%umnmuu 19
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a a o 4 aaa 4
Tusau uaz TusfulaTas Tam wlind nsaezililu nazndnsuaifldendfisounaaia

(Maillard reaction product) (Rajalakshmi 148¢ Narasimhan. 1996)

Ry

R, ° CH, CH, CH, CH,
HO CH,

R,
R, Ry R,
CH, CH, CH, o-tocopherol
CHJ 21 CH, B-tocopherol
H CH, CH, fytocopherol
H H CH, S&-tacopherol

Tocopherols.

/=
=0 P
O lcn, - Coon P
H-C-OH HO- C- COOH P P
CH,OH CH, - COOH o

Ascorbic acid. Citric acid. P:H>POq
Phytic acid
. (o]
£ L o CHro-&r,
H-é-ox-l R;-& o Ex
2 | i +
HO-C-H CHj- O- P- O- CH;- CHy- NH- (CH3)s
&
Tartaric acid. Phosphatidyl choline.

4 a a A a  ow J
31 2.2 msdweyyadaszunyilai lFlundnduaioms

#iu1: Rajalakshmi 11ag Narasimhan (1996)

2.6.3.1 i Taesauazasiszneviifisados

W Taweemiuasysgitiannsany lunnluity aunsowyldlufeuyndou
voaiiy Tnseadruniiszidiulnseaduuy ccc, Insngudssisazgniauyngy lay
i‘}’uatjﬁumssmumummm C wagAwmuslurumiu B ﬂdudauwﬁ'ﬂqmmmi‘luﬂdnﬁ fip
Wa1lausa (flavonol) Warlau (flavone) ToTavi I (isoflavone) HANFY (catechin) Tls
uou 15 9811AY (proanthocyanidin) ttag usu1s tee11iu (anthocyanin) (gﬂﬁ 2.3) ¥1alau
(chalcone) Wa11 11U (flavonone) @2 1n1ou 15 198151U (leucoanthocyanin) taz la'lalaswar
Tausa (dihydroflavonol) ti‘lumiﬁg\iﬁ’uﬁm%”uﬂq'mi‘auﬁumneinﬁ'u‘lu%ﬁ%aﬁ'emswﬁ
(biosynthesis pathway) A3AFUUIEIN (cinnamic acid) taznsatluedmfumsifiduiuilndda
funaTauesd uazvnasiiadudumsdsduiunsdunsizinarlauseddas msiszney

o

1 4
maianannezifudnuuziamzvesinssunmsdueyyadassluszuudiaes auld
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HO=p=/, ulazpteQd
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supuedooyjuy
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o s . ] a Ao ' N
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o '3 o A ' o ya wa §/ a o)
Wuszgiu 23 Wuszlulwmau ¢ guilewdneei Idlguauiadveyyadassll
a8 a 4 ) )
U5 ENnTAMAUAI0 (Rajalakshmi 1AL Narasimhan. 1996)
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nannunateiesiiuda 185 lumsdnuimedInomansyausaqineanufnssumsdu
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Tunemsfasdueyyadase IsauniezildeglugineaziBoadeansoazarnlululy
1 4 1 4
uaziiiu ud liensoazaelnild ez 1aTduuzi 1914051 200-1000 Tadniude
a ar a o o ° @ 2 a
Alansuvewmdaduaio sz o msneda1d dalassadavesasdsznouuniiald
uanelidagals 2.4
a ' 4 o a o ia a aaa o
2.6.3.3 Tusau wlif Ing nsaezii Tu nazndafusinnannlnsouvamsa
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Tolsin wi'Ing nsaeziilu uosndasusinfannlfisouwaaisa Wuasiiiud
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qwmﬁmu%mw’huaqgaaﬂszﬂguqu NQINU (gluten) 9a1iuved v (egg albumen) LAY
- ) A a a J o ° 3 sa Y
1AFU (casein) Wumshtidszdniamlniniusendides uasthiusiau mswauiuves
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TisAunnoundewuaslnassdu (ghadin) seiitse@ninmluiniuaendides Tusauna
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masuduarsitdszansmmannnindulovesdrlumssnurdveuiisdu soy protein
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HOD\/CCOH L

HO
HO o) o

HOOC. O o
~"o

H 4

H #

c D

cHO
H,CO

OCH, HO

CH,CH=CH;
E

o X

“OCH3

H,CO o) [
Ho OH

H

[o] OH
];‘ )I\/\/\/\C}l(cl"))z
H

G

H;CO 0
oH
HO N
H
1

U0 2.4 msisensufidluasfueyyadassilAninnsouna : (A) camosol Mnlsauns

(B) rosmarinic acid 910 1581135 (C) carnosic acid 910 13ai43 (D) rosmaridiphenol 910 15 a113/3

(E) eugenol 3INAUNG (F) vanillin 910HNY83211001 (G) capsaicin MANFATZRANTA (H)

1 d
tetrahydrocurcumin 9104 (1) ferulic acid amide 91nW3n A1

#11: Rajalakshmi 1182 Narasimhan (1996)

$ OB
o

\-.0
Sesamol
/'-~O
0,
O
o~ YO
H
OCH,

Sesamolinol

OH OH

-0 o~/

Sesamol dimer

OH

Sesamino}

4' .o d' v a
g1l 2.5 msdsznovnesiavesniidlumsdmeyyadase

#iu1: Rajalakshmi 1a¢ Narasimhan (1996)
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hydrolysate, autolyzed yeast proteins 11a% hydrolyzed vegetable proteins %zﬁﬂﬁﬁﬁ‘lu 13 ﬁﬁ)ﬂﬂ
gniaSufuasdeyyadasergugd e 19ifiesd s autolyzed yeast proteins $ouaz 10 9z
Fouhiy BHA Jevaz 0.02 luihiudnne udidle 195 ufuseifounidy BHA diosdee
az 0.005 iy (Rajalakshmi 140¢ Narasimhan. 1996)

asdmeyyadasyunguueanltIng Wy mesdsu (umerin) Wy Indfiazas
¥4 YsznevludaunsnesiiTu 40 viiadanuegluniiu (Curcuma longa) naziluasiia
UszAnsmmiuszuuiaes whllndezdufimsifnsendinduvesluiul42osas 70-88 iile
Wsuisufiunsigiiu (curcumin) vzudalaZevas 7085 uaz BHA Yovaz 80 Faufnduly
L-a-phosphatidylcholine vesicle, liposome I@iZ erythrocyte ghost ‘Llﬁlﬂ‘inﬂf:, carnosine LIQg B-
alanine-histidine dipeptide 71mu1u skeleton muscle Shugsitlszangamnnlumsiuda

e T

e g e . ge o ' / 2 -
oxidative rancidity luems uagdanuN carnosine ‘1uLuﬂﬂu‘,uﬂmmwwﬂszﬁwﬁm‘w
} 4 ]
11NNI1 BHT, a-tocopherol 1101% sodium tripolyphosphate W8N N carnosine ®199TNTN
Wudamialanznseasiueyyadaszalgugl (Rajalakshmi 1ag Narasimhan. 1996)
=Y H ey < & J o \d
asaogil ludmwnliguauidadiveyyadassFlusgiumfiioruosonisuas
ANty uaz lalinmswun lnadu (glycine) 1n 15 181U (methionine) FaiiAu (histidine)
n51Tan (tryptophan) 158U (proline) iag ladu (lysine) Wunsaoziilufiofivsensam
T lwunaziniu TnaduduunseeziiTuiiieglusiofevesais Gras iferdulu vy
:' o Y 9 <2 9 a « £ n:;{] LY ~ P 9
waztihiuRanududuiedesas 0.01 nsaezii Tulindhnidududsugnidvaisaueyya
= 4 o $ -~y - o =~ QJ =y
Saszous Insnuiunanafugamavestsedniammsdudiiasugnivensaosily
o ar :’ o a o J a e s & . . a
Tuszuudrassves ludu iy ndadasiuy taznanduaiiie Trolox-amino acid 1in1Av1n
o o ~ ) & = =y 1
MIAFWUBLY09 Trolox-C Hunsaezil Tunatsriadeiilse@nsnwuinni Trolox-C 1u
SEUVVOY linoleate  emulsion lANI1891UIINTTWANVDITANAULALNIALDAADTNILH
a A : v 9 o o A s = o Yy
dszanamgaluniniudnIna uaznissuduvesFafiudy BHT 1358 tocopherol 3811114%
Uszaninmgalululiuuy (Rajalakshmi 1o Narasimhan. 1996)
o ow del a aaa '8 o J 1
nandasmianljisouuaaisassiiadussninnszuaumsanuiounsonis
d4 o Aa o o - w 9/ = Ao a a A 9 a
Pusnmndasasomsiduinsusuidumsdueyyadaseifidsz@niam dalindhi
@ o ar A ] d” 9t = o = 4 a 9
Wudadsalang dislivuillaliswwawnoadumsims iz duazdssiliuarsdveyya
Y PR o a & a aan 4 1]
saszgniuasdseaeunszme1fisziameame s leadndufnsinl §ASounanirsa 1wy
=y =y J 1] s ar T oy %4 d‘ 1
1-methylpyrrole fugsdusyyadaszifaiulugesiuniedotisveniniud i Inaiu
) a &
anudou 1195109 1duaas 1y thaizole, oxazole UAE furanone vzPRvUlUTTLY
° . & wa a ] o @
91093983 L-cysteine  {10% D-glucose mﬁﬁuumnfluﬁ1s¢’u’1uaugaaﬁszwmﬁmnuﬂn

alkylthiophenes, 2-thiophenethiol, 2-methyl-3-furanthiol 18 furfuryl mercaptan Nlauiadu )
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BYYADAITIFUIAYINY seduvesms ludmluaumiueme 15 lwadn uassiinvesasi
Lmuﬁwﬁﬂﬁ’ﬂﬂummsa“lunﬁff’huaqy,aﬁﬂsmmmsﬂi3naumd1§umn¢inﬁu
(Rajalakshmi I8¢ Narasimhan. 1996)

2.6.33 Lmdwmmiﬁiswﬁéuq

ANUUY (lignan)

anuunilson (lignanpherol) Aeq i lnnwdasuiluasfidfnssulumsdueyya
G EH 1uﬂyﬁuaﬁuuam{ﬁm1911%3%1mﬂeﬁ"mmmsLﬁﬂaancﬁmﬁﬂqaﬂfin‘fﬁuﬁ"lﬁinﬂ
fusin TaonSeufivudasmsifaoe Tnsendinduvesintiunauiasiniunsufuiiuen
fwfindsafigunnd 60 osrneaiFun Fhiunauieziniunenfndanuniandin
vudhaam 50 Su uvasiiniudnTng diiusendidestasiitiuada swfansesndlad
wdennvuduiaa 10-20 Ju mﬁJsxnaué‘ucflumﬁmummfwﬁm1°7’;wn'i1ﬁﬁuﬁﬁ
Mueyyadasy Ao Fawea (sesamol) FB1WOTUDA (sesamolinol) T iU (sesaminol)
ATu3Guoa (pinoresinol) 1oz Fauoalames (sesamol dimer) (U7 2.5) Sauva ufo 3,4-
methylenediphenoxyphenol ﬁ‘lumsﬁtﬁm‘}lﬂﬂums‘18Tﬂ5"lac§ﬂmm°‘fmﬂuﬁu (sesamolin) Eﬁd

QJ

“a { a .3 1 o =
dudnuuuresniiifaiuszn31ams bleaching, hydrogenation #3081z lumsiliusans

De

d' =t w A 3 9 1 A o Y a (Y t:i
ou Fweadunaiuldszniensneadesyiiliifaniunsdalusmisineadlo asil
[ P = o v < 1 =t d a
daganlaoulilidudauealawes 1hetdiesaai3 wazdeunznaradudymealaweiad
& 4 ey = Gy Qs Oy ar O"
Tuu (sesamol dimer quinine) Fudluesinansayiiadoyyadaseluiniuny tiuiuds
maauaziuia 1e8ion (methyl oleate) (Rajalakshmi (18 Narasimhan. 1996)
= o .
unlsNUBYA (carotenoid)
2] a =
unlsNuoed (¥u 1WAA 13AY UAUMUBUAY (canthaxanthin)  UOTAIFUAY
(astaxanthin) 1WIndu (phytoene) tiazgiin (lutein) szwu 1@ ludnilsznouvesomisuinue
a o P £ a a =) wa 9 a q”
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dafitlszansnmlunisiidaluanasendioui lilioyyanSodanasowned  devztlesdu
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a P v o Jdo o o a0 - LRy ‘o
draaasaupgItzduRusius mauusegisyluluana ualsnussaniiwussgimau 9,
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- 1 a ° 1 Ad o = J ) o Y
10nsa 119 %zummmmsn“lumﬂﬂﬂmﬂmaqawuwuﬁxﬂ 8 ANTOUDYNI TTUITUILM

LY 9

b 4 .
ualsAulanunidszansnmlumsmiminiudandesiianuadesnioldaniizinla

90N 1A% (photooxidizing) (Rajalakshmi 118z Narasimhan. 1996)
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P . o 4
nalnasonFiad (glucose _oxidase) _Az@ziad (catalase) uazyinlosneonlya
lafiang (superoxide dimutase; SOD)
a ~ o o o = 9 A = - 1 [} J
ng Indeondinasziinalumshisasendinuiiazarslansvesndinuneglugesin
Y 1 ] °y o : o [ e 9 S A
mileded1e iwulwihdaay mesuua uaziada lumemsfumasiiduveusulxl fe
[ 3 o & Us aaa ' = o
AAADNNINNITOS1ONUT Aspergillus niger 1o Taivznszquilfisonsenieeondioudy
o = . . o 14 o
ng Ina M1l 1dnsad-ng Tatin (D-gluconic acid) uazlaTasiounleseen lud nglnaoondina
2 ° I's :’ 1Y) a
Tunumsteziinyazinadezinslalas lad le Tasunleseen laa IWifluihwuesndiou
4 Y J v a =Y
Fatleariulalasoulefoon lud lildifanmsazauluomis wulaiglnesesn lad lafis
o o '3 o o’: a o @ LY
maszhvaeyyagnleseen laduazivnumlunmsiudsmsinreondiaduvesluiulums

a o I4

= [ o 9o a9 o o I
Fanm uazdiaduanunsii Idfuniaduniensondle nskauiuvesylilesoon laa
@ ] a A o o Aca a A (=) ~a
latiuna uazazazinaszsrvaanauiigneond las luunilid luadngeh lulinsidy
noaunsas Iuas 1drmun1s1¥a1udou (Rajalakshmi 1188 Narasimhan. 1996)
A15Useneufinoadestunes IW5u (Porphyrin-related compound)
Y 1 ' a o -3 4 I 4
dred1avesms lunguussmsdszasufifiordesdiunes W5y 1dud aaelsiad
a o aa a N A & $ wa a
o 1Wfiu (pheophytin)  uaziiagiu (bilirbin) - Fudumsilguantadveyyadase
s = 79 A4 ) o 2 ¢ a o
nan siaailues Tuseonduaudlunniies sielsinuisnas lsiadiazwes WS uszi
Y a a e &L > Sl I8 A oy A 1q A4
IiRanisaatsveslasntimelsd luiiuiu rapeseed naziniudamiosdauiisngluiiiia
9 v d e’n’: a - a
Tuswaueyiususinaslsiadns 4 ¥ila (naslsWad touazd naeil ToIv¥iu ouazd)
4 a o 4
Ane IsWaa 9zlisz NN INANIqA (Rajalakshmi 110 Narasimhan. 1996)
HAB3I8A (sterol
t A
' ' A a
w15 Tunquilldun yIamnesen (fucosterol) 11AT A’-avenasterol F3vziifonssums
a d o a Y g
Aeyyadasz luiniufigangil 180 ssruvaiFoa luaisanasmudaniuls (phalaris
canariensis) 9EWUAISAADTBANINUIY 1T gramisterol, cycloartenol, sitosterol, campesterol
1 4
1A triteepene alcohol ester YvNIAAUNDA Tasmsmarilszidudidimuafonssumsdu
a - P S y & da 9
ayyadaIzveIdIsanal Famsmmeseatisziimiinlasnsadnduuiegnamiives
L 1 4 v
inunasfuiimsifasendiatuTaoimihmiusa1d e lasiouesnoy (Rajalakshmi uas
Narasimhan. 1996)
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» (R4 ¥y v
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ATl arsdueyyadassduqeisgnuonuineIngduniduazsamsie d1sdszneuuein

flavoglucin Hua1s# 18015051 Eurothricum chevalieri Satilszininmunluinfunyuas
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9
o £t

L4 » 1 4 ]
Wniuiy wenvinfidalinsdmueyyadaszdua 5w curvalic acid A protocatechuic acid

s oy

1 4
1on 1AUINIUFOI1ONA2Y (Rajalakshmi 1A Narasimhan. 1996)

ada d Ay o 9 o
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@ a o d H Aaaa a LY v a a
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2.7.1 Peroxide value
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a ana J s ' ar A 4
anunannaelunmaifadasovelessenlasiuandraiu luvusnlalasules
o =Y a a [ o a 9 P o

ponladeziuaisgugiivesmaifasendiaduveslufunazindndudinarely
= Qo o 1 & o ] L Q,Il
naszuaumsoe Invendiaduvesluiude Ty dsmsdeyyadassezgminnidlunsduds

+4 - o ~ [ ] 4 :?' ad a oA 9
msadanTemisnszivesezaoui imbssmarianAtvesmsdsziiunmnssunisaiu

911D (Antolovich LAZANE. 2001)
2.7.2 Thiobarbituric acid reactive substance (TBARS)
y aad a o ' & o add LY
FihissAllumsinsziinned 40 ud uazluilvgiudnaduiiildsumniums
a o W o ad d’ [Y a a <t 4
as1vaeunIsinnsenFiaduvesleiu 33dsziiunisianisifauiasuifvadles
a a o 4
(malondialdehyde; MDA) Tauiflundasmaiii ldnnmsusnesnunveusulanfesoenlun
QO |A‘ o A = o ar ar =

(endoperoxide) voansa lusiu lisudduiluramanmsiiaoendinduves luiu Hawufgwm

3 - = o d‘ﬂ o ¥ (% ] ) g A = ]
Jinsifia MDA ifaninnsa ludiuniifusziiosndt 3 Wuse 1wy nsad luwadn Fuiariu
nszUILMseenFiadunAvgivesmslszneumsueiiaUgunil 15U non-2-enal itag MDA 92
iuAseiunsalnloiniiiada (hiobarbituric acid) suifiaiudsuy (U7 2.6) wazirl3a
dunsesalnlas T Infimesnnnue1ndy 532-535 U1 TuaAs (Antolovich IazAME.

2001)

=

2 \IL/ l -+ o\c-—cu ——c/o

\ b e 2N
H H

OH
TBA Malondialdehyde
l H'
N 2K
\ CH—CH=CH 20
OH
Chromogen

d' -] o aaa
31 2.6 maifiad lasmsinlgnse1ves MDA uaz TBA

$11: Antolovich Hazan (2001)
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2.7.3 M3A3IVTAOYYABATE
Y-l d' b o ‘3' o (.9 v a 9 o o
155a 19 1dgaRandudimiunisTafenssuvesasueyyodaszlavia
[} ¥
anuansalunsmiaeyyadassiazanimieazatsluluinld anumunsolums
[-3 o = [:] 3 ' o () o U ) oy
fsaoyyadaszsumzuniionniueyiusiaveseyyadaszeirugu eyyalaasonda
& ¢ A a o ) ) v A da a Y
ayyalneseenlun nFeeyyalunsnesnlad aruadundseduniishiliaruinoiveiy
y
msifnoyyassziazmsialavasslumsiudeyyadaszezgnimua lasmsidnmsdm
oy P a 4 Y a a o 3
syyadaszaslyl nSednmanilinsfiseyyaszgnisendedumsiineondiafuvesdisas
& o or n’l’ L) 5 rar L) o
du densTanalumsfuiavesoyyadaszaziusgiumsasadoveyyauazniafudives
M3IRAoBNTAdY (Antolovich lagAnE, 2001) M3iantnssumseyyadassiinainraly
an aadq ¢ a 9 Y a Aaa & aada y 3 ° ]
3% S5 lddunnezfoadessunmaifnaisdsenounild 933 ftlouldezdeai1ddwe
< 1
520157 wazfinnuies 1 (Ali Lagame. 2008)
2.7.3.1 ABTS assay
¥ -4 [
33fidandnnisfudeemsadiseyyaiiiiuilszquanues 2,2"-Azinobis (3-
. : . . 2 i v H
ethylbenzthiazoline)-6-sulfonic acid) 159 ABTS w"lu"lﬁ'uﬁm%’mnuﬁ 15A9AY ABTS 9%
- a4 A 4 P o wy a
ganduuas ldnniiganamuanay 342 n Tuwesaifugaficmnsoazasitldnnuagil
a oy dAa ¢ s a A a o Jo = P &
anuiades msaedundioulydi)essondiad iognesnd laglunniile lnsiauies
s a a a & P o At
oon leavzinaihioyyaveslessuinveslansiades Ferzliguanpus lumsganauuas
- 4 POETTT I & g _w
uazdanuansalumsganduuasldnnfigainnuenntui 414 uilues eo1elshaw
wiimmsgandunasfinadususvasdlusisnnuenadui 645, 734 unz 815 w1 Tuiuas
-~ 3 L ¢ \ 3 ' o —~ -~
¥ uii1dgnna1n141ae Rice-Evans 1oz Miller  tazdusgiunisiineyyaiveda
~ & a o aaa =
1uTeTnadiu (ferrylmyoglobin radical) @ iinv1nn1sn1lfnss1vesuniuleInadu
Y 4 -3 a o ann a
(metmyoglobindy) i1 laTanemleseenloe Gedeurziludasslunmsinlgisedu ABTS
- = y
uazailueyyalesounanues ABTS msazanves ABTS  wzifiavuludoiuzveunan
awsodnld Taeldinsosa)nIns T ladines Tavialusrenlnddunsusan 734 uiluwas
2 4 4 '
Favziinssuniutiosigasinnisganiiuuaavesm1sUssnsudug UazaINANYUUBY
#129814 (Antolovich LazAME. 2001)
P o P a o £
waf 1AezuansTasidSsufiousy Trolox Fudumsdueyyadassdunsizd Fald
L A ' Qo
i$sueq Trolox equivalent antioxidant activity (TEAC) %4 TEAC szmiduanudududiy
fiadaTuarvesaisazais olox vzldanuasovesnisdueyyadasziisuviiuves
¥
arsazasvesasasaundudy 1 Tadluars a1 TEAC szilnagonnuaiuisovesas

a 4 ad .
dusyyadaseili lalasinuesneun3edianasou (Antolovich aznaly. 2001)
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2.7.3.2 Diphenylpicrylhydrazyl (DPPH) radical
Qdcrﬂ adda 9 o o a 4 v a o ' & A&
Fiduitndenldtunniigalumsienzimsdeyyadaszludieoang o
a, '1; o °o_w . .
Wuithvuegiuanuansolunisiiiaeyyaves 1,1-diphenyl-2-picrylhydrazyl (DPPH)
~ & o ’ § y .
ysamsdueyyadase Fesilddinsgandunasaansianuenindu 515 i lumas (Al
nazAue. 2008) M3BUTIBNUDINIaNANNBIRAY 517 U1 THILAT (Antolovich UAZANE.
[ b 4 [
2001) iiloesaza10une DPPH ganaufuasasduianisa i lelasisuszaonld guluuy
a P2 sqa o a :! ~ a a
yesoyyaddassiigniadezifaiu Taslimsgaydovesd msuanseyyaves DPPH Tao 2+
§ é " ann Q'
oz Tuanaii 1 lalasiouszaoufio AH Sufadfiseusudu fAe
Z*+AH —>» ZH+A*
2.7.3.3 FRAP assay
b - . . . ﬂg LY .
2% Ferric reducing antioxidant power (FRAP) WUUBYNUNITAANIVBY ferroin analog
a a d
a151sznouFedFoues Fe' vos tripyridyltrazine Fe(TPTZ) " seifailudfhwesaisisznsy
a : 1 ' 2 4
[Fadouuna Fe” mah ldfon1simuiuusiainisganfiuuaaianug1Inau 593 u1luwas
A 1 2+ ] s A o & do 3
uazensousaudusuiousives Fe Wuniwveslulns luas nioduiuiivmsdu
a - v ama asds o o & Yy oA
oyyadaszInasg U infounneaudn I idhiaindouessansa uasvi ldvsuuudasiio
o wva aady v a ¥ Y ¥ ¥ a & o
uazdaluda 358 Wgniasou inaunuanududuvesaisdiveyyadassianuaini
¥
UszTemissnann Tasdsennmsianasassauanududuvesasdiuoyyaddseisnua
qde}’n’ kY 9/ ar t 1 A'l 3 = -i
FFHGudunnms I ianaauud ldgnusienadsunie 14 luveanainieaanimdus
1 4
2113 Msananniiy uaziiwa 1l (Antolovich uaznwiy. 2001)
2.7.3.4 Phycoerythyrin assay
aad 4 . P
Fo4 TsAunis oauaaldqa 19U p-phycoerythrin 11az R-phycoerythrin (PE) %4140
' - ° v ° k4 °
amswuasiaunannarsaoiusggaihulfiluthnwinelumsiarsveseyya
_ o) s J ﬁ o
S5z ayyaveuoseondasziiatiulasms Idgungilunmsaaiod1ves 2,2"-Azobis (2-
amidinopropane) hydrochloride (AAPH) wazezn11n151589@eu0e phycoerythrin nualy
4 a a o aaa 3 g o o
TuvasfimsRnasdmeyyasaszaslilie il §snedrstadtunleseondauazey
y y ¥
fuismsgaduanuduvesnsiewawazmsdudsiisziudadiuiuinssuvesmsam
BYYadAIE (Antolovich iazANE. 2001)
. ~ b % o a A 9 a
Phycoerythrin 32tiuash I lumsdszdivdsz@niamussamsaueyyadasslu
msdmmusyyalaasenda Taveyya leasendaeziinn1nssUuYeY acorbate-Cu” NUTIN
s 9 o & ° Y a o ana [ ;
fAlimsidnduvemsuasui lns luana ey lvinaitiulgnsenail

Target-Cu”' + HO —— damaged target + Cu”’
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} 4
msfudalfnsosendiadulasarsdeyyadaseaunsoasivaey 1d lasmsgaudons
A 9 s o ] @ a Y a 9 d'
(Seuaeszdras laveeiidadruduinssumsdueyyadase qanenan lAvzanso

y v [
' ldlasldnnuuanarsvesiuildnsnvssnisidouaniouss phycoerythrin 531919

blank AUAIDYIMASUAAIAUNGLNINGD trolox (Antolovich HazAme. 2001)

a S d 1’ 1 a W Al Y s
2.8 FaUNIYNDIIAIUHANAANUN TN IDNNUN
a o 9/ o o ' o a a ada 9
nandua 1dnsonniinTaoyia T ldaduayunisinsyvesgdunidne Isa eniiuers
Y a dy A I3 & a :3 b4 Y LY a ﬂ
afuayunisigeuFesideureeiaaisoadnasiviuld Tdnsennindnditiu
a o dda o ¥ 4 a ad v 1 d a ad Y
nansunninnudosludeslunsdudleusingdunis udedielsnimudaminedet 2
3 A a a ada 1Y a ' &
Usziau Ao 1) N15I9TYUBIAUNIINAWITOT TN INY 1% Staphylococcus  aureus H4
E 4 14 v '
Yudlousgluiiionouiiszisumsniinuaz 2) Msoyseavesuafiizonelsn ¥ Salmonella
Wag Listeria (Varmam 8% Sutherland. 1995)
2.8.1 NM3I3QYUBS Staphylococcus aureus IZHINMINAID
a . 4 v 41’ ﬁ o o a 9/
159WY (enterotoxin) NAF190MUTB S. aureus tHunsilynmaninylumswialdnsen
v XK S A ; @ et o g ] ;d
wiin daudiuiies9fimsaruguaszuumswiinfilimswenmnnniu ldseaailgviiifam
& o Ao Ao ' ¥ A a 9 a A ) a °
(%9 S. aureus WunuaiSsidnnuniuileulwiiean uihmseigveasetidnasegni
a [ a I o [} ' a i Py
MWHaslasmaesgudsdunugaunionmidnindo uass susaves S. aureus NMnAaINIID
[ ] [ 4
nuasanmniitinge uas Tu'lasild Tegndaidenlvey Idluanneiilidiuwaumariiding
o a 43 1 = 3 a a a 3 [} o ’ y
winfaYua1d mInsyveurelasmMsHanasiysTiNaduedies s a1 ldanizmai
Ao 4 1 a i 4 3 [ 3
vaizhduradmoudms iuiFoad199udensiiog luomis (Vamam uag Sutherland. 1995)
o b o o ' o Y a g s o A Y 1A
Ténsenminifetuaselnig uuzilvasavdmszinngasineuislduiland
v oy o 1w adyy as o Ao LY ' 4 v
anuilasans Hduugiimiuinldnsenulina5enisisniau S, aureus iound 10° CFU Ao
o ¥ ' ° a '3 a ady Yo a o o Yas
a5y uadh lansadimsdinnzinmegauni d1auiindainiine 191453 thermonuclease test
4 o a o s 1 =4 L a wva
Woasrmmsinlundasual edelsimuezdesnszminiinisnaaeyludegidnis
acda o w A g 3 ' a 4 v et '
Hudtnlianudvgsosauuisldlumsaiuguszninnisnia $991350aA1N8Y 090819
< a o o a d o '
saa32 lasmsadunsanandnii ldanmsuiin nSemsiavarsivh difiunsa u nglalu
waduan lau (glucono-delta-lactone) (Varnam 1182 Sutherland. 1995)
2.8.2 M3vYIBAVLAUATNIHNBIIA
14
o a o a ] o ar 3 [ a o 3
1&nsennindundasusinniiodunas liawsesudseiu1diee lunugdunidne
Tsa luanzinfvesmisnsinldnsenssiluaarzilimuizaudenisiiudiuinves
b4 y b4 1 4 »
Feqaun3d uaieonannsoseadineg lddmiuie Salmonella iluoiiannsnsoadin

v a oo I8 3 o A y a I o a a oo
o ldlundasaaiiionsin ¥u¥e Saimonella Wuydunidivinldifalsnommsiluiufiny lu
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o v a .5’ [ a o 2a
&nsendandou (salami) laedndatululssmeeemaside Sma uozdingy nansuan 1y
I = o a a1 . 1
seozradulumsnaassinlimssendinuss Satmonella MUAUAY 1FU N155189UNVITD
a @ £ o a ]
Salmonella Typhimurium DT 124 Tu'l&#nsenananfiwestugeahtifalsaszuialusiudou
Qar Qr A L -3
Funau 1 1987 fadeuunsiau 1 1988lutlssmadangy Falidieduan 101 579 (Cowden
yw 1 ¥ [] a o ' ¥ ar
uazauz. 1989) usnanidmunernudleusylundasuaiiiioniinlas Boonmar ozans
1 4
(1997) 'ldns19WuLe Salmonella Tuuvuamydadosaz 81.25 Tavasrvasuudarinilu . java,
0 [ 1 4 1 2
S. anatum, S. derby Ua S. panama 96 15AMUATEINIFE Salmonella asonysen lan iuld
nsennino1TuNS 12 Salmonella WunuafiFefiliudaliegsenlddluaniiinden isu
v 14
#n1aciliinde nia wazasdudarian1ee Jay uazame. 2005) n15USUAIY0Y Salmonella
- J 4 -] = 1
ordaduldielins 1¥msdilfinaaninnsa 1su ngladaduanlau (Vamam uay
Sutherland. 1995)
4{ . . {l 4” ~ 9 9 v & ar ~a
139 Listeria monocytogenes \ihii¥onuon laeinldnsonniin Feludssimranigomsn
v ~ o Aa 3 -; dyd o/ o P a . . .
nu1nsus Ina ldnseandaniimsduiteuvsudeiifiledodosnozifialsn listeriosis
. ¥ ¥
Tuvasiidsamauaidon idnunsdudlouveado L. monocytogenes Tu'lénsonniniovas

¥y v v } 4
11.69 M3UYAIYD L. monocytogenes tann I&nseanineveziir lilgnnudssiszwuduie
nelsay ﬁﬂé'uq % U Campylobacter W0 & Escherichia coli fafiaa1sAy verocytotoxin
v
Tagmmizaewusy 0157:H7
14 b4 » ]
1¥0 Campylobacter \Hui¥ofAtin1ul1gerenisidasundasdi a, uazarfitey
ATUNITTBATINVOUTD Campylobacter AR 1AYIBY FMTU0 E. coli Nad19a13AiY
. o A EY o a o o Ay a v o S d (Y]
verocytotoxin 1iniNY YoM uS InAusuesinefitieflye lign gaunsddulngdnwy
4 o Vg ¥ g & v da Y 1w Sa
Tuiile 7 uanansanen ldiniiteuns ieny nasdadln ldisudu n1sseasinves
a o v 3 LY 1 (X% ] % 1
yaunidmariiluldnsenningmiloudezlinnuilull1ddes uads linundnguf
4 o o 4 [ y
mordoarumsiiiulsanngdunidimaiil (Vamam uaz Sutherland. 1995)
2.8.3 Wesai iy (mycotoxin producing fungi)
14 v y ] 14 v
Wesfiadraisiiversgausn ldennsluldnsenivudraisesmaz 1dnsendifinis
3 14 [ 14 4
Pudleuninidesiilidents Uszaniamlumsdunuiosunariidsaailuiguilu
a o ey o o a iy 1o o = a 4
nansaatite Tasmwizluldnsenndnnldiagaui ludsehldinsinsyveudulodes
9 a 3 1 a Ay o & =3
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v ) y
Snu13Ngungiia1 msaadt a uaznissuaiu lunasesudrnFesivremeiugves
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b4
Pediococcus ﬂzmmsmmmmitruﬁ'qmiwaﬂmswyezﬂamencuu"lf’f
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2.9.5 feudnaywd

& - J
¥oInuenans Pimpinella anisum Linn.
%829 UMBELLIFERAE
Foaly Anise
LY o Ay o a
Snuazmangnuenans Juirdugouina@ings 30-60 wudmas luilureouunvu
1 a ' v a (Y A o (Y = 9 A 124 <
un Feasndu1gllsy aduifisudinlden wassdaifisutnlien ualisesenasaman
11995
3 I ¥ 3 v [ o a 5
ASINUNT WA smRavsunNuSounioy uhanassniaw udiysediszas
4 b 4
uf 14 udnoy udazdn dwaviuiussouIuiesund 1o 1y Jugune duvelsa Ju
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FoIneeans Zanthoxylum limonella Alston
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2.9.7 157

¥oInuema ﬁg Amomum xanthioides Wall.
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2.9.8 o1 vENNA

FoINNMANT Cinnamomum zeylanicum
4

¥9WA LAURACEAE

B-

2.

%035y Cinnamon
o o <] 9 9 o 1 4 s oo 1
dnvmznengaumans susuiiudulfivuanaredangluasd Lauraceae viialngjq
a A o w - ! - I I a
5 ¥UARD  DUITIATAINT (Cinnamomum zeylanicum) AU InoGondnvonilan "sumemer i
sInuneiga ouwdu Iaiiife nSo01wyy (Cinnamomum burmanii Blume) 1831a1Y
Howgagaluilegiiu eusau (Cinnamomum loureirii Nees) fsannuua lisosvon 1gn
14
1adunnludszmeine uastlseinalnasideeonsuiwsyiiail eUsEIU (Cinnamomum cassia
b
Nees ex. Blume) Uilfonviuuaziiiony evses 1ne (Cinnamomum bejolghota) NT00UIFY
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du wuluthindisgauauysailuissna uaselildiumlgnifendan/deneuive suse
Inefinnndt 16 aesiug uazds himelinsfayiseduassnga aldonsuwes Insszmin
nheuwsiiady

assnga eusei lieutluiln@d udeinsgaifen wiudtes Yuan Husauumaly
nszm1zems uAessas Fuilaaaz derlusiu @udiumsiz lushenszdumsathaives
Aldlunssonlaiu) ildaadu ufdeumas fmsduuuniid uazamnsanuquszdy
1{1ma‘lusﬁaﬂ§ﬂwmmam‘vﬁﬂﬁ 218 ouwoiildigeemsezI9aiiananea (Faudenld
funasn) Wgeeminguiing 18 1o Tnenaiedisy dis Ineszyhoussiinduney
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Hsaqyy Nassnguldiigedale udgewmde tiged1ds duay thgesig udda  udld
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duiive Mgeeniaguitleds uenninmsldulfendis Inedassyisauaslufindunen

sagqyu I9dududuauiiigeng uddeedatle (Wnsa3dl. 2550)
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3.1 ginsal
[ 1 y E 4 td
3.1.1 setrunssunduianlflumsnanesiilivianua 8 wtia 1dun nszite viludos
o Ls 3 o ¢ a ] { 4
Junling Neuaianuay Houdaniyyd Wsnvey 157 nazouiwy (15199 3.1) lagiaTeunsd

¥y b4
uhaianuadovindmuayulus Tungaummauniuns

a4 A & o P ¢ J o
M3199 3.1 inSeameaminn ¥ lumsnduiiuneussime

a A A Y A a 4 ] a o 9/
FUAVDUAIDIUNA  FOAIUDY ¥OINYIFIAAT mu‘nmmh
nseie - Zingiber zerumbet i
L d
viiudoy Zedoary Curcuma zedoaria i
Qs 4 8 £ g
AUNUINA Mace Myristica fragrans xﬂaﬂﬂnmnaﬂ
> . o
MoumaniuaY Dill Anethum graveolens tan
@ [ 4 d
Moud ANYY Anise Pimpinella anisum wan
NINNBU = Zanthoxylum limonella (]
(52 Bastard cardamom Amomum xanthioides W
DULTUINA cinnamon Cinnamomum zeylanicum wien

[ s
o

3.12 yaunidnldlunisnacesiinenua 20 wila 14UA Bacillus cereus DMST 5040,
Escherichia coli DMST 4212, Listeria monocytogenes DMST 11256, Salmonella Senftenberg
DMST 7113 Uag Salmonella Rissen DMST 7097 ldmnongudusnumazsiuswaiowug
aunSIn1emsunnd nsuinemaainisunnd AsENs19EIsISUGY  (DMST  Culture
Collection: Medical Microbial Culture Collection, Department of Medical Sciences, Ministry of
Public Health, Thailand) LY Pseudomonas fluorescens TISTR 358, Staphylococcus aureus
TISTR 118, Candida lipolytica TISTR 5655, Hanseniaspora uvarum TISTR 515, Pichia
membranaefaciens TISTR 5093, Rhodotorula glutinis TISTR 5159, Schizosaccharomyces pombe
TISTR 509, Zygosaccharomyces rouxii TISTR 5044, Aspergillus flavus TISTR 3041, Aspergillus
ochraceus TISTR 3557, Aspergillus parasiticus TISTR 3276 W& Fusarium moniliforme TISTR
3175 Idnengudydunid aaniuisvinmmaasuazimaluTatursilszmeaing (Thailand

Institute of Scientific and Technological Research) Pediococus pentosaceus P0O805 uen'ldan
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L'lff)‘}‘lgﬂﬂ (WySuaggilan. 2550) Lactococcus lactis 13183 uonldnniiferainsie @szan i3
’J\l‘g. 2550) Enterococcus faecalis 41S17 Lwﬂ"lﬁ'mnﬁq&iammz Enterococcus faecium 11811 L9
ldnnvesunasgan FAsa. 2552)

3.1.3 91119 l‘é’ml‘?‘;’ﬂﬁi‘l’f’ 1Aun Mueller Hinton Agar (MHA, Difco), Mueller Hinton Broth
(MHB, Difco), de Man- Rogosa- Sharpe broth (MRS, Difco), Potato Dextrose Agar (PDA,
Scharlau), Potato Dextrose Broth (PDB, Biomark), Saboraud Dextrose Agar (SDA, Himedia),
Xylose Lysine Desoxycholate Agar (XLD, Difco), Baird-Parker Agar Base (BP, Difco), Plate
Count Agar (PCA), Meat Model Agar (MMA), Starch Agar (SA), Beef Sausage Agar (SMA),
wazasazanoiy Tauanudududesas 0.1

3.1.4 a15nii14 18un widnialsiu (p-carotene) naosvosY (chloroform) nsAATY
1090 (linoleic acid) NIALDE ﬂﬂ{‘ﬁﬂ (ascorbic acid) NsALLNADN (gallic acid) NIU 40 (tween 40)
MU 80 (tween 80) AU B (alpha-tocopherol) NSAUDTAN (acetic acid) N3 alalasnassn
(hydrochloric  acid) TnunmFeusana (potassium  sulphate) Tan@Aeunts uoiua (sodium
carbonate) UNFWOFMNA (mixed phosphate) 1UNIUOA (methanol)  ImidvyInlodaima
(sodium thiosulphate) TwunaGen'lele'lad (potassium iodide) InunamiFoninag s
(potassium tellurite) 131A02AA8'154 (sodium  chloride), 2-thiobarbituric acid (TBA), 1,1,3,3-
tetracthoxypropane (TEP), 1,1-diphenyl-2-picrylhydrazyl (DPPH), ferric chloride hexahydrate,
ferrous sulfate heptahydrate, sodium acetate trihydrate, 2,4,6-tri-2-pyridyl-2-triazine, Folin-
Ciocalteu’s phenol reagent, Xanthine, Xanthine oxidase, Nitro-blue tetrazolium (NBT), sodium
dodecyl sulfate (SDS), Butylated hydroxyltoluene (BHT), soluble starch, WULFAU D (penicillin
G) Wglauiloa (fluconazole) a1sazatnlawFadarenlus (dimethylsulfoxide; DMSO)
asazmouthnnudududosas 1 hndunau tween 80 fooaz 0.5 msazarwlawiiada
Won loaanudududesas 10 msazmesemusanududuiovas 95 uazanududu
$ovaz 70

3.1.5 i3 eaflo 14 18un ndeaganssmi 1nTeestinugyaINIAILUNYY (rotary
evaporator j: Y Heizbad HB-digit) m%"mmﬂnim NG (spectrophotometer 5: U1 UV-1601)
1n3893AMIOY (testo 205) 1ATBIVANTY (kitchenAid model SK5SS) agﬂﬂébumfﬁumns::mu
dovaudou duuide d8uge niloissiude desiceator

316 gunsaingdunidunziniesudailyd 18us u1leTadines (haemacytometer)
0 1aTlilad (Autopipette) NTZANNTOI Whatman No.l vuimdusiguénait e fafwas
azfvaeanesed Tuladuua 1 fadansuaz 10 Hadans nasathunios MumEEe naoa

a A & a 4 & ¢ A %A.ﬁa
naaes 1inay qUiveie wuoye unauie uazgunsslinseadansuilusun
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3.2 35mInaaey

£ ey [y an a a o Jd Qe 1 =
3.2.1 msfnaulansiuiinseIyvesgaunsduazauliAM IMHeYYad I STV
THRINIZIRADINATBUNA

v
3.2.1.1 Mswseniviunoussine

¥ ' y ¥
L]

o o aqg 9 a o a Y- u': 9/ :’ o A

dunsusemonlFlunisditeaseil inSoulasdsn1snoualsiil lasting
= v A: < ﬂ’l = (.Y 1
ayuIsutanilundeualdiflududng  FeflwayuInsudadsina 150 ndy Idasluaia

1) t 4 } 4 ' v 1 4 y
aau @i levaufiy viniuldaudoudseuia 3-4 92 1ue sesunszialSuanitunld

v
L)

A a Y Y v A4 |a J y & o o P a
Yunaisangaldanudou uazeasuiindSunaniniufld duiviuvenszmelingungii 4
pernadoaluvinds sundeeihldldmaaen

L 4
3.2.1.2 nsfnaniamsfudinsindyvesdunid
=) 3’ I a
) NIATYNIYDIAUNTY
¥
fMMsIzFeUANiGe 6 $iia lAun Bacillus cereus DMST 5040, Escherichia coli
DMST 4212, Listeria monocytogenes DMST 11256, Salmonella Rissen DMST 7097,
Pseudomonas fluorescens TISTR 358 Wa& Staphylococcus aureus TISTR 118 luo15 MHB
¥ [} ¥
dldtufigamgil 37 ssruzaidoa (dunat 24 $21ue uazmizidodad 6 vila 1Aun

Candida lipolytica TISTR 5655, Hanseniaspora uvarum TISTR 515, Pichia membranaefaciens
TISTR 5093, Rhodotorula glutinis TISTR 5159, Schizosaccharomyces pombe TISTR 509 tag
Zygosaccharomyces rouxii TISTR 5044 luem15 PDB ﬁﬂﬂﬁuﬁqmﬂgﬁ 30 DIAUFALTUY

' } 4 » ] ’ v
Wurat 48 $21us mimdani I Thunesiiaanis 3000 seudeuriiiigungil 4 e
1 4 b 4 4 ¥
wadod Whanat 15 i maau a1y nniudarad 2 aflunmsdruradudazasaild
Taoduarsazaton ) Tauanudududeosas 0.1 asldudnilydumdssru@erdudredu
b d

meulaiis 1y 1d%ei W @ msuvauasuwad lnoduasazaon Tauanududuiovas

0.1 YSuAnuuueadiyuans 1WAy Mcfarland Standard 1we$ 5 tiie 1 1Aaududu
o o= 8 I a aa Yy 9 ot o 6 1
vousaauuaiGuily 10° cCFudelindans nazanududuveawadoadilu 10° CFUA®

Haadas

o o =t o g a ¥ .
dmsuniswsouaisuyInassvsatesi¥e31 4 ¥iia'ldun Aspergillus  flavus
TISTR 3041, Aspergillus ochraceus TISTR 3557, Aspergillus parasiticus TISTR 3276 uag
1 4 } 4 v
Fusarium moniliforme  TISTR 3175 1114 Taoiaoa1%85104 PDA slant 'ﬁqm‘nqu 30 84N
o o A& q9d a & 4 a v ¢ S a 3 &
waemiuna 7 Ju e ldiFesuesyaniiuazifanisadwades nnlw@minaunedy
. k4 )
Tween 80 $ouaz 0.5 ldasli/lunasa PDA slant NTiFesuesgyegudarlduviauianysemnn

3 A £ o 3 ] Ao -
Weyawne ive Iimloingasenut simiunseasudulvesnlasniesiunslenseshiida
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) L] -4 4 4 ° ar 4 [
rumsanyendl e ldatesuvinassuda I lifuados Ao haemacytometer U5u
o dr a aa
anududuvesades i 1a 10° alssnoiiadans
= a '3 -4 a.
¥) psAnIgNEAIUAUNS dilloaduTaedT agar disc diffusion

a )

o ad . & o 4 o’: ' ay [ 4
NININATOUAINITUYDY Sahin LAz (2004) “INVI’I"lﬂIﬂU VULUINDBIFDIOUNTY

P a s a H o o ' (] -4
Noznageu (LuafiSy 6 ¥ila uazdad 6 ¥iia) Nws oy 13 1ag1F M ud AR UM uToudD

1 [ “ d ¢ =Y 4 c’: o
uaslumsuviuassradvesgduniduaazsiia uaznaidudravesmasa 91niuiins
1 4
a o o o o0 o o Y
swab A9UUAININEIMIS MHA 118y SDA dnsumizifosuuanGsuaziaa andiay dmsu
4 ° ~ { o o ¢ 1 a
F0319149U 4 vianvznaaey Knstuadasuuiuassyseaiesisunas 100 lulasdas
] 14 v 1 4 1 4
AVURIMITDIMS PDA tnauFe ldnifmiemisdrsunudeedsienniye uazna 1314
Q’I’ [ L4 a a 4
uwadlunat 10 il mimiunenszansssnaldurgudnasvwa 6 Tadwashlsren
d’ : = P d{ o’: Y o =
(¥ 1 FuasusSnunnaveInIHmzEe duamintuneyssmedsuias 10 lulasdasvoa
¥ 1 4 ) i 4
AVUNITTANNTOIT] FIMFU negative control YiMsnaasuUIRyIfU La 5 nauunuiniu
MOUILINY AU positive control dmTunuaiiFe 1Hwuildau Sanududu 5000 Uas
k4
a aa o r e o os a J
fiaddasdmSuNAdaY uag positive control dMSuFes waztad 19vg Iaun Twanududuy
¥y v 1 4 v
2 fadnsureiiadansdmsunaaoy JasRinIsnaaounIvua 2 41 19 wmiIzi¥enil
v v b 4 )
wunfiGeliiufigungi 37 ssrwaidoa Wuna 24 $3Tus dwmSunuminseiioaduas
) 4 ] v v
wosnirliinfigamgil 30 ssrwaidoa ilunar 48 $1Tus waz 72 F2 Tugawd vy Javuna
] o o 5 - ] a - o :’
durhguina1aves Taududs (inhibition zone) Tuntlgvesiaduas inisnaaes 2 187
MMsmaundY
' Y ¥ . ] a a ad . e ey e
) MIMAANVYVVUAIYA IUNI3VIINITINTYVDIAUNI Y (minimum inhibitory
concentration, MIC) Tas3s Agar dilution
o ; Y] 3 a a o :’ o 3
Mnsmanudindudgalumsdudainsniyvesgduns dveniniuneuszimens
t 4 F 4
8 ¥1in 1A 1437 agar dilution (Collins UBTANY. 2001) TULIAMATEN stock solution YOII1TU
1 a a o ¢ a gy Y 9 o’: =
nousziounazyiia luaisazare lawiadanen laa Nanudududosas 10 niwasou
¥ y v ¥ ’
2 RsUFB NI U LIMENTTsAUANMTUTUA Y 18 5L (20, 18, 16, 14, 12, 10,
v
8,6,4,2,1,0.5,0.25, 0.125, 0.063, 0.031, 0.015 ttag 0.0078 Naaniuasiaaans) laaAaniigu
Y ¥ A a ) & S & 4 A |a
NOUILINEIN stock AMTUTUNESou P asTunumnziFsuazsinduilsrnnidetSuias
- & v A A Y. S o
ammzauad ) lunumiz@enlanilsann@e Taslsuiasvesmsazarsveniniuney
v ) v
seotazSuasvonimausiuld 1 Tadaas Ginmswsouuanslunianuan n) iy
° 1 d ¥ v L '-& -
Mmsmemisidoadeiivuizan (MHA, SDB uag PDA) fidanasumalegyaliguugll
1 4 ¥ } 4 ]
Yszum 45 ssrrusaiFod USuaas 19 Hadansaslusumizsireriuns 3sunseneis

3 o Y &K d A o a d(u’/’ a o Y A Y 9
LY lf.ﬁ']ﬂ\?‘"ﬂﬂﬁ'ﬁllﬂl')uaﬂﬂl"lﬂﬁaﬂiﬂﬁﬂﬂiﬂi’)\‘]ﬂﬁﬂ'ﬂiﬂﬂﬂﬁllﬂ 16 ‘Buﬂ‘n"lﬂmwn"hum
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é -4 = e \d z - ? 1
awde 3.2.1.2 aalilaseienansvesnumizdelSnas s lulnsdasdestu s lduun
gangil 37 ssruwaidod iWunat 24 $11us dmSuuuaise uashigumgil 30 esruwaiFon

o o o @ 4 3 o w .
W 48 1 Tuauag 72 21 Tuedhnfu daduaziyes aud1dy 1o negative control 1714

1 d ]
o

b 4 N
induunmniniunousIMe Lag positive control YvaUANS s 1N UHTAU I (penicillin G) #
»
o ! A aan o o/ (4
szAuadudn 7.8-4000 IUReilladdns dmuladuazi¥es119viglaurlya (fluconazole)

o vy

] 14 1 4 1
fszAunnudududa 0.156 89 80 Tulasniudeliadans lasvinisnaassianua 2 4
4' n’ 1] 9 ° = d' 4’( q' 14 a a .3
Wedugassuznmmstuudasgihimsusaidiuna Tasgouwizigen lufimssafaiu
' M e & - ' M J o 4
Tavmanudududgaidudemsinie (ic) dusnnudududgaveniniunsuszivod
4 vy
o o a T o
dudamsinsyveuie lAvdrsauysal
4
3.2.1.3 msAnyiauiiamsdueyyadassvenihiuneus iy
n) MsIAANNEIW50 1UNSAI9R 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
o a 'd a. . o :‘ LY a’:
MM AATIZRAIWIATNITVOL Singh UazAME (2008) latiniiNunoussIMoNne 8
- - Yy o Yy ¥ A AR ' Yy ¥ ja
siiaudoona i ldszduanududuiimngay ininfuvsyszmosuaazaindudulsinas
a aa 1Y s s [L aa
1 Haddnsumauiuaisazais DPPH axndudy 0.1 Haa Tuars luwmusa @ai3smslu
ManuIn ¥) 1U51nas 4 addaes tuBluhde igunaiteuduna 30 wi fasnseandu
1 4 4 a 4 o P
udafinnue1andu 517 mluwastsnsosaulnIns W ladwmes laofiouduyaniuguield
L 4
wmueaunuiiurensive taz 1y alpha-tocopherol 110 Butylated hydroxyltoluene (BHT)
. A vy & ' Y 9 A o ° o &
i postitive control 1ife 1AM 1msaandunasludazanududuIninndnnummsiuda
4 .
DPPH radical (ovaz) ¥ ldnngas
%l = (Ao-As)/Ao x 100
£ 4
Ty Ao ABAINIIAANTULTNYBIYAAIVAN LD As AB AINIIRANAULAIVDIRIDEIT T
4 L 1 d v
nenszimy nmiuasensmseninedovaryeamsduds DPPH radicals furiiunenssimod
[ [ A » 2 ﬁ ' Yy g :’ Y ~ o @
anududuateqienial Ic,, Fuilusranududuvsniniuneussmoiamisadiida
DPPH radical 18580ag 50
¥) B-carotene bleaching test
° a I'd a a a o
MNIAAIILHANTTATUDS Eyob tiazame (2008) 1auld p-carotene 2 findnsu
[y o a a aa
nauduaas TsvesulSuas 10 Taddas weldiuarsazaionauyes p-carotene-chioroform
v 1 4
nmiutidadaisazanenaniivSnay 1 Taddasldasluraraidunay (round-bottom rotary
boiling flask) 1AUNIAA TUadn 20 TadnTuuas tween 40 YSuia 0.2 nfuasly hldszme
¢ 9/ A o ~ s A
anaTsvlosuBBNA101T03 rotary evaporator figangll 45 esruwaldud Wunals widl
q’: ~“Q a °y o Py A aa ' 9 [} 1 4'1 9 a ﬂ
nnudrssqAminaulSuIas 50 dadansasledredng uaziviesiasaieldinaiiu

L d
o ' o

3 ¥ ¥y )
davu anutinlaaisazansiitsuias 5 dadaas laaslunasanaansniiazosiiuvoy
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szmeanududu 1 JadnsudeladdnsiSuias 0.2 addas thlSammsqandunaaiud
fiamuenntu 470 i Tumasdundesanlala v Tnfline? (dwﬁ"lé’f&ﬂuﬂﬁms@,ﬂﬂé‘uumﬁ
(a1 0 wifl, =0) vintfurimasanaaeslun 13 water bath figangd 50 serhiwaiv
105 wi# ezl Sadmsganduuasiitnn 105 1R (=105) T negative
control MMIsMARBUTHIRLITU nAldimueaySies 02 Tadaasumuiniuneuszme
#9U postitive control 1% alpha-tocopherol 14ag Butylated hydroxyltoluene (BHT) finuain1

s 3 o o .
(o319 UA Antioxidative activity (AA%) ANTAS

AA% = 1A A ) VA A )] X 100

sample- control)

A 0 A ' - o e o ~
e A’ Ao AIMIganduLaIvesdInd eIl 0 uifi (=0)
A, . fie smnngenduuasvesiiegiandsnntuduna 105 w1l (=10s)
0 A ' A - ~ -t
A B MnsgandulasyssganIuguiinnii o wid
A fis mimsgandunaeuesyandunumdsnintidunan 105 uii

f1) Ferric reducing antioxidant power (FRAP) assay
as & s v Aa d :’ %
FRAP assay ludimsanugaauiamaidudisadveainiunenszsive Tasm
i = 4 . ¢ | &
anuawse lunfoumsdsensuiBediouves Fe-TPTZ (ferric tripyridyltriazine) 191y
=Y o o 'd Y
#15U5enouIFedouvos Fe'“TPTZ (ferrous  tripyridyltriazine) ITagf1n1snsziawisns
; ~3
9849 Lado tiazAmz (2004) misazaiohlflun1snaaoy fie FRAP reagent 31/5enauday
a a o e a an
acetate buffer AU 300 Tad Tuaf YSuns 25 Haddes msazais TPTZ anuidudu
a o o' a 9 9 s oo Jd e o Aan
10 ad luas lumsazaiensa la lasnassnanududy 40 Tad luas USuias 2.5 Tadaas
. a o ¢ |a
uag 91502019 Ferric chloride hexahydrate (FeCl, . 6H,0) anududu 20 Tadluars Usuns
a aa as ad a o o jV a
2.5 Haddas (3505 lumaruIn ) 3505 uns1zni 1A laosllida FRAP reagent YSuas
[ v ]
1.5 Nadaas ldaslunaoanaassniinlrssininiuvensamosuas so lulasaas vu'lin
o =~ = o r T & 4' 4'{
gamgdl 37 esruvadod una 5 wii uaziithiiasnsgandundsianueiaiu 594
4 =Y o o P 1 A o 1
wlumasaonissainlaln lniines Taufiouny blank 3919 FRAP reagent 1 lififia0tha
¥ L 4 »
veniiunenszive uazihiminsganiunavesistniniunoyssined lduulSoudioy
funsmuiasgumedulaumanududuyes Fe-TPTZ lumizsiad luarinedledie
b 4
diuvensivey 1 Yaaniu
N5 INIATFIUVEINI5ALAY ferrous sulfate heptahydrate (FeSO, 7H,0) Tugas
a o o an ° 1] @ o
anududu o- 3fadluas @wWITnmslumanuin ¥) inisnansusudeafiuising
’ ¥
198U uAldarsazat ferrous sulfate heptahydrate NzAUAMMTUIUAMSUNUIITUDY

gy wazilounsmuaasanuduiusvesninisgandunasiuszduanududuuns
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@ w d
91303010 ferrous sulfate heptahydrate 92 1daNuduUFITudUAT tazmaumaduasa
yoansmasguielFlunsdamanududuves F-TPTZ
) Superoxide anion-scavenging activity
a '8 o ar . . ° a
msuaTIEHaNNEIsa lumsiia superoxide anion MAIWIBN15U09 Sakanaka
. 9 9 o e o
azAME (2005) TABHEUAI5A2010 xanthine AYNTY 0.8 Uad luars luaisazarovioaa
o Jd a a 4 = a aa .
iimesanududu 0.1 TadTuars fiiey 8.0 Y5113 0.5 Hadans nitro-blue tetrazolium A1
a a 4 L% 4 o a 4
Wudu 0.48 Had Tuard lumsavaeeamaiiesanududu 0.1 TadTuars fitew 8.0
¥ ]
U3uas 0.5 addas GEnmswsoulunmanuan o) nagihduneuszsmeiissduanududu
} 4 []
1 fadniudeliaddas YSwins 0.1 Haddas viniuih ldanuldfeoungungi 37 eeemn
a 4 . a 1 a aa
iaFoe iWunat 5 uil iAuienlan xanthine oxidase na1andudu 0.0026 yilnasiioddns
S1as 18.8 Tulasdasasluieulfasowazd Il uuiigavgll 37 ssrusadoa luna
v
o a a o ¢ ta a an
20 UIH 9INUUIAN sodium dodecyl sulfate ANMTUTU 69 Had lua1s USuas 2 iadansaslyl
iongalnser udrsaililaminsqanduuasinnueniaiu 560 urluwasAloins o9
P=Y d o 2 o [ z . .
anlnIns I Tatiwes nazihmmsganfiuuaeuifiusumnimsdues superoxide anion (Gouag)
&£ o 1 4 ’
Fadw ldnngas
%I = [(C-8)/C]lx100
1 b4
die ¢ flo AmsgenAunaIves control (IMmesummiiiuneussine)
y
S fie  MINIIGANAUNAIYDI sample (MTUNOUITZINY)
a (s a 3 o’ o
3.2.1.4 msmsizinmiSunamsiszasuflusananualusihiuneussme
a 7 < q’: :’ ar o o
msuaszimlsnadsdssneufiveanmualniniunoussimetiainitos
¥
¥99 Dastmalchi lazaAmg  (2007) Taowmssniniunouszimeidlianududu 1 Hadnsude
A an J :’ £ Py Py ] o a aa ~
Naaaas ulaminfuneuszmnlsnas 100 lulasaasldasluraraduuia 10 Taddas @y
y 4 o Qe -
WIUIGNTUNINGI (ultra pure water) 151195 6 NadaAsIAZIANTIS Folin-Ciocalteu’s phenol
L d E 4
reagent 1511035 500 lulasfas woimarfiald 1wk imiu@uarsazars Imdoumivemn
anudududosas 20 U51as 1.5 Taddas nazilSulsasivasy 10 Taddasdroiigns
ny ¥ o a u,: ° [ A o A
AN wauaze Pilunal 30 wii i T iamnisganfunasianuenindu 760
uTuasdronsosmilnIns I ladfimes shisinisqanduuasitlduisiaanilsna
L4
a3tlszneulusanimuaninaumsiduasivesnsinasgiuuensaunain
Minsiuiasgruvesaisazatsnsaunaaninnuidudu 0-1000 lulnsnsude
adans @353 lunamuan ) imsnaasusudesuduitnmstedundldaisazan
1 4 »
asaunadn unwihiluneusyme e lddinisgandunasudnbundounsiluans

ar [ L4 ] 1 (Y] Py
anuduiusseninaimsgandunasduanududuvssmisazatonsaunaine: ldns
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Wuass uazmaumsiduassvsinsmimnaspude 1 Flumsinumyinamsdsznsy

¥ [ d
HAusanauavssiisgniniuneussie

3.2.2 msﬁnmﬁn‘%wammﬁwﬁummzmwmwﬁm’mﬁ’uﬁﬁmﬂ'em'sé'fut'}mnm?w"

WO S. aureus, Sal. Rissen, P. fluorescens Wae L. monocytogenes

3.2.2.1 mawdendeyaunid

FamstSoudeyEunitaniinde 3212 () 18T mmgdunid 1.0 x 10°
CFU nofiaddnsitellumsnaney

3.2.2.2 NAAOUAWIT agar dilution checkerboard

yansmareunavestinfuneussive 2 vila Ae uoumenauduiunganey
shifueusoraufmiwuming wasihiudumimasausudisunioney Tunssuds
N3 m?tyvm S. aureus, Sal. Rissen, P. fluorescens WQY L. monocytogenes 1a875 checkerboard
AWIABNTUBY Rosato Lazaay (2007) 5ut15nm’§uu stock solution 1!8\3‘1;133'1‘10‘]“‘150 ﬂy“lﬁ"u
Sumimauaziiniumianenluaisazars DMsO  $evag 10 mnrfushimsTilad stock
solution Yo ufuMeuszMewTiadl 1 U ¥infl 2 ¥iiaaz 0.5 Taddas (®ns1du 1: 1) aalu
numzie nuinsmemisdsade MiA fidamasumaregdaiigumgiszua 45
peraiFo USnas 19 Tasaasaslunumisdeiutem g sauanududy 1/2, 1/4,
1/8 wae 1/16 whusss MIC vesthiunenszmoudazsiings Ionnanisnaasslude 3.2.1
felounsziteomsudd udI9IMuARIS U IUABIVBNAUNSY (1.0 x 10° CFUABIIaAANRS)
adluasaianatevessumzideysnng s Tulasdnsdeny mmfuﬁﬂﬂﬁuﬁqmngﬁ 37
oerniraiFon 1uat 24 92 Tus uaziigungd 30 esruvaiFoaiiungt 24 $21ue dmdy
P. fluorescens 113umsUstifiunaveniniunonszmolaoduranum fractional
inhibitory concentration (FIC) 14 15A11281A1 FIC index (FICI) %z’ﬁgmﬁ'@ﬁy

FIC index = FIC, + FIC,
e FIC, = M MIC vouiuszmesiia A (MIC, combination) tijooglu
gﬂunwmt{wﬁummzmuwﬁu /i1 MIC vourifumen
STNUTIA A INIDE1AYI (MIC, alone)
FIC, = 1 MIC veuhiuszmesiia B (MIC, combination) tiieaglu
;ﬁuummi{ﬁuwamzmawan /81 MIC veshiiumen
LMY B INO900191AEI (MIC, alone)

Fadan FIC<0.5 ﬁﬂ’hﬁm’l%‘tﬁ?uﬁu (synergistic effect)

0.5<FIC<1 {97 additive N30 1ilAUUANATN (indifferent effect)
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Al e a LY . .
FIC>1 nmu’fluﬂgﬂnyﬂu (antagonistic effect)

: : LY : v W d
323 MsfAnYIavesdIMHENBIMIsAogNEveni niNeuatas I I HMImAlUM S
U :l o ] ¥ 4 g o
dudamseigveanuaiiGunelsauazunaniGansauandn
dy 9/ :‘ LY =Y é £ a o o 3
msnaaevil lddnynaveniniuvensame 2 ytadelidszdnsnmlunmsdudents
¥ y
wigvewuniiSolddnananisnaneslude 3.2.2 Aemsdugimsinigueuaiisoimua
9 wiia lAun nuaiSunsauanin 4 ¥ia Ao Pediococcus pentosaceus P0805, Lactococcus
lactis 13183, Enterococcus faecalis 41S17, Enterococcus faecium 11S11 wazupanionelsa 5
¥1ia 9 Salmonella Senftenberg DMST 7113, Salmonella Rissen DMST 7097, Listeria
monocytogenes DMST 11256, Pseudomonas fluorescens TISTR 358 Wag Staphylococcus aureus
TISTR 118 YUDIM1591004 (food model media) 3 FUA A0 starch agar, meat agar l10% sausage
agar
= 4}‘ a a2 d
3.2.3.1 MRS ou¥BYaUNIY
° a 47 a a acy 9 o [ 2 o
MMIATOUFBYAUNTIAUITNITVD 3.2.1.2 () TIMILUUANTINTALDARNIDE
1 [y 1 d 1w d
nuanisone IsadiunuYuysusradimIiy Mcfarland Standard 1085 2 11a2 Mcfarland
4 o @ [ [ 1 ’ 2 o a ¢ o 1
Standard (W93 5 My dmFuuuaiSone Isa Gy ld1Suagdunidvihny 10° cFuse
HodaasdmsulFlumsnaasy
3.2.3.2 9111391294 (food model media)
¥
911158109999 3 Fiia A9 starch agar, meat agar L01¥ sausage agar UAIUNQULIQY
ad < o dy
MR ONAI
n) starch agar 1/52NOUAIY beef extract 3 N3N soluble starch 10 ASY Ju 15 N3y uag
¥y .
Wnau 1 ans
¥
¥) meat agar U5¥NOUAIY beef extract 30 3N WWIUTI 10 Haddas Ju 15 Sy uag
1 4 v
WINaU 1 aas
1
f) sausage agar U3ZNDUAIY beef extract 30 51 11172 10 Hadans 1wRounas
4 Y = a [ o 9 [ :’
5@ 12 n5Y Tadonlasweavieaa 3 nu nglaa 10 A5y Ju 15 nfu wazi
nou 1 aas Ysufilerdonsauandnliild 5.5

-

o 3 =Y ° (] dy 9/ & (] Af -
Tﬂﬂﬂ'lﬁ'lii)'lﬂﬂﬁ‘ﬂ@3 ‘b’uﬂ‘DSVI'Iﬂ'Iim’IL‘leJﬁ"JUﬂiJi’)uQ°11'lL“1fﬂ1’lQﬁllﬂﬂ3J 121 93m

9

= ~
waFemidunal 15 ui
3.2.3.3 I5msnaaey

o ° [ n’/’ a a o : Qs
‘Vl']ﬂ']iﬁ1ﬂ11ﬂlﬂﬂ%ﬂﬂ1ﬁﬂ1uﬂ’liU‘UUﬂﬂ'ﬁwiigilﬂﬂQau'ﬂ%’U‘UEN‘IJ’I%J'HE)‘UL%U liaz

1
LY 4

1 4
dudumimelaol933 agar dilution (Collins UazANIE. 2001) TULINIATEY stock solution
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:’ Y Y a a Y] P y v 9
voaijuneusmouaazsialuaisazaslawnadaren laa Annudududosas 10
:l’ A dy dy t-:'d oy L% d‘d o Yy 9 1 Y o
MNUUATINDIMITIAsUTON TN UM ONTLIMENTTLAVANVTNTUAIINY 19 TSRV (22, 20,
18, 16, 14, 12, 10, 8, 6, 4, 2, 1, 0.5, 0.25, 0.125, 0.063, 0.031, 0.015 1Az 0.0078 WaANTUAD
a aa Py :’ o . y 3 a4 a 1 4 ﬁy
faaans) Taudniilureuszimuein stock solution ANMYNIUTATon PHaslunumiziye
¥ [ » 14 v 1 4 ) 1 4
gazinaundsiasiniyedsuiasimunzavas Tl lusnumizi¥earndsiseinie Taw
¥ t 4 v
YSuasvssaisazatsvosiniursussmouazdSumsveninausuiu'ld 1 addas
y 4 y v »
MNTUNDINITIAUFONINUZ AN (starch agar, meat agar WA sausage agar) NTINABUINAIDY
A A a -~ o a aa d" c’:’ Ay 9
Faligungiidszuia 45 osmusaiFod Ysuias 19 TaddasaslusrmmiziFeiunss
o S o v 2 o aa o a A a 9
UNTETIDMITUTIAT LAV Imead s ILaRITadvoIUANS sena 9 ¥iiah lawS oy 1A
P T a S
waaude 3.2.3.1 asldasshenanvessmiziedSuias s lulasdasassiu samiui
vuiigauvgil 37 sssruwadod iWunan 24 $2Tus on3u P. fluorescens Uinfigamgd 30 oeeh
) b4 0 £ 4
waFsaiuna 24 ¥21109 lunsdived negative control 1¥1hinduunuihiunenszive lay

¥ 1 3 y y
RINISNAADININUA 2 51 Lﬁﬂﬁuqﬂizﬂxl')ﬁ']ﬂ'ﬁUULL%’]WTJ‘D@W\?W?ﬂélﬂlﬂﬂl‘d]fﬂuuﬂ']'ﬂ'li
] L4

d’, Af 1 A 4 J Y ¥ o e a {] J Y 9
RGATOUAASFUANNATIU MIAIANUVVVUAITANTUVUINITLITY MIC) uluapn Nty

; : as A o u’: “ ¥ 1 o
mqmmumunﬂmzmumuuUamimnﬂmv’fm"lﬁ’ammwim

=2 : (% v = 3 d aaa
3.2.4  maAnwnaveuiTunenssmenanlunsAmugdunIduazyzandfnien
ssndtasuves luihilyldnsennlFaniie
u,: dy i sley Y :’ % :l o o '3 2 a
amsnaassluduil ldlhhniuveusaivenanes niiusuirsuaziiud unmimedadi
o oa @ 0’: = a ad e a A a Y ¥ 4
dsz@ninlunisdudsmsinsyvesgaunidne Isa laaoduaslu 1dnsenilSoudlenil
| 4 1 4
mstAuFouuaiSouandn P. pentosaceus sagiFanunisone 15n 2 ¥iia Ao S. aureus UaL
v ] b 4
Sal. Rissen sravaNududuvsniniuvsuszmenldlunisnaassiinnsaininniswa
{ o 3 a gy & Yy o . ot
NARBINIINOUNIINANDIVIA (preliminary study ¥4 IAnaaeunavoIns lninTunsusumoh

[ g 9 ] ar Y] é 9 o ) ~ 9
TSAVAITUVUUVUANNY 12 szauluminanuan 3) “]Nvlﬂ‘l’l'lﬂ'l'iﬂﬂﬁﬂ\‘llﬂiﬂﬂlﬂﬂﬂﬂﬁﬂ'ﬁi‘ﬂ

L 4 E 4
o_ o o [

¥
HNTUNBUSZIMINAUTINNA 5 NIMVUA NIMsnaasdsae 11l
~ Af a ot o
3.2.4.1 MsIA30NFRYAUNTT
b2 ’ ¥
WIASINIZITB P. pentosaceus PO805 Nuon l@smilonyaa (WaSuazqiian. 2550)
¥
aelu®1m1s MRS broth §1IM5 ‘Ul“l“fﬂ S. aureus TISTR 118 11@% Sal. Rissen DMST 7097
e ° v oA a - o > o
wzideslueinis MEB 1h hhivfiguvngil 37 ssesadod Wunar 24 F2Tusnnfui'hl
y P S { =1 ' A a - P v Fe
Thumseinnga 3000 seudeuiifigungil 4 ssruzaides Wunat 15 Wil mdauladia
I'4 o’l’ ' 3 o =
14 drawad 2 asdlumsdraradudazasan id laaduasazarsnly Tnuanudududosas

v ] ¥
0.1 a¢ldudnitldumdsasuderdudedu maiulansly udwein v ldasuvivase
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o Py Y g o ] o ,é’
iad lasAuasasmonyd Taunundududosas 0.1 USuanuuvsasaduyiunssyesie
1 o I's ] ] 3
P. pentosaceus 1Y Mcfarland Standard 1185 2 uaziveveae 11/8n 100 i1 e 1R 14
P 1 a aa o [y § .
anududuvousaduuansodu 10° CFUAslaaans dMSUTS S. aureus UL Sal. Rissen
o ] 4 LY o
Ysuanuguveusaduviuass 1 fiviidy Mcfarland Standard 11105 5
12 14
3.2.4.2 MslFiTunoussMonauAonN1SGUIINITINTYUDL S, aureus UAZ Sal.
b 4 y
Rissen 1u1dnsenifSeuile
b 4 y 1 4 v 1 4
Mmaesouldnsenulseuilonanua 1.9 Alansy Taeldunaudsil 1ited5osas
v
51.45 sud2¥ouaz 28.07 d1ugnieuay 14.03 Infiedevaz 1.3 thatanswiesas 0.47 nszifion
¥ ¥ b 4 ]
uadovaz 4.6 nsnaa ldnsenlSouilen 18 laniudeMuaziuSundwinazeaiunag
¥y o v A 2 2 A % 4 v Y Y o
ualtazidua laolfinsosuaiile simlunaunssalyaimuaasluiiovaudneauldidriu
q N 7 i o ] o
Tas1#inSoama (kitchenAid model 5K5SS) fivnsianusaues 114marlumsaay 3 uf
¥ ' b )
wisdunauves 1énsenisnuantiuiteomortuudoemiu s daumhadu ieriuudu
:’ v d' 9 9 3 [ a’: 9 t [ 3N :’ o
ulunesuszvonauinnudududnqgduimun 5 ginunlaun 1) ganruguli@miniu
v v v
NBUTLUIMONAN 2) AT UITEN AR NI 126 RHDuLazTHIUNIINg 1375

Aaad

aad a o e P o Yy ¥ YO w s Asd
WHIDU 3) WUHIUUBVUIFINTSAVUAITNUVUUU 252 NWIDULASHIVUIUNUINA 1375 WWiDY 4)

1 d ] 1 4
o o o =

o gy S o o w w d Aaad a
VU INUDWBUNTCAUANUUNUY 504 RADVUASHIUUIUNUING 1375 NWIDN LaL 5) @AY

oe

v
o =t

@ Y 9 aad FANA\ s aad o o
UniueureNszauadudy 1008 Awutazi iU UNIN 1375 ANDY NA9 1NN
Y @ A 14 ; dy a z = g Av
WnuAuda ussy ldnsennlseaiioatluganaradin vimiu@EnasuvIuasradveuie

J a1 o < g o
P. pentosaceus 19 Iannududuyeawan 10° adnoniy S, aureus Y5110 107 xadnonsu
. b= 7 Jd ) (% a Vv o1 o oA a ~
tay Sal. Rissen 151t 107 iwaanoniunazialiuniu vl dvhguunll 30 essusaidea
o o g e y 3 o o a o °
Futaa1 96 ¥ 1u3 MMsAUGI961991 0, 24, 48, 72 AT 96 ¥21u9 NI WATIZTHIS U
a o ~ a o’: o 3 &
YAUNTOUUANISUNIAUARANYINUA $IUIY S, aureus UATIIUIN Salmonella LOTIAATNIDY
14
aIsmsasne 1l
a 4 o a o’l’
1) MIANTIAMSWINUUANE NSAUAARNTIINUA S. aureus UAZ Salmonella Tu
¥V >
1&nsennlSunile
» y b4
W ldnsenulseuilodSun 25 nfuldasllugediludasade ianasazaie
nhlTaunrmdududooas 0.1 USunm 225 Taddasasliugedtu Adudomiodtuemis
-~ u’l’ o A ’ o A P [
Wunat 1w imiudiimsitenede ldsuldszduanuifensfimuzay lumsmswmu
< A = Q’l’ o b4 o ) b o U P o
wuaisonsauananiavua wlasldinaiia pour plate F9'lathladaetrefiszdunau
¥ v 14
R9919 3 szaugato USinas 1 Haddas aslusumziFenldriiasaise 1iuom1s MRS
P o Ay 3 o °
(uugiidszuiu 45 ssruvarFon) asluaznanldididu Aalisuemisuiied adeu

¥ v y
udnirhhivfigungil 37 ssmuraiFoa Wuna 24 $1Tus dmSunisasramisuause
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° 9 =Y o 1 - s A
Salmonella wag S. aureus N1 1ao19inatin spread plate 1noTilaR108199 3 sTAUANITEIN
a a _ an a { a '
gamodsinas 0.1 Taddnsasuuraniiemis Baird-parker agar AN TnunaiGonmag 15y
uaz'lnas dMSUMSATIVMISIUIU S, aureus LOLBIMIT XLD agar dMFUNITATIN

[} ) T b 4 . b 4
31U Salmonella was AN IR0 M IIABUNAA1BNYTFHINTD A1 1UINIZF oI

3
g Q

iliinfigamgil 37 ssrusadoa iWhainm 24 $2TuadmSuem1s XLD agar uag 48 %2 lu
#M35U0 N5 Baird-parker agar U lalafid@duusuiiidiuiu 15-150 Ialafl uazduin
¥y
91U Salmonella 1402 S. aureus NAVNUA (CFU ABNTUAIBINYBIAIDEN)
o o a ¢ & a o a ¢
FMTuUMIAATIENHD P. pentosaceus Wn311 Iavldinaiina pour plate Tnstlilnd
o L) a [y - [y 9/ oy a aa 1 47 o 4:‘
A20619NILAUANNINDIN 3 szAUTANE USuas 1 TaddasldaslunumiziFonainyouds
Q’l’ d" 4 $ a’ lé A,
1NN IMISAUTD MRS agar Nigsnasumalngdeligumgllszuim 45 ssruvaiFodas
o - Y o 4 4 a o o
Tuazwaulfididu sesusmrsudsdudnir‘hhivhigungil 37 ossrusaidod Wusmou
Taladiniis v 30-300 Taladl uazdwaalugyl CFU densuvesdantig
s L |
) Jan 1o
hnmisdaniievvesldnsenlasldiniestaiies (testo 205)
y
3.2.4.3 Msfinynaveniiuneuszmokauden s yzasnsiinlfns neendiatu

t 4 ¥
vodludululdnsenlsoile

) 4
I a A

o = SR S a aa a
winsmionldnsenTendioianua 5 ninwudiidn¥ounaiiSouandn
P. pentosaceus, S. aureus 40 Sal. Rissen AMITMsIsURALIfUde 3.2.4.2 ﬁﬂﬂﬂuﬁqtunqﬁ
o [y 4 o g o
30 esruzraidoa i 2 Tu (ldafesyssua 4.5) wdnih llidusouluanmarungu

o o

ANMFuFuNT Souaz 08 (w339 1u desiceators Tiflarsasaroindodudrves Inunadoy
Famln) igangd 4 sermaiFoa Hunat 27 Su agiinsTinsizdana Inlewiiysn
(thiobarbituric acid value; TBA value) maeuﬁiazﬂ?muuﬁﬁnm 0,2,9, 18 1tag 27 U ag
Uszifugunmmadszamduiavesldnsennouiioluiui 27 vosmsiuing 3af
Femsliaszviaad

m) Msdianzimsifneendinduvesnsaluiu hidud282633 TBA

¥nau3Tues Kirk ung Sawyer (1991) us'ldnsenu3ouies o 10 nfuasluih
U5ums 50 Hadaanifunm 2 wfitermidmeiuilesds nimfus il ld lurarad
dm3undu Fuhusinges 475 fadansasluaznialalasnaoianandudu 4 Tuad
51nas 2.5 Tadansasllaudasgauda 2-3 s v lundunasifudnfindu 1805 uas 50
findanseenu Tuladduiindul&ivsies s faddnsaslunaeaudafifidida wazidy
a1saza1wnsa InTourdy3n (2-thiobarbituric acid) anududuiesas 0.02 Twarilunsa

b 4
nedanAMINYUS o8B 90 (TBA reagent) Y1103 5 Hadansasly wowaziiludului
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1 ny < 4 o o a ot {
wemilunal 35 wiluazildesia I 1Miungamgives udnirliadnmsganduuaan

A

] PN 4 [ é
ANULIINAY 538 W1 Tuas (D) Aunsesdln Tns W Tndiimes sudy blank Fansonlay
¥
ThinlSuas 5 fiadfnswauny TBA reagent 1511as 5 Haddasii lduuaz Jasnsganiy
{ 4 o J 5 ] o 3 A ¥ 1 ar
uaeiinnueadudeIiu Tagainsganduuasii ldezii lgududi K Falidwniu 7.8
L] 1 & 1
Lmzuamnaaaﬂmag“lu;ﬂmmm TBARS (thiobarbituric acid reactive substance) el
aQ a W = d ) a o ar U
Wuiiadnfuveanalaurnd e (malonaldehyde) #of lansuvunada9619 (mg MAD/Kg
sample)
- @ o Y ad = 0" . e
¥) Msysziiuguninmdseamdudad 035 n1snssaundana T (descriptive
analysis)
nmsiszdiuguamnnyseamdudalas19inaaeuduiimunisdoduuinen
o = o ] ° 0 w 1 o’: 9
$1au 7 au lumsimoudiednansantd lanhmedaianuaunlgaligadionisnea
c’:’ 1 9 v ~ 79 ya (a 1 @ o (] Aa o ﬁ
miniuue1dnsenudazninwua lfidSamigiu Saldaslumsusatiswaduay 3
o & ;4 1 = J A oW T a 3 as 9 a )
wanda ldnsenudazninwudsslisdadiodsiuanandunazdnaaeufuudazausela
s ¥ [ 4
siadIedAuandeiudIn 1niummsasidlet1&nsenimua TnoSsedrdunsiasi
4 o & = \ o o = Qs L) { L] r
ad ldimuall Fedmaneuduudazauss lddwunisiadiamedi 1dnsenitlumiousu
24 o J a ' a
FeonidsiAnfouhazeranazlvdlsaduguain luldnsenudazimdmuudezysidiu
o @ o Vv dd' aa' - N dy
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@ 's a a w 1 a aa ’ -
wnumﬂ‘lumms sausage agar (MIC 14-22 uaaniIuneuaaans) N]ﬂﬂ')'ﬂuﬂ'l'ﬂ']ﬁgﬂﬁﬂﬂ‘]fuﬂ
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@ ¢ v o oA 4 9 A a A ya a a o 1 a _aa
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1t 9/ 1 [ q’: :l Y =t 1 a8 s 3
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} 4 )
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¥ L d

fiadans) vz P. pentosaceus Ua E. faecium Hanuduniugeganoiiueuiselu starch agar

b 4
o o @ L3 ' <
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v 14
ol

#galuemis sausage agar Infin1 MIC qadls 22 iadnsunniiadans uen9NLIEe E. faecalis 63

9

A3

fianudununnigaluenis meat agar Taoiia1 MIC iy 20 dadniudeiindans dmiy

Af o a v a o ] : o o '3 P
ﬁfﬂll‘UﬂTlliUﬂiﬂllﬁﬂﬂﬂlmﬂz‘]fuﬂuﬂ'nllvhﬁﬂu'luu‘ilu‘ﬂul’ﬂﬂiuﬂ'l'ﬁ'li starch agar nnnga 4-6

Qo 1 o oo

o a § a :' Y : o @ 4 1
ANNINADUAANAT) Lﬁawmsmmmmmuuam‘muazmnu%uﬂumﬂslu sausage agar @A8BNII
E4

=4

o a a 1 ] '

FutamsnyvesuniiGonsauandneeiiu'ldn P. pentosaceus 110 E. faecium faudnaiina
¥ v ¥ ¥ ¥ ¥ b4

aumugerensgniudeTanhduneuszive 2 vilail aztusuiunadninmindoaaosxiiadl

LY o

A o 4 A 24 2o b4 v 4
yudundudelunisndnldnsenSouilofAuminius virsuasirdusumime udiioe
3 } 4 v | 4
P. pentosaceus Hanumanzaunii iosnntluwenUnanionlfidunduselumsnialdnsen
1 4 [] ¥ »
M (Jessen. 1995) dM5UIS8 E. faecium Wimngaufinz 11fundne ilesnniisisauiuiiu
Y T o o Q,I’ o 3 o ar
iwonelsaluuyud (Devriese UAz Pot. 1995) AniUTIRAABNYD P. pentosacens FmFuTund
élv a 9 et a :’ o el
wolumsnaa 1dnsenniims@uniniunensemslunmsnaassiudsly)

a = o

A a J
nAMsAnpIgnEnsiudinisisguoegaunidlaetiniuouwelue1nis meat agar uaaald
g 3 . . PNy '
111U Sal. Rissen, S. aureus, L. monocytogenes, L. lactis W02 E. faecalis AoudTANNAIUMUAS

o ﬂ’l’ : LY = :{ 4 o
asgadudslaniniueue s1adluwszluemisyilaiilsenoudao beef extract  Failu
|3 ti'd =l L a =S o 1 d' \J o 1t 4 q’:
drunayems i llsduiludmilszaoundn uazlidadiufigeninlszneuiu lufiasduds

) X H L] ~ Qr é 1 1 Y o
siiaduiiudmnauahufoaulu sausage agar 9 Jay uazang (2005) naniuiedilseneudan
y
Tisaudosaz 19.5 lusiudovaz 11 i¥ovaz 1.0 uaxidesas 69 Tasldsauenniigaauialu
¥ b
& g L] L A Q7
asdnileuradninmsgaiudilaminiunouszime’ld simoandseiunisnaaeued Juven uaz
A (1993) N1 NISIAY bovine serum albumin 84118111 nutrient agar 1182 minimal medium
E 4
1 Q o Q A e
sevwutlesdu Saimonella Typhimurium ‘iﬂﬂﬂﬁgﬂﬂ‘usﬂﬂu thymol Fudumsdszneundnlu
» L4 0
niuIngd1d  TavUsdarsdszaeuiusdnluiniuneussimoszidinl§asonuldsfudn
d a a ] o d a {
nsuvessaduuaiiFsnaiuasyszaouFidouguiiuamadi lfisadinans/fouulas

aaon '

a & t a
N131AN bovine serum albumin FuuTsAuaslyluemisezdwaamsifalFisosenin

a  w { 3 =4 a [ Y a
astszaeufueiniuldsAunwadwuysuld Tavasisznevusinezidrivdunyesiilu
' a = . . s a &2 1 9 [ o~ aa
wazny leasendaioliuyes bovine serum -albumin MANAe IS0 ldaduuaiGesondia
: Y] 9 dy o’: [ ] a =4 P 9 = 9
vimbiiuneuszime1d uenvinfivasidanydigaunsduesianlenadeviinnudiuniu
3 o n’: :’ LY : o @ ¢ 1
Aensgnduds Taoiiuneuszmoveninfusumimelu sausage agar winfiga oruilumsizlu
¥
sausage agar % luiiududausynenunniluemisdnasriia namsnaassiideandeiy
& ] o, Y o o a aa '
A3NAABIVOA Singh Uazame (2003) Fald51B9u31iu Indhszduanududu 1 Haddasde
ARTAMNT0aATIUIUUUATAISY L. monocytogenes Tdothalitse@nnmlusenaoni 1aidi luiiy
A at o o P woa a a ° oo ar A o oA W
uazgenaeniil ludud uanduiidszdnsamar lugenaoniil luiuge uRerdunszauanu

wWudu 10 Haddnsaedas wuhaunsaassuauuusiiGeldinnnd 1.3 log CFU densulugen
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=; 124 o v a ~ a o 9/ o 0’1’ 4'4 ; d'd
aon® 1l ludiu uanduiidse@ninmieslunmstudilusonaeniil luiuduiazsan asnhl
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WenSousunanisnaasan1sdudinsiosyuoudeuuaiso1uemis sausage agar Ia
:’ LY °y o o L4 11 : @ o 4 1 o o’:’ 3 1
Al uwsasTUTUMIMe WuIA1 MIC vouhfutumimademsdudussuuaniSoiian

1 9 ¥ : o o Y P ) v & ﬂ . - ﬂ

aoudag ualuthiueuwonduldwanuend1eiu Feo1918wns 1215 active components Mtilu

E 4
o o a a [V a

pen1lsznounanlusuiye Ao cinnamaldehyde (Govay 75) Hdszannmlunsiuinisnigves

14

n%qauw?é'"lﬁ'ﬁwwﬁmﬁumsiwmwm Gupta LlazAME. (2006) 110g Prabusseenivasan IATANS

] 1 4
(2006) azBsnuIE15 eugenol ((oUay 2.2) Uag linalool Govag 2.4) Nilnhiueuweanse
} 4
YUGINITITYVDN E. coli, Sal. Typhimurium UL L. monocytogenes 1@ (Kim iazaae. 1995)
J 1 o ] d o
Dorman 40 Deans (2000) 1Ana13iesriseney Tnseadrauasnyilandu (functional group) i
s w P [ 3 a =4 a a =y a o = a a

unumdAgAefInIsuMsiugagaunso lanlnamsdsenouninyiusdndneslilszdntnw

1 7 :’ Y 1 L8 1% P

iga uonvinesntsyneulunhwiuneussmefiuanaiesiunda anwnadenluemisinaaeu

' = d 1 o A LY a 1 = 4 vy a o :‘ o’

1wy Tmdounas 1sa arfiiey TsAunie luiiu enilinaduasunsededuilsz@ninmesainiu

E 4

wenszimolumsdudenisiesguoedunss 1AITuAU (Burt. 2004; Gutierrez LagABIL. 2008) N53)
[ [ 4

indeludiunauvesemssznsudunifesnar 1y sausage agar B19FIBNUAINTTUNISTUE

a o s o :‘ o :’ o Qy g

MY VBIaUNIo laoiniueuise Tassou wazamy (1995) Tanagoiniuliuiaududu

Jovaz 1 wanluemishilindeagdronunlnansenuet 19 UL IRONS 93 YV Salmonella

R 4 a a Y ' :’ o Q” dy .

Enteritidis ¥ufinonmsiasugninusenituniouasiiniuiug uenuindl Gutierez uaznaiy
. ] 14
(2009) WUNANBFA (WY 5) UHATIVNVAINSSUNISIVIINSTIISYUOS L. monocytogenes 1

811113 Tryptic Soy Broth

4.8 waveninTuvenszmenanlunsAgduNsttazyzasllfisureendiatuves

Niulildnsennfsaite

4.8.1 Mol nunuaiGensauananluldnsentSoaiessuenisnin

mnmsﬁﬂmwamaﬂfﬁun8115zmﬂwfmmmﬁﬁuammuazﬁ%ﬁ'u%’uwﬁ'mﬁdami
Lﬂ?:muuﬂm§1muunﬂﬁfi’ﬂﬂiﬂuaﬂﬁﬂiu'lf’f'nsamﬂ‘s’ymu'?yaszw:inmswﬁ'ﬂﬁqmngﬁ 30 9afN
wadaniunn 96 $2Tue wuduiornamininly 24 $2lus wuhluldnseananinuudd
ﬂ°1mmmﬂﬁ(§UﬂsﬂuaﬂaﬂﬁywuﬂLﬁ'uéuetiwsam‘%‘ﬂwmﬁni‘fum_j‘lu‘ﬁaa 0.92-1.74 log CFU #®
n¥u nazideszozaim Tl 48 $2Tus Idnsenninmudimnituenmefisefuanumdudy
126 FuBRshTuS Ui sesuadudy 1375 Ry (E01) uag\dnsonfidusiniu

{ ar a o ov v @ 4 i o 3
aulrsNszAuA NIt 252 Autaziusumimanseauanududy 1375 ANdY (E02) 11
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o A 2 4 v v o w {y o
S uaiiSauiiuaniies (0.52 uaz 0.14 log CFU aondu mudiay) luvaz ldnsennin
¢4 o a ¢ A 13 1 o 4 LR
mwudduqliswugdunsduiuilssma 1 log CFU densy Tauilaszazmandndinly 72
o 9 a -] § s §
FrlusdwannuaiiGensauaninluganiuguanaudniossyuna 0.1 log CFU aonsu (3%
A & o A o v M : ia o o
4.6) uazmuiudnaiulleszoznamsniiniinlyl o6 F21ue luvazi ldnsenfi@uiniuney
e’;’ = It o A A J A P o o & a
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o 4' 5 ) L} | o g o o L
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A Y o A A a 9 ' a Ll ' Y 1.
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senhaiifusursuaziifudumimasznirenisniniigamgil 30 ssrusaifoe (C fle yanIugy
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0 ¢
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w&@uuazu’]uuﬂuﬂulﬂﬁﬂizﬂuﬂ'J'llu{{u{”u 1375 wwtgu)

" £
4.8.2 msasundasdiuiu Staphylococcus aureus I\0% Salmonella Rissen Tu'ldnseninlSen
¥
iioggnamsnyn
v 4 ¥ ¥ )
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nsuiinr el 24 $2Tus Ténsenii@mniniveurefssdunnududugsga (E04) s mauie



90

7.00

6.00

5$.00

4.00

3.00

2.00

N0 Swepliylococcas aurens (log CFUIS)

1.00

0.00
o) 24 48 72 S6

r
srozeamnswim &Falue)

6.00
)

S.00
4.00
\\ ——C
3.00
——EO1
—r—EO 2
2.00 £03
~Ne—=EO4
1.00
0.00 \

[o} 24 48 72 96

1M Sekwoefta Rissen (log CFU/g)

szuzIn M1 NI Gl

gﬂﬁ 47 $1N Staphylococcus aureus (n) U0E Salmonella Rissen (1) 1u'l&nsonSvuitefimunituney
izmtm’dui314inﬁvn']'uam‘xfuuazlfm'uﬁ'uwﬁmﬁizwiwmmﬁnﬁqmngﬁ 30 seruzaidioe (C Ao
qgﬂmmuﬁ"hiﬁﬂmﬁuﬁywﬁ'uﬂamzmu; EO1 fl thiueuiweiissdunmududu 126 Afduuazivi
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dusuminefiszauanududu 1375 AfuSy; E03 Ae vhusuwefisedunimndudy so4 i
waziwtumimeafssduaaududu 1375 fANB; EO4 Ae e uweRiszduaududy 1008 A

d o” o o 4 o
Aduuazhuiumimedissduarmududu 1375 Afdw)

{ 4 o o J (Y
wunfiFeanaunnigadien/Seudisuiy ldnsennimuuddu e aaad 1.26 log CFU Aensu (31l
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$109 S, aureus W' lénsenudasninundAidnhiumeuszmoasasiia (0.05) sauely
agﬂﬂ'mﬂuﬁ"lﬂﬁmfﬁunamzmtm’cm Wefinan 48 1z 72 $2Tuawesmswiin uazidensinon
ATY 96 ﬁ?ﬂmwniﬁaadw'lﬁﬂmﬂﬁnﬁmfﬁuaumﬂﬁszﬁummﬁfui’fuqqqﬂ (EO4) %W S.
aureus anaunnn i ldnsonn nwudduediifudifaniaddn (9<0.05) Taod§mau S, aureus
aAAUNIAY 3.70 log CFU aeny luvaizii 1dnsonninuudduaiisiuau S, aureus anae 2.89-
3.13 log CFU aoniuiiionfSouifioufus iy S, aureus 3udy

dm3uide Sl Rissen wuiuilonsinldnsenFoudiouszoziom 24 Saluesmauide
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minimum inhibitory concentration

Stock V99 viwhmenszme wndu Puwmsomrs  avwdndugaie
yihumeussme jadans iadans (Hagons) (Hadnsuiiadans)
(Nadnsuiionans)
500 0.88 0.12 19 22
0.8 0.2 19 20
0.72 0.28 19 18
0.64 0.36 19 16
0.56 0.44 19 14
0.48 0.52 19 12
0.40 0.60 19 10
0.32 0.68 19 8
0.24 0.76 19 6
0.16 0.84 19 4
50 0.8 0.2 19 2
0.4 0.6 19 1
0.2 0.8 19 0.5
5 1 0 19 0.25
0.5 0.5 19 0.125
0.252 0.748 19 0.063
0.124 0.876 19 0.031
0.5 0.6 0.4 19 0.015
0312 0.688 19 0.0078
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1000 Uaaans
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v, = 0.04x 1000/ 12.06
= 3.32 daaans
tansalalasnasinui 3.32 Taddas a1wlalu volumetrc flask 1000 Jadansil

14

£ Y
Heduan udresdsudSinasdteivuasy 1000 Sadans
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g 9 a A I'4
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i 4
mminluanoves TPTZ iAY 312.33 nudslua
1000 Jadlua {a1s TPTZ dy 312.33 nsy
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FeSO, . 7H,0 1000 iiadlua fiitoms 278.02 NSy
#1FeSO,.7H,0 10 diadlua fuifeas 278.02x 10/1000 = 27802 n3u
iwsuuasazMolTINAs 1000 Toddns ¥9 FeSO,.7TH,0 27802 nsu
dunToumsazmeyTiias 100 fiaddas 49 FeSO, . 7H,0 27802 x 10/1000 = 0.278
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13199 0.1 MRS oNNTINNINSFIUVBIT1302A10 FeSO, . TH,0

LR PATLIGR sunsves YBnasveath anududugany
stock solution stock solution (ﬁaaaﬂi ) (ﬁﬂ’?ﬂllﬁ)
(Hadlua) (Hadans)
10 3 7 3
3 5 5 L5
1.5 5 5 0.75
0.75 5 5 0.375
0.375 5 5 0.188
0.188 5 5 0.094
0.094 5 5 0.047

3. M51A583 Standard curve UBY Gallic acid A1MWHVH 0-1000 T lasny
) v
4 Gallic acid 0.2 n$u azatoluiii 20 Hadaas Daududuridy 10 Tadnsw/

finadns 138 10000 lulnsnsuAadaas

A19197 .2 NSIASONNTIHINATFIMYBINTALNDAR

ANULTUYDS Yhnasves  Swmsveni anududugay
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10000 1 9 1000
1000 1 9 100
100 1 9 10
10 1 9 1

4. Mawsaumsamsumsinnc Superoxide anion-scavenging activity
4.1 msazaroneaaivivies anududu 0.1 Tadluars fiew 8.0
ﬁymﬁﬂimaqmm Na,HPO, 1M1l 141.96 nFusio Iua
Jwﬂﬁ'nimaqmm NaH,PO, . H,0 (M11U 137.99 niuse Tua
4.1.1 M3aEM0Y83 Na,HPO, anandudu 0.5 Had Tumrs Y5113 1000 Haddas

| 4
w314 Tavazats Na,HPO, 0.071 n3u lushudndeoudnSualSunasIfidlu 1000 fiaddas
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1. MIMAM IC,, 72835 DPPH assay

Tumsfuamean ICSOﬂxmﬁywﬁuaunm‘azﬁmmizﬁmmmffm’fuﬁmmxauv‘fqnuﬂ 4
sean Folumsnaaeuaisiimanududufivnzauvonihiusuiser 4 szduie 0.5,0.25,
0.125 g 0.063 Taanfudeiiaaans mimiuhmanududuste 4 seduliBnssimans
ganduudsiinueandu 517 wilumas uagvhiidumdosazueanmsfuss DPPH radical
VINGAS

% = (Ao-As) /Ao x 100
e Ao AoMIMIgANAULASYBIYARILYY musaumueIBY) LAz As Ao Ain1s
@ﬂnﬁuuﬂwmﬁwﬁuam‘vu‘luuﬁiizﬁummn’fn%'u Famsnageuianun 3 91 Taosinwa

¥ v
msnaaesi 9 ldmn1sganiuuauaza1iosazvesnsduds DPPH radical A9A15197 0.1

' 1 4 ] v 3
A15137 A.1 MnsgandutasvenhituemssnaNnudududisqiinaweanau 517

14
w1 Tuas uax%’auammmsﬁuﬁ'& DPPH radical

v g r - ] A
AUV UY A59N 1 A5 2 AN 3
¥
YOIHINUBUITY
(un./ua.) f1013 NS fA1N13

gandutes %l ganduuds %l qenfuude %I

control 0.880 - 0.822 X 1.166 -
0.5 0.254 71.14 0.309 62.40 0.240 79.42
0.25 0.416 52.73 0.475 42.21 0.445 61.84

0.125 0.581 33.40 0.649 21.05 0.696 40.31

0.063 0.693 21.25 0.746 9.250 0.876 24.87
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MnluasanssznInedeuazusan158u83 DPPH radical AU U Usann s udy

AR NONIAT IC,,



117

woiidunn1s§uds DPPH radical
apivTuo By ATIN 1
80
)”
> g 60 .
»
£ y= LI0.68% + 18.69)
~& 40 - 3
E R=0852
;-
= 20 4 *
0 1 ¥ I T 1
0 0.1 0.2 0.3 0.4 0.5 0.6
sedunmdud sns)
woidusn1aiiuile DPPH radical
i nTMOBYE NI 2
£0.00
L. d
M8 60.00 -
D
e
(=3
~& 4000 ,
wg y= 1 18.88%+ 58967
'% 2000 - R =0.8581
-
0.00 T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
adunanndut (un/va.)
wlohifuAnaifuila DPPH radical
apnhio By nai 3
[ 100
23 80
-
£y
= 60
- y=119.19% + 23,659
o 40 <+
- R2=(:9258
-] .
=2 20
0 | 4 I 1 i
0 0.1 0.2 0.3 0.4 0.5 0.6
wdunnudindiu (uasua,)

¥ t 4 1 4 '
31 A. 1 n51M36U8 DPPH radical furiiususeinnududusiien
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doadrenslszninadosazyesmsiuds DPPH radicals Susiiiueusoiinaududy
e ldaunsidunse Senaumsiduaseizannsoman 1c,, 1igsdi
1) MIMAIC,, afaft 1
aumsidunis fie y=110.61x + 18.691
e y = 50 (Zovaz 50) unusluaums
50 = 110.61x + 18.691
wld x = 0.283

y
s

Tumsnaaounish 1 Tda1IC, i1 0.283 TadinSureliaddns

¥) N15MIAN IC,, aaft 2
AUMSIFUATI AD y=118.88x + 5.8507
dio y = 50 ($ovaz 50) unusluaums
50 = 118.88x + 5.8507
wld x = 0371

Yy
Tunisnageunssn 2 1dan Ic,, iy 0.371 Tadinsudeiliodans

f1) NI IC,, naft 3
FuMsIduase fie y=119.19x + 23.659
e y = 50 (Fevaz 50) umusiuaums
50 = 119.19x + 23.659
vl x = 0221
lunsmareunied 3 18 1c,, Wiy 0.221 fiadniudeiindans

1 4 ] ¥ ]
nmiuihia Ic,, N 1dvnnsdiuaunse 3 Anmanndoes 18

IC,, nay (0.283 +0.371 +0.221) /3

0.292

E4 b4
Aariumsme IC,, veniniusuiwedaiinwiiiy 0.292 fadnsuasliadans

v o,

2. IFMIAINONIIUNINUBYYABA5ZAIUIB B-carotene bleaching test

1 v
lumssruamaifnssunisdioyyadassvsniniusuisaziinisnaneunszay

=)

anududu 1 Tadndu Tnotadinmsganfuuasiinnueaniu 470 wrluwasisaar o wii

b 4 ]
waz 105 wii nnhnhai 1] ldsunamafnssunmsdeyyadass Tasunumlugas

b 4

@ A
AU
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AA% = [14A° 1A A D] x 100

sample sample) control

A A v A d o o ~
[SV13) o ﬂ’lﬂ'ﬁﬂﬂﬂaul!ﬁQﬂlﬂQu'nJuﬂUﬂfU"rJa‘l‘ﬂ URTRET (t=0)

sample

1 4
\ o o L t d
fie Amsqaniutasveniniusuwenasnintuiluiat 105 uifl (=105)

sa.mple

A AMsganiuuaIvBIgARILNNIAIN 0 IR

control

A’
A"
A
A"

o mmsganduudwwesganIugurasnIntiuiiunat 10s wii

control

k4 14 ] 3 [
NNRAMINARBITINYLA 3 91 i ld ldmmsganiuudsnanuenau 470 i Tuwmsi

<t ~ P> * v L= &' I J
£321 0 W17 1A 105 WA (M15199 A.2) HIvaRINAINIsganduuaasaessuiien lvia

fenssumsATueyyadasy

] v ]
M350 1.2 MNsgandutaeveniniueuenal 0 uikiuaz 105 Wi

Y e

afefl  madaed Ansganaudad Amsaanaudi HOANYD4
AMNETINAY 470 nm AMIETINAN 470 nm AIN1sgANaY

(t=0) (t=105) ua

1 Control 0.834 0.144 0.690
vhfueumy 0.826 0.285 0.541

2 Control 0.987 0.161 0.826
Ve 0.951 0.490 0.461

3 Control 0.899 0.135 0.764
e 0.932 0.334 0.598

] ¥ 14 '

e lAnmadsvsssmsgandunasisluganiuguuaziniusuiwoud e lduunuaa
dy ¥ vy 14 & Ta Y = :; LY P o
1'”’51@51’!vlﬂﬂ'ﬁ'l'lvl')iﬂ\?ﬂumﬂﬂ‘lﬂ1ﬂ%ﬂiillﬂ’liﬂ’mi)lggﬁﬂfﬁZ“UOQ‘N'}&IHSUL‘BUWiZﬂUﬂ'J'm

Yy 9 S a w ! A an Aac o o d”
Wudu 1 Uadnsunsiaaans laolidsnsaiuiuaail
¥y .
1) AITMIAAINTTUNISATUOYYABATT ATIN 1
0 105 0
AA% = [1-(A samp]e-A sample) /(A control comrol)] x 100
[1-(0.541) / (0.690)] x 100

66.52

1]

¥y
) ﬂ'li‘ﬂ’lﬂ'lﬂ‘ilﬂiiﬂﬂ'\iﬁsl"mﬂlgy‘ﬂﬂﬁiz f59% 1
1} 105 0
[1-(A sample-A sample) / (A control control)] x 100

[1-(0.461) / (0.826)] x 100

AA%
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= 65.25

Y
A) MIHIAAINTTUNMIAIUOYYADAST ATIN 3

0
sample

[1-(0.598) / (0.764)] x 100

AA% = [14A )1 x 100

control

105 ] 105
A sample) / (A control_A

52.62
mmfumﬂ'ﬁ%nssumiﬁ'maugaﬁﬁszﬁ"lﬁ'innmsﬁmmf;"a 3 Amsmiy
AA% 9AU = (66.52+65.25+52.62)/3
= 6146

L4 L d
@ o

aniniveueladinfenssumstueyyadassviiuiovas 61.46

a v da 4
3. Awmmanuanselumsiilui30 1901878 FRAP assay

3
L) o aad v aa Jd

1 4 ¥
ﬂ"]‘ﬂi‘ﬂ’)ﬁﬁ%Slﬂu’Jﬁﬂﬁﬂy1ﬁnﬂﬂ1uﬂ1ilﬁuﬁ'Jiﬂ’J‘]fﬂlﬂ\iﬁ’lﬁllﬂﬁl‘ﬁﬂﬂ'ﬂﬂ!%ﬂ‘ﬁ’u 1

- b

taansy Taolannuiduduvesarsysznoufediouues Fe'-TPTZ (ferrous tripyridyltriazine)
fifatu Fernsomaanududivosmsdssnoumadonuves Fe-TpTz 1d91nnsas
NTINNIATFIUVDA ferrous sulfate heptahydrate (FeSO, . 7H,0) (gﬂﬁ f1.2) MSNATOUAIWIT
FRAP assay 1&3asn1sganduisefianueiantu 594 urTuwes uazai 1dasinnumus

Tuaumsiduasen lannnisadrens s guves ferrous sulfate heptahydrate

¥ v
o o <

} 4 []
luduasunmsimssumsiie 15 lumsnagen 1A vuniiusuenssauanududy 10
(1 1 4 (1 v 1]

Nadnsuneliadans iesnniiiunsysamoriaoudiomisuiisesuanududy 1 Tadnsu
v v

i ld liensasunua ldnnaumsiduassveesnsiingsgiu uazdmsminiusused
szavanududu 10 adnsudeladansdioth i iadimsqanduuaeniin1d lieglugeves

2 v ° P} - J 45 Y [} ] &
n AN Befenihimatensdn 10 muie Idaeglusisvsansmunasgiu Femas

ganfuudan ldudas i luaisieh a3

o ' a 4 & ? o v ¥
1IN A3 f’nﬂ'l?ﬂﬂﬂauuﬁqmﬂ?'lllﬂ'nﬂau 594 u’lIulUﬂSﬂlﬂﬂu'lnuﬂnl‘lfﬂﬂ'nnwU'Uu 10

Nadnsudeiadans
asail LAUAUNDIN MMsgANAuLETine1IAdY 594 nm
1 10 1.151
2 10 1.151

3 10 1.323
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Zd

ferrous sulfate heptahydrate n5IN

g
-

 :

‘8 5

N

H

o

0 0.8 1 1.8 2 25 3 38
aamudidiy (mM)
ﬂf"h"ﬂ'li“‘"nl
forrous sulfate heptahydrate %, lﬁ! 2
|
&

fmigantiag
4
finamennau

o
-

0 1 2 3 4
nasadadiss (mb)
snrinnIginves

»
~

ferrous sulfate heptahydrate A 317 3

g
in

fimgandimas
3 594 am

nnsRnaX

-

0 0.8 1 1.5 2 2.5 s 25

bt md)

gﬂﬁ n.2 ﬂﬁ1v~l111m§1umm ferrous sulfate heptahydrate
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iioad19nsMuATFIMYDA ferrous sulfate heptahydrate LAZAINISRANAUUAIVDIAIBHIS
437 JnhwnsiamaanududuvesaisdsenouiFidouuss Fe-TPTZ 9100UN1S
9 s ) [ dy
1duass Taelsnsfuael
' v v P 2+ S 4
1) MmaanududusesasdsznouBidouvos Fe-TPTZ A5ef 1
aumsidunse fo y = 0.5536x + 0.0479
o y = 1.151 unumluaums
1.151 = 0.5536x + 0.0479
weld X =199
b 4 ] v
ualumsnaaouldlimsiiess 10 1 AsuA19599 14 Ao 1.9925 x 10 = 19.93 Tasa i
uly a 1 ﬂ a a e a a W :’ o Arl = 1 9y ¢
feziiviaaduiiad Tuarsde 10 Tadasuiiunsuszime delumsaamnnududuves

a a [} o oA 1 A a o @ Q’l’ 1
msﬂixﬂamm%umm Fe2+-TPTZ ﬂgﬂﬂlﬂu‘ﬁuﬁﬂﬂaﬁillﬁ'liﬂf)ﬂﬂﬁﬂill AJUUATINIY

9 N
[WuduvesrsUssnouFedouves Fe-TPTZ A9 1 seilanuniiy 19.93 / 10 1y 1.99

a a I a a o
naﬂiua'ﬁﬂﬂﬂﬁﬁﬂiﬂ

Y
&

¥) MsmImaNuutuYssasilsenouBidouuos Fe” -TPTZ a

$af 2
AuMTFUATI AD y = 0.5486x + 0.039
dle y = 1151 unumluaums
1.151 = 0.5486x + 0.039
wld x = (2.027x10)/ 10

a A d1 a a o
2.03 Yad lya1sasNaansy

vy v
) MIMAMANUTUTUUBINTUTENoUITIFaUYD Feo'-TPTZ Asaf 3

AUMIIFUATI AD y = 0.5449% + 0.0676

dlo y = 1.323 unusluaums
1.323 = 0.5449x + 0.0676
wld x = (2304x10)/10

a a 1 a a o
2.30 dad luarsnolaansy
3 o y g a g 2+ ﬁ'lll” ° 0’:
VINMTUITIAINNUINIUVDIE 15U TLNoUIFIFOUYDY Fe'-TPTZ N 1A91nN15A 1IN 3
AN URAY

anududuvesmslsenouFifouves Fe'-TPTZ 1nae

(1.99 +2.03+2.30)/3

i

2.11
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} 4 v I3
aautidueuwe 1 TadnsSumusodou asdsenoudedouyes Fe'-TPTZ  (ferric

tripyridyltriazine) I umsyUszneuiFadonues Fe’-TPTZ (ferrous  tripyridyltriazine) 14
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1.1 IEMINAa0g
o s 14 : dy o’: ~ o o a o dy
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b 4 ¥
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Control - - 5.28 4.69
1 126 1375 5.18 4.74

2 126 2750 5.15 473

3 126 5500 5.11 4.70

4 252 1375 5.21 475
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6 252 5500 5.25 4.78

7 504 1375 5.15 472
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9 504 5500 5.16 4.77
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unsNATEUMIAN FIC index YouTuNBNIEING 2 ¥ilA 49653 agar dilution Fe3% iz
nadeuvueIsLi TasfiUTinassauRanua 20 Tadans Tasfidauveniituneussme
yiiafi1 USias 0.5 findans Misunouszmowiiad 2 USuas 0.5 Haddas sufSuas
Fanua 1 fodans nauduemsiildnaaoy 19 faddas Tavanutuduvesiniuney
semsudasriaionauiueMs 19 fadansudiezlinuvidy 172, 174, 18 uaz 1/16 voem

¥
minimum inhibitory concentration (MIC) Y9911 UNDUILNOUADSHUA

Fa0E1IMIMM FIC veaginihumenszmonausznhainiueumenazshifudumimaly
msz‘fvé’amsm‘%mﬂm L. monocytogenes

PNMINARDINUTIA MIC vouiusmselumsiuds L. monocytogenes NN 1
fiadnureiiadans uazmmstufweniuiumimauiiy 18 fadnsureiiadans Taug

(9 Yy ¥ A :’ o q’/’ o z.ﬂ'
ﬂﬂﬁizﬂﬂﬂ'nllﬁllnluﬂ‘l‘]’f“luﬂ'ﬁ'Ylﬂﬁﬂ‘l]‘l]ﬂ\iﬂ’llluﬂﬂ“igl'ﬂUﬂ@ﬁﬂﬂl!ﬁﬂQﬂQﬂ'ﬁT\]ﬂ 1.1

1 b
M319M 0.1 jluvuNIsHENveNIUNBNSIMY

Yifueyse vifusuniing
sduuy  dwoum andudugedo $aoueh - anududuganio
Y93 MIC (mg/ml) Y83 MIC (mg/ml)
1 112 0.5 12 9
2 12 0.5 1/4 45
3 12 0.5 1/8 2.25
4 12 0.5 1/16 1.125
5 1/4 0.25 172 9
6 1/4 0.25 1/4 45
7 1/4 0.25 1/8 225
8 1/4 0.25 1/16 1.125
9 1/8 0.125 172 9
10 118 0.125 1/4 4.5
11 1/8 0.125 1/8 225
12 1/8 0.125 1/16 1.125
13 1/16 0.0625 12 9
14 1/16 0.0625 1/4 45
15 116 0.0625 1/8 2.25

16 1/16 0.0625 1/16 1.125
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N)MIANIAMANMNGUTUVDA stock solution VBAUKBNITMeFUILLA 1

0.5 YadnTune

» 8
Weanutuduve NN UBLIFHMIIAY 1/2 (M8 MIC = 172 x 1

¥
fadans uaz anududuve LI ITUTUNIINAMNINY 172 M99 IMIC = 1/2 x 18 = 9

Jadnsudediadans msfmamanududuues stock solution HdsamsinIowlasdnu
Idningas C,v, = GV, iie C, Ao Arnududuved stock solution ARBIMIsIATUY V, fe
Uhnaveniwumeuszmefoziuaslumsnagendedauiiy o5 faddas c, fio
anududugameilFlumsnageudeluiiil iueuss fe 0.5 fadniudefindans uaz
shifufumine fe o fadnudefinddas uae v, fio USnassaugamelumsmadeuds
WL 20 T0ddes (@m1sildnaden 19 Tadans yiueuws 0.5 Taadasuaziiuy
Sumime 0.5 Taddns)
ﬁ'ui’:umﬂqﬁs CV, = CV,
ANuuIUYe9 stock solution ‘1160‘1%3?148‘1]%8 o
AN
C, = 05x20/05 = 20 Nadnsuneiiadans
ol Taodainiuoue 02 n3u azaelumsazaw DMSO Zovas 10 USims 10
fiadans 9214 stock solution YestwOLIERNMIRTY 20 Tadniureiaaans
tazaMuudiuBa stock solution VoS UINA fiD
C, = CV,/V,

C, = 9x20/05 = 360 NadnSumelianans

I

o oy o @ 's Qr a
wion 1A TneFainiusuniime 1.8 a5 azateluaisazalo DMSO Ssvay 10 U115 S
¥
finaons 9214 stock solution W8I NTUTUMAMARNNYUTY 360 TaanSudeiiaaans
¥ y v
iBimsow stock solution 91nTUTIA stock solution VB TUBVITEAIUITNDY 20

L4 ' -

findnsudeiindansiay stock solution vouuSUmMiman I 360 Fadniude
finddnsyilaay 0.5 Tadansaslusumizide uazmemsilimanoy (MHA) U311As 19
faanyasly malddhfuudaey ldamududugamoveniniueurelusmumzidenidy
0.5 findniudeiiadans oz ldnmududugaioveniviusumimalusmedonidu o
Gadnsuseiiadans soaemsuieds Wesmmsudadaudlnmsurvasveudeiios
nagovasll sihvhiluufigungi 37 ssrusaided deasuszeznmlumsty (24 $2Tua) 19
ﬁﬁnus‘mzvf;’amm'mﬁanmm?qwaeﬁ:ﬂqﬁuw‘s‘ﬁﬁmwm"lﬂ Fazhannnduduves
£1ﬁuneuszxmgﬂunnmswﬁn@:ﬁfnﬂmm’fu%w‘hﬁqﬂ1‘7;E‘J’Ugamm?mu'l?’fﬁ?a'ln'wumm?ty
o

1 4
a J a v
youseyaunidmlFlunsinsizrinin FIC uag FICI
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dMFUMIATON stock solution TugUuuuduaINs0#1 14 TAsn15199919 2 1 (two-fold

v 1 4 ¥ ¥

dilution) 910 stock solution Y8 UNIABIFTIATGToN 1IUd1419Aue2 14 stock solution T

& P= o A :’w o a o 1 a aa 4'14! y:o :;4

11991990 3 52AUAD 1N UBLIYE 20 Nadnsudeladansolonaudiee Idiniueuiseil

-y L) .7 1 - Qe & - 1] ar '

anududy 10, 5 uag 2.5 fadniudeiadans FaautU 1/4, 1/8 uaz 1/16 ¥93A1 MIC
o o 1 °y v o r's a a o ' a aa 3 : @ o 4 H

AR A dautiiuTuNime 360 Tadnsudelanaasiiamenaudle: I dusuniinani
oy = r 1 = Qo (-] o Y4 { A

anududu 180, 90 uaz 45 fadnsuseliadans huwaududn 15 glupUAIMITIN 1.1 44

fifwidy 14, 1/8 uaz 1716 ¥een1 MIC awddy (lAanududuves stock solution 9

- ° an T o a s
UnuumsHTNAINATeT 9.2) sdihnmsnageuaitnssu@sasugduoui 1 W14

a '8 4 Y
25118 13419AY

o 9y v : Y o S o
A13194N 3.2 ANV UUUHYBY stock  solution llagﬂ')']uﬂln“quﬂVl']U'Uﬂ\ju']“uﬂumfﬂllaz

vhusumime
yishuovisy Yhdusumime
sduuy  Stock anududy - S Stock anududy  $aum

solution gate Y909 MIC solution qANY Y84 MIC

(mg/ml) (mg/ml) (mg/ml) (mg/ml)
1 20 05 12 360 9 12
2 20 0.5 12 180 45 1/4
3 20 0.5 12 90 225 1/8
4 20 0.5 172 45 1.125 1/16
5 10 0.25 1/4 360 9 172
6 10 0.25 1/4 180 45 1/4
7 10 0.25 1/4 90 225 1/8
8 10 0.25 1/4 45 1.125 1/16
9 5 1 0.125 1/8 360 9 12
10 5 0.125 1/8 180 4.5 1/4
11 5 0.125 1/8 90 225 1/8
12 5 0.125 1/8 45 1.125 1/16
13 2.5 0.0625 1/16 360 9 112
14 2.5 0.0625 1/16 180 45 1/4
15 25 0.0625 1/16 90 2.25 1/8
16 25 0.0625 1/16 45 1.125 1/16
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) MIAIUINAT fractional inhibitory concentration (FIC) tiag f1 fractional inhibitory
concentration index (FICI)
d'l | A,l’ d'sl ] d' ar : o/

mamm‘nammmsmﬁaum"hﬂumum‘n1‘5 MHA UaQSMUNKITUNUUINUNDUTSING

J Y o 1A [y I 1 .&’ a A ]
uaazzduvunisway udnh lhiuhgungd 37 ssnwaidoa asiowalasginvewsynsali

o e v o v w P4 {

mﬂwamimamwmmmuam‘vﬂwﬂuﬂnumu%uwumﬁgﬂuunﬁ 1, 2, 3 uaz 4 4130
t 4 ¥ v )
FUOINTINT YDA L. monocytogenes (115199 9.3) lumsmursesimanududuiig

] v ] 3
gaveainiunauiawnsaduiimsniy B ldlumssuanmen Fic

[ 1 4 v 14
3197 9.3 M5TUTINIINS YV L. monocytogenes Tavriniuousesmiuriiusuniing

Yiiueuise s sumiine
ey $wounh anududugathe*  Swowh anududuganie Wamsuda
Y93 MIC (mg/ml) Y93 MIC (mg/ml)
1 12 0.5 12 9 +
2 1/2 0.5 1/4 4.5 +
3 12 0.5 1/8 225 +
4 12 0.5 116 1.125 +
5 1/4 0.25 12 9 -
6 1/4 0.25 1/4 4.5 -
7 1/4 0.25 1/8 225 -
8 1/4 0.25 1/16 1.125 -
9 1/8 0.125 12 9 -
10 1/8 0.125 1/4 45 -
11 1/8 0.125 1/8 2.25 -
12 1/8 0.125 1716 1.125 -
13 1/16 0.0625 172 9 -
14 1/16 0.0625 1/4 4.5 -
15 1/16 0.0625 1/8 225 -
16 1/16 0.0625 1/16 1.125 .

A v o a 9
+ A9 ﬁ'l)J'liﬂUiJUQﬂ'liLﬂiﬂlvlﬂ

P-) [} o o’: a 1 4
- A9 "lnmmsnuummmsm"lﬂ

o
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funisaruraivial FIC (fractional inhibitory concentration) a2 11 FICI (fractional

1 4
inhibitory concentration index) ﬁﬂmﬁdi‘ff’q AsAatl

INGAS FIC index = FIC, + FIC,
die FIC, = i MIC veniiuszmeniia A (MIC, combination) tifeagjlu
gﬂuuwmﬁyﬁummzmwﬁu /61 MIC weatiufumey
sTMuETia A (NB90E11AYEI (MIC, alone)
FIC, = f1 MIC veuhiuszimusiia B (MIC, combination) tiioeglu

v 14
stuuuvesiiunBusEIMoNe / A1 MIC ¥Bainiunoy

SLMUTA B (W0996191AY7 (MIC, alone)

£ 4
0 o o L4 =

’ 1 4
9INNANITNATDI IUAITIIN 9.3 Eﬂil‘l.l‘l]ﬂ'li weiuesmyeaz iU UNImaARIn

Y 3 9

] t 4 [ vy
Wududganannadugsmsiosy lddesduuni 4 Ghduowse 0.5 TadnSudeladansweu
y » v
Auriafudumime 1.125 Tadnsudeiiodans) #9iu MIC, combination (A = 1infusuiyy) I
1 [ - °y @ o '8 3 1o 4 1
AUNIAY 0.5 1402 MIC, combination (B = 1HXiuiumima) Uawify 1.125 1loaA1 MIC ¥4

:’ LY ~ ] a1 :’ o W L4 ' ] -4
HINUDULYY ((NOIBYIAYT) LA UINUIUNUINS (LﬁU\?E)U‘NLﬁU’)) ﬂﬂl‘ffﬂ L. monocytogenes
b4

t 4 L 4
Ao 1 uaz 18 tadniudelindans mudny hamemuaiuunun awgas laaeil

lunsdiil e FIC, (811%8) UAUMIAY 0.5/1 =S |L5
uaz AFIC, (Fumine)  HeAwmifu 112518 = 0.0625
MPERUMEFICT = 0.5+00625 = 05625

Faden FIC<0.5 ﬁahﬁqwﬁla?uﬁ'u (synergistic effect)

0.5<FIC<1 ©o7 additive n5o lailinuinng19 (indifferent effect)

FIC>1 50’51L‘ﬂuﬂﬁﬂﬂﬁﬁ'u (antagonistic effect)

¥ ¥
NNANITAIUIUAT FICT vosiniusussnszauaududu 0.5 dadnsunsiiadans
:‘ LY 4 $ Y] a a o 1 a aa . 4
wazviuSumimeanszauanududu 1.125 HadnSunsiiafansaoi¥e L. monocytogenes
A s 1 1 2 ﬂ 1 :‘ o P [ Y s oa o
AN 1aLa1nA 0.5 JudumsusnnnmssaniniusmseNszaUA T UTY 0.5 Tadndy

I a an :'wu(sziv a a o 1 a aa we’l’
muaa'cmmazummuﬂumﬁmmim'nmi’fm’fu 1.125 uaansnmuaaawﬂummum L.

LYY d <4

v ¥ 1 4
monocytogenes T¥ina liuandsnmindefouduns Iinfususonsorhiudumimenies

A o & o o 4 4
yialardanilslumsdudureil

° [ -

b 4 £
FmsunmsauninNududuusq stock solution Y8R TUBVITBLAZIINTUSUMIINS

¥
- o_ o '

niothluguandu emia1 FIC dmsuvuuafiSosiaduasy1ddsaisieh v.4 dwwaui
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NATDULASAIUIUMIATFIC  IFUADINUAIB61WNITNT FIC  vosiiuaussuaziiiu

o s o ar [y z a
IUNUNAT N IUNITYVYINIIITYVDN L. monocytogenes
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1 4
LY

A1519% 9.4 Stock solution Ma3oy TAv a1 MIC uazmanududugamenldlunsnaasy

1 MIC

(aanSunelanans)

i 4
Stock solution Y8R MIUNBUTSINY

(HadnSuneladans)

aududugaie

(Haansunpiiannns)

1

16

18

20

20
10
5
2.5
40
20
10
5
120
60
30
15
160
80
40
20
320
160
80
40
360
180
90
45
400
200
100
50

0.5
0.25
0.13
0.06

1

0.5
0.25
0.13

1.5
0.75
0.38

225
1.13
10

25
1.25
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=1 o o’: =
NINVUA AN

sgazaan lumsnln (2 1u4)

0 24 48 72 96

C 1 5.64 4.59 4.80 4.44 4.36
2 548 4.53 4.34 4.30 4.27

3 4.85 4.58 4.53 4.32 4.17

EO1 1 5.53 4.65 4.55 448 4.51
2 5.59 4.50 4.33 4.31 4.27

3 491 4.63 4.40 4.36 4.06

EO2 1 5.59 4.57 4.40 4.42 4.50
2 545 4.53 4.34 4.28 4.23

3 4.88 4.56 445 4.31 4.11

EO3 1 5.60 4.58 4.53 4.38 4.33
2 5.47 4.55 4.33 4.30 4.25

3 4.90 4.55 4.44 4.29 4.14

EO4 1 5.50 4.65 4.52 4.50 4.39
2 5.51 4.55 4.38 4.29 4.24

3 4.92 4.59 4.42 4.28 4.07

C: gannuRY i@ninhuveuszime)

EO1: Amiusumonnududu 126 ppm taztithedumimeandudu 1375 ppm
E02: @niiuussanudidy 252 ppm tazshiusumimanonududh 1375 ppm
E03: mnhiusuonnudidy s0a ppm tiazrhiusumimannududu 1375 ppm

EO4: mninfususeaududu 1008 ppm uasisiusumimeanandudu 1375 ppm
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¥ 2 z 4 o { oy [ [
3. M1 TBARS huldnsenuSauitatoiusnmiigamgil 4 ssewadoa funa 27 Ju

. [] ' b4 ¥ 1 2 o * -
M3 9.6 M3fasunasvesat TBARS TuldnsenifSeuiledienusnuiigungi 4 sam

waBee Wunat 27 3u

szozia1lunsndn

v
o

ninwug A Juno Fun o Jun 2 o Sunis uns

(VeInINAR)  (VaImsiAuiny)

C 1 0.811 0.234 0.367 0.335 0.273 0.335
2 1.903 1.342 0.491 0.218 0.484 0.429
3 0.928 0.499 0.281 0.452 0.468 0.624

EO1 1 0.827 0.445 0.757 0.437 0.187 0.421
2 2.480 1.287 0.257 0.086 0.319 0.296

3 0.632 0.655 0.569 0.686 0.616 0.491

EO2 1 1.061 0.343 0.686 0.499 0.218 0.39
2 2.605 1.412 0.265 0.094 0.452 0.312

3 1.326 0.694 0.343 0.499 0.398 0.359

EO3 1 1.139 0.601 1.029 0.663 0.382 0.46
2 3.214 1.334 0.312 0.14 0.421 0.351

3 0.975 0.702 0.265 0.554 0.468 0.421

EO4 1 2.137 1.147 1.193 0.865 0.367 0.382
2 3.494 1.63 0.46 0.156 0.709 0.406

3 0.803 0.655 0.616 0.772 0.585 0.367

C: yamwny Chidnifuneussine)

EOL: Whiiueuwisonimududu 126 ppm ozt umiman it 1375 ppm
E02: mniiiueumsammadudu 252 ppm taztithsumimsanududy 1375 ppm
EO3: fninfusumonnududu 504 ppm ahthdumiman ot 1375 ppm

» 1 d
EO4: @mninfusuissanuidudu 1008 ppm sazyiusumimsaaiudutu 1375 pp
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