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Lime oil has numerous uses in the food industry due to its unique flavor. However,
the flavor components in lime oil can undergo chemical degradation caused by oxidation
reaction, leading to loss of flavor and the formation of undesirable off-flavor compounds. This
research compared the effectiveness in keeping the flavor components of lime oil in three
different emulsion systems: 1) the double layer oil-in-water (o/w) emulsion which was
produced by using layer by layer technique and using sodium dodecyl sulfate (SDS)-Chitosan
as stabilizers, 2) single layer o/w emulsion stabilized with gum arabic (GA) and 3) single layer
o/w emulsion stabilized with SDS. It was discovered that the double layer emulsion with SDS-
Chitosan as stabilizers was the most stable emulsion system. The double-layer emulsion
extended the shelf life of lime oil from 4 to 7 months. After 8 months of storage, the amount of
the main flavor compounds in lime oil such as limonene, beta-pinene and alpha-terpineol
slightly decreased (p<0.05) in double-layer emulsion, while the amount of citral decreased
dramatically. The amount of undesirable off-flavor compounds such as limonene-oxide,
carvone, borneol and fenchol were found less in the double-layer emulsion compared to the
two single-layer emulsion systems. The triangle test found that the consumer could not detect
the difference between fresh lime oil and lime oil contained in the emulsion system which was
stabilized with SDS-Chitosan during storage from 0 to 7 months. In addition, the effect of the
ratio of SDS (mM) and Chitosan (%) as stabilizers for double layer emuision (12.5:1, 6:2,
12.5:2 and 12.5:3) on keeping the flavor profile of lime oil was investigated. It was discovered
the suitable ratio of SDS-Chitosan for preparing the double layer emulsion was 6:2.

Department of Food Technology Graduate School, Silpakorn University Academic Year 2009
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Jd Z L7 ?:’
2.1.1 asndsznevvetindurienszval iz
s A S o A s Ao Y
panlsnouniualvesiniuyzuiiliesnlseneunduseunInuay
~ % I A A 1 = =
arsszneungnnutniluaisszneunFondiasszneumesiiy (terpenes) HAZINOIN
J . Z’ % a 9 I 1 A A ll 1 .
UOYA(terpenoids) dunzuMztonlsludgiunaguvounT09AN0d1900Y  (soft drink)
J ~ 31 I ] I 1 = oy o ~
paflsznoumaunlveaihuzundulvgrzilunguueunesiy hiureuszeuz 1IN
1 [l I k4 A A 31 4 4 § I
ladwIngaz Inilussdisenonlumamunausaveoniilnan naviaTesauniingurniu
' o & s P 2 o D} 9 = A
dauilsznon Methnsizesndszneuvesdisszive la luihiuuzuz Inanuidnaaiu
9
. 1< Y o o )
(freshness) 1Az 3aNdz019 (cleanliness) duduaungnanldiniuuzurgniildldlu
[ 4 4 [ I~ ] 4 4
QATINNITUANG UBNIINGATIMNTTNATEIAN Tzl ugaanssue s unioeal
Y a o 4 qazl 3‘ I
YUVVUIALI §NNIIA VUNDY KAASUNUL TauNsgaamnssuiiivey 1Judy Yadav 1ag
: . Y= =
AL (2004); Atti-Santos AZAML(2005); Smith LAZAMUL(2001) JAANHIAIANTsENRVTLIVY
Y Y ya v Y g/ (% :’ Y
Taniluyzunaanazuzueuutalagldismsanadie lorhlumsadatiniuneyszive
a ¢ o o o { {
HazInT1EHH Ineld GC-MS tag supercritical carbondioxide MUY (MNA 1 1Az A1319901
~ = ng A & & Yo
way 2) Taga15199 1 wundansiszneunaviua 32 siagsuiluarsisznevsumeldsiuiu
' £ v v & o s
1NN 98% Feausanaa lailu ersiszanlalasasuen(75%) toanaea(18%) tay
% 2 e s 1) 7R\ -
amas(1%) lagasilszaelalaasveunitlussnilsenounanlniniuuzuine a luiiu
(limonene) WUHD4 37.8% MuA81UA1 111 (B-Pinene) 16% 1NN 1N U(y-Pinene) 9.5%
1 Ja . = a . o v
uoatumoiitiooa(a-Terpineol) 6.7% uwazillsanoa(nerolidol) 7.1% AIWAIAY UL
y
asisznevsumelddszianuead ladnnune Hisealneral) 1w Ulga(geranial) TaAnUA

(dodecanal)uazninassianlilua(tetradecanal) (Yadav ttagaae, 2004)



19 1 @Qﬁ’ﬂi$ﬂﬂﬂﬂlﬂﬁ volatile oil mmmmmﬂuazmunamﬁ'@

Kovats indices Compoundsb Quantity (u1)/100g"
Fresh Dehydrated
933 [-Pinene 6.8 6.6
979 Y-Pinene 32.1 17.6
1041 Limonene’ 75.5 53.5
1064 Cis-Ocimeme 0.7 Tr'
1078 y-Terpinene 19.0 18.1
1093 Terpinolene 3.2 5.1
1102 Linalool 1.3 0.6
1107 Fenchol 0.4 1.2
1173 4-Terpineol’ 6.8 4.7
1196 a-Terpineol’ 13.3 10.2
1227 Neral 1.8 0.3
1258 Geranial 4.1 0.6
1329 0-Elemene 0.6 1.1
1351 Neryl acetate 0.5 0.4
1370 Geranyl acetate 0.6 0.5
1380 B-Elemene 0.6 1.0
1395 Dodecanal 1.0 0.4
1405 o-Cedrene 4.5 34
1434 o-Bergamotene 4.7 3.5
1461 Germacrene-d 0.7 0.2
1594 Tetradecanal 0.4 0.1
1663 -Bisabolol 0.4 0.1
1976 Hexadecanoic acid 1.3 0.1

fan : daudasan Yadav Llag e (2004)



! cd o . . . a .. . 0
13197 2 1WesIFuUAUD volatile compound U®Y lime oil Tae7s supercritical extraction : 60 C,

90 bar, ImL/min CO,, 30 minutes

Compound Supercritical extraction
o-Pinene 2.7
o-Thujene 0.8
[-Pinene 14.5
Sabinene 2.2
Myrcene 1.4
o-Terpinene 0.4
d-Limonene 48.9
y-Terpinene 17.0
p-Cimeme -
o-Terpinolene 0.7
Linalool 0.2
Cis- a-Bergamotene 1.2
Terpinene-4-ol 0.5
Neral 0.7
o-Terpineol 0.4
[-Bisabolene 33
Geranial 1.1
Non-oxygenated 933
Oxygenated 33
Citral 1.8
Total 96.6

31 : aanlagan Atti-Santos HazANz(2005)



~ Y g 1 1 v Aa 1 A A ~
1NAITNN 2 Lm’ﬂﬂ‘ﬁmumﬁﬁﬂi%ﬂmﬁ%mﬂﬁﬂ ﬁaﬂmagiumunﬂaainuu
£

I d a v
Faudua1515enoud TN monoterpene hydrocarbon uazisaia ¥uluaissznoviead

saq ¥ A .
laanldnaummizluuzu (Atti-Santos HazAML, 2005)

A A v = s 9 A o
MNN 1 Gﬁﬂllﬁgjﬂﬁx‘]ﬁﬁW\i"’U@Qﬁ"ﬁﬂﬁSﬁﬂﬂ‘Ulfl/l'f)ﬁWuLla&’!ﬂ@iwu@ﬂiuwaulllﬁﬁggaclfﬂﬁﬁ

31 : Smith LaZAUL(2001)
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A 1 Yy 9 9 3 | VA 2’ %
nnnanualiidunaisdsznenlasdiuIngngnuulutiniuuzurinas
9/ a o <3 o I I I
wa lfasznadasaaziluasilsznoudminmesivuazimesiiues Tasasdsznoumesiiv
] 4 I <
AonguuesmsiznolalasmsveuTagTaseadwornilunny cyclic 3o acylic waziilu
A o A A o d 9 ~ = [T~ & g v
puvdudImse dudn 1a Tuvazimesiuesdalluans oxygenated Fuiluasoyiusvoa
4 { ] a ] J a
asisznevmesiuiionvezilsznonlidreny laasendathydroxyl) nienyasueila
v ' I v 9 oa.ll dyd [ A
(carbonyl)  u@ed1e lsnawnunlaseadwvesaissznonie 2 dszaniiianyuzi
milounuTasfigaves C.H, oglulnseadaniolgainalife (C;H,) |, 19U hemiterpene
52noUAIBYAVDY CH, 1 ¥A monoterpene 3 C.H, 31191 2 4@ sesquiterpene 3 C,H, 3 40
<3|
Audy (8110, 2547)
I 1 a ~ Ja Jd ~ =
mesiy B A Tutiu nazmesiiuesd 1w fiseauazwesuilea ( Enaz Z loly
o A o o o ~ = [~ o 1 . ~ 1 1
WesYeIFATa muday) (3UN 1) gawunNegdluimauuinluaiuued oil sacs Noglu dau
A A A 1 A 1y = 9/ 9/ a o 3’ 7
niludniodiu flavedo Nogdaruuonveudonwalivewalinszgadasd uaziniuvon

1 dy 1% ad ~ < o
‘i$!,WEJWi'ﬁTLl’d'liJ'liiﬂLLﬂﬂﬁ?@ﬁﬂﬂﬁ]@ﬂh'lhlﬁﬂa1ﬂ'3‘ﬁlﬂfu NITUUEYU (cold press) ﬂ'liﬂﬁu@ghfl

kS . o . S .
16“1(steam distillation) (A NI A NA(extraction) Wuau (Smith ttazaMe, 2001)

2.1.2 m3lEnaulue1IIsNNAN NS SINTIAINING

a a

Y A = @ 3 a a R [
ﬁ1ﬂwnau°luwmmﬂuwaﬁwammmmuaammmuumnn (secondary

U

A ' a ] Y 1< JAaAa
metabolite) AWn Tunsuaazyia limiouiu 1du by-product MNI¥AdNIFIN (Stofberg, 1986)

a

= (=} 9 A AR Ao =\ A Y I a a R @
Fa lifimhimasavedduidanu Hassuduilundanavounaiueadsuszaulgugi
. . o o { a 1 o
(primary metabolite) 9INNsEUIUMIFUATIZHUAINNLIuNFFta 1wu a5 lulamsa
a @ 3 o 4
nsaaziiTu nsa'lvsiu 1Wudy (Heath, 1981; Reineccius, 1994) ud2insiauveauen laain
= 9 A 1 Aa A o 1 A [ o Y a [ o
yunetes Tasisuaazyiiateulesi himieusy i1 ldinanszuiumsdunsizrinig
= ] @ v @ ' ~ Y ] a AR )
Fanmannull HJegtudelinswaunaiuidalumsadrundaanavounauedsuseau
nAgll uaduiyguie1nnanInmsneewlsomvesislmdhiuanimadon (HAs
v Y [ 1
uag woow, 2534) @13 Innausamusssumnadulnainannaisdedun biseive sedauun
1< o s 9 dy . 4 @
Wuwaneyiusveslnalaleaniilnseadraiiugiuues glucopyranosyl unit ARIGHUTE -
=\

glycosidic NUNAANAVDINAIUOATUTLAUNABYNNITONI1  aglycone  Fa1indsznoudie

s A ' s ' A <
ANTUDU 10, 11, 13 1159 15 9¢R0OU LHU Ulﬂaiﬂvl‘;]fﬂ"ll'ﬂﬂ monoterpene Lm’ﬁnJ’]ﬁﬂL‘]Jﬁﬂulﬂuﬁ’li



a

o r'd A a a d' Y
szmglasmamanuveueu ) wisnalalas lagannnsaaislszneulusssumanldd
nauNviaeszan 1wy (Heath, 1981; Stofberg,1986; Reineccius, 1994; Gatfield, 1999)

1) 10aNDI0E NANMIFUATIZHNNFINNUBINTADL T 11
v A Jd Aa (Y] 4 = ] = [} o
2) 9aa 189 1AANMIFUATIZHN T INM WS URINULDANDIOS LAZIINAITA
T luouda Taemwiznga vy linoleic tag linolenic
4 a I v A I'd = A a a
3) mMsueiia Wunindad laa uazd launnaninnsaesii lu
21 [ 4 o
4) nia gaenImima lagnszuIumsduaTIziLa Aeas 1 lamsazgn
A o d LAy Y o ¢ 9y 9 4
ponFATwIluNTA pyruvic 1Mo Krebs cycle tdgnaunsiznaugaieaoou Tl
o 9 J [ a o A
5) 1PAINDS A3 19NUDANDFOAS NIA MU aznIaoed Tuluaa iy
a [ 4
6) AN IaU BINUNAVINATFUATIZHNIFININ1AY oxidase
7) Wuoa
Y v v
o I~ == ] 9 o Y A o Y
MiureuswatluasnauNANUFUFDU V19ASITTnoUAIeAITIANUS D
a o = o Y I 1 v aAawv Aa 4
yila Tagna 1l Gnmsswunaisdszneveenlaiiiu 4 nqu (@o1liuideInermansuay
maluTaduvialseine lne, 2544; Reineccius, 1994)

1. eslalasasuen

'
2

o I~ s 7 = s 7
Tagia lihifluasdszinnnosiud (terpene)  Tgasinalife (CHY) ,  moeshiiudiilu

J 1 =\ 1 @ 1 1 1
99A152NEUYBIAITHAONGY UGAT IATIAT1ANAINNA 19N I19919 uATIdIUV04

{ o { s 4
Tassadwimiounune §'le TanSu (isoprene) (CHy) 2 90 TunsaimiluTuTumesiud nso
c: a ¢ ¢ o g o <

3 90 antlwaandmesiiud loTewiudumsisznoviuguludunivesdaiuaziialdly

@ J = J =2 J g’ 3 A a &£~
MIdunTIzun lsnuesa aResosanaz1ing1d Wua1sninean acetyl-CoA HaunuImly

o ke A o J s <) s ' a a
midunsziiazeendiatuvetimia asmeiiud lalasmsveulinaaesamanaznauy

9
o U <3 . .
‘llf)\il!"liJuﬁfJiJigmeLaﬂﬂ’f)ﬂ (Reineccius, 1994)

v

J A a
2. oywusvesds lalasmsvountoondiauluTuana

Q

[l 2 4 4
TuesszimeNinaurion e15 oxygenated derivatives ¥99 14 Tuimasiuduas

a s A o w ' s S s A S o
CEEAIUNDINUE llﬂQTNﬁTﬂiylﬂﬂﬂ?]ﬁ?i!ﬂﬂiwuﬁqaiﬂﬁﬂqiﬂﬂu NAURNICUDIUTUUTIOY

v
A o W

a < A o J
semenaeyiaunauvod oxygenated compound FINAU NQNUBDIAT oxygenated NAIALY

g

Y 1 s = = = J . .
Ulﬂllﬂ upangon Llﬂaﬂllaﬂ DINOTI ﬂIGlu NIALALIDEINDT (Reineccius, 1994)
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v J a
3. 190 YWUTUDIUD UL U
a aaa = A A [ a A A 9 S
Lﬂm1ﬂ‘1J;]ﬂ’ifn‘mW’JLmJLﬂﬂ’;ﬂ‘]JLiJW‘]J’e)aclﬁJﬂJmW% uaﬂymﬂﬂiﬂﬁinvﬂu’mm’m
a % < @ ' o v v W : 1 4
IUUBU Tﬂﬂilﬂfﬂzl,ﬂuaumau C, ﬁwu‘ﬁzﬂ 3 NUDY ﬁﬁ‘]_lﬂUWu‘ﬁ&aﬂflﬁgﬁfnﬁf’niﬂﬂuﬂgﬁﬂﬂ

'
A o 1

I 1 o = ~Aq Y ] A ~ a
Lﬂua’]ﬁﬂquiﬁﬂl“ﬂuﬁﬂEiuzlmﬂ@’Nﬂull’]ﬂ ﬁ'JilENﬁ']ﬁ‘1/1(16]5‘]J3\1LL@NﬂﬁH§ﬁVIW°U@H‘JJ‘ﬁ§33J“B'W]

o Q

a s

[} 4 a { v Ao 1
pagasdungnateytian g lugaarnnssy (@oiviteInermaasuazima luladuns
Uszine Ine, 2544 Reineccius, 1994)

v 4
4. m3lszneu luTasu vseasdseneusamos
A a3 s A A ' A 2 o D

i luTaswuiluesnlsznourateriialinanenauue1iniunouszve H9e
=) l g’ C% a 9 9 o' 1 1 =} a =}
tegluihniuneuszmeludSmuanuidududaini 0.1% wu wenTuiile laswiaeiiv nsa

a 1 @ 4 [ @ I'4 2’ o {
laTas loeniin druaisilsznousamos wu lalasugalna wolwihdurenszsvenla
@ 4 v Aavu A
NNILNeY Tamsa (Baver HazaAne, 1997, 819910 a1iuIdeInemansuazmalulas

uratlszinalne, 2544)

2.1.3 manasumasvesanslvinausa
A a P A A k%
nausalueimananmslasuuauiiosnniaoauvane Tnseds19u0adis

VA { ' 4 { ) W Y X
Idnauselaeu 15U cugenol TinsindounveINusee lAITY isocugenol (Bauer LazAME,

[
=S [

A a aan =1 1 Y A & A I @ dﬁlw
l997)W§@Lﬂﬂﬂ§]ﬂiEJ'I‘VYIQL?]?J?%W’NQETTiGlWﬂauiﬁ“ﬁﬂﬂ@&ﬂuﬁu‘ﬂ(ﬂﬂaﬂ HONITMNUYUNYINDY
ANUADOTYBIET IR NAUTA (Shaikh, 2002) Tagluid thermochemical stability 15 NiNUTEe

1 $ o [ (] [ 091’ (Y] ] J o
ZJ'lﬂﬂ’Nﬁﬁ\‘M']LLﬂuﬂ%glluﬂ@ﬂlﬁaﬂi Lmﬂ’nuﬁﬂ]’)ﬂ]ﬂﬂﬁﬁthﬁiJW‘L!‘ﬁﬂ‘]Jﬂ'JﬁJlﬁafJi(Novak uae
A, 2002)

Ugnsemaninh InasIdnauselasuniasae
Aaaa a o I Aaaa A A ] a A A a v
1. ﬂaﬂiﬂWﬂfJﬂ“]ﬂﬂ%u L‘]J‘L!“]J;]ﬂ‘if]'l‘ﬂlﬂﬂ“u@ﬂlﬂﬂ Tﬂﬂ%mﬂmmmenmw ‘Nﬁqa@
a ' a a o 1<
11 Towan HATDUYADATY 1¥U limonene INADDNWIATY (Bauer LiazAdle, 1997) 111 carveol
1ag carvone (Hiramoto HagAe, 1999)
Aaaa . . 1 a . . I~ .
2. ﬂ;]ﬂifl”l cyclization 4% (+)-germacrene A DA cyclization 114 selinene 1u
an1enNIa (Kraker Llaznus, 2001) %30 citronellal 179 cyclization Lﬁi’]@jﬂﬂizéjuﬁﬂﬂﬂiﬂ
9.
1111 isopulegol (Bauer Ltazae, 1997)
aaa a . A . | I A
3. Ufnsenlalaslade, hydration ¥30 hydroxylation (%W tmesAuu

J a . I o y 9 .
ﬁﬁﬂizﬂ’t)ullaiﬂimmﬂumﬂ hydroxylation Wuueane aﬂaiﬂﬂﬂwiﬂigﬁﬂuﬂ?ﬂﬂﬁﬂ (Iwanami
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wazaae,1997)  wuseluaisazalrensadearanlianudeuszinalalasladaves
{ & 1 { 1 Aaan a I
caryophyllene oxide 114 epoxide G?qzﬂumuﬁ“lmaﬂgﬂsmmﬂqﬂ 11aNA isomerization 11U
clovane diol (Yang tiagAale, 1993) IFUIASINY humulene diepoxide A nalalas lagaiie
Tauanufou'ldarsvateyiia ¥4 humuladiene triol (Smith HazANE, 1991) HS0NIIAA
. S { o . s . .
hydration nfoulalaseadraniluiaves [-pinene VN terpineol Q% cis-terpin hydrate
(Bauer Liag A, 1997)
Aaaa . ' a . Y = [
4. 10361 dehydration 1% borneol IN@ dehydration A8NIADINUTU
camphene(Bauer UasAML,1997)
Aaaa . . 1 v A s @ I a Aaaa A:? Y
5. U381 polymerization 15U dad lsaniianyuziluaerzinaljnseniilade

(Shaikh, 2002) TagiwiziiiognAuToY

=

aan ] A 1 A [
6. U501 isomerization 151 Taseadnvosas Idnauneglugy cis ulasmily
A = J = [ v o o
trans Madosunn Taslinnuion uas 01ma wag pH (uiladedn fny (Shaikh, 2002)
a [
N30N131NA isomerization ¥94 linalool Tuen1znsAlY geraniol, nerol LLa& B-terpineol
(Bauer llasAMe,1997)
a @ J o aaa @ ] . °
7. M3a3574 shiff base (AN INTAR laanTon Tk Ufnsernuediu 15y citral 111
Aaan @ I
156110 methyl anthranilate 181111 schiff base @1@04 (Shaikh, 2002)
{3 a 1 { a 4 [
8. Tnssadniniluaullaeen wu Tnssadniiiluisvewanlawiaesn ooy
ludn112n3@ (Shaikh, 2002)
Taein ldesIvnausaansamanmsuasulaiioswinmsiiuiuainvaie
Aaaa o i ' [ J a a o ' 4 a I
Ugnsedinanudiinedu wu sad ladazinaeengiadu ldiaieliotmaldnaanailunsa
A A . . A 9 A Y A s 19 < o Aaaa o
H30INA polymerization WOYNANUIDUNTBLAN Az luPaNDoARdR NI UPNTenY
1< 5 1 ] A 1 v ye/
1@11y hemi-acetal a2 acetal FUADITANUATNAUODUAI (Shaikh, 2002) UOAVINTIHIDID
a Aaaa ' o [ { g
Lﬂﬂ‘lfimﬂ‘ﬂgﬂi g133UNU 1Y linalool, citronellol, nerol Q& geraniol Mmilu parent monoterpene
a aaa . a o Y A A A =&
a115010AUn3e1 hydration tazeendiatu Idflua1swan polyol 71'lafindu &3 polyol 114
o ] 1 =2 A I I 3 A a9 09; 9
a1 lunsnudensa dalasugihifluaissavesdsiasingurgivewas pH veariwald
I 9 1 1 < 1 ~ 9 A dy
(Strauss tazAme, 1986) 1WuAY uand1e IsnawnunmalasundasvesansInnausaiion
a Y3 L!?} A o & 3 YR ] Aa A ]
maan lasvuiiosnniladedserniudiriesalnien wu
a I v o W i o a A 1 1 4 Aaaa
1. oongau iuiladedng i Idnanaui luielszaennindfase

ONTFAFY (Hiramoto LATANL, 1999)
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2. pH Taeia1Uil pH §1znseduilfisonmsaaisvesans1¥nausa (Hiramoto
wazawe, 1999) iruwesuivanldswilifiuira woanesed(fenchyl alcohol) (Schieberle taz
Grosch, 1988)n3eenaildswgiiluduigadinalool) nasuearumesiifiooa Fagasiman/deu
gﬂﬁi‘ﬂu Tadu TagasanuanududuveslaTasion (Ohta wazame, 1991)

3. gamgiuazanuieu WY Msaa1eAIveuNes AUIINANLSeY (Parliment,
1986) laganiz luan1iznsa (Iwanami LazAML, 1997)

4. yaanaz sl wu uaaih 1iina lalas ladaved isohumulone (Reineccius, 1994)

A v A 9

[ Aa a ¢ v o A o Aaaa o
viosedgand1 I Toaane lfinaoyyadasy (radical) Fuduarsdsduanlii Ufnserdy
ONFI9Y (Hiramoto LAZANE, 1999) i limonene, terpinolene L4Q¢ nonanal AAAY Tagmne
A o A . dycu S v o Y Ao
FATANAAAININ (Iwanami UATAUL, 1997) UDNIINUITITUNUNIYIN 611’7 monoterpene NU
1 ' . . . .
Taseadalidune 1wy geranial, neral, myrcene, linalool, a-terpinene, y-terpinene Q1%

terpinolene DAY

2.1.4 M3NANI5aNas (deg radation) Vosasuszneusumalaluiihniuazun

9

4 v 1 o
Mndeyaiiosdulag Ge-Ms  mwsoaglldasisenenszvedrefiiu

v H
a A o v

J @ Y 3} o 9 A ~ a o 1 ' I
pentlsznounantaz Iinaund g luiniuuzua ldun aTuliunazFasa uaedralsnau
Y Y [ v
wuesdszneouns 2 wilafiianu liasdimaaiiiiesninilgnieroondaduladie
=& [l @ dyd Y a = A Aa ) ]
Tagmnizluanznsadenny luasdiilduaunglinanmsgadenaunauazii ligms

1 ] 1 9
nalassadnvesmsdszaeunldnaun liielssaedmnavu'ld

2.1.4.1 Manamsanadvesanslszneua luiiuanilgnisesngiadu
a = S VR~ v I 4 <3
alufludaluaisiUsznovdszinneyiutvesaisiznoumoes iuguily
J Aq ¥ A o T Aa A ' g’ o a ~ Y
pansznoun lnnaudidguaznunTlTnaunn 95% luiniuwzu aluiiugnldedis
v Y
ndvalugagmnssuieadumsldnausanslugaainssuus Inauazgaavnssy

1 1 < 1 J o ' a a .
gillna uaed1elsnamunudiasilszneuiigniiatelddteninlfnien acid-catalyted 1ag

1

=<

autooxidation (Bertolini tiazAmiy, 2001) FuiluaunguoInsgudsnaunsuiuazing
4 { A [l o & [ A
Tasaafravesanstsenovdunvinau linelszasdseaunsoussonrs1aiuiunau minty

flowery LL8¥ piney (MW 2)
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)

O0H
Acid-catalyzed cyclization > oxidation >
H+
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4. MINADIAI0AA ITINUI (Ostwald ripening)
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ANAIA2 TAAYU(Onesippe HAZAMEL, 2008) FAUTIANALATII INATIA layer-by-layer ( LbL)

electrostatic deposition (Guzey LagAdE, 2006)
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N3218AIVDIVUIADYNIA oil droplet 1HIZUUBNATYU 5INNIMULNTUATH

3
[

ﬁ’ﬂﬂmg‘]mili]’ﬁﬂWﬂlmgfﬂiﬂigﬂWEngJ’J"lJENGUuWWUE]\?E]‘lgﬂWﬂ oil drioplet 1u§ﬁaﬂf
< Y A gy 4 ' = o av o & A Y v o & o
!”]JL!GU?HJEW]JE]\W]‘L!‘I/Iﬁnﬂﬁﬂﬁ\i‘l_lﬁ]ﬂﬂ\iﬂ"ﬂllﬂﬂﬁ’J‘UE]\‘]'OﬂJa"]ﬂJ mmmmmauwuﬂ%mmu

a

a A A v A o a A 4 { a
Usganinmvesansolagvhenes Uszdninmuesglnsaluazannznldnszuaumsnan
H ' H Y

sAdIANUTUgavesdIuHaNa19 Nldnandadu Taonnd 11 waaseyaniiiy
Ao k% A . . . ' . Av o ogj

s2uUNin 1A lnoinT o laser light scattering technique WU219UNIA oil droplet YDIDUAFUNN 3

FTUVTAINITNTZNIOAIVOVUIABETZHIN 04 — 10 luTasiues Gedeandenud
{ 1 a o J 1

Dickkinson 118 Stainsby (1982) itag Dickinson (1992) #l@s18911 1A waasasievisau

= ' Av o ] 4 1 J
Tnajieglugddiaduaisiivinaduriugudnalsuesounin oil droplet 8324319 0.1 — 100
ds/ Y ~ o Yy I A 9 -2 Y

luTaswas venainiiuar mwil 11 uag 12 dwdaslimusnailendnyus Inseddanig

yaninvesatatusuduinduna ldninmsldndesganssminazmisianisnszniedives
2 g o = Y o ' A < <

Yu1aaselianiy Ianuaeandedny TagnudnvuiaeynIAmagyedaynInasollian

(d32)1uﬁzuu§ﬁaci?u single layer-GA, single layer- SDS @& double layer SDS-Chitosan fo

1.8, 0.5 uaz 0.7 TuIAsmas MudduLaznUNENYULYIN N NUTAINITNIZIIAIUD

v Y 1
v (% =2

o ) v Ao A ~
YUIABUNIN oil droplet L'IJ‘LlLL‘]J‘]J monomodal F1UITUBNATUNGT 3 TEUU m%y’aﬂﬁ'umm

Tndifvafiunansnaaedued Diordjevic azame (2007) 7 Idnsnaassdnydnyazma
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v v Y
menmvesaNarunuuiihuluihwesesdsenousasataza INHULLY single layer-GA,
single layer-SDS 1182 double layer-SDS-Chitosan Iagwu11a1 d,, (luTaswas) vesoynin

aTeiAnveq single-layer GA single-layer SDS g double-layer SDS-Chitosan Ao 1.1,0.25

1ag 0.41 MUAIAY

@ (b) (€)

10 ym 10 ym 10 pm

MW 11 dnyaznegamavesdiatudunadiomsl¥ndesganssmimasues X100 veq
DNATUTZU (a) single layer- GA (b) single layer-SDS 48 (¢) double layer SDS-

Chitosan

12

Single-layer GA
= = =Singlelayer SDS
s houhle-layer SDS-Chitosan

Volume(%)

0.1 1 10 100 1000

Diameter (um)

MNA 12 NNUEAAIANHULNTNTZIWAIVDIVUIA oil droplet TUTZVVDNAFU (1) single

layer - GA (2) single layer - SDS e (3) double layer SDS-Chitosan ANA1A1
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o { < {
NNTANBINITNTLAOAIVBY oil droplet NFLELIAIMTIAUN 4 6 LAY § 1ADU
1 A -4 09./’ 1 (] < 1
WU oil droplet FUHANNUYUNS 3 T2UVUADE 15AAUNLNVUIAVDA oil droplet TuTE L
e & , N o P |
duad UL Single-layer GA IMSNNAULINAFA (MWA 13) TagwuNNaA1 d NNTUIN 1.8
I A A A A o w
luTasmasidlu 3.70, 6.45 waz 19.40 lulasmas MAoun 4, 6 az 8 Wou muday Tuvue
{ Av W . . IS
Aluszuudiasy single-layer SDS imsulasuuilasnin 0.5 lulaswas Thilv 1.01, 1.27
waz 3.23 lulnswas mMuddy uaz double-layer SDS-Chitosan Imsulasuiasvuia
< < I~ o w :
ayumaasolianan 0.7 lulasmas Tihilu 1.35, 1.69 naz 3.50 Tulaswas awday a9
9 v I
AANADINUNANMIANHIMTUIATUATU(@INA 14 1Az A13199 3) TAgNUN single layer - GA

1 J

finmlofidudaiuiia i 0 Aszozmsmufidoud 03 ualwdoud 4-8 Imsiansuen
Suntuiun gz lumsiuie 30, 42, 56, 65 1AL 70 % ANAIPY 1
vazideafu luwumsuenduniy luszuudiad single layer- SDS 1@ double layer SDS
Chitosan 11#9814 15AMUNUN single-layer SDS Twoathiuaseduu dudludoud 6
Wudu

25
HSingledayer GA

20 4 i 19.39
B Singledayer SDS

EDouble-layer SDS-Chitosan

—
L5 1]
1

d,, (micrometer)

-
(=]
1

maonth

M 13 nsmluaase d, (luTaswas) veseumaadothdnluszuudiiadu (1) single-
layer GA (2) single-layer SDS 14212 (3) double-layer SDS-Chitosan AMaPusnm

10,4, 6 1az 8 AU MUEIAY
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SDS-
CHITOSAN

SDS-
CHITOSAN

r.w
|
|

v 9 Y
Ml 14 anbazlsinguazmsinansuensuATuYeTEUDBITATY 119 3 52UVAD Single
{ 3
layer - GA, Single layer-SDS 1taig Double layer -SDS-Chitosan NszeznaIMsny

o A A A
FAYIN a) 0 LAY 1AL b) 8 IADU

4 < a A Av W
M9 3 uaaadesiFudmsinansuialudiaduszuy Single layer-GA, Single layer-SDS
A <

1ag Double layer-SDS-Chitosan NIZEZNAIMIAVTNEIUIU 0-8 !ﬁ@u

Storage Time % Creaming
(months) Single layer-GA Single layer-SDS Double layer-SDS-Chitosan

0 0 0 0
1 0 0
2 0 0 0
3 0 0 0
4 30 0
5 42 0 0
6 56 0* 0
7 65 0* 0
8 70 0* 0

o 3 o o (R Av o
* ﬁaﬁaﬂymmﬂuumuaﬂaagmuuuﬁumﬂm%u
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v
2 o

, Ay v L v a a 9

nindoyad lantemeninludesduvesniswandiagsuainisoagllai
a a I~ aAav Aa P Aav @ { ] a I~ <
Uszansmmmsiluasoiagvhoeesnlsluszuudiasunansosionaaasotidan iy
< 1 a o H
vinaanTuszna19ns 1 Tud luasu azuniigalu single layer- SDS, double layer SDS-
. . o w 09/' dy A = aa o <3| A o
Chitosan 118 single layer- GA MU&19L N9io1vieannn lxaon laagagaiuaisoua
Aa P < o 4 {

Fvhewos ndvuiavesIaseadnlumnadn Seihlddanuamisalumsndouiidiliga

o Aa . Y < 2 9y a < < [ '
FUNHIVD oil droplet 1ADH195IA15239%8 1 a1vsananaTolanvnaan luszring
a o 9 Ao a qul = Y ~ [} 1 dy
nszuaums 1o Tud luadu 18 TuvazAinuerndaiull Tnsead wuanailvgni uenainil
9 d' =Y = 1 . . e l = Aaa [} =W
HANNBNWIITUIDIAT HLB (Hydrophilic-Lipophilic Balance) wun lwaey Iaasagamaiiai

HLB 1111 40 Fade]u strongly hydrophilic surfactant (Akoh 8% Min, 2008) Tuveyn nuen

a A (3 1

1 1 o 1 < @ { y,
510ANAT HLB 19110 u 11.9 Taga1 HLB L‘]Ju@]Ulamﬁﬂﬂ%ﬁ\iﬁﬂﬁjum@\iﬂ1§ﬁ\i@lﬂsllﬁ]ﬂﬁ'ﬁaﬂlliﬂ

9 9
=KX A [ o C% o

v Y v Y
A idunazii minliaigeaziionndiuvesnyginyeidenyinyeiiugansoe

b4 Y Y
’tff'liJ'liiﬁJ\‘iGlfﬁ\iﬂ')'lll’fﬂm'liﬂGlufﬂiﬂ5!’;1']ﬂﬁluﬁWﬁluT‘i?@ﬁ'l%\‘]ﬁ'lll1301%?]1@?15!145\1%1!@%@\1
v H F4
v =

&Y a Aaov A d’d‘ 1 L; = ]
Fasuinayu1d (Scharamm, 2005) a150Na%vea@esNTA1T HLB @1(3-6) awiidnuas 1

@)

Y H

o = A o g’ 2 o 9 9 @ 1
w111 Tuvaiza1 HLB g4 (8-18) szlianvuzyouivalngnlditluaislvnnuasdaun
Aw W gj 7 (;y va o 1 = < A o Y = aa
aaduuuihiu i tazanguauiagana 11 wrgrani 19 Ty@ou Taada
o A o Aa < < A & | & ' A o
Famla Tanumunsogedu haavesasetianuioneatiniulusgninans TaTud luadu

P 3 Vo A & = A v
laduazsiasmnnnue1511a Fedoandoanuf Dikinson (2009) (9n1Mh 15) Idudaq

v o 3 a d { Aav o A
ANuFURUTURIANUNUIvEITUNaNNUNAaUEYN1AYDI oil droplet YBITTUUBNATUN Y
a3 Iianunsduanaenuaintes lduinldun a1saausdaimia 0.5-1 nm) < Tals@u (1-5

J wa A = aa o | =
nm) < laTasnoaaosa (5-10 nm) uazanguauiian lyden laagadamla Hudaisaausda
A A wa o a o < < s
infiquauiaduneulossiinieildeyniaasetiangninaqulidrelszyauduiios

d‘ 1 a . % U a . .
Wﬂﬂ%%%?ﬂﬂﬂﬁ@ﬂmilﬂﬂ aggregation Tﬂﬂmﬁﬂllﬂwaﬂvnﬂwﬂ”lﬁﬂﬁ (electrostatic repulsion)
' ' 3 ' 4 % a
uaede lsnaunuInlednydennuasdInmenwluszezed (MsAnyIMsNaNIHEN
4 v J
F1ATH) WU double layer SDS-Chitosan LHIBHNANUAIFIVOIsZVUDNaFU 1dAnI1 Tae
| ' & { [l
Wul) 181 I Tesugailuasdszneuniidszquanla lifuegseus Tuanaves Tafew
aa o { ] a o a g
Taagadamanilszyanlasriunssdsganieliihata ez ldinaiulaseadrnluana
< a -
1an (nanostructure) YoIe31sznouFetouves Iandon Taagadamlauas lnTawiu Kotz uag
v 2
Amz, 2001) Iagaynin oil droplet Ngninagudleaislszneudidoutivzgnilnaguaie
UszguandseniimniisaneNziietlosiunisinansmesuiuved oil droplet 14 Tao

P4 9
Y

[} (Y] a Qs: a 9 d’ a K ~ o .
fﬂﬁﬁllli\iﬂﬁﬂ“l/ﬂ\iulWﬂWﬁﬂﬂ i’ZIll‘VN’(fﬂiﬂi$ﬂ’f]‘]JL‘Bﬁcﬁﬂuﬂlﬂﬂﬂluuﬂ$ﬂ11ﬁ61§ﬂ1ﬂ oil droplet
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Yy o A JE S o YA A g . Y o
Qﬂﬂﬂﬂqumﬂ%umﬁmmmu “]5\1915]‘11'38‘1/]11(71!11/]L1JUL8@1’13Jﬂﬂ“ﬂﬁ]\?@k}ﬂTﬂ oil droplet ul,ﬂﬂ m
9 1 @ A o = l; A av o o < 9
1W@1§ﬂ1ﬂ oil droplet llums’mﬂummﬂwﬂu%uumumiwmﬂlu maaua%uum’im‘ull’m
d? 3 a 9 dy 1 A 1 I
LIANTHUIUUYU 3'3111’]\‘1fﬂiﬂﬁ$ﬂ'f)°]JLGIN“D"ﬂuu%ghlﬂ“]f’lﬂlwuﬂﬁ'lilﬁu%!ﬂiéi‘ljﬂﬂiﬂmﬂlﬂ\iﬂuﬂ']ﬂﬂﬁ@ﬂ
4 o o < ' ' ' ' 3 <

Lan ﬂquu%\uﬂuﬂ'ﬁc}fjﬂﬁﬂﬂ'JTJJLWIﬂ@]”l\‘lsll'f)\‘]ﬂ'l']llﬁu'llLl!‘L!ﬁgﬂ?W\?@HﬂTﬂﬂﬁ'ﬂﬂLa‘ﬂllﬁz
= ] Y ] o d' 1 Y a o e’/ a osj = d' a
ﬁ']iﬁga']fJﬁ]\‘]‘I)"JfJﬂh’iff”li]”lﬁﬂsb'?ﬂaﬂllﬁ\‘lﬂﬁﬁﬂ'lﬂﬁﬁWﬁﬁlfﬁ38‘]J‘1J@3Jﬁ‘lfulﬂﬂﬂ’]illﬂﬂ“]51‘lﬂﬁu Nnna
%Wﬂlliﬂﬁﬂﬂﬂﬂjﬂﬂaﬂqﬁ (gravitation separation) (Friberg {tagams 2004; McClements, 1999;
o v Av o Aq Yo a3 Y Y] dy 3
Stauffer, 1999) !Lﬁgﬁwﬁﬁﬂﬂuﬁ%uﬂh’l%ﬂui’ﬂﬁ']Uﬂlﬂl!ff’]ﬁsl‘ﬁﬂ'ﬂ'“ﬂﬁ@?uﬁ]"lﬂﬂ']ﬁ‘ﬂﬂﬁ@ﬁ ITINU

9

v " A A 2 < < A < A 4 a
llﬂ%ﬂlﬂu’l’]ilﬂ’]ﬁ!Wiléllu51]@\1sllu']ﬂell’f)\?ﬂiﬂﬂlﬁWlu@ﬁzﬂgmﬁwﬂqﬂﬂﬂﬂu']u‘llu LAZINANIILYD

9 F4
o S R

1 <3 0911 J a A (A [ A A 9 a o
FUATVAUDE13IATI Neti1AAINMINTINunve1s1Tangn 1y lulSmaminlunsi
Av o A 9 Y a d'dy A o o 1 < <} Y 4
auaguedeimsliinamslnaquiiuirdudasinveseyninaieihianlaediseauysal
d' 9 Ao A a Sldd' = o Y Aa 1Y a d' 1 v A (A
e ldmseagvhena ldanga e ldUSnanuersndan higngeduiidsuianinlu

A g a " e 3 o < & a
waaorilouilumaldinaniulinednuy depletion flocculation ¥u Ve IdaTolidmnans

Y v )
imzdulduniudunaldszuusiatunanu a1l wiedlull1denuileszeznan

~

3 A dgl = Aq Y A 1R d a dgl a a a o
manuiuiueziiasdsznovildnaun luislseasamadunnignsoroondiadu uay
A =3 @ = o Y 1 dysl A w A A A dy a <3
wenndesgaunieeah Iasseneuartiin ldununiveniiafiusnanunias ol
N T A w < 2 o 99 Ao o | a 1 o 2 yy
andgudumsimunisiniznguiuvesasetianitldszunatasumanii liasdadula

(Djordjevic thaznMe, 2007)

H v o & o o d A J o
MNN 15 LU MLEAIANNTURUSYeIANNHINYITUHduNnaguoymaThiuveds
1HANNAIAIA19 T AD (2) A1TAALUTIAIAY (0.5-1 nm) (b) TUTAY (1-5 nm) uag
4
() lalasnoaaoss (5-10 nm)

fn:  dauadanrn Dikinsion (2009)
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= a d v Q' d'o (Y] ?:’ Y]
4.1.2 msanmnmsinnzilSinaesmsldnausaidnyveniniuuzunlag
v A
1¥1n509 GC-0 vaz GC-MS
J A A Aqu A P ] v W
GC-0 Wluasoaonlylumsiasizvnausalaemslyssuudszanduia
L A [ A d'ﬁl 9 Qddy 9
YU BIlUMIANNAY UazUoNAUAN YU YBINAUMNNENATIUAUAY ITHIT AT 1Y
a o A 9 A [ Y a A
Inszvmasdseneuseien 1vnausanan (key components) 1934 tHo991nd15152 N0
YyAq ¥ A a q ¥ A Y Y a <3 &
semg lanldnausauiariae1n lildnauudzamusansrony 1dludsuaannnay &a

ya v o

dy [ A ~ dgl 9
lumsnaaesilszAadenanizasisznoviszme landnageusuau 4 audnllaing
3 o A 1 1 dyd
NAADUINIHUATIUIU 6 AUANTD IanaY Tagazdenaislszneussme lawiartudluas 1
A [ 31 o 4! Y o a d' Y A [
nausandnlniniuyzu Fe9z ldiinmsaaaiunislasunlasvesasldnausanan

Y Y
1 ] 1 o a 4 U . . .
miand luduaouae i Tasaziinn12ns12¥ 1A Linear Retension time Index (LRI) 1agn13
v Y
Aamsmnasudanuiisiuiumsuoudovaoufaud 8 420 0ZADNIAZAIUIUNIAL LRI
v 2 '
austgazideanld B lumanuan n amiuiihianld lnSeumnesusuar LRI 91001519
A’ a 4 1 d‘ Y Q' d' o W g’ v
1599 GC-MS HaveIMs AT IzHa1slseneusziedion Iinausafding luiniuuzunda
Tase1u 13 uas19n 4
2 g o/  Ag YA Ao w T\
Fannasgwn ldnaslszneuszvodeiInnausandina iy
vzuaa laun @ Iwiiu (B- pinene) @- ATuilu (D-Limonene) toavlunoiitioon (o-
terpineol) 114398 (Neral or Citral b) tag wosuHea (Geranial or Citral a) FaaroAnd AL
a o d' Y 1 1 d‘ Y Q' dl o
91138904 Dugo az AmE (2002) N laseaiunmslsgnevsemedioilnnausaidingylu

Y 1
11U UIIAD Citral (Citral a 112 Citral b) uazas1lsznoudue 1dun D-Limonene,

Y-terpinene, o LLa B- pinene



45

d' yd' Y A ~ o w oy @ Aa 4
13190 4 ﬂ"]ﬁﬂﬁ3ﬂ@‘U3$!1’?Elllﬂﬂah’iﬂﬁuﬁﬁ‘l/lﬁTﬂﬂluéUf’J\iL!"IiJ’L!iJguTJﬁﬂ‘VI'J!ﬂﬁ”I%VIW‘U‘NﬂﬂWi

N5I9ABIAT B GC-OLaziATed GC-MS1AgIT direct injection

Peak no. LRI" LRI' assenen’ ANWITY (n)’ msussenenaudila
1 981 978 [-pinene 4 WU NAUNZUN
2 1033 1033 D-limonene 6 Fasd nauuzun
3 1056 1064 0-Ocimene aid] B5U U

4 1074 1083 V-terpine 1 Fasa 1851

5 1195 1190 o-terpineol 4 WU 1551 Bush

6 1247 1243 Neral 6 NALNZU

7 1277 1277 Geranial 6 ﬂ?iumun

8 1340 1350 5-elemene 1 nan st

9 1382 1376 Geranyl acetatee 2 v\quga]?;,v\laﬁ’a nrna
10 1395 1385 Dodecanal Taid] & nihuis

11 1405 1396 a-Cedrene Taidi ligunsaseyld
12 1446 1440 (2)- p-Santalenc i Tignsaszyla
13 1452 1462 (2)- B-Farnesense il ligansaseyld
14 1461 1481 Germacene D 3 7 i3 und

15 1474 1484 Valencene ais nau'nil nauniu
16 1515 1510 (E)- B-Farnesense 1 Weda nauniu

17 1520 1530 (E)- y-Bisabolol 1 137 119ida

18 1533 1543 v-Elemene 1 nawFen 1Y v
19 1584 1598 o-Bisabolol 1 aon'lil nSoans
20 1594 1606 Tetradecanal 1 Tansoszyla
21 1870 1885 Hexadecanal 1 aon'lil ﬂ?iumﬂcﬁ
22 1976 1965 n-Hexadecanoic acid i) ‘lajmmsmzullﬁl

[l Y
LRI mmﬁ 3 Linear retension time index “?QUQ%T@EJ Kovats RI 3911 www.flavornet.org

LRI Wiﬂﬂﬁﬁ Limear retension time index %1ﬂﬂ1iﬁ1u’3m1ﬂﬂﬂ1ﬂ%kﬂ§ﬂﬁ GC-0O u1ay GC-MS

2

M11894 815152001 18910 mass spectrum 1HeURY HP Wiley 275 library

1 v 4
WIeds Suauvednage i Idnauandnadeuniue 6 Ay
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4.1.3 mafnmdszansmmlumsiusouasldnausavesrhnunzuly

W W

NaTUNNEANS 3 STUY
a d (a Y A o o 3’ o A .

myuazvlsnmaesas nausavan 5 @ luihiuuzu1ie d-limonene,
. . . Aq ¥ A A 1R J A
B-pinene, O-terpineol, neral LAY geranial tazaisUsenevildnaunlunlseasd Ao
limonene oxide, carvone, borneol L@% fenchol fr81n309 GC-MS Taaldmaiials direct
.. . o a L4 A A s o < = 4 @
injection  1AgiIMsUATIZHNNY 1 1Aou Nszeznamsnuinyuiuna 8 wou lanads
uaaelun i 16-18 @ 1M5VUE13 d-limonene, B-pinene LAY a-terpineol AWAIAY FIN3 W

Y v
uaasdSuanduleosidud TaeldlSuaaisdsdunmar o wowdlu 100 os1dud d1u

v

a a Ao o 9 9
‘]Jﬁlﬂﬂﬁ]ﬁ\i (rng/ml YIIDUAYU) "]J'E]\‘]‘]/]ﬂﬂ’li‘]/]ﬂﬁ’E]\?blﬂllﬁﬂ\ﬁ”lﬂagLaﬂﬂvhcluﬂ'lﬂwu:]ﬂ £ 210

9 v =

1 a I~ L= .
mMwaznuNUsuavesasdnasadluasisenovissinnmasiiy Tagmniy d-limonene

o

9 o

4 a 4 4 v 2o . o ja 4

Fenoluasisznouidnyinounuaz nauluduiuuzun selilSinuanauilesan

Ufn518199 1Aun acid-catalyzed cyclization nazilfnsereondatu wazaznlaoullegly
a 4 5 1

stvesasdsznounind launazdllon leadalAun limonene oxide, carvone tag borneol

(Djordjevic Wazamz, 2008) Fuilumsnlinaun Ll zasd

100 100 100
100 9 =

91 93
E Single layer-GA

82 M Single layer-SDS

] O Double layer-SDS-Chitosan

38 —

-
=
L

28

Quantity of d- limonene (%)

20

[
=
L

! - Ao o o H <
PN 16 UT1181 (%) V99 D-limonene TuIzUUDTAFUN 3 52UV NIAIMTIN 0- 8 1ADU



100 100 100
100 - :E:E —

g5 95
43 —

39 90 i Single layer-GA

H Single layer-SDS

80 4
14 O Double layer-SDS-Chitosan

T0

60

40

Quantity of beta-pinene(%)

20

A a . Ao o 3 A <] A
Mnn 17 Ysunw (%) D3 B-plnene Glmzuuama%um 3 32U NMIANITINDY 0- 8 LAY

100 100 108
= ]

100 104
100 1 e 0

& Single layer-GA
M Single layer-SDS

80 4 O Double layer-SDS-Chitosan

60

| &

Quantity of alpha-terpineol (%)

40 A

20

38

25
23

|

23

25

25
23

14

|

month

H a Ao o 3 { 1<
/WA 18 YT (%) V99 a-terpineol lUsLVUBNAFUNI 3 52UV NIAINTAD 0- 8 1AOU
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[

a o’d‘ 9 U a o Y U . a o q'/
%Wﬂﬂﬂﬂﬁimﬁ181’?VlllﬂW‘]J’JT]JﬁﬂilHJ@\iﬁ”liﬁTﬂﬂl llﬂllﬂ d-limonene Tudsasu

o

o o a

W4 3 s22miu T Tduanaunnedieiifodifynedda (p<0.05) Mndeud 1 aududioudi
8 Taoluszuusiadfu single layer-GA FuTinM3aAa9U04 d-limonene MNUSIAIGLAILNN
‘ﬁ’q{v‘l so9aa11 1dun single layer-SDS 412% double layer-SDS-Chitosan ERETGREGHT] Glumms‘ﬁ
US11UV09 B-pinene 1A a-terpineol ﬁmiaﬂmmmaammﬁqmsﬁmﬁmﬁu‘lu single layer-
GA ugesnlsimunuimsaaasaunarlitanaeduediaifedrAgn1aadnp=0.05)
5213192 SUVAD single-layer SDS 1@ double-layer SDS-Chitosan Wan1snaaeai Id
A0AARDINUNINARBIVEA Djordievic HAZAME (2007) i 18HINITANLIALAITINIENIEA TN
wazmaaiivosaalszneudadauaza Tuiiulusiasusz v luiium Double layer-
SDS-chitosan 1/5eutAeUny Single layer —SDS t1a2 Single layer-GA 1AgMIANHIAMUAIA?

a

a ~ dy a a ~ a 1 S o A A =\
voaa luiiull Usmavesd Tutiugnaaaiussninmsmnusne lunlauaz lgungi 55 998
I~ @ 1 a ~ @ 1 Av o
wrarFeaitluna 14 34 wuhasdseneva Tutiv Tanuasininndnludiaruseuy Double
layer-SDS-Chitosan 50909NIADIT LY Single layer-SDS 1ag 35UV Single layer-GA AUAINY
' b ' [
Tagwuiimyanasvesd Iufusunaduludiiadu Double layer- SDS-Chitosan 1iBIaIAHIY
I % {A
Tuilnat 2 5w Tuvaena Tuiiulusu Single layer -GA 1ag Single layer-SDS Hn15anad
b4
AU 33.1% 1AL 15.4% NaINMSAUMe 1 34 mMuday HenINIHaIInATInL
[~ [ 1A a a = < .
Wuar 14 Jununimsanasvosdsunaa lutwiu 45.5% uaz 33.1% 1u Single layer —
SDS t1a Double layer-SDS-Chitosan A& 181 1uvnIE N Single layer-GA U9A3510158AA901N
=
N 75%
[ Y
M30Aa4Y09e15152n0Y d-limone Aauanaalunini 16 deandesfumsinaTY
. . & 3 A o Y a A ~ 1R
V938150520 limonene oxide 1aY carvone Fuua1ssenounilnanausan laiia
S A a Aa A a o [ {
Yszaan MAaNNsUNnTe100nFATUYDY d-limonene AduaAITUNING 19 20 DA ML
Y 4 v 4
wunmslsznovinadulunnszuudiadu Taenia15UsznoU limonene oxide 118 carvone
. o 3 A A A A .
v2QnNU U Single layer-GA #aa9nMsnUN 3 oy wazwuludeui 5 lu Single layer-SDS
{ < 1 qul
118 Double layer-SDS-Chitosan 910010 H 19 uaadlifiuiluszuy single layer-GA 114
a [ 1 a Aaa a o q‘; Q' dgl A d‘
USu19 limonene oxide (1u1A5N51 fio Uadansvesdatu) iuUun 1.33 ludeun 3 ves
I 3 A A A A o 1 Av o .
m3nlihilu 58.67 Twaeun 8 lTuvazilsuaesainanludiasussuy single layer-
Ql b4 [ < [
SDS winduan 10 lwdeun 5 lihilu 27.67 lwdeun 8 wazluszuy double layer-SDS-

Y 1 Y v ¥
. @ . . Aa a I~
Chitosan 1U&1515£N9V limonene oxide MUAUIINADUN 5 FaTUTuans 5.33 Ty
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A A A o 3 o 3 A Y aw o
10.33 lwdous 8 Tasnviasnnnusneuiumal 8 tiound10uatuszUY double layer-SDS-
Y v ]
Chitosan IM5:AATUYBIAT limonene oxide A1 A
A 1 a o = Yy 9 Y] 1T A Aaa
1az1nMnn 20 wuNYsaas ulianududu (ulasnsuaeiiadansves
Av o A dgl A A I A A Av o .
auadw) Muduan 14.67 lwdeun 3 lhilu 60.5 Tudoun 8 luszuudiadu Single layer-
. o s A A I A A 1
GA uazlu Single layer- SDS Huvznuaisdsenoufilw@oun 5 uagnuniUsuannuiy
. . . . a .
910 10.83 lwidoud 5 1y 27.6 lwdeun 8 Tuvaznozwuais hulwdesun 6 luszyu
. S a A 2 A ~ 3 A =
double layer SDS-Chitosan lagdit/suauniniuain 4.4 ludeun 6 luhilu 13.5 Twdoun 8
P2 . . ~ Y A L§I
nnwamsnaaosdmsndl 1a1a15152no limonene oxide ag carvone it Tiiunna
9 = o an Aa v q‘/ 1 a a = 4
doslived Ay nedda (p<0.05) Tunnszuuddadu wazwuilsuavesdluiiveon lad
o = Y A d? IS o = o w 9 A .
uazas 1 Hun TRy IuaINs£e2a1mMsnusne1s oed1auanun liesfe Single
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mmonth 3 month 4 month %
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50 4 month 6 H Month7 # Month 8
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2147
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Quantity of limonene oxide (ug/ml of emulsion)
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000 0.00 : 0.00 0.00
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v v Y [
MNA 19 U50191904 limonene oxide (pg/ml of emulsion) ISz UVBIATUNS 3 T2UVTAMST

3w A
NUITNEI 0- 8 LAY
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mmonth 3 month 4 month 5
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month 6 # Month 7 & Month 8
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40 4

30 -
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Quantity of carvone (ug/ml of emulsion)

20 4
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0.00 0.00 0.00 0.00 0.00 |2:

SDS-Chi

! \ s o (/) S & H <
NN 20 UF1101 carvone (pg/ml of emulsion) 1U5E UUDNAFUNG 3 T5VUNMSINLU

51 0- 8 1ADU

dy 9 a o dy Y= a dgl & A dgl
uBNINHLAINIUITEH IARNBINITINATUYBIE15152NBY borneol FAUNUAUUATLY
< $ @ 1 S’Q a a . . .
322NN (MUN 21) Teea15aIna1ninanlgnse acid-catalysted cyclization Y03
A . A A .
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Aa . A dgl 1< . A A
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Y [
nazluszuy Single layer-SDS 11U borneol gawulwdoui 5 Tuil5uim 3.55 (ug/ml of
, 42 g , a A 4
emulsion) taztNuVWIU 12.94 (ug/ml of emulsion) TuidouN 8 luvmef Double layer-SDS-
v v 4
. a . a I
Chitosan AWy luaoui 6 Tuszuy TullSuim 1.44 (ug/ml of emulsion) taziNuATIL 8.43
. { { <3 ] $
(ug/ml of emulsion) TuiAouR 8 NHaMINaaoIn Idaziiua15sznoU bormeol gANUF
111305389819 U1152 11/917A0 Single layer-GA, Single layer-SDS 11ag Double layer-SDS-
. o Ay ¥ Y < Y1 |a a
Chitosan ANUEIAY uaz1ANan1snaaedh lauaaslimuladsuansinaaisdseneu

A o Y

borneol U5 NI NNTsdIAYNINADA (p<0.05) Tu Single layer-GA, Single layer-SDS

9

112 Double layer-SDS-Chitosan AMUAIRUAIBUAU
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9 = aa [ I ya a A o o 1 d’l
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Unagudtesuvesas lianuadnnuunuy dumgralngiesasnisinalgnieieend
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v < v g < A 2 iy
agudreeymavedlalamiu ifunaliaseiianuaaclszquaniudause Neflimsizoynin
< ! : {9 @ "o
vo1 laTaanuszuaastszpduuinluannziidlunsa @lumsnaaeeiild pH vidn 3) 3
I~ a aan a o 4 v a [
Wuwaldawnsoaamanalgnsereensasu ldiosnnuswanmalWihatauazusawdn

A A Ao a oszl 9 A A 9 A Aav o A =
nee@esn luvaezinuesiianuaesdUsuiams g lunsnandiarunuineasa1nise
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1 4

9 o A a &L a . Y] £
!lelﬂ@‘ﬂcﬁUV]U5nmqu']ﬂJ@\1 oil droplet 1@@81\11’(1]15‘]5@1! (Dror tagaAd, 2006) HI9199%

v H E4
o = =

I~{ [ a [ a 1 0o A w o a ] Y]
Huld 185 naduersidan e lunsidiasuiuniisziliinanny lunesduyy
. . &£ g Y (a Y A Ada o o 1 v o A a
depletion flocculation FudunalidTumvesnuersdanAIduidsInanad Astiuioma
A A a v a dgl =K a Y 1< dgl

Ufnsevengadunaiuiuna ladenazsias iy
uaeelsmunansnaaeanunluszuy Single layer-GA v2ilszaniain

nnnNlumsrasmsanas ¥e9a15Useno neral uae geranial Weoeuiuszuy Single layer

SDS 1182 Double layer-SDS-Chitosan AdUa@ad NN 22 — 23 Taganmwazwundsua

2 v

(%) B4 neral aAANLHAD 96, 92, 86, 75, 61, 50, 42 AL 26 % VoUTIUAIAUNTZBZIAINS

< A o w A . ' A A A

U 1-8 18U MU 1AD Tuane N Single layer-SDS WU neral U5umanauan 95, 88, 63,

45,26, 23, 23,23 8¢ 19% AIWS1A 1AL Double layer-SDS-Chitosan HUFunaianauvias 97,

88, 65, 42,29, 21, 22 1Az 19 % awd1ay Fawua lidianuuanaedsiitodinn (p>0.05)
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100 100 100
100 1 o 1
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O Double layer-SDS-Chitosan

80
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40
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v 9y
v o %

dl a a ~ < A
M 22 U5 (%) U84 neral 1us$uua APYUNY 3 T8V NIANITLNY 0- 8 1A U
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100 100 100
100 opmr— 2

@ Single layer-GA
H Single layer-SDS
O Double layer-SDS$-Chitosan

80
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Quantity of geranial (%)
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0 1 2 3 4
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H a Ao o 3 { <3
MW 23 Y5118 (%) V99 geranial TUTLUVBNATUNG 3 TEUD NIAINTAD 0- 8 1ADU

NN 22 1Ay 23 N1INTLUD single layer-GA @1315%¥00MTITONTDI10YDY
v & A . Y 1 aw A o
a15Usznoulungu citral F9luNiife neral 1ag geranial 1AANIBIATUTZUUDUNIUDID
I 1 a o a § A Aawv o a =\
Hu 11891 Usavesdversidanldlumsnaaddasuins 1¥udSuiauin aueredl
1 ~ 1 v A A a <3 <3 3 o YA o a 1 A 1
yudui ldgnaagunusnauivesaiolian iunai viidverdaunduvaunioodlu
A o ! A Ao o £ a 1 dy Y = 1 ng .
Msazmersoigmaaeiiiodluszuudiasy salsualudiutvzdr linanedunou acid
L. A & o g A '
~ catalyzed cyclization (MW 4)  Favupeutiiunalnilinanenisanasvesarslseney
| Aaaa A ~ 3| A
citral Taoniluilgasensuduvoanisnlasunlasa1sisznol neral taz geranial lihiluaisi
Y A oy o1 7 Ao A A oA A 2 Yo
Tnauliielszasfnneg Tasnnue1510a%e3iaT pka 0 1.8 -2.2 Falumsnaaseii laniing
{ o @ a I o aaa o
naaead pH = 3 Mld Tuanavessueiindwaalszypiuaunazazidn llvinl§nserd
& 9 o Y 1< = @ 3 a A + oA
n3a (H) Baavamsmliluanailunan mungunia-wd auiv Usmnansarie H Nog
1 a . . . a I @ :
1115919107 acid-catalyzed cyclization 3awidesuatios Wuwalisasima/asunasves
. I a < a { ] g o
geranial 111114 neral  wazifaldiluaisdsenoulnauin luialszasdaenidnsing
nasuuas]atios FedenaliUTu1aiued neral 1A geranial HdATIMIARAITRelUTZUY

Single layer-GA WonlSeueunussuy Single layer-SDS i8¢ Double layer-SDS-Chitosan
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MNAN 24 YT (%) V9 fenchol (pg/ml of emulsion) TusZ VU AFUN 3 52U

~ S A
NNITINUINYI 0- 8 LADU

] 1 I A a A (a A A dy A

uaed1e lsnauenasanNUs s uIuveIa13UseneY fenchol (MWH 24)

;g a o s . . { . S
Falunandaain 1d91nn135 acid-catalysted Vo4 citral 1a8921UA8U neral 11 geranial 1)

dy [} = = a Aa A a q‘/ =
monoterpene alcohol taza1ssznoviiag idesveauninnalfniorvoondatunazdle

o 1 { I { A 1 g { [
wsdu lddrenaznlasulilidluaisidsenevninau linalseaadareg Madesnin uay
3 & o $ Aa A Y
@15152n01 fenchol NiluassznouAInilen NI n3e1ll (Kimura tagame, 1983 ; Clarck
[ <3 1 a
118% Chamblee, 1983) HamsnaavInavuaaliauiSuiavesarslsznou fenchol gn
wunnunigalidesngane Tuszuy Single layer-GA, Single layer-SDS 1182 Double layer-
SDS-Chitosan Awday TaslSunannududuvesrluyea (lulasniu de dadaas) gnuu
o < [ 3| i A

wanmanusneuduial 6 theu i Double layer-SDS-Chitosan MUSu1at 1.2 (ug/ml of

. A o3| . ~ <3 = 1A Y
emulsion) ttagtiy 11U 5.25 (ug/ml of emulsion) NTLELNIAINTINY § IADULALIFUIRINY

[ . A (A . A I~

11 Single layer-SDS NU3ua1 2.5 (ng/ml of emulsion) vaziiun Ty 10.38 (ug/ml of
. A A ~ . @ S W [ A ~
emulsion) 11321 8 1ABY 1UVYME T Single layer-GA WUHaIIMAUSAEUTUNA1 5 AU N

Y3118 12.4 (ug/ml of emulsion) waziiin 1 30.42 (ug/ml of emulsion) N1Ia1 8 1HOY
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nannan lduddeduindsuavesdrslsene fenchol tAavNETLsERBY
% 1 < v
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Aa A ~ FUE)) A o 3
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Av o dy a A A 1 1 <3
syuvdtatuiinisvgnua1slsenou fenchol luilSuanuiniga uaedielsnawmanis
1 1 ] Y] % I 1 ;g {
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a qul [ a $ 1<
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A = ' Aa a a o 2 25 dy a I A v
fenchol ftadosnndniereensiadu aludunouil eonguaziduaisdsgnouin
= I I 1 a Aa A ' l <] a Y = a
ndiunumiusdrannaenianalinier udedrelsnain eendiudedinisifanisuan
o J : < o a a [ '
Wwusznou 49z lAllues radical Teamisadiilnienld Tagervvzduly'ladn ars
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A A [ = [ Y o a Aa A a 9y 9 [ 09: a
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o % H i 1 d
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T A a -4 < a a a o I
monoterpene alcohol Tadnuatiiomnalnseasesiunds nensamnaljnsen’ldlaoiui Suiu

auna TignuuilSuaansiszneu fenchol unnd

v '
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Y

uonvIntudInisnaaed Sumunanvuzlsingueseiadunlylwaouladda

Y] I o Y { 1 1 <
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o ~ = 9 < A A g a a a 7 . .
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1 ] 4 a Q a [ s A a A a o
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o W { A ] Aa Q { I a o
voea15Usenoudinanldnausa 1u aluilu Fevznasu iy alutiveon lad

4 Y] []
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A 1 gl % A ' Y Y a
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] Qy 4 aa I aAaov A 4 o Av o

wuuaudaaees laslsagaunaslaTasiu uaseiagvheees lunisiidiasuld

gl % I A A 1 3 o £ a o a a = 9
ilantlu@maesseninmanusnm Funaanmsilgnevesnieiuainlnsaas

1Y ] o’l a a A a :;/ 091 &%
vo3 lnTagu nuryuead lsadunannljnseeongasuveainiulal
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2’ Tumenan® luuendns®  uanaet - -
3’ Tunanan®  Tuuanae® Tunenae® liuanans®  uanane?

v
v

Y Y I
' Ao MIulTsuieusennahiuuzunu UL UM aTUIDY Single layer-GA

Y Y v [
2 Ao myfSeufeusennahiuyzunnuhiurzuniheiasuuuy Single layer-SDS

&%

Y Y v v
*ao manlSeumeuszrnainiuuz Ity uRIBTa s UL

Double layer-SDS- Chitosan

v
o w A

Ao AnuuanA1ved 19l AYN p<0.05, n=20

Ay Y Y Awv o AqY a
naranisnaaesn ladnsoagllanszuuddasunldimaiia  layer-by-layer

9

. I 9 v AaAA Aa A 1 S o
11UV Double layer-SDS-Chitosan (115 lanuasdinilseansnmunnnlumsidusnu
v Y 1 v k4
naUsaveI T HNE IRV NUBNATULDVAUANAD Single layer-SDS Lag Single layer-
~ 3 o VA A A A o o 91
GA Taga1500e1gMsuinyIegn 7 1ADU 5 A0 Az 4 1AW MNEIAY 1UIIVINHE
= o Y Y A < A £ A 1
msfnyzilnausoasdlaiunaila layer-by-layer 1umadonviieiausosae

v v E4 v
Usulgansamunnunidivesszuuddaduiniuuzunld uadasidiunmuizauves
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1]
9 v =

Tmdeulaagagamanaz lalasudduginddanedinaaodszansamlumaduas 16

g

LY [ qu’ qul 1 = Y o = = [ 1 =1 a
AuAel aaiulumsnaasstuae 139 ldhinmsAneidwavessasidinveslafon1aa
a o I Y o a Aov o
Fagamlauaz laTaulumstuensldanuasdrlumsnanssuudiasuuuy double layer

1 Aa A ] A Y] A <3 A oy %
ﬂaﬂizﬂmmwhmsmmwummmmw?mwu’mqmﬁmmmmﬂﬁ’mum“luumumun

=g w \l \ Y Y = aAa U
4.2 MIANHINAVRIDANAIUIZHNIVBIANMTNTUIsRsIaadadana naz Talaasiu Tu

MSIASENITUVDNATUUUY double layer-SDS-Chitosan ¥89113iuuzu1 Aodszansmwnluy

%4

maushmanslvnausaluiniuuziund

' Y
3 o w

Y v
Mmaesendiaruiidulusinyy Double layer-SDS-Chitosan #288a3 1817

uananuvelSaanudutuvedlxdoulaagadama @Gadaluars) uwazlalamiu
(osiFudTagiimiin) Noas1aIu 101, 6:1, 12.5:1, 1:2, 62, 12.5:2, 1:3, 6:3 1ag 12.5:3

o w 3 ) a J a1 v Y
ANAPY MNNUUUINIUATIEUAUTUUANN @Q@]f)ulﬂﬁ

4.2.1 ﬁﬂ‘ﬂm%iﬂiﬁﬁ%}1x‘iﬂ1ﬂ§ﬁﬂ1ﬂ l!ﬁl%ﬂ1’iﬂ§$§]1ﬂﬁ?ﬂlﬂﬂﬂlu1ﬂﬂ1—gﬂ1ﬂ oil droplet

1
U W

luszuvdiagy
W Al &/ &, o [l Al 9 9y g J
ANBULNNYANIAVDIDNATUN 9 daT1aunduna Idanms lsnassganssal
[ a r'd 4
1HANIINIZIIBAIVOIVUIABYNIA oil droplet DINNITAUATIZHAIGIATON laser light scattering
] Yo A ¥y g Av o A & A
lauaaslAdanni 25-30 nnmuaasldimiuvuiaveseynIndlaguinnyganaass #eii
Y ! Yy v A s 2d I oA o 1A
sasduanuduiuveslalasiu 91,2 vaz 3 nlesidua Imsnszaiealegi 0.4 — 100
luTasuas Fadsnsaonndoanui Dickkinson Lag Stainsby (1982) tiaz Dickinson (1992) 14

Y a [ 4 1 A Av o =\ 9 ] o
‘iWEN'luvl'J'NWﬁﬁﬂﬂ!"ﬂ@'lﬂ?iﬁ')uslﬁﬂ]uﬂ@Elslu'i‘l]@Na‘lﬂuﬂ’)iﬂﬂ]u’]ﬂlﬁuW']uﬁuflﬂﬁ%‘i"ll@\?

U U U

1NA oil droplet D§5zHI19 0.1 — 100 TuTATINAT
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10 ym 10 pm 10 ym

[ [

MW 25 ANBUZNNYANIAVDIBNUATUUUY double layer NiIBATIAIUANUT N

vod lwaey Tadgadamauas o Taunuand1adu Ao (a) 1:1, (b) 6:1 ay

(c) 12.5:1
12 4
10 4
mwssns § DS -Chitosan (1:1)
= = =S5DS_Chitosan (6:1)
8 SDS-Chitosan (12.5:1)
<
S5
=
=
;I 4
2 4
0 " )
0.1 1 1 100 1000
Diameter Hllll}

MNN 26 ANBULNINTTNIBAIVOIVUIADYNIA oil droplet THsEVUBNAFUNTTAT 18I

! Y 9 = aa o A
331’?'31\1?]'31“LﬂlﬁJ‘Uu‘U@QICﬁLﬂfﬂJIﬂﬂ“ﬁa“ﬁalﬂﬂllﬁgqﬂiﬁcﬁ'lu Ao 1:1, 6:1 Lay 12.5:1
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a 10 um b 10 um

[ 1

MW 27 GNYUTNNYANIAVOIBUAFUIUY double layer NHOATITIUAMMITNT

voulwaen Taagagamauas la Tnaunuanaiaiy Ao (a) 1:2, (b) 6:2 uay

(c) 12.5:2

12

SDhS:Chitosan 1:2

10 4 = = =5D5:Chitosan 6:2

SDS:Chitosan 12.5:2

Volume (%}
(=21

0.1 1 10 100 1000
Diameter {umj}

NN 28 GNHULNIINIZIIBAIVDIVUIABYNA oil droplet TUTEVUDNATUNN ORI 1A

sernnuutuves Twdey Taagadamanas laTawu Ao 1:2, 6:2 uag 12.5:2
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a 10 um b 10um c 10 pm

[ !

1 o av o { E O 1
mwﬁ 29 ANHUSNNIANIAVDIDNATULLIUL double layer ﬁfl ATITIUANVLUNUY

vod Twaey Tadgasamauas 1a Taaunuand1adu Ao (a) 1:3, (b) 6:3 U

(c) 12.5:3

12 1

wam: S 0§ -Chitosan 1:3
10 = = =5DS-Chitosan 6:3

e S S -Chitosan 12.5:3

% Volume
[=r]

0.1 1 10 100 1000
Diameter (um)

[ 1

MW 30 ANHULNINITZIIBAIVBIVUIABYUNA oil droplet TUTzVUDNATUNN AT IdIU

! Yy 9 = aa o A
izmwmmmeummTcmﬂaniﬂﬂmamamlmaz'lﬂiﬁmu A0 1:3, 6:3 1AL 12.5:3
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~ Y Ya v Y A Av o AAw [ Y 9 ~
nnwamsnaassi lagive laidendlaruniioandiuanududuvesTndon
Taagadamaaelalamiun 12.5:1, 6:2, 12.5:2 uag 12.5:3 i liednuiaaniuilszansain
< Iy A oy Y A Aav o 1
Tumsnusnuanslinausaveainiuuzun Iaemsnanda¥uuuy Double layer sio'lll
J a Y [ { [ I~
Tasldnaain1snasannanyazyoInInizaedrveans nlddnyaziiu monomodal
A As A S KX A ~ 1A A A
Wiefilvmaveseymanlvuamanagding d, 1lumnu 1 ulaswasTaelinr A 0.75 091
o o \ T LA v 4 \
0.71 uaz 0.69 lulasias veani 4 sasidruawd iy suiludoyariiosduiansoyie
aiuayulai szansorieliaanisinanisimziunI o155 UYDI0YNIA oil droplet
Av @ I~ Ao W a o 1 ] <3 o 4
Tudtasuld Wuwaldszuvdvasunannunadi uaeg1alsiay 1aimsninisnaasaine
A W A o (] 0o A w o A A 3 Sld' a9y I
gudumsiensasidiu Tasthdiasunnyaminaassiaonuuny Nnguunivouiuna

E] @

Y 1 v
7 U nEouAaMUAANULMINANTUINFUATY FINANITNAADINUNENHULUYDIDI AT T3]

v
0o A v w

a A ua.: 4 [ v . =
inamsilasunilag ‘i’JiJ‘1/NU],ﬂ‘lﬂE)ll'ﬁGIfuU],‘]J’Jﬂﬂ1iﬂ58%18§]’3m8\1“1}u1@61§ﬂ1ﬂ oil droplet 8

IS

a53 wun hinuanulaeuntlasedisiidedinynieada (p>0.05) (M 31, 32, 33 wag 34)

14 4
12 4
WD‘]Y 1}

10 - - = -Day7"

% Volume

0.1 1 10 100 1000
Diameter (um)

' v
=

M 31 n3mnlSeuMeuanyusnInIz1eaIvIUIABYNIA oil droplet THBNATY

darauvedlaaey Taagasama ao laTawiu o 12.5:1 TuSun o uaz Sun 7
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12
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% Wolume
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— T

= = =Day7

04
0.1

1 10 100 1000

Diameter {um)

M 32 n3mlnfSeumeuanyaznINIZ1eaIvIUIABYNIA oil droplet THBNATUN

dasaruvedladey Iaagasama ao lalasiu Ao 6:2 TuSun o uag Jun 7

14
12 4 Day 0
= = =Day7
10 A
2 8
3
=
B
4 4
2 4
0 — ' T ]
0.1 1 10 100 1000

M 33 n3mnlSeumeuanyuznInIzeaIveIVIABYNIA oil droplet THBNATY

Diameter (um)

' 1]
v A

dasrauved ey Iaagasama ao lalasiu Ao 12.5:2 TuSun o uag Sun 7
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" 4

12

Day 0

10 1 = = «Day7

% Volume

0

0.1 1 10 100 1000
Diameter (um)

' ]
v A

M 34 n3mnfSeuMeuanyaEnNINIZIBAIVIVIABYNIA oil droplet THBNATY

dasraruvedladey Taagasama ao laTasiu Ao 12.5:3 TuSun o uag Jun 7

vinwantsnaaesoni lvagd Idimlsua Tmdsy Tadgadaman 125 Nadlu
s Y < 3 & o ' :
a5 1w ldnslmsnszaedrveseymaaiotianudnyae monomodal wazlvai d, <1 &4
[ 9 v
A0ANADINUNINAABIVBY Djordjevic azaaz (2007) 1 1A lanudutuiilumsnaasuiie
= % . . a o o'/ d‘ 9 =
ANMINNUAIAIVOIENTUTZNOV citral Uaze15U52NOY limonene TUsUVDNaFUN 1% lasRew
a o aa o I % & vAa
Taagamauas Tsdon Iadgadama- lalagnu Huaislianunida Fanaaauidvesas
=2 a A A~ Yy v = Y Y & &
aausIAIRINDaza181U aqueous phase LaZIHBNANWAUTULINDIAMVTNVIUATHHIF
~ 1 .. . . 2R A v & 4 .
158071 critical micelle concentration (CMC) @13aAUIIGINNIVE form dguduluad (micelle)
d! = @ o a 4 d‘ ] (= [
Fainnuasaamames lulauniindg  TaadeszeznaiwiullTuanas lulimsuenaindu
A v Av o A R A a A <3 I A o
milounudarunaziemsaaussdsmgianas llmiloga cMC fazidlumamusuiuves
o 1 [ a 1
Tuad luszuudis Taemsmzngusmniuue INEanaveIa1saAlIIAIAI (monomer) Ao 1
4 o (%
"lmmaaﬁa 60-100 monomer VB 50-70 monomer #1%51 ionic micelle (Akoh i8¢ Min, 2008)
& A o 4 =3 a kY d?’ Y va o 1
Famstsrwu luwaduin nnedansazatgazina launiuals MnpaautagIna1neIe
I oA Aa A n'dy = aa o & o { J Aauv A
duld @ nanududu 12,5 dadluarst Indeuladgagamagaivinnduassiad
Jd o ) . . z =) .. .
vhawosawsnlunsn primary emulsion uuﬁﬂammmawmuﬁﬁm CMC (critical micelle
. o . ' o <
concentration) 1Az @130 11/gad oil droplet Tuszr19n15 TaTud lusu 1danaz a5y

I 9 . A . . Ay Y= A s A o g
Wuwalduuiaues oil droplet ¥13® primary emulsion Alavelvimnadniainaueuonaini
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Y < 3 o Y = aa o A
udreymanietiandigninaguaieilszyavveslufonTadgadama uazilo secondary
. g { I o Aa g g A
emulsion gna319diu Taef la Tasmdaiuilszquane: llgadunarvesaSetianiiidszqau
[ a . 3 o o o { A
Tagodousania luihaia (electrostatic) N 1 gadu ldaduane TuvazMioanududu
= Aaa [ 9 o YA 9 9 ~ [] £ o 9 [ [
voalmasuTaagadaatos  rldlianududun lduinwedairldns liudy
< 2 a J o anyy g y & A o
aymansolianniethiunzuail lddes iunalieymaasetianaunsamanissaunuy
A v A g £ a 2 Y o = ] Y
W30z iuNeAnIN1s 1Tz UUIRAANUIADNYT FOARREINUNTNT 26, 28 1Az 30 dzu 18
A1d,, (luTnswas) vesoynn oil droplet FosdruainuinlidesamiSunaniududn
=) Aaa Y] A o o A Sldy Y Y]
volaRenTaadadanla Ao 1, 6 taz 12.5 MudIAU an1Inaaedn latideandeeiunms
NAABIVBY Aoki HazAmE (2005) MihmasnaasuieAnyIdNTwavesnUNT U0 TmRe
aa o ' o < <3 . . 1A
Taagadamlnaenmanyuzv001N1AAT01IANY0Y primary emulsion TagnuNAMTUIY
9 1 a A 4 . = T A 1 Y1 av v 1 o
toen14 NadTua15oynia oil droplet azlivualnauionanldnsdaduiinimlinedn
a T Ao <3| . a d? A a dy a '
91NN151AA coalescence 1aeWDNTaNyUITU oiling off INATUNVTIUAURAITIUVUVOI
Av o dy Y Yy 9 I 1 o . '
anaru wonnniudinnududuveslaTaau Nlinaaen1591 secondary emulsion Tagn
Yy 9 A a ~ ] A % Ya o o ] a
anududuvedlalasruiauas lUnuinwe szsramuanunidrldotaduaenisiia
? A l . Ao ' < 2 Aa
droplet aggregation U B3IINLTN electrostatic repulsion mJmﬂixmmmgmﬂmaﬂmﬂmmam
I A X X \ v < 1 ~ Y v
ihutlsequanfigauin (Pinotti Hag Zaritzky, 2001) tApens lsnamwnuIvindianududuuin
awnu lle1adanalviing depletion flocculation 16 IaelaTasuniuinnuldluszuy 7'l
[ a < < @ [ ' I a 1
gnAATUUUHIveIRTeLaN Hazvznszneilegluszuvediuiuddses udoynialaTaau
A A A 9 < < Yqg Y 1 o A v & a &
maril luansamaouindiniaielianlalndnsaliveseymawedaiuluusnuduig
. < 3 & A Y v AR A
MU (depletion layer) 50U9A30UIANFINANUNUIVDIIMNIUIINUTZ 82 TANITAI Y
9 9 Y 1A A S Y a '
Wuduveslalaaudesninuinanegueniuiiy Wuduigldnaanuuanalswesnin
Y 9 a 3 =KX A [ a Q‘ dg} o Y a o u'/
Wuduluusnunidesesszuy Junaussinead Tuan luszuumugay i ldszuudiadu
a 1 = o oa./} < 3 X A ~ 9 o A 9}09/’
mannw liiddes aniueymaasoliandmesunasuindimiiuie ldsuvearumIuye
< < a 9 CY A a 3 1 Y Y a
wsoliannamsdounuiuoantSuasvesdurwmiutaz dwaliussiusod luananaq
< < < i { a { a
a0 1flumalioyninaTeranivualvaiiu nselunsain laTasuiUSandeanu 'l
o a . . . & a 1 <3 I
91971114179 bridging flocculation Fuiav1n Tuanaveslalasueirns ligaduaieiian1d

9

' 3 8 = D, < s o A VY Y o a 2
UINNI 1 ﬂia‘ﬂmﬂ ﬁ]mJuWa114’e)‘Lgmﬂﬂ3’e)’]JLa1/1uu!ﬁlfmmfJLGlﬂMEJﬂuLLamJ"Uumﬂlﬁmﬂu

=<

Y
(Guzey 118 McClements, 2006) A9HUdATIEIUTEHIN IRy Taadadamauas lalagsuis

= o o [~ [l 2 @ 1 A Yy 3 [
nmmmﬂtylﬂuamwm G]N141ﬂ?Hll133%1@@]51ﬁ3uﬂhﬂ’31uﬁuﬂﬁllﬂ NITHIUITIDVIY
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[ [] @ Av o [ 1 3 A Aa A I~
ﬂaqﬂumi"lummmmimueuawmﬂanﬁﬁ'wéfuulﬁ syuneovnNlszansainmsidu

Ao o & o L 1 A -4
szuudiagugah ldansni lilsggnaldldedranaunanngsiu

4.2.2 Ni;ﬂlE)Qf’nSﬁﬂ‘lsl15ﬂ‘Hmz°ﬂNfﬂElJ'l1Wiﬂﬁlﬂ]iﬁ%1im1ﬂ]ﬂﬂ1i!mﬂ‘ffuﬂ%u
= 3 a A ' I 3 S A A A & A
HANITANHINITNITUINTUATY (NIWN 35) wuesisuansuie Iandu 0N
3 A A A Ay o Adw 1 Jy 9 = a
TLYTNMTNUNADUN 0-8 114‘1/!ﬂ"]gﬂﬂﬁﬂﬂai’Ni’)llﬁ"]f‘hlVlili’J@]i”IﬁTL!ﬂ’J]iJLﬂJZJﬂIuGIIﬂQTGBLﬂEJNTﬂﬂ

Fadamane lalas1un 12.5:1, 6:2, 12,52 waz 12.5:3  luvazhsasiaiuasg 1'li'ldgn

= 1A a e a d? = = Sde Ao I :J‘ Vo '

@OANUNINMSLNA oiling off 1AATN Fananisnaaesh ladanusotuiuldonnsensnsiaiy

~ A u’/‘ @ 1 dy ] I @ 1 A =} aa [

fgmideniia 4 oandiiihazifludandiuivinzauuesImdon Taagadamauaz lala
4 a a 1 A o < o A

gruneatdszansainlumssromuniuasdirvesnsnusneiais Ivnausaluszuuy

C%

v Y
dfaduvearhiuuz LY double layer 18

125:1 6:2 12.5:2 12.5:3

v 4 Y

[ a % Aov o % a 4

M 35 anvazllsnguasmsinamsuensuasuYeIs TN aTUIIUA T a3 -
4
Tasaey Taagadamlauas lalas1une 4 das1a1u A 12.5:1, 6:2, 12.5:2
A 3 o A A
e 12.5:3 N2e2naIMINUSNE a) 0 10U 1AL b) 8 1D
A 9 ' (Y 1 A A ) 9 = (=1
MaamMInaaedi ldnun lunndasiaungmiaeniihunldlumsanu hifina

1 a ogzl = oﬂj dy A A & ' = aa
Apmsinansuenguasy nefiorailoanninusama ldihiudaseszninlndeu Tadda
@ [ o J o ~ < 3 A a 9
Falauaz lalasiu nazduiusiunnurnuifngueyninasetianiiaainnsadn
a1sdsznouFeunnusInseienusznig Isdon laagadamanas I Tnau uazilszy

~ <3 < & A & o~ A o Y a
i ingueynminaiethan senelszauanveslalasudgadinssanweni lnnans
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520U 1858 luBNN191 H199191AAN multiple layers Feam3LANANIHUILHU AT
< S v o < ' . '
ﬂl@ﬂ@uﬂTﬂﬂi@ﬂLa‘ﬂ ﬂﬂuu%ﬂfﬂil‘ﬂuﬂiiﬁﬂﬂ’JﬁJLL@ﬂ@”I\i"ll’ﬂ\iﬂ’ﬂ?JWlﬂLLuu“UﬂQﬁ’Ju dispersed
% ) 1 ;I { a
phase % continuous phase c‘ﬁuﬂumgwaiﬁ’aﬂ driving force FMTUMIUINTUN1UAAIN
usaTiuaqald (gravitation seperation) (Friberg tagaAme 2004; McClements, 1999; Stauffer,
v < P = < < ' < <
1999) LW]?JEH\‘]Uliﬂ@nll!ll@“l'\lﬂ'liﬂﬂﬂﬂllﬂﬂ’t)iéﬂ?ﬂﬂ'if]ﬂla“VIW‘U'NSUuWﬂﬂlﬂQﬂHﬂWﬂﬂiﬂﬂmﬂ
A o A A Z A g o Y A A
PR d32 uumummmﬂunﬂﬂ;ﬂms‘n@1ammE)Qﬂmmﬂm'lamunam 2,4,6 118 8 1ADU

o U d‘
ANAAU (NN 36)

£ @ SDS(MM):CHI(%) it 12.5:1
m SDS(mM):CHI(%) it 6:2
2SDS(MM):CHI(%) it 12.5:2

B SDS(MmM):CHI(%) it 12.5:3

339

d=z (micrometer)

Y 1 <3 <3 Ao o
mni 36 nsluaasa d,, (lulaswas) veseymnaaiotanluszuudiasu double-layer
{ o 1 = an ] a A o I o,
SDS-Chitosan N9a318Uve4 Indey Iaagadama@aa luais): la Tamu)esidud)

A9 12.5:1, 6:2, 12.5:2 ag 12.5:3 NMIAUSIBIN 0, 4, 6 1Az 8 HOUMUAIAL
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423  msanmdszanssmnlumsidusSavianslvinausave i uuz U

v
VU

ludsfa¥uuun double layer — SDS-Chitosan Nons1auvedsasnladdadamauaylaln

1Y A9 12.5:1, 6:2, 12.5:2 1A 12.5:3

= 1 d’} ya d a Y Q‘ [ 9 a
ﬂ1§ﬁﬂ°ﬂﬂl‘lﬁ”fluullﬂ’Jlﬂﬁ"lﬁiﬁ‘]_]ﬁiﬂﬂ!“llf]ﬁﬁﬁclﬁﬂauiﬁ”ﬁﬁﬂ (DNNDINNHAVDI

Y Aa

. . ) )
MIANEIINTD 4.1.2) azarsiszneunWinaun lunlszasnaronsos Ge-Ms Tagld

a ax | .. . A S W I A £ 9
IMATIATS direct injection N3zeznAIMIMUiNEuIuNa 8 Ao FIwaanminaaosla
paas A lunmin 37 - 41 dwmsumsnlasuniasvest)uiaiarsd-limonene, P-pinene, a-

A S o A o w
terpineol, neral Lg geranial NTLYSLIAINITINUINE N 0-8 AOU ANEIRLY

0SDS:Chitosan at12.5:1
B SDS:Chitosan at6:2

O0SDS:Chitosan at12.5:2

& = SDS:Chitosan at12.5:3

Quantity of d-limonene(’)
] &

0 1 2 3 E) 5 [ 7 8
maonth

MW 37 U1t (%) Y94 D-limonene 1452 UUBNaF UL Double layer-SDS-Chitosan #

8A91EI 12.5:1, 6:2, 12.5:2 uaz 12.5:3 N9 M528540 0- 8 1o



100 4

0O 8SDS:Chitosan at 12.5:1
B SDS:Chitosan at6:2

OSDS:Chitosan at12.5:2
@ SDS:Chitosan at 12.5:3

80 |-

=2}
=
L

=
=
L

GQuantity of beta-pinene(%)

wdll

5]

L s

month

MNA 38 USuat (%) Vo4 B-pinene 1152 UVUBITaFUIVY Double layer-SDS-Chitosan #i

SATIEIN 12,51, 6:2, 12.5:2 1182 12.5:3 9N& 91 N8N80 1501 0- 8 IR0

100 4
. OSDS:Chitosan at 12.5:1
80 4 |
HSDS:Chitosan at6:2
O0SDS:Chitosan at 12.5:2
= & = SDS:Chitosan at 12.5:3
=
2 60
.%IT EH
=
£ 401
3
: n
204 |
0 .|

month

PN 39 1531 (%) VD4 a-terpineol lusguvddas ULV Double layer-SDS-Chitosan 7

BTN 12.5:1, 6:2, 12.5:2 4ag 12.5:3 N9 N80350 0- 8 1A
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0 SDS:Chitosan at 12.5:1

B SDS:Chitosan at6:2

O0SDS:Chitosan at 12.5:3
o = SDS:Chitosan at 12.5:3

Quantity of neral(%)

0 1 2 3 1
meonth

MNA 40 U518 (%) vos neral Tuszuudiaduusy Double layer-SDS-Chitosan 1

BT 12.5:1, 6:2, 12.5:2 4@ 12.5:3 NS 9U N80350 0- 8 1AD

100 4 [
: B SDS:Chitosan at 12.5:1
804 W SDS:Chitosan at6:2
O SDS:Chitosan at12.5:2
B SDS:Chitosan at 12.5:3
60 4 X B
g s B
= : B
= . o
=y 1] ]
5
20 1 8
0+ T

month

M 41 YT (%) ved gerania luszuuoiaduuy Double layer-SDS-Chitosan 11

BTN 12.5:1, 6:2, 12.5:2 4ag 12.5:3 N9 M528540 0- 8 1A
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: a < 2 o a o {
asllunni 37 - 41 uaaslsmanilunlesisud TasldSunamsasduinai o
A I S I d a A Av o 9
@wonidu 100 1Wosigua daul5ume5e (mg/ml  ¥oIdNaTY) YoINNNITNARDL QAR
= Y d' a d’ 9 1 (Y]
srwazidea i lunianuin a Wena1sanHanITnaaeIi IANUNTTAUNTANAIDY
a1sdszneulnnaudinyzanas Sosdrwuainun lildeslusasauveslufey Tadda
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MM 7 @208 INANTMTUSIAUMIIAUD TUMINATOU Triangle test

Serving order *
Subject First set Second set
1 ABB ABA
2 BAB AAB
3 BBA BAA
4 AAB BAB
5 BBA ABA
6 ABB AAB
7 BAA BAB
8 ABA BBA
9 AAB ABB
10 BAA BBA
11 ABA ABB
12 BAB BAA
13 AAB BBA
14 BBA AAB
15 BAA ABB
16 ABB BAA
17 ABA BAB
18 BAB ABA

* One replication per subject
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a d aa
MINTZHYOYAMIT DA
$ a 4 1 a o o'.:
M3199 9: NMITAATIZHANULANAVBIA151UTLADY d-limonene IUTLVVBNAF UV double
{ o 1 aa o ] 3
layer-SDS-Chitosan N8A518UANNTNTUYe TRsy Taagadamla (videdu

faaluas) do lalasiu el unlesiSud) f 12.5:1, 6:2, 12.5:2 nag 12.5:1

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 27547.62153 2754.76215 190.52 <.0001
Error 21 303.65036 14.45954
Corrected Total 31 27851.27189

R-Square Coeff Var  Root MSE Y Mean

0.989097  8.008256  3.802570  47.48312

Source DF Type I SS Mean Square  F Value Pr>F

trt 3 1093.76714 364.58905:  25.21 <.0001
month 7 26453.85439 3779.12206 261.36 <.0001
Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 14.45954

Critical Value of't 2.07961

Least Significant Difference 3.9539
Means with the same letter are not significantly different.

Mean N ftrt

A 57398 & 2
B 45310 8 3
B 44980 8 4
B 42245 8 1




H a Jd 1 Aa o o‘/
15199 10: MITBATIZHANUUANANVOIETUTENOU B-pinene TUTTUVDTaFUULY double
{ o 1 ana Y] 1 I~
layer-SDS-Chitosan 18A518UANNTNTUYe TRsy Taagadamla (videdlu

Haaluad) do lalasiu (miedunlesidud) 71 12.5:1, 6:2, 12.5:2 uaz 12.5:1

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 39513.73802 3951.37380 773.59 <.0001
Error 21 107.26486 5.10785
Corrected Total 31 39621.00289

R-Square Coeff Var Root MSE Y Mean

0.997293  5.293257  2.260055  42.69688

Source DF Type Il SS. Mean Square F Value Pr>F
trt 3 387.03494 129.01165 2526 = <0001
month 7 39126.70309  5589.52901  1094.30 <.0001
Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 5.107851

Critical Value of't 2.07961

Least Significant Difference 2.35

Means with the same letter are not significantly different.

Mean N ftrt
A 48.159 8 2
B 42204 8 3
B 41939 8 4
C 38486 8 1
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H a o 1 Awv o
ﬂTiNﬁ 11: MIAATIZHANULANA N5 N o-terpineol Tuszuvdiaruuuy double

. { o 1 aa o 1 <3|
layer-SDS-Chitosan 18A518UANNTNTUYR TAsy Taagadamla (videdlu

Haaluad) do lalasu (medunlesidud) 71 12.5:1, 6:2, 12.5:2 uag 12.5:1

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 20765.58951  2076.55895 124.70 <.0001
Error 21 349.71122 16.65292
Corrected Total 31 21115.30072

R-Square  Coeff Var

0.983438  7.658213

Root MSE Y Mean

4.080798 53.28656

<.0001

<.0001

Source DF Type III SS Mean Square F Value Pr>F
trt 3 945.44136 315.14712 18.92

month 7 19820.14815 | -2831.44974 170.03

Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 16.65292

Critical Value of t 2.07961

Least Significant Difference 4.2432

Means with the same letter are not significantly different.

Mean N
A 61.345 8
B 53.444 8
B 52.299 8
C 46.059 8

trt

2
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19197 12: MIVATIEHANVUANANVIANTUTZNO neral 1152 VVDITAF ULV double

o 1 aa Y ] 3
layer-SDS-Chitosan N18A518UANNTNTUYe TRsy Taagadamla (Midedu

Haaluaid) ao lalasu (mibedunlesidud) 71 12.5:1, 6:2, 12.5:2 uaz 12.5:1

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 22722.67700 2272.26770 409.50 <.0001
Error 21 116.52769 5.54894
Corrected Total 31 22839.20469
R-Square ~ Coeff Var Root MSE Y Mean
0.994898 4.666150 2.355618 50.48313
Source DF Type III SS Mean Square F Value Pr>F
trt 3 622.33031 207.44344 37.38 <.0001
month 7 22100.34669 -3157.19238 ' | '568.97 <.0001
Alpha 0.05
Error Degrees of Freedom 21
Error Mean Square 5.548938
Critical Value of't 2.07961
Least Significant Difference 2.4494

Means with the same letter are not significantly different.

Mean N trt

A 57528 8 2
B 49.566 8 4
B 49488 8 3
C 45351 8 1
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H a Jd 1 a o o‘/
3197 13: MIVATIEHANUUANANVDIE15L5ENO geranial TUTTUVBNATUIVY double
{ o 1 aa o ] 3
layer-SDS-Chitosan N18A518UANNTNTUYe TRsy Taagadamla (Miedu

Haaluad) do lalasu (mibedunlesidud) 71 12.5:1, 6:2, 12.5:2 uaz 12.5:1

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 22257.01623 2225.70162 386.94 <.0001
Error 21 120.79246 5.75202
Corrected Total 31 22377.80869
R-Square Coeff Var Root MSE Y Mean
0.994602 4.929082 2.398337 48.65688
Source DF Type III SS Mean Square F Value Pr>F
trt 3 653.66884 217.88961 37.88 <.0001
month 7 21603.34739 3086.19248 536:54" <.0001
Alpha 0.05
Error Degrees of Freedom 21
Error Mean Square 5.752022
Critical Value of t 2.07961

Least Significant Difference 2.4938
Means with the same letter are not significantly different.

Mean N trt

A 55816 & 2
B 47979 8 4
B 47536 8 3
C 43296 8 1
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3 a o 1 Aav o
ﬂTiNﬁ 14: MIAATIZTHANUUANA1YDIE15UTZNOV limonene oxide TUsE VDI AT UL
. Ao 1 Yy 9 =S an o
double layer-SDS-Chitosan noasraEuaNUINIuves Txaey laagagama

Wieaaluas) g lalawu (miedlualesiFud) 1 12.5:1, 6:2, 12.5:2 uay

12.5:1
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 488.2877000 48.8287700 63.90 <.0001
Error 21 16.0461875 0.7641042
Corrected Total 31 504.3338875

R-Square Coeff Var  Root MSE Y Mean

0.968183 2220366  0.874131  3.936875

Source DF Type III SS Mean Square F Value Pr>F
trt 3 6.5413125"  2.1804375 2.85 0.0617
month 7 481.7463875  68.8209125 90.07 <.0001
Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 0.764104

Critical Value of' t 2.07961

Least Significant Difference 0.9089
Means with the same letter are not significantly different.
Mean N trt
A 46663 8 1
B 3.8300 8 4
B 3.8263 8 3
C

34250 & 2
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H a o 1 Av o
ﬂTiNﬁ 15: MIAATITHANUUANA1NVIE5UTENOU carvone TUsELVBAT UL

double layer-SDS-Chitosan MA@ IUANMTNY UV TRen Taadgadama

Wieiaaluais) ao lalawu (miedlualesiFud) 1 12.5:1, 6:2, 12.5:2 uay

12.5:1
Sum of

Source DF Squares Mean Square F Value Pr>F
Model 10 650.8732500  65.0873250 334.54 <.0001
Error 21 4.0857000  0.1945571
Corrected Total 31 654.9589500
R-Square Coeff Var Root MSE Y Mean
0.993762 14.51539 0.441086 3.038750
Source DF Type IIT SS Mean Square F Value Pr>F
trt 3 1.5440500 0.5146833 2.657 . 0.0757
month 7 649.3292000 92.7613143 476.78  <.0001
Alpha 0.05
Error Degrees of Freedom 21
Error Mean Square 0.194557
Critical Value of' t 2.07961
Least Significant Difference 0.4586

Means with the same letter are not significantly different.

Mean N trt

A 32650 8 1
B 31125 & 3
B 31025 8 4
C 26750 8 2
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3 a o 1 Aav o
ﬂTiNﬁ 16: MIAATIZTHANUUANA1NVIE1TUTENOV borneol TS BVDIAT UL
. Ao 1 Y 9 =S an Y
double layer-SDS-Chitosan noasrduaNuINtuves Ixaey laagagama

Wieiaaluais) do lalawu miedlualesiFud) 71 12.5:1, 6:2, 12.5:2 uay

12.5:1
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 264.9172313 26.4917231 461.74 <.0001
Error 21 1.2048406 0.0573734
Corrected Total 31 266.1220719

R-Square Coeff Var  Root MSE Y Mean

0.995473  13.15407  0.239527 1.820938

Source DF Type IIT SS Mean Square  F Value Pr>F
trt 3 0.6582344 0.2194115 3.82 0.0249
month 7 264.2589969 37.7512853 657.99 <.0001
Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 0.057373

Critical Value of' t 2.07961

Least Significant Difference ~ 0.2491
Means with the same letter are not significantly different.

Mean N trt

A 2.0300 8 1
B 1.8213 8 4
B 1.8075 8 3
C 1.6250 8 2
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3 a o 1 Ao o
ﬂTiNﬁ 17: MIAATITHANUUANANVIE15U5EN0U fenchol TUTTVVBNAFULUY
. Ao 1 Yy 9 =S an Y
double layer-SDS-Chitosan noasrduaNuINIuves Ixaey laagagama

Wieiaaluas) ao lalawu miedlulesiFud) 1 12.5:1, 6:2, 12.5:2 uay

12.5:1
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 10 111.9819500 11.1981950 1636.05 <.0001
Error 21 0.1437375 0.0068446

Corrected Total 31 112.1256875

R-Square Coeff Var Root MSE Y Mean

0.998718 6.876456 0.082732 1.203125

Source DF Type III SS Mean Square F Value Pr>F
trt 3 0.0757125 0.0252375 3.69  0.0282
month 7 111.9062375  15.9866054  2335.64 <.0001
Alpha 0.05

Error Degrees of Freedom 21

Error Mean Square 0.006845

Critical Value of t 2.07961

Least Significant Difference 0.086
Means with the same letter are not significantly different.

Mean N trt

A 1.25500 8 1
A 1.22375 8 4
A 1.21000 8 3
B 1.12375 8 2
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M5197 18: 151 Waansw/luaaans ¥vea0ua®y) ¥oda15152n01 d-limonene U3V
pRaT U Single layer-GA, Single layer-SDS (¢ Double layer-SDS-Chitosan

A s o
NNTNVINBI 1-8 !ﬁ@u

32NN szuudifadu
INUSHEN Double layer
- Single layer-GA Single layer-SDS

(1u) SDS-Chitosan

1 6.14 7.08 7.13

2 4.20 6.21 6.42

3 2.10 4.50 6.00

4 1.80 3.60 5.00

5 1.00 2.90 4.00

6 0.80 1.60 3.10

7 0.00 1.20 2.10

8 0.00 0.90 1.50

3197 19: U5 Wadnsu/laaans ¥eediiat) ¥oee5152no P-pinene Tuszu
paaT U Single layer-GA, Single layer-SDS (¢ Double layer-SDS-Chitosan

A 3w A
NNITINUINEI 1-8 1ADU

[
U W

328N STUVRNATY
HUSHE Double layer
” Single layer-GA Single layer-SDS
(19U) SDS-Chitosan
1 0.67 0.72 0.72
2 0.42 0.68 0.69
3 0.33 0.53 0.56
4 0.19 0.33 0.37
5 0.09 0.10 0.1
6 0.04 0.06 0.06
7 0.02 0.04 0.05
8 0.02 0.035 0.051
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13197 20: Y5 (Nadnsu/iiadans vesdnati) veea13Useney a-terpineol IUTTUL

oAt U Single layer-GA, Single layer-SDS t1i¢ Double layer-SDS-Chitosan

A I~
NNITNVINBI 1-8 !ﬁau

32NN szuudifadu
NUSHEN Double layer
- Single layer-GA Single layer-SDS
(1u) SDS-Chitosan
1 0.138 0.13 0.12
2 0.13 0.12 0.10
3 0.11 0.1 0.09
4 0.03 0.07 0.069
5 0.02 0.05 0.054
6 0.02 0.03 0.03
7 0.02 0.03 0.03
8 0.02 0.03 0.03

15199 21: YSua (Uadnsu/laaans vesdiatu) vesasdsznou gerania uszuu

paaT UL Single layer-GA, Single layer-SDS (¢ Double layer-SDS-Chitosan

A S o A
NNMTNUINE 1-8 IADU

v
U U

TyYSIANMI STUUDNATY
NUSHEN Double layer
- Single layer-GA Single layer-SDS
(1nu) SDS-Chitosan
1 0.086 0.074 0.07
2 0.082 0.068 0.063
3 0.076 0.049 0.047
4 0.067 0.035 0.03
5 0.055 0.02 0.021
6 0.045 0.018 0.015
7 0.038 0.018 0.016
8 0.023 0.015 0.014
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M5197 22: SV Waansu/daaans veadNayy) vedasiszney nera Tuszuw
oAU Single layer-GA, Single layer-SDS (¢ Double layer-SDS-Chitosan

A S o
NNITNVINBI 1-8 !ﬁ@u

32NN szuudifadu
INUSHEN Double layer
- Single layer-GA Single layer-SDS

(1u) SDS-Chitosan

1 0.602 0.521 0.48

2 0.58 0.46 0.44

3 0.52 0.30 0.34

4 0.045 0.23 0.23

5 0.40 0.15 0.20

6 0.34 0.12 0.18

7 0.28 0.09 0.12

8 0.20 0.09 0.09




M5197 23: 151 Waansw/uanans ¥veaoua®y) ¥oda15152n01 d-limonene Tu3zUY

23T UL Double layer-SDS-Chitosan #10A516IUY89 SDS(mM) L@

108

Chitosan(% Yag1iHain) Ao 12.5:1, 6:2, 12.5:2 1 1.5:3 NNSAUSNH11-8 1Aou

STELIAINS 95181 VB SDS(mM) 1ay
HUSHE Chitosan(%Tﬂﬂﬁmﬁn)
(o) 12.5:1 6:2 12.5:2 12.5:3
1 7.15 7.34 7.14 7.12
2 6.00 6.74 6.40 6.38
3 3.90 5.89 4.20 445
4 3.10 5.10 3.43 3.34
5 2.5 3.50 2.78 2.65
6 1.30 2.45 1.46 1.40
7 0.85 1.96 1.19 1.10
8 0.78 1.78 0.84 0.80

3197 24: U5 Wadnsu/laaans ¥eediiat) ¥oee5152no P-pinene Tuszu

23T U1V Double layer-SDS-Chitosan #19A516IUY89 SDS(mM) L@

Chitosan(% 1a811%170) A9 12.5:1, 6:2, 12.5:2 1ag 1.5:3 AM3HUSNEI1-8 iAo

STeLIAINS 8318 IUVB9 SDS(mM) Hay
HUSHE Chitosan(%iﬂﬂﬁmﬁn)

(thou) 12.5:1 6:2 12.5:2 12.5:3
1 0.70 0.74 0.73 0.74
2 0.59 0.70 0.65 0.63
3 0.50 0.60 0.55 0.55
4 0.31 0.42 0.38 0.37
5 0.09 0.18 0.10 0.097
6 0.06 0.12 0.06 0.071
7 0.045 0.086 0.05 0.046
8 0.045 0.082 0.046 0.046




13197 25: YSua (adnsu/iiadans vesdNati) veea13Useney a-terpineol IUTTUL

23aT UL Double layer-SDS-Chitosan 100516 IUY89 SDS(mM) L@

109

Chitosan(% IagiHiin) Ao 12.5:1, 6:2, 12.5:2 1 1.5:3 INSAUSNH11-8 1Aou

STELIAINS 95181 VB SDS(mM) 1ay
HUSHE Chitosan(%jﬂt’l{gﬁ‘iﬁﬂ)

(o) 12.5:1 6:2 12.5:2 12.5:3
1 0.11 0.126 0.118 0.12
2 0.095 0.114 0.108 0.116
3 0.09 0.1 0.094 0.092
4 0.067 0.084 0.076 0.077
5 0.042 0.072 0.043 0.045
6 0.025 0.059 0.04 0.036
7 0.025 0.043 0.039 0.029
8 0.025 0.04 0.038 0.029

15199 26: YSua (Uadnsu/laaans vesdiaty) vesasdsznou gerania Tuszuu

23T U1V Double layer-SDS-Chitosan 1190516 IUY89 SDS(mM) L@

Chitosan(% 1ae1%11n) A 12.5:1, 6:2, 12.5:2 18z 1.5:3 TNIAVSAE1-8 1ADU

I2YZLIAING 57]51@1"314“1]?)\1 SDS(mM) ttag
Husne Chitosan(%)agimiin)
(thow) 12.5:1 6:2 12.5:2 12.5:3
1 0.072 0.077 0.071 0.075
2 0.064 0.07 0.064 0.066
3 0.04 0.055 0.048 0.048
4 0.038 0.049 0.039 0.039
5 0.021 0.032 0.027 0.027
6 0.019 0.027 0.021 0.022
7 0.014 0.025 0.02 0.017
8 0.014 0.023 0.018 0.015




M519N 27: USua Waansu/ladans veadNayy) vedaslszney nera Tuszuw

23aT UV Double layer-SDS-Chitosan #10A516IUY89 SDS(mM) L@

110

Chitosan(% Iag1i¥iin) Ao 12.5:1, 6:2, 12.5:2 1 1.5:3 INSAUSNH11-8 1Aou

STELIAINS 9318109 SDS(mM) 1ay
HUSHE Chitosan(%Tﬂm%mﬁn)

(o) 12.5:1 6:2 12.5:2 12.5:3
1 0.498 0.528 0.510 0.51
2 0.44 0.48 0.432 0.45
3 0.28 0.389 0.328 0.346
4 0.248 0.327 0.265 0.262
5 0.134 0.216 0.178 0.189
6 0.125 0.195 0.14 0.146
7 0.091 0.165 0.124 0.108
8 0.089 0.156 0.115 0.10
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