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The oil-in-water (OIW) microemulsion of menthol in mineral oil was first prepared in the 

presence of 1: 1 mixture of a low HLB surfactant, poly(oxyethylene-2-stearyl ether) (HLB=4.9) and 

a high HLB co-surfactant, cetyl-stearyl alcohol (HLB=15) using a homogenizer with a stirring 

speed of 16,000 rpm. The menthol microemulsion coated by chitosan was then solidified by ionic 

crosslinking with sodium tripolyphosphate (TPP). As characterized by laser light scattering 

particle size analyzer, the chitosan-menthol microcapsules had a size in a range of 0.5 - 40 IJm. 

The shape and morphology of the microcapsules were analyzed by optical microscopy. The 

optimum preparative condition that yielded stable microcapsules with a narrow size distribution 

was as follows: homogenizing speed of 16,000 rpm , homogenizing time of 3 min, concentration 

of surfactant of 5.0%(w/w), pH of 4.9, mol ratio between chitosan and TPP of 2: 1, crosslinking 

time of 120 min and weight ratio of oil to chitosan of 8: 1. The microcapsules containing menthol in 

the microemulsion were stable at high temperature at 40°C under three sweep cycles of control 

stress at 1.0 Pa evidenced by G' and Gil values measured by the rheometer. As determined by 

gas chromatography, the encapsulation efficiency of menthol in microcapsules was 

approximately 25%. The amount of menthol encapsulated in the microcapsules was equal to 

2%(w/w). The amount of the relea sed menthol can be va ried as a function of the mol ratio 

between chitosan and TPP and the weight ratio between oil and chitosan. At 80% relative 

humidity and 32°C, the total amount of menthol release from the microcapsules was in a range of 

60-80%. As evidenced from scanning electron micrographs, the microcapsule added in the 

leave-on hair condition was found attached to the hair surface. Furthermore, not only the leave-on 

conditioner containing the chitosan-menthol microcapsules helped increasing the thermal 

stability of the hair, but it also made hair softer and easy to comb. 
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1.2 'lj;Hlu~1I~FI • 
1. Lj;i1m./l~Lfl~LLfltJ1~'lItl'lL~'WVltl~~~tl~~~'Julfl LVI'II1'W 

2. ~ m~t1~~u1iVl1'1 n1UllTYi LL~:;LL UU LLCJ'WnI~tJ ~ ~tJ~tlU L~'WVltl~1il1 n 1~ LflnLfltJ'l! ~~~tl~~ ~'l U .. . 
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2. L~ffi~thr~i'W"1Itl'lL~'WVltl~LLUU,j"12r'Wl'W,j1 (oil-in-water emulsion, O/W) 

3. L~1U~UJ LFl1LLFltJ1~"1Itl~tll7~i'W~~tl~~ "'lU LFI L V1'11'W 

4. V1~~tlU~1m~1tu"1ltl'lL~'WVltl~~un,1'WL~LFlnLFltJ1~ 
5. ~ nM'l FI'l1~ FI'I ~1l1Yi"lJtl'l1~ Lfl1LLfl tJ1 ~ (;l1 ~ L tJ ~LLm~ m ~~ nM'l fl'l1~ FI'I~1l1Yi 

6. ~ n~1 LLUU LLCJ'Wm~tJ~ ~tJ ~tlU'lItl'l L~'WVltl ~1l1UHfIl1'l:;~ 1 ~tl'l~ fl'lU fl~tl tu ~ll i1 LL~ :; .. .. 
fl'l1~~'W~~~V1fL'Wtl1mPl (relative humidity, %RH) 

7. ~Lfln:;lf;rtl~~ MtJCJ~m~V1~~tl'l LL~:;L~U'W~V1U1UYi'W€ .. . 

1~~ LflTLLfltJ1~~U~~' L~'WVltl~~i'J~ n~tu:;V11'1 nlUll1Yi LL~:;fl'l1~ R'I~1l1Yi ~ LL~ :;LLUULLCJ'Wni ~ 
" tJ~ ~tJ~tlU L~~1:;~~ ~1~1~(l,J1ltJtJ~:;u n (;l1 'W,j1U1l11fl'l1~~:;tl1 ~L~'WCJ~LL~:;U1N L~'WCJ~ • • 
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.,j 

U'Vl'VI 2 

L~ Lfl rLLfl1.J1 ~ ~ 1 ~1 rCl Lvl~tJ ~;-tJL~~ 1 n n r:;u'JtJn 1 rl'l1'l n1 tJll1Yi LL~:;n r:;U'JtJn1rl'l1 'l 

Lflii ~'l~ LiltJ'1ItNLL ; .. m~:;'1Itl'l L ~~'J tl~1l1fl'1ltl'l L~ Lfl nLfl1.J1 ~arniii n~n.I:;Li~tJl'lN n~~'1ItJ1 ~ L~ n 

.1 1'..J' " .oJ. ".oJ il ...... . .oJ. 'I il 
~1n ur:;ntlUPI'JtJ¥'I'JtJ~tl~~V1V11~tJ1V1L tJc.JtJ'l'!ltl'l'Jfl(;J (wall material) LL~:;fl11V1tl'J1l1tJ ~tJL tJ 

1'fl~LLntJ (core material) '!ItJ1~'!Itl'lL~LMLLPl1.J1~~ilmJt-n'l1tJ~'lL1.Jij'!ltJ1~tl~ttJ'li'l'l 5 ~'l 
~ 'i' ::. ~ .J~" J' . ... .....1'1 !;41 .... 1..1 ... 

6000 L~ ~flrL~(;lr l'l'ltJ'!ItJ1~l'l L~~:;'!ItJtl'JnULl'lfltJfll'l~"lI LtJn1rL(;lrtl~ lul'l 2.1 LLfl~'l~n~n.I:;'!Itl'l 

Ll-JLflrLLfl1.J"li~ LL~ :; (;l1n'l~ 2.1 LL~:; 2.2 LL~~'lLl'lflilfln1rL(;l1-tl~L~LflrLLfl1.J'l!~ LL~:; "1ItJ1~"1Itl'lL~ 
~ ~ 

fn~1~1 r~ ~ n~'tl~~1l1tJt tJhJL ""~l-Jtr~ rl1J1l1tJtJ'tl n L~tJ~1r~ ~ n~'tl~~'tl~1l1t1L 'Utl1~;l-J ~1tJc.JtJ'l 
. . " 

Ll-JLflnLfl1.J"lI~'tl'tl n 11.J~1l1tJtJ'tl n Li1tltlUL 'U~1l1'l:;Vl m~1:;~~ L -ntJ fl'l1l-J~'U~~~V1fi"1ltl'ltl1 n1 PI 
~ ~ ~ 

" " fl'l1~¥'tltJ fl'J1~ L tltJnr~ - ~1--1 r'll-J~--1fl1nfln ~1'l1 tJ'tl n~1 niln1rL(;l1tJl-J~1rL ""tl~L'Ul1.J"lJ'fl--11~ 

Lfl rLLfl1.J1~5'l-n'Jtlil'fl--1 rl'U~1r~~'fl~l-J'tl~1l1tJL tJ~ 1 n n 1rdi ~1.J5mtJ1 Lfl51 ~1tl n1rL~tll-J~1l1Yi 
111tJ L~~1l1'l :;'tl1 n1 PI~hlL ~ l-J1:;~l-J PI'l1l-J¥tltJ L tJ1J1'l mru'tl11Ol-n'ltJL tJn1r H'l1tJ~1r~ Cl n~tl""~ 

~ . 
tl ti 111 tI t tJ ~ 51 fl 'J 1 ~ L tl tJ ~ ~ L "" ~ 1 ~ 11 Cl t .] 'l1 tJ 1 ~ ~ :; ~ 'J n LL ~ :; 51 fl 'l1 ~ 1.J ~ tl ~ .ri tJ l-J 1 n ~ --1 ;- tJ 

~ . " 
fl'l1~~ 1~ 1 rCl t tJn1 r;~ ~1tJc.JtJ'l L~ LflnLfl1.J"lI~"lJtl'l~ 1rVl Cl n~'tl""~tlUIl1tJt tJ r'll-J~--1m~1 n.I"1Itl'l " ,..." 
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Physical methods Size, micrometer 

Spray drying 5-500 

Rotating disk 5-1500 

Stationary extrusion nozzle . 500-4000 

Centrifugal extrusion nozzle 250-2500 

Submerged extrusion nozzle 500-600 

Air suspension >75 

Pan coating >1000 

Chemical methods Size, micrometer 

Simple and complex concentration 2-1200 

Interfacial polymerization 2-1000 

Phase separation 0.5-1000 

Solvent evaporation 0.5-1000 

In situ polymerization 0.5-1000 

Super swelling polymerization 0.5-500 

Miniemulsion polymerization 0.1-0.4 
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2.21FlLVI'lITU (Chitosan) 

'tf'1 L Vl'll 1 t.I{ c;] Li~t.lVi'fl~ L~'flf~lcnIil1 n fi ~nl'll1 ~ ~ Lilt.l'flt.l~ t.lfl'1l'fl-l 't~Vit.l;-l L ilt.lVi 'fl ~ LL'1I ~ ~ 1 • 

hr;)~ Vi 1.1 ~ 1 n L t.lfi ~~W1l1 ~ L ilt.l'fit.l c;i 1.1 ~ 'fl-l ~'fl-l1il1 n L 'II ~ ~ L~ ~ 't~ Vi t.lL il t.lVi 'fl ~ L~ 'fl fl'll (;] ~-l 'jJ 'fl-l 

N-acetyl-O-glucosamine ~VitlLt.lLf'1N~~1-l'1l'fl~Ltl~'fln~-l n~:;C;]'fl-l~ LLnt.ltl~1~;jn LL~:;~,r~L'II~ 

'1I'fl-l L \1c;] LL~:;ntl1-l'llUc;] 't~ LVl'll1t.1'tcnIil1nn1~":htl~ n1mn1{ ~~~'fl:;L'IIVi~ (deacetylation) 'jJ'fl-l 

'tFlVit.l~'JtJ~1-lL'~'t.I ":hL,x~~'fl:;L'II(;]1 'ttl~ (-NHCOCH3) '1I'fl-l'tf'1Vit.lLtl~tJt.lLilt.l~~'fl:;mt.l (-NH2 ) 

~fOnftl'flt.l~1LL~tl-l~ 2 [6-8] ;-lltl~ 2.2 

OR 

NH 
2 OH 

m 

CH 

F~ 
NH 

o 

n 

L~'fl-l1il1 n 'tf'1 L Vl"ll1t.1Lilt.lVi'fl~ L~'flf~'tcnIil1 n fi~~~'111 ~ ~~ Ii ~ 'tcn1il1 nL tl~'fl n n-l m:;(;]'fl-ltl 
• OJ 

, " 
LLnt.l~;j n ;-l L ilt.ll'~ ~ L ~~'flVi-l1il1 n'fl (;]~ 1~ n ~~t1'fl1~1 ~ ~-l~ n ~1 (l n LL~ :;~1 't~~ 1t1L t.ltl~:; L Vl PI 

•• OJ 

tl 
... --.J."I tl Ii' r tl ..J" ... ~ "...... .;; ...... "" , 

~:;n'fltl~~~t1);1VlLut.l ~:;~tJ'IIt.I~~1tJ ~:;n1~ L"lIt.1 L'1I1nt.l~(;]~ntl>i-l~'II'J);I (biocompatible) tI'fltJ 

hlL il t.I Vi M (non-toxic) 

" (antibacterial) ~ -l ~ ~ ~ t.lLIilU1 ~ 1 tl ~:;tI n I'l LL f1:; L' -l1 t.I'flth-l LL Vi 1~ ~ 1 tI i -l ~ 1 t.lL n M);I ~ n ~~t1 
OJ • 

" " 
mnLViVlU LLf1:;LJli"llm~~ L'lIt.I ~1~);In);l:;n'flt.lLt.lm~U1U(;]U1Vi-l1il1nLN-l1t.1'fl(;]~1~m~~ ~1~ • , , " 
L~~'fltlL~t.lLtJ~-lVl'flL Yi'flU'fl-l lit.lLLtI~Vi L1-tJ LL~:;L;'fl~1 ~'Jt.ltl~:;n'fltlL t.I~~);In '1J'nL~1~ ~'J1~-l1~ ~ 1 ~ 

L~~'fltl ~f1 't~ L ~'flU C;]'fl1tJ n1 ~Llitl~nM1 LLc.Jt.lYl; ~tl (;] LL~f1 Vi 1~:;~'JtI ~~ n1~tl~ ~tl~'fltl'1l'fl-ltl1 LLf1:; • • 

~1~'fl'fln~VliVl1-l~'JJl1Vi Lilt.l~t.I 
" 

't ~ L Vl '111 t.I 't tJ ~ :; ~ 1 tiL t.lU1 ~ 1-l LL f1 :; (;j 'J \11 f1 :; ~ 1 tI ii t.I Vl1- U LL vi ~ 1 ~ 1 ~ {l ~ :; ~ 1 tJ 't ~1 t.I 
, , " 

~1~f1 :;~1tJVi Lilt.lm~iit.lVl1-uLn'fltlVl n'llU(;]Vi~ pH U'fltJ n~1 6 'tf'1 Vi t.lL t.lfi~~~'111 ~1il:;~ll1~,rn . 
, 0-

LtlLf1n~~-ln~11 x 10
6 Lt.I'1IOJ:;Vi't~LVl'll1t.1lil:;~ll1~,rnL~L~n~'flrJLt.I'lI'J-l1 x 10

5 
n-l 1.2 x 10

6 

, '" 'II " 

" ... d .......... -'=' 
'jJt.I'fltlntl'jJt.I);I'flt.ln1~~~);I 

OJ 
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" , 
Degree of deacetylation (%DAC) d~It.!~')tJ'I~Pl,)'lwtlt.!LPlVit.!-LPlLYl"llTW Ltltl'l~'ln 

LIiIl; t.!-Llil L Yl, 'l t.! L tI t.! L iii yj tl ~ LlJ tl h:; \d 'l 'I lJ 'tl t.!tlLlJ 'tl foil 'e) 'I N-acetyl-D-glucosamine LL ~:; 

D-glucosamine 'hi(;)~ht.!~'tl~i,)lJnt.!~tl'llJ'tlt.!tlLlJtlfLLrmJ'lnn~'l ~'tlii degree of 

deacetylation ~'l ~:;LLi'l (;)'1i'llJ~ L~t.!'1ltl'lLIilVit.! LLvi tl'l i (;)~,)t.!'1l'tl'l~'tlt.!'tl L~tlf~i'ltl'llJ1n n~1 ~tlii 

fOb degree of deacetylation ~'1 ~:;LLi'l(;)'1i'llJU"iL~t.!'1ltl'lLPlLYl''lt.! L(;'ltJLIiILYl"ll1t.!ij %DAC 

lJ'lnn~1~1-tlLVhnu 50% 1.t.!'1lnJ:;~LIilVit.!ii %DAC ~1n~'l 50% 

2.3 iar".u'U (Emulsion) 

1:;uuthr~iU1.h':;ntlu~'ltJ'1ltl'lL~~,) 2 "lIil~~hjdhnu t:l~1.u~nh"nJ:; 21'!]Il'lfl 'tl'lL~~'l 

i'l 2 "lIil~ij~,)u1.l1:;nt:l1JLL"nvi'l'l nt.! i)~~it.!d~t.!1:;UU't:l'l fI t:l ~~t:ltJ I~L~fu PI') 1lJilmJ1. t.! 

" " t1"i'l'l~n1r~~~'lmh:;L1l'Vl i)~~it.!LLtJ'Itltlmtlt.! 21.h:;L1lYl1.~'1-i1 L~LLri i)~~it.!"lIil~ U'l~t.!1.t.!U1 
" " 

(oil-in-water emulsion, aNY) ~1~fu~tJ (;)u'l~t.!n r:;~ 'ltl ~')'tl~1. t.!U'l LL~:;i)~~it.!"lItl(;) 
~ ~ I ~ ~ 

U11.t.!U'l~t.! (water-in-oil emulsion, WIO) ~1~fur:;uuYiii~tI(;)u'lnr:;~'ltJ~')'tl~1.t.!U1~t.! LLM1'l 

~ n~nJ:;r;i'lnJ~ 2. 3 i1~4'tJ~ ri1~t.!(;),tl(;)'1ltl'l~~~it.!;t.!riu'ei (;I n~')u'1l'tl'l~'l LL~ :;~1~t.! ~'tl'lm~')~ 
" 

iimlJ1nJlJ1 n n~'l~:;Ltlt.!~') n~1'1 LL~:; 1'!]1l11i1~iimlJ1 (;IrtJ'tltl n~'l~:;Ltlt.!1'!]1l11i1 hjvitlL~tl'l [9, 

10] 
, ," 

L 11'tl'l'"l1 n~~ ~it.!Ltlt.!~ht.!1.h:;ntlu'1l'tl'l~tl'l L ~~') 2 "lItl(;)Yihji'l'l~1HlL -D'l nt.!L~ ;'1l1t.! 
, , , 

~ clo..,.c::III ,q, ......... 4 q.c:S. ..... .Q ........ 

~lJU (;I'Vl1'1 n'l tl1l 'lyj Yli'l 'llil ClJ'Vl q (;)'Dtl'l'tl lJ ~'t.!IiI'tl 1iI')'l lJ Li'l ,'ItJ r , 'I n 'l rLLti m!]1l 'l f'l'1ltl'ltllJ ~"lIt.!~:; 

Lii (;);t.!tlth'lr') (;) L1,) tl'l'tl (;l n~,)t.!'D'tl'l~'1~tl'l1!]1l11i1 hi L ~ lJ 'l:;i'l lJ 1. t.ln r:;u')t.!n'l n111. ,x~~~it.!ii 
, " , 

f'l,)'llJ Li'l (lm vh L~(;)tln'lrL~lJ~'lre.J~lJi,)lJYihhl'l1. mlilN i'l¥'l'lYl'l'l LPliJ'1ltl'l1!]1l'l f'l-r1'1i'ltl'l L1.l~tJt.! 

~'1L1.lL~LLri i'l'lr~,r~;L~ L"J!t.! ~'lr~(;)LLN~'1tj') (surfactant) i'l'lr~,r~;L~~:;"J!')tlvi'l1.,xLn(;)~~~it.! 
,J' ... ... J'" .,. ., .,. ~ .. 1 .,.,. ., ~ , 

'11 tJ~t.! LL~:;~ iii ') 'l lJ LMl mlJ'l n'1lt.!(;)') tJ i'l'l ~tl lJ~' ~ 11~:; ~ n ~ (;)"lIU U t.!e.J ') rtlU~ tJ (;)~tl'l,)!]1l'l f'l ~lJ 

vitl L ~'tl'l n'l n(;l1t1~~ ~ ~it.! 1.,xii 1iI,)'llJ L~ (lm~'1;t.!m'"l ii n'l r 1. -n~ 'l r~ (;) LLN ~'1 tj,)~1 n n~1~~'1'lltl(;) 
I '" I " 

L1t1 n~1 i'l1 r~ (;) LLN ~'1 tj') i,)lJ '"l:;"J!')tJ1.lfu'tl (;l n~1ht.!~:;~~'l'l ~') t.!Yi"ll'tlUU 'lLL~ :;~1ht.!Yihj"lltlUU11. t.! 

LlJL~~~~'tl'li'l'lr~ (;) LLN~'1tj') (hydrophile-lipophile balance, HLB) 1. t.!r:;uu1.,x~~~it.!~L(;I1t1lJ 

L~iJ"1It.!'l(;)L~n~'1 LL~:;iJliI,)1lJLi'l(lmlJ'ln~'1;t.! mn'l~ 2 .3 LL~(;)'1Fh HLB nUyj~~nrrlJn1r 
" "" ~:;~1t1~'tl'li'l1 r~ (;) LLN ~'1 tj') 1. t.!U11. t.!n1~~~lJU1 nuu1l1't.! LL~:;~ 1r~ (;) LLN ~'1 tj') L ;h~')tlnt.!1l1t11.~ 

n'lr~t.!mt.! 1iI,)'l~LLN"1I'tl'ln'l~~t.!fi')t.! f'l,)1lJL-DlJ;rt.!~tl'li'l'lr~(;)LLN~'1tj') Fl1 HLB LL~:;"1Itl(;)"1Itl'l 

n ~(;)~1. iij e.J~ vi'tl"1lu'l (;) LL~:;n1 m r:;'"l'ltJ ~')~'tl'l~~~it.!~ L(;I1t1 ~ L~ r') ~ ~'1 Li'l (ltJ r 1l1'Yi'1ltl'l~~~it.! 

~')tJ [1,3,6,7] 
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Surfactant molecules Micelles 

Emulsion Droplet Oil-in-water emulsion 

Emulsion Droplet Water-in-oil emulsion 
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(;l1'n~vl2.3 rl1-al'ln~'JtJ~::~~I~~'JtJ~"ll!lU~ILL~::~'JtJ~hj"ll!lU~ILtJLlJL~n~~tl~~I~~'"LLN~~ • 
" ~'J (hydrophile-lipophile balance, HLB) nUVi~~mn.Jm~~::~ltJ~tl~~I~~"'LLN~~~'JLtJtJl 

[1 ] 

HLB-Range Behavior in water Examples of application 

0-3 Non- soluble Defoamers, dispersants of solid in oil , co-

emulsifiers, refatting agent 

3-6 Non-soluble, dispersible Water-in-oil emulsifiers, co-emulsifiers 

6 -8 Milkily dispersible Wetting agents, water-in-oil emulsifiers 

8 - 10 Milkily turbid to Wetting agents 

translucently soluble 

10 - 13 Translucently to clearly Oil-in-water emulsifiers, laundry and 

soluble cleaning detergents 

13 - 15 Clearly soluble Oil-in-water emulsifiers, laundry and 

cleaning detergents 

15 Clearly soluble Solubilizers, cleaning agent 

2.4 L).JUVI'a'a (Menthol) 

Ll.JtJYltl~ ~-;'tl 2-isopropyl-5-methylcyclohexanol djtJ~1 nh::n!lutJ~::LJlYl L Yl!lfYi tJ 

, " 
LLtl~ntllltl~;~YiUlJlnLtJu.l~tJ~!l~LtJtJLtJ!lHjw;l (peppermint) LL~::I'1!lftJiiw;l (corn mint) ij 

~l'l~Ll.JL~~~ C10H200 ij 2 L!lL"lILlJtlf ~!l LL!l~Ll.JtJYl!l~ (L-menthol) LL~:: ~LlJtJYltl~ (D-

menthol) c;i~~tJ~ 2.4 ~1~'I!n LlJ L~n~~!l~ LlJtJYl!l~ij I'll L'Vl1nu 156.267 nflJ/LlJ~ "'l "'~~tllJ L ~~'J ". . 
l.J1L-n' L,jtJ~I~'VilL,x Ln "'1'1'JllJLUtJL tJ~~l'lJi ru,,~ djtJLI'11!l~ L-if~'JtJU 1'1 f'1 ~ (personal care product) • 

" , 
~~ltJ1.h::LJlYl L-rltJ U.ltJl'Vilfil'JllJ~::tll"'L~tJ~l.J fil1l.JU1~~L~tJ~l.J"llij",Yi~tl~~I~tltln LL~:: f'11l.J • 
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ii LJ.I'UfI'ilfl (O-menthol) LL'ilfl LJ.I'UfI'ilfl (L -menthol) 

, "" 
L n'tl~"l1 n L~tJVl'tlrl hj~1~11(lrl::rl1tJltJlJ1LLPirl::rl1tJl~~l tJtJ121tJ n11lJ1L~tJVl'tlrl hJl-if 

~ 1tJ l tJe.J ft I1IJl ru-nvh fOl'J 1 ~~::'tl1 ~ LLrl ::th N L~tJe.J ~ ~ ~ H' 'tl cil tJ 111~'tl~ ~ 11rl ::rl1tJ L~tJVl'tl rl ~ rl ::rl1 tJ . .. .. 
" , " 

'tl~ltJlJ121tJri'tltJLL~'J~~ e.J~ ~nu~'JtJe.J~2-J~U1 'lJ'tl~lJ1tJ1vh fOl'J1l-J~::;'tl1 ~ LLrl::th~~L~tJe.J2-J 

0-

2.5 L""UJJ.I (Hair) 

" L~tJe.J~111::n'tlu~'JtJ~'JtJ111::n'tlu\-1in11~LLri LM1~tJ 60-90% ftil~ 9% lJ1 30%, ~ 

2% LLrl::~'JtJ111::n'tlu~d~tJfi1VJn~~L~\-1:: L'llU Vl'a~LL~~ (copper). i~n::~ (zinc),111'tlVl 
, " 

(mercury), l1I::n'J (lead), ~11\-1\1 (arsenic) LL~:: L\-1~n (iron) 111::~1ru 0.3 - 0.9% VltJ~'Jfl1tJ 

tJ'tl n"ll'tl~ L~tJe.J~ iJ i n1:tn.!::;djtJLn ~ ~ LL~::iJ111::"l LiltJ~u 

I 
2 

Iow-S high-S 
protofna p<Otelna 

I 
7 

• 

I 
200 

nuclear 
re<nnant 

I 
2000 

co'ftex 
I 

70000nrn 
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U1~YI'il::L~'ilffil'il~ (Amerchol Corporation) [13] ~m~tlfil,)I~~I~I~n1um~LrI~'ilU 

~ (;lutJL~tJ~mL~"ll'il~Yl'il~ L~'ilf~ihh::'1u') n L(;ltJ1-n~I~Yl'il~ L~'ilflh::'1u') n n~~ hydroxyethyl 

" cellulose (polyquaternium -10 ~1'il PQ-10) L(;i~tJ~LijtJ,JltJI'Vhfil,)I~~::'ilI"'L~tJC.m i')~riu 
, " 

~1 ~~ (;lLLN ~~ tj,)U ~::~~u :n-lYlU~ 1 n 1 ~ 1-n ~ 1 ~Yl'il ~ L~'il fu~::~u') n LUtJ~')tJ~ ~ ~ 1 tJ,JltJl-r11 fil,)l~ • • 
I I ' '" 

~::'il1(;lL~tJ~~ -r111\\L~tJ~~ ~~~tJ ~~~ltJ L-l1 LL~::m~~(;lL~m~,)"ll'il-lL~tJ~~~~tJn~lm~1-n 
I " " I 

CJ~vlJi ru.,rYihHj~')tJ~~~"ll'il-l~I~Yl'il~ L~'il fu~::~u') n ~-ltjLUtJ~~ L U'il-l~I~1 n Lfil N ~ ~1-l111tJtJ'il n • 

2.6 1''i.,n.r~flfU 

-lltJil4'tJ~L~tJ');r'il-lriu nl~Lj;J1m.Jthr~itJ LL~::'il~111r1"ll'il~LrI LYI'lIIU1 tJl1..lnl~L~Lfil~ 
, " 

LLrlU1~ (microcapsule) L~'ilH1tJm~r1,)U'"l~nl~~(;lufi'iltJ"ll'il-l~I~j;h~1ii~,)'ilth~~~(;\'ilLUtj 

n r1 .fiI 2006 Wang LL~::r1ru:: [2] ~nM'1n11L~~tJ~'il~111fil"lltJl",bfil~'iltJ"lI'il~LfilLYI'lIltJ 

L ~'ilu~::~n~1 tJn1~fil,)U '"l~ n1~U~ ",ufi'iltJ"lI'il-l~tJ1~tJ L(;ltJ L(;]~tJ~ Lfil L YI'lIltJ~U~~'1~u"l!~tJ 1 \\'il ~1 tJ 

" " ~U~,j'~itJLLUU,J11tJ,Jl,j'tJ (water-in-oil, w/o) ~')mYlfilUfil membrane emulsification -r111\\Ln(;l 
OJ 

(porous glass membrane) ~-l1u"lI'il~~~~ YllnYltJ/m~~L~tJ~~LYI'ilf ~ij~I~~"'LLN~~tj') Po-

500 L~'il~"ll,)I-litJ~~~~~')tJLYI~Yl'il~~'il~L~(;] (tripolyphosphate; TPP) LL~::L~'il~"lI,)I-litJ~ 
~'il-l~')tJnfj mf~ ~L!lc;l (glutaraldehyde; GA) L(;ltJYlU~1111')::1 tJn1~L~'il~"ll,)I~i1 ~~ (;\'il~rulltJ 

I " " I 

~YltJ1"ll'il-l'ilWllfil m~1 ru"ll'il-ltJIYlU ~~1iI1 tJ'ilU111 fil LL~::LLUULL~tJn1~U~ "'Ufi'eitJtJl 11-lUI11,)::Yi • • • 

, 
LUtJ 1:1 LL~::~::tJ::L,)~11tJmnn"'L~'il~"lI,)I-l"ll'il-l GA ~'il60 tJlVi 

n fil .fiI. 2002 Ko LL~::filru:: [3] ~nM'1n1~L~~tJ~'il~111r1"lltJlc;,L~fil~'ilU"ll'il-lLfilLYI'l!IUL~'il 

1-n fil')U 1'1 ~ m ~u~ '" U fi'il tJ tJl Felodipine ~') tJL YI r1UrI n 1 ~L ~'il ~"ll ,)1-l L'" tJ~ tJ fi ::1'il 'il'il tj n ~ ')tJ • 
" , 

LYI~Yl'il~~'il~L~(;] (TPP) 1tJiuLL~nLUUmn(;]~tJ~~I~~::~ltJlfilLYI'l!ltJ1tJn~"'LL'il~~n 1% (v/v) Vi 

iJ Tween 80 LUtJ~I~~"'LLN~-ltj') ,JILu~~~riUtJ1~~::~ltJ1tJL"'fil~'ilL~iJLYltJ -r111\\1~~,j'~itJ 
" " ,J1,j'tJ1tJ,J1 (oil-in-water emulsion, o/w) ri'iltJ,JILUL~~1tJ~I~~::~ltJ TPP Ii1lnm~Yl"'~'il-l 

YlU~I'tltJI11r1ij"llUI"'Lu"lh-1 500-710 1~LML~(;]~ ~1~I~nrintJ11.n~ 90% LL~::YlU~I-a(;]~In1~ • 
u~c;,Ufi'tltJtJl ;tJriu pH LL~::fil,)I~L-if~-iftJ"ll'tl--1 TPP ~lmrnL~L~~~LL~::rI')I~L-if~-iftJ"ll'tl-l 
LrI LYI'l!1tJ LL~::~::tJ::L,)~I"ll'tl--1mn~'il~"ll,)I--1 

"" " ~ m~tl mn~~tJ~~ ,j'~i\.lLLUU,J11 u,Jl,ru1 U,J1 

(water-in-oil-in-water emulsion, w/o/w) 
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" " " U~~U~tlU Y11UL-r1LLvltJ (tryptophan) ltJitJLLmdjtJn1~Lj;]~mJ~,r~itJu11tJu1,rtJ (water-in-oil 
" , 

emulsion, w/o) 2 ~'JtJ ltJLvl~u1,rtJ'1Itl.:J'tYlm~L'1Itlhc;f Viij 5%HGCR djtJ~1~~~LLN~.:J~h ~'JtJ 
I I "" I I 

Vi~i1.:Jij Yl'1uL YlLLvltJLL~:;L'1IL~u~'ttl~~tln 't'1l ~1 tJLvl~"1ltl.:JU1 ~'JtJVi~tl.:Jmfil L Yl'1l1tJVi~:;~1ul tJm~ 

~tJYl~6'11U~(;j1.:J1 't~LLri mc;}vltlfiin, m~LLtl;~n, m~u'Jmn LL~:;m~LL~n~n ltJLvl~'1Itl.:J~1 
'" • .... I 

~~~~,rfiitJl1.:J 2 ~'JtJl""Li1ritJri'tltJU1'luL~~ltJLvl~'1Itl--1U1Viij HCO-60 djtJ~11~~LLN~.:J~'J 
I "'..." 

L ~tl Lj;]~U~ djtJ~,r~itJLL1J1JU11 tJu1,rtJl tJU1 "'l1 n n1 ~Yl ~ ~tl.:JVi1J(;h~1 n hlij n11L~~ L'1I L~u~'ltl ~1 

't 
r.. ~ I • I' 'l ,J' ..,.... "'... r.J'I .., ... .. ~ ... 'l 't r..l tln 'lI~ tlj;]~1n1~'ufiC;}ufitlU ~'1ItJn1J'lItJ~'1Itl.:Jmc;}tltJYl~U'Vl ~'11 ~1n~n1nj;]~~'lILC;}U~ tlC;}~tln 'lI~Yl 

51 fil'J1~ L ;r~itJL ~~1:;~~"'l:;'ll'JU~:;L l1tJn1C;} Vi 11mfl L 'Vl'll1tJfi:;fi1u'tll,jtlUfi.:J Ln c;} LtltJL"'l~~'ll'JU 

~tl'J--1 n1~tJfi c;}tJ~tlmltl.:J'VllUL YlLL vltJ tJtl n"'l1 ndU--1Vi 1J~1~,r~-ntJ~ Lj;]1u~ Lc;}ul i m~ LLtl;~ n LLfi:; 

_____ <III.. ...1 .. 4i' 'I'" .... 1 .. - .. 
n 1~1J'J'Vl~n~ L~ ClU11l1Vi~.:J mTVl Lj;] ffi~ ~~U ~ 'lI n~"'."tl ~~ n LLfi:;n 1~ LLfi n j;] n 

iJ fl .P!. 2004 Plochocka [11] ~m~nn1~fl'J1Jfil~n11Ufi~U~tlm~tJYltlfiltJn~~ • • 
~~ j;].n ruoyj"Vi1 fl'J1~~:;tl1 ~ 1 tJ-Dtl.:JU1n L~U n1m11~ (;]L~tJ'Vltlfi~mj fil1f1Jtl n;~ (Ln c;} LtltJ~tJfi:; 

" 
" I I tJ I 

Ltl~ L Yltl f) '1Itl.:J~tl'Ju-n 1Vi L tltJn 1c;}'tl:;fil '1~ n 1 tJ Lfil Vi tl ~ L~tl f'1l\l~ P11.:J 1 Viu ~ ~ ~ ri1J dltl LUtl ~ 'til 

~~j;].nruoyj"LtltJ methyl acylate (MA)/acrylic acid (AA) copolymer, monomethyl maleate 

(MM)/acrylic acid (AA) copolymer, mono-methyl itaconate (MMI)/acrylic acid (AA) 

copolymer, methyl ester '1I'tl.:J methyl vinyl ether/maleic anhydride copolymer LL~:; methyl 

ester '1Itl.:J methyl vinyl ether/maleic acid copolymer LLfi:;~n'rnn11U~~U~'tlm~tJYltl~L~U 

1 i gas chromatography Vi 1J~1'tl j;]11 n1~U fi ~ tJ~tl ULl-J tJYltl ~~tJ'tl~ rim) j;]11'11'tl.:JU!)mU1 

" 'ttlL~1't~;~"1ltl.:J~tJfi:;Ltl~LYltlf L~m~1~1J~.:Jil~tl MMI > MM » MA ~1~f1J1:;1J1J MMI:AA 
, , " 

copolymer '.:Jl ""'tlj;]11n1~Ufi~tJ~'tlu~.:JVi~ ~t!tJ 'tl j;]111 tJn1~U~~U~tlU"'l:;LLu~~mrtJri1Ji~~'JtJ 

MMI:AA n~1'J~tl 'tlj;]n~'JtJ 6:94, 11 :891""'tlj;]~11tJn1~Ufi~tJ~'tlU~1nn~1'tlj;]n~'JtJ 28:72 

iJ fl .P! . 2005 Soottitantawat LLfi:;filru:; [12] Lj;]~U~'ll-JLMLLfilU1~'1Itl.:JLL'tl~L~tJYltlfi 

LC;}Un1nj;]~Ul-JL~tJYltl~ri1J~11t-1'tl~~ 'tIiLLri gum arabic LL~:;mJ.:J~c.htJn1~~C;}LLU1 (CAPSUL, 

HI-CAP100) 1 ""tl~l tJlu~,r~itJritltJ ~.:JLj;]~ul-Jl ""tl~l tJlu'tl-JLfil~LLfilu1~ II'JUL Ylfil\lfil spray 

drying "'l1nn1~Yl ~~'tl.:J Vi1J~1n11L~~ml-J1ru~1~~tl~l-JVi11 ""LLfilU1~~1l-J11Clrimn1JLl-JtJYltl~ 'til 

~1n~tJ vY.:JnL~tl.:J"'l1n~1~t-I'tl""~LnC;}LtltJL~~L1J1tJ~~1~1~ClritJn1nLVii'tltJn'1l'tl.:JL~tJYl'tl~'lll L~U • 

, 
"'l1 n.:J1tJ~4'uVi mh'J~1;r1.:J ~tJ "'l:;L "'tJ'tIl~1 n--1 LL~"'l:;51 n11~ m~n n11fil'J1J fil~ n11 . 



12 

l.h'"l::fl1~1H1U!'1 Ln 1:: flU L~tHWL~~ L d'fl~'"l1 n L~tJ~~~1.b'::'"I~U L!'1 tJ'"I ::L[;l1tJ~t121'~itJ"lI'fl~ • 
I "' '' I 

LiJtJYl'fl~:n~'fl~l tJlU"lI'fl~,j1,rtJl tJ,j1 (oil-in-water emulsion, o/w) 1 tJ!l1')::Yi~fl1~~!'1LLN~~Cj') 

,j1LUL[;l1tJ~1 ~'fl~1 tJlU"lI'fl~L~LMLLI'1U1~ (microencapsulation) L!'1tlLl'1 ~'flU ~')tJLI'1 tml1tJ~ 
, ~ ~ 

L:n'fl~"lI,)1~ ~')tJL Yl~Yl'fl~~'flfl L~ [;l l1~U'"l::~ n~1 ~,)LLthltJm~L[;l1tJ~L~ Lfl~LLflU"lI~ l~LLri i!'1~')tJ 
" 

'1I'fl~fl1~L~'fl~'1I,)1~ j;]'flLfl L Vl"ll1tJ djtJ~tJ ~~~~ j;]'flfliJ~Yl1~ mtJ!l1Yl LL~::U UU LL~tJmnJ~ ~U~t)tJ 

LL~::UtJutJm~Ln ~ 1~ LI'1~LLflU"lI~ '1ItJ1!'1 LL~::n1m~::'"l1tJ~,)"lI/fWjJtJ1!'1 LLflU'lI ~ (-j Ll'1n::~1!'1tJ L YlI'IUI'1 
" " 

Laser light scattering particle size analyzer) LL~::icw~1tJ~VltJ1 (-jLfln::~1~tJ scanning 
~ ~ , 

electron microscopy) '1It)~ t~ LI'I~LLl'ltl1fl l1~UI'l1~~1'"1::fl1~ 1~tl,j1 t~ LfI~LLl'ltl1fl:n~t)~1. tJlU 

ti21'flitJ tu1.;{ d~tJ~')tJ~fl~ 1. tJ~~ ~ti CWerlyh 1'I'l1~~::t)1 ~~fillj11~ L~l.!~ ~t~ 



3.1 'lI11LAii 

3.1.1 L~UVI'rl~ 

col 
tJ'VI'VI 3 

... 
Cyclohexanol, P-Menthan-3-ol (C lOH200), tl1\lt!ntl-JL~~~ 156.27 g/mol,'VlL~tlVl 

-212 °c, '~\l~tll-JL\l~'l 42 - 43 °c. IRVING R. BOODY, Bangkok, Thailand 
- 4 

Light mineral oil: colour: clear, 'VlLVltl~ 310°C, Hong Huat, Bangkok, Thailand 

3.1.2 LA t VI'II1U 

Poly(beta-(1, 4)-2-amino-2-deoxy-D-glucose); poly(beta-(1, 4)-D-glucosamine), 
... 

(C6H"N04)n. tl1\lt!ntl-JL~~~ 100,000 Dalton, 95%DAC 

... 
Poly(oxyethylene-2-stearyl ether) (C,8H37(OCH2CH2)nOH, n-2 tl1\lt!ntl-JL~~~ 
40. 

1151.54, ,VlLVltlVl 50 C, EAC, Bangkok, Thailand 
... 

Cetyl-stearyl alcohol; (C34H720) tl1\lt!ntl-JL~~~ 512 g/mol ,'VlL~tlVl 300-360°C 

Cognis Thai, Bangkok, Thailand 

" 
Sodium tripolyphosphate (TPP), (NaSP30 lO)' tl1\lt!ntl-JL~~~ 367.86 g/mol, 'VlL~tlVl 

622 °c, SIGMA-ALDRICH, St Louis, USA 

... 
Le:lnL'l!tJ (C6H'4) ' Mallinckrodt Chemical, NJ, USA, tl1\lt!ntl-JL~~~ 100.26 g/mol, 

4 ° ,VlL(;ltlr;) 69.0 C, analytical grade 
... 

't'l!tfil~Le:lnL'l!tJ (C6H,o)' Unilab, Auckland, New Zealand, tl1\lt!ntl-JL~~~ 82.15 

4 ° g/mol ,r;)Lt11tlt11 83 C, analytical grade 

m't11'te:ltr;)1fil~tl1-n (HCI), Merck, Frankfurt, Germany, ~1\lt!ntl-JL~~~ 36.46 g/mol, 

analytical grade 
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., 
n~(;lLL'fl:n~n, (CH3COOH), Merck, Frankfurt, Germany, 111lnrnt~L~~~ 60.05 g/mol, 

... 
'1VlLVl'flVl 16.5 ac, analytical grade 

t'l!L~tm'l~Vl~tln'l'l!C;), (NaOH) Merck, Frankfurt Germany, ~1"",rnt~L~~~ 40.0 g/mol, 
... 

'1VlLVl'flVl 318 ac, analytical grade 

.... .. 
3.2 LFI~'!l·nJ'!l 

1. Gas Chromatography, Model Auto system XL, Perkins, Boston, USA 

2. Laser light scattering particle size analyzer, Model Mastersizer 2000, Malvern, 

Worcestershire, UK 

3. Controlled Environment Chamber, EST electro-tech systems, Glenside, USA 

4. Homogenizer, Model Ultra Turrax T25, IKA Labotechnik, Staufen, Germany 

5. Agitator, Model RW20 D2M2, IKA Labotechnik, Staufen, Germany 

6. Stirrer, Model Voriomag Poly50, Komet. Gottingen, Germany 

7. Rheometer, Model Haake RheoStress 600,Haake, Karlsruhe, Germany 

8. Light Microscope, Model AxioCam MRc5, ZEISS, Gottingen, Germany 

9. pH meter, Model CG840, SCHOTT, Mainz, Germany 

10. Balance, Model CP224S and LP6200S, Sartorius, Gottingen, Germany 

11. Moisture analyser, Model HR73 Halogen, Mettler Toledo, Schwerzenbach, 

Switzerland 

12. Transonic Digital S, Model T840DH, Elma, Stuttgart, Germany 

13. Texture analyser, Model TAXT Plus, Stable Micro Systems, Surrey, UK 

14. Tens ile tester, Model 5564, Instron, Massachusetts, USA 

15. Scanning electron microscope, JEOL JSM-541 OLV, Tokyo, Japan 

16. Differential scanning calorimeter, DSC822
e

, Schwerzenbach, Switzerland 

3.3 ~fivhn1~V1~~'!l~ 

3.3.1 n1~L~1!1~'b{iFl~~«~.a-1J'1I'!l~U./1J'VI'!l~ 
., ., 

c.J~l-J poly(oxyethylene-2-stearyl ether) 111"",rn 2.5 - 5 Ltl'flfL:hJ(;J1Vlu1l1"",rn LL~:: 
., .,., 

cetyl-stearyl alcohol 111"",rn 2.5 - 5 Ltl'flfL;u(;J1Vlu1l1"",rn Lu1l1 95 - 97.5 LtltlfL;U(;J1VlU 
., " 

111"",rn Lu5-.lc.J~~~LL(;JUL~~"DU1Vl 1000 ij~~~m Vl'flCl.!l-1Jlij 70 - 75·C Jl1ULLlfn1~iIun'lu~'lU . '" 
" I " '" " 

LfOi~'a-.liIumu VlfO)'l1~L~'l~'fltJ 400 ~'atJvltlU1Vl '"lU~1~~::~1mtluL~tlL~mnU i..:lil'"l::LLtl~fO)'l1~ 
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" " L-if~-iftJ'jJ'el'l~1 ~~ t?1 LLN ~'l ~h 1 ~ii r-11 LVl1 rl1J 2.5 LL~:: 5 LtJ'elfL'1ltJ(;]1t?1mJ1'I.nrnL~tJ1Jrl1J\l1 

~t?1'qrut.HJ):j'lJ'el'l~1~~::~1tJltJ~ 40-45 DC t.m!'lL~tJVl'el~~~::~1tJ'el~ltJlight mineral oil 50% 

L!'ItJ~1~-wn 80 ):j~~~(;]~ ~NltJ~1~~::~1tJJ11tJ11Xn1~DtJn'ltJ~wn~L~'l 400 ~'el1J(;]'eltJ1~ d1tJ 

L'l~1 20 tJ1~ LL~::DtJm'WLt?1mf'li'el'lDtJf'I'l1~ L~'l~'l ~'ltJf'I'l1~ L~'ll tJm~~tJ 13,000, 16,000 LL~:: 
" 

" ~tJt?1~1~~::~1tJlf'1 L Vl'1l1tJltJn~t?1LLt1;~n 0.1 N ~1t1f'1'l1~L;rl-J;r'W 1 LtJt1fL~tJ(;]1(;ltJ,j1~-wn 

LUtJm~1ru(;]1~~~t1'l n1~ ~'l1 'W~21~itJ"JIt1'l Ll-JtJVlt1~~ L(;]1tJ~1.KLtJ;rt1 3.3. 1 ~'WmtJ~fl'l1~L1'l 

~t11J 400 ffi1J(;]t1tJ1~ LU'WL'l~1 30 tJ1~ LL~::DtJmtJ~rl'l1l-JL1'l~\I~'lmf'lit1\1~tJfl'l1~L1'l~\I ~'ltJ 
.. 1 .~ .... ,....J ... ..J • 

f'I'l1~L~'l tJn1~utJ13,OOO, 16,000 ~~'el 19,000 ~t11J(;]t1tJ1Vl LL~::'JJ'l\lLt;)~11-5 tJ'lVl Vln1~tJ!'I 

" "l1n-wtJ~tJt?1~1~~::~1tJL'1l L~m.J1.Vl~Yi'el~yj'el~Lyj(;] (sodium tripolyphosphate, TPP) f'I'l1~L;r~;rtJ 

5 LtJ'elfL~tJ(;]1t?1tJ~1~-wn LtJtJm~1 ru(;]1~~ IX'el'l n1~ L!'ImLtJ~'tlm1~'ltJLt?1tJLl-J~'lJ'el\lTPP:1f'1 L Vl'l!1tJ 

LUtJ 1 :2, 1:4 LL~:: 1:8 Jl'ltJ~(;]~1 1 ):j~~~(;]~(;]'eltJ1~ J11tJ1IXn1~~tJm'W~f'I'l1~L~'l 400 ~'el1J(;]t1 

tJ1~ LUtJ~::tJ::L'l~1(;]1~~n1'VIUt?1 60, 90 LL~:: 120 tJ1~ tJf1J pH 'lJ'el\ll~Lf'I~LLf'ltJ1~~L(;i~tJ~1.~ 

~'ltJn~c;m'el=n~n LL~:: L'1lL~tJl-Jle1t?1~'elnl'l1~ iir-11LUU 3, 4, 5 LL~:: 6 (;]1l-Jn1~'Wt?1 (;]1n'l~ 3.1 LL~"''l 

n1 ~LL th~'l LLtJ~'lJ'el'l n1 ~Vl t?1~ 'el'l 

1~1'",r-11 c riti cal micellar concentration (CMC) 'lJ'el'l~1~~t?1LLN~'ltj'l~H~'lmf'lit1'l 

Tensiometer LL~:: ';)fi 1't?1 LLN ~\I tj'l'lJ'el'l m~'ll U~::1J1J 



"1~'Hv1 3.1 m1LLU1LU~tJUl'l'"J LLU1'iI'fl-l m1Lr;i1mJ:alJ'~-n-"mtJtJ~1lJ'u 1 U~1 LL~:::m1Lr;]'1mJ1)J tI"11LLI"1U'a~ 

. ... 
Mole ratio of Weight ratio of ~1"t1 

n1~ Code of %wt of amino groups of Crosslinking Homogenizing Homogenizing Final pH of menthol: 

VI"~'il~ sample surfactant chitosan:TPP time, min time, min rate, rpm mixtures chitosan 

1 TS 001 2.5 2:1 60 1 13,000 4.88 8: 1 

2 TS 002 2.5 2:1 60 1 16,000 4.88 8 : 1 

3 TS 003 2.5 2:1 60 1 19,000 4.88 8 : 1 

4 TS 004 5 2:1 60 1 16,000 4.88 8 : 1 

5 TS 005 5 2:1 60 5 16,000 4.88 8 : 1 

6 52160 5 2:1 60 3 16,000 4.88 8 : 1 

7 52190 5 2:1 90 3 16,000 4.88 8 : 1 

8 521120 5 2:1 120 3 16,000 4.88 8 : 1 

9 541120 5 4:1 120 3 16,000 4.5 8 : 1 
I 

10 581120 5 8:1 120 3 16,000 4.3 8 : 1 

11 5211203 5 2:1 120 3 16,000 3 8 : 1 

12 5211204 5 2:1 120 3 16,000 4 8 : 1 

13 5211205 5 2:1 120 3 16,000 4.88 8 : 1 

14 5211206 5 2:1 120 3 16,000 6 8 : 1 

15 A-521120 5 2:1 120 3 16,000 4.88 8: 0.5 

16 8-521120 5 2:1 120 3 16,000 
- --

4.88 8:2 
0) 

user
Typewritten Text
16



Surfactant + water + 

co-surfactant 

70 _75°C in water phase 

Cool down to 40 - 43° 

Water Phase 

Oil-in-water emulsion (o/w) 

Transferred to the 

water phase Menthol in mineral oil 

oil phase 

Stirring at 400 rpm for 20 min and followed by homogenizing 

Transferred to 

Oil-in- water emulsion (o/w) Emulsion 1% chitosan in O.IN acetic acid 

1 S';"ing at 400 'pm Co, 30 min and followed by homogenizing 

';':.:'. 
Polymer 

Transferred to 

FW!!'siOQ 5% TPP solution 
Emulsion 

1 Sti"ing at 400 'pm 

17 
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(sphere) ~'lm'VlFlijFl laser light scattering particle size analyzer LLtJtJ general purpose ~i1 
~ , 

'1i'l~'1I~1~[;j'~LL(;] 0.020 n~ 2000 12-JLFln2-JVl11l1tJ1~n11~2-J~if\J 2000 ~'atJ[;]'a~1Vi ~hn1~~nL~ • 
I'" .., I 

LL~~'1Itl~L2-JLfil~LLfiltJ1~ (RI) = 1.50, ~hn1~~m~LL~~'1Itl~[;j''ln~1~ 1~YlnHf~1ni~i1f'i1 RI = 1.33, 

3.3.3.2 .Wl1'U~\'l!l1'!l'iHi37.i''Uu,.~1~tft'lu,fttJ1!iI 

~LM1::iicwl1~~'VlU1'11tl~~2l'~;~LL~::L2-JLfilnLfiltJ1~L~tJn~'a~'~'Vl~U'\ULLtJtJLL~~~tl~ 

cJ1~ (optical microscope) i'l2-JntJLFl1'a~tJ~::2-J'l~~~~'lULtJ~LLn12-J AxioVison AC Re14.5 LL~:: 

Image Pro Plus5.1 L~U~U ~~2l'~-n~~1tl12-JLFlmFltJ1~~~tJ~LLcJ~m::iOl mdf'l1~ 11 ~-.1tJ~'lmLcJ~ 

n~::1ij nLL~::"'1 n1~~ LFl~1::i~tl CW~llij~'a~ L"ltJH'n1tt~'lJtJ1tJ 40X . " 

3.3.3.3 m).l1 nI'lJ'il~ LL:n~'lJ'il~ 1).1 tft'lU,fttJ'liil 
" ~ , , 

~ Lfiln::itJ12-J1 CW'lJ'a~ LL ~'l-.1~~2-J (1l'lJtl~12-JLFlnLFltJ'jj~Vi LVljU2-J1~ ~'lU LFl1tl~ Moisture 
" 

, , ~ 

Ln~u[;j''ltlth~1~m::1ij1U-.1'l-.1'liOl1~ Hf~::U::L'l~11~n1~~LFln::i1.h::2-J1CW 30 ~1Vi 1l1u1~~::tJtJ 
J .. 1"1 J' CI J 0 c:r ~ cJ 

tl (1l L2-Jtl LFl ~'a~ (1l Fl1 Fl 'l12-J'jj~ 'lJ'a'l'lJ'a~ LL '11~ LFl ~'a~1ij ::Fl1~'l CW m2-J1 CW'lJ'a'l LL 'lJ~'Vl'l~2-J ~ 'VltJ n PI '"I 1 n 

J' ' 
Fl'l12-J'jj~L~ULtJnLm2-J1l1U1~LFl1'a'l Moisture analyzer 

tJ~::2-J'l~~~ LtJnLn~2-J HAAKE Rheo Win Pro ~'ll'l~~CWWJij 4 0 

C n'l 40
0 

C nm1~~~LtI~f'i1 

2-Jtl~tt~Li'a~ (shear modulus) 1l1u1~~::tJtJtl~ L(1lu1-D' cone-plate Rheometer C35/2Ti 

~::tJ::"h~~::~~1~Lfil~ ntJ LYi~Vl Lvi'lntJ 0.105 mm, ~Vln'JJtl~LLNLi'a~ 1.00 (1/s), 2-J2-Ji2-Jcr~'1Itl~ • 

Lfil~~~tJ~LYi~Vl (cone angle) 2.004 tl~Pl1 

, , ~ 

LVljU2-J~1 ~~ ::~1U2-J1 Vl ~fj 1~L YI'a 1-nt \Jn1 ~~ LFl~1::~~1tJ12-J1 CWL2-J~'Vl'a ~ L(1lU-n~U1~t1n 
.u 
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4 11 '" I '" odI ppm) L(;l1tJl.a'l 'l1~::~ 'ltl ~'l (;l1~TWL~'WYl 'fl ~ I"l '.l 'll-J L "lJl-J"lJ'W(;l'l-.11 C;}'.ltl n'l1LiOl'fliOl'l-.1 ~ 'l1~ ::~'l tI 
~ , 

~'l(;l1~'l'W[;J-.1~'Wdj'Wi c;,~'.l'W;-.1LL~ C;}-.11 'W(;l '1 1'1-.1 Vl 3 .2 

.aI !'..1I.J!;At AI 
~1'i1~'V1 3.2 m~'lVln'fl-.1~'l1~::~'ltl~'l (;l1~'l'W(;l-.1 (;l'WYlL"JI ~ 'Wn'l1L(;l1t1~~'l1~::~'ltl~'l Vl1~'l'W 

Ll-J'WYltl~ 

R'.l'l~L{~i'W~'l1~::~'lti m~'lVl1~'l1~::~'lti m~'l(;l1 Mineral oil 
~ ... s.-

(ij~~~Vl1) ~'l Vl1~'l'WL~'W."tl~ ~'l (;l1l'l'W(;l-.1Vl'W 

(ppm) (ij~~~(;l1) 

1000 20 80 

2000 40 60 

3000 60 40 

4000 80 20 

~LI"l1'l::\hfi~'lruL~'WYl'fl~~'.ltl Gas Chromatography (GC) Lc;}tI~C;}~'l1~::~'lti 

~'l(;l11i'l'WL~'WYltl~ 0.5L~LI"l1~(;l1 LLUU splitless L~ltIl-n~I1'l'.l::1'Wn'l1~Lfiln::,r~tl l"l'fli~t1U11iOl 
~ . 

5% diphenyl, 95% polysiloxane, 1"l'.l'l~tI'l'.l"lJ'fl-.1l"ltlil-Jt130 Ll-J(;l1, L~'W~'l~'Wcl'n~'l-.1I"l'fli~t1 

0 .32 ij~~Ll-JVl1, 1"l'.l'll-J~'W'l"lJ'fl-.1~'l1I"l-.1[;J'.l 0.25 Ll-JLI"l1Ll-Jm 'ilVlnn'l1L~~"lJtl-.1LLn~rn~:: 0 .5 

ij~~~Vl1~tl'W'lVi tlru~l1ijdl-J~'W 140 °c 'il(;lnn'l1n'l1L~l-Jtlru~l1ij 5 °c ~'fl'W'lVl detector dj'W 
~ ~ ~ ~ 

Flame Ionization Detector (FlO) 

, ,~ 

i-.1Ll-JLI"l1LLfilU"JI~Vl."nUlJ'lmrmLU'W'fl'Wth::l-J'lru 1.0 nfl-J ~::~'ltll'W 50 ij~~~(;l1'lJ'fl~ 
'II 

1'flU~'fl'W'lVi ~'.ltILfiI~'fl-.1n'.l'WmJLw~n Lil'WL'.l~1 60 'W1Vl L~~LfJnL'lI'W 25 ij~~~Vl1~-.11'W"lJ'.lC;}Ldh 

~l-J'W~'W~fiI'.l'l~L~'.l 600 1tlu~'fl'W'lVi Lil'WL'.l~'l 30 'W'lVllJ'l'lJ'.lC;}LLn'.l~U11iOl~'l1~::~'ltl[;J'.l'flth-.11~ • • 
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Lri;:'il.:l GC L""tJ1-if~Jl'1'l:::h!n1~~ Lf'1n:::tfL'lhJL~tJ'l ri'tJ'1f'il 3 .3.4 ~'11.1'h.J1ruLlJtJYl'ilfi~U~~"I1 tJ • 
~ ~ ~ 

LLf'1U"l! fi t""tJ n1~L YitJU riu n nrllJ1 j;)~tj1tJ l1.:lilnm1tJmlJ'1 ruLlJtJYl'el fi L ,jtJ~ ""~'ltJ L""tJ,j1~t!n 
~ ~ 

0-

L VitJU nml'il.:l LL ~.:ll1.:l~l-J ~'1l'il.:lLlJ Lf'1 ~LLrlU1fi 

, ,0-

i.:lLlJ Lrl ~LLrl U1~YiYl~1U,j1~t!n m.itJ'iltJu~:::lJ 1 ru 3 n fl-J 1~1 tJ"I1tJLLrl'l'1ltJ1 ~ Lt\'tJehtJ 

filtJUnfi1.:l 9 L;tJ~Ll-Jj;)~ ,j1LUL~LiJ~ rl'lUrllJ~Jl1'l:::'il1 n1fi1~'1~'il.:l ~~1l-J1~r1 f'I'l1Jl'1lJ'ilru~Jl~LLfi::: 
~ ~ ....'II \I 

J' %.,~" " 'i' "I "I" ... .,.J 0 0 
rl'l'1lJ"l!tJl'll-JViYlfi L{;)~1l-J~'il.:ln1f ~~tl ~tJn1fYl~fi'il.:l ~"l!~ru~lJl-JfiI.:l~'lYl 27 C LLfi::: 32 C LLfi::: 

J' ..2': ., !'11'.J • I .... ..., ~ " • I • I ' .J " l' "I" 
f'I'lUfll-Jrl'l'1l-J"l!tJl'l l-JViVlfi L'~Yl 80 LutlfL"l!tJ~ ~fi.:l"l'1n L~L'lfi'1 n1fu fi {;) u~'iltl ~'1lJYl;)tl.:ln1f~¥'I'l ~~ 

,j1LlJ Lrl ~LLrl U 1 fi 'il 'il n"l '1 n ~ rl 'l 1l-J fl lJ ~Jl1 'l :::~11 n 1 fiI~ 1 fi 'il.:ll-J '1 ~ '1 ml-J '1 ru LlJtJ Yltl fi ~ L ~fl'il 'il ~ 
~i.:l"l1 n n1~Ufi VlUrl'eltJ L~tJ1 ftlfiL"lltJL~mnu~'elfi1J1tJ 1 tJ-D'el 3 .3.5 

'UFlFI~ • 

d 
VI 3.3 

Benzyltrimethylammonium chloride Cationic surfactant 

Fattyl alcohol Thickening agent 

Dimeticone Conditioning agent 

Chitosan microcapsule Conditioning agent/Controller release 

Methyl paraben Preservative 

Cellulose ethers Separation agentlThickening agent 

_ell.. '" ~ ...,.... ., .Q.... 1'" .r - .., 3.3.7.2 'l fi LVI HI l-J L~'\HJl-J~1~~'U'lLFI~1~~n'1~LFI~'!ltJ VI VI (;ltJUYi'UI'l~'iI~L~,\HIl-J 

";1 fiI'l1l-J~:::'il '1 VI Lt\'tJ~lJ ~'ltJ ~1~fi :::fi1tJ L 'II L~m.Jfi'el1~i~ L rl j;) f'l'l'1l-J L -DlJ-DtJ 14 LU'il fL ;tJv1 

L""tJ~1~t!n LiltJml-J'1j;)f 1.25 ijfi~~;)f (;]~lLt\'tJ~lJ 15 nflJ 2 ~'elU ~~ru~lJij 37°C Lf'1~'il1JLt\'tJ 
~lJ~'ltJf'l1lJtJ'l""~lJ"JjuVl~llJ~'il.:l~1.:l'il'eln~Lj;)1tJlJL~tJ-D'il 3.3.7.1 L,jtJmlJ1ru 0.15 ijfi~~;)f (;]'el 
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... .. 4V ., ~t1'" " 3.3.7.3 'lLf1'i1::~n1'i"'it1!1 UI'WI1.:1 f1'l1~'i'!lU"D'!I'h 'iUlU1.JUL"'U~~ 

~Lfiln::\fn1r~'H'ntl~'JVl'NPl'J1l-J~'tl\J"lI'tl'lhh~\JU\JL~\J!:-Jl-J~'JtI Differential scanning 
• • >-

calorimetry L~ t1-n'l vl'J'tlth--l L~"LJ c.J l-JVl ~ ~ L ij \J;"LJLii n11~ ti' 'JtI'tl::~ n L iltll-J LL UU ii ch tJ ~ 10-12 
" . . 

n~iin1l-J L~l-JU1ni"LJ 751l-JLfilr~(;1r !:-Jiln~'J"LJchtl~dhriu~'J"LJti''JtI~'JtlLfil1'tl--ln~c.Jiln (sealing 

press) Lil"LJfl1rVl~fl'tlU LL~::H'~1 ni"LJ 75 1l-JLfilr~(;1r1"LJti''JtJ'tl::~nLiltll-J~iic.htJ ~ Lij"LJ~1r~1'l~'l 
Lil-Jl11n11~Lfilr1::~1~t11""Pl'J1l-J~'tl"LJLLrir::UULil-J~"LJ 50 °c L~l-J~ ru~1Jn 10°C j;J'tl"LJ'lYl ~"LJ5'l 
200°C 

~Lf'ln::\f f'I'J1~.Jtll-J~"LJ"lJ'tl'l L~"LJ!:-Jl-J ~'JtI Texture analyzer L~t1HfflJl1'J::1 "LJn 1 rVl ~fl'tlU . . 
" , 

~'lil~'tl f'I'J1l-JL~'J1\Jn1rLPl~'tl"LJf'lntl1--lr.h"LJL~\J!:-Jl-J 10 n~~Ll-J(;1rj;J'tl~\J1Yl Lij"LJr::t1:: 40 n~~Ll-J(;1r 
'U . " 

L~t1H'U'tltl!:-Jl-JV1L(;11-t1l-J~'l~l-J~ 5 U'tltl1 ~:: 3 .0 n1l-J f'I'J1l-JtI1'J 18 L:n\J~Ll-J(;1r j;J'tl 1 vl'J'tltJi'l LL~:: 
1I " I " 

~LM1::\f.n11\JLLj;J~::U'tltl!:-Jl-J~1"LJ'J"LJ 5 f'lf'l V1'tlru~Jln 20 °c f'I'J1l-J~"LJ~l-J~Vlfil"LJ'tl1n1P1 55 . .. 
I 1 I 1" I 

LU'tlfL;\J~ Lfil1'tl'l LLfl ~'l!:-J~ L ij"LJ~ 1 LLNVl ~1"LJVl1"LJn1rLf'I~'tl"LJV1"lJ'tl--l ~l-JU1~Un ~1"LJU'tl tI c.Jl-J ;--l ~1 • 

, , >-

~ LM1::\f n 1 r~~ L~"LJc.J l-J ~ 'J t1LPl1'tl 'I Vl ~ fl'tlU LLN ~'l Yl flJl1'J:: n 1 rVl ~ fl'tl U ~--l il~ 'tl n1 r 

Lf'I~'tl\J~"lI'tl'l L~\Jc.Jl-J ~1"LJ~~~'e)Uti--l ~'JtI f'I'J1l-J L~'J 40 n~~ Ll-J (;1rj;J'e)"LJ1V1 L~t11.jfu'e)t1 c.Jl-J~ L(;11-t1l-J .. 
" ." 
~'l~l-JC;\ 5 U'tltl1 f'l:: 3.0 n1l-J f'I'J1l-Jtl1'J 18 L:n\J~Ll-J(;1rj;J'tl 1 vl'J'tlU1--l V11Jru~1Jij 20°C f'I'J1l-J;\J 

I "I I 

~l-J~Vlfl "LJ'tl1 n1 PI 55 LU'tlfL:n"LJ~ Lf'l1'tl--l LLfl ~'l!:-J~ LtI"LJ~1 LLN~--l~l-J ~V1 Lf'I~'tl"LJU'tl t1!:-Jl-J ~1\J~~ 

~'tl~ti'l~'l ~1 ~'l mh'J~ ::LL U rc1"LJL ij"LJ~ 1 n1 r~~~ 1t1~ 1'tltl1 n"ll'tl'l L~ \J!:-J l-J~Vl ~~'tlU 



...a 
'l..J'VI'VI 4 

" " , 
lJ1,ru1t.I'W1 (oil-in-water emulsion, aMI) ~'luYi 2 djUn1~L[;11m.JLflLYl'll1Uh.JLfl~LLflU'll~tJ~~1il .. . 
L~UYl'tl~ ~'lU~ 3 Lilun1~~m~t1LLtJtJLLC.JUn1~U~",U~'fltJL~UYl'tl~~1nLflLYl'll1UL~LflnLflU1~ LL~::; 
~'lU~ 4 Lilun1~U~::;!Jnj;]1Fl LYl'll1UL~Lfl~LLflU1~ 1 un~~ C.J~j;]Ji n.I.,rLfl1'tl-.1H'~'lU1Jflfl~ (personal 

care product) \~LLri fl1)Jtht-.1L~uC.J)J'llU",hl~'tl-.1~1-.1'tl'tln 

" '" '" I 

1 U~ 'lU'lI'tl-.1 n1 nj;]1t1)J~,r~iuLL tJtJlJ 1,r U 1 UlJ 1UU 1c11~ m~t1 C.J~'lI'tl-.1 fl'l1~ L~'l n 1 ~tfun'lU 

Fl'l1l.J L~'l'M~iJ ~'tl'llU1"'LL~::;n1m~::;~1t1 j;j''l'll'fl-.1'l1U1 ",~l1'~iu L ~'fllJ1 rl'l1)J L~'l n1~~tJn'ltJ~ L ~)J1::;~ l.J .. 

~,r~itJ ('lI'l1) L~'flH'rl'l1~L~'ln1~~tJn'ltJFl'l1l.JL~'l~-.1rh~1-.11 ~'tl 13,000, 16,000 LL~::; 19,000 ~'tltJ 

~'tltJ1Yi L"'tlrl'ltJ~~j;j''lLLU~~tJ11,xfl-.1j;j''l ~-.1LL~"'-.11tJ~1~tJ~ 1-31tJ[;11n-.1~ 3.1 L"'tlYltJ~1~,r~itJiJ 

'lItJ1"''tltJ1tJ'll'l-.1 0 .5-40 Ll.JLfl1L~[;1~ fl'l1~L~'ln1~~tJmU~rl'l1l.JL~'l 19,000 ~'tltJ~'tltJ1Yi 1,x~,r~itJ~ .. 
iJn1m~::;~1t1 j;j''l '11 'tl-.1 '11 tJ1 "'LLFltJ n~1 L~'tl1-n rl'l1l.J L~'l n1~~umtJ 13,000 LL~::; 16,000 ~'tltJ~'tltJ1Yi 

'tltJ1-.1htiln1)J L~'tl~~1~n.l1'l1tJ1"''lI'tl-.1~l1'~itJ 10 Ll.JLmL)JIn~ ~tJhJ YltJ~1L~'tl1-nrl'l1)JL~'lnl~~tJn'ltJ 
16,000 ~'fltJ~'tltJ1YiiJ~1tJ'ltJ~,r~itJlJ'tltl~~'" ~'tl 9 LU'tlfL-itJJ;], 3 LU'tlfL-itJJ;] LL~::; 5 LU'tlfL-itJJ;] ~ • 

rl'l1)JL~'ln1~~tJn'ltJFl'l1l.JL~'l~-.1 13,000, 16,000 LL~::; 19,000 ~'tltJ~'tltJ1Yi ml.J~1c;itJ (ntl~::;L~tI'" 
" 

• II I I 

~1-.11 iJ'tl~1 tJJl1fl C.JtJ'ln mn-.1Yi n-1) tJ'tl n~1 ntjn1~1-n rl'l1l.JL~'l n1~tftJn'ltJYi 19,000 ~'tltJ ~'tltJ1Yi 

vi11,x Lfl '" n1~~'ll.J j;j''l'll'tl-.1~1~~ "'LLN ~-.1 ~'l c;i-.1 LL~ "'-.1 1 u~u~ 4 .1 c n~1'l ~'tl Fl'l1)J L~'l n1~~tJmtJ~ " . 

rl'l1l.J L~'l~-.1 LiltJn1 ~d-.1 1 m~ L~ ~~'lI'tl-.1~1~~ "'LLN ~-.1 ~'l Ltl '" n1~~'ll.Jj;j''l L iltJLl.J L 'll~;'lItJ1 '" 1 ~ qj~tJ ~-.1 C.J ~ 
1,x~ 1 tJ'l tJ L)J L~ ~ ~'lI'tl-.1 ~ 1~~ '" LLN ~-.1 ~'l1 U ~::;tJ tJ ~'tl tJ 1 'fl llJl1 rl ~ '" ~-.1 ~ l1' ~itJ ~ L[;11t1l.J L~'tl11il iJ 

L~~tI~ Jl1Yl ~1 L~'tl-.1~1nL~'tl L~ L~~~'lI'tl-.1~1~~ "'LL~-.1 ~-.1 ~'l 1 tJ~::;tJtJiJlJ'tltl Ltl'" l)JL'll~;lJ'tltl~-.1 'tlllJl1 rl 

~::;Lrl~'tltJ~L~ L~'l;tJ n1~LLti n ~'ltJ~::;~~1-.1J1 tltJJ1l1'ULtl '" 1~ L~'l~tJ tJ'tl n~1 nnrl'l1)J L~'l n1 ~~tJn'ltJ~ 
19,000 ~'fltJ~'tltJ1Yi vi11,xLtl"'~'tl-.1'tl1n1P11il1 n~1~~ "'LLN ~~ ~'l1tJ~::;~~1-.1n1nj;]1t1~~,r~itJ)J1 n;u 

" I I I 

~'ltJL ~ [;1tjmr.rtl~-.1L~'tln 1-nrl'l1l.JL~'ln1~tftJn'ltJ 16,000 ~'tltJ ~'fltJ1Yi Yi1 ,x~l1'~itJYiiJn1m~::;~1t1j;j''l . .. 
'lI'tl-.1'l1tJ1 "'LLrltJn~1 L~'tl H' rl'l1l.JL~'l n1~~tJn'ltJ 13,000 ~'fltJ~'tltJ1Yi LL~::; Ltl"'~'tl-.1'tl1n1P11 tJ~::;~~1-.1 
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n1~L[;i1tJ~:a2!~i'l.ltJ'eltJn~1~ f01'l1~L~'Jn1~~'l.lm'l.l~ 19,000 ~'eltJ ~'el'l.l1V1 1. 'l.ln1~~n~1~~'1I'el-lr;i'JLLtJ~ 

~'l.l1 ~'el1tJ [14-17] 

Parilel. tlze dlstlbutlon (b) 

1G 
~ 
8 - 7 

Ii'! & -• s i 4 
l :1 

2 , 
0 

{I.Ql ~{M 0.20 0.50 2,00 10.ll(l 40.00 

,etlk" II'" "iIIl 

Particle size dlstlbLrllon (d) 
U) 
9 
8 

..... 1 
f. 6 • ~ I 
.2 01 .. 3 :> 

2 
1 
0 

Q.Ol o ,~ nzo 0$0 2.00 1000 4tu lO 

,.,11 •• ke IprIIl 

Partlele size dlsUbution (f) 

10 
9 
3 

.- ., 
~ 6 .. 5 E 

i .. 
3 
2 
1 
0 

M 1 o.~ 0.2:0 Q.50 2.00 1o.tJD 40.00 

pariOltllU tIftIl 

·nJv14.1 ~n~ru:;'1I'el-l:a2!~i'l.l'1l'el-lL~'l.lVl'el~1.'l.l1f01LVI"l!1'l.l~~:;~1tJ1.'l.ln~~LL'el~~n 1.'l.lll1'Yi (a), (c) LL~:; .. .. , , 
(e) LL~:;n1m~:;r.ntJr;i'l'1l'el-l"ll'l.l1 ~:a2!~i'l.lil d'j'el1.-if rl'l1~L~'ln1~tf'l.lm'l.l 13,000 ~'eltJ ~'el'l.l1V11. 'l.lJl1V'1 

(b), 16,000 ~'eltJ~'el'l.l1V1 1.'l.lJl1V'1 (d) LL~:; 19,000 ~'eltJ~'el'l.l1V11.'l.lJl1V'1 (f) 
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" 1~n11YlVlfl'tl'l~')~nL~~n1i1~flm:;Ylu"lJ'tl'lt1'"14'tlvl1'l1"lJ'El'ln11L(;)~tI~hJLf'lnLf'l1.J1flLf'lLYl'l!1~ 

U 11'"1 L~ ~Yl 'tl fl L~ LL ri f'I ') 1 ~ L ;r~;r~"lJ'tl'l ~ 11fl ~ LL 1'1 ~'l Cj') 1:;tI:; L,) fl1L ~ n 11D~ m lJf'I'l1 ~ L1,) ~'l . " 
€~n~,)~"lJ'tl'l~11L~'tl~"lJ,)1'l vl'tl~11~'tl~~ 1:;tI:;L,)fl1L~n11L~'tll-J"lJ,)1'l LLfl:; pH "ll'El'lLl-JLf'l1LLf'l1.J1fl 

Lf'I L Yl'l!1lJ vl'tl"ll~1VlLLfl:;n11m:;'"I1t1 (;],)"lJ'tl'l"lllJ1~ Ll-J LMLLf'l1.J1flLf'I LVl'll1~U11"Ll-JlJYl'tlfl l1.JLLUU n11 

LL1.Jn1.J~tI~(;],)LL1.J1vl1'l1 ~~n1i1 ~'lLL~~'lntlfl:;L~tlVllt)1~(;)111'l~ 3.1 

" 
1 ~n 11Yl ~ fl'tl'l nL~'tl n t;'€ ~ n~'llJ 1:;\d1'l~ 11fl Vl LLN ~'l Cj 'l~ in LLfl:;~ 11fl Vl LLN~" Cj'l1'll-J 

Lyhriu 1: 1 ~'lL Ylm./l~riuti~11~'l~1:;\.d1'l~'lU~'lI'tlU~1LLfl~~')~~hi'll'tlU~1 (hydrophile-

I .. .... .....J.. til '" ~ .. .. .I ... I 

lipophile balance, HLB) LYl1nU 9.95 fl11fl~LLN~'l~'l~flnYlLflfln L'lILu~fl11fl~LLNtJt"~'l1'll-Jfl1 
, , " 

HLB ~1 (HLB = 4.9) 'i"hifl1l-J11Clfl:;fl1t11lJ~111l ~'l~1LtI~~f1'li1fl11flVlLLN~"Cj,)1,)~ (HLB =15) 

HLBmix = 

HLBmix = 

[WAHLBA + WeHLBe] 

[WA + We] 

[2 .5x4.9 + 2.5x15] 

[2.5 + 2.5] 
, " 

.. .. .... .... .. ... (4.1) 

= 9 .95 

Lij'fl WA ~'El LtJ'tlfL'l!~(;)1~tI~1~'!!n"lJ'fl'l~11fl~LL1"~'l~')~in = 1 ~')~ 
, " 

Lij'tl We ~'fl LtJ'flfL'l!~~1Vltl~1~'!!n"ll'tl'l~11fl~LLN~'l~')i')~ = 1 ~'l~ 

L~I"11 HLB 9 .95 ;'l~mh'l;r1"~~ LI'ltIr11 critical micellar concentration (CMC) "lJ'tl'lfl11 

" " ~n1i1~fln1:;YlU"ll'tl'lrl,)1~L;r~;r~"ll'fl"~11fl"'LLN~'l~,) 2 1"11 ~'fl 2.5 LLfl:; 5.0 LtJ'ElfL.n~[;] l1''lnf'l'lUf'I~ • 

(;],)LL1.J1~~1 ;'lLLfl"''lL~ih;u~ 3-41~mn'l~ 3.1 '"I1nltJ~ 4 .2 '"I:;Li~~L~~1 t1'lLLaJf'I,)1~L;rl-J;rlJ~11 

fl ~ LLN ~'l ~') 2 .5 L tJ'tl fL .n~[;] '"I:; 1 ~ rb n11m:;'"I1t1 (;],)"ll'tl'l"ll~1 Vl htLrl1LLf'ltJ'lI fl ntJ1'l n~1 rl'l1~ L ;r~;r~ ... 
" " 

5.0 L1.J'tlfL.n~[;] LYim L~ nU'Elti LLvlL~Lf'lnLf'l1.J'l!flYlL~i1L~nmJl1~ vi1 n~1 ;'l'"l:;L'\1~L~'"I1nn11LLtlni~ 
" 

, II I II " 

"ll'tl'lL~ Lf'l1LLrl1.J1fl~~'l'"l1 nYl (;]'l HYlTl n.lWJij~'tl'lLtI~L 'lfl1 2 itJ m,f l1'ln~ 1~11Cl'flfiU1t1L~'"I1 n n11i1 

ill~1n.1 Ll-J Lfl nfl"lJ'fl'l~11fl Vl LL1"~" ~,)~~'tl~1'tlU'tl~1 f'lU'tltl Ln~LtJ Lil'El t -if rl,)1l-J L ;rl-J;r~ 2.5 L1.J'tlfL;lJ[;] • • 
n11Lf'I~'tl~(;],)"ll'tl'l'tl~Jl1 f'I LnVlL~I"l'tllJ;r1'lL1,) ~'l~fll~l-JLf'l1LLf'ltJ'l!fli1 L~ ntl1 Jl1~ ~1~'lLn~n111,)~(;],) . " 

" " " 
rllJL'tl'l n1:;'"I1t1'flt11~~11~hj~LLfl:;Ln"'n1mtlni~1~~1t1 ~')tIL~(;)n m{tI~'lL~'ElnHf'I,)1l-JL;r~;r~"lJ'tl'l " . .. 
fl11fl~LLN~'l~,) 5.0 LtJ'ElfL'lI~[;] 1~n11~n1i1~fl"ll'tl'l(;],)LL1.J1~~1vl'ElltJ [9,11,15] 
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4.2.2 eJ~'iI'!l~~!.I::L1in'l un1'ii1u n1UFl11JJ L;1~~ .. 
." , 

ltJn1~V1"'fl'a.:lil~n~n1~iItJn'JtJPI';11JJ Lr';1~.:lY116,000 ~'a1J~'atJ1Y1 LUtJ~:::U:::L';1~1~1.:l1 fltJ 
" " • I I I I 

";.:lilfOl'l1J~JJ~'lLLtI~~tJ1 vr.:lLL~"'.:l1tJ~1vr1JY13-51tJ(;]1n.:lY13.1 r.nnltlY14.3 Iil:::L\1tJ'l~~1n1~iItJn'ltJ 
.!"I' J' .... .!"I .... --1 'I".... .... 'l" 

LutJ"ll'l.:lL'lfl1tJ1tJ'jJtJIil1n 1 tJ1V1 LutJ 3 LLfl::: 5 tJ1V1 'C'l.:lt.Jfl ~~flm~· ru:::n1m~:::1il1U(;]';1'i1'a.:l'iltJ1'" JJ~PI~ 

LLf')t1"liflLtI~UtJLLtlfl.:l'ltl n~1'l~'a Ld'al-nL'l~1 1 tJ1Y11il:::'l~n1m~:::1il1U'iltJ1"''jJ'a.:l'lJJLMLLPltI'lIflLUtJ 2 
~ ~ 

,l'l.:l ~'fl 1-8 'lJJLPI~LJJ(;]~ LLfl::: 10-40 'lJJLMLJJm L",uii'lJJLPlnLPltI"lifl'iltJ1"'L~nltJ~"'~'ltJ~~.:ln~1 (93 
~ ~ 

" " I " " 

LtI'flfL;tJ~l) ";.:lilf')1 "'~1 n1~1 i L 'lfl11 tJn1~iItJn'JtJ~tJLntJ'ltlli11lX n1 ~Ln '" 'lJJ L"li fl ~'iI'a.:l L ~~~:::~~1.:lt11 

Ufl:::~1~tJLn~ 'l~~~LVi1~fil'l~ ~.:l t.JflllXn.1rn~:::1il1U~'l"ll'fl.:l"lltJ1'" 'lJJLf')~LLf')t11~ 'l~~~1 L~JJ'a LL~Ld'fl 
L~JJ1:::U:::L'lfl1n1~~tJn'ltJLUtJ 3 LLf'l::: 5 tJ1Y11il:::I.:lLn(;lL\1tJ'l~~1n1rn~:::1il1U~'l"ll'fl.:l"lltJ1",i:Jf')'l1JJ 

~ J' ~ ", 'I" ... 'I" ... 'l" 1.1../ 
\UJ1L~lJfllJ1n"lltJ Cl.:lUlJ'l1n11 ~"liL'lf'l1 5 tJ1'V1 '"I::: ~~t.Jf'l"llfl.:ln11n~:::'"I1U(;I'l"llfl.:l"JltJ1f;l JJ ~f')1LLf') If'lVl 

~~1L~lJfl~~ f;l LL~1il1 n n1 ~V1 f;lf'l'fl.:lYl1J~1~ ruWli3"llfl.:l ~1~f'l:::f'l1U~~.:l1il1 n n1~~tJn'JtJL ~JJ~.:l LntJn~1 
~ '""C .. IIU 

., 
PI'l1JJLr'l~.:l ~.:l~tJijh'~1tJ~1t.hlil :::li11lX LJJ tJVl 'a fl1J1.:l~'ltJ~:::L ~u'ltl~:::~~1.:l n1~L(;]1-UJJ ~'lU L ~(;]il~.:l 

~ . , 
, ., 

tJ 1 Y11 tJn1~~ nh'1 t.Jfl"1J'fl.:l ~'l LL tI ~~tJ~'a 'ltl tJ'a nlil1 nilu.:li1 

cJ~1U.:l1tJH~1n1~L~JJ~tJ"1J'fl.:l'aru~lli3vr.:ln~1'l u.:lmlil~.:lt.JflllXLn", phase inversion LLfl:::li11m~ 
~ , " ., ., 
~~flitJLL1J1Jt111tJt11~tJ (water-in-oil emulsion, W/O) [14,18] 

~tI::L1~1'l un1~ifun1UFl11JJ L ;'l~~ '!l iuVll1ij'il'!l~~1~~::~1!.1V1~oIJ'"I1 n n1~iru n1U ... • .. 
(min) ( DC) 

1 25- 30 

3 40 

5 65-70 
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(b) 

Particle size disllldion (d) 
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-atlvi4.3 ~m~ru:;"lJ'fl'lLl-JL~m~iJ"l!~"lJ'fl'lL~LYl"l!I'W1J~~iOlLl-J'WYl'fl~ L'WJl1Yi (a), (c) LL~:; (e) ~'J'Wn1~ .. "'. " , , 
m:;iOllU (;]'J"lJ'fl'l"lJ'W1 (;) Ll-J L~ ~LL~ iJ"l! ~i1 dj'flL-n ~'JIl-J L~'J L 'Wnl~if'Wm'W 16,000 ~'fl'IJ ~'fl'W IV! LtI'W 

'" 
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4.2.3 ~~"lI'f)~'i:::!l:::L 'J~1 n1'iir'ULi'f)3J"lI'J1~ 

~'lnn1~~n~'ln1~L-n~:;£J:;L'J'''l1,J'WL~'el~"1I'J'l\l~'l\l1 n'W ~'el 60, 90 LL~:;120 'W'lVi ~\le 
1"l'J1J~~~'JLLU~~'W1 (;)\lLL~(;)\lL'W~'l(;)1J~ 6-8L'W(;]1n\l~ 3.1 Yi1J~'lm~m:;~'l£J"1I'W'l(;)"1I'el\l1~tl"l~ 

Q.... .d 11 J' .... .J SI~ 
LLI"l U1 ~ ~ ~ n~ru:;LLI"l1J ~\I L~'ell"l1 ~:;£J:; L'J ~ 'l~'l n"1l'W (;)\1 LL ~ (;)\1 t.J ~ L 'WtUYl 4.4 ~\I'Wth~:; d~'U t.J ~ 

L~'el\l~'l'"l1nn1~L~'el~"1I'J1\1U\l Ln (;)hj~~\I~ru1 'W'1l'J\I 60 'W1ViLLm LL~n1n~'el~"1I'J1\1 Ln (;)1~mh\l 
" , , 

~~1J~nr'VI~\I~1m'J~'l 120 'W1Vi ~'Jm'VI~ilWl9£J~\lL~'eln L-n~:;£J:;L'J~1L 'WU'W'VI~\I~1 n n1~L~~~1~L~'el~ 
" . " 

Particle size dlstlbutlon (b) 
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m:;~'l£J~'J"1I'el\l"1l'W1(;)1~tl"lnLI"lU"lI~il d1'elHL'J~'lU'WL~'el~"1I'J'l\l 60 'W'lVi L'WJl1Yi (b), 90 'W'lVi L'WJl'lYi 
'" 

(d) LL~:; 120 'W'lVi l'WJl'lYi (f) 



4.2.4 eJ~"lJ'el~~ f;l11~1'U"lJ'el~~11'lA'el~2J ~'el~11L;/'el2J"lJ11~ • 
>-
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mT'VI!1l ~'el\l1 'U~'J'lJiJdj'lJm T~ m~n e.J ~"1I'el\lrel (;] n ~'J'lJ L!1ltl hJ ~T:;~~1\l'\.nl'el:;m 'lJ"lJ'el\l LPl L'VI'lI1'lJ .. 
I I I I I " " 

~\lYi1~U1Vl LtI'lJ~1 T~'el\hJLL~:;L 'VIT'Yi'el~yj'el~ L yj (;]~'lYi1~U1Vl LtI'lJ~1TL~'el2J"1I'J1'l r1'liJPl'Ju Pl2J (;]'J mh • • 

~'W1 ~'lLL~!1l'l1'lJ~h~U~ 8-10 1'lJ(;]1n'l~ 3.1 r;l1ne.J~mT'VI!1l~'el'l~LL~!1l'l1'lJl1J~ 4.6 ~:;L~'lJL~~1mT 

L~2Jrel(;]T1~'J'lJ~1n 2 ~'el 1 LtI'lJ 4 ~'el 1 LL~:; 8 ~'el 1 ~'le.J~1t\'mmT:;~1t1"11'lJ1!1l"1l'el\lL2JLPlTLLPl1J1~i1 

Pl'J12J~~1 L~ 2J'el~ !1l~'l WSr.rtl Pl1!1l~ 1 n1Ti1m2J1 ru LPl L 'VI'lI 1 'lJ2J 1 n~'lJLn'lJL1J ~'l e.J~ 1 ~Pl L 'VI'lI1'lJU1\l~'J'lJ .. 
hl Ln!1l m TL~'el2J"1I 'J1'l LL~ :;Ln!1l n 1 T(;] n (;]:;n'el'lJLtI'lJ'el~1l1 Pl~i1"11'lJ1!1l1 ~ qJ~'lJL~ ~'l~:;L ~'lJL~~1 n m T 

L~2J~'lJ"1I'el'l'el~1l1Pl~i1"11'lJ1!1l1~qJn~1 1 0 L2JLPlTL2J(;]T LtI'lJ 2 L'Yl1 L~'elL~2Jrel(;]n~'J'lJLtI'lJ 4 ~'el 1 LL~:; 
8 ~'el 1 

~1n mT~ n~1Pl'J12J Pl'l~1l1'Yi"lJ'el'lL2JLPlTLLPl1J1~ L!1ltILnuB 3 L~'el'lJ~~ ru~1J~t\''el'l L!1ltlL-D 
I "I '" 

rel(;1T1~'J'lJ 8 ~'el 1 LL~:;iS2T~.n'lJVlL(;]1t12JL!1ltl1JT1p\~1nLPlL'VI'lI1'lJ Ln!1lmTLLtln.n'lJ (T1JVl 4 .5) ~'JtIL~(;]iJ .. . 
WSr.rtl9\l L~'el n 1-nrel (;]n~'J'lJ L2J~T:;~~1'l~~'el:;m 'lJ"1I'el\l LPl L 'VI'lI1'lJ;'lYi1~U1~ LtI'lJ~1T~'elt\'2J LL~:;L 'VI T'Yi'el~ .. .. . 
yj'el~Lyj(;];'lYi1~U1~LtI'lJ~1TL~'el2J"lJ'J1'l ~ 2 ~'el 1 1'lJmT~n~1e.J~"lJ'el'l(;]'JLL1JT~'lJ1 ~'elL1J 'lJ'eln~1nn 
U\l'Yi u~ 1rel (;] T1 ~ 'J'lJ L!1l tI L2J ~ T:;~~ 1'l~~'el:;m 'lJ"lJ'el'l LPl L'VI"l! 1'lJ LL ~:;L 'VI T'Yi'el ~yj'fl ~ L yj (;] U'li1 e.J ~ ~'elrel (;] T1 .. 
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(b) 

Particle size dlslllxlllon (I) 
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" , 
m'::;1Oj1tJ~'.l".lJ'eJ-:J".lJ'l.!1 £iI '1.~ LfOlnLfOlU"lltl-W d~'eJ 1-nrei' ~r1~'.l'l.!L£iltJL~tl r::;'VI~1-:J'\nl'eJ ::;m'l.!".lJ'eJ-:J'1.fOl L'Vl"ll1'l.!LLtl::; 

'IJ 'IJ 
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4.2.5 ~~"lI'il.:J pH 

L'Wm~Ylj;l~!l-l~~m~nc.J~"ll!l-ln1nJfi.J pH ".lI!l-l~1~~:::~ltl~~-l'"llnn1~L(;11m.J~!l~nMru:::LL~ ::: 
'" " I I I 

n1m~:::'"lltl".ll'W1 j;l1l..j'LfOmLFlU1~ l1-lUFl,)1J ~l-J r;i,)LLU~~'W1 r;i-lLL~ j;l-lL 'W~1r;i1J~ 11-14 L 'W(;11~1-l~ 3.1 

Lj;ltl~1~~:::~ltl~~-l'"llnn11L(;11tll-J~Jl1,):::~-lmh')iJ pH u~:::~J1ru 4.9 '"llnlU~ 4.7 '"l:::L\1'WL~t)l~ln 
. I I " 

iJn1~L~l-Jm",:n-lL'W~uHm~HL!l:n~n ":i1L~~l~~:::~ltliJ pH ~j;l~-l'"lln 4.9 Lil'W 4.0 LL~::: 3.0 n1~ 

n~:::'"lltl"ll'W1 j;l"ll!l-lLl-JLFl~LLflu1~iJ~nMru:::LLfl1J~-l L 11!l-l'"l1 n!l'tJl1 fl~iJ"ll'W1j;ll-J1nnt)1 1 0 Ll-JLfl~Ll-J(;1~ 

~iJ!l~U~:::).J1ru 4 LU!lfL;'Wj;f iJml-J1ru~"'~-l (pH 3 = 0, pH 4 = 1 %) fl1~t)lLil'Wc.J~Ll1!l-l).J1'"lln 

n1~~Lfl L Yl"1I1'W~,)'W~L~L~ Ln~ n11L~!ll-J"ll'l1-l~~!l~).J~1!l LL Ylm!l~L 'WL).J Lfl1LLflU1flfl:::fl1tl!l!l n).J 1'"l 1 n 

!l'tJl1 fl L ;r1).J1!l~L 'W~11fl::fl1tl ~-l c.JflL ~!l'tJl1 f'l ~iJ"ll'W1 j;l ri!l 'W;r1-lL ~ qJ~ Ln j;l'"ll n n1~~!l~l-J"ll!l-l 

Lfl L 'Y1'l'W~hjL~ L ~!l).J'!l'l1-l ~-l nfi1')il'!l'W1~ L~ nfl-l 

L~!liJ n1 ~L~).J~1~fl::fl1tlL'L~tll-JLlI "'~!l n L' i fl~ hJL 'W~1~fl:::fl1tl un n!]t)1!l'tJl1 fliJ n1~ 

n~::'"l1tl"ll'W1"'~LLFl1Jfl-lL1'Wfi'W !l'WJl1Fl~iJ"ll'W1j;l).J1nnt)1 1 0 l).JLf'l~L).J(;1~~j;l~-lL~~!l 1 LU!lfL;'Wj;f fl1j;l • 

I II I I I 

~1l-J1Hl ~-l LU~(;1!l'W~~~!l::m 'W"ll!l-l LFl L Yl'1'W11-l~ Ln j;l m ~L ~!ll-J".lI,)1-l LL~:::L~lcJl Ln j;l n1~L:n!ll-J"ll,)1-l (fob 
'II 

Fl-l(;]'lmnL(;1n (;],)".lI!l-l n~"'''ll!l-l~~!l::m'W''ll!l-lLFl L Yl"l!1'W~ tln LU~ L(;1 L 'W(;1iJfOhu~:::).J1ru 6.4) [5,10] ~1 n 
'II 'II 

L!l!l!l'W (HP30,o3' LLfl::: PP10
4

-) "ll!l-lL'Y1~Yi!l~~!l~L~(;lil!ltl~-l Ll-JLf'l~LLflU1fl~-liJ"ll'W1"'L~nfl-l 

LFl L 'Y1'l'W~L~lcJl tl n LU~ L(;1 L 'W(;1'"l:::iJ Fl,) 1l-J~1l-J1~tlL 'Wm ~~ :::~ltl ~ j;l ~-l !l1'"l Ln j;l n1~(;1 n (;1:::n!l'WLil'W 
'II 

!l'tJl1f'l L1'W1i'W ~-l0r.rmr-lL~iJ c.J~ n1~'Y1j;lfl!l-ll-J1~,r1J~'4'W~~~ ~ ~1'Wlwif!l~ !lth-lhnml-J '"11 n c.J~ 
n1~'Y1 j;l~!l-lYlut) 1 ~1 n Ln j;l n1~(;1 n (;1 ::;n!l'W~'W'"ll'-l nU1'"l ::lcJl!l'WJl1 f'l~iJ".lI'W1 j;l!lUL 'W1'l-l L~m n1Jl~ LFl ~ 

• 'II 

" " c.J~ m~'Y1 j;l~!l-lL 'W~,)'WULL~ j;l-lL ~ L \1'Wt)1 Ln~1).J1 ~tl-W11).J Lf'l nLf'lU,~~1~UL-if-l1'W L 'WJl1') ::; ~iJ 
'II 
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(d) 

Particle aiZit di&tibution (1) 
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u ~. 

" , 
n1J'm:;'"l1tJ(;j''J~'El'l~U1~1~trlnLrlU~~il L5j'El~1J'~:;~1tJn pH J;]1'11 rlU ~'El 3 LUJl1Yi (b), 41UJl1Yi 

(d), 5 LUJl1Yi (f) LL~:; 61UJl1Yi (h) 
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"".-J t ...,. ." 
4.2.6 r.J'i"'a~'£lI1l'i1·"'1lJ"lI'£l~lJ1JJlJl1I'!I"'1ffi'!l\U.1 • 

'" J,I I I 

n1~Yl V1 ~'a~ 1 t.I~')t.lUL Ut.ln1 ~~ nWl C,J ~'ll'tl~~ (;I n ~')t.I LV1 tJ ~TLnrn ~:;\d 1 ~ lr1 L Yl"l!1'U;-lYh~lJ 1~ 
II I " SI I 1 

LU'U~1~~'a~JJLL~:;~1,rt.l~ihJJt.lYl'a~~:;~1tJ'tl~ ~-li1r1,)U ~JJvl,) LLlh~t.l1 ~~LL~ V1~1 t.I~1 ~U~ 15-16 

1'U(;I1~1-l~ 3.1 r.nnC,J~n1~YlV1~'tl~~LL~V1-l1'UnJ~ 4.8 '"l:;d~'Ul~~1n1nll~tJt.ltl(;ln~')t.I'"l1n 8 ~'tl 0.5 .. 
~ 0 0 1" ~ "".: J' !',~ 

Lut.l8 (;I'tl 1 LL~:: 8 (;I'tl 2 ~~C,J~ ~n1m~::'"l1tJ'll'U1V1'll'a-l ~JJLr1~LLr111"l!~JJr1,)1JJ~JJ1L~JJ'tlJJ1n''U 'Vl-l'U .. 
ll1~::LU'UC,J~L~'tl~JJ1'"l1 nn1~1-if~(;In~')'U 8 ~'a 0.5 ihEJJ1 rulr1 L Yl"ll1t.1~ LUt.I~1~~'tl~JJlJ'tltJLii'Ul11 • 

" 0 0 

'tl1"1 'bJL Vi tJ-lYi'tl ~'tl n1~~'tl~JJ LJJt.lYl'tl ~ H~~~JJ V1 ~~~-l C,J~ 1 ~ n1~n ~::"I1tJ"1It.l1 V1lbJ~~1L~JJ'tl L Y11Vl fil,)~ 

LL~~1m~JJillJJ1rulr1LYl"l!1t.1 LV1tJ1-if~lJ1n~')t.lLu'U 8 ~'tl 1 LL~:: 8 ~'tl 2 '"l:;Yh1~n1~~'tl~JJvt'l~-lJJ1n • 
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(b) 

(d) 

Particle size distibutlon (f) 
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" I ...... I 

m:;iDl'lU ~'J"lJ'eJ'I"lJ1,J'l1n LlJ LfOl ~LLfOltl'J!~il d'~'eJ H'fi [;In ~'J1,J LInU-W'lVl,j'n"lJ'eJ'I-W 'll11,JVliJ LlJ1,J'Vl'eJ~ ~'eJ LfOl L'Vl'J!11,J .. 
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4.2. 7 L~ii!l'11l1~'lI'!Hl~tf\nLf\tJ'lf~ 
" ~ , 

1 tJ~1tJ~4'tJil(i]~'Jf;j MlU L~ titJ~ 111"'W1J'tl~ 1~ LFl nLPltJ"l! ~Yi L(i]1tJ~1~(i]tJ n1 ~~ LPI n~\hB~1 ru 
" 

r;l1~1 LL~~ n1~~LPI~1~,r~~U""~iL:n~n~1l1tJl!1f~1l1'J~Li~ 
~ ~ , 

~1~fum~1 ru"1J'fl~ LL ~~11~~~ ~"1J'fl~ 1~ LFl ~LLPltJ1~,rtJ (i] ~'J"'l~ LPln~~1(;\tJ Lf\~'fl~ Moisture 

analyzer ~~ru~1Jij 105 °c "'l1nc.J~~LL~~~ltJ(i]1~1~~ n-21tJIl1P1c.JtJ'JnYiU11 n1~tJfULtJ~tJtJIl1'J~ 
~ . ~ 

1 tJn1~L(i]1tJ~1~ Lf\~LLPltJ1~ hH~ c.J~ r;l'flm~1 ru"1J'fl~LL ;j~11~~~ (;\"1J'fl~ 1f\ L Yl"l!1tJl~ Lf\~LLf\tJ1 ~ tJ'fl n"'l1 nil 

1 tJYJn~1~i'J'flth~u~YiUm~1ru"1J'fl~LL ;j~~~ ~'tl'fl~1 tJ"ll'l~ 25-29 LtJ'flfLeitJ~ LL\'l(;\~1,""Lt1tJL\'ltitJ~1l1Yi 

. "1J'fl~l~Lf\1LLf\tJ1~ (i]1~tJ n~~1n l~LFl~LLFltJ1~~iim~1 ru'}J'fl~LL;j~ ~1 L~m~Yi1~'flth~~~~ ~1n11 
~ 

20 LtJ'flfLeitJ~ 1iI~i1LLtJ'lL,J~Ln~n1nLtJnitJ~1ml1ltJc.J\'l~ltJ~(i]n'fl~c.Jfi(i]Jiru.,r 

iii 1 n n1~~ Lf\n~,r"1J'fl~l~Lf\~LLPltJ1~ Ld'fl LriuH~~ru~1Jij,",,'fl~ YiU11'!JtJ1 ~ L~~mJ'fl~ l~Lf\~ 

LLFltJ"l!~ (D50) hlLtJ~tJtJLLtJ~~~1n,rnltJ'lh~L'l~1~LriuH 1-3 L~'fltJ LL\'l(;\~ti~L\'ltimIl1Yi"1J'fl~1~Lf\~ 
" 

LLFltJ"lI~~~1~1~m:n 1tJH'~1tJ1~ 
" 

n1n~'fltJ (G' LL~:; Gil) LLUUr;l'tlL~'fl~1l1tJl!1f~1l1'l:;Li~ L~mPl~'tl~1'~PI'l1~~tJtJ~U~ (rheometer) f;j1n • 
n 1 ~~ n1=t1 n1 H tJ~tJtJLLtJ~~'fl ru~ll ijl tJ'lh~ 4-40°C 111tJl!1f n1 ~PI'lU PI ~ PI 'l1~ L~tJLL UU LLN L~'fltJ . " . 
(stress control) ~ 1.0 Pa LL~:; Fl'J1~~ 1 Hz (CO = 6.2832 rad/s) ~~f;j1nn1~Yl~\'l'flUfiul~Lf\~ 

LLf\tJ"lI~~L(i]1tJ~L~tJH'1l1'l:;ltJn1~L(i]1tJ~~~LL~~~ltJmn~~ 3.1 ~'ltJLtJ~LLm~~n1=t1LLUU'fl'fl"ll:nL~itJ 
" 
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LI"l~'tl~1'(;l1"l,)1~\-1th'!\-1il(;l ~1~1Jn1~Yl(;lf'l'tl~~ 6 LU111Yi (a), ~1~1Jn1~Yl(;lf'l'tl~~ 7 LU111Yi (b ), ~1~1J • 
n1~Yl(;lf'l'tl~~ 8 LU111Yi (c), ~1~1Jn1~Yl(;lf'l'tl~~ 9 LU111Yi (d) , ~1~1Jn1~Ylrnf'l'tl~~ 10 LU111Yi (e) , 

~1~1Jn1~Ylrnf'l'tl~~ 11LUl11Yi (f), ~1~1Jn1~YlL'lf'l'tl'l~ 12 LU111Yi (g) LLf'l:: ~1~1Jn1~YlL'lf'l'tl~~ 14LU 

111Yi (h) 



[;]1n~~ 4.2 1"11 G1 
W(l::; Gil h!LL(;]~::;~'EllJ'.l~Lr19~ "ll'El~LL(;]~::;~1~lJn'l~Yl(;1~'El~ 

'NLr1"~ 

Jl1'.l::;n1~Yl(;1~'El~ -~'tltJYl 1 -~'EllJYl 2 -~'tltJYl 3 

'tlrut-1Jlij~~~(;l 'tlrut-1Jlij~1~(;1 __ 'Ii ~ III ill 'Ii ill ~rut-1fJij~~~(;l ~rut-1fJij~'1~(;l ~rut-1fJij~~~(;l 'tlrut-1Jlij ~1~ (;l • • • 

Mole ratio of 
Crosslinking 

~1~lJlaminO groups of' 
Final pH of 

mixtures time, min 
G' (Pa) I Gil (Pa) I G' (Pa) I Gil (Pa) I G' (Pa) I Gil (Pa) I G' (Pa) I Gil (Pa) I GO (Pa) I Gil (Pa) I G' (Pa) I Gil (Pa) 

..J 
Yl 

6 

7 

8 

9 

10 

11 

12 

14 

chitosan:TPP 

.,.... 

N 

4: 1 

8: 1 

2: 1 

.,.... 

N 

60 

90 

120 

o 
N .,.... 

o 
N .,.... 

o 
C! 
l,{) 

4.5 

4.3 

3 

4 

6 

192.3 1 90.9 1 780.0 1 228.8 1 222.2 1 93.4 1 746.1 1 212.2 1 230.4 1 101.6 1 792.9 1 231.5 

174.6 81.8 653.1 199.2 194.0 82.4 650.4 180.7 207 .9 89.0 621 .7 184.5 

158.6 72.5 599.9 187.6 179.2 75.6 540.7 180.8 189.4 86.1 574.0 149.3 

120.1 1 62.5 I 751 .0 1 235.9 1'147.7 1 67.8 1 711.1 1 221 .5 1 159.0 1 81.7 1 641 .5 1 180.1 

140.9 I 75.1 I 825.4 I 247.9 I 175.7 I 82.0 I 748.8 I 260.3 I 192.5 I 93.6 I 753.3 I 237.0 

51 .3 I 32.3 I 323.8 I 89.0 I 53.7 I 30.1 I 282.7 I 85.6 I 65.4 I 36.6 I 272.8 I 83.6 

54.7 1 32.8 1 358.0 1 109.6 1 65.3 1 34.1 1 336.2 I 105.0 1 80.2 1 41 .6 1 327.1 1 87 .3 

51.4 I 32.4 I 318.1 I 99.7 I 60.3 I 32.6 I 291.9 1 81.5 I 73.2 I 39.8 I 279.8 I 87.6 

Lrl'El1Jh,J1ru~1~~(;1LLN~~n'.lLtltJ 5 LtJ'ElfLontJ~ L'.l~1t1tJn'.ltJ 3tJ1Vl rJi''.ltlr1'.l1i,JL~'.l~'EllJn'l~t1tJmtJ 16000 rpm LL~:: mi,J1ruLi,JtJYl'El~ (;]'El Lr1LYl'll1tJ 

LtltJ 8 (;]'El 1 
W 
ill 

user
Typewritten Text
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.... I I I I I I 
.o::S .., .oc::IIt. ".c::It. ~ ~ II" .Q. ..... I .0:::1lI011' 0 .:1 4 .... 

'lJUnU'tlru~mJ Ll-J'tlLJ'l-JLLJ'n"r1 L(H~1 LJ'l-J (;lU'tlru~Ill-J'lJ'tl'lJ'~UUtJ'l Fl1'tlru~Ill-JWeJ'l 25 C Ll-J'tl LI'I~'tl'l'JVl 
, " l1li " .. " 

1'I'J1lJ~tJU~nVlYi1'l1U'tlru~Ili1"11'tl'lJ'~uuil~1~'l;U Yi11~~1 G' il~1~Vl~'lI'Ol'Wn'lJ'~uuil~1'tlru~lli1 
" iii '\J" l1li \J 

~'l~Vl~ 40 °c ~1 G' LL~~ Gil ilfh~1~Vl Lri'tll~'tlru~Il~'lJ'tl'lJ'~UU~Vl~'lI'OlUn'l'tlru~Ili1~1~Vl~ 5 °C 
'" , l1li l1li \J " '\J " 

~1 G' LL~~ Gil il~1L~lJ;'W LL~~~'l~Vl~'tlru~Il~~ (5 °C) ,;)fi~iOl~LnVl;'WLU'WJ''tlULI'lI'OlJ'~1Vl1'lL~lJ 
\J l1li l1li " 

nILLuum~Lu~tJ'WLLU~'l1"11l-J'tlVl~~L~'tl'Wl'W'J'lLl'liOl), 3 J''tlU~ ~'l G' LL~~ Gil il~mtru~hlLL(;ln(;]1'lnU 
~ . 
1 ULL(;]~~J''tlU"lI'tl'l n1 J'LU~tJ'WLLU~'l'tl ru~ll~l u'll'J'l L'J~1~ n1~'WVl ~ n1tru~~'l n ~1'l LL~ Vl'lL ~ L ~un'l . ~ 

" " , 
L~ ~ tJJ' 1l1"r'i"ll'tl'lLl-J LI'I J'LLI'IUl ~ l1'lULl-J LI'I1LLI'IUlflVlll1 LU~n1t1 n1J'Ufl VlU ~'tltJ tiL ~ c.J flL UYi1U'tl'l 

... ., , - , ... U ,.r,., U . ~ J, ... 
L(;'ItJ'ln'W f'11"l1'tl'l G' LLfl~ Gil 1'Ol~l-Jf'11l-J1n'W'tltJ ~~n1J'L(;'I"lIU'tl~nu ~~L1lVl LL~~unJ1ru"lltl'l~1~Vl L'll 

m~Yi1~l1fli'W LLfl~Ll-JLFl~LLf'1U1!fl (;l1n'l~ 4.2 LL~(;'I'lFh G' LLfl~ Gil ~~1~un1~VlVlfl'tl'lvl1'l1LU"ll'l'l 

'ilru~.n~~1~Vl LLfl~ ~'lM1L'WLLvl~~~'tlULl'liOlJ' Ld'tl1l1'l~m~Vl(;'lfl'tl'l~1~U~ 6, 7 LLfl~ 8 ilm~VlVlfl'tl'l 
~ W.J .. " 'II 

lUIl1'l~~UI'I'l~'l LL(;]LU~tJULLU~'lL'l~1n1~Ln"'L~'tllJ"1I'l1'l "r'iUrl1 L'lfl1L~'tllJ"1I'l1'l'W1'W;U ~1 G' LL~~ 

Gil il~1~1~'lVl nll1''J~ LL~ "''l~1 mlJ1ru'lJ'tl'l~lJ'tl~mU1~(lnL-if~l-J'" 1u~ L'J~1,1'Wn'lUL~'tllJ"lI'l1'l~ , ~ ~ 

60 U1Vllun~l-J~'J'tltJ1'l~ilIl1'l~n1~VlDl~'tl'l~1I'lU~ 9, 10 LL~~ 11 Ln'tlL'l~1L~'tll-J"1I'l1'lLtlUL'lfl1 , 

120 U1Vl L"'tJilml-J1ru'lJ'tl'ltUJ'tl~i1LU'lJ'tl'l1I'1LVl'll1U(;]'tl~1n~'tllJ"1I'l1'lLUU 2 vJ'tl 1, 4 vJ'tl 1 LL~~ 
'" 

8 (;]'tl 1 L"'tJil~1m1l-JLtlumVl-Lu~ LUU 3, 4.5, LLfl~ 4.3 ,!U ~11'1'l1l-JLtI'WmC;}-LU~ LUU 4.3 LL~~ 
4.5 ~1lJ1~(lti'tlLUU~11'1'l~'l1~ 1"11 G' LL~~ Gil '1l'tl'l~'J'tltJ1'l~1~Un1~VlC;}~'tl'l~ 9 LL~~ 10 il~11lJ~'l 

~ 

nrl1~1''lJ'tl'l~'J'tltJ1'l~1~Un1~VlC;}~'tl'l~ 11 ~'lil~1iVl~'lU'lJ'tl'l~~'tl~mU"1I'tl'l1I'1LVl'll1UvJ'tl TPP LLfl~ 

~11'1'J1lJLtlum"'-Lu~ ill"11LUU 3L~1"11 G' LLfl~ Gil ~1~"'Vlnmru Ld'tl~1'Ol1~ru1~'l'tltJ1'l~ 12 LL~~ 14 , , 

~'J~ 2 (;]'tl 1 ~1 G' LL~~ Gil "1I'tl'l~'l'tltJ1'l~1I'lUmJ'VlVlfl'tl'l~ 14 ~'lilI"11m1l-JLU'W mC;}-LU~ - 6 il~1 

~1~Vl ~1m(;l~LLVlI'Ol1'l"1l'tl'ln1nu~tJ'WLLU~'l~1 G' LL~~ Gil U'l1lJ~1l-J1J'(l'tlfiu1tJ1~'tltJ1'li"'LiOlULL~~ , . 

V1UvJ'tlLLN L;a'tlu1~~'l nrl1 L ~'tl'l1'Ol1 nill'l'l1l-JUVllltJUlJ1n nrl1 LL~:; Gil il 1"11 ~1 n~1 G' L~l-J'tl LL~Vl'l~1il .., , 
, " 

mn~mu LL~ ~~ ru L~tJ"r'i~'l'l1'W1~~1tJ LVltILU~tJU~U LtlU"r'i~'l'l1UI'I'J1l-J~'tl'W1~~1tJ n~1 ,rU~'tl L~tJ 
\I \J ... '\I 

~1l1Y11~~1tJ Ld'tl1~¥ULLN L~'tl'W ~'l'tlr.h'l Lll~1~ilm1lJ L~~mIl1tJL~1l1'l:;n1~L(;l1tJ l-J 1Ji1.lJ,J'tltJ nrl1 

3 'J'lLl'liOlJ' 
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." , 
5.0 LU'tlfL;h.lVlL~mhmrn, 1::tJ::L(HntftJmtJrl'lIl-JLj'l~-l 3 tJ1Yi, tlVl11~'ltJ'll'tl-l~ln:n'tll-J'll'lI-lj;j'tl .. 
flI1lA'tl~l-J 2 vJ'tl 1 1::tJ::L'l~I~tJL~'tll-J'll'lI-l 120 tJlYi LL~:: pH 'll'tl-lLl-JLrlmrlU1~ 4.88 L~'tl1fltJ 

n11~ n1fl n11U~ ~Url'tlml-JtJVl'tl ~ 1l1'l::~1 fl tJn11~ n1fl n11U~ VlUrl'tltJ ~'tl ~ rl'lIl-J~tJil-J~Vl fil tJ 

'tl1n1P\ 80 LU'tlfL;tJ~ 'tltuV1llij 27°C LL~:: 32°C flILV1V1~L~'tln'tltuV1llij;-lnrll'lLti'tl-l~lnLtltJflJlI'l:: 
~ " .. ill 1.1 ., 

'tl1 n1 P\LVltJ1'll-JVI~'tl ~vi-ln'll'tl-lU1::L Vl PlL VltJ 

~lnn11Vl(;lfl'tliJV11U1::~VlfiIlIVi1tJn11lA'tl~l-J (percentage of encapsulation efficiency, 

%EE) 'll'tl-l Ll-JtJYl'tl~ 1 tJLl-J Lf'l1LLrlU1 ~~ LVl1tJl-J L~tJ 1-ifJlI'l::1 tJn11Yl (;I ~'tl-l~ nrll'll-JI-ifI-l ~tJ Vi iJ~1 ii 

"i'lU1::l-Jlru 25-29 LUtlfL;tJ~ (%EE ~YlI-l~~~V1rlIVlV1t)-l~::n"hhJ~ln~1 30 LUtlfL;tJ~L(;ItJ 
.r.: .J,1f - .. .,., ... 1 r<l!"i' l;' ., ~ r.~ - .1 ~ .. 
u1l-J1 ruLl-JUYltl~Yl ~ 11 L"ffil-JtltJfl'lltJf'ltl 8 Lutl1L 'IItJ" ~(1l!.JUIV1un LutJLn Nevi Lu1tJiJ L YltJiJu1::rlYl fi JlIVi 

1 tJnl1lAtl~tJ % EE 'IItl-l L'" L Yl'llIULtJ Lf'l1LLf'lU1~~JlI'l::Yl ~ ~tl-l vil-l1) V11tl ~~Li]tJLUtlfL;tJVlL~tJ 
~1V1,rn'lltl-lLtJtJYltl~L YltJiJniJLtJLrl1LLf'lU1~~,r~itJLVh niJU1::l-J1 tu 2 LUtlfL oitJ~ ~-lmtJl N;-l nrll'l 

LtltJfih~l-J1 nVi'tl~IV1fiJ n11UI LUU1::~n Vl1 tJ~ ~ Vln ru"'v'h rl'lll-Jfl::'tlI~V11-'tltJlt-l L~tJ~l-J L~tJU n &i 
, ., 

~~ Vln ru"'Yiii~IV1t.htJ1 tJtf~~,rtJ~::nml-J1 tuLtJtJVl'tl~ 0 .5 LU'tlfL;tJ~ L~tJUIV1t!n'll'tl-l~~Vln tu'" , 

VlI11-l~ 4.3 LLfl Vl-lmtJlruLtJtJVl'tl~iJ11" 1tJLI"1 LVl"l!ltJLl-J LrlnLrlU1~ ~1~iJn11YlVl~'tl-lj;j1-l1 

(;I1"a1.:JYI 4.3 ml-JltuLl-JtJYl'tl~iJ11,,1tJLI"1LVl"l!ltJLl-JLrlnLI"1U1~ (percentage of encapsulation 

efficiency, %EE) 

~~~~1.:J~1~~n1~(;I~~.:JYI mtJ1WLtJUt1~~ % EE 

(% w/w) 

4 1.94 24.29 

5 1.87 23.31 

6 2.12 26.55 

7 2.06 25.74 

8 1.99 24.90 

9 2.38 29.71 

10 2.13 26.68 

11 2.11 26.34 

12 2.05 25.58 

14 2.09 26.13 

15 2.12 26.44 

16 2.18 27.30 



42 

nJ~ 4 .1 0 LL~~--1LU'tlfLofttJj;fn1~U~~U~'tlm~tJV1'tl~LmUtJL YiutJ~::\-d1--11~L~nLI'1U'Il~~~'tl""~ .. .. , ., 
~'Ju1I'1LV1'1l1tJ (%EE = 25 LU'tlfLofttJj;f ~~'tl 2 LU'tlfLofttJj;ft~m11mrn) LL~::1~L~~~,r~i\J'tI'tl--1L~tJV1'tl~ 
, ., 
YiunPl~1nn1~~'e)""~~'Ju1~tYl'll1tJ (%EE = 50 LU'tlfLofttJj;f ~~'e) 4 LU'tlfLoft'W~t~m11~,rn) ~1n~U~:: , .. 
L\1tJl~~1~'flruWJij 27°C L~tJV1'tl~~'tl~ttJlU"lJ'tl--11~L~~~,r~itJ~nu~~U~'ClU'tl'tln~1'tl[h--1~'e)L~'e)--1ttJ 
-D'J--1L'J~1~vh n1~~ n1=t1 ~'e) 48 -F'J L~--1 t~UUf'I ~U~'tlU'tl'tl n~1 HiL 'Will'~1 ru~--1~~U~::~1ru 80 .. , 

LU'tlfLofttJj;f ~--1 ~1~~1~::~1~1~C1Uf'I~U~'tlU'tl'tl n~1~~~~1nvhn1~~ n1=t1L 'W-D'J--1 L'Jf'l1~tJ1tJ;tJ n1~ 

L~~'fl ruWJij LiltJ 32°C vh t ""n1~Uf'I~U~'tlm~tJV1tlf'l~1 n 1~Lfil ~~~~i'Wij'fi (;1~1~--1;tJ L"'U~1~1~C1 
tJf'I"'U~'tlUtltln~1ttJm~1ru~--1Ci--1 50 LU'tlfLofttJj;f ttJ-D'J--1L'J~1 8 i'lt~--1LL~n LL~::U~"'U~'tl[J~'JtJ~ 
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20 

10 

0 
0 5 

.. 

10 15 20 25 

~ without Chitosan @ 32 C' 

--- without Chitosan @ 27 C' 

-0- with Chitosan @ 32 C· 

-B- with Chitosan @ 27 C· 

30 35 40 45 50 

release time [hour] 

'iuvl 4.1 0 LLtJtJLL~tJn1~U~ ~U~'tlm~tJV1'e)f'I~1n 11'1 L ""1I1tJ1~ LMLL~U'll~ LL~:: 1~ tM~,r~itJ~unPl~1n 
u .. 

, ., 
1filLV1'1l1tJYi~'l1~~tJ~~~Y1fi"lJ'tl-l'tl1n1P1 80 LU'tlfLofttJj;f 'tlru~Jlij 27 °c LL~:: 32°C , .. 

l~tMLLfilU'l!~L~U~'tlru~lJij 27°C LL~cM1""L\1tJ~11~tV1'1l1tJ~~'tl~~'tl~~1~1~C1tl'tl-lntJn1~~::L~U"lJ'tl-l 

L1JtJV1'tl~ 1~LiltJ'tHJ1-l ~ n1~L ~1J'e)ru~llijt ""~-l;tJLiltJ 32°C vh L "" n1~u~~u~'e)m1JtJV1'tl~'tl[h-l , " .. 
~'tlL~'tl-lt(;lu'fi(;1nn1~U~~U~'tlU~~~-l~~-l~1m'J~1~1tJ1u 8 i'lt~-l 'tlrj1--1hri(;11~ 1~~-lLn(;1L\1tJ~1 

m~1 ruL~tJYI'tl~~U~ ~U~'tlu'e)'tl n1J1 t(;lU~'l1Ji1f'hU~:;1J1ru 60 LU'e)fLoftW;l LL~::i1LLtJ'J t,J1J~~:;nmritJ 
~n 40 LU'tlfLofttJ(;11t)t~[JhJu~ ~U~'tlU'e)'tln~1~ n ~-lLn(;11~~1 n ~'l1~ t~-l"lJ'tl-l L~tJm1vl~Ln'tltJ~::hJ 
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I I I II 

LU~tJt.lLLU~'IW~''I-'')nm~~ n1j',)LthJL'J~,) 24 i'J Ll-J\l ~\l'M,) n~')t.I'J ruL YimJ rlUml-J,) 0.1 L~tJtl,)'Mt1n'll~\l 

Ll-Jt.lVl~~ ~iJL t.lLl-J Lrl ~LLI'IU'lI ~ L~l-J Uf t.I 2 L U'tl fL oDW;l -,:; ~ ~ L Ut.lml-J ') ruLl-Jt.lVltl ~ ~ U ~ c;)tl ~ 'tltJ'tl'tl nl-J,) .. 

t.; '" I I I 

m~A'') L t.lU-,-,Ut.I (-0.5 LU'tlfL oDt.I~) l1\lUrl') ~~')« n1=l"ru:;;\l n~')'J LUt.lt.J~ L iltl\ll-J,)-' ') n m n :n'tll-J'lI'J,)'IYi • 
I I - " 

~\l"1l~\lLI'I L Vl'1I')t.I l1,) L "" m~u'Jl-J j;j' 'J'lI'tl'ILrl L Vl'll,)t.lYiL :n~l-J"1I'J,)\liJ~~tJ mnL Vi ~cJ')t.I'lItl'I Ll-Jt.lVl'tl~ cJ,)t.lit.l 

'lI'tl\lLI'I L Vl'll,)t.lLnc;) L~m n~t.I -r1,) L ""Ll-Jt.lVl'tl~ hJ~,)l-J')~(1U~ ~U~tltJtl'tl nl-J,) L~'Ml-J~ 
" " ~'l tJ L'M f;Jilcrs4' tJ~\lL~ Vl ~ ~ tl\l ~ c;) ml-J ') ru~ ') ~L:n~ l-J'lI'l ')'1 ~\l 'M1tl L ~ l-J t1 (;1 ~') ~ 'J t.I ~:;'M~ ')'1 

LI'I L Vl'll')t.I~~~,)1L~~l-J"1I'l,)\l L~~~ c;)~ C;)~'Jt.lL t.lm1Lnc;)m1L~~l-J"1I'l,)\l LL~:;L ~l-J Ltl m~L t.lm ~tl~ C;)u~~tJ 

Ll-Jt.lVl~ ~ "t,) n lU~ 4.11 ~\l LL~ ~\l n ') ~L U1tJUL YlUU LU~ fL oDt.li n') ~U ~ ~tl ~ tl ~'lI'tl \l Ll-J t.I Vl ~~" ') n 

Ll-JLfl1UI'lU1~ Lt.I'Ii'l\l L'l~,)~,)\l1 ViU~') m ~L ~l-Jt1 (;1~,)~'lt.l1:;'M~,)\lLI'l L Vl'll')t.I~~~,)~L~tll-J'lI'l,)\l·jhm ~l-J 

ml-J')ru'll~\l Ll-Jt.lVl~~~tl~ ~tl~~tJ~'tl nl-J,) L~ ~\l Ln (;1L~'"l,) n I'hl'l'l,)l-Jit.l'll~\l n1,)yj m ~U~ ~tl~'tltJL t.I'Ii'l'I 

4 i'lLl-J\lLLm~t1(;1n~'lt.l1:;'M~,)\lLrlLVl'll')t.I~'tl~')n~~l-J'lI'l,)\l8 ~'tl 1 iJ~,)LyhrlU 13Lt.I"ll'J\lL'J~')~n1=l",) 
" , , 
i1Lt.I'lIru:;Yit1(;11,)~'lt.l 4 ~'tl 1 LL~ :; 2 ~'tl 1 iJ~,)LyhrlU 5 LL~:; 3 (;1')l-J~,)~u LL~~\lt.J~Lt.I(;1')n\lYi 4.3 
", , 

t.I'tl n'"l ') n Ut.ltJ\lVi u ~ ') n ') n ~ l-Jrei' (;1 ~') ~ 'J t.I ~:;'M ~ ')\lLrl L Vl 'lI ') t.I ~ 'tl ~ ') ~L 1'tll-J '11 'l ') 'I L U t.I 8 ~'tl 1 "ll 'J tJ -r1 ') L ~ 

ml-J')ru~'Jl-J'lI'tl\lm~U~ ~U~'tltJiJ ~,)~\l n\l Ln'tlU 80 LU'tlfLoDt.li L YitJuL~rlUml-J,) ru~\l~ ~~tl~ ~U~'tltJ .. .. . 

U~c;)U~'tltJL""t.I,)t.ln~') n~')'J~'tl ~L'J~,) 8 -B''lLl-J\l m~u~~u~~ml-Jt.lVl~~'"l')nLl-JLrl~:al1~it.lLn'tlu'"l:; 

~\l~ ~ ~~u~:;l-J,) 0.1 80 Lu~fLoDt.li LL~'J L t.I'lI ru:;~ L'l~,) L~m rlt.lLl-J Lrl~LLI'lU'lI~U~ ~U~'tlml-Jt.lVl'tl~ 
~ . .. 

I I '" "I 

~'tl L iltl\lL t.I"ll'l'I L'J~,) 40 i'l Ll-J\l'M«\l'"l ') nut.I 'M,) n ~')t.I'J ruL YitJU rlUml-J,) 0.1 L~tJtl,)'MUn'll'tl\l Ll-Jt.lVl'tl~YiiJ 

Lt.lLl-JLMLLI'IU1~ dl-J ~t.I 2 L U'tlfLoDt.li '"l:;~ ~ LUt.lml-J') ruLl-Jt.lVl'tl~~U~ ~U~tltJ'tl'tl nl-J,)~\l'Ml-J c;) 1.6 

LUtlfL oDt.li LUt.lml-J') ru~~\l n~') m~ L-ifrei' (;1~,)~'Jt.lLI'l L Vl'll')t.I~'tl~,)~L~'tll-J'1I'l,)\l 2 ~'tl 1 ~\lL "" ~,)U1:;l-J,) 0.1 .. 
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1oo 

90 

80 

~ 70 
~ 
4J 60 ... 
'" 4J 

! 50 
0 
~ 40 -C 
4J 

E 30 
-0- CHI: TPP, 2 : 1 

20 -~ ... . 
--0-:- CHI : TPP, 4 : 1 

10 
-fr- CHI: TPP, 8: 1 

0 
0 5 10 15 20 25 30 35 40 45 50 

release time [hour] 

" , , 
rl'J1~~U~~~Vlfi'jJ'el~'el1n1P1 80 LU'elfL-DUi Viihrj;]n~'hu1rl L Vl'1I1U(;]'el~1~L~'el~'1l'J1~(;]1~1 

" , 
CH'l n 1 ~Vl "H:'l~~L U~'JU ULL~ @I~L ~ L ~U~ 11rl LVl 'lI1U Vi ~~~~ L~UVl~ 'Cl ~ 1~1~C1'l1:;'Cl~ n 1 ~ • 

I II I " 

LL~U1'ClViLl;i1tl~L@ltlH''fi~n~'Ju1rl LVl'll1U(;]~~1~~~~~LUU 8 (;]'el 1 hJrl~i'J Ln@ln1~LLtlniu1~Lij'eli~ 
" " I I I 

li~BLUUL,)'Cl1 3 L~~U ;~UUn1~L Yi~'fiVln~'Ju;~ nfi1')~~hlLuu~fim~ViL \nJ1::~~L um~LYi~ 

m~1 rum ~U 'Cl @lU ~~tl"ll~~ L~UVl'tl'Cl 

~')tl L ~ ~n04'tl~~'Cl~~ LU~tlULL U'JVl1~ L ~ 'tlufu LU~tlUm~1 rum~u'Cl @lU~~tl L(;Itl m~'Cl @I~1'el 
t II I I , 

LYi~m~1rw1rlLVl'll1u(;]'tlm~1ru1l1,ruViih~uVl'tl'Cl L~'el'Cl@lLL~::LYi~~""~'JuLUn1nn""n1~~~~~ LL'Cl:: • 

LmtlU LVi tlU L U'el fL-Dui n1 ~U'Cl ""U~'tltl L~UVl~'Cl'"l1 n 1~ Lrl ~LLrlU1~ L u-rl'J~ L'J 'Cl1 (;]1~1 YlU~1 m~'Cl "" 

m~1rulrlLi'l'll1u~~Liju~1~~'tl~~'Cl~~1~L-n'fi~n~'JuJ1,ru(;]'el1rlLVl'll1uLUU 8 ~~ 0.5 L@ltlL-D' • 

80 Lu~fL;ui L~CJ~ LUl11U~~L~tl'JriuriUn1~L~~~V1n~')u1~ L Vl'll1U(;]~~1~L~~~"lI'J1~~~LLt'\"'~CJ~ LU 

~U~ 4.11 LL~::'"l1nm~L~~m~1rul~LVl'll1u~1'tlm~L-if'tiVln~')u1rlLVl'll1u~~J1,rULUu 8 (;]~ 2 .. 



100 

90 

80 

~ 70 
t:. 
:: 60 
co 
GO 

f 50 
o = 40 c 
GO 

E 30 

20 

10 

45 

-0- Oil :CHI , 8 : 0.5 

-o-Oil :CHI, 8 : 1 

-ts-- Oil :CHI , 8 : 2 
O~+-~-----r----~----~--~----~----'-----.---~--~ 

o 5 10 15 20 25 30 35 40 45 50 

release time [hour] 

jUY! 4.12 LL1J1JLLC-ItJn1~U~~U~'fltIL).JtJYI'a~91nLfOlLYI'lI1tJh.JLmLLfOlU'lI~~'aCW~1li3 32 °c LL~::: 
u ~ " ~ 

II I '" I 

1'l'J1~;l.!~).J~Y1fi"ll'a'!m n1 PI 80 LU'afL-Dw;l Yirl~I?I~1~'JtJLfOl LYI'II1tJl'l'a,j1~tJYirl L~tJYI'a~l'l1'!1 

~1 n rlm).J1 cw"ll'a'!lfOl L Y1'l11tJ1J'mJ~,! L~~ L 1J ~tJ~ LI?I1-u~L~rl r1 'J 1 ~1J 1'1 wh n1~U'J~ vi'J"lItl'! 

L).J~Lu~tJLn(;1L~~1~m~1 LiltJC-I~L,xL~tJYI'a~:]~c.hiJtltln).J1L~~1nn~1 ~'!Ln(;l91nLtJ1'J,! 1 .f'JL).J'!LLm . 

l-l1nrlm).J1CW"ll'fl'!Lr1LYI'lI1tJ1J''aU~,! (8 ~'a 0 .5) ~1fOl'J1).Ji'tJ"lI'a'!n~1'Y~n1~U~~U~'aUrl~1LVhriu 24 

Ll.!1'J'! L'J~1~ nh'1~ L tJ"lI CW:::~L).J Lr1~LLI'lU1~~~tl~).J ~'JULfOl L Y1'l11tJ ~m).J1 CW"ll'a'!LfOl L Y1'l11tJ).J1 n;tJ 
., 

(8 ~'a 1 LL~::: 8 111'a 2) iJrhLVhriu a C-I~n1~Y1(;1~'fl'!LtJ~'JtJt1LL~(;1'!L,xL~tJ~1LU~'flnLfOlLYI'lI1tJ~tl,x).J • 

, ." 

tJ~ (;1tJ~'flU'fl'fl n).J1L~ ~'JtJ n1~r1'J1J fOl).J fOl'J1).J~l.!1"ll'a,! L).J~ LU~tJ L~U n1~uf1J L U~tJtJ'ti 1?I~1~'JtJ,j1,rl.!Yirl . . 

L).Jl.!YI'tl~I11'aLfOlLYI'lI1tJ L~tJfOl'!L-n'ti(;l~1~'Jl.!"lI'a'!LfOlLYI'lI1l.!111'fl~11L~'a).J"lI'J1'! 2 l'l'a 1 L1tJL~).J ~'!L~).JLM 

LLI'lU1~~ L~ tim 'flth'!hri (;l1).J n1~rlm).J1ruLI'l L Yl'1I1tJ1J''fltILntJLtJ 9:::~,!C-I ~ L,x n1m~:::91U"lItJ1 (;1 "lItl 'I 

L).JLfOl~LLl'ltJ1~ri'fltJ<if1'! ntJ1'! (ron nC-l~ n1~~nh'1L tJ~'J;r'a 4 .2.6) ~'!~ n'l.icw:::C;),! n~1'Jm9~,!C-I~ L ,xLn(;1 
., ., ., 

n1~~'J).J vi'J"lI'fl'!L).J LfOl ~LLr1tJ"lI~LL~:::n1~LLU ni'tJL~L 'lIWll.! ~'!t1~1 djtJl1i''a'!vi''l n1~~ nh"'l ~'a LtJ .. 
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1f'l LYI'lI1~~~UJ~~~')mL~hJiJ~1~L~~~"lJ,)1 --l '"l1n~~n1~Y1I11~~--l1~ltJ~ 4. 13 YlU11~1~~~~~1~ 

m~1ru~LVl1n~ ~iJLL~::hliJn1n~~~'ll,)1--l1~m~1ruL~~Y1~~~~1~1~~tJ~l11tJri~u1~LL(;ln~1--ln~ 

nri1,)~~ 1~"J!,)--l 4 i,)L~--lLL~n ~1~~~~~~hjc.h~n1~L~~~'ll,)1--ltJ~l11tJri~UL~~Y1~~~~n~11~ • ... 
~1n n11 i--l LnV11~'"l1 n r11 f'l,)1~i~"lJ~--l n nrJ n1~tJ~l11tJri~uiJ r11LVI1 nu 13 1 ~"J!,)--l L,)~1 ~ m~t1lj 

lU"jJru::~1~LMLLfltJ1~~~~~~~')u1f'lLYI'lI1~ ~'flV1n~,)~~1~~~~~~~~1~L~~~'ll,)1--lLtI~ 2 ~~ 1 iJ 

r11LVl1nU 3 LL~!1l--l~~1~V11n--l~ 4 .3 ~~n'"l1n~~ ~1~~~~~~hJth~n1~L~~~'ll,)1--ltJ~l11tJri~u • 
L~~Y1~fi~~n~11~~--l 50 LtJ~fL;~j;f 1~"J!,)--l 8 i,)L~--l ~--lLtI~~m~tru::~f'lt\'1Uf'l~--lnU~::uu~1).]iJn1~ 

L;j~~11~tl~~LfiU ~--lLL~(M~fi l~ltJ~ 4.1 0 1~"J!,)--lL,)fi1~L'-l~~~n 40 of') L~--l"'l::iJn11tJ~",tJritlU 
L~~Vltlfltltln~1~ntJ1::~1t1.! 30 LtJtlfL;~r;l LL~ 111--l11 L"'U1,)~LL~,)n11L;j~lfl LYI'lI1~LtI~~11~tl~~L"'U • 
l).]vi1 n11L ~tll.J',)1--l hi ~ 1l.J 11~ml,)--l n 1 ~tJ ~ ",tJ ritlUl~ L vh~ fl') ~ LVi U--l LL~"'l ::ltJ ~ (;I m~1 t1.!n 11 

, ..., 
tJ fi ",tJritlUL~~Y1tl fl L(;I U ~,)l.J~--l"'l1 nVi tJ fl I11tJ ri~ m1--l'-l~ (;I dJtll).] iJ n11L~l.J1fl L Yl"lI1~ 1 ~ L '-l ~tl n1 ~ 

tJ~(;ItJri~mViu--l 80 LtJ~fL;~j;fl~n1ru~iJn1n~~~'ll,)1--l 'fl(;l11n1~tJ~l11tJri~U'"l::~(Ml--l LI11U"'l::~~--ll-n 
, ... 

L,)fl1~\1 24 i')L~--l1~n11tJ~l11tJri~ml.J~Y1~~ 50 LtJ~fL;~j;f ~~n11Y1111~~--l1~~')~lj"J!,)UU~~~11n1~ 

L ~~~'ll,)1--l"J!,)U"l!::fi~~ (;l~1 L~,) 1 ~n1~tJ~ I11tJri~u L~~Y1~~ 1~'"l1\1 

90 

80 

70 

;;; 60 
CI> ... 
~ 50 
~ 
'040 
.r:. -c: 
CI> 30 
E 

20 

10 
-D-with TPP -ts- without TPP 

0 
0 5 10 15 20 25 30 35 40 45 50 

release time [hour] 

II .... I I 

f'l,)1~:n~i~~Y1fi'll~--lmn1P1 80 LtJ~fL;~j;f vi--lViiJLL~::hJiJn1n;j~~11L:n~~'ll,)1--l 
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1-4 8 -48 

13 9 

3 9 

3 31 

11 27 

o o 
3 14 

9 5 12 

10 13 9 

15 3 12 

16 3 8 

L ~~LL~ t'1~ Pi' nUJl1Vi t 'lJn1~ll11~ LR~LLRU1~~U~~'1 L~'lJl'l~~ lut-if~l~ tf34'ul~Yl c;)~tl~ll11~ LR~ 
I I I'" 

LLRu'll~V11~ut -ift'IJn1nt'11u~CJ~~.n (UcyJihN L~'lJCJ~ ;~t 'lJV1iltn luL~1u~d~'IJ CJ~~.n(UcyJU1NL~'IJ .. . . 
, 

... ~ ,., ., ., ... 0 ~.I'" l' .l eI 

CJ~'ll'IJt'1 ~~~~~~I~'tl~n (leave-on hair conditioner) LL~,)~~'lJ1 ~uLR~'tlUU'lJL~'lJCJ~ ~lntuYl 4.14 
., -

~ :;~~ Ln ~ L ~ 'lJl~ LR ~LLRU'll ~U'lJL~'lJCJ~~~~~1 n nl ~LR ~ ~U 'IJ~ n~ 1 nilU~ViU~1 nl 'Il-if CJ ~~.n (UcyJ .. 
;~mh,)~~CJ~t~n1~~~1U(;],)Yll~R,)I~~~'IJ"lJtl'lLU~~'IJ (alpha keratin LL~:; amino acids) ~LiI'IJ 

tl~Flu~:;n~U"lJ~~L~'lJCJ~ 90 - 95 LutlfLrnw;l (n1~~~1U(;],)111~m1~~tl'IJ"lJtl~ alpha keratin 'tlU 
" 

t'IJ'lh~ -145°C) [19] LU~U'lJLLu~'lhl ~ln ~L'tl~:nLYl~fL~LLm~t'IJ~U~ 4.15 ViU~ltl(u~Jlij~LnVl 
" . " 

n1~~~IU(;],)"lJ~~ LU~~'lJilf"i1L~~~'IJ~1n 14SOC L~~ t-if CJ~~.n rucyJ~hiil'tl~Flu~:;ntlu"lJtl~l~LR~ 

LLRU1~ LiI'IJ 154 °c L~tlHCJ~~.n(UcyJ~iltl~Flu~:;n~u"lJ~~1~L,",~LLRu1~ LL~Vl~t~'L~'lJti~L~()mJllVi 

Yl1~ R,)I~~~'IJ~L ~~~'IJ"lJtl~ L~'lJCJ~~~~~1 n LR ~tlU ~')U CJ~~.n ru-nU1N L~'lJCJ~ ~~~tlfiU1Ul~~1 n n1~ • 

., , 
'IJ'tl n~1 nilu~ Vi U~ 1 L~'lJCJ~V1 LR ~'tlU ~')U CJ~~.n (U.,]U1 ~~ L~ 'lJCJ ~'llijt'1 hJ ~'tl~ ~1~'tl'tl nil ~') 'lJU~:; n'tl U"lJ tl~ 

l~LMLLRU'll~ il,",,)I~\.l~~'IJ LL~:; ~1~lunrjl L~'lJCJ~~ LR~~U ~')U CJ~~.n (UcyJU1NL~'lJCJ~'llijVl hi ~tl~ " . . 
~1~tltln~1,,]i1~,)'lJu~:;ntlu"lJtl~1~LRnLRu'll~ LL~CM1'IJ~u~ 4.16 LL~:; ~u~ 4.17 [13] .. " .. 
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~uV: 4.14 L!l~~L~~t~LfOl~m'1~LL~(11~Yl'W~'J"ll!l~L~'W~.mri!l'W (oD1£!) LL~:;~~~ ("ll'J1) n1~LfOl~mJ~(11 

~'J£! tJ~ (;111 ru.n{hN L~'WtJ~'l!il(11 hJ~1~!l!l n~iJt~ LmLLfOltl'l!~ , ~ 

Integral -129.48 mJ 
normalized -12.33 Jg"-1 

Onset 141 .27·C 
Treated with conditioner Peak 148.03 ·C 
without microcapsule Td = 148.03 C Endset 158.93 ·C 

, 
• 

Integral -204.39 mJ 
10 normalized -17.62 Jg"-1 W!!'-1 

Onset 148.05 ·C 

Treated with coditloner Peak 153.65 ·c 
with mkrocapsule Td = 153.65 Endset 164.25 ·c 

• . 

70 80 90 100 110 120 130 140 150 160 170 180 

Temperatures 

'auV: 4.15 ~ L!l~~LYl!lfl~LLn~~"ll!l~ L~'WtJ~ L~!lLfOl~!llJ~'J£!tJ~ (;111ru.nU1N L~'WtJ~'l!il(11 hJ~1~!l!l n~iJ 
~ , 

LL~:;hJm~LfOl~LLfOltl'l!~ 
" 
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(;I1'i1-3vl4.5 n1~Mntlt;j'lVl1~Fl'l1'.&~~'ll'a-.3 alpha keratin 'll'a-.3L~W:.JlJL~'fJLFl~'fJlJ~'lm.J~j;lJiruovl 

U1N L~~~l.J'Iltll1l·hJJf'a-.3~1-.3'a'a n~ihL~:; hJiiLl.J tFl~LLFlU'll~ LiI~fb~u~:;n'alJ . ~ 

.., I 
t:lru~lJijVlLnl1ln1jfH~1t1t;j'l'll'a~ttlj~UU~L~~C-JlJ ~LfU1:;lfFlf~~ 

(;l'l 'a tI1-.3 
1 2 3 

L~~~l.JiiFljl.JU11~Vlll.liilFl L Vl'll1U 
148 

\l.JtFl1LLFltl1~ 
148 149 

LI~C-Jl.Jij f111l.JU11~Vlij\Fl LVl'll1U 
153 152 152 

ll.Jtfll1LLfIIU1~ 

25 
22 

c;::- 18 
E 
C) 20 -
" ('IS 15 0 

E 10 
:::J 
E 
)( 5 
('IS 

:! 
0 

Vergin hair Without Chitosan With Chitosan 
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E 50000 
e; 38930 
~ 40000 
(I) 

"iii 
f 30000 22837 
GI 
li 16890 >-
:I: 20000 
c 
0 

~ 10000 
"I: 
U. 

~ 0 
C 

Vergin hair VVithout Chitosan IMth Chitosan 



4 
UVI'VI 5 

51 

UJL~nL~u1~ 1~ L Yl'lllU~U11' L~UYltlft LffilEJ~l~(;lEJvitl~~~l1ftiU'lltl-l L~UYltlft 'tuft miCU::~ 
L~UYltlft (~ll1U) nr::~lEJ'tU~l (oil-in-water emulsion, Om) ~'lfJl~LYl'lllU~L~tl~'1I'l1-lL"'EJ1~1Yitl 

0-

flrltl~ LrllJ1c.hu~ufi::ltltltliln 1~L~1LLf\U1ftn'1lUl"'tl~'t u'lI'l-l o. 5-40 1~Lf\1L~1J11 L"'EJ-llUi)4'UU 

Lfttl n't;r~11ft(;l LL NPi-ln'l~ntllJ111~'lU1::~dl-l~'lU~'IItlU~1 LLft::~'lu~hJ'IItlU~l (hydrophile

lipophile balance, HLB) Lvhnu 9.95 ~-lLt.li'~lnn11C.a'l~ poly(oxyethylene-2-stearyl ether) 

(HLB=4.9) LL~:: cetyl-stearyl alcohol (HLB=15) 'tutllJ1nfhu 1:1 ill~lCUL~UYltlft~U11,'tUL~L~1 
"I "I 

LL~U1~nrh1.h::~ 1 ru 2 LUtl fL;UIJ11(;lEJU1~nrn d1tl L YlfJU nu'1~ L~ 1;Sl1ftiul1-l1W(;l ;-l ~ (;l LUU 

u1::~Ylfil)1Yi'tunl1n n Lnu L~UYltlft Lntl LYlEJU nuill~l ru L~UYltl ft~lfl'1ulJ1tlUL~~Ui'uLYhnu 25 

LUtlfL'l!U(;) "1 n n11Yl (;lfttl-lYiU~ 1 Jll'l::~ L "'~l::fl~~vh l,nm~ L~1LL~U'IIft~n n11nr::"lEJ'1IU1(;l~ 
'II 

., 
1flUviflU1Yl LUU1::fJ::L'"lftl 3 U1Yl ~'l1~L~~~U"lltl-lfll1ft(;lLLN~-lij'l 5 LUtlfL;UIJ11(;lEJU1",Un vi1flrll 

CMC "llfl-lfll1ft(;lLLN~-l~'l",ftmvhnu 0.0005 nf~vltl~1J11 LLft:: ~11ft(;lLLN~-l~'li'l~LVhnu 0.014 

nf~vltl~m L'lftlDUL~tl).J"ll'll-l 120 U1Yl tlml~'lU"lltl-l~11vitl,x~vltlfll1L~m.J'1I'l1-l 2 vltl 1 • ., 
tllJ1nfl'lUull1Uvltl~11vitl~~ 8 vlfl 1 LLft:: pH "lltl-l'1~L~nL~U1ft 4.9 n111J11'l"fltlULfltlm'JllYi'llfl-l 

., , 
'1~ L~1LL~U1ft Llrlt'hi11 Ut)l1ftiUfll~11n(;11'l,,1'(;l ~'ll~"'~U"'U (;l ~,)EJL~ 1-tl-l Rheometer YiU~l t)trftiu 

., , 
Llrlf'hi1nL~tlmJllYiJllEJ't;rLLNL~'ilU(;11~'l-lL~"1 3 1flU Yl1'(;l LLft:: 1::t1i'U"lltl-l rll G' LLft:: Gil LUU'1U 

, ., 
"1 n nl1~ mil LLUU LL~Un11Uft(;lUfttlEJYl~'l1~~U~~~Ylfi 80 LUtl fL ;U(;)r11'lEJ LLnflLI"11~1 L Yl 

nnWYiU~l '1~ LI"11LL~U1~ '11"1 L¥l'1I1U~1~11n nn Lnu L~UYltl~ H'1Jil(;lfJ'1~nnl1u ft(;lUftflEJflfln~l~ 

flCU",Jln 27°C LLvI"::U~(;lUfttlEJtlfln~l'1r11m~lCUfl-l~(;l 60 LUtlfL;U(;) lW')ftl 48 i,)L~-l vnm~~ 
.. \I .... 

" ", I 

~CU"'1:Jn LUU 32 °c l1-li1~1~11nufULUftEJU 't~nLUflfL;U(;) n11U ~ (;lUfttlfJ L(;lm')~Yl L'l~l 'tUn11~ mil 

48 i'l L~-l ~-l~ULUU 80 LUflfL;U(;) r11'lEJn11ft(;ln1n~tl~"ll,)1-l L(;lfJ n11L~~t11J111fl,)U1::"'~1-l1~ LYl"l!1U 
'II 

~ LUU~11vifl,x~ vltl '1 Yl1Yifl ~yj 'ilfl L rl (;1~ LUUfll1L~fl~"ll'l1-l ",1-'il n11 L ~ ~ ~ ') 1 ~"'Ul"ll'il-liuvifl~~ L(;l EJ m 1 • • 
I "I I "I 

L~~t1lJ11l~'luihl1uVin L~UYl'il~vI'il '1~ L Yl'lllUYl LUU~11vi'il~~ Utl n"l ni1U-lYiU~l n1n~fl~"ll'll-ln • 
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f"l'l1).J~1~ CYvltl m'J"~fttl mnJM1u ~tltJ'!Itl-3 L).JUV1tlft mh'l ~mn n L~).JLf"l L WlilU Lc;)tJhl1c;l L~tl).J'!I'll-l 

'W~1).J1'Jn"~fttl m'Ju ftC;)UfttltJ'!Itl-l L).JuV1tlftft-3Lc;l LUULLvl LYim m'Jft c;)m).J1 rum jUri c;)U fttltJ Lc;)tJ1'l).J 
., 

ft-lLvhuu 

L).J Lf"l '1LLf"lU1ft~ L(ji1tJ ).JLc;l ~l).Jl 'Jnu1Lulft um'1L(jlttJwJ~ j;]Jl ru.,r1.h 1-3 L~t.AC.m ~-31'J~il ~tl 
~~j;]Jl CU"U1!-3 Lt\'U~).J'1IUc;) hlc;ltl-3ftl-3tltl n (leave-on hair conditioner) L~tJf"l1C;)~lL).J Lf"I'JLLf"IUlft Lf"l 

L V1'111Ui11).J 1 'In Lr'I fttlUU ULt\'U~).JLc;l c;l') tJ~Ufi~L tltltlum::,..d 1-3 U '1~"ftU'!ltl-3 Lt\'Ut-J).J n u U 'J~"u,) n'!ltl-3 • • ., , 
LI'1 LV1'111U utm"lnilu-3ViutJ1 m'1Hf ~~j;]n ru"~-3nft1')ri-l~fll~f.lru'MJ~YI LnC;)n1'li1ftltJ 1Jl,)'!Itl-3 LU'1~U 

(alpha keratin Uft~ amino acids) ~LUUtl-3flU'1~ntlu\1~n'1ltl-3Lt\'u~).J ilrhL~).J~ur,nn 148°C Lrltl 

li~~j;]Jl ru,,~hliltl-3 flU '1~ntl Ulltl-3L).J LPl1LLr'lU1ft LUU 154°C Ui1Ii'1-3 'l'IX L l1u Li1 elm nl ViV11-3 PI') 1).J 1tlU 

~ L~).J~UlItl-3 Lt\'Ut-J).J Lt\'u~).JilPl,)l).Jl.l).J~U LLft~ \1~~ltJ ntJ1 Lt\'U~).J~ Lf"lfttlU c;l')tJ t-J~ j;]Jl ru-nU1N L~U~).J • • 

" " "1 nPl,)l).J~l LT91 um'lLj;]rtJ ).Jl).J Lm'LLf"lU1ft Lf"l L V1'n1U L~tJv1tl~).J~hrft-nu LLUUU1,xU 1 UU1c;l'ltJ 

Lf"l L V1'n1u~~lum 'lL~tl).JlI,)l-l ~-3 LUU~1.l1t'lU 1"~"~U1 L V1f"lUf"l~-3 nftl,) LUu 'l~tJ n ~ nu1' j;] ~~u r;l')~U1 

~'fl~lum~).J~~j;]Jlru"V11-if~'lu1.Jf')f')ft (personal care product) LLft:: ~~j;]nru"V11-ifluulu (home 

" care product) L'llU Ul'l"''fl).J, 'lmi3u, Ltlul'nl-J, ou-3n1Vi1Lwt1tlU LUUc;lU 
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III Fl eJ'U 'l n n 

j;J1~1~V: n - 1 'lJtJ'I~ LL~:;n1m~:;'"l'ltJj;]'"J'lJ'f)~'lJtJ1~~,r~itJ LL~:;Ll-JLfO)~LLfO)tJ1~LfO)tYl'l!'1tJU~~~Ll-JtJYltl~ 

Mean (%) 

o ., ... 1 2 3 4 5 6 8 9 10 Cll~'Um'jYl~"H).:j'Yl 

Size (~m) .~ I. :;;:--::, ' ~ ~-~;:·N; ~~~{ ', :.~~:~~~:":)~. ~::J~::~::ff~ 
i .. i ... I~"?- ~ G f..:'~.-~ 

~,~@.f~~~~~ t~~~~j5;;5Ii~ f;t~~~J&~~·.~/: '~t .~, .. ~j;:~~ 
:¥:::' ~~~~*1r}}; ; , 

0,316 0.45 0,19 0 0,02 0 0 0 0 0 

0,363 0,67 0,54 0.23 0,08 0 0.12 0 0 0 

0.363 0.96 1.06 0.74 0.33 0.13 0.48 0.19 0.19 0.2 

0.417 1.33 1.8 1.46 1.29 0.57 0,93 0.72 0.72 0.7 

0.479 1.8 2.75 2.39 1.89 1 .11 1.46 1.27 1.27 1.22 

0.55 2.38 3.87 3.48 2.55 1.79 2.09 1,98 1.97 1.91 

0.631 3.06 5.1 4.68 3.31 2.59 2,8 2.8 2.78 2.71 

0.724 3.82 6.32 5.97 4.13 3.51 3.58 3.72 3.69 3.64 

0.832 4.61 7.35 7.28 4.97 4.48 4.37 4,67 4,64 4.65 

0.955 5.36 8.01 8.31 5.78 5.4 5.1 5,57 5.56 5.64 

1.096 5,99 8.21 8.66 6.5 6.17 5.68 6.33 6.35 6.52 

1,259 6.44 7,93 8.38 7.06 6.7 6.06 6.87 6,93 7,18 

1.445 6.68 7.26 7.66 7.39 6.96 6.22 7.14 7.26 7.53 
-- - - - -- --

~ .;:'~"J'!iJ/ ' , .' ! . " ~~i~'f( 
.,' ,~. !f : " 1 : ~t~ t:t~~ 

o 0 0 0 

0 0 0 0 

0.16 0.17 0.12 0.1 

0.62 0.61 0.46 0.42 

1.12 1.05 0.87 0.82 

1,78 2.43 1.46 1.38 

2.56 3.35 2.2 2.1 

3.47 4.39 3.13 3.01 

4.45 5.5 4.'21 4.06 

5.43 6.57 5.38 5,22 

6.29 7.5 6.52 6.37 

6.93 8.2 7.53 7.4 

7.26 8.58 8.29 8.19 
--------- ---- ----- ------- - ------

15 

fr:?~·'· ·· ··: ,", 
0 

0 

0.16 

0.53 

1 

1.66 

2.5 

3.54 

4,71 

5. . ~~ 

7.06 

7,97 

8.56 

16 

0 

0 

0.08 

0.25 

0.63 

1.17 

2,01 

3.18 

4.69 

6.46 

8.27 

9.85 

10.91 

(Jl 
(j) 

56
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'"' . ~1~'HI'VI n - 1 (1M)) 

. '" ... 
1 Cl1~'Umn'l~ae~'\'l 2 3 4 5 

Size <lJm) i' < :>%~~:;i; 8irr~;~~~~(,:;S:~ r~~:}::~Y~~ ~4;;~~\~t\~~~ 
.;,"\ .... ::~,·~ .. :·:t ,~ 

~~):;t~{~i.'~~:;~~~· 
;...ri'·' f.~h·,?~: l--:·r ) 

1.66 6.7 6.32 6.58 7.44 6.94 

1.905 6.52 5.26 5.38 7.17 6.66 

2.188 6.15 4.2 4.21 6.6 6.2 

2.512 5.6 3.26 3.21 5.77 5.61 

2.884 4.91 2.52 2.46 4.8 4.98 

3.311 4.15 1.98 1.96 3.81 4.35 

4.365 3.36 1.65 1.69 2.91 3.8 

5.012 2.63 1.47 1.58 2.22 3.34 

5.754 2.03 1.38 1.58 1.75 2.98 

6.607 1.58 1.33 1.61 1.51 2.7 

7.586 1.3 1.27 1.62 1.44 2.47 

8.71 1.16 1.17 1.6 1.45 2.25 

10 1.13 1.03 1.52 1.46 2.01 

11.482 1.13 0.86 1.39 1.43 1.73 

13.183 1.13 0.67 1.22 1.31 1.42 

15.136 1.09 0.5 1.02 1.1 1.11 

Mean (%) 

6 8 9 10 

\~· : ' :i ;<:".::~~~ f~:~{;tj;!~:': "" . 
6.18 7.15 7.33 7.55 

5.98 6.91 7.15 7.22 

5.7 6.47 6.75 6.6 

5.39 5.89 6.17 5.77 

5.11 5.23 5.49 4.83 

4.86 4.55 4.76 3.91 

4.63 3.92 4.04 3.1 

4.4 3.35 3.37 2.47 

4.12 2.88 2.8 2.06 

3.73 2.48 2.32 1.84 

3.25 2.14 1.92 1.77 

2.66 1.84 1.59 1.78 

2.04 1.56 1.3 1.78 

1.43 1.28 1.04 1.72 

0.89 1.01 0.81 1.57 

0.49 0.76 0.61 1.55 
----

1 .... 14 
, . :~ ': .~~. , ~ ;f~tYi~' ,{~~f 

'" ;,1".. ' 'jj~L: ':::::1 
7.27 8.6 8.72 8.68 

6.95 8.26 8.78 8.79 

6.37 7.58 8.43 8.5 

5.59 6.65 7.73 7.83 

4.74 5.54 6.74 6.88 

3.91 4.39 5.58 5.73 

3.21 3.27 4.38 4.53 

2.68 2.3 3.24 3.37 

2.36 1.51 2.26 2.37 

2.21 0.92 . 1.47 1.56 

2.17 0.51 0.91 0.96 

2.18 0.27 0.51 0.56 

2.14 0.12 0.27 0.3 

2.03 0.04 0.14 0.15 

1.81 0 0.07 0.08 

1.51 0 0.05 0.05 

15 

8.52 

8.26 

8.15 

7.36 

6.34 

5.17 

3.98 

2.85 

1.9 

1.15 

0.65 

0.33 

0.16 

0.09 

0.06 

0.06 

16 

11 .24 

10.75 

9.53 

7.76 

5.76 

3.81 

2.2 

1.04 

0.36 

0.06 

0 

0 

0 

0 

0 

0 

I 
i 

I 

(J1 
--.J 
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.. , 
~111~Y1 n - 1 (~'fl) 

o '" '" 1 2 3 4 5 m~1Jmnl~tH).:j'YI 

Size (I-lm) . "':.:;:'\:<~;; '~?i ~ '. ~ ';,; .. '~.? 
~: •. :::, ;' ,;. ~ .... :{ ~,~~} .>::::~~R £{~~:~~(;~:';t. ~!~~d~~5~j 

17,378 1 0.36 0.8 0.83 0.82 

19.953 0.87 0.26 0.56 0,55 0,56 

22.909 0.69 0.21 0.34 0.27 0.35 

26.303 0.t>2 0.1 t> 0. 16 0.0t> . 0.2 

30.2 0.37 0.1 0.04 0 0.11 

34.674 0.27 0.05 0.01 0 0 

39.811 0.23 0.02 0 0 0 

45.709 0.23 0.03 0 0 0 

52.481 0.25 0.02 0 0 0 

60.256 0.28 0.01 0 0 0 

69.183 0.28 0.03 0 0 0 

79.433 0.24 0.01 0 0 0 

91 .201 0.17 0.02 0 0 0 
------------

Mean (%) 

6 8 9 10 

;'- .~',::~. #.~'~. ;r-( 
:·:t/> ;~;,~, 'i'~ ~ :;~~:f:j:n> . 

0.2 0.55 0.44 1.07 

0.07 0.37 0,3 0.78 

0 0.23 0.2 0.51 

0 0.14 0.13 0.2~ 

0 0.03 0.09 0.14 

0 0 0.03 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 .... 14 
:., .. :~" . , . : f!A{j.;:j ",;, 

~<~r k~t~~if~ :);f 
1.16 0 0.04 0.04 

0.81 0 0.05 0.05 

0.51 0 0.06 0.06 

O.Lt> 0 0.06 O.Of 

0.09 0 0.07 0.07 

0 0 0.06 0.08 

0 0 0.06 0.07 

0 0 0.05 0.08 

0 0 0.05 0.07 

0 0 0.03 0.07 

0 0 0 0.06 

0 0 0 0.04 

0 0 0 0.01 

15 

, .. 
0.06 

0.07 

0.08 

0.09' 

0.09 

0.1 

0.1 

0.2 

0.2 

0.05 

0.03 

0.03 

0.05 

16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 
, 

<.J1 
co 
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CJ11-a-1~Yl n - 2 'lJtJ1iflL'U~tJ'lJ'El-.1~,r~itJ LL~:;1j.JLPlTLLPlU1!~lPlLY1'l!1tJ1Jn'Lj.JtJY1'El~ ~T:;tJ::: L'J~ 1~n1!t1 1, 2 LL~:; 3 L~tltJ ~~t1.I~JJiN''El-.1 
o .., 

'"' L(;i1m.JL~~'"lt~~ 
.. 

~1~tJn11Y1~~'el~Yl 1 L~'fltJ 
.. 

2 Lifl'fltJ 
.. 

3 L~'fltJ 

D 50 D 4,3 D 3,2 D 50 D 4,3 D 3,2 D 50 D 4,3 D 3,2 D 50 D 4,3 

......... 
7.865 14,166 4.284 7,865 14.166 4.284 7 12.97 4.868 6.899 13.856 'Elj.J~'IltJ 

6 3.162 4.788 2.706 3.042 4.499 2.645 3.042 4.005 2.665 3.097 3.635 

7 3.023 3.58 2.561 2.918 3.231 2.564 2.951 3.23 2.613 2.807 3.131 

8 3.029 3.371 2.645 2.875 3.162 2.541 2.938 3.21 2.601 2.935 , 3.233 

9 3.345 5.811 2.828 3.258 5,388 2.767 3.249 4.785 2.788 3.092 4.295 

10 3.488 6.1352 2.935 3.402 5.741 2.85 3.218 4,568 2.756 3.218 4.251 

11 3.309 3,976 2.752 3.181 3.771 2.729 3,175 3.51 2.76 3.303 3.69 

12 3.369 4.301 2.831 3.203 4,018 2,733 3,166 3,52 2.735 3.109 3.498 

13 3,029 3.371 2.645 2.875 3,162 2.541 2,938 3.21 2.601 2.935 3.233 

14 3.43 4.421 2.88 3.243 3.951 2.778 3,173 3.519 2.77 3.24 3.635 
- - - -

D 4,3 : volume mean diameter 

o 3,2: surface mean diameter 

D 50 : mean of diameter 

D 3,2 I 

4, 578 i 

2.696 • 

2.481 

2.623 

2.667 

2.81 

2.86 

2.698 

2.623 

2.819 

(J1 
CD 
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~1'i1~vl n - 3 ml.J1ru'lJ'El~LL~~i~\u.J~'lJ'El~1l.Jtrl1LLrltJ1~ 1Lrl11:;~~'.lmrli'El~ Moisture analyzer ~~ru"'1Jij 105°C . ~ .,j 

%Moisture %Total solid ~1 ~tJ n1'iVi ~~'el~VI 

I \I Average SO I " Average 

'Ell-J~'.lIt.I 75.25 75.24 75.245 0.01 24 .75 24.76 24.755 

6 74.58 75.41 74.995 0.59 25.42 24.59 25.005 

7 74.2 75.08 74.64 0.62 25.8 24.92 25.36 

8 71.42 72 71.71 0.41 28.58 28 28.29 

9 74.33 74.05 74.19 0.2 25.67 25.95 25.81 

10 78.53 75.27 76.9 2.31 21.47 24.73 23.1 

11 78.01 75.65 76.83 1.67 21 .99 24.35 23.17· 

12 78.53 75.27 76.9 2.31 21.47 24.73 23.1 

13 78.01 75.65 76.83 1.67 21 .99 24 .35 23.17 

14 74.85 76.07 75.46 0.86 25.15 23.93 24.54 

15 78.06 78.08 78.07 0.01 21.94 21 .92 21 .93 

16 74.33 74.05 74.19 0.2 25.67 25.95 25.81 

SO 

0.01 

0.59 

0.62 

0.41 

0.2 

2.31 

1.67 

2.31 

1.67 

0.86 

0.01 

0.2 

I 

(j) 
o 
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111 FHJ '-l ') n 'lJ 

Ul1'i1~Yl 'lJ - 1 tJhJ1nm.J\JYltl~tJ11,1\J't~tPl1LLPl1.J1~~L(;i1U~L'Zl~'"l1'i-1).] 

o ~ ~ 
~1~tJn11Yl~~tl-lYl 

without 

cross-linking 

agent 

4 

5 

6 

7 

tl1'i-1t!nlJi''ltlth-l 

(g) 

1.4988 
1.4988 
1.2565 
1.2565 
1.6567 
1.6567 
1.7327 
1.7327 
1.6567 
1.6567 
1.7327 
1.7327 
1.0131 
1.0131 
1.136 
1.136 
1.0326 
1.0326 
1.0875 
1.0875 

Peak area 

350410 
343615 
379636 
467315 
262061 
258700 
269740 
271885 
205028 
271658 
245343 
271884 
583106 
579980 
567842 
560580 
568814 
558250 
568856 
543500 

Menthol ,ppm 

2062 
2035 
1828 
2126 
1883 
1868 
2006 
2016 
1627 
1926 
1891 
2016 
2032 
2023 
2232 
2209 
2031 
2002 
2139 
2065 

Average 

2013 

1943 

1865 

2124 

2059 

Menthol in Encapsulation 

so capsule,%(WM') efficiency (%) 

50 2 25 

95 2 24 

125 2 23 

136 2 27 

60 2 26 

Ol 
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... , 
(;l'~'~Yl 'lI - 1 (l;],~) 

, . .., "'" 
~1i1\Un1~Yli1\~'fNYl 

8 

9 

10 

11 

12 

'" 
~1",t!n~')'e)th~ 

(g) 

1.015 

1.015 

1.052 

1.052 
1.015 
1.015 
1.2386 
1.2386 

1.015 

1.015 

1.0886 

1.0886 

1.525 

1.525 

1.2232 

1.2232 
1.0326 
1.0326 

1.0114 
1.0114 

Peak area I Menthol ,ppm I Average 

562832 

560832 

539611 

554256 
568014 
577105 
673266 
649864 

563110 

594100 

597909 

610765 

355884 

324759 

485915 
501817 

595091 
566768 

569568 
596255 

1980 

1975 

1986 

2028 
1994 
2019 
2786 
2708 

1981 

2066 

2227 

2265 

2121 

1992 

2132 
2184 

2105 
2025 
1991 
2065 

1992 

2377 

2135 

2107 

2047 

SD 

21 

524 

157 

72 

26 

Menthol in 

capsule. % (WIW) 

2 

2 

2 

2 

2 

Encapsulation 

efficiency (%) 

25 

30 

27 

26 

26 

O'l 
r0 
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c;'I111.:JVi 'lI - 1 (~'El ) 

. '" '" 
, 

\.! 1 \-I\m (W'l'El tJ1~ 

. '" ..J 
(g) ~1C;)lJn1~YlC;)~'El~Yl Peak area 

1.015 563110 

13 
1.015 549236 
1.0704 621793 

1.0704 593968 

1.5006 251194 

15 
1.5006 252565 

1.9089 303912 

1.9089 373645 

1.5895 318633 

16 
1.5895 313465 

1.433 443625 

1.433 441079 

Menthol ,ppm Average SD 

1981 
1943 

2090 182 
2259 

2178 

1662 

1667 
211 5 638 

2386 

2746 

2050 

2028 
2184 204 

2333 

2323 

Menthol in 

capsule,%(WIW) 

2 

2 

2 

Encapsulation 

efficiency (%) 

26 

26 

27 

I 

I 

I 

Q) 
w 
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j;)1~1"'V: 'lJ - 2 tJhJ1run1nJr1~tJ'i'itlm).J\JYltlr1~1n1ALYl'Jl1\/l).JLAmrnJ~ r1 ~ 27 °c A ,)1).J~\J~).J~Ylfit\Jtl1n1P\ 80 LtJtlfL~\J~ 

~L[;l1tmL~tJmA LYl'Jl1\JLtI\J'Zl,)\JtJ1::ntlu1\J~[11,)::n11L[;l1tJ).J[;l1).J~1~Un11Yl~r1tl~~ 81\Jmn~~ 3.1 

release time 

(h) 

2 

. 4 

8 

24 

48 

o ......... I 

\J1~\Jn(1l,)'EltJ1~ 

(g) 
1.1735 
1.1735 
1.1271 
1.1271 

1.1128 
1.1128 
1.0577 
1.0577 

1.0883 
1.0883 
1.2239 
1.2239 

1.1 859 
1.1859 
1.0482 
1.0482 

1.1 722 
1.1722 
1.0625 
1.0625 

1~4 
1.2224 
1.0695 
1.0695 

peak area 

443283 
452911 
724179 
477348 

577910 
566384 
620462 
498415 

Of5974 
584299 
626817 
639382 

582178 
600409 
530815 
536937 

590590 
570794 
602175 
608226 

529840 
41091 7 
552290 
517906 

menthol content 

in capsule (ppm) 
1910 
1940 
2691 
1938 

2216 
2182 
2228 
1879 

2280 
2186 
2600 
2641 

2376 
2434 
1954 
1971 

2375 
2312 
2186 
2203 

2276 
1882 
2056 
1956 

Average 

(ppm) 

2120 

2209 

2369 

2184 

2269 

2042 

menthol release SD 
(%) 

o 381 

o 24 

o 240 

o 256 

o 90 

o 171 

O'l 
.;::.. 
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1J11~1-3Y1 'lJ - 3 m)J1run1~U~(;1U~'Elm)JtJVl'El~"'l1nl~tVl'l!1tJl)Jt~~LL~U~~ ~ 32 °c ~'l1)J~tJi)J~Vl1l1tJmn1P1 80 Lti'ElfLoDtJ(;] 

~L(Ji1~mt(;1tJm~ tVl'l!1tJLijtJ~'ltJU~:;n'EltJt tJ~[)1'l:;n1~Lf;i1tJ)J m)J~1~tJ n1~Vl (;1~'El~~ 8 t tJm~1~~ 3.1 

release time 

(h) 

2 

4 

8 

24 

48 

u1\.n!nlJi'l'elth-l 

(g) 
1.0189 
1.0189 
1.2606 
1.2606 

1.229 
1.229 

1.0262 
1.0577 

1.3126 
1.3126 
1.1834 
1.1834 

0.4309 
0.4309 
0.4309 
0.4309 

0.4616 
0.4616 
0.579 
0.579 

0.2616 
0.2616 
0.3520 
0.3520 

peak area 

582461 
514770 
510867 
438677 

468236 
425814 
417345 
538219 

314-8-28 
390076 
330183 
326647 

1372814 
1283363 
854464 
744657 

749950 
555259 
499435 
468716 

881042 
901042 
835759 
851042 

menthol content 

in capsule (ppm) 
2042 
1855 
2282 
2036 

2083 
1942 
1598 
1993 

1680 
1947 
1563 
1552 

1785 
1681 
1181 
1053 

1134 
891 
1030 
982 

736 
750 
947 
961 

Average 

(ppm) 

2054 

1904 

1685 

1425 

1009 

848 

menthol release 

(%) 

o 

8 

22 

44 

51 

59 

SD 

175 

249 

184 

362 

101 

122 

OJ 
c..n 

65



~1~'HV: 'iI - 4 tl'hJ1rum~1.l~~1.l~~tm.JUYl~~'"l1n~,ruiu ~ 27 °c ~'l1~~Ui~~YlfiLu~1mp\ 80 Ll.l~fL-nU~ 
~L(;11tJ~t~tJhJm~tYl'l!1U 

release time 
o ...... I 

U1~Un(;1'l~tJ1~ peak area menthol content Average I menthol release 

(h) 

2 

4 

8 

24 

48 

(g) 

1.5965 
1.5965 
1.6393 
1.639 

1.5695 
1.5695 
1.2926 
1.2926 

0.8963 
0.8963 
0.9336 
0.9336 

1.1502 
1.1502 
1.0397 
1.0397 

0.6849 
0.6849 
0.4525 
0.4525 

0.4895 
0.4895 
0.7126 
0.7126 

597194 
573308 
557194 
533308 

562666 
596775 
507207 
512757 

648589 
592208 
544352 
544352 

317411 
299533 
445396 
492855 

434368 
533223 
312310 
316247 

315953 
318378 
352310 
346247 

in capsule (ppm) 

3263 
3160 
3173 
3067 

3061 
3206 
2327 
2346 

1957 
1820 
1775 
1775 

1480 
1424 
1698 
1831 

1098 
1281 
576 
581 

628 
631 
984 
972 

(ppm) 

3166 

2735 

1831 

1608 

884 

804 

(%) 

22 

33 

43 

50 

72 

80 

SD 

73 

102 

97 

190 

361 

201 

(j) 
(j) 

66



j;'l1~1~vl 'lJ - 5 UhJ1run1~tJ'f1~tJ'Ci'Elml-J\'!Yl'El'f1'"l1n~~\.!-n\.! ~ 32 °c f'),)1l-J~\.!~l-J~Ylfj1\'!'El1n1Pl 80 ItJ'Elfl~\'!~ 
~Lj;l1m/l~EJhJmf') L Yl'll1\'! 

" 
release time lhmrn~,)'Elth~ peak area menthol content Average I menthol release 

(h) 

2 

4 

8 

24 

48 

(g) 

1.4646 
1.4646 
1.7741 
1.7741 

1.6528 
1.6528 
1.0117 
1.0117 
1.1808 
1.1808 
1.0592 
1.0592 

0.7626 
0.7626 
0.8802 
0.8802 

0.6676 
0.6676 
0.8528 
0.8528 

0.4542 
0.4542 
0.7396 
0.7396 

621793 
648746 
485915 
569568 

315718 
330875 
625828 
575735 

625828 
575735 
539611 
550386 

595091 
568014 
609370 
616330 

315953 
318378 
352310 
346247 

in capsule (ppm) 

3091 
3198 
3092 
3493 

2119 
2187 
2146 
2009 

2505 
2345 
2000 
2031 

1554 
1498 
1828 
1845 

856 
861 
1178 
1164 

(ppm) 

3218 

2115 

2220 

1681 

1015 

(0/0) 

22 

36 

46 

49 

75 

100 

so 

76 

76 

246 

181 

180 

o 

(J') 
-..J 

67



11l1~1~Vl 'lI - 6 UhJ1run11tl'(1(;)tl~'tlm~klr1'tl'(1iOl1nL~tr1"ll1k1h.i'LMLL~tl1'(1 ~ 32 °c f'l'"l1~~kli~~r1flkl'tl1n1(1i 80 Ltl'tlfLolkll'l 
1k1~Jl1'"l::n11Lj;J-;tJ~j;J1~~1~1Jn11r1(;)'(1'tl~Vl81k1j;J111~V13 . 1 

release time I tJ1~,rn[;]'l'tlth~ I peak area 

(h) 

2 

4 

8 

24 

48 

(g) 
1.5365 
1.5365 
1.7259 
1.7259 

1.5271 
1.5271 
1.3523 
1.3523 

1.1887 
1.1887 
1.3146 
1.3146 

1.3242 
1.3242 
0.9800 
0.9800 

0.6800 
0.6800 
0.5900 
0.5900 

0.5598 
0.5598 
0.6323 
0.6323 

332574 
339211 
243887 
311232 

369696 
365153 
339263 
292802 

421658 
445381 
351314 
325712 

314329 
296487 
381663 
402620 

554579 
457696 
769118 
681956 

385469 
296864 
298148 
289030 

menthol content 

in capsul~ (ppm) 
2040 
2067 
1877 
2192 

2181 
2162 
1820 
1650 

1865 
1941 
1812 
1721 

1693 
1629 
1431 
1487 

1311 
1133 
1480 
1341 

823 
689 
781 
765 

Average 

(ppm) 

2044 

1953 

1835 

1560 

1317 

764 

menthol re.lease 

(%) 

o 

4 

10 

24 

36 

63 

so 

129 

262 

93 

121 

143 

56 

0") 
00 

68



~1~1~Yl '2J - 7 1.rhJ1run1~1.l~~1.l~'flml-J'l.!Yl'eH'1~1n1~tYl'l!1'l.!1l-Jt~~u~1.l'A~ VI 32 °c A'l1l-J~'l.!~l-JiYlfi1'l.!'fl1n1P1 80 Ll.l'flfL.n'l.!til 
1'l.!~Jl1'l:;n1nCJ1~tJl-J(;11l-J~1~tJn")~Yl{;)~'El..:lYi 91'l.!CJl')~1..:lYi 3.1 

release time I \l1tn!nlJi'l'Elth.:J 

(h) 

2 

4 

8 

24 

48 

(g) 
1.4326 
1.4326 
1.0250 
1.0250 

1.1520 
1.1520 
1.0958 
1.0958 

1.3126 
1.3126 
1.1834 
1.1834 

0.3959 
0.3959 
0.4309 
0.4309 

0.4500 
0.4500 
0.5790 
0.5790 

0.4582 
0.4582 
0.3520 
0.3520 

peak area 

333314 
427682 
546138 
465685 

468236 
425814 
417345 
538219 

314828 
390076 
330183 
326647 

1372814 
1283363 
854464 
744657 

987682 
800798 
655167 
714430 

419820 
41 7209 
470288 
377020 

menthol content 

in capsule (ppm) 
1905 
2271 
1953 
1730 

1952 
1820 
1706 
2065 

1680 
1947 
1563 
1552 

1640 
1544 
1181 
1053 

1395 
1168 
1274 
1367 

717 
713 
599 
510 

Average 

(ppm) 

1965 

1886 

1685 

1355 

1301 

634 

menthol release 

(%) 

o 

4 

14 

31 

34 

68 

SD 

225 

123 

184 

282 

103 

100 

(j) 
<.0 
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IJl'1'f1.:JvI'lJ - 8 tfhnrun1~tlM)tl~'fltJL).JiJVl'fl~'"11n1~LVl'l!1iJ1).JL~~LL~tl'.ll~ ~ 32 °c ~,)1).J~iJ~).JvrVlfi1iJ'fl1n1fil 80 Ltl'flfL-niJj;f 

1iJ~Jl1,):;n1~L(;)~tJ).J(J)1).J~1~Un1~Vl~~'fl~Yi 1 0 1iJ(J)1~1~Yi 3.1 

, 0'...... I 

release time iJ1~iJnIJll)'flU1~ peak area menthol content Average menthol release SO 

(h) (g) in capsule (ppm) (ppm) (%) 
1.5000 290528 1821 
1.5000 287766 1809 

1 1.2560 338582 1688 1721 0 120 

1.2560 302586 1566 

1.1103 213112 1115 
1.1103 232490 1173 

2 1.0262 259314 1159 1156 33 30 
1.0577 253327 1177 

1.0524 190202 992 
1.0524 199098 1017 

4 1.1837 154851 1002 1004 42 10 
1.1837 155657 1005 

0.3526 721374 839 
0.3526 634425 756 

8 0.4986 448010 818 789 54 47 

0.4986 391'729 742 

0.6325 143427 516 
0.6325 123363 482 

24 0.5547 184266 514 501 71 17 
0.5547 169002 491 

0.3458 433196 553 
48 0.3458 10547 158 284 84 182 

0.4565 13526 212 
0.4565 13483 212 --.J 

o 
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1J'11"1~v1 'lJ - 9 1JhJ"')run11tl~(;)tl~'tltJL~\JYl'tl~'"l"')n\I'lLYl'D",)\JhJLI'l1LLl'ltlll~ ~ 32 °c r1'J",)~~\J~~~Ylfi1\Jmn1P1 80 LtltlfL-D\JtJ1 

1\J~[)",)'J:;n11LJ;11tJ~m~~"')~tJn11Vl(;)~'tl-.l~ 151\JJ;1",)1",)-.l~ 3.1 

. ., ., I 

menthol release release time t.l1~t.lnJ;1,)'flm-.l peak area menthol content Average 

(h) (g) in capsule (ppm) (ppm) (%) 
1.1137 434756 1787 
1.1137 421280 1746 

1 1.0165 370514 1454 1612 19 

1.0165 373399 1462 

1.1567 321356 1500 
1.1567 247992 1271 

2 1.0989 368025 1564 1521 24 

1.0989 430251 1749 

0.6989 519726 1282 
0.6989 '593815 1422 

29 4 0.9101 431607 1452 1414 

0.9101 451748 1502 

0.3526 607122 730 
0.3526 634425 756 

8 0.4986 960351 1509 1073 46 

0.4986 802142 1296 

0.6325 466304 1069 
0.6325 389931 938 

24 0.5547 404617 845 882 56 

0.5547 292338 676 

0.3458 99910 241 
0.3458 130127 270 

48 0.4565 159670 392 333 83 
0.4565 189244 429 

SD 

179 

I 

154 

94 

391 

i 

165 , 

92 

"""'-J 
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Vl1~1~VI 'lJ - 10 tI'hJ1run11tl~"'tl~'flm~tJ'Vl'fl~~1nL~t'Vl'l!1tJL~t~1LL~tl1~ Yl32 °c ~':l1l.J:ntJ~l.J~'VlfiltJ'tl1n1P1 80 LtJ'tlfL;tJ~ 
'I .. 0 ., .J 'I .J 
~tJ~J11':l~n11LI1l1tJl.Jml.J~1"'tJn11'Vl"'~'fl~'Vl 8 ~tJI1l111~'Vl 3.1 

release time wt.sample peak area menthol contain in capsule Average menthol release 
(h) (g) (ppm) (ppm) (%) 
1 1.0189 582461 2042 2054 0 

1.0189 514770 1855 
1.2606 510867 2282 
1.2606 438677 2036 

2 1.229 468236 2083 1904 7 
1.229 425814 1942 
1.0262 417345 1598 
1.0577 538219 1993 

4 1.3126 314828 1680 1685 18 
1.3126 390076 1947 
1.1834 330183 1563 
1.1834 326647 1552 

8 0.4309 1372814 1785 1425 31 
0.4309 1283363 1681 
0.4309 854464 1181 
0.4309 744657 1053 

24 0.4616 749950 1134 1009 51 
0.4616 555259 891 
0.579 499435 1030 
0.579 468716 982 

48 0.2616 881042 736 848 59 
0.2616 901042 750 
0.3520 835759 947 
0.3520 851042 961 

------------

SD " '1 

I 

175 

249 

184 

362 

101 

122 

- -...J 
I\.) 
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~1~1~V: 'lJ - 11 tl'hJ1run11tl~"'tl'Ci'flm~'W"''fl~'"l1nlRt''''I!I'Wl~tR1LLRtl1~ ~ 32 °c f1'l1~~'W~~~"'DL'Wmn1p\ 80 Ltl~fL;'WC;] 
~ ... 0 ., .J ~ .J 
~'W~[l1'l:::n11L[111tJ~m~~1"'tJn11"''''~'fl-l''' 16 ~'Wm11-l'" 3.1 

release time wt.sample peak area menthol contain in capsule Average menthol release 

(h) (g) (ppm) (ppm) (%) 
1 1.43260 347609 1960 1863 0 

1.43260 318086 1846 
1.55000 297210 1909 
1.55000 256439 1738 

2 1.5126 294559 1852 1868 7 
1.5126 301252 1880 
1.2373 491378 2174 
1.2373 309693 1566 

4 1.6898 187867 1582 1660 17 
1.6898 174430 1520 
1.7385 182572 1602 
1.7385 253521 1936 

8 0.9891 321475 1283 1386 31 
0.9891 366765 1405 
0.9570 416195 1487 
0.9570 370153 1368 

24 0.8620 299900 1068 1103 45 
0.8620 287896 1040 
0.6565 525073 1214 
0.6565 454682 1089 

48 0.5301 353010 733 817 59 
0.5301 340297 715 
0.5200 420659 814 
0.5200 555299 1004 

SO 

96 

179 

187 

85 

77 

132 

--J 
W 

73
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'W1tJ~1Uru ~'Wfi~~UHW Liic;).)'WYi 31 ;:;'W1rl~ yu'\. 252 1 Yi~1LIHldj~~ 
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