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ABSTRACT

To solve the limitation use of plant essential oils due to their insoluble property, the
nano-emulsion was applied. Nano-sized lemongrass oil nano-emulsion formulated with a food-
grade emulsifier was prepared by using a sonicator at 55 watt and 80 amplitude. Among treatment
period as 10, 20, 30, 40, 50 min of sonication, results showed that the significant different size of
small particles were obtained. The stability of lemongrass oil nano-emulsions was better than
original lemongrass oil emulsion. Furthermore, to investigate the effect of each particle size of
nano-emulsion against Escherichia coli TISTR 780, minimum inhibitory concentration (MIC)
and minimum bactericidal concentrations (MBC) were conducted, water as negative control.
Based on 7 log CFU/ml of E. coli TISTR 780 inocultion, the complete inhibition by original
lemongrass oil emulsion and nano-emulsion with 10 min sonication was found at 234 and 117
ppm, respectively. Meanwhile, other sonicated nano-emulsions at 20, 30, 40, 50 min showed the
same completeness of inhibition at 58 ppm. For application of lemongrass nano-emulsion on
fresh produce, fresh tomato was artificially inoculated with E. coli TISTR 780 by a one-minute
dipping in lemongrass oil nano-emulsions. Samples were stored at 10 °C and enumerated for
bacteria at 0, 3, 24, 48, and 72 h. Results revealed that 4 log CFU/g reductions in E. coli TISTR
780 by nano-emulsion. Scanning Electron Microscopy (SEM) demonstrated the disrupted
bacterial membranes and cell wall were observed, it may be due to the effect of lemongrass oil
nano-emulsions treatment. It is indicated that lemongrass oil nano-emulsions can be applied to

fresh produce as an effective antimicrobial control agent.
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A, Salmonella Typhi H 901, Salmonella Typhi S 32, Bacillus subtilis var. niger, E. coli,
Klebsiella pneumoniae, Pseudomonas fluorescens Lﬁi’)‘ﬂﬂﬁ 9UAIYIT macrobroth dilution ﬁ‘ﬂl”l
MIC (Minimum Inhibitory Concentration) 250 - 500 ppm ua lildmane Ps. aeruginosa Lﬁ"ﬁ)ﬁi
dufunenszive 15 ulidisc  NAdEURIBTE disc-diffusion mmme‘i’u&qmim%ﬂm
Salmonella spp. (S. Typhimurium, S. Enteritidis), E. coli O157, Campylobacter jejunii 9%

=\

Clostridium  perferingens 18 ilonaaouale3T diffusion NANNITUAY 5 ng/disc 4]

O

9
\ o . . o & a X
ﬁjuﬂSZﬂi’)Uﬁaﬂﬁﬂ 1,8-cineole, geranial [11¥ neral ﬁ"liJ"IiﬂEl‘i_lfNﬂﬁﬁliﬂﬁl’eNL‘]fﬂmJﬂﬁf EJll



[ [ 4 H %’
Wae¥iA 15U Citrobacter spp., Ps. vulgaris 4a2 S. Typhimurium @3udseneudunnyluii

=\

) ' Y 4
Nu‘ﬁ@JJiszJﬁ?NiJf]‘ﬂ‘ﬁEJ‘UENﬂﬁL%iﬂJﬂJ@QL%EJLL‘UﬂﬁGEJ 1aun borneol, geraniol, linalool, nerol
= =~ A o o Y A z @ 9 A Y ax
ILAg neral JJﬂ'l3ﬁﬂ‘]&lWLW@WGJJLHQ'S?I'D'GITJ'UlﬂaaNiJfJ%'lﬂuﬁJuﬁzllﬂﬁ NUIUUDNATDUAIYID
H 4 v 9 4
disc diffusion Gl?ﬁﬂﬁﬁﬂ’ﬂﬂﬁ?ﬂ%ﬂﬂl@ﬁﬂWNﬂGlgl‘lﬂ%} 5% Tﬂﬂu1ﬁuﬂﬁ1uﬁﬂﬂﬂﬂ\‘ll%ﬂ E. coli

uag S. Typhimurium ]lﬁ}a'ﬁfj A (Khonsung, 2012)

2.3 1IN

A . < Ao 7 Al o a
WO (Lycopersicon esculentum Mill) I UNSHN 11236 Solanaceac HDUAUUANIIN
a 14 o g IS a
pusmlduovdszmenilyuazieniaes gnihunlgaaswsnludszmaiingln  uaziinig
1 @ @ = aa (8 s & 1 A o A
unsnszae lldalszmaanigomin sy nagWadTud awadaissun 16 Wuguzioms
A g R4 v A g o A @ A U A < A Aa
mduwuggn Tudsguuidluiugngnwannuininuzemeai sgwomeaiunsni
4 a a o @ a [ [
Usg Temiuaziouys Inanunaiedszmanilan Imanaanuminlugdmsawas diunsa
[ a @ o a @ 4
(UAIRAT UNINUT, 2538) wonantlszTewl luamuys lnaaalasaseudqdaldalss Teaminig

a o Y Y v o A 3
gadmnisuuaymausgudmnnusrateriia ihlvanudesmsuziomeniniuganyu

A A Y A v A Y A — ~ = 1 A 9
VZIVDINALFDONDIDUIF Y VLIVOAY (AUINDY) ANT (NI 8aea 1) uevody
= < %’ ] I
(Mamiie) asou (g3und) Wnue (Feelui) Aseu vus) gruio Gu) Wuivdugnoirgiies
Y
=1 o 9 o 1 a Aa < ~ ]
17 guilszmna 12 mas a1duatase ansugnsaasanInsiaea Jvugouqnagu
A @ 3 o v d A 4 ~
aawmmzdd lu ululszney eonvuvady veulundniluarieg adrefudesiivy
] [ LI BY) & Lo A 1 ) a
gouq lugaguuia luminu eruanized vienanlvun Yareluunay lundie 2-5 wudas
A a < (] { a
8172 3-10 yuae s Muluendseana 1-1.5 wuamas aoniluze oonnusnasenly asn
1 R4 =1 < ] o
800 6-12 Ao UNHUF019514 30-100  aon asnvuIadn idur uguInalslszuIm 2
Aa = = A A A o & U = o
HUAAT NAVADNNTIMARIFBNAANITIUFUNI Y (corolla tube) drutlarenauvzienINAY
I o % a ]

(corolla lobe) 1iluunn 5-6 unn nasaIfilszum 5-6 inasauiie 1 anegnislurasanon
~ dy A A = Y a I =
NAVIALY (sepal) VEIUsZIIM 5-6 NAV MUADNIUTZII 1-1.5 WUAWAT Wa 1UuNalRe)
=1 1 a ] < a =< 1 a 1 =1
Uz auazaaany vinadnlsznm 3 wuamasaudevglssuna 10 ruawas 35

A A

g A < o a Aan A A A A as = =

NINAY NANLVY HT0NaNT HIV1DUNY HaAUNTIVITOUEIDUNT WagnNITNALHa o

Y A A & o ¥ 3 - A g & o < o ¥ '

qY NIAUAN Lu@ﬂ?ﬂiuﬂ?ﬂ?ﬂu”ﬁﬁlﬂ%ﬂ? TwaaduduIuun wan gﬂ"lmﬁmm’daﬂu
9 A A a a = <3 9

U DN 2-4 UAALNAT 8173 3-5 Waaluas fﬂfl(ll! 1 wallszunm 250 wan wa Glf]ﬁ_]igﬂﬂﬂ
1 Y o o ¥ = k4 A 4 1 @ o Y a o

DIMITLFU AN LN WO UINTD hlﬂ NaVlllﬁﬁLﬂ%fJ’J FIYAUNTSNY 'Vnslﬁﬁ]iﬂluﬂﬁ/ﬂﬁ UIFIae

° o ' v A A o ' I
nizdunszimzoins a1 ld la Winulda sredunuuazdensmaluiienme flueszuie
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' H H ] ] ] o 3
DU l!ﬁn’lwulﬂﬁj u']%lﬂua'lﬂ nUINIA Qﬂl!u\‘]ﬂgv\l?ullw FIAYYDUDIYINT FIYVUUIYDYDIIT
@ Y I ) @ I 2 [ J Y
V‘I@ﬂlﬁ@ﬂ SnyvaeaanondUuoImsamsuauuun 'Jﬂliﬁﬂ Vl‘m/\l’e)ﬂﬂ woniay uag
A o YA o A I o ' o a < o Y
myamoniay E!Vlﬁ‘]_lﬂ331/]TL“J3lGU@lfV]ﬁﬁﬂlﬂUﬂﬁgﬂ']51]3GIf'JfJaﬂﬂﬂﬁ']ﬂ'lﬁlﬂﬂiﬁﬂuglﬁqﬁlua']ulﬁ

3 A A ~ P’e A v o
uazmmmngﬂwmﬂ WaN%Lﬂlﬂl%ﬁ@’ﬂﬂllﬂﬂiﬂuﬁlﬂﬂ’sj\i (FUNS {]GIEHL!‘L!G], 2551)
2.4 Emulsion

81791 (emulsion) 111084 s7ULALARBYS (colloid) lsznevudIEMAIRILF 2 ATy
) Falnd lwauiuieeriu wu v nausailuilodeiuldlae luuendu
Tasveunarduniwanduduneaidng Fond gmanielu wieduiings 9166 (internal
or dispersed phase) F99znszareRIunInedluveumalsnyilaniie Send Sgniamenen

a J 3 a 4
(external or continuous phase) (WUWIWY WIRAUNIA, 2561)

Y v W 1

a a I v A
2.4.1 Uszinnvesdyary svaruuLauiyv 2 Usswnnvan Ao

Y d%} %

a o a ¥ Ld ¥ Y . < Y ¥
(3] a%u%uﬂumuium (oil-in-water emulsion, O/W) Mumu!,ﬂummﬂmﬂu Uagun
I [ 1 go’ ) Y o A A A v o dyd o
L‘ﬂuagmﬂmfmeﬂ 19U UIUY (milk) VD HAUNA N30T NAaUNaTHUTENUAD aw1TaIm
A A

o 1 ° b A7 1 @
Tiivenlddremsiauiii Gainsii i (electrical conductivity) gana wawlanudasiian

Y
aa1gU1 (water soluble dye)

Y

A v o a & £y ™ . g 2 Ao N [ ? o

auaTUBHAU 1MUY (water-in-oil emulsion, W/O) uuuﬂmgmﬂmaiu HaguIuu
I @ 1 3 @ .
Lﬂmg]mﬂmauaﬂ WU 1UY (butter) N18DUUE (mayonnaise) U1 AN (salad dressing) 14nsen

Y o A an A v W dyd [ Y A Y Y a

(sausage) VOAILNG WInATnaaeudatullsuaniine auisaniilivenaldarensan
% o A o Y . s 3 1 Yo A A A %’ Y .
1 Bainisai i (electrical conductivity) €101 wen lanudriianazaieniigiuy (oil

soluble dye)
2.42 na'lnmainadiiasu

o @ <3 < 1 A ¥ {a ] @ [
s ldveuraluandd nseneiluneavinadng SreNuNURAITURATEHI9
A o M VY ) ' .. Y A .
VY9UNAI 2 ¥HA 1113091 1aa8m13 19 115908 19U MIHAN (mixing) AILATOINAN (mixer)
a o 4 a s 4 s
71518133 11 (homogenization) #281A30418 103 1ud (homogenizer) 1A30IUARDAADYA
Yy 9 =

. . o Ja o o % d‘ ] 9 g’l d‘ g’.} Qy a
(colloid mill) M lvovaruned? !,Wf)llllslﬁll,ﬂﬂ“lfulllf]ﬁ\?ﬂﬂuh AIYNTTAALIIAINIUD

3’./ 1 a a v Aa 4
VDUNAINIADITAIY Iﬂﬂﬂ"limllﬁ”liﬂllagﬁll‘m@@i (emulsifier)
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2.4.3 M3 luasdrveIdiatu

115 1AIAI098 0 aTY ©19AADINNTTIINAINY (coalescense)  HIBNITIUNGN

1 %’ . o
(flocculation) ﬂl@ﬂ’)g]ﬂ']ﬂﬂ'lﬂclu ﬁﬁ']L“I’ii{]iJ'ﬁ]']ﬂ“l’iﬂ']Elﬂi%ﬂ']i wu Tuihuw (milk) ﬂ’J']?J%)GH m

a1 Y [}

¢ 0 )
avelud Tsaunveruigaanielu i lduensunsy (cream)

Q

2.4.4 937a% 103 (emulsifier)

A Aq ¥ =KX a . [ Y v Ao o 19 Y
Ao 1¥ansanaia (surface tension) ¥DAVDIHMA) lagriedeanudiaruliliuen

¥ 1A

<3| Y & a v a - ¥ e v P~ v
Wuru FaluTwanavediiad o Insaaufirowi (hydrophilic property) tagzdiui'laj

) ¥

¥ ] H @ [ H [ g
%011 (hydrophobic property) Iagvziudanufisouiudvnil nagiudiun lusoniiudm
3 o a 3 a J ' { g o o 1 a v a s A '
iy maduiudfuarunduigainnielu’ll dedisvesdiiadlilioss nl4luens wu

4 4 aa ]
wo Tunawe l5a (monoglyceride) landelsa (diglyceride) Woe Tvlana (phospholipid) LU 1@

FNU (lecithin)
2.5 Nano-emulsion

Av W X < A ) S ¥ =
UTTuﬂNﬁ“ﬁu (Nano-emulsion) Wusguuniszneualerindy tagiiuasa1sansing
a A o 3 A @ J a J
W ?ﬂ‘ﬂi]ﬁﬂ]&lmgLl]u"llfN!fHa'ﬂﬁ‘ﬂ‘JJﬂ'3111ﬂﬂ@?ﬂ?ﬂlﬂﬂﬁiuqﬂu']Nﬂﬁqfi VUIAVDINYABDUYNTA
o ¥ o < 1 ] a o d Aa
TudhSudniivnadnni 100 w1 Tuwas awisansgileglanndilavuesdisannssaain

(Parveen et al., 2012)

Nanoemulsion
(<100 nm)

NN 2.1 MNUFAIaN UYL TUDNATY (Venugaranto et al., 2009)
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a v d' d' Y
2.6 NHIVYNUNEYIVDI
. . N . = [ . A
Plant essential oils 11/ secondary metabolites UYDINY D[TSIAT! flavoring agents NUAIY
§ 19 [ o [ a v J
NAulaonnes2AY GRAS 1D Generally recognized as safe d115UMSUS lnAvoda iy
o
UYHe 1a® Food and Drug Administration of the United States (USFDA) (Hyldgaard ef al., 2012;
%’ v o a A o 3’/ 4 a kL
Shah et al, 2012) Wiuneuszve lagmimimageulszansnmlumsdudurogaunsdlu
A 9 a & aa XA A X A
91115 (HOIINAWTOAUMUMTI YUOUFOULANTY IFoaALazIFeI 1NN 13A U113
Y A =2 ? o 9 Y dy A A YA .
18 fmsanpniniunenszmennas ladausadudenuniiise 1aa (Moore-Neibel et al,
19 o W ? o A A way 1 o . 2 o q ¥
2011) umamﬂmmumuwamzma%mmﬁmm‘lu%um (hydrophobic property) @411
A 9Y o w o £ = [ va % o A A
Hdesnalunisii ld1dlue1mis Selimsdsvlsepuaudidveniiuronsz ooty
¥ 4 a QU v 1 % =)
Yszanianvesmsuviuaoeluii wag INNAIFUAE 1IFUMISHANNUAITAAUTIAIAD
. | <3| ¥ ' A (3 a A 9
(emulsifier) 101 UA1T emulsion HANWUTYHITBINNNAINI 1Az YTLANTNINVDINTAIY
& a A =* A @ <3| . 1o A = =
WoUUANTY UM IWAILINTAAVUIAYBIDYNIAIUEIT nano-emulsion LAGINNITANYIN
9 [ Y] d' d‘ Y o a o = a A g Y]
dosogasudaslumsnd 2.1 alaiimssusukaauitemsanenlszdnsnwveainiu
9 2 ' o &
WONIZIYEY emulsion MNNINUWBNITLINE LAY nano-emulsion IINVVUNONTLINEY ADNITIUES

dal a s J
1¥oYaUNIY



! av a a : Y v o A a d
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=

Type of essential oil Treat on Bacteria Log Reference
Reduction
Myrtle oil lettuce Salmonella Typhimurium 2 Gunduz et al. (2009)
Oregano oil lettuce S. Typhimurium 2 Gunduz et al. (2010)
1,000 ppm Sporan (clove, | Iceberg lettuce E. coli, Salmonella 2.7 Yossa et al. (2013)
rosemary, thyme oil)
1,000 ppm Sporan (clove, Romaine E. coli, Salmonella 1 Yossa et al. (2013)
rosemary, thyme oil) lettuce
0.5% lemongrass Organic lettuce Salmonella 4 Moore-Neibel et al.
(5,000 ppm) (2011)
5-10% of clove extract - E. coli 0157:H7 4 Kim et al. (2011)
S. Typhimurium
Peppermint oil emulsion Pure culture Listeria monocytogenes - Liang et al. (2012)
Staphylococus aureus
Basil oil emulsion Pure culture E. coli - Ghosh et al. (2013)
Terpenes nano-emulsion Fruit juice Spoilage microorganism . Donsi et al. (2011)
Thymol dispersion Apple cider, E. coli, F Shah et al. (2012)
milk L. monocytogenes
0.5% Oregano lettuce L. monocytogenes 3.44,2.31, | Bhargava et al. (2015)
nano-emulsion S. Typhimurium and 3.05
E. coli 0157:H7
1% Oregano lettuce L. monocytogenes 3.57,3.26, | Bhargava et al. (2015)
nano-emulsion S. Typhimurium and 3.35

E. coli 0157:H7




=
unn 3

AEMIAUHUMINAADI

/ a y a v
3.1 3ngaunlluaidey
A v J an S a o A BY
N%Hﬁnﬂﬁwuﬁi1%u%1ﬂﬁﬂ1ﬂ%Mm@nuuiuﬁ$a1ﬂﬂigﬁﬂLW@I%iHﬂ1§%ﬂﬁ@ﬂNﬁ%ﬂﬂ
9 Y ¥
lemongrass oil nano-emulsion @i lemongrass oil emulsion TumsgueuFero E. coli UUUAD

NAaa

3.2 Qﬂﬂiﬂiﬂ]ﬁﬂﬂﬁﬂ\‘i

3.2.1 Lﬂd’i'ﬂﬁfﬂﬂﬁﬂ’izﬁ]wﬁlﬂlmﬁuumﬂ‘lﬂgmﬂ (particle analyzer) (Malvern g'u ZetaSizer
Nano ZS Malvern Instrument Ltd 132meAo3ngy)

322 1n30480n51 laiinAmes (Ultrasonicator) (Qsonica J1 Q55 Uszme
ANTFOINTN)

3.2.3 1070499021860 2 §1113 (Mettler Toledo 1 Dragon 3002 U3zind
R OLIC R IT)

3.2.4 vifoiaaion T (Autoclave) (Tomy W ES315 Ussinadjifu)

3.2.5 @fﬁ]m%@ (Laminar flow) (Bosstech Usgmaansgensnm)

3.2.6 @fﬁm%@ 37 paf s (Memmert 152InAE0TUN)

8% 7 @i’auau%’au (Hot air oven) (Heraeus ﬂizmmaaﬁnﬁ)

3.2.8 NAI9ANTTIAMIBIANATOULDUFDINTIA (Scanning Electron Microscopy (SEM))
(31 ISM-5410LV 131 JEOL Useimeidiifu)

329 nTeeruRai081s a1 993099 (Critical point dryer) (Leica 31 EM CPD300
Uszinel ooaAIAI1AY)

32.10 1nToundoudI0gedreTansmin (Sputter coater) (Balzers 1 SCD 040
Uszineneosuil)

3.2.11 Lﬂé@ﬁﬂum%ﬂﬂ@ﬂ@:ﬂ@u (Centrifuge) (Eppendorf?lu Centrifuge 5425 Uszind
1woTU)
Aui¥onaenyns 4 ssrnmaiFua
AuiFouazenis 10 ssrusaEea

3.2.12 §iduiil
Y
]

3.2.13 g

RKRe RKe

3.2.14 luTasvl (Sharp Useineeesin)
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3.2.15 A309Aiu (Sharp 15mengnssi)

3.2.16 Lﬂdﬁ'm Mcfarland (§' U Grant Instruments™ DEN-1 Grant BIO™ 15g1net
ANTgOINTN)

3.2.17 luTastlavina 1,000 uaz 100 luTasaa3 (Thermo scientific Uszime
ANTFOINTN)

3.2.18 711} vu1a 1,000 taz 100 lulasans

32.19 Wad oo

3.2.20 HA0ANAABINUNINADANAADIVUIA 16 x 150 LBUAIAT

3221 WAL VAR 12 61

3.2.22 AZINgALLOAND IR

3.2.23 uruegiiisuloos

3.2.24 unandaEaey

3.2.25 vIAgual YA 1,000 ua.

3.2.26 TNINO3VUIA 500 LA 1,000 Ha.

3.2.27 N32UONANVUIA 1,000 .

3.2.28 wasuilsung

3229 NUMNIAD

1 k2
3.2.30 penataanlafidumsainionds d1msun13@u (Stomacher sterilized bag)

v
s

9
A [l o o < [
3.2.31 QQWﬁWﬁ@ﬂVIW?HﬂTimH%@LLé}U ﬁ?ﬁiﬂﬂ?ﬁlﬂﬂiﬂ‘kﬂﬂglﬁﬂlﬂﬁ
(Sterilized bag)
o A ° v v o ' . :
3.2.32 ﬂiillﬂiﬁmumi"]ﬂ!ﬂf@ué}? FINTUNANIDYN (Sterilized scisor for sample)

Y
3.2.33 ﬂ?ﬂLWWZLG]d)"E]GD'uﬂ 96 Micro well plate

3.3 911’113!58\3!%@
331 oNI3AENAD Trypticase Soy Agar (Himedia 13inaduiag)
332 01MN3IA04TD Trypticase soy broth (Himedia U3zineduing)
33.3 0151389139 Muellere Hinton Broth (Himedia 152imapuine)

9 9
3.3.4 1131204150 MacConkey agar (Himedia 152ineduiag)
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3.4 msad

34.1 ﬁwﬂ’uwamzmﬂmﬂﬂ%’ (Cymbopogon citratus) (Q@ﬁiﬁﬂiﬁulﬂéﬂﬂﬁﬂwqﬂﬂ -
W Uszmalne)

3.4.2 NI 80 (Tween 80, Polysorbate 80) (Food grade Sigma Aldrich Uszime
ANTFOINTN)

3.4.3 11510 InSo0U (Deionized water)

3.4.4 amesioana ‘fMLW@g (Butterfield's Phosphate-Buffered)

3.4.5 1PANDEDA 95 % (NFUATINANA Uszina'lng)

3.4.6 2.5% glutaraldehyde

3.4.7 30% 50% 70% 95% itag 100% ethanol

3.4.8 3% Sodium hypochlorite (Carlo Erba ‘]Jizn/lﬁﬁ]%ﬂ!ﬂﬁ)

X a A d
35 tyagaunIg

f ¢

3.5.1 130 Escherichia coli TISTR 780 110ATNINGAEATUI NI NTeNTAIMNNmaas

tazinn 1ulas

Aaxy
3.6 I5N1INAAN
3.6.1 MIAILUUAZMIANHIANHUL VD lemongrass oil emulsion 8¢ lemongrass oil
nano-emulsion
=2 A 3 3 o Yy A o

3.6.1.1 NN TN lemongrass oil emulsion IﬂﬂﬂﬁuuWNuﬁgklﬂi ‘]_IﬁﬂJ“;]ﬁ 6 Ua. NU

Tween 80 U31195 3 1@, TuoAs1 2:1 uAAAY deionized water Y51103 50 wa. wanlidrnu
= 1 I a
V339 luwanttlad emulsion 11 1dvz1i1 emulsion atia oil in water
4
3.6.1.2 NMSIATL lemongrass o0il nano-emulsion Tasnauiitiuae 13 AU Tween
9
80 1USR31 2:1 1A UAN deionized water Hary 1¥ITAY dauaaelute 3.6.1.1 3ntui s
A . . A v J a I

19593 Ultrasonicator (Brand: Qsonica, model: Q55 ) M 55 19161 Ltag 80 LL@?J‘IJE@@ wWuran 10

a =

20 30 40 11z 50 Wfi 19 fgangdl 10 + 5 eruvAToa

3.6.1.3 MITAVUIALALAIAFUNITNTLIIOAIVOIDYNIN (polydispersity  index
(PDI)) Y94 lemongrass oil emulsion (8¢ lemongrass oil nano-emulsion Tagih lemongrass oil
emulsion (0% lemongrass oil nano-emulsion 100 luTnsans L%E]i]Nﬁ}’JEJl% 900 luTlnsans 1/
3av1aR181AT 04 particle analyzer 818 Malvern 1 ZetaSizer Nano ZS Iavu1avesanss

wiedlu i Tuwes
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3.6.1.4 MIANYIANUAIAIVE lemongrass oil emulsion {81 lemongrass oil nano-

emulsion 1Ag11 lemongrass oil emulsion L8 lemongrass oil nano-emulsion 200 Hadansuss 9
9 a a 2’, Qy sld‘ a9 o g’/ A @

Gluwaammﬂaﬂmuw mm‘lmqmwﬂuwm TUNANITUYNTUVDITITINDLIAT | G]S”JT?N 15

U

M 1ae 30 U (AAL)a391n Cheong er at., 2016)

3.6.2 MINIBNYD Escherichia coli

a =

4 4 1 { I )
19 E. coli MAsaUUD1M15 TSA slant LuNgungil 37 osrusaFod 11unal 24 5219

QU

g A A a ya A v
NUNYAUNHN 0-5 mmwawaa“lu@wu 10U stock culture LAZD1ULFODI TSA slant Gl‘l”ill“l’]‘ﬂ

E]

4 1

9111A052 111 19NTNAADI
Y Y
MIIATONAO £ coli 1UDIMITIWAD Trypticase soy broth 1Aga181%891n TSA stock

a

Y Y 9 '
culture 1121 1 g1 WuAse1U01MITIAEUTD Trypticase soy broth US11a3 10 wa. Yngungil
= I < o a J A 49; 2 Y
37 af e d (unal 1820 ¥ 1u imsasnnnsignisuauresuaulueims
Y Y

Trypticase soy broth Taethtladen 1 ¥a. 1N151999198 28 Butterflied phosphate buffer (U181
A ) ' o= 7 w' R Al g g A v t &
A9919) A9UA 10 D9 10 ATIUWFDIETNAUAIGNAUA spread  plate  AIBDINITADUTD

. = a ~ I @ A =y dy A Y
Trypticase soy agar UNTIRINAN 37 edausamoe (Jual 24 321w mernfSuanreisuau
NdoIM3N 10/ CFU/ml

g il S\ V¥ L

W399 1180%00 181503 Macfarland 1 0.5 UANYUVINY McFarland No 0.5 Tag
v A A a A A g dyy Y 8 o
Tammsganauudan 620 w1 Tuwas dsuandosuaun 1dazminy 1.5x10" cfw/ml 4113

9 '
asvgeUmuIuFen ¥ lunsnaaen Iae 1435 spread plate

3.6.3 7137A0YIAT Minimum Inhibitory Concentrations (MIC) #HaZMinimum
Bactericidal Concentrations (MBC) U84 lemongrass oil nano-emulsion {82 lemongrass oil
emulsion A9 !%E) Escherichia coli (CLSI, 2012)

3.6.3.1 NM3IANITANYIAT Minimum Inhibitory Concentrations (MIC) #2873 broth micro
dilution method (CLSI, 2012)

MIATOY A1 lemongrass oil emulsion llQ¥ lemongrass oil nano-emulsion 17314
1 30,000 ppm MWD 3.6.1.1 1Az 3.6.1.2

M38U0111541a7 Muller Hinton Broth (MHB) 83189401115 21 ASY Ao 1
an3 guli¥eu 1hlusiuge Taslsintesindfe (Auoclave) Rgaingil 121 perusarse 15
it srelanramizidewiia 96 well micro dilution plate M11114281219011115 Mueller Hinton

Broth )01 viquaz 100 1uTnsans
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v Y
9% 3 11973150 (A,B,C) 9NATOUAIY lemongrass oil nano-emulsion 108 1 1107

=1

= %’ . . d‘ = 9 =Y a 1
9 1 %1 QA lemongrass oil nano-emulsion mason1d USuas 100 lulnsaas 12’{??@%1/1
v H [
1IN two-fold serial dilution Tasgavinuauil 1 USuas 100 lulnsaas lavgui 2 ga
d' a 1 d‘ o A . .
INUQUN 2 Y511as 100 1ulnsdas Glﬁ‘ﬁ‘i]im 3 NN13L1BNYA lemongrass oil nano-emulsion
TS0 uasy 12 vaulunuiueu Tasaziuru@ernununqui 1-12 ¥o9un1 B uag C
Tuvaigi 3 1097931 (D,E,F) 92NAFOUAIY lemongrass oil emulsion 198 1 1187
A 2 . . A A Y a 1 A o
A9 1§71 AN lemongrass oil emulsion Mmason'ly Usuas 100 lulnsans Glﬁ‘l’f@ll‘lﬂ 1 M two-
. [ = a 1 = LS A
fold serial dilution TaggavInugui 1 USuas 100 luTasaas lavqui 2 9niiugaanviqun
=N a U A o A . . A
2 Y5105 100 lulasans Glﬁﬁ’g]ll‘ﬂ 3 NINSIBINAA lemongrass oil emulsion hlﬂliﬁ]&lc] U
A3y 12 vguTunuuen TasviuruReInununqui 1-12 ¥9wna E ag F
' <3| oS v A A ' = vy J . .
d2U102 G 11U Positive Control  ldi¥oiiies0e19@oa laidoeld antibacterial
A 1 dy 493 a dy Y A 1 ~ I _ 19
agent 1og 1 1r0zAU TuemITwilall lanse la azun 9 Hiilu Negative Control  l1idos
4 ] Y )
Tenie waz 11Aoa1d antibacterial agent 1ogIIMINAavlaaveuay lilimsiuilou
] o 1 dy . Y = [ dy )
ABNIIINTDEE E. coli aannuay Auund H (12 vau lilimslade) il
VoA ~ 1 & o AY 1A A & X Y 2
LN 37 ssuwaiFod Wunan 24 521 nazdunavgui lulimsnsyveuse £ coli 19l

ANYAULNMTANE MIC saadlunini 3.1

Concentration (ppm) 15,000 7,500 3,750 1,875 937 468 234 117 58 29 14 7

lemongrass oil
nanoemulsion B OQOO

lemongrass oil
emulsion

4—— ldams+iudda

%

+— ldamnsad
15

MU 3.1 LHUNINLEAINITNADBIAT Minimum Inhibitory Concentrations (MIC) U84

. . . oo & - .
lemongrass oil nano-emulsion [i1¥ lemongrass oil emulsion 919 (¥® Escherichia coli
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3.6.3.2 MIIANIANYIAT Minimum Bactericidal Concentrations (MBC)
whasazatw 100 va. nvqui lilinsnsy Taedungoinanula waslu TSA uun
= < o A a X X
37 eAuwaled 1Iunal 24 ¥ INg eI yveuFe lun iz uag v

Minimum Bactericidal Concentrations (MBC) A<LLel aaluninn 3.2

fatwduy g

@00, "

NN 3.2 HHUNNLLAAINITNABDIAT Minimum Bactericidal Concentrations (MBC)

Y
. . . . ' = . . .
U4 lemongrass oil nano-emulsion Q¥ lemongrass oil emulsion 9 (¥® Escherichia coli

3.6.4 M3IANYINAYEY lemongrass oil nano-emulsion 1UM3ANAIVOUYD Escherichia
. A aa
coli VU WBNATITHAN
9 Y
N3RS 8T E. coli MDIM1311A) Trypticase soy broth 1Aga18i¥891n TSA stock
\ 2 i @ ' - 4 -
culture 31191 1 g1} wuAsalueIM1318891%0 Trypticase soy broth 151103 10 ¥ UnNgUHYIl
=~ I o ° v A A v A A =
37 oeryaFee 1iwaat 18-20 1 Tue MimsIadSuau¥edleins o9 Macfarland #1 0.5 3
[ ¥ v
AWAYUINIAD McFarland No 0.5 Tag Jaainsganaundeil 620 urlumas Ysuanyoisudu
v v
1392m0 1.5x10° efwml 11 119U uaau inoculation
o A A A Y a ) A D) o o =
Anenuzomanivaladinesny anzdemaliazein (Aandadnnnniiig
= 9 9 901 dy a g’/ ~ g}/ Y g
Asdynn, 2552) TasdedeinasadolSunas 1.5 aas As9az 5 w1A 3 A59 azatiuLIg
1 I g §
uagquuziiomalu 3% sodium hypochlorite 1Hunan 3 u1f nag analeiasarelsuing
a [ a ] o 3 2 9y Y . < A
0.5 803 A8 5 W1 3 A9 azadu Healdudealug laminar flow 1Wuar 30 wii
A A ~ J a Aa ,&’ .S ~ ~
nnuuguuzemaluiinmesnaradniliarsazaiodoe E coli 1Wunars i laomion
4 Y T
A150201%0 E. coli MNANMANTY 10° cfwg vinvuhraIdudauuezunsalug laminar
1] o | ' =) y Aa A y A A
flow (Hunatszana 1 ¥3104 10 WA viseaundnee LiliveaiiiiveswsiWome vz laseh

'
a a

Aanuzioma 7 log CFU/g
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A . .4 Y 9 A v ¥ X gy
180N lemongrass oil nano-emulsion Aanuutun a0 duduaeld anwaves MIC
o 1 I
e MBC 91040 3.6.3.1 uaz 3.632 wmadeyluuzioms huzomagilunal 1 i
. . = Y ¥ A aA Y o q¥ ¥ ¥ 2
1% lemongrass oil nano-emulsion /31105 200 ¥a. NANMTNTUAEN 1S Ml Tasdang
S , ! < H S
13114 laminar flow 1Hlunan 30 widi udalagalasaye nu13n 10 esrmuraFen Taoaaod1s
Y ¥ o t&l . .. = @ .
mmmz%umauﬂa@m% (Sterile distilled water) wfFeueuny lemongrass oil nano-
emulsion
a ¢ & o4 & Y 4 y
MIAATIZHIIUTINUTO E. coli NO 3 24 48 taz 72 ¥2 119 HaINNNAT0UAIY
lemongrass oil nano-emulsion TAggy 10 nFNVeII0d19ldaslugedtlundnanasazaiein
2o o 7 T { ~ :
wosirleawlaiwimes (Butterfield's Phosphate-Buffered) Nai1¥oud? 131105 90 wa. #tlu
9 A a1 <3 1 A g J= -} A 1
A01A509A1 U ANNGI 250 SouaauIN tua14 WM N1MIIIP919 10 111 (Ten fold
. . a ( 1 d‘d % o dil
dilution) lastlidaaisazateniedin 1 wa. aslurvasanaaesniiinaullasa®e 9 wa.
Y 9 2
MNTUYARITAZAeAI96191/511A5 0.1 HaaanT AIUUBINITIABNTO MacConkey agar A28

a

1 { I < o H
Spread plate technique LN NQMIMNN 301 BIAUTAFHA 11111981 24 57 1139 HINIINARDI 3 &
@ = ~ @ dy A A 9y Y ¥ o
Gliﬂ]i]u'ﬂﬂill’lm E. coli Lﬂ%ﬂﬂlﬂﬂﬂﬂﬂﬁf@ E. coli Glumwamﬁﬂ;ﬂmuqumawmamﬂau
dy o a 4 49’ A A Y Y dy [ [l
Jaawe LaznIN15AATIEHIFD E. coli Gl‘LliJ$!fl]ﬂ!fl/lﬂ°1/]Fﬂuﬂi%‘ﬂ'Juﬂ"lﬁﬁNslﬁ‘]Jﬁ@ﬂLGD'@LmuliJ
' £ LA . A A Yy q¥
INATASAYLYD E. coli tWo1Ilu Negative control Liaig Nglﬂlﬂl'ﬂﬁ‘ﬂWTHﬂi%U?HﬂWﬁaNiﬁﬂaﬂﬂ
¥ 1 ¥ 1 (] 1 %,I B . 4
190 HAZINETAZAOF0 E. coli 1A W15 901111450 lemongrass oil nano-emulsion tW®
<
111 Positive control
ﬁﬂ‘H”IETﬂ‘Hiuzfﬂﬂuﬂﬂﬂlﬂﬁuzt%ﬁ]mﬁi{ﬂﬁéﬁﬂﬁhﬂ lemongrass oil nano-emulsion LA YA
Ay 9 1 U X o o = A A '
ﬂ?ﬂﬂhﬂﬁ?ﬂﬂ?ﬂﬂ?ﬂﬁuﬂﬁﬂm%@ Iﬂﬂﬁ\ilﬂ@]ﬁﬂ‘l&lﬂ!%ﬁ MIIUUTY Lagnay “luzmaz 0 3 24 48
ag 72 ¥ Tud
= o & L. LAy v .
3.6.5 MSANHIANHUE L¥® Escherichia coli NW1UNITA14 lemongrass oil nano-
emulsion 7128 Scanning Electron Microscopy (SEM)
0 A i y
Wesazane¥e £ coli 10° CFU/ml bacterial cultures 91099 3.6.2 NeryAY lemongrass
. . A Y Y A A P 9 3 A A Ay o
oil nano-emulsion mmmmmuma@ﬂklamﬂma 3.6.3.2 Wuan 10 un NPUHHUOI U1
@ [l y { 4 Y { { [ I
foena lihfunssdranseaumidesnnaznoy (centrifuge) N 12,000 SoUdH (Huan 5
2 Y Y A A I "y ' o w T A
UM uazg]ﬂmsazawiﬁmuuuaaﬂmwamwﬂamaamﬂmﬂauagmumq HINIDYNNY
MINATOUAY lemongrass oil nano-emulsion wazdeg1ei lilinsnaaeudie lemongrass oil
1 da < 1
nano-emulsion ”lﬂﬁaﬁaﬂﬂé’mi;amsﬁumaﬂm@mmuammm (Scanning  Electron
. ~ s A A aAawv a 4 = J a o 1
Microscopy (SEM)) 7 ﬁuﬂlﬂi@ﬂi\lﬂﬁﬂﬂﬁlﬂEﬂﬁ?ﬁ@ilmglﬂﬂjuiﬁﬂ YWINNITUNNIINGIQY LY

frod1alu 2.5% glutaraldehyde Tuo.1l M phosphate buffer saline pH 7.2 Wunar 12 ¥ Tug
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9 v 9
INUUA1IAIDE19A8 0.1 M phosphate buffer saline 314U 2 ATIATIAT 5 WA LAz d19998
¥ v ¥ I o w ] 1 o 3
ihnautasadeiiiunal 10 wiH Hidea1eriunszuIUMs1e8nAY 30% 50% 70% 95%
3 1 2’, o w 1 1 4 o o 1 a
100% ethanol tHlua1 10 wiiluuaazass de19MIUATEI LR IA29E19 B 9AINYA

(Critical point dryer) INABUNBIAIATOUADDUAIDE19A8 Tanz11in (Sputter coater)

3.6.6 MINIUNUMNTINAABN

NIN1399NUUUNITNADDIUY Completely Randomized Design (CRD) Tumsne

YUIAUDN lemongrass oil emulsion Y lemongrass oil nano-emulsion FIUDINTANYA
9 k4 Y 9 9

ﬂigﬁﬂ‘ﬁﬂTWﬂ'ﬁﬂUﬂ\‘lL%ﬂ E. coli MNINAADIRININUA 3 AT 161551 one way ANOVA

= ° a o ' aa Yy o 3 ..
L‘]_GEJ’UWIEJ‘U“LHNﬁﬂﬁ‘ﬂﬂﬁ@Q ’Jlﬂ31$‘Hﬂ’J']iJLLGIﬂGINVINﬁﬂ@ﬂ’JEJIﬂiLLﬂﬁiJﬁ"lLﬁ%g‘]_] Minitab 16

A o Y o a = 1 A v ast A @

MNUITYN Minitab Inc ‘]Ji&‘ﬂﬁﬁﬂiﬁ’f)miﬂW LLZ‘]%&‘LGEJ‘UWI?J‘]J?]HQﬁEJﬂ'JEJ’J‘ﬁ Turkey’s N3sAL

A J P
ANULBDNU 95 L‘]J?Jil,"]fu@
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4.1 HAMSANHIAN YT VD lemongrass oil emulsion 4@ lemongrass oil nano-

emulsion

Y
INMIATEUATT lemongrass oil emulsion Tasmsnautiiunz 1af /U Tween 80 LAz

A150A1IIAIAINT] hydrophilic lipophilic balance (HLB=15) Mz ey (Ghosh er al., 2013) Tu

895189 2:1 uAUAY deionized water WaN1IIAU 1Az MIWTEN lemongrass oil nano-

emulsion  1AYIATENIFUIAINY  lemongrass oil emulsion uaz¥MIanvialaglHnIe

{ o J a {
Ultrasonicator (Brand: Qsonica, model: Q55 ) 71 55 399 Laz 80 LL’B)?J’]JE!@'@I ﬂ@qam

a

QU

< ' | o o g . .
IS ALTOE nJunmmac] HermMsiavuIaves lemongrass oil emulsion & lemongrass oil

nano-emulsion 198 1%1A304 particle analyzer #¥ie Malvern i: U ZetaSizer Nano ZS WAUUIAVD

lemongrass oil emulsion L& lemongrass oil nano-emulsion 44L& AIAINT 1N 4.1

9197 4.1 VUAVDI lemongrass oil emulsion LlQ1¥ lemongrass oil nano-emulsion AGEGN

Ultrasonicator N12019114°)

aas i:a:naﬂu WHIA* PDI**
MIaauIA (HIN) HNUINAT)

Lemongrass oil emulsion 0 1,386.67" £48.6 | 0.35 +0.039
Lemongrass oil nano-emulsion 10 162.27°+4.08 | 0.28" +0.003
Lemongrass oil nano-emulsion 20 148.53°+ 1.52 | 0.24™+0.006
Lemongrass oil nano-emulsion 30 120.7%£7.37 0.26 "+ 0.025
Lemongrass oil nano-emulsion 40 103.5°+2.62 0.25™+0.037
Lemongrass oil nano-emulsion 50 105.17°+ 1.79 0.20°+ 0.024

*Mean + Standard deviation, AIONHINAWAUMUUUIAT HU1EDI AURALNTANUUANAIINY

naana (p<0.05) WorSeuneulag Tukey's test

*+pD[ AD polydispersity index.

AU 10+£5
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INHANITNATDINUNVUIAVDY lemongrass oil nano-emulsion NAAVLIAAIBIA

o

a A < = o W A = Y .
10 20 30 40 uay 50 UM UVUIAQANAIBY NN UITIATY WenfSeuneuny lemongrass oil
F

. < dy A d A Y = 1 (=)
emulsion (p=0.05) MUVUIANEENNFANIIINNITAAVUIAAIYNIAT 50 UIN LmhliJiJﬂ’NiJ

@ o Y

HANANOINITIAAYNUMTAAUIAMIBNAT 40 U (p=0.05) LaATUUIANLANA NN

[

lemongrass oil nano-emulsion NHIUNMIAAVUIANIAT 10 20 LAz 30 U BNV AN

(pS0.0S) NMIAAVUIAUDY lemongrass oil nano-emulsion Tael#1a5049 Ultrasonicator (Brand:
. ~ v a =~ ~ Y [

Qsonica, model: Q55 )N 55 98 1AL 80 LL’E]?JTJﬂj]J@ Nwﬁﬂiﬂmﬂﬂﬂﬂﬂﬂ?iﬁﬂ"llu"lﬂ"ll@\‘] Oregano

. . S v A . .

oil nano-emulsion NUVHIA 148 W luuas IaelHaIed Ultrasonicator (Model 300, Fisher

Scientific Sonic Dismembrator) N750 W ﬁamgﬁﬁ’m ndJunm 10 W17 (Bhargava et al., 2015)

a

NNHANITNAAOINUI A1AFTNITNIZIWAVBIDYNIA (polydispersity index; PDI)

. : : : v
VDY lemongrass oil emulsion L11& lemongrass oil nano-emulsion INAAVUIAAIYLIAT 10 20 30

1 o =

: ! Y A % o @ 1%
40 ez 50 w17 UAW 0.7 F3D0N5 19AT09 ZetaSizer Nano d115DM s TavMIARYNIA TR

MINTLVILAILLUNAIN (Dynamic Light Scattering Techique) ANUK T

NNMIANBIANNAIAIVD AT lemongrass oil emulsion i8¢ lemongrass oil nano-
emulsion WU lemongrass oil nano-emulsion VANUAIAININNN lemongrass oil emulsion Tag
1 K 4 = 3’, A o g’/ 2 Py a 9 A
WU lemongrass oil emulsion 3Jﬂ'l§'!!flﬂﬂfﬂ"’l]@\1ﬁ1imf]ﬂ?ﬂ'liﬁ\?ﬂ\ihhﬂ@m‘ﬂﬂ”llﬂﬁ]ﬁ nan 1
] 1 1 g’; 9 ) g}/ Qy yd'
i lue e linunsuensuves lemongrass  0il nano-emulsion ugrgihmsaane 13
a9 3| A = Y .
qmwguﬁmmunm 10U AUAIN 4.1 BITZILLINANUAIAIVDY lemongrass oil nano-
. Y 2 [ l £ [ = = % ]
emulsion IN&IABNAL Kenaf seed oil in water nano-emulsion FInU110ANNAIAD Tainumsuen
g @ ¥y 2 a9 a = < =
BUUDIAT waqmﬂmwa‘l*ﬂuqmmmwmuazamﬁqu 4 perusaled 1Wunar 1 1wou

U q

(Cheong ez ar., 2016) FaaziilulszTomilumarir 1y ls e msae 11
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MNN 4.1 ANHAENNMYNINLFAIANUAIAINDIATS lemongrass oil emulsion (control) L0
. . A o 3’; Qy Bld' a9y
lemongrass oil nano-emulsion (10 20 30 40 ttag 50) m’ommﬁmm‘lmqmwmwm: mo

U

¥ T09; (V) 1 ¥ T9; () 15 IU; () 30 TU

Y
HNae --- Lﬁuﬂi%%lmﬂuﬁﬂﬁi}ﬂllﬂﬁllﬂﬂ%uﬂl@\iﬁﬁ

4.2 A1 Minimum Inhibitory Concentrations (MIC) ttag Minimum Bactericidal
Concentrations (MBC) %9943 lemongrass oil nano-emulsion 8% lemongrass oil

Lo & , >
emulsion A0 L¥® Escherichia coli
' Yy 9 & = o ¥ a A . v
Wﬁfﬂi“ﬂﬂa’f]\‘]ﬁWﬂ'lﬂ’J'lllL"UiJsUuﬁ'lq@ﬂ’LT'I‘JJ'I'D"OEJ’UENﬂTiLﬂ‘iiLlﬂlfN!“]f’E) E. coli Vlﬂ
“ . . . ' :: o &’ a 4
Minimum Inhibitory Concentrations (MIC) {8 mﬂ'mJL%’wﬁ’umqﬂiumimawwafgauvﬁm
Minimum Bactericidal Concentrations (MBC) ¥93¢15 lemongrass oil nano-emulsion (g

. . ' g Y {
lemongrass oil emulsion #19 ¥® E. coli HAASAIAINIT NN 4.2
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' ' ' ] '
MM 4.2 MaNuINTUsIganaIndugInIni gy (MIC) tay manududumgalums
4

1219 (MBC) 499813 lemongrass oil nano-emulsion (18 lemongrass oil emulsion 719 1%0

Escherichia coli

gas szazalu MIC MBC

Msaava (H1N) (ppm) (ppm)
Lemongrass oil emulsion 0 234 234
Lemongrass oil nano-emulsion 10 117 117
Lemongrass oil nano-emulsion 20 58 58
Lemongrass oil nano-emulsion 30 58 58
Lemongrass oil nano-emulsion 40 58 58
Lemongrass oil nano-emulsion 50 58 58

%1ﬂwamimamwuduﬁmﬁmwznmmiammﬂ VUIAVDIETIZAADY  TUVUSN

v ¥ ' Y H ' Y k4
Usz@nSmwlun1sduguse E. coli INUGIUW MINANN 4.2 MGIFANNIMITUIUTD E. coli

[
=

987 lemongrass oil nano-emulsion NH3zezIAIUNITAAVIIA 20 1T 1A TUNUANULANALS

QU

Y H
o315 ANTNINMTIVEIN lemongrass oil nano-emulsion nuszeza lumsaavuia 30 40
9

~ y%’ o . I J o
1AL 50 WA (p=>0.05) Natlihduveusymonz lafliens Ciral Wuesdlsznoudidalums

9 ¥ 9
El“]JEl\u%@l,l,ﬂﬂﬁﬁﬂﬂQ%H@L!ﬂihﬂ’)ﬂllagllﬂihﬁﬂ (Shi et al., 2016) NMIAAVUIAVDINT ILHIY

a

' 901 . b A a
anauyanL lveun (hydrophobic property) U89 emulsion wazinulszansnnlums

9y = 7 Aa =2 A A A
VDY AR E.coli ﬂuﬂluiﬂﬂizmm 1x3 pm (Reshes ez al., 2008) ﬁ]\‘]%')ﬂlwuﬂigﬁwﬁﬂ’]Wﬂ’]ﬁ'

9 v
v A

& v . )
VEUFV0IAT 1@ MANANMINARDIIeIafAIAEN lemongrass oil nano-emulsion NI5TELIA
= 2 a A dy A A I
Tumsaavua 20 wWRAREIUTEANTINIUMTaATe E. coli UUNTBmAE o)y

Ax Yy A 1 Aa Yy A A
ﬁ"lTVIiJL'JﬁTGI,uﬂ'liﬁ@"’UHTﬂH@Equ@] Gluﬂtjllﬁ’li“l/mﬁ@ﬂ‘lﬂllﬂ’l MIC uag MBC H’E)EJ‘VIE:(@?TE] 58

ppm
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Particle size (nm) MBC (ppm)
1600.00 -+ - 250
1400.00 -

- 200
1200.00 -
1000.00 - - 150
= Particle size (nm)
800.00 -
=——MBC (ppm)

600.00 - - 10
400.00 -

- 50

200.00 -

0.00 0
0 10 20 30 40 50

Treating Time (min)

{ o v J 1
ﬂTW‘ﬁ 4.2 ANUTUNUTUDITSHLLIAINITAAVUIA Gllu'lﬂﬂlélﬂ'lﬂ"llﬂx‘l'ﬁ'ﬁ 31314 mmmmgfm?fu
ﬁﬁjﬂiﬂmiﬁﬁW (MBC) 483813 lemongrass oil nano-emulsion 8¢ lemongrass oil emulsion

#10 190 E. coli TISTR 780

&
4.3 NaUDY lemongrass oil nano-emulsion lunmsanaave e Escherichia coli U

UZIYDINATA

4
HaMINATOUUTZANTNINVOI lemongrass oil nano-emulsion{luﬂTiﬁﬂaQﬂl@\u%ﬂ E.
. A = @ a 9 Y %’ o dy ' v =
coli YUNZIVBINATA L‘LEfJULV]fJUﬂUG]g'ﬂ‘ﬂ'J‘]Jf:liJVlaTﬂﬂ'JﬂuTﬂﬁu‘llﬁﬂﬂlG]fa UFEANMIANNITINN 4.3
' v 4 vy % g £ a s s < o4
“W?U’nmiaNleﬂjamﬁmﬂmﬂauﬂaamﬂm oS HUANITAARIVDUTE E. coli M 6.09-
= 3 = e £ .4
23.11% I@UV'IL'J@’] 0 3 24 48 1oz 72 GU'JIIN Nlﬂﬂilcﬁuﬁﬂ'ﬁﬁ@aﬁﬂlf]ﬁ!%@ E. colin 23.11
4 v ¥ 1
22.59 14.17 12.92 1ag 6.09% Mua1ay ﬂ']ﬁ?,glj"l\ﬁJ$Lﬁﬂlﬂﬁﬁ?ﬂﬁ’lﬂauﬂa@ﬂl%ﬂﬁna’l 0L

o = S-S X oAy o ' o I A v o W
3 "lf'JIII\‘] Nlﬂﬂilcﬁuﬁﬂ'ﬁaﬂa\ﬁlﬂﬂl‘ﬂﬂ E.  coli T]hl,iJLLC‘]ﬂﬁ'Nﬂuf]EJ'NiJuﬂﬁ'lﬂﬂJ (pE0.0S)

=

s & X ) A v A vy 3 ¢
lﬂ@ﬁlcﬁuﬂﬂTia@aQ"U@QHﬂ@ E. coli “I/]u'f]fl“l/li:fﬂ 19 6.09 % UIVINNITANULLIUDINAAIIUINAU
& L yog &
Yaoaweuazne I idunar 72 179
~ Y A Y . . a s d
VUSNNTANWUSIUDINANIY  lemongrass oil nano-emulsion Hleiguan1Tanalved
kY 4 = J ~ 73 7 £
19 E. coli NN 37.07-49.73% Iﬂﬂﬂnﬁ’l 0 3 24 48 11ag 72 “H'JINQ N!ﬂﬂilcﬁu@]ﬂWiﬁﬂﬁQﬂlﬂ\H%ﬂ

v F
E. coli 149.73 4021 4021 41.05 uag 37.07% auaiay ledfuamsanaiveso £ coli
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A A 1A < A 2~ 1 Y ) A Y
NUINNFADYNLIA1 0 “F’JI?JQ 19 49.73% FIUANULANANNUNITANUSIUDINAAIY lemongrass
2 < o ' v o w
oil nano-emulsion uazm‘liﬂunm 3 24 48 uaz 72 ¥ 114 iz)‘(’JNidJLlEJmﬂﬂlu (pS0.0S)
a Yo ' ) A y ¥ 4 X X vy
DNMIGINUNMTANNZIBMAAIBIINaUY oA d1MTnanlS8u%0 E. coli ulﬂ 1-
v 4

2 log Tuvazimsd sz Wameaaie lemongrass oil nano-emulsion dgmsoandSunande £

Y A 4y 9 T 4 X . . A
coli 1A 3-4 log uzemANa1NAleInaulasa¥o uaz lemongrass oil nano-emulsion IB§N

a

S o v - ' s & & A 1
Lﬂ']JiﬂB'lvl']VlQﬂ!Wfq]iJ 10 99y WU Lﬂﬁ]it«lﬂuﬁmiaﬂmﬂlau%aaﬂmmanmme

' & Ay 9 . . s o X .
ua lunzWamanaeae lemongrass oil nano-emulsion 1oSIFUANTANAIVUTD E. coli 92

d' QU 1
A luszaugand

1 9 1
M13197 4.3 SIUIUFO Escherichia coli UMNzamneie 1% lemongrass oil nano-emulsion 1u

) 2 A ~ ~ o ¥y v 3
NITANUALINUN 10 DIA U AUKIT Llﬁﬂﬂlﬂﬂﬂﬂﬂﬂ'liﬁ'l\?ﬂﬂﬂu'l

o = 5 Yy
13an (‘U’Jilld) AU N13Ianal a1903¢8 lemongrass N1Ianay
f10°c (log CFU/g) (%) oil nano-emulsion (%)
(log CFU/g)

0 5.38°+0428 | 23.11°+6.119 3.52°+0.072 49.73"+1.03
3 542°+0.102 | 22.59°+1.452 419°+0.111 40.21°+ 1.589
24 6.01°£0.093 | 14.17"+ 1.324 4.19°+0.111 40.21°+ 1.589
48 6.1°+ 0427 | 12,92+ 6.106 412°+0.11 41.047"+ 1.581
72 6.57°£0311 | 6.09°+4.435 4.40°+0.111 37.07°+ 1.588

] 9 1 1
*Mean + Standard deviation, #7900 INANAUMVUUIANT HUIBDI AURASNLANVUANAIINY

naana (p=<0.05) worSeuioulag Tukey's test

ﬁ’ﬂymzm’e‘)mm%mﬁmmﬂgwmmﬁw'mmiéjn lemongrass oil nano-emulsion LA YA
Ay gy 2 g A ] o v a a <
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4.4 SNYULI¥O Escherichia coli NH1UMN5819028 lemongrass oil nano-emulsion

ael Scanning Electron Microscopy (SEM)
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a 2 A
.1 MINIYNDITLaYUYO

1. 9111318913 Trypticase Soy Agar (U3HN Himedia Uszimadwuie)

Pancreatic degest of casein 10.5 N3y
Papaic digest of soybean meal 5.0 nFu
Sodium chloride 50 A3y
Agar 15 n3u

o o - % A aa o 9 9 Y 4
¥3 TSA 40 NTU aga']ﬂcluu’]ﬂf’\U 1,000 Yanang ‘ﬂ']slwaga'lﬂﬂgﬂﬂj']llﬁaulﬁ@a3?1']6

Y Y w ] (] 49’ A a [ Jd 2 3| = [
iy NN UFDNYUNYN 121 °C (MNuAU 15 ﬂﬂuﬂ@@@l"ﬁﬁu’l) Wunan 15 win Ysu

sadye

W
a1 pH Woeluyae 7.320.2

Q

2. 211151889150 Trypticase soy broth (U3EM Himedia Uszmaduiie)

Casein enzymic hydrolysate 1.7 N3
Papaic digest of soybean meal 5.0 N3
Sodium chloride 5.0 bty
Agar 150 03y

Y 1 & ¥ o A aa o
9 TSA 40 51 azaredIunaunavyaluiinaudsuiag 1,000 Waaans ‘VIﬂ‘Vgi}ﬂgiﬂTEJ

v
= a

1 9 v F
aeanusouioazatedumaunarua iy dainsegaumngdl 121 °C (A1WAY 15

Y
Youdaoms19ii) lunar 15 wi lSusn pH 1ieglugag 7.3+0.2

3. 911151289150 Mueller Hinton broth (US¥M Himedia Uszimadwfies)

Beef, infusion from 300 NI
Casein acid hydrolysate 175 03y

Starch 1.5 NI
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Y ' 2 ¥ )
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121 °C (ANWAU 15 Uoudaen1s1aiia) una 15w J5uar pH 1feglugng 7.3 £0.1

4. 91¥"319891%0 McConkey Agar (U3t Himedia Uszmaduie)

Peptones (meat and casein) 3.0 nJU
Pancreatic digest of gelatin 17.0 nFu
Lactose monohydrate 100  N3Y
Bile salt 1.5 N3
Sodium chloride 5.0 N3N
Crystal violet 0.001 A3
Neutral red 0.030 N3
Agar 13.5 N3y

Y 1 g’/ 901 & = A aa o
¥3 TSA 49.53 51 azaeddIUNaNNIvualuinavllsugs 1,000 Yanang 1/]1611;’?)
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Y = [ 1 ] ]
15 Youadea131917) Whuan 15 wi Jsua pH Itogluse 7.1 0.2

0.2 M3A3eNEITazae

1. Butterfield's Phosphate-Buffered
Potassium Dihydrogenphospphate (KH,PO,) 34 ERY
ﬁm’é‘"u 500 NIy
T laason lad (NaOH)

11 Potassium Dihydrogenphospphate azaneluiinau 500 Haaans U5y pH 114 7.2

a

@ =N a ° t v & A
a0 Tidowlaason lad (NaOH) taz USurlFanas iy 1 aas i lilaainyefigumngi 121
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o P 2 g A
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YUIABUNAVYBIATI lemongrass oil nano-emulsion LA lemongrass oil emulsion

Size Distribution Report by Intensity

v2.2

P 7 N

Malvern

Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Emulsion

mansettings.nano

File Name: S3-610036.dts Dispersant Name: Water
Record Number: 28 Dispersant RI: 1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 25 §u21au 2560 16:22:07
System
Temperature (°C): 25.0 Duration Used (s): 60
Count Rate (kcps): 548.5 Measurement Position (mm): 0.85

Cell Description:

Disposable sizing cuvette

Attenuator: 3

Results
Size (d.nm... % Intensity: St Dev (d.n...

Z-Average (d.nm): 1442 Peak 1: 2187 97.2 1289
Pdl: 0.386 Peak 2: 199.4 2.8 53.91
Intercept: 0.399 Peak 3: 0.000 0.0 0.000

Result quality od

Size Distribution by Intensity
1076 W' ' - PR 4 SRR AL R - ARRPRRL (7 SRRRRS BT .
B - W W R R RE PR RS R TS TR R RN RRRT P L PR PRPRTR
PSR : : :
3 ' v :
Y S R R TR R R R .
T : : :
Eoap TR SOOI e B :
& : : :
£ | . . .
P EEERTTTRTTIONY EERRTPRTRTIITY EIRTTERTP RN, L B :
0 } f } } i
0.1 1 10 100 1000 10000
Size (d.nm)
Record 28: Lemongrass oil Emulsion|

AN 4.5 VUIABUNIAYBIATT lemongrass oil emulsion AI08199 1
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Sample Details

Sample Name: Lemongrass oil Emulsion-R2
SOP Name: mansettings.nano

General Notes:

File Name: S$3-610036.dts Dispersant Name: Water
Record Number: 29 Dispersant Rl: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 25 fuan 2560 16:24:10
System
Temperature (°C): 25.0 Duration Used (s): 60
Count Rate (kcps): 732.6 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 1367 Peak 1: 1997 100.0 1315
Pdl: 0.354 Peak 2: 0.000 0.0 0.000
Intercept: 0.345 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity

Intensity (Percent)
§ N

Size (d.nm)

Record 29: Lemongrass oil Emulsion-R2

AN 4.6 YUIABYNIAVDIES lemongrass oil emulsion AIDEINN 2
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Emulsion-R3

mansettings.nano

File Name: S3-610036.dts Dispersant Name: Water
Record Number: 30 Dispersant RI: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 25 su0n 2560 16:26:13
System
Temperature (°C): 25.0 Duration Used (s): 60
Count Rate (kcps): 675.3 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3

Results

Size (d.nm...

% Intensity:

St Dev (d.n...

Z-Average (d.nm): 1351 Peak1: 1976 99.4 1233
Pdl: 0.308 Peak 2: 40.02 0.6 11.53
Intercept: 0.361 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity

10 ................ : ............... . ............... . ............... . ............... :
T T /% TR R R R ERTERTERRTTY
= : P :
8 : : :
a 6 ................................ : ............................... l. ............... :
= T . . .
B4l LT EEE PR RRRR RIS e
o< . . .
= | . . .
S P e
0 : 4 i e o

0.1 1 10 100 1000 10000

Size (d.nm)
Record 30: Lemongrass oil Emulsion-R3|

AN 4.7 VUIABYNIAYBIATT lemongrass oil emulsion 08197 3
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 10-R

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 29 Dispersant Rl: 1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unsau 2561 16:56:58
System
Temperature (°C): 25.0 Duration Used (s): 50
Count Rate (kcps): 449.7 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 160.7 Peak1: 2443 100.0 168.2
Pdl: 0283 Peak 2: 0.000 0.0 0.000
Intercept: 0.708 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
10 ................ : ............... : ............... . ............... _ ............... .
[} IR I PP ............................... ...............
g L . ’ .
8 : : :
a 6 ................................ : ............................... l. ............... :
= T 8 : :
g D . .............................. _. ...............
£ 1 : : :
- Dt . .............................. ,. ...............
0 ; - - - .
0.1 1 10 100 1000 10000
Size (d.nm)
Record 29: Lemongrass oil Nanoemulsion 10-R

ATNT 4.8 YUIADYNIAVOIAT lemongrass oil nano-emulsion #I08191 1 NHIUIATOA

. . A v J a I =1
Ultrasonicator (Brand: Qsonica, model: Q55 ) 1 55 19161 LAY 80 mmﬂagﬂ Wunal 10 wn

41
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Sample Details

Sample Name: Lemongrass oil Nanoemulsion 10-R2
SOP Name: mansettings.nano

General Notes:

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 30 Dispersant Rl: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unsau 2561 16:58:41
System
Temperature (°C): 25.0 Duration Used (s): 50
Count Rate (keps): 405.4 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 159.2 Peak 1: 233.9 100.0 146.4
Pdl: 0277 Peak 2: 0.000 0.0 0.000
Intercept: 0.721 Peak 3: 0.000 00 0.000

Result quality Goo

Size Distribution by Intensity

Intensity (Percent)

Size (d.nm)

—— Record 30: Lemongrass oil Nanoemulsion 10-R2|
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Sample Details
Sample Name: Lemongrass oil Nanoemulsion 10-R3
SOP Name: mansettings.nano

General Notes:

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 31 Dispersant Rl: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unman 2561 17:00:24
System
Temperature (°C): 25.0 Duration Used (s): 50
Count Rate (kcps): 530.9 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: StDev (d.n...
Z-Average (d.nm): 166.9 Peak 1: 245.2 100.0 153.6
Pdl: 0.279 Peak 2: 0.000 0.0 0.000
Intercept: 0.628 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity
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Size (d.nm)
Record 31: Lemongrass oil Nanocemulsion 10-R3]
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Sample Details

Sample Name:
SOP Name:

General Notes:

File Name:

Record Number:
Material RI:

Material Absorbtion:

Lemongrass oil Nanoemulsion 20-R1

mansettings.nano

S3-610037.dts Dispersant Name: Water

32 Dispersant Rl: 1.330

1.50 Viscosity (cP): 0.8872

0.100 Measurement Date and Time: 3 unvau 2561 17:24:48

System

Temperature (°C):
Count Rate (kcps):
Cell Description:

25.0
491.5

Disposable sizing cuvette

Measurement Position (mm):

Duration Used (s): 20

0.65

Attenuator: 2

Results

Z-Average (d.nm):
Pdi:

Intercept:

Result quality

Size (d.nm...
146.9 Peak 1: 1951
0.234 Peak 2: 4117
0.922 Peak 3: 0.000
Good

% Intensity: St Dev (d.n...
98.7 121.7
1.3 1040
0.0 0.000

Size Distribution by Intensity
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Size (d.nm)
—— Record 32: Lemongrass oil Nanoemulsion 20-R1
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 20-R2

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 33 Dispersant Rl: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unvau 2561 17:25:40
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 461.1 Measurement Position (mm): 0.65

Cell Description:

Disposable sizing cuvette

Attenuator: 2

Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 149.9 Peak 1: 180.6 94.5 74.87
Pdl: 0.243 Peak 2: 34.37 33 5.497
Intercept: 0.924 Peak 3: 4843 22 703.3
Result quality Good
Size Distribution by Intensity
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Size (d.nm)
—— Record 33: Lemongrass oil Nanoemulsion 20-R2
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 20-R3

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 34 Dispersant Rl:  1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unsau 2561 17:26:32
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 472.8 Measurement Position (mm): 0.65
Cell Description: Disposable sizing cuvette Attenuator: 2

Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 148.8 Peak 1:  220.1 100.0 174.7
Pdl; 0.246 Peak 2: 0.000 0.0 0.000
Intercept: 0.926 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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Record 34: Lemongrass oil Nanoemulsion 20-R3
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Sample Details

Sample Name: Lemongrass oil Nanoemulsion 30 1
SOP Name: mansettings.nano

General Notes:

File Name: S3-610037.dis Dispersant Name: Water
Record Number: 23 Dispersant RI: 1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unsiau 2561 17:33:45
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 512.5 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 2
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 127.0 Peak1:  195.4 100.0 141.3
Pdl: 0.275 Peak 2: 0.000 0.0 0.000
Intercept: 0.907 Peak 3:  0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity

Intensity (Percent)

Size (d.nm)

Record 23: Lemongrass oil Nanoemulsion 30 1
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Sample Details

Sample Name:
SOP Name:

General Notes:

File Name:
Record Number:
Material RI:

Lemongrass oil Nanoemulsion 30 2

mansettings.nano

S$3-610037.dts Dispersant Name: Water
24 Dispersant Rl: 1.330
1.50 Viscosity (cP): 0.8872

Material Absorbtion: 0.100 Measurement Date and Time: 3 unsiau 2561 17:34:37
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 4558 Measurement Position (mm): 0.85

Cell Description:

Disposable sizing cuvette

Attenuator: 2

Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 122.5 Peak1: 1808 100.0 1234
Pdl: 0.268 Peak 2: 0.000 0.0 0.000
Intercept: 0.920 Peak 3: 0.000 00 0.000
Result quality Good
Size Distribution by Intensity
1057 G SRR EEEREEIREEERRRE AETERFRTrY PEEEEEERRF R .
o O = PSR\ TR R R R R R
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Size (d.nm)
Record 24: Lemongrass oil Nanoemulsion 30 2
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 30 3

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 25 Dispersant Rl:  1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unsian 2561 17:35:29
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 4485 Measurement Position (mm): 0.85

Cell Description:

Disposable sizing cuvette

Attenuator: 2

Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 112.6 Peak 1: 140.8 98.6 73.33
Pdl: 0.228 Peak 2: 4591 14 831.4
Intercept: 0.927 Peak3:  0.000 0.0 0.000
Result quality Gooc
Size Distribution by Intensity
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Record 25: Lemongrass oil Nanoemulsion 30 3
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Sample Details

Sample Name:
SOP Name:

General Notes:

File Name:
Record Number:
Material RI:

Lemongrass oil Nanoemulsion 40-R1

mansettings.nano

S3-610037.dts Dispersant Name:
35 Dispersant RI:
1.50 Viscosity (cP):

Water
1.330
0.8872

Material Absorbtion: 0.100 Measurement Date and Time: 3 unsan 2561 17:15:55
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 467.8 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3

Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm); 104.7 Peak 1: 121.1 975 56.33
Pdl: 0.292 Peak 2: 5116 25 534.7
Intercept: 0.926 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity

127 5 et g A AR ) N e AL g e P ot g 4
ot N D B L e
§ Ak VO 7 P iR P R
o r . . .
3 6 ................................ : ............... : ............... ,- ............... :
I3 r . , : :
[ = n . . .
o . S T T T I il .
£ | . 5 . .
obo ETEETERTRVOTIeY L e
0 e

0.1 1 10 100 1000 10000

Size (d.nm)
—— Record 35: Lemongrass oil Nanoemulsion 40-R1
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Sample Details

Sample Name:
SOP Name:

General Notes:

File Name:
Record Number:
Material RI:

Lemongrass oil Nanoemulsion 40-R2

mansettings.nano

S3-610037.dts Dispersant Name:
36 Dispersant RI:
1.50 Viscosity (cP):

Water
1.330
0.8872

Material Absorbtion: 0.100 Measurement Date and Time: 3 unman 2561 17:16:47
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 461.6 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: StDev (d.n...
Z-Average (d.nm): 105.3 Peak 1: 141.0 100.0 77.67
Pdl: 0.245 Peak 2: 0.000 00 0.000
Intercept: 0.922 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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—— Record 36: Lemongrass oil Nanoemulsion 40-R2)
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Sample Details
Sample Name: Lemongrass oil Nanoemulsion 40-R3
SOP Name: mansettings.nano

General Notes:

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 37 Dispersant RI: 1.330
Material Rl: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unman 2561 17:17:39
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 426.5 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 3
Results
Size (d.nm... % Intensity: StDev (d.n...
Z-Average (d.nm): 100.5 Peak 1: 133.6 100.0 76.88
Pdl: 0.219 Peak 2: 0.000 0.0 0.000
Intercept: 0.916 Peak 3: 0.000 0.0 0.000

Result quality Good

Size Distribution by Intensity

Intensity (Percent)

Size (d.nm)

Record 37: Lemongrass oil Nanoemulsion 40-R3|
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 50-R1

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 38 Dispersant RI: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unnan 2561 17:07:14
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 404.6 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 2
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 1061 Peak 1: 141.0 100.0 77.93
Pdl: 0.223 Peak 2: 0.000 0.0 0.000
Intercept: 0.942 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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Size (d.nm)
—— Record 38: Lemongrass oil Nanoemulsion 50-R1
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 50-R2

mansettings.nano

File Name: S3-610037.dts Dispersant Name: \Water
Record Number: 39 Dispersant RIl: 1.330
Material RI: 1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 unmau 2561 17:08:06
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 392.1 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 2
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 106.3 Peak 1: 124.9 100.0 54.45
Pdl: 0.176 Peak 2: 0.000 0.0 0.000
Intercept: 0.945 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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Sample Details

Sample Name:
SOP Name:

General Notes:

Lemongrass oil Nanoemulsion 50-R3

mansettings.nano

File Name: S3-610037.dts Dispersant Name: Water
Record Number: 40 Dispersant RI: 1.330
Material RI:  1.50 Viscosity (cP): 0.8872
Material Absorbtion: 0.100 Measurement Date and Time: 3 uamau 2561 17:08:58
System
Temperature (°C): 25.0 Duration Used (s): 20
Count Rate (kcps): 379.2 Measurement Position (mm): 0.85
Cell Description: Disposable sizing cuvette Attenuator: 2
Results
Size (d.nm... % Intensity: St Dev (d.n...
Z-Average (d.nm): 103.1 Peak 1: 125.7 99.0 60.34
Pdl: 0.213 Peak 2: 4843 1.0 702.6
Intercept: 0.944 Peak 3: 0.000 0.0 0.000
Result quality Good
Size Distribution by Intensity
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CHINA FLAVOURS AND FRAGRANCES INDUSTRY CO., LTD.

SPECIFICATION

Product name

Product code

Country of Origin
Product type
INCI Name

CAS No.

Production

Application

Colour and appearance
Odour

Specific gravity (20/20°C)
Refractive index (20°C)
Principal Constituents
Solubility Test

Storage

Shelf life

: Lemongrass Oil
£ 40003 (WnsTumnzlaFing

: Thailand

: Essential Oil 100%

: Cymbopogon Citratus Leaf Oil

: 89998-14-1

: The natural essential oil is obtained by steam distillation
the grass of Cymbopogon flexuosus (Nees ex Steudel)

W.Watson or Cymbopogon citratus Stapf. (Family of Gramineae)

: Raw material for the production of foods, beverages, cosmetics and
household products.

: Yellow, yellow-brown or reddish-brown and clear liquid
: Fresh green - sweet lemon fruit odour

1 0.8750-0.8850

: 1.4800-1.4900

: Citral 60-80%

: Clear liquid.(in 0.5 part of 90% ethyl alcohol)

: Keep in cool, preferably at about 20- 25°C dry place and
protect from light. Keep containers tightly sealed

: 24 Months quality should be checked visually & olfactory before

each use and fully checked after the shelf life period

The document is computer generated and no signature is required.

In case of enquiry, please contact
Nutchanath Koomklang
Quality Control Supervisor

10003/EFF210111

anonu Tsoou

Office : Factory:

510/3-4 soamuooAow 25 nuuouoofonu elinedes Fordauunus 11000 99 rl) 2 a.anadbraco o.anautrasy wsunsaSogsen 13230
510/3-4 Ngamwangwan 25, Ngamwongwan Rd. Muang, Nanthaburi 11000 Thailand 99Moo2, LatBualuang, PhraNakhonSiAyutthaya 13230 Thalland

Tel: + 66 2952-5380-4, +66 2591-6050 (Auto 3 line)
Fax:+66 2952 - 5385
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Pharmaceutical Industries 9110

@114 Food Safety Supervisor U387 Kerry Ingredients (Thailand)
9100

o ' Yo ' v a o @ o 4 a
AUV UN Ei]ﬂﬂTiFhEﬂJ‘iZﬂuﬂmﬂ’lW VIYN IUBULUA ATV LLDURA LAY

wa (neaud) 310a

éﬂx‘l “Effect of lemongrass oil nano-emulsion on inhibition of Escherichia
coli: An in vitro study” FOOD INNOVATION ASIA CONFERENCE
2018, 14-16"June 2018, BITEC, Bangkok, Thailand

51979a: Second Runner-up The Poster Presentation Award in FOOD

INNOVATION ASIA CONFERENCE 2018

Agro-Industry Academic Council Association (AIAC)

Second Runner-up
The Poster Presentation Award

s presented to
Kallaya Yingyong

King Mongkut's Institute of T
n Food innovation Avia C

ology Ladkrabang
2018
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