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ABSTRACT 

Gelatin, imported material, has been used widely in hard capsule industries. The 

cost of production can be reduced if gelatin is partial substituted by starches because 

starches are extensively produced in Thailand and are also not expensive materials. This 

study is to find out the suitable substituted starches, the maximum amount of substituted 

starches, the amount of appropriate plasticizer, the percentage of sodium lauryl sulfate 

(SLS) used to produce hard gelatin capsules by using dipping method. The appropriate 

starch-gelatin films and capsules were selected by using viscosity of mixture, appearance, 

physical properties (maximum stress and extension at break), weight, thickness and 

moisture content. Eight starches i.e. rice starch, glutinous rice starch, tapioca starch, fully 
® ® 

pregelatinized starch (Era-Gel ), pregelatinized tapioca starch (Alpha starch ), Elastigel 
® ® lID 

1000J ,Elastigel 2000e and Elastigel 3000M , which represent three groups of starch 

namely native starch, pregelatinized starch and modified starch were used. Results 
® 

showed that 25 %w/w substitution with Era-Gel with 1 %w/w glycerin and 0.1 %w/w 
® 

SLS, 35 %w/w substitution with Elastigel 2000C with 0.1 %w/w SLS, and 20 %w/w 
® 

substitution with Elastigel 3000M with 2 %w/w glycerin were selected as three best 

fonnulations. The starch-gelatin hard capsule produced are slightly cloudy but other 

properties such as shape, flexibility, strength and disintegration time are similar to 

commercial gelatin capsules. Dicloxacillin was chosen as a model drug to compare the 

dissolution time between three starch-gelatin capsules and commercial gelatin capsules. It 

was found that all three starch-gelatin capsules were dissolved completely in 10 minutes 

which complied with USP XXV monograph. The recommended storage for three starch-
o 

gelatin capsules after three months stability test was 30 C, 75 %RH inside low density 

polyethylene bags. 
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, 

linnt:t 1 

fl111Jffl)Jl'JfI l'U fll'J~n~Wil~~~'Ufl~lJ l~~rleH)wM flUllJ~tJ'WUtJ~~ i U u~~)jfnl)Jffl)Jl'JfIlu fll'j~~~ltJq qJ • 

I i 
<>IltJ9Il <:t <:t "'" 

U~~ff~ltJ~11~ U6ijO~1'H~1'V11~G)flf11YfYl~WMfJ)J'Jl~flltJ (Jongjareonrak U~~flW~, 2006; Yakimets 

U~~flW~, 2005) ii~ul!il1~~~~U~~iJ fJW ff)JU~~~ U~ltJ~O fl!1 fltJ9!~~l~1tJ)J~l fl! ~~~~'U V~iJ~OliYtJ 

mJ)Jlfl l~uri 
qJ 

- 1~~~~l,U~Uffl'J~11~Ofl111J~'W lrlOl~U1U~OflUfltJ9f~ 1'Wfffll1~~)jfll1:IJ4''W~1 'H~OU'J'j~
qJ q 

I " <:t ~ ltJ p<:t ,5ft 9 p ~ I ~ ~ I ~ I 9 <>I 91 0 <>I 
ffl'n'lffl)Jl'jfl~~fll1)JG)f'U 1~~ 'WU111UUffll'H~ lMlu~OflUflu9!~lu'jl~ 1'W'V11~~'j~fl'U6ijl)J fflM'jlJ 

lh~l'Y1ff!m,J4''W lGJf'W lh~l'V1ffl'V1tJ ~~iJfl11)J~'U-ff)J'vrYl1i)J1flflil 60-70 % 'WlJiTi~~lJfl11)J4'lJ~1~)J~lJii 
1" ""~ d ftl "" ltJp ~ .% 0 5ft 0 ~ , .J 0 

~m M~WMfJ)J1I1!l~'VIUflu9!~1~~~~lJffl)J1'JfI~~~ltll~1~)J6ij'U~lfl 30 C lU'U 50 C 'H'JOlJlfln11 9f\lYll 

" 111'Ln~UtyMlfll'J~~~ltJ6ijeJ~11JilOfl!lflU~~l'UGtm~lM~11lJ~h~fllt1i~ (Jones, 1987a: 31-48) 'WeJfl~lfli1 

iltyMlfll'J~~~l tJ6ijO\ll1J~Ofl!lflll~~Ol~ ln~ulflfll'J l~eJ)J itJ\I~llJ'J~'H il\l i)JmfJ~'\JeJ\ll~~~~ lJ nlJ~1tJl~ ii 

'<>I <:tltJ cr'.J 1 a I~ a I
M1JeJCl~ l~~9f\lU'J'J~ lJlu~eJmlflu~~ (Cartensen llCl~ Rhodes, 1993; Digenes, Gold U~~ Shah, 1994; 

Podczeck, 2002) 

Uty'Hl1~tl1~eJ\lnlJfflfflJl l'dO\l~lfl1~~~~lJlfluiU'J~u~i~~lfl~1'HU\l fl'J~~fl lifm~eJEUeJ\I 
-ff~1 lGJf'U 'HlJ U~~11 ll\lJ'U ~~UUilOfflfflJlflff~1)JeJal\11fl'i\lfli'~ il1i'lJlh~'V11lJtll~lJ'J'j~ 1lJlu~eJfl 

'II • qJ q 

d d p <>I i <>I cr' 
- Uty'Hl'VIlfltJ16ijeJ\lfllJ 'Jfl'J~lJl~1lJff~1 Bovine 

~ <:t , <>I cr'd 0 5ft ' 
spongiform encephalopathy (BSE) 'H'J0l'J tlfll1 Mad cow disease 'Uff~1'V1lJ1lJ11U'W01'H1'J lGJ5'W Ufl~ U~~ 
QI .J i;: "'" .:!l cr' '9 P "" QI .:!l <:t~ ltJ 91 0 1P , Q.I .:!l
11 9f\l 'jfl'WffllJl'JfI~~~Ofl\l)J'{l:WU~~flO lMtfl~W'W~'j1tJfI\lGJ51~ 1~ 'VI1 'H'H"ltJfl'llJ~'j~'H'Uflfl\lfl11lJ 
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CI QI ~ G] , G]~ "'" 
'VH:J1tJ1lJ111ff1'j11'Hn~Q~U tl1lJlJTV1~Ul'l'Wn1'j tG)flll{;l~~'U (Wolijes U{;l~flW~, 1999) 

Yamamoto, Matsuura lm~ Akai (1998) 111'1l~al'li~~'jl~{llnUl11ilvflUflU~{;l~1li~d1'WU'j~fHlU 

6ijtl\ll~{;l~~'W 1~{lu'j~nvu11'1{l13~'jtln9fl'Vi'j-w{;lllJY1{;l1C}f{;l{;l1{;lff (HPMC 79.6-98.7 %), fl1'j1~U'W'W (0.03
'II 

'LI Q CI Q IfJ OJ ~ ""'OJ .,k?t ' 
0.5 %), Lull~ff19WlJ lm~/l1'jtl Uflm9WlJ lVVV'W (0.14-3.19 %) 11{;l\l1l1n'W'WU'jl:n'l Capsugel C}f\llu'Wffl'W 

l1~\I'\Jtl\lUllJ'Vl Warner Lambert 111'N~~luilvnUflU~{;l')n1~u~\I~Yil1l1n HPMC ~111111{l~11{;ln1~{l1~~tl 
, CI Q?t 1fJ' ~I Q " . 

11 "Vegetable capsule" 11'jtltl1~1'j{lmU'W.f)l1:n ~l'l{l11 "Uflu~{;llll" 'Wvn1l1n'W Chlwele, Jones lm~ 

"'" .,k "'" 'i ""''''' ,~ "'" ~ 
{;l~~'UNfflJ polyethylene glycol (PEG) 5 % Hft~ HPMC C}f\lN{;l~ L~{l11in1'j~lJ~1{lUUU'VilJ'Vi (Dip moulding 

technique) 'ViUl1 111~tlmlflUCU{;l~N~~1l1n HPMC 1l~{;l~{;l1{ltlV1\l'j1~1~1 , lm~1li~'Wnu~wl1fJih~yd1\l 
10-50 °c d1'Wlui1vmlflUCU{;l~N~~1l1mll{;l~~'W l1'l~lll'l~~'WNfflJnU PEG 5 % lliff1lJl'jf,){;l~{;l1{l111'~ 

tlWMflij~lnil 30°C 
q 'II 

'Wtlfl1l1flfl1'j1cY HPMC Ul'l'Wl~{;l~~".Hltl1 tJ\I~fll'Hhuil'Il:r'WNf\l (potato starch) lJ1l'l~U'Yl'Wnl'j1cY 

11l{;l~~'W1~{l1~n'j~U1'W fl1'j N~~UUU~lJ11'l{lUUU-WlJ'" UllJ'Yl Capsugel 111'YrroJ'W1fl'j~1J1'Wfll'jN~~lUi1tlfl 

UflU~{;l1l1flUi1\1 (starch capsule) 1~{l1~1l'lflijflU1JUii~{;l\luUU~lJvr (Injection moulding technique) ~\ll~'W 

1~ fl1'jN~~~1~'fl~V\ltijn'ju~ fl~h\l1l1n1~ n1'j~ lJ~ \I '~''W~~ffll1 fl'j'jlJfll'j N~~,ui1tlm'flUCU{;l'1l{;l~~'Wh.! 

ih~u'W (Vilivalam, IlIum 'm~Iqbal, 2000) ~tl'Yll\1fl1'jfll'\Jtl\llui1vnuflU~{;l~N~~1l1nui1\1fitl Capill® 

" l~{li1~~u'Wu 1JllJ'Yl West Pharmaceutical Services 1~'W~~i;~ (Bums U{;l~flW~, 1996; Eith U{;l~ Tomka, 

1987; Idrissi Uft~flW~, 1991; Vilivalam U{;l~flW~, 2000) lfl~tl\ltijn'j~ff1lJ1'jf,)1J'j'j~lui1vnuflUCU{;l1l1mli1\1 

111'~l'Vi{l\l2 G)fij~ flV semi-automatic bench top filling machine 'm~ BoschTM (GKF) 400C filling machine 

littl\l~lmui1vmlfltJ~ftui1\1~iU11\l~ U~n~l\l"lfllui1tlflUflUCU{;l~Ni; ~~lfllll{;l~~'W tlV1\l1'j ~~llJ lUi1tlfl 

Uflu~{;l~~i;~"lnuiJ\I~,j'tl~l'VI'Wtlfli1l11i1tlmlflll~{;l~~i;~~lmll{;l~~'W11{;l1{lU'j~n1'j (Vilivalam lm~flW~, 

2000) 1~llri 

Q ~ ~I d CI 1~ Ql1 olfJ~
111lJ1~fflJ1'Wfl1'jl~'j{llJ1U'W{llUfluCU{;ll'l\1mfl'lf)U Mll~fl1l1 'W{;lllff (Enteric coated capsules) 

http:0.14-3.19


3 

. " , ". , 
fl11lJfI~~1t-W lJ~j,,J,jjflt1lJ~ffnlJff.f)11~fl11lJt);'W11~flflW 11.f) iHl !1J~ fJ'U' l1J,,~

It <U 

1l-i~1'~ 'W~fl~1riff11n'W1J~ 

t~'U~i)~UiWcvl~1l-iijff1'Ulh~fWlJ'm~1~Q~lJ~1~1I1f1t1~{ 

lh~t'VIfl1'V1m~ 'Wth~,'VIf1tf111~1 f111 lJ ~~ij f111~~~' ,;j~,tl'W ~1'U1'WlJ111f11"1~mllVil~fl~l~~~ui1 ~ 
SI 

,j'111~11m~uiJ ~,j'11111U fJ1 uiJ~tl1ri lU ij11f11\) m m~ffllJl1(l~~~1~.f)lfJhJ1h~l'VIf1 ij11fJ~1'W f111i~fJGtJfl~ 

U111'VI National Starch and ChemicaI1~lhui1~1l~Ulh~flf111T1'l Elastigell000f lJl'V1~U'VI'Uf1111~11l"~~'W 

t~fJ~ 15% ~Uil 1UGtJ'Wl~f)11~~~ 5000 ;n"f1i'lJ ff1lJl1(l"~~'U'Vl'Wf)11~~~1~()~ 112,500 lJ111 l~w'1I 

,,~~'Uij11fll~'W'Vl'U~lh~lJ1W 250 lJl'V1/fil"f)i'lJ ri1'W Elastigell000J® 11f111h~lJ1W 100 Ul'V1/fil"f)i'lJ 

f111 ~~~ltJilflm lflU~"G)f-W~u~~JU'UUf1111f1~u~ihi1~~~lJl~1l1'WGtJU~ llfltJ~,,~ ~~~1~ if~~fl~ 
o C3 C3 J Q,I d 1'J} ~..A 'J} J ~"" ''J} ~ tI =it ~"" d
fll1N(l~tfl1U~1If)1Yl G)f1u f111 ~"11 ""~tfl1U~U11~UfltJ~"~1fJ l'U fl~1I1f)11i n11~lJ1l1fJUlJU~lJ~1lJ U11i'VI 

1~fi'Uflth~u~'iM"lfJlJl1 tlUl1"l'W 1'W 111f1~U~ f111 ~~~ltJ~flf1UfltJCJf"1I1nUiJ ~ 11f(1~fl~Yllf111 1tJ~ fJ'UutJ,,~
<U 

f111lJi~ lm~lfI~fl~~f)1~1~1u f111 ~~~11 ~UlJ1 1 11 11fltJC}f"i~l1lJ~1I~l~ 14 f11 1i'W1tJ~'O~1 m~mf111ri f111 "~Yl 'U 
q <u q 

~~J'W f111tJi'U1tJ~ fJ14i~Q~U1I1f1l1l"~~14lJ11~'W1111~1'Wf111~i1~ltJ~flf1UfltJ~"J'U 1l-ifl11ff~~"f11~'VIU~ fl 

f111 1~lfl~fl~jjfl~ij1~n14ll~l~lJ 

1 fl1 ~ f111 i ~fJif~ ~ij fl11lJ ff'U 11Ifff11:l1 fl11lJl11 'U 1tJ 1~1'Unl1U 111 11 ~ lJ1'V1~ !1'VI 'U f111 1~l 11 ,,~~ 'W 

, ~.:: "" ~ ~ d ~"" ''J} ~ tI.J =it ~"" d 1'J} Q,IU1~ff114111 U'VI ~l1lJ~1'W nl1 l~1 fJlJltJ" flf1UfltJ~"G)f'W ~uGtJ~ 1~fJ11i f111~ lJ~1fJUUUVi lJViCJf ~llJ 'U11i 'VI G)ff114 

..t11tJ1'U~~ffTI1 f11 1 lJf)11 ~i)~lU~fl f1UfltJ~"l11"~~ 'U G)f-W~ U~~ 1~fJfff11:l1M1G)f-W~GtJfl~ui1 ~~ 1M lJ1~fflJ 1m~ 
~ _9-1 d 'J} ~ ItJ 'J} _9-1 d 'J} C3 d'"" .:: ~ .J

MltJ11I1W~~~~GtJU~lllJ ~'VIff1lJ11(lYl~11'Vl14f1111G)f11l"~11'U l~ lllJ~'VI1G)f1'Wf111f1f11:l114lJlNMlJ~ 8 G)f14~ CJf~ 

1~'Ui1U'Vltl'ijfl~n~lJlli1~~u f1~lJlllJ~~~UU1'V11~n1fJIl1Vi lm~n~lJlllJ~~~UtJ1l~fJi~~'U ffn1:l1fJWfflJU~ 
, !:t tI d "" ItJ 'J} c> _9-1 C3 ~ 

'VIl~ f11fJlllViGtJfl~ffl1"~"lmm~U~UY1" lJ'Vl t~1 fJlJ !~ 1I1f1l1l"~~'U~fflJU1J -:j 1m~fln1:l1~"'ijfl\lff11 lff1 lJff.f)l~ 

Vi"lff~ f1 (plasticizer) 1m~ffl1"~U1\l~\l~h (surfactant) ~flfJWfflJU~GtJfl-:j11~14rt"lJU"~ltJ~flm1fltJ~,,~ 
SI , 

1111 fJlJ 1~ Uflf1111f1U if~ffn1:l1'j~fJ~11"1114f)11U~f1i1 nl1"~"lfJGtJfl\lltJ~flmlfltJ~mV1fltJ,,~tJriUfJ~1d11~ 
~~ .J 1'J} =it Q,I 'J} Q,I ~ I~ ~ I d "" ~ 

fI"fl f1CJflCJf" 'WCJf \l G)f!lJ 'W 11 1fJl~ 'U U UlJ U"~'V1 ~ffUlJfl11lJfI\l111'lJU\l!lJ" fl f)UfllJ~"'Vl1111 fJlJ 111 f1l 1I"~11 14 ~fflJ 

lliJ-:j 1~mtJ1 uurn fJUtlU1tJ~umlflUCJf"G)f-W~U~\l~ 1~1 fJlJ1Ilm1l"~~14l'W fJ-:jflU1-:jl~U11~ui~ 1~fJ1fi'W ll"~ 
<u 
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IV _1 ,,~ """.., 
1V1Qlf'.i~11'-3f1'Utl-3If1'j-3fll''.i1 'llU 

1. 	 t~flfffrHllfl'lfUlIufl~l1~ lJ1W 'l \I't!lI6ijfl\lUiJ \I~ tl1lJl~(;YlJh.lfll'JU llJl1~Ul'l'W~ t\1f1~~'W1ufll'j~il~l11ilflfl 

Ufll1~flWll11~\l1VWl15fll'j~lJ~1tJlluU~lJ'Yf 

2. 	 1~flfffl1:l1~fl6ijV\I(;yl'j l(;y~lJ(;y fll'W 'Wfll(;y~ fl~ flfll'j1nllU~'WVl rl'lJUfl~fll'j1~~ tJlJ111ilvflllfl,j1!fI~U1I11~\I 

mm\1f1~~u~(;ylJll11\1 

3. 	 1~Vfffl1:l1ffil6ijV\I(;yl'jflllH'j\l~\I~1~Vfll'jl~1tJlJ!l1ilvmlfll1CUfl~U1H1~\I\11m\1f1~~'W~(;ylJU11\1 

4. 	 1~flfffl1:l1flW(;ylJ11'~Y11\1fl1tJflTW 6ijV\l111ilfl flUfl,jC)ffl~ t~1 mJ\11m\1f1~~'W~(;YlJU11 \l111ml1~ tJury; tJu tlU 
q 	 'II 

• • v 

111ilflmlflllCUfll\1f1~~'WYiij~111'Wlmm~Yll~1tJlJ~'W~1tJ1151~tJ1tl'W 

5. 	 1~Vfffl1:l1'j~tJ~nfl11'W fll'jU~fl~111f1~fll'jfl~flltJ6ijfl\ltl1ilflfl11fl,j~fI~ t~1 mJ\11m\1f1~~u~·n"lJu11\1 111£.1 
. ." _I':! .ct .., n I.:!I _ I "" .ct.ct 0' .ct.ct..,g 9J ""'.ct.ct ..,

llJ'j tJ'Ul'YItJUfllHuflflfl1 lfllJ~flllj)fI~~UYllJ \1111'W 1m m~Y11~'j tJlJ6ijU1I1tJ11i ll1t11fl'W 

6. 	 lY1flfffl1:l1f111lJfl\l ~16ijfl\ll11ilflfl11fll1~~~ 1~1 tJlJ \11 fl1 1j)~~~U N~lJU11 \ltrltll~U'11u(;yfl11~~ ~W11 fJ iJ 
" . . 

30 °c U~~ 40 °c fl11lJ~U-fflJTIYI,r 75 % 111mmtJu1YitJUtlUl11iltJfl11f111C)fm\1f1~~'WYiij~T"'llj,tl11~~Yi
'II 

" . 	 . 
rill1~l1"\1 'j11Jl1\1u11\1Vl ij fll'jvlllUlhYl1\1fl1t1flTrmfl~vlllUlh111tJ115fl'W lJl'V111 U'Vl'W fl1'j 1~11j)~~~U 1'W fl1'j 

1~1 tllJ111 ilVfl11fl,jCUfl~U1111~\l111t1115 fll'j~lJ~1tJUUU~lJ'W i lItJfffl1:l1111~U1I~ l11lJl~(;YlJll~~l1~lJlwu11\1~ 

~\I't!lI~(;yllJl'jOU'YI'W~ 1\1f1~~'W1U fl1'j1~1 tJlJ1fl 'Wu~urJ rl'lJu~~1,jiltJmlf1U~~~UlIU~\I'~ U~~fffl1:l1111 

11~lJ1W~1l1lJl~ff1J"fl\lri1'W~(;ylJ~U '~11fi (;yl'j1(;y~lJfffll'W'Wfll(;y~fl U~~(;yl'jflllU 'j\I~\I~1 UtJfl\11fld' ~\I 

~ 	 • I ' " 

fl111Jtif'WYi ihlf'WlI 111mm £.111 rn tlutlul11ilVfl11flU~fl1\1f1~~'WYl ij~Tln,htI1uil \1~11''WU~~Yll~1 tJlJ~'W~1£.1115 

.ct 	 .., 

111 tJ1fl'W 

http:1V1Qlf'.i~11'-3f1'Utl-3If1'j-3fll''.i1
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UU1111~fl11)Jfl~~1l1)Jll,nufn'l1 ~£J 

1 fI'j ~ f)1'j i~viIlj tt 'U 1fl11lJ~~' 'W f)1'j U1 tl iJ ~ cff-31 fl U~" ~il~Yl1~ f11 'j t f11:l91 'j 6lJU ~U 'j ~1Ylf1~ lju ~ 
lJ1f1lJ1VlHl1V'lfU~ U,,~lj'j1fl1\l f1lJ1Yl~ UYl Uf11'j ,,*,~"~~U''Wf11'j~il91'lH1U f1U flU~"GJfiJ~U~-31~vii 

:JI I 	 I 

11'U ff1 U~l1 ~~ 'j llJll~ 11 iJ ~ Vi ~~ U U 'j 1 ~vii Yl1 ~ f11 Vfl1 'rH,,,~ii u'W '1 lJ 1Yl ~ UYl U f11 'j'~'~"~~'U' 'U 

, 
'lh~l£J"Uiifll~il'il~'vi'-r'lJ 

1. 	 ri~'ff1lJ '~lJfl11lJ'~U J'U U~~Vf1'j~~l1fff1Vfl1'W'Uf11'ji~fJU,,~vrWJ'U1'flri'G)ftiWcn6lJU~ ~U'j~f1Ull f11'j 

U~ ff111 f)'j 'j lJf11'j ~~~,Uilu m 1 flU C1f~')fiJ~" ~~ fll V, 'U U'j ~''Vlf1'1111~'Vi VlJOUU 1 f1'V1 ,j'llJ G)f1~
q 	 ~ 

~~ ffll1f1'j 'j lJfl1 v,UU 'j ~1'V1f1 
" 0 _~ <=9 <=1 II] " , ,

3. 	 ,,~\9l''UYJ'Uf)1'j~il~Ufltl~~G)fiJ~U~~~l'11lij1mlij~~~'W ~lVf)1'j'W1Uu~C)$~lJ'j1fl1(lmW~y/1 l~~lV lJ 
~ 

U'j~'Ylf1''VltllJ1 '~Yl~U'V1l.l 
, 	 I 

<=1 "'" i 	 4 <=1

4. 	 ~~fl11lJnW~6lJU~f11'jlf1~ l 'Jfl Bovine spongifonn encephalopathy (BSE) Y/'JU Mad cow disease Yl 

U1lijU'Wl1iU'WU~''U'~~~~U~'~lij1f)ff~11~m,hui1~ lJ1'Vl~ UYl'Wf11'J 1~'lij~~~U
~ 

5. 	 '~m~lJVij~f)l'j~lY/hhV''UU'J~~lf1'JlJffillJ~' fl'i ~flf~ cff~ 1liff1lJl'J(lU11flm~"~~'W~ ~~~ ~1f1ri'~1 

1~ 

6. 	 GJf1mYilJlJ"rll6lJU~ ~~91 ~~Yl1~ f)1'J'f11:l~'j1~Vtl1lJ11~,1J'W 1~Q~l1rl1Y/fU~~ffly/ f1'J'JlJf)l'J~il91 
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, 
~ 

1.11111 2 

IV IV 'ftl ftl
1. 	lilil~f)wcnluU'lJ'lJUflU1tl 

ftl ~ QI QI 0' ftl d ~ 0 .::, "'>.% ilL I ' , ftl4QI QI 

Uflu~{llUlJl.flff6)j'.flW CVI 't u U1J1J~fNll~\JC)f \JU'j'j ~ ~ ltJ1"fflflty~\JU~ 1 6)j''W ~~lJ tufl~.fl1tJ lJlu{lfl f) 

UflU~{l~~~~1)lf)l1){l~~lJl~'Wl1~f) UflU~{l~ij~111U1tJ'lJi11)~l1lJij 2 6)j',j~ flfl UflU~{l6)j'U~U~\J U{l~ 

UflU~{l6)j',1~eifl'W l~tJuflU~{l~iJ~U~\J ~Uilflf)llflU~{l1)~ijffllJlh~f)flU 2 ffllJ~UtJf)1)lf)n'U ~fl ffl'W~l 

(cap) lm~ffllJ~l (body) ]j't U~l\J 1~ lJl'l'j\JfI'j~Uflf)~\JffllJ~lffllJl'jtlffllJlI ~1~ffiJl'l'rm~ n1JffllJ~l 

ffllJUflU~{l~iJ~rifllJ 1)~I~lJUflU~~fu l~tJl 1~tJfl11)iJl1~fl 1,jij'jf)tJ1ifl~lJnul1j fl1'j~~}9l U{l~iJ'tU~l\J. 
1~11{lltJUUU (Jones,2004e: 1-22) 

,j'f)~'lJfl\Jl.flff6)j'fiwcrl''tuUU1JllflU~{liJll''ltJlh~fl1'j (Augsburger, 1989) 1~wi 
, . 	 " 

- ff1lJ1'jtlfl{lUfl~'W'jffYi1~~'lJfl\J~ltJ11~ ll1111'NihtJ,,rfll1lJ~llJijfl1'Wf)1'j'~tJllJlfl;jlJ
<u 

2.1 l'Utl~~t! 

11) (l~~lJl~'Wi}9lQ~Ul1 ~fI~'~' lJ fl1'j ~~\9IIUilfl fill flU~{l liifl\J 1)1fll1) {l~~lJ iJfJW fflJl1~~~ 1 ~11 ri 

fl1 'j {l~" 1tJ fll1lJll i1 ~'lJfl\J ff1 'j{l ~(l1 tJ ij flW fflJ U~, 'U fl1 'j ln~ 11) {l~ffllJl 'j tl fI~1J 1 U lJ11 ~lrlflflw 11.fl iJ 
q 	 q <u 

d " 'Wflf)1)lf)'W 

'jl~l~lhJfI'j~1~1~fllll1'j (Jones, 1987b:13-30; Chiwele U{l~flW~, 2000; Gilleland U{l~flW~, 2002) 
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"" ;::f.... d d ;::f "'-I 1tJ .;::f ~ ;::f .::: 1
l~C'l~~'W1HlfllJW~llh'!'lJfJ-:)lP\J-:)llhl~ {HYlC'lfJ-:)~l-:)~ llJlJflC'l'WUC'l~'j'tY lJl'l-:) 'W~UF-H 

2J 2J 

Ufl'j~C'l YI~fJl~lHl~'W1U1-:) U'tY -:) )j111'HUflllJ1C'lfJft~-:) U\9l 15,000-250,000 1I1C'l~'W llJlftfJC'lGUfJ-:)l ~C'l~~'W 

lh~f1fJUv11Vfl'jllfJ~in 'W 18 ~11~fJlJ\9lfJn\'!1i'1vlilHj~11hJl Yl1l11i'1~'W'WfJilllJfJ{ ll1vri1'WU'j~flfJU'\JfJ-:) 
2J • 

fl'jllfJ~iJl 'W~~';'WfJQtlUU'VIt=i-:)YilJTtlfJ-:)l~C'l~~'W (Djagny, Wang Uft~ Xu, 2001; Eastoe UC'l~ Leach, 

1977; King, 1969) 

......".;::f "" 

2.1.2 fJWfflJlJ~'YI1.:.tlfnJtll£J.fllnttlfl.:.tl1l~~~'W (Finch UC'l~ Jobling, 1977) 

" . ...."";::f 	 "'" .dI.... • ;::f "'" ",,;::f .... 

fJW 'tYlJU~'Vll-:)l fllJ fll Vill'W GUfJ~l~ C'l~~'W '\J'W flU U 11 C'l-:)YllJl'\JfJ~l ~C'l ~~ 'W 11i flTH1'flll fl11lJ 

l~'Wfl'jll~l~ UC'l~~1'W1'WVlfifll1'1'jlC'lvl~ijfJQ l~C'l~~'Wl~~lfl fibro~s ;'protein collagen ~~1~'W 

ri1'Wlh~flfJUlf~fll'W'H'J-:) fl'j~~fl nY'W 19'WUC'l~l,fm~fJlrltJ1li'W 1'Wlh~lYlff'tYYlf~fJllJ~flli~Q~u~1~ 
1'W fll'j Nil~H~C'l~~'W ;tfJ l1U~r{fl'j 1iifJ-:) ~lfl'tYllJl'j()Yll1~~lV U\9l1 'Wq 1'ju~~l~lf U-:)~fl'j 1'W fll'j ~il~l~ 

C'l~~'W.ufJV i~()~u~1~1'W fll'jNil~l~C'l~~'U ij~C'l1Ml~C'l~~'W~Nil~11i'ijflw fflJU~\9l1-:) tl'W flfJ l~C'l~~'W~
q 	 q 

o .... ,/ 1Vet,/ d d ft I I ;::f d .dI ~ GJ ....,/;::f;::f ft.1 ft.l 
Yll~l flfl'j ~1l flff~ 1~~ l1nC'llJYl U'\J~ lu 'j l~-:)lV UC'l~lJ ff'VlU 1'Wf.)~~1fll 'W fl'j~ll flff~1lJU fI C1l9fVlJnf.)ffl n~ 

~ 	 ~ 

~-:) 01 ij U~lJ 1 W lJl fllfl'W 1 U ~ ~Vi 11 Mll flU 9fC'l ~l1i'ij iYViu -ff1'W 1~ C'l ~~'W ~ ~il~ ~1 fllf U.:.t fffl 'j ~ ~)jfl11lJ
~ 	 q 

2.1.2.1 	tll'Hl~~l£J"fl.:.t''i)~~~'W 

1~C'l~~h/hjft~C'llVl'WJ11UU~f.)WlfiliJ 25 °c U\9lffllJl'j()flfJU~1UC'l~'Wf.)-:)~1~'W
," 	 . q ~ 

, . 
liifJI;YlJ~fftlU1l1 ffllJl'j()C'l~C'llVl1i'()'l 20 % Yl 37 °c lW~~~C'l~C'llVlflJllYllh~lJ1W 71°C ri1'WYl 100 

°c l~ft~~U~~rifJV~ ffC'llV~11u'tYl'jC'l~C'llVll1mfllltJ~fl~Vl1~11l'j lC'lciff ~-:)fl11lJlfi1llUC'l~fJWfflJU~ 

Yll-:)fllVill'W~lU6u~ ~~lU~VUUUC'l.:.t 1 tJ1i'1V ri1ulu~1VilC'l~C'llV6'W~ l~C'l~~U ~~lllC'l~C'llvlu 
" " 

1fJ1ilUfJC'l lfJ 19f1'W'j'Wl'WfJC'l UC'l~llJ1ilUfJC'l u~lUfl~l9ffJ~U 50% 1~C'l~~'WffllJl'j()C'l~C'llV'v110% l1~U 
" " ~'WfJ~tlU1l1lfUfl ilJl~flC'l'\JfJ.:.tl~C'l~~U1i'1V UC'l~lufl'jllfJ~9f~fI ffllJl'j()C'l~C'llVl1i'f.)th-:).ufJV 5% ri1'W1'W 

~ q 

~I ' 2.1.2.2 	fl11lJ'u'Wtl~~-~1.:.t 

""''1 "'" di;::f .d .... 1tJ 'j) I 

fl'jllf.)~lJ lU'HC'l1t1'lf'W1I9f-:)lJYllJl'lffllJl'j(Hl~fl~1lll lli)fU carboxyl, phenolic amino, guanidino UC'l~ 
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7.4 

U1~~11lJlfJ'WrJ'W6u(;l~lli~nl'Hfl~U'W~6ijU,:nJ1~~ l~Un11 Isoelectric point (IEP) l~UUff~~filtltlf1lJl 

i'Wl1l-hU pH GJfij~6ijU~lttl(;l~~'WffllJl1tlUti~l~ 2 6J1Ull~llJn1~U1'Wnl1~~~ fltl 

2.1.2.2.1 	 Gelatin type A (acid process) 

Gelatin type A ~~~~''WU1~l'VIffffl1i'!mlJ~f1Tff1'WlJlf1ttl~~~~ttllf1 

l1'W~'lf11 lttl(;l~~'WGJfijllifl~ttllnnl1i~n1~''Wf11~U1'Wnl1~~~ fJWfflJU~'\Jtl~ Gelatin type A fiu ~fil 
, 	 , 

Q 	 Q 0 Q Q ' '''' 

Isoelectric point 'VI pH 6.0-9.4 ffl1(;l~(;llU 1 % 'VI 25 C lJ pH 3.8-6.0 lJfl11lJfl~'VI'W~Uf)111f11l 

l311l1l(;l~ff1~un1~ (acid hydrolysis) 11~ttl~l1~Uf1111nll leT 1111 l(;l~ff11lU~1~ (alkaline hydrolysis) 

lJlf1f111 Gelatin type B 

2.1.2.2.2 	Gelatin type B (alkaline process) 

Gelatin type B l~ttllnl1ir~11l11m6ijlff~1l~'Wl~Q~U 11lu1~~1~1'W 
, 	 , 

"" Q Q 	 Q 0 Q 

f11~U1'Wf111~(;l~ Gelatin type B lJ Isoelectric point 'VI pH 4.8-5.2 ffl1(;l~(;llU 1 % 'VI 25 C lJ pH 5.0

2.1.2.3 	fllUJffUn'jtl1ufll'jrle)hUmtl~fll1lJU;j-3U'j-36ijt)-3HHl 

fJW fflJu~~~hrlty6ijU~lttl(;l~~'W,j'tll1ii~ fiu fl11lJff1lJ11tl 1 u n11 nUL ttl(;l 1'WJ1~ 
, 	 , ~ 

'QW l1iJlJ\9l1n11 35-40 °c ff1'WYl'QW l1iJiJ~~f111ih~uuttl~u~1'W ~Uffl1(;l~(;llU 1~UUlttl(;l-1C)f(;l6ijtl~lttl 

(;l~~'WifffllJl1tH U~U'WUU(;l~ O'U 1UlJ1 l~~llJ'QW 11 iJiJ~ lU~U'WUU(;l~1U 11lUfl1fll11JU ~~ 11 1 ~'\Jtl~lttl(;l 
,

.d 
~ 

, QI 'j) 'j} "", "" "'" <:!:l 
(gel strength) 6ij'WU~f1Ufll11Jl6ijlJ6ij'W6ijU~lttl(;l~~'W pH 'QWl1iJlJ U(;l~ff111~UU~~U'W~ (Stainsby, 1977a) 

1U~ 1 Uff~~nl1 !fl~!ttlm~1,J1 fl1 ~ff11~'i1~Ul1ff1lJiJ~6ijU~ llJ1(;ln(;l!ttl(;l~~'W~,ruJ1m1 ll'il1u1'W fll1lJ 
~ 	 ~ 

U~~U1~6ijU~lttl(;lUff~~i'W11l-hu bloom l~U~~ll1l.l1u~~u~ 50-300 bloom 'ttl(;l~~'W~ii bloom strength 

~1 ttl~l1~tlUWl1iliJlJ1f1nl1 
~ ~ 

<:!:l 	 ....
2.12.4 	fll1lJl1l!~~t)-3U1'jtl~tl1m'i)tI~Vll! 

f111l111 ttl (;l ~~'W1U 1 ~U 1 ~1u6J1,r1 'W ~ 1'W lJ 1 ~ tlV1 ~ flW fflJU~~1'W fl11lJ 11 i11l ii 
~ 

~ 

fll1lJ~hrltu~ U'l O'UflW tYlJU~i 'W n11 flU lttl(;l fl11lJl1 i1ll6ijtl~ tY11(;l~(;llmttl(;l~~'U ttl ~~'W O'lJ pH U~lJ1W 
\u 	 q 
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. . .
l' 11]_1 Q,I ~ ~ d 'J} 'J} t:tQ,I 

~11H1~lUUU non-Newtonian t~HJYl1 tlJ1ij~1~fl11lJl1lJ~'l.I'tJ'l11ij~~~'WYlfl11lJl'UJ'l.IlJ 6.67 %w/w YI 

~W 11 fJlJ 60 °c rll11f'Ul1ij~~~lJ~'~h"!~~(;1'l11 f1'j'jlJf11'j~ii~ 11Hl'tJf1Ufl11~~G)fU~U~'l1ij~1~fl11lJl1i1~ 
~ d 'J} 'J} , ~ 

'l.I'tJ-:J11ij~~~lJ'Vlfl11lJl'l.1lJ6ij'W 12.5 %w/w (Jones, 1987a: 31-48) ~~6ij'tJ-:J pH ~'tJfl11lJl1'U~6ij'tJ-:J(;1'1'j~~~ltJ 

, , " . 
I ~ 'J} 'J} ~ .". Cl dd , ~ d Q,I 0 Q,I 

3 11~~ 10.5 U~UJt)fl11lJl6ijlJ'\J'W6ij'tJ-:Jl1ij~~~'W1Y4lJ'l.I'U ~~'l.I'tJ-:J pH Y1lJ~t)fl11lJl1'U~1ij~lJ'UtJ(;1'1f1t1J~~~-:J 

(Stainsby, 1977b) 

2.1.2.5 fl"Hnlltl~lSUf)'ll'U~~~'U (Degradation) 

(;1'1'j ~~~ltJ1 ro ~~~'W (;1'llJl'jtHn~ l~1 ~'j 1 ~~(;1'1 ~lrl'tJ~W 11 fJlJl 11~tJ'Wll 11~ -:J 111 

(thennal hydrolysis) ~'Wt)~nU~Wl1fJlJ n~l U~~ pH l~tJ1ij~ln~ut)tJ~Il~~ pH 'f)-t1'1~'Wf)~1'l f)l'Hn~ 
l~1 ~'j1 ~~(;1'if(;1'llJl'j tlri''llf)~ l~1ijlf)f)l'H11~tJ'WU11 ~-:J '\J'tJ-:J rilf111lJl'nJ~ fl11lJ U~-:JU 'j -:J6ij'tJ'l11ij~ U~ ~ 
Jl11Uf)llJl~f1~ lGJf'W fl11lJl'l'W~~~~'llrl'tJln~ i~1~'j 1~~(;1' vh 'Mn)~~~'Wl~ffllJl'jtl1,j'l autoclave 1~'tJ 

'I 

v v. 
o GJ ')I_I ~ i 'J} t:t ~ ~ cv ~ 11] 'J} t:t t:t

'Vlll11u'jlff1ijlf11G)ft) ~ lHlf)1ijlf)'W f)l'jl(;1'VlJ(;1'fllY46ij'tJ"l1ij~~~'WtJ'l(;1'llJl'jtllf)~ t~1ijlf)U1JfI'Vll'jtJU~~ 

v • 

i 'J} • ~ 'J} Q,I Q,I ~o Q,I ~ d 

~Uf) papain, pepsin, chymotrypsin Ur;l~ trypsin l1J'W~'U ~'l'W'W ~Wl1.fJlJffl11'j1Jf)l'j~~~lm1ij~~~'W'Vl 
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I/]I01'J1c:. ~ '" ~ Cl ~ 'JI 0 ~ 0 '" 
UJ'Vl1 lH fWI flTH11 "tJ'WU u,,~ Yl1~ fl1 tJ.f11'W fl1'J' 111U ~ 'J' 1fl1'J' 1n U lJ '1'.f11 'W l1-lllJ 'W 'lIU fl111 'W ~ 11 'W ~ '1'111 'J' lJ 

23-60) 

v=. , ~I' .".. 
2.1.2.6 fJ tlUnJ1J VJ'U el-lUN llrfiUJ1'il~~VJu 

fJW'1'lJiI~~a1rlty'llU~U~'W~rl'lJll1"~~lJ flU rll tensile strength 11r:t~f11fl'lllJ 

tJ1'l~£j~uuflnU'WSU1~ (elongation at break) i111,)tJ~ih'm~UfJW'1'lJU~1lJfl1'J'nu~rl'lJ flU 11l1ci~~lJ1'l1U~ 
SI 

111 ,,~~'W 1~ fl 1'J' '1' n~ thl1 Ufl llJ 1" fl" 1~ fl1 'J' 1~~ tJlJVI rl'lJ 'J'~~lJ 'lit) ~ fl1 'J" ell ~ 'J' 11 11" ~fl1 'J' ij '1'1 'J' 1ff~ lJ 
q 

. . 

c:. Q 0 1 'JI 'JI 'JI 'JI Q ",c:. 1 c:. Q 0 9 'JI 

"~11'UYI'Vl1 11 11 11 ~ ~ 'l tJfl 'lllJ 'J'U 'U 11 ~lJflW '1'lJ lJ 11 'Vl1~ fl1 tJ.f11VHl r:t ~ fl1 'J' r:t~"1tJU11 fl111~ 111 fl111" ~11'U YI Yl1 ~11 
q 

'JI'JI c:: .A",d .J",,,,,,, ",do 'JI'JI'JI c:: QI 
11 11 ~~ 'ltJfl'lllJ WlJ UJ U 'l ~ YI fl'lllJ G)f'U '1'lJ VfVl '6 45 -58% V1" lJYI Yl11111l11 ~ ~ 'l tJfl 'lllJWlJ 11 ~lJfl1 tensile 

• d~ 1 1 ~ '" do, 'JI 'JI 'JI 'JI.A ~." d 0 9 'JI
strength U"~fl1fl11lJtJ1'l'VltJ~UUflflU'U 'lI1~'tl~ fl11l"1r:tlJYI'Vl1 11 11 11 ~ ~1tJfl'lllJ H)'W 1'W U~l1lfll1 r:tlJYI'Vl1111 

11M~~1tJfl'lllJlth.J l1~ij fl1'J' ')~1~ tJ~~'l'llU-:) r-l~fl~1fl 'W 'J'~1UtJlJlJ1 flfl'J1 Ur:t~ln~ fl1'J'11 flr-l~fllJ1 flfl'J1 U~lrlU 
II SI • II 
~ "''''''' Cl 1 ~"'Q09'J1'J1Cl1 c:.Q QI

fl'lllJG)flJfflJ'WYI'6lJ1fl'll'W (75-85 %) fl1 tensile strength ~HNl"Ir:tlJYlYl11111111~YI~'1'U~1'611~lJfl1r:t~r:t-:) 

.A ." Cl: I/] 'JI 0 'JI '" 1 1 1 1 d~ 1
l'WU~l1lfl:Wr:tlJ 11~~~C)flJlJ1 1'l'Vl1111~ lJ '6~'J' ~1111-:) llJ 1" fl"UUlJ r:t~ 1l~fl1fl'lllJtJ1'l'Vl tJ~UUflflU'W 'lI1~'lIU~ 

'U q 

VI rl'lJ~Yi 1111'u 11'~~ 'l tJfl'lllJ ~UlJ 11~lJ1 flfl11 (Arvanitoyannis 11 "~flW~, 1997; Arvanitoyannis, 

.J' ."do1'J1 'JI'JI c:: c:. 1
Nakayama u,,~ Alba, 1998a; 1998b) 'WUfl111fl'W YJr:tlJ'VlYl1 l1Ul1~~'ltJfl11lJWlJl1~lfl~fl1'J'lJ'llJ Ulll1~ 
1/]1 1:C:: 9 d ", do 1'J1 'JI'JI 'JI I/]'JIllJ"~"ltJ lJ'W1W'W llJ SUW~YlYJ"lJYlYl1 111111-:)~'ltJfl11lJ'J'UlJ 11~'1'1lJ1'J'tl"~"ltJ l~ 

SI SI 

fJW '1'lJ i1~ 'lIU ~U~'W VI rl'lJ 111 "~~lJ ~'W UQn'U11~lJ 1W fl'lllJ:}flJ pH '1'1'J' U1 ~ 11~ ~ 
c:. .J ClI ." '" c:. dQ c:. .J ~ 1 c:. I/]Q,I

U"~U'J' U1W fl 11 lJG)flJ '1'lJ~ YI '6 rJ"lJll1"~l1lJ 'VllJ11 'J' lJ1Wfl11lJG)flJ 111fl'l1 5% 11~1U'J'l~lfl'U 1U11"~llYllJ 11~ 
SI II • 

I/] 1 0 1/]~11'J1~1 1 '!'IIJ'JI Q,I "'" ~I~ 11 'JI 0 Cl Cl ~Ic:. ~ ~Q,I

UJff1lJ1'J'fl'U11U G)fu'J'~ tJG)f'W l~l"tJ ~~'WlJfl1'J'r-l"111u"Ufl11f1 C)f"11~l1U~fl1lJ~fl~u'J'lJ1Wfl'lllJG)f'W1YfU
'U 

• • SI 

vh111'~11flU~"Yiijfl'lllJV~11~lJl'WtJ~~U1m~l'Vlu i,jlMln~i1 ty111 1'W '\J'W llU'W fl1'J' r-ltll1 fl1'J'11 fl119i~1 UtlUfl 

llflU~"~r-Jill1'~ fl1'J'11 VlJ~lJ 11"~fl1'J'lJ 'J''J'~~1tJ1'''HUilUfl11flU~''~'ltJ 
fl1'J' 1~lJ ~ ~lJ 111 "~~'W'1'1 'W '1' .f11'l~~ ij U~lJ1W fl11lJ~lJ fflJ'WYI-fl'1' ~ Yf lJ 11 

'U 

lUtltlfl11flU~"ijfl1'J''' ~"ltJ1lJJ1~1u~ tJ'W i u1~m 11 ,,~~'W ~l~lJ~~W 11!J~ 45°C U"~U~lJ1W fl11lJ4'W 
SI 

fflJ'W'Vl-flff ~l11lJn"l 5 l'Wl1~lfftJflW '1'lJU~fl1'J'lJllJth
'U q 
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2.2 ~l"jUl-:Juvi-:Jtu, 
fll';i ~illl ~ tJ~U flU flt!~~'lfU1lU~~ 'WU f)l1l fH 11'l~~'W~~~n'W illQ~u 11 ~f)lnl'H1~ij ~l';i tJ ~ ~U~~ . ~ ~ 

Cl ;:::i 'j/ i _I ' " 'j/ Q _ICl _I Q.I'..,g 0 , 'j/

U'W'l U f)1Ilti ~ 1Itlffl';i u ~ ~ 111l~11::'tflt1 11 fl';i~Ul'W fll';i ~~1l1u~UflUfllJ~~'W 'W~1t1"'W U~~'Yll 11 fll';iUU fl 
,,~ , 

tl'Yli"U~tll~~'W ~l';itJ~~U~~l1'~'Wfll';i~illl~t!~UflUfltJ~~ '1~un ffl';iU~~i1 ffl';il~~lJfffil't'fV~~l~~fl 
, " 

ffl';iVlGJflt1''Wfl';i~Ul'Wfll';i~~llU~~flnUUfltl'Yli ffl';itl'WUlJ gelatin substitutes U'l~ gelatin extenders 

, ;:::i 

2.2.1 ~l"jU~-:J~ 

ffl';i U~~ i1~'~' 'W n.l ~UflU fit! ~'l'!'W #Iu ~1~'W i1llllJlJlll';i!l 'W ~ ill 11 'W 11 ijfllllJtJ ~u1I.ntI 

Q.I Q d Q.I Cl ", ;:::i ;:::i Q.I ef
U~~fI~Vll''W~fill::fll';i ~~llU~~fll';ilflU';i fl1:Jll tJ~UflUfltJ~~ lh~itlG)f'W"u~ fll';il11l~~UfltJ~~lJ1I~'W 

, QI" ..,g 'j/ , 9 'j/;:::iG] , Q.I" 
- fll';iU~UUflWfl~fl1:JW (Identification) tl-:J~~lJllf)l';i ~G)fff ~'Wfll';iU~UUmUfl~f)1:JWtlll1~ 

'1~ffllJl';itl~1I~U '1~ 100% u~fiL~'Wl1i~~1t1U~~~~Ll1li'Wfll';il1Vl~l~~~.nW cyf 

- fll';i 11 U~ n'W ffl';i~~~lt1~l '1~~lt1U ff ~ 1i1u~ l1lfli1"U~ 1 tJ flu f) U flU ~~ 11 ~ij ~~ ~U ~-:J 
tJ~lJ1W U~~fllllJ tll1fl ~'W "U-:J U ff -:J~ riU-:J ~1'W ~-:J ffllJ l';i tll ~ lJfllllJ fl-:J ~1'lm-:J ffl';i ~1~Ul.HY~ lmrlu tl fl 

'U 

" , . . 
U'ff -:J 11Vl1lU'W l1~ij fllllJ till flfl'WYl ~11~ l~Yi 1111'ffllJl ';i tllflu flihm -:J U fltJ ~'l 11 ffllJl ';i tl i1u -:J n'Wu 'ff ~UVl1l .. . " 
'1 ~lJlflYi 'l1lVlfllllJ tll1flfl'W U'W 

iY~'~''Wfll';i~~\illlH1UflUflU~~ ffllJl';itlull-:J '1~1~'W 
, 

1. Synthetic water-soluble dyes 1G)f'W azo, indigoid, quinophthalone, 

triphenylmethane U~~ xanthene 

2. Pigments l~lln ffl';iVlUUff -:J (Opacifying agents) lGJf'W titanium dioxide 
;:::i Q , 

3. ffl1lfl1i';i';ilJ'tfl~ l'tflJ carotenoids U~~ flavones 

2.2.2 ~l"j!~jlJ~ilTrnUn~iifl (plasticizers) 

fll';i ~~Vll tJ tlU 011 fll1~~l1~ij fll';i 1 ff'ff1';i 1 ff~lJ'fffil W~ 'l1 ff~mvlu ~1IfllllJ 11 ~~ 1'lh1 ~"U~ 
, . ~ 

~~1J111~~~'W 1~lJfl11lJ~1I11 ~'W"u~,tJilU01lfltJ~~ U'l ~tJ~,,;111U111llJ'W 'ffl';i i 11'fll1lJ~lJ~'W (humectant) 

http:i'Wfll';il1Vl~l~~~.nW
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• JI, )I 

~1l.l ll1fl\J III0'ff1'J illl~1l1lJfl11lJ 'ff1lJl'Hl 1 U01'JcijU f)U llJHH1-el6ijfl\J,."h 1 i'flll.l 1 'W 1fl'J \J'ff~l\J6ijfl\Jl ll-el~~'W 
q 

• v 

'ffl'.il'ff~lJ'ffill'riV.-ell'ff~OVl1~ih1-elll.l'lfiA~ i~un polyhydric alcohols, natural gums lm~-Wl~l-el U~'ffl'J 
.d "'" G!!VG! c:! l.!i 1 .!i c:! "'"ft ft

'YI'WtllJ l'lf tU01'J'~'.itllJ'u-elflf1Uflu~~ flfl O-elt9ffl'J'W (Jones, 1987a: 49-60; Gennadios U-el~ Aristippos, 

2001; Hausmanns U-el~ Stephan, 2001; Oppenheim, Richard U-el~ Charles, 2003; Scott, Cade U-el~ He, 
, " , , 

ft I"'" c:!Gj !V~ I QJ "'" "'" <!i c:!G! !V
2003; Stroud U-el~ Norman, 1996) u'JlJ1W'YI t'lf6ij'W'O~OU'lf'W~6ijfl\Jl"-el~~'WU-el~'ffl'Jfl'W~'YI1'lfU'YI'W'" 

-el~~'W rlll1i'1J01'J~il~lU iiflf1UflU~-ellllC1~~'W'lfiA~u~\Jll~1 ~'ffl'J ''ff~lJ'fffll'ri'ri~1'ff~f11,jlfi'W 5 %w/w 

(Bogin U-el~ Mich, 1949; Jones, 1987a: 49-60) ff1'W'l~'J~1i'U~~'ffl'.irl'W~1~Ul'l'W'Iij-el~~'W t~'W 

hydroxypropylate U-el~ hydroxyethylated starch 1ij~1~U'J~lJ1W 15-30 %w/w (Scott U-el~flW~, 2003; 

Stroud UC1~ Norman, 1996) U~f1l'J~il~1U~fl m'flU~C1'lfi1~rifl'W 1ij~1~1 'WU~lJ1W ~lJlf1f11l1 U~flf1 
ft 1 "'" c$ <!i 

Uflu~~'lf'W~U6ij\J flfl 20-40 %w/w 

fll'nl1i~'l.h~lil'YI\lf.)'U1Tn'l1lJffill'V'frHnff~fl (Sears U~~ Darby, 1982b) 

- External plasticizer l~'W'ffl'J l'ff~lJ'ff fll'ri'ri C11ff~flfll tI'W fl f1~ '~lJC1\J1 U ~fflJf)UVW il 

llJfl{l ~ tlff1'W 111tYll~l,jln~~'U 1i ~'YI1\Jlfl~ f)U'Wfl il tlJfl { 

- Internal plasticizer l~'Wffl'J~l~lJ~\J1 u1'U6ijw~Yh lrfilllJfli 'J 19fi'W 111111''ffl'Jifl,j'1 

1982a) 

1. The lubricity theory 

'YItllJaiff1cil1()\Jfl11lJ~l'U'YI1'W'lJfl\J'riflil'lJfl{~flfl1'J1U~l.l'W lU111fllijlf1f)1'Jlfftl~-ff 
'J~111l\J llJ l-el fI-el 'ffl'.i 1'ff~ lJ 'ff fll'ri 'ri -ell'ff~ fllij~Yi 111 U1~ 111 jjfl'W ff1'J 11 ci fl ~'W GJf1t11 11'UlJfllfI'J llJ 1C1 f1~

q q 

• • v 

lfltlfl'WVilUlJ1'J~111l\Jf)'W '~~1t1~'W 

2. The gel theory 

c:!d'"" ~ c$ c$ "'" .... dc:! !V !V QJ.1 """" 
'YI\)lJ {) 'W'ri 1ij1 '.i W1tl\J ff fll'W U6ij\J If)'J \J 6ij fl\J 'ri flmlJ fl 'J 'YI JJ 1fI'J \J 'ff'.i 1\J fl-el1 tI'J \J ~\J ff1lJ lJ ~ 

v 

1rl'J \J 'ff~1 \Jlll C1ih n~ "1 f) 01 'J cijuti'U 111J U11C11lJ~ 6ijfl \J'ff1 tI'W fl~ llJfl{ 'ffl 'J 1'ff~ lJ 'ff fl1'ri'ri -ell 'ff~ fill ~1~1'U 

Yil~ lt1f11'J ~1J n'W'\Jfl \J ffl tI'ri fl ~ llJfl {1~ tlYil 111''ffl tI'ri fl ~ llJ fl {, n~9fflC111i'W (salvation) ~\J' ~ 'W ~-el111' 
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3. The free volume theory 

tJ1lJ1~ ~ U~~ ~fiufnllJull n~l-3~ ~11 il 'I tJ1lJ l~~ ~1~'~~QW11 fJiifjU 6ri'lJ\p W 
, , . , " 

U,,~tJ1lJ1~~'Vll~'~YlQW 11 fJlJ'Vl nll1 'U~ 'Vl'QWl1 fJlJfjU 6ri'lJ1J~W U~llt)lJl1~t) llJl" fJ"l1'1l1lJ~l1~l~ V'I~l 

t1Ut}f~lltiUt)Vl'lfflJ1J~W (ideal crystal) (~tJ~ 2) U~1'UfllllJlrJ'U111'1 t)~~t)lJl1~'li'~l~V'I~lt1\'Hlll'U 
" . . 

1'lf'U Unlu'I111 nij n1~ ri'u lllJ lJ nonharmonic "" ~ij 'lft) 'I il'l.fll V1U1 fl ~ 'I ff!1'Ill" ~ ViC]' 1'U 'ff .flll ~ 

6ijt)'1111"1~1'U1U'lft)'1il'l11~~'1ijlJln~U tJ1lJ11l~6ijU'I'ff1~~1~ 1~~'111li'lut)nliJ'U 2 -fflU fit) ffllJ~ 
~t)1~t)'1tJ1lJl91~11~1~lJ~'U l~nUumrlt) fJW l1.fllJl ~lJ~'U I~U'I111 mn~nl~ri''U ll~~ffilJ ~1li~t) l~fJ'I 

q OJ 

('lft)'1il'l) ~'1 tJ1lJl~~11~lJlf)~'U ldul~lJt)W l1.fllJ tJ1lJ1~~ U'ff~ ~6ijt)'1'lfU'I i1'1 ~1~lJ~'Uifl1~Yil111'nl~ 
q OJ 

lfl~t)U ~6ijt)'11lJ l"n" VWtlllJU{lJ1n~'U ~'1tTu nl~ffn1:J 1nl~ l~lJfllllJiJl1l1VU ~'11 iJ'U n1~ffnln11if11~ 
. q 

" 
q 

lYilJU~lJ11l~Uff~~U 
" . . 

tJ~lJlll~Uff~ ~Uff1lJl~fHn~'~l1lfln1~ lflilfJUYl6ijU'I-ffl'U ft1Vy/"n -fflU19fU~U 'I 

U"~-fflUU"lV6ijU'I 'fflVl'WtlllH) { ~'1Ju nl~ l~lJU~lJlll~ Uft~~ftllJl'Hl'th1~111V 1) I~lJ~lU1Ul1li~ 
OJ 

fflUU"lV 2) 1~lJ~lU1Ul1~UfllllJV11'HJ'I{hu 19fU6ij'U'I (internal plasticization) 3) l~lJ 1t)nl'ffnl~ 

1fI~t) U ~ 'lJ t)'1 -rilU 'ff1 Vl1" n1 ~Vn1 ~1~lJ ff1 hi ~ ij fJ W'ff lJ tr~n1 'J n~ 'lJ 11 '11 ~U'1111 n 'lJ 'U 1~~111 ~ t) ij n1 'j ~ 'I ~ 11 

'j~11-i1'11lJl"fJ"~1 (internal plasticization) 4) 1~hJft1'jU'j~nt)lJ~ijJ111trnllJl"fJ"~1 (external 

plasticization) lm~ 5) lYilJ'QWl1fJlJ 

0CU0<::) 
08(:)·0 
<:)000 
(9(9 0 
<:)<::)08 

IDEAl CRYSTAL AT REAL CRYSTAL 
ABSOLUT£ ZERO 

~,j~ 2 U~lJ11l'JU'ff'J~~t)'1'ff1'J~'111J'U~'ml1lnn1'jri'uUlJlJ nonharmonic U"~'lfU'Ii1'1 (Sears u,,~ Darby, 

1982a) 
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4. Sovation-desolvation equilibrium 'I1~6 Mechanistic theory 

{;t'1~ l{;t'~lJ{;t'.t11~~ "l{;t'~fl 11~fi l"lt1ihi 'Ii~'I.ItJ'I ~ tJ ittlJtJ{I~ tlfl1~,rU flU IlJ1"fl" 'UtJ 'l 
q 

JI , 

~tJittlJ tJ {11"1tI~~ 1 ~ fJfl1~,r1J Ul1 ~1,j1'lifl1~ ,rUll1JUtll1~ 11 ~ 11 ~tfl~ fll~H" m,j~ fJ1.,11lJ l" fJ" 'I.ItJ'l ff1 ~ 
~ "'" "'" </, .d J' 'QI 

lff~lJ{;t'fll~~"l{;t'~fl~"tJ~n"l u"~m~{;t'lJ~"fJ~~1111'l salvation u,,~ desolvation 9f'l'l.lhltJ~flUfl11lJ 

" " "'" "'" "'" QI1'1.1lJ'I.IhI'UtJ'l{;t'1~1{;t'~lJ{;t'fll'Vn1"1{;t'~fl ~W l1.fJlJ lm~fl11lJ~hI 

4 
5. Generalized structures 11'jf) Fringed micelle theory 

lllJ fll fl ~ IlJ l" fJ" 1J 1 'l ri 1 hi 11 ~ l1 fJ'I ~1 ~~ fl 'W 1 iJ hi 1 lJ 19f" ~111 tJ l~ 'W fl qlJ ~ ~ fl 

~ I d .d 0 61" "'" </q d d, "'" d ~ q 4 ,QI

(crystallite) (~lJ 'VI 3) 9f'l'VI1ll1 'Vi tJ" llJtJ ~ lJ{;t' flTVUl'l.l'llfl~ 'l {;t'1h1 U~nw 'VIllJ hi tJ ffWj1'W 11 ~lJfl11lJtI~11 ~hI 

lJ1 flfl':h 1 ,1tJ'I111f1{;t'1~~ tJd1 'W ~,jtJ~W ~ 1'W 11 ~~U~lJ1~~ fl{;t'~ ~lJ1fl f1i1{;t'1~ ~ l~ hi ~~ f1 f11~ l~lJ {;t'1~1ff~lJ 

{;t'.fll'Vi~"l{;t'~ rllrltJ 1911J 1hi ,j~lJ1W 1~ fl,rtJ fJ (;t'l~-d'11~,rU nu IlJ1" fJ" ~ tJit llJtJ{ ~1 till~ 'I ~1'1'1 1 'li'W vrhi 'Ii ~ 
1B 1 ~~ 111'W ~'1'Vh l-H'llJ 1" fl"'U'tJ'I~tJ~llJtJ{ri1h1l1d'l~flff~~"~"'1 ~'1liJ hI~"1,r~tJit1lJtJ{ihi1 tensile 

q 

JI , 
~ ,q , ,q4' 

strength u,,~ modulus lJ1 fl'l.l'W 11~ lJfll1lJ'VI'W'YI1h1~tJll ~ 'I fl~ ~ll'Vl m1" ~fl1fl11lJtl11'V1 tJ~tJ tJ flfltJ'W'I.I1~ 
JI , 

II] q q , 6J QI" 4 "'" "'" "'" 6J 
"~"'1 fl" lfl'W 1~tJfll1 "antiplasticization" l'W'VI1'1~~'1flhl'l.lllJ llJtJ1~lJff1~lff)lJfffl1~~"lff~fllhl 

U~lJ1W~ lJ1fl~hI fl1) lfl~Niifl11~V'lfl'l~11iJhl1itJ1u u1iri1'W~111'WtJ ffW~l'Wl1~'VitJ'Iil'Vh l,r~tJitllJtJ{ 
" I , JJ 

fltJhI~lJi1~l1 ~'WlJ1fl~'W ~fl11lJfJ11Vii1~tJ tJ fltitJhI'\Il~lm~fl11lJ~1'W 'VIl'W 1iml) 'I fl) ~u 'VI f11 ~lJ~'W ll1i~fh 
, JI , 

tensile strength u,,~ modulus ~1"'1 11"~111m~lJffl~l{;t'~lJfffl1~~"1{;t'~fl'hlU~lJ1WlJ1f1fliTW ffl'WVl 
~ ~ II]~ I "'" ~ d , , 4 ~ "4 

1 U hI~" f111~111fJ llJ l m ~lfl~llJ 'Wl11" 'VI tJtJ hi '4lJ 11) mUlJ 'I.ItJ'I111 "1 'U hi 11 hi ~ 

SLS ff1lJ1) t:l"~11) '1~'1 ~1'1.1tJ'Iff1)"~"lm11"~~lJl1"~'lhtJ',rllU1J~lJ'rl'iiJfJfl~11rifJ'I~tJ ~'1111fllh1fl1) 

~it~1~1~1ri{;t'l)"~U) '1~'1~1if l1~Yh1'l11~lU~ijflUflU~"~U1'1ln'W 1 U t,1ij'l 111 f111 UU~lJ'rl'liltlfl1~ 
, JI 

lYitl'l~ij (Jones, 1987a: 49-60) L1~lJ1W'UtJ'I SLS n1,*ij~1'W~1'1 0.05-0.1 %w/w 'UtJ'IU111irtln)"~~lJ 

(Hwan, 2002) 

http:flfltJ'W'I.I1
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Mocft(a11:r1clzed ...H101~,,,d 

"" "" "" "" 0'.J "" 'j/ "" ""U'WlfWI6ijfl'l fll<,j 1'ff<,j lJ'ff.f)l'Vfr~ ~1'ff~ fl6ijfl'l'VW~ 1lJfl<,j C)f '1fl1i U1Ufll<,j1l1'W fll<,jl'ff<,j lJ'ff.f)l'rfW~l'ffll fl 

" ., ", 
ril'W 'ff1<,j Vi !~lJ~'11U 1 Vifl ~lU111'fll<,j flfl flq'Vl i 6ijfl'lU1UflU ~~~~'WU~~l~lJfll<,j UfllJ i'U6ijrN 

~U~1.f)fl1'Wfl1<,j1~U1 11t1fl11 Perfonnance 	 aids 1~U tllUU;l'W~~ijfl~'W<,jff~l~~ fl1<,j'llllJl~illl 
" '" .

UfltJC)f~1M'NU luij fll~ tlfllJi'U 1 'W fl1~ 1~tl1lJlfl~'Wyh1~1~Wfll~ U~'1 flil'W! VifltJfllJll flil'W Vil~~6ijfl'l~1tl1
'U 'U 

2.2.4 Ul"lfl'UtllJ (Preservatiyes) 
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"" , 0 ~ 0 GJ ~ "'" "'" ') -: c:! c:! , c:!.... 0 .... ~ 
fJW11tJlJlIlf1f11150 C C)f.:J~~Yll nff1111~1ty1~U ~~6ijU.:J1GJfUUUflYl11m~Wl".:JfH.l1.:JlJ'WV'ff1f1ty 1m~~u.:J 

f f1l:J lU WIf fliJ 6ijtl.:J 'ff11 "~,,1vii'1,rfI.:J ~1'" ~fltJ ~"tl1111"1 fl f111i 11,j.:J 1'W tll1 fI 1U fllJ U~lJ1W~,,~'W1'W q 'II 	 q q 

~I.!I ~I.!I GJ iI .J "'" GJ "'" ') ~ ,-:
'u"tlflUflu~" fltl fl11 ~GJf'ff11f1'WtllJCJf.:J~~1~lJ".:J ~'W'ff11"~"lm~"~~tJ ~l1Vf)1~lU'W'ff11ClJ11GJftl 

uu fl'Vi 1~Vlf~tl'ffl1 fJu5.:J fl111 ~~UH~U 1~6ijf).:J14tl ~1~ fll1 ,iltl tl1 ~'ff11f1tJU lJ9i'u.:Jrhu.:J ~.:Jfl11lJU"Ul1fiv 
OJ 

u,,~9i'tl.:J 'li~ ~W~ tlfJ W'fflJ11'~6ijtl.:J 1 U iltl fl 11 flU CU" ~1V 'ffl1 fI'W UlJ~ ijVlJ 1~ 1 ~u ri esters 6ijtl.:J p

hydroxybenzoic acid flU methyl hydroxybenzoate (methylparaben) flU propyl hydroxybenzoate 
c:!".... c:! 

(propylparaben) 1'Wfl~11d1'W 4:1 UU fl~1fl'W V.:J lJ sulfur dioxide, sodium sulphite, sodium 

"'" c:! ... , 	 .!I ') c:! , c:!" 
metabisulphite U"~fl111UUYl1V lGJf'W benzoic, propionic, sorbic U"~lfl"U lCJfl11VlJ6ijU.:Jf1111111"1'W 

fj} , II 	 , 

(Jones, 1987a: 49-60) U~lJ1W fI 11 lJ:);'W Yl ntl~1 'W tUiltl fl11flUCU"l'i.:JGJfij llU ~.:JU "~GJfijl1{}u'W\9cht'rl V.:J 

d _~.... "" "'" -: "'" c:! .", , d
~tlYl'il~Ufl.:Jf1'Wfll11~1tyl~1J 1~6iju.:J1GJftl~"'WYl1 VllJ1~1111.:Jf1111f1U (Jones, 2004b: 61-77) 

2.2.5 	tll"llfhrUl1lU\l~~~U (Gelatin substitutes and extenders) 

Gelatin substitutes fltl 'ffl1~1~UYl'W~1'il,,~~'Wl'Wfl11~~~lUilUfl11flU~" 111V~tl.:Jn 
""""GJ ' ~... II] ~c:! ~... d i ~ ~ c:! .!I, 	 i ~1 GJ

flW'fflJUlI ~'Wfl11flUY't"lJ !~11 n"lJYl ~\9IU.:J!Yi'WV1Ufl~V~YiV'W 'ff1lJ11f1"~"lV 11 'W6ijU.:Jl11 "1 ~'W
'1 	 '1 

""C:! 	 I ~ "'" c(IIJ iI d GJ ~ i ~ ,
11if111~lJ1I1VUUU'WlJ'W &11 'ff11'Y11GJf ~Ufl cellulose, methyl cellulose, hydroxyl alkyl cellulose ethers 

1m~ hydroxyalkyl starch (Christen u,,~ Cheng, 1977) 

Gelatin extenders In'Wl\91 Q~u~1d".:J i Ul~U"l1U1lJ1W 6ijtl.:Jl~,,~~'W~1~1 'Wfl11 ~ii~ 

'Uiltlf1UflU~fI 111 v'ff11~1~~~1 fl'W 'ff11~ n11f11\l fl 'ff1lJ11f1111 1~~1t1 9t.:J~~Glhtl"1I~'WYJ'W lu fl11 ~iill 

1~Uti starch (Vilivalam 1m~flW~, 2000), waxy maize starch u,,~ dextrin (Szymanski, Martinsville 

lm~ Helmstetter, 1973) tlrh.:J 11~\9IllJ fJ.:J ilin'ff11111~1~uYl'W~1'il"~~'W1'Wfl111~~ t1lJ1 UilUfl11flUCU"1'W 

6ijlJ 111 f111~iill ~lJ1 fl~1..rUflU~,,~nfl11lJl11lJ1~'fflJ~U fll11~1fl~tl.:JU 11~fl\911'w ~~lJ1\911l1'W1~ 

3. UU-3 (Starch) 

3.1 ti1U1.h~flelU111-31flil6ijel-3ui1-3 

uiJ.:Jt1hJ'WU~U9iflfl1i1~~i~'illflYiGJf lh~f1u1J~1Vfn11Jf)'W i311111~'W U"~flflflcH1~'Wl'W 

fl\9l1Tff1'W 6:10:5 (C6HIOOs)n 1~'W~fliillJfl1'Ut).:Jfl\11fl'ff~.:J'il~U~fW11111'fl~1 fI'ffldmnl1 if} 1111 i"cH'ff111v 
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~ 1'" i ~ .c2 d '''' ,
fl~~MCHHt)'U C)flJ M'UlrJ'Ut)~fl~ ~fI'ffU'ff~~lU'W anhydroglucose unit (AGU) C)f~fll~lG)$t)lJ~t)f1'U'Ut)~M'UlrJ 

JI , ", 

fl~ lf1'ffln~~'Ul'U~~Mil~fl~~Ul'Ufll~ l'Wi)llJt)1~1C)fi'U (~11Yi 4) 'Ut)fl~lfli1 ui1~Yilj~l11l,hmj~ljcil'UN'fflJ 

'Ut)~ 111~~'U111lJ1Wl~ flUt)rJ 'ffl~1 'UiT'U 'ffl~~ljrJt)'ffrJt)f'ff111{)fl"1J'yJt)'fflrJ'ffm'ffl'Yw{ u~~ljffl~t)ij'Ul1~6
q 

~ I"" d 'j}

u~lJ1Wmfl'U{)rJ (Rutenberg, 1980) 

~ 1d i 'j} _~ .c2 ~ """ i
~ul1 4 ~fI~'lff~l'l'Ut)~Uu'l9f~lu'W'W{)mlJ{)~'Ut)'lfl~ tfl'ff (Rutenberg, 1980) 

uiJ~~ucil'W1Mqjljlf1~~'ff1l~ llJ1~fl~'Ut)~ 1'W~U9fflfll1~~ 2 G)$ij~ fit) amylose U~~ amylopectin 

(~11~ 5) lli1~~1~~lfl~G)$~~lj1fI~ ~'ff1l~i~'fft)~G)$ij~i'Ufl~~lcil'W~U~fl~h~ti'U111~11JG)$ij~'Ut)~~G)$ u~ 
1~rJ~111111i1~~~lj111lJ1W amylose 11~~lJ1W 25 % U~~ amylopectin 11~~lJ1W 75 % 

~ "" " 'j}' i d d 'Q,I 'j} Q,I II)
Amylose lU'U'Wt)~UJ{)~'fflrJrJl111~~fl{)U~lrJM'U lrJfl(J lflff111G)$t)lJ~t)fl'U~lrJ'W'U1i~ a-I,4 ~fl~1fI 

c)$~fllj~'lti'l'Wl.y;£J'll~flUeHJ l'hiM'Wt)i)llJ{){lj~fl1:lW~11j'U1fl~£J1,j'U~lti'UUUUM~11J~ Jl'ffl111~tlC)$lJ~1'U 
~ ~ . 

l'h111''U';{).:Jil.:J~~Mil~ l1Jl~fl~1~ Ui1~~'l'ffllJl~tlt)1Jihu~~l'W.:J~1~'U1~ UiJ'lYilj111lJ1W amylose ~'l 

ll~lj fll1lJ'ffllJl~tli 'U fll~ ln~ U~'UYhllJ~ ~1Jl fllj fll1lJfj~ 11 V'U 111'U fl~l'l M UlrJ'Ut)'l fl~ 1flff~~t)vi 'U ~ 11 
'l 'U 'U 'U .

i ~I 'j} ~ 
~ 

'" , .c:t ,
"alpha-D-glucopyranose" ~lJl~fl~'U{)'l amylose u~~flt)U~lrJ 200-4000 AGU 'U'UflUUM~'ll1lJl U~~~ 

MU1£JllJl'U'lJ{){11~~flt)1J~1rJM li1eJ~~{)flc)$~~'lU'ff~'lflW 'fflJU~'lmuJTYh'M'ffllJl~tlfl~~~lrJ~l ,'UJl1~ 
'U 'l 

« 1%) l'Ufll11Jl~lJ~'U ~ 'ff 
'U 
~~'Wll~'n~'ll~,1j 'U 1 fI~ 'l'ff1l~~l'lUl1'Ut)~'Wt)~llJt){~ iuti'W~1rJli'U1i~ 

~ 

1 eJ 1 ~ ~ ,~'W 11 ~ 1fl {] fll ~ Wf) 1~ ~uti' 'U ~1 rJ li'W 1i ~ i eJ 1 ~ ~ 1~ 'U 111{) fll ~ ~ fl ~ ~ fl fl 'U 'U {) 'l 'ff 1~ ill~ £J flil 
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"retrogradation" (~tJ~ 6) fl\Pl'Jl1~1fll'Jln~~'Ufl~f)U'tI'Ul~ l:JJn'lfJ" tJ1:JJ1W'tIfl'l amylose 'QWlftJlJ u,,~ 
fl11:JJlrh.lfl'J~~1'l ~'QWlftJlJ~lfl\Pl'Jlfll'Jln~1l~'~1~'W u~itl11:JJn'lfJ"6ijfl'l amylose ij'tl'Wl~ 1lft1i1l~"~fl\Pl'Jl 

""" 11]31 dQ """ II]31 Q d ~ I Q II]
fll'Jlfl~ l~ 'YI'YHflGJr 5-7 ll~lfl~ l~1'J1'Yl~~ ffl'Jfl'U'llGJr'W UfI"lCJffJ:JJ l'Ul\Pl'J\Pl, fonnaldehyde, urea u,,~ 

dimetylsulfoxide Yh111'fl\Pl'Jlfll'Jln~ retrogradation ~l~H amylose ijfl111J')fflU,)Uf)Ulfllfl~'Ulm~1:JJ1"fJ" 

111qj~ij fl~ :JJ~GJrflUJ111"~IIIGJrfluJl ffl:JJ1'Jtlln~~Jl1~'W f)U lfllfl~'U~'l1~1~ 'Wii 1'W fll'Jilfl'Jl~11111 
U1:JJ1W amylose 1fi' (Chalmers, 1968; Rutenberg, 1980) 

I 
~·o~. .. 

~ 
.........1IoC:t 

iIi·-D~ 

L .. 

~4gJQ-
~tJ~ 51f1'J'lff!1'l'tlfl.:J amylose In'l~ amylopectin (Chalmers, 1968) 

1:JJ1"fJ" amylopectin lh~flflU~1fJfl'Q If1ff'';'Ul~(J1f)U amylose U~fl'Q If1ff,)'Uf)'UUU'UU'lJ'W'l 

I '" 

1~fl:JJ~flf)'Wfi'1fJli'U1i~ a-l,4 In'l~ a-I,6 lfl" If191~fl ('J UYl 5) lUfl'l1l1fllf1'J'lff!1'lYllrhJU'lJ'U'lYil111'fll'J 
'U 

• • JI so4 

lfl~fl'WYl'tlfl'l 1:JJmfl"fJ1fl~'Uu"~Yil1111:JJmfl,,lil'lflflfl1l1flf)'W fll'Jln~ retrogradation ~'l"~t1'l ~'l,r'W
" " 

ffl'J"~"lfJ'tIfl'l amylopectin 1l~lfflfu~lm~ijfl11:JJfI'l~1~ IIIffl:JJ 1'Jtl rlfl '11"n~VJrl':JJlfi' U~ffl:JJ1'Jtl,iJfJfl 

Jl1~~11"~lh)1'Ulll l'Ufl11:JJllJ'Wfl11'l'l:JJlfl amylopectin ffl:JJ1'Jtl1n~iYu1No'l1l1'lf)Ulfllfl~'U lfi' 

(Chalmers, 1968) 
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1U~ 6 fl~iflflTHn~ retrogradation GUU-::Jui1-::J (Rutenberg, 1980) 

3.2 ui1-3~'U (Native starch) 
iI 

uij-::J~1JiJfJWfflJ'U~u~fl1il-::Jn'W~'Wu~nUU~lJ1W6ijU-::J amylose U~~ amylopectin GU'Wl~!1ft~~uil-::J 
d _~ "" d "" : QI 1 "" _~ <:1 QI 9t d 

6ijU-::J!lJ~Uu-::J ~WM.fJlJYI!fl~ gelatinization U~~'Wll1'Wfl lJ!~fJ~ 1i'J'JlJG)fl~GUU-::JUu-::Jll~lJ~fl1:JW~!U'W!lJ~ 

_~ d <:1 'J/.,g 4 0 'J/ _~ "" <:1 QI"" "" IIJ" IIJ' i: d ,
Uu-::J'VllJ 1f1'J-::Jff'Jl-::Jfl-::J~~flYllil1UU-::J~1JlJfflJU~flnU~'J~'W1UUff-::J1 VWl ~'J9H!~~ ~lJ~~~ltJ 'W'W1W'W U~ 
," " 
!iiU~fflJU ij-::Jnulhju'W (UW l1f1lJlJlflfl'h 65 0 C) ''WU~lJ1W Yl!'~ tJ-::J11Ull~!n~!ll~Yll~ffllJntl~'W flrrU 1~ 

q 'II 

I I iI 

fll'J!n~ gelatinization 6ijU-::JUiJ-::J!fl'Wfl'J~1J1'WflnYlYil~ltJrr'W1i~'J~Ml1-::J 1lJ1ftfJ~6iju-::Jui1-::J!iiuiJU1U~~fl11lJ 
'J/: 4 'J/ 0 'J/ 'J/ <:1 IIJ ' d <:1 J <:1 9t 4 
'JU'W 'Wlll~UYl'Jfl9flJ!6ijlluflltJ''WYll'M 1fI'J -::Jff'Jl-::JlJfl11lJ ~lJ!lI'W'J~!U tJUlJlflGU'WU~~lJfl11lJ!U 'W~~fl~~~-::J 

fJW l1.fJiJ~ !n~ gelatinization ~-::J!fl 'W ~ ~~!!~~~! !fl'J'~ m~lJ11U-::J~111 j UlJtiU~ty!fftJfJWfflJU~fll'J16ij-)uY1'J fl 

.,g d IIJ 'J/ 'J/ "1 IIJ" .J' QI""

ffU~ (interference crosses) 9f-::JffllJl'Jm'H 'W ~ ~ \llflfl~U-::J~ ~Y1 'J'JrY'W 11 uu lUn 1'J9f 'WU flll 1 fl'W fJW fflJU ~ fll'J 
iI I 

lM~6ijU-::JUl11iJ-::J1l~!n~fll'J!U~tJ'W11U~-::J~1tJ (Schoch, 1967) 

3.2.1 Ui1-3~11&.ul (Rice starch) 

_~ 'J/ 'J/ <:1 QI 9t d d <:1_1"" " , 
UU-::J6ij11!1l1lJ~fl1:JW~!U'WUfl'J~~M~lml1~tJlJGU'Wl~1ftmJlfl lJlJ'JlJ1W amylose U~ 'WG)f1-::J 

iI I 

18-27 %w/w ljU~lJ1Wfll1lJ~'Wlh~lJ1W 13 % pH U'J~lnW 6.5 u~~~wl1.fJlJYhn~ gelatinization 6iju-::Juil-::J 

6ij11!1l1U~ 'WGJf1-::J 60-77 C (Sriroth !!~~ Piyachomkwan, 2000) 'J/ 'J/ '" 0 

http:Ui1-3~11&.ul
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3.2.2 uu.:.t;JrUl1ilUl (Waxy l11fl glutinous rice starch) 
, ~" 

111.1 ~'Ii'11~'11UV1U~~ fl11lJYI {j~flt1'1VfI~~nuu1.1 ~YlVi 1111'u~"ll1i~'U ~ ~,}9i'()~1~U~lJ1W 

lJ1fifli1~~'W 2 rvh ll1.1~~11lYlUV1~1f1'j~~~1~~~'Uffl6ij1 ~fl11lJV1<J11l~V 20 AGU (Schoch, 1967) 

'l 'j)' 1 ,<9 QI " ~ <:i <9" ~I 	 tI
lfl'j-3~'j1~~1'W Yltym{)1Jl1~'I1lJ~~1J'W amylopectin lJfl11lJGJf'UlJ'j::lJ1W 10.40 % U~:: pH 'j::lJ1W 6.75 

3.2.3 UU.:.t,rl!tilt1~,.,~.:.t (Tapioca starch) 
, 

111.1-3~\'HY1U::'I1~~~tltllJW::i~'W~~ff6ij11 ijU~lJ1W amylose 18-23 % fJw'I1!JiJyhn~ 

gelatinization ~() 58-70°C (Sriroth 11~:: Piyachomkwan, 2000) fJW~lJ'u~~"hrity~"l~6ij{)~uil~l1''W 
" ff1U::'I1tl~ fl{) fl11lJYll1~u~::fl11lJ1~Yltl~1l1fl~fflJu1.1~nlJlh~{)'W fl1'jfffllJ1fl11lJ'I111~6ij{)~~n~~lJl~{) 

1l1~1~V1~tl'j1vJ Brabender-Viscograph 1~'UTI1'WtlTj'l11fJWYI!JiJ~ln~ gelatinization flVl'j1tl1'ji~lJfl11lJ 
<9 <9 <:i <9 & QlQ' ~.1 , QI 

'\1'W~ fl11lJYI'U ~"l~"l~ U~::tll'j'tltyi~Vfl11lJ'I1 'U ~ 9f ~fJW~lJUViiYI~1'U 6ij'U {)~tl1Jfl11lJ 'I1~1 tl'l1 ~lVll"~{)lQ 

" 	 " 6ij{)~1V1Q~U 'j1lJ'Vi~~fll'l/'UJij{)ltl1fY ~'W fl11lJfJ~lJ~lJ\!'jW 11~::tI~lJ1Wlh~'U1'W'j::Yli1~tl1'jUijtl~1V 

(Shipman, 1967) 

4. 	 UiJ.:.tvl~Ut1j (Modified starch) 

uil ~11~utl'j in~1l1 tltl1'jU1U1.1 ~lJ1UU'j'j UYI~{)l1~UlhflW~lJ111i'Vl1~ ~fI~U~::/'I1~{)111~ tllVfl1VH~{)1M' 
~ q 

l~u 1.1 ~ GJfi1~1YI,j ~ ~ fJW ~lJU~~ ~YllJ1::~lJ 1'W tl1'jU lln1~1 'U fJVlff1Y1tl'j'jlJV1 ()1'111'j 11~::~'W '1 1~vij 
, 	 " 

1V1QU'j~~~rlYl~1£Jlh~tl1'j l~uti tJi'u~tJ~ v'W fJW ~lJ11~fl1'j~n~11l~ fl11lJ'I1U" fl11lJGJf{)UU 1 tJ~lJ1W 
" 	 " . ,

fl11lJ~'W iil'U11l1'W tl1'j{)lJlhYl{)
q 

WYI fllJ\911 fI 11lJ9i'1'W111'W,}{)tl1nnUi
~ 

ffVfl11lJYlU" 1 ~Vtl'j ~U~~U'j ~11i{)'W
~ 	 u 

111-3tl~ u~::fJW~lJ11~fl11lJ~U'j~~ 1~fl1'j11~UtJ'juil~~llJ1'jtlVi11~YI~lVl~ 1~'U tl1'j~~,}{) llJl~fJ~ tl1'j 

~~l~ V~llJmfJ~1Y1,j fl1'jln~l1Dn~£J1{){)tlc}fi~i'U U~::tl11i1ilJYI~Y1~ni'W'Vl1~lflij~1~'1 1'W llJl~fJ~6ij{)~u1.1~ 

(Rutenberg, 1980; Wurzburg, 1986) 

GJfi1~6ij{)~ tl1'j11~utl'ju1.1~lm~tl'j::u1'W fl1'j ~i1V1~ lJ1tllJ1V~~{)11lUti ~(){)m~lJ 3 fl~~'YltY fi{) 
" 	 , 

1. 	 GJfi1~l1~ 11l~~~1 'UCJf lVl~VlJ 1~Vfl1'jUl'ff1U ~~lJl'I1"l6ij{)~l11.1~1~11tJUlJ~flfli1~Yl ~{)'W
~ 
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"",.A IIJ ~ , _~.J ""'IIJ'" oJ IIJ ~ Q.I _I ~9 
3. Glf'W~fl'W~ l~Hfl UU~Y1\lflflflfl9f 1~9f H~~ thin-boiling starch 9f~ l~1)lflfll'j~~Uu'jYll~!fllJ llJ 

ffill1~~tTItJfl fll'j~~UU'jl1it'W~ i~uti fll'j'~fl'j~ ~1~ tf)'Wi9f,J ffl'jl~~U~n~tJl ffl'j'lhtJ . .. 
<!i 1 ' ~ 1 "'" <!i Q.I ~ I~tGlffllJ tJ~ U~~ etherifying agent fll'jU1J~u'j~lilYlGlflJ~fl'W~Uff~~~~'iuYl 7 

flW r;ylJu~hm~ui1~~~l1U 'j~~fl~fll'j1'Wfl lIffl11 fl'j'jJJ fll'j ~~ 11 i ~lltiqq. 

- ijflWfflJu&lfll'jil1~~~ ili,r1JnlJl~'Wti'fllJ
q 

~ Q.I"'" ~ .J ~ , _~ "'" 0 9 ~ ~ IIJ ~, d 
- lJfJWfflJ1JlIfll'jtJ~lfll~Y1~fl11UlJ~~U H~~Y11111Ul1~ 1~fltJl~'j1~1'jl 

- ~~1I1)lflll1tl~1J~ffllJl'j0111i~~ltJ 'jlf11\lfl U~~ijfJWill~~ 

. " " 
l)jfl~~li~ i 1liJ'W11~llJl'W 

( 
\ 
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4.1 llil-3'n~I~~~~''U91 

llit -:JGJflJ ~dl~~ £1lJ l~£1fll'jtJ lff1'W~fflJl11~16lJeJ-:)11iJ-:)111",11,rllM'-:)1J'W~ flfli-:)~feJ'W ~'Wln~lfl 'W 

uH'Wyh'lJ ~lflJ'W6lJ~eJeJf) lt11J~lfl'W~-:) fl'j~1J1'Wfll'jtf~~1'l1~l£11fI'j ~fffl-:)Ufl'j'W ~i~lfl'U uiJ -:J~11~~~~ 
~ ~ 

lIJ ... ,J .., d 'JI.% lIJ'JI : d 
~ 'WC)$C)$-:JffllJl'j(1~eJ-:)~1111'W £116lJ'W6lJ'W ~~1'W 'W 11£J'W 

4.1.1 Era-Gel@ l1~tl ui1-3'n~,~~~~''U91"tl-3ui1-3,j'rJ,.ijl 

Era-Gel® lfl'WuiJ-:)~~Ut1'jYll-:Jfll£1.nlYH11J1J~11~~~~1'Wc;i-:)11lJ~6lJeJ-:JUiJ-:J;;111~1 (NF U~~ 
. ".

<=!l """ 0 d
BP) IlJtl1~lJ'W1Y1 

eJw11.nfiM'eJ-:J ~~ln~ufl 'Wffn U6lJ1'W~~fleJ'W~~'U YI'W~fI~1m 1 iJ-:) t'iJ £1fl ~llJl'j t:l ~fflJtl1Jffl'jt'U1'W'j t1 ~-:JllM'-:)
q 'II ~ 

U~11~1mJlfl'Wffl'j~fflJ1'WJli~ 
4.1.2 Alpha starch®l1~tl ui1-3'n~!~~~~''U91\1tl-3ui1-3lJ'Uiil'tJ~l1i1-3 

l~ 'WI Ii1-:)~11~~~~i 'Wc;i-:) 11lJ~6lJeJ-:JlliJ-:JlJ''U rll11~l1~-:) ij ~fllJ W~I~'W~Ni16lJl1~~lfl £1~11~eJ 
~I lIJ 'd d d d 'JI 

l1m1Jul'Wfl~l-3 llJlJfl~'W lJ'jffmfl'WeJ(I (Kibbe, 2000) 

4.2 Utl-3vl~utl'j"lfU~~'U9 
4.2.1 Elastigell000J® (Food Product Division, 2004) 

Elastigel 1000J® lfl'WuiJ-:)~~ut1'j6lJeJ-:)uiJ-:)fflfJlfl'j~eJl111'j1l~lJ thin-boiling strach ij 

" ~fllJW~lflu~Ni16lJl1'W1~ ijfl11lJ9f'Wt1'j~lJ1W 14 % u~~ij-wmG)ft1'j~lJ1W 5 

.., 'i ..., : 'JI _~.:1 d <=!l ~ ~ 
flW~ fllJW~U~~t1'j~ ~(lG)f'W: 'U'W l'jeJ'UUu-:)'W ~~lJ fl11lJ11'W ~~1 U"~ffllJl'jt:l!n~lU'Wl~"

q 

~~11~'Wi~eJ~1-:)'j1~1~11rleJl'll,,rl~'W ~1(1fJWfflJU~d'Yh'M'ffllJl'jt:l1~ Elastigel 1000t 1~''WtJ1lJ1WlJlfl 
, 'JI.::Sd d.." , 'JI 9 d , ':".::S .d

""~ffllJnt:l 111~~Y1lJfl11lJU'U-:J'j~~1J~1-:)G"j G)flJlfl ~'W fll'jl~'j (llJ'J flfl11~ lGJf'W 11lJlmh -:Jl~~" U"~Y1eJvJYJ 
" " .

lliJ-:J~~l1tJ'jGJfU~ilffllJl'jt:l 1~'Y1~U'Y1'Wl~~~~'W1Jl-:)ffl'Wl1~eJl1~11lJ~1'Wfll'jl~1£1lJ'Jflfl11~1~~~ l~£1'~''W 
. " . 

ft I""" d 1 'JI <=!l .., .., .., ,d ft 1 <=!l, d 1 'JI ~ 
u'jlJ1W'Y1111lJl~fflJ 111'WeJfflJ~ff" fllJW~~l-:)G"j lJfl11lJu'j~fll(1 (I~11~'W U~~lJfl11lJl 

ft 

u'jl~~llJ~eJ-:)fll'j llJeJ 

'JI~ ,.::S 0 , 'JIG) 'JI ,'JI'" d lIJ 'JI """ .:1..,'GJfllJ'Wffl'jfltl1~~I~£11G"j U'W~'Wl 11 ~G)f 12-14 % ffllJl'jt:l 6)f~t1fl'jWfll'jl~'j£1lJ ~~11"l(1G)f'W~ 'WeJfl~lfl'W £1-:J 

'~r~m~lJfl11lJU~-:) U 'j -:)6lJeJ-:Jl~" ''W'UeJ-:)1111'W ~il~ nW cn~ l'lTOlfl'WlJ 1l"~eJl111'j ml~(I eJl111'jdl11f1Jff~rl 

'JflUlJ"lfi1~liV11l~~ffllJnt:l'j~1!1~'W~il~nrucndll1f1Jfl~lJ~1"1'Ul,,~lJ'-:)ff1f~1~ 



23 

4.2.2 Elastigel 2000C® (Food Product Division, 2004) 

® ~ _~ Q.I _ 1 & GJ VGJ "".J' & .::S I

Elastigel 2000C 1lJlJlllJ~~~Uu'j9f~ l'1f l'W~lIffll1f1'j'jlJ'JflfllJ'1f'W~1fH.n 9f~fll\l1'jtffl11 

.. " 
"" "" <!I "" ,v.::SQ.I ~ .::S.::S .::S <!I_I 

"flfllJ'1flJ~'WlJ 11'jflfll'jl1lJ"fI"lJ~" lJ lJ"fl1:JW~llJ'W~N"~1fltf~ff6ij11'W1" lJfl11lJ'1flJlJ'j~lJ1W 11 % ll"~ 
'II 

". "" 
~~ifl'1fU'J~lJ1W 5 ffl'j'1flJ~rWffllJ1'J()1~Ul1'WYi1~"~~'W'1~lJl~ff1lJl1~flvl~l1lJ~ 'j1lJvl~1~'Vl~UYl'W '1~1 ~'j 

~ I <!I ~v: 
flfl""fltf~WlJ"l 1'1flJ gum arabic l1'Jfl gum tragacant ~~Yl~l1lJ~ 

Q.I .I v 0 Q.I.::S "".J' ~ I V V v 
flW" fl1:JW~U"~lh~ ltf'1flJ: 1'1fffll1'JlJ111'J tflJ" flfllJ'1f'W~'fl tf11~tf ~lJlIfN1'1ffl11lJ'jfllJff~ 

q 'II 'II . . " , 
1l1fl~~lfl Elastigel 2000C® ~f111lJl1i1~Vil~ltf~flfl1'j1111 tflJ 'J flfllJ'1flJ ~1~tf1Yi '1;tli1l1Utf1~~n'W ff1lJl'j() 
". , . 
1~ tf1 '1 ~lJllJ f1"'ltffl~~nlJ" flfllJl1 ~illl~lm~"~~'W 1fl'j~lJ"lJff~ ffllJl'j()U i'lJU1lJ1WYl 1~rwfl 111~~'J~~lJ 

'II 'II 'II 

fl11lJll~~1l"~fl11lJfflfl1'W fll'J 1itn,h~"l '1~ 1M'rlfl1:JW~1ifflfflJ ~ff'j~cw;h~ fll'J ,itf1~~lJl fI '1~111u tf1 

~~nlJ U"~ffllJl~()11,,·~ucifltffl~lJ'Jffi~~ 1~U1lJ1W 3-4 % rlll1flJlfl'Wff1'jl~lJ1ifflfflJ~ff (texturizing 

agent) 1lJ'JflfllJ'1flJ~titf1 ff1lJl'j() 1~~tJfl'j\Ufll 'j1111 tflJ '1~l1"ltf'1fi1~ u"~'j~1Jtfl'W~illlfiw~rlll1flJfl~lJ 
en~n" u,,~l1~fflf~'1~ 

4.2.3 Elastigel 3000M® (Food Product Division, 2004) 

Elastigel 3000M® 1~lJUU~~~Ulh1fl'j~fll111'j ~~fl1:JW~lfl'W~~,,~:aVtf~iY6ij11'W1" n 

~ • iJ I 
Q.I <!I Q.I Q.I V <!I I <!I 1v V .::S Q.I <!I Q.I Q.I .::s.::s _I 

"fl1:JW~1lJ flfflJ~fffl"1m~"tf~l1~lJ 1lJfl 11 fl1llJ'jfl 'W~~lJ" fll:JW~1 'W flfflJNffYll 'j tflJU"~fI'jfllJllJ 'jl~lJl~ 

11~1rlenh1Ml~lJ~~ln~lfl'W,~"rlfllJ;jlJU,,~£j~l1dlJ
q 

..., i .I ® .::S Q.I"" d v : ~ V.::S .::S ~ V I

fJW"fl1:lW~ll"~l.h~ ltf'1f'W: Elastigel 3000M lJfJWfflJUlll1~lJ'Wl ~~~lJlfl 111'jtflJ ~~~ltf 

1M~fl1:Jw~,ifflfflJ~ff~'1 tflJU"~~fl11lJ1ff ,rlflvh1M't~'W~~'n~1~,,;j1,1~£j~11 ~'W 'liij'jff'1fl~ ~~'li~N"~fl 
fl~'W 'jff6ijfl~ffnt'W1 'W \911flJ 1~ltllHn'jr~ lJfl11lJ,j''Wll1Utf1~~ ffTH f lJfll111'j~~fl11:JJ1fl 'W fI'j~~l 

® 9 v v ~ ~ v.::s & "" <!I I iV
ElastigeI 3000M l'Wfl11lJt6ijlJ6ijlJ~-l ~~1UlJffl'j1~lJfl11lJ6ijlJ1l1'Wtf19f~ffllJl'Jtllfl~1~"tf~11~'W ~ 111lJl~ 

• JI JJ '1 

ffll1fu 1~1'WVilflJVil1"lfll1"ltf 'j11Jl'i-l6ijfl~1111'W ff1'j ~fflJUM~ U"~ffl'jU~~U~~ 1~nlJl'Wflff1l1'~m~lJ 

f111lJU11lJ6ijfl~ ~il~uiwCl'i' 'W flfl~lflif ii~1~1fl 'W ffl'j tvi lJfl11lJ,j'lJ 1 'W~illlfiw~fll111'jrll11flJt~ fl1itfl~ ~lfl 
".11l1flfflJ~ff~ 11 tflJU"~1 M fI~'W'jff~~ 1~1fl'W ffl 'jV~tfll~1lJfll111'j~1111 tflJt,hHl'fllJ fI"lJ'~ fl'1 1"'~l11lJ 
ffl'i tim~" i'W fll111'j fl'j~i1 fl~ffll1f1Jff1l1 



24 

5. lUil6f)UflU'~~N~fl~1f)Ut1-3 
fl1'J 1~1 fJlJll~'WrI ~lJ111 flUiJ.:) ii fl1'j fifl1:J1ti''UU~1':)fll'l':)'Ul1':) 1~fl':)111m111.:)ii flW 'fflJ,j~i 'W fll'j nu~~lJ~~ 

q 

.% 1v V<=>" ".d1 Va d .de:t a 1 ~ U,,~(;l'llJ1'J(l'U'W~ tJ ~~ lfJlluu~ lJ~ rt"lJ'Vl ~lJ fll1lJ11 'U.:) U 'j ':)'Vll~ fl"'Vl ~ U"~lJfll1lJ'ff1lJ1'j(l 'W fl1'J fl'U 
, 

<=> aaV 
UflflC)fl11'W'Vl~~lfJ (Bae U"~f1W~, 2008; Forssell l1"~flW~, 2002; Gilleland U"~f1W~, 2002; Lawton, 

1996; Mali l1"~flW~, 2002;) Vilivalam l1"~flW~ (2000) 1~fifl1:J1...rWJ'W1fl1'j1l1U11':)~~U'lh:JJ11111mJ 
~ I ~ ~ I <=> d '1 1V<=>a a V<=>" .J ~ <=>a <=> 
1u"flfl11f1uCU"G)f'U~11'U~ l~W G)fl1j fl1'Ju~1'U1UUU~lJ~ (Injection moulding technique) C)f':)1lJ'Ul1jfl1'jN"~ 
," , 

Vi 11~ fl ~1~ 111 ~n~.:)1~ lJ 'U fl.:) 111 ilfl flll fll1 CU" Vi 1111 fJlJ \11 fl 111 " ~~ 'U 1~ fJ1~i1j fl1 'J ~ lJ ~1 V11U U ~ lJ vf fl1 ~~1"fl.:) 

'Ufl~iifll'j~~1,j'111UU~11~11'ff~':)~':)'J11~ 8 fl'j~Ul'Wfl1'j Nil~1~lJ111flfl1'J1l1U11.:) l'U 'j11 N':) llfl'j'U" 111m~" 
'U 'U 'U 

, " " 
m'Vl~1"'W111fl hopper 1,j'1~ rotating reciprocating screw 1~Q~U11~lflilfl'W111~llJ'fffl1.ill'U'j~l1i1.:),r'W~fl'U 

iffl W11 fl ~ 11~'ff ~~'W1~mfl~ fl':)Vi 1f111lJ1fl'U~ U~'jUU~lt.l,:)lmt 1~m1'j':)1Ufl'W'Ufl.:)'fffl'J 111fltTlr)'~(l ~U11 ~ 
q 'U 'U 'U 'U q 

~1'W111fll9f'W r.Y111i'u11 fl 'W 'ff1 'j 1,j'1-ff 
'U 

1C)f'Ur.Y111 i'Ufl1n)~cl1':)11~vl1111'1~(l
q 
~U11 "fllJ 111 "11~ 'Ullim~Vl n'W 

" , 
111 flU'U'ff1'j11~~1'W1,j'11 l1tJ.:) 19f'U ff111i'Ufl1'Jfll1JfJlJl1~lJ1W 'ff1'j ,ljU(;l'l'J 1 11~~1.:)11 "lVrt~'UU,:) rotating 

reciprocating screw 1111':)11~'11 "1~ fl ~ 11 ~~ ~,,j'1111 ~U1J 1J ~ lJvf ,rlflU 11.:) ~11" fllJ 111"1Q fl~ ~,,j'11111'WU1J U 

<=>" d QI V I<=>" ~ ~I~ ~I QI 

~lJ~U"~W'W~1",:)11"1 f:1'fl'j 11~11 V~l1lJ'W (;l'1'W EUfl':) It1J1J~ lJ~ l1~'u llflUfl 11"~'u "flflltfluC)f"l1~(l fl~'U
'U q q 'U 'U 

I t "Compression 1-- Feed zone (50%) -...j 
zone (26%) 

- Metering 
zone (26%) 

(Vilivalam U"~flW~, 2000) 

~ I ~ ~ I .d <=> _~ '1 1V '1 '1 a <=>.1 a I ®.J _I V I ~ I 
lu"flflllflu~"'V1N"91111flUU~ l~V G)fl'Vlfll'W 1"Vfl1'jN,,91'Wl'jfJfll1 "Capill " 9f.:)u'J~flfl1J1l1tJ(;l'1'W~1 

U,,~ri1'W ~11GJf'W1~ fJ1nUU fll1 CU"ll1"~~'W U~ 1191 fl~ 1,:) n'W~ 1UilflflllflU~" UiJ':)ll~Q flNU f11,j'1~lm1lJlilJVi 
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v • 

11~~1ij1 flfl11U111ij ~lU11~W,~U1~HYlJUtHlfltHHJrl' rw tliJ ~NO'U fl111Wfl'\Jtl~ri1'U phu,,~ril'W~1 1U~tl fl 
'l 

~ I _~ Q ~ 0' 1 ~ I ~ ~ I ' 0' Q 'j), 0' 
llf1lJ~"UlJ~lJ 5 "'U1~ fltl lUtl1 0, 1, 2, 3 1nl~ 4 ~mlJ"tlflUfllJ~"1111"~1Utl11ij~]Jlff'W~1'Wij''WUfl''1~ 

rVllo'U 11~1l11fl~i1~O'W~fl11lJU11"tl~ril'W~lUflU~" (iU~ 9) 

I ~~ 
!2. ~~ 

ko~-I 
[8.47mmJ 

Size 0 Size t SiZle2 Size 3 Size 4 

v • • 
~ I ~ ~ I _~ Q ~ '~I 'Q.I ~ J 'j) 'j) Q.I 'j) Q 'Q Q , 

1lJ" tlflllflu ~"1ij1fllt lJ ~ 'U llJ tlff1'W ~lll"~ffl'W111\1 flu 1 ~fltlU! '\J 1~ 1Ufl'W U" 11ij ~lJ 1U rm tlYll1 UUfl11 

llf1U~"llij"~~ 'U ~~~ll:J~tl fl111f1~tlUlJ1flfli1 1ij1flfl11ffflEJ1fl11lJfI\I~l"tl~ 11l~ tl flU fl1J~,,~ lf1~tlU~ll:J 
'nl _~ Q d Cl Clo Q.I, d ~J~ ~I

methacrylic copolymers ~U11 Uflu ~"1ij1flUlJ \llJ fl11lJU '\J ~tl ~ 280 'W 111 'U 'U"ru~Yllu" tlflUf1u~m Iij 

Clo Q d Q Clo Q.I .%QJ Q CloQ.l d 
"~11'WlJfl11lJll6ij~1~1:J\l 65 'W111'U (Brogmann 1"'~ Lehmann, 1994) 'UflflIij1fl'U U~lJ~1'U11ij1:J11"lU\l1'UYl 

ffflEJln11'~ff111ff~lJffil1~~"lff~fl''UVlrl'lJ~111~l:JlJIij1fluiJ\l i~llti fl~'9ffl~'U (Lowton, 1996; Forsell 
0'"", 

lm~flW~, 2002; Myllarinen l"'~flru~, 2002; Wilhehn lnl~f1ru~, 2003) 9ftl1UYltl" (Gandin lnl~f1ru~, 

2000) Jl111" 1lJ'''fJ''1~1:J1 U,,~J1111" 1lJl"fJ"~"lfW~~1~'l1';'W vJ~fl1l1ff fl~1flff U,,~~1fl1ff lrlm~u 
Vl rl'lJll11~~,~lJff11 1 ff~lJffil1~'W"lff~flU1~'l$ii~ i 111J'Ul1"1'U1'Wtl1Iijln~iJty111f111lJfI~~1~'U 11l1:J1nllfl11 

l1fl~~n"tl~ff111ff~lJffill~~"lff~ nl'''~ln~fll'j lf1~ tl'U~ll:J111~~111Ul'\Jfl~VI rl'lJll iJ \l1~ (Krogars 11"~ 

flru~, 2002) 

fl11 ~ii111U ~fl flUflU~"llij"~~ 'U GJ5lJ ~1l~~ '~lJll1fl fl1'jll1~ UlJff1'j"~"lmll"~~'U f111lJl ~lJ~t..I 30

40 %w/w 1~I:J"~"lmll,,~~'Ult..1J1~Utul1fliJ 60-70 °c 111UYhl,rlml~~'U~fl~~11'UJ11~'Wtifl'Wfll'j
'l 'V 
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" 	 . 
~~~1t1 11lflUtJ l~lJiYU~~ffl'JVlJ'l 1itJ ffl'JUlJfllJ lh~1iJtJfl11lJl1i1~'l.Ifl'lffl'J~~~lVLll~~~lJ"l1lli'1t1 . 	 ." 
rrlfli111~fl11lJl1tJ 1'l.1fl'l1U ilfl nUfl'tJ~~li#lu'l fll'J \llflirtJ 11 UtJffl'j' ~~~lmll~~~lJl,j'li111tJ.fllG)flJ~ffll1f1J 

r 4 ""1IJjI,d ° ~ r 1IJft'i Q ftl~ nl
fll'j'~lJ9f'lfl'lQtUl1fJlJ ~TVl 45-55 C (Jones, 20004d: 79-100) 'l.ItJ~fl'W~fl ~u 'Wfll'j'l~'j'tllJllJ~flflUflu1!~ 

"" 	 clQQ,le! 
G)f'W~U'l.l'llJ~'1tJ (Augsburger, 1989) 

6.1 	 Dipping ul'i'll111~ (pin bar) (~U~ 10) ~'Il~'WU1JU~lJ'wdll1fUl~~tllJ1Uilflfl11flU~~G)f11~U~'IJ\l 
~hlJ~hll,,~ri1lJ~1\l~Ufl~lJl,j'liui'Wffn~~~lm\l"~~lJ~'1fl'lfltUlUliJi~~u'j'~lJltU 50 °c tifl'W 

'II 'l 'I 'II 

, Y " 

i jljl r ~ r QjI r ~, ~ ijl ftl~ 1IJjlr 
G)f~U'l11"fl~lJUVl\ll1lJ~tJ~1t1ffl'j'11~fl~tJflfltJ1'WU l1~UmlJ~flflflflfl ~~'11V 

'I 

. 	 " 
6.2 	Rotation l1t;l'llllfl,}lJ111JU~lJvf~'1 i'Wffl'j'~~Cllm\l~~~tJ 1rvi'll1lJ~\l~umilutJ~'W i U~llJ1J'W'l.Ifl\lq 	 'I 'II 

1	fl~U'll1"~\l fll1l;l'W ~llJ 11tJ1'l.111\l1~u 111'ffl'j'~~~lmll~~~ tJ fl'j' ~\l1 tI~1111J'lJ ~ lJ'W1 m~~htJfll fl1ff~ 
cl jl1IJ d 0ijl "" cl Q,I.1

1VtJl'l.11 ~U1'WU'Vl1 111\l~~~'Wll'l.1\l~1'l.1lJ 
" 	 ." 

6.3 	 Drying 11lflir'W1'i11,rYl rrlJl11"~~tJU,r'lillfJl1'h~lJYifl1UfJlJfl11lJt)$'W,,j'1 iuV\lUvl'll11,J11 illtl~'j' 'I 

Q,I cl ° 1 jI jI jI "I' cl "" lIJ ft I dOG) jI~ rI "" "" ~ 
l1~~U ~ 'j' 11 'j' 1fl1'j' Vll 11 1111 'I~ U\l ~lJ l'j' 11fl'W ~ lJ 1'W U\l \llfl\l ~Vl1ll1 n ~ lJ1II ,,~~ 'Wl fl~'j'UtlU~fll1 'j' fl 

ftl jI~rI ""lIJ' 91 Q "" Q,I ~, ""1IJ ft l 

llJ'j'l~ ()lY'f"lJl\l~~~lJ tlJlll1'11l~111'WV1~~fl'WU~~fJ~11~lJlJ1fl!fltJ tlJ 


6.4 Stripping ri1'W~lU~~ff1tJ~1'l.1U\llUilflflUflU~~1l~\lfl~flflUflflll1ml'vi\l1111~l1uu1ilJvf 

6.5 Trimming 
,djl 

fl11lJ V11V1 ~U\l fl1'j' 

" " 
6.6 Joining ff1tJ~lU~~ff1'W~1'l.1U\llUilflm'flU~~1l~\lflU'j'~flUl,j'1~1t1n'Wflth\l~1'l ;rU~tlUl1'1l1lJ~ 

http:1VtJl'l.11
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" 	 .. 
6.7 	 Sorting sU'WVlU'W~U1u flU f)1'JVl'J1:O'ffUU i~£1f)l'jI~1.:Jm1l~1t1Vl1 rViuutlmu~Uf)Uflu~~Yi~~llrw 

UUfl 1~'W ~fl11lJtl11~~tJf)~ ihutI'4lJ 'Yi~V~~ ~.:JlhlMln~i1t1J'l11~141~1'W'J~'Yil1.:Jf)1'JU'J'J~~1 
"" " m sU'W1lU'WiAU~lJ1Wfl11lJ9f'W6ijU.:JltJ~Vf1UflcU~~:O~~~~.:JU~~1~'W1cUVl1lJ~Vn1'Yi'W~ 

7. fll'l1J'l'l~U~~fll'llflUrfl'HlltJ~tlflUfltJ1~ (Jones, 2004d: 79-100) 

fl~t).:Jri1'Yii'UU'J'J~UflcU~~~V.:J~U~'W1J'JV.:Jlvlvl1v~n'Wff.tlTVW1fl1f1.tl1£1'WVf)~~~v ~.:JV1:01~'WQ.:J 

f)'J~~114~r-n1fl~1t1fl11lJ!V'W 'Yi~m~'WQ.:J i~~mi~'W~U~H"iil1 'Yi~VQ.:JV~ijLUtllJ'vJVfr£1'Yi~lt1i'W~~Uf) 
" " cl d """ 0 Q .J QI QI "" ,~1t1fl11lJ'JU'W fl1'JmlJUflcUC)$~11t)W'Yi.tllJ'.i~'Yi11.:J 15-30 C U~~lJfl11lJG)$'W'fflJ~11'fj'WVtlf)11 70 % 

'U 	 q 'U 

8. Ulfl'l~lU\ltl-3UfltJ1~ 

8.1 	 tllfl'l!lU\ltl-31ili{'lf~hru 

f)l'Jl1~'ffVU l~V1 Mutl1:0 111.tlLYG)$.tlW ctf~ cUu lJlJUfl,J~~I~ 'W 1 tJ1l1lJ lJ1V1)!1'W~1 ~i'lJ f)1) £1t)lJ1lJ 

" 
fit) f)1)1l)1:O'fft)lJl1ltl~lJ flW.tll~6ijt).:J~~VI.nWctf (cU~lJlwi1t11thfiru lW~Ul'YiUf)) U~~fll)l1~'fft)lJf)l)

q 	 q (J 

Ugflurit)£16ijU.:J~1t111l1mcUilt)f)UflUCU~ ()~tI~n~11'Wf)l'JuVlf)i1 U~~f)l'J~~~lt1) 1'Wl.tlri'G)$~1i'lJti1'W1'l1tY 

:o~',j~f)l'Jl1~'fft)lJlcUilum 1flu~mcUri1 U~~ fll'J'Y1~'fft)U1ll ~1~~~1l.tlW ctfllflcU~~~~i1£11lJ'J 'J ~t)~ tim1'W 

l.flff'Jf~li'lJ6ijV.:JU):tll1f1~'WU~~~~'W al'Yii'lJl.tlri'G)$~11U~~'W :O~~fll)'J~1J1'W ilJ i 'Wf)'JTrh~v.:JuflcU~~1M 

~f)1'JYlflfft)lJfl11lJlJ~"1l1t (purity) i~tll~i1t)f.h.:J 5 UflcU~~ Yilfl1'J11f1~V.:J11tlf)n'W ifltllrluflcU~~~.:J114 
" .,k Q : d "'" 0' ~I.t" ,~~lffVl 100 lJ~. 9f.:JlJ'Wl 50 lJ~. 'VH~W'YifJlJ 37 ± 2 C 16ij£11Vl~t)~n~1 Uflu~~'Yl.:J'YilJ~1lU.:J~~~lt1t)£1l.:J 

"1 Q IIJ " dllJ 'Q ~ ~ ..:!:I ~ cl"fflJ\!'JW.fllt1 tJ 10 'WTYI !~ffl)~~~lt1'Y1 !lJlJf)~'W 1m~IU'Wf)~1.:J'Yi)V1U'Wf))flmf)'WV£1 (Jones, 2004a: 239

259) 

8.2 	tilVI '1!lU\ltl-3fJ VI ffl 11 fl'l'ltl 

lJl1l'J!l'W~ In 'W111.:Jfll'Jal'Yi1 lJ f)1'Jfl1lJfJlJfJW.tll~11flcU~~G)$ii~11~.:Jll~~G)$iifleiv'Wij fllJ1V1'J!ltJ 

&..:!:I 	 0 QI ~I dl" ".,k ~ d9"QI
'l1tJ.:J flt) American Federal Standard ffTt1'JUUfluC)$~l1 G)$111.:Jf)1'JU~11t1 9f.:J1UtJlJl1l'J~1'W11 !G)$f)'WlJlf)

9
1'W 

'U 	 ~ 

fll'jfl1lJfJ lJfJ W.fll~ 1'W) ~ilu~ VI ff111 f)'J 'J lJ 11 ~ ~f1.:J 1~' 14 f)1'Jfl1UfJ lJf;} W.fll'WlcUflt) fill flcU~~ lUri 1~1U 

dllJ "" "'" ~ QI 0 QI Q QI " " lJl;!'jilTWlJ ! ~U1.:Jt).:J t1.:J lJ1V1'J~1'WVll1HflffG)$1l 1'J U 1 m~lJ f)1'J Y1f1fft) lJ'Vl1.:Jfllt1.tll~U~~U 'j 'J:O flW CVI fllU 
... ~ 	 q 
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"" d OJ.f 
'lf1J~UL~.:J ~H'W 

- fllllln~fl1llJ Ufl'U~"lll"~~'W'lfiJ~U~.:J ijcrfl1:JW~l~'WYI"tl~~~u'J'J~vi1£Jlrilrltyl1~tltllY1l'J 

1.h~ntlU~'m~1'W~hu"~~1'Wvi1~~tllllij~11~ mJYI~tlij'litl~rilY1i'1J~tlfl1M'J.:J'fftl~~1'W~~rl'W ('JtJ~ 11)
'II 

~w.~~~Y~i~~~~· 
~lt~~~ 

ltJ~ 11 'l:i1'WtJ'J~fltlU'\Jtl'UtJ~tlflUfltJ~"lll"~~'W'lfU~U~.:J (TIS 913-2545) 

" 
- l1Jtl{lm~'\J'Wl~'\Jtl.:JltJ~tlflUfltJ~" fl1llJ~'\Jtl~ff1'Wvi1 '1llY1Ufl U"~~1'Wlij £J~l1J'WlJl~'Jlll'W 

~tl.:JltJ~tlflUfltJ1"lll"~~'W'lfiJ~U~~Uff~~~~~1'Jl~~ 1 

" " . 
- fl1llJffllJl'Jtl1'Wfll'Jrl'W'1ll ufltJ1mll,,~~'W1JJfl1'J"~"1£JYI~tlU~fl~11'W'1lTVl~wYlIJlJ 25 ± 1 

. " 
°c ''W'lh~n''115 'Wlii U~fl1'J~tl~vi1lU~1~ltJ~£J'WltJtyhu'W (Chiwele H"~flW~, 2000) 

QI ft I .:k 0, "" 
- fll'JYl~fft)1Jfll'JU~fl~1~tl~Uflu1"~llJ USP 25 9f,:jVJlfll'JYl~"tl~ 'W 6 YI"tl~ ~WYlIJlJ'\Jtl,:j 

~1fl"1.:JU~''W'li1.:J 35-39 °C lm~',*U~'W disc tI~U'Wlf"tll1tvttl'M'Ufltl1"tl~~lfl1l~1'\Jtl~'\Jtl,:jlYl"1 ~m 
" 

fll'Jl'I~fftlU 'J~£J~n"11'W fll'JU~fl~11i'tl,:j lJJlfl'W 15 'W1Vll~£J'V! flUfltJ1"li'tl,:jU~fl~111lJ~ lJJij lff1:J~'Wril'W 
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- tJ~lJ1Wlti'1 (ash) dl'Hi'UUfltJCU,,1ff 1l-ifl111fl'U 2 %w/w dll1i'1IUflUCU"~\J1ff il-ilfl'U 

5 %w/w U~~rill1i'1IUflUCU,,~'UVi1l ilJLihJ 7%w/w 

" 
- U~lJ1Wfl1llJ~'U6ijfl\J!U~flflUflUCU"lll"~~'U Ufl~flQ''U'li1\J 12.0-16.0 %w/w i~ui1iflllyh'l1' 

ul1'\J~ 105°C lJlflfl'h 17 ~1 ilJ\J 

" - tJ~lJ1Wll~'U'Vl~611\J'HlJ~llJfnllfl'U I x Id ifli~U~fl,r1fldl\J 1 fli'lJ U~~,'U,r1flcil\J 10fli'lJ 
'l 

" II) 	 I ~ " 
~fl\J ~lJ~1Il')ffl Escherichia coli, Salmonella, Staphylococcus aureus U~~ Pseudomonas aeruginosa mu 

. 
~lll\JVll 6ij'Ul~U~~U~lJl~11l11~6ijfl\J1U~flflUflUCU"G)fU~U~\J (TIS 913-2545) 

fl11lJUl1 (lJlJ.) " 
Ul'HUfl (lJfl.) 

1.37 ± 0.03 163 ± 10 

0.95 ± 0.03 122 ± 10 

0.68 ±0.03 98± 8 

" Cl QI ""'" "1"6ij'Ufl1l~f-W~Um~~ G)f (± 0.5) 
0.48 ± 0.03 77±6 

0.37 ± 0.03 63±5 

0.28±0.03 49±4 

0.20 ± 0.03 40±3 

0.13 ± 0.03 27±3 

000 

00 

o 

2 

3 

4 

5 

..- <:S 

9.1 	 'lil"nJ1JVlU'j-.3~-.3 (Tensile) 

Tensile l1 ~fl fllll~ 111 \J ~\J ~fl flll U~ 1tJ 'U i1i ~UUlJ1~n'U fl dl\J flll\J 6ij11\J 1'U flll Yl ~ fffl1l 

QI"'" .I "'" .I .:k 	 ..:!l ~ 9t Q.I I.J' ~ I d
f1W fflJU~'YI1\J fl~6ijfl~Vl ~lJ ~fl" llJfll C)$\J flll Yl~ fffl 11 U1 \J~\J'Ull1'U~111\JG)fff.fll'VW~'H U'U f111lJU 6ij\J111 \J 

q 	 q 

.::t 
. 

QI"'" Cl II) "i 	 ft I .:t 
. 

~ n.lft.1f1\JYl f.lWfflJU~Ul\J~\J'ffllJll()llff~~ ~~ ~Uf)llyt load-time profile (tuYl 12) 'Hlflfllln stress-strain 

profile (ttJ~ 13) 
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. . , , :... 

,i 

'~1Jni t~\ ,
•..~>t ..'·:'-~ 

ft I d a.l IV IV rI ,~ .J Ii] " ~, ~ rI 
~u'YI 12 fl'J111Uffll~f111:JJff:JJ'W'W]j 'j ~'H11~U 'j ~lI,Ul(l~n(ll9f~ 1111\)1 flfl1'J'YIlIfffllJ 11 'J ~lI~"fl~U~'W n(l:JJ 

fl1:1'j~ (Parikn, Porter ll"~ Rohera, 1993) 

,.EJoncaUolI .t Btuk 

1 
i3 I

Ud_c~ 
Strc"Clb 

j 
'Straio--'" 

~ ~-II-il ]I 
ft I d a.l rI,,, .J Ii]" '~ rI "'"IV IV <:t rI 

~u'YI 13 fl'j 111 111:111~f111lJ 1:1:JJ'W U]j 'J ~l111~ f111lJl flU U "~f111:JJ1f1'J fJlI9f~ 1111\) 1flll~Un" lJ"fl~ YHHH:JJfl 'J 

Yil~lJffl'Jlff~lJ1:1fl1'W""'''lff~fl (O'Donnelllm~ McGinity, 1997) 
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, " 
fijltltl'Jl'rJ~uVi 12 U~~ 13 ffllJl'JtnJitJl[Jfh~l~~ i~~~u 

, ",
;:!i 31;:!i ell <:1131' ;:!i <:I 31 Q.I Q.I' '1 <:I , ?t 

1) Stress rH) fll1lJtfl'WYi'JtHt'J~~~1'l 6)f~H),VfWl'lYi'Wl~~6ij~N~lfltn~ L~tllJYi'Wlt1lJl~'J!l'WtU'W 

;:!i <I , ;: ;:!i ;:!i 

Pascal (Pa) Yi'JflUfl'W~lIfl~l'Jl~'Wl (Psi) "Maximum stress" Yi'Jfl "Ultimate tensile strength" l'I'Jfl 
, , 

. ?t 31 elI;:!i <:I131el1 <:I 0 GJ 31 Q.I' ,

"Ultimate tensile strength at break" tlJ'Wfll1lJlIl'WU'J~~~Yi'JflU'J~~~~~1'l 6)f~~1'l1'l1 !Yi~lfltll~6ijl~~fl 

i'W~YiU1\91~'Ufl~\911fldl~ f"h tensile strength 1~1i~tJfltlil~fJw fflJU9l1'1l~ tl~'UV~VJ rl'lJ clt~ ffllJl'J tI 

ril'W1W '~fijltlfflJtll'J~ 1 

ell d 0 GJ 31~ <I 
Tensile strength U'J~~~l'll'll !YiTI~lJ6ijl~ (load at failure) (1) 

fll1lJl'I'Wl'UV\lVJrl'lJ x fll1lJfl~l\l'\Jfl~VJrl'lJ 

2) Strain fifl fll1lJ! fI~ tI~Yi rfl fll1lJ tlll'\Jfl~\911fl dl\1~VllvvtltdmVi tltJ tl1J fll1lJ tlll1~lJ 11ltllJ 

Yi,11m~'W 9flJ./9flJ. Ylrfl -Gl/-Gl 
~ ;:!i' Q.I ft .1 GJ

3) Young's Modulus 11"Hl Modulus of Elasticity flfl fllfll1lJ6)f'W'UV~tl'J1TI stress-strain !'W 

, d?t 31 ?t' d 31 d ~,( <:I '?t <!t 
ffl'W'YI1U'Wtff'W~'J~ llJ'WfiTYI 1 6)f1JVtlfll1lJU'U\l6ijfl~yt~lJ lJYi'Wlmu'W MPa l'I'JV GPa 

, , 
<!t ftOl <:I .... ,<!t '1 <:I ell 

4) Yield Point flV ~llU'Jtl'UV~tl'Jlyt stress-strain 'YIf111lJtll1'UV~~lfltll\1t1llVVtl !lltl'VlU'J~ll~ 
, " " I' " 

'l-ii~l'rilJ~'W Yi~\lfijlflfijllihijtl,~u 'J ~~~ ~lfldl\lViV~VV tltl~lll~ il-ifi'W'JU 11ltlUtl9lU~11l1lUll~1~'W1l1l 
'I 'IJ 'I 'I 

, , " 
<:I <:I 0 Q.I ;:!i' .".,( ell <:I <:I <:I , ;:!i 

l'lHff~~'U1l1l1tl~6ijfl~fll1lJtI~Yi~'W6ijfN'VfV~llJfl'J U'J~ll\l'YI~~'W1'Jtlfl11 "Tensile strength at yield" l'I'Jfl 

"Yield stress" 

<!t .... , d ~ .1 .d <:I Q.I .". .".?t <I d ,(
5) Elongation flfl fll1lJtll1'UV~~lVtll~l'lt~lJ6ij'WtlJm'VW1JfltJfll1lJtll11~lJ fl1HU'W1Ufl'J19f'W~ 

fJW fflJU9l6ijfl~VJ~lJ'Vffl~llJV{ffllJl'Jtllh~liJ'W i~lliflfh tensile strength, Young's modulus, 
, 

Q.I 
" 

<:I;:!i , <!t _I' _.I ~,(
fll1lJtll11'11J~Vflflflfl'W6ij11l (elongation at break) l'I'JtJ~lJ'Jl~'UtJ-lfl'Jll1 stress-strain 6ijfl\lyt~lJlJ''W~ 

11ltl~1 i iJtl'JlvJ stress-strain iJi~Yi ~lV~ 11 UtJtJ~\lUff~ -l 'Vfq~ fl'J'J lJ6ijfl\lrJ~lJ'VftJ~llJtJ{GJfiJll~l\1~ ~\lif 
(~U~ 14) (Briston, 1990a) 
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t 
i 
i 

t 

$'rol~ --
(iJl 

SIJ'GJ.ft -+ 
I-I 

,tI~ 14 fl'j1'W U'ff~\lfll1lHYlJ'W\.!1r'j ~11 ,h\l fll1lHfi'tJUr;'l~fll11.Hfl~ tl~~fl\l'Vftl~UJfl1'lfij~~1\l'l (Briston, 

1990a) 

" "'" d'<:t, , ~ d~
a) Soft and weak Ylr;'llJ'lftJ~UlJfl1 Young's modulus Ur;'l~fl1 tensile strength ~1 fll1lJtl1TVHJ~ 

", , 
flU flnfl tJ~J1~lhi11htJ flr;'ll'l Ur;'l~~~tJ Yi'~fl'j1 'W ~1 

" , 
b) Soft and tough Yl~lJ'lfij~ij~ri1 Young's modulus ~1 ri1 tensile strength tJltJflr;'ll'l Ur;'l~ 
<:t~ , <:t, , 

fll1lJtl1TVl tl~flflflflfltJ~1~lJfl1"l\JlJ1fl l'lftJ Polyethylene 

" "'" d'<:t, . , d
c) Hard and brittle Ylr;'llJ'lftJ~tJlJfl1 Young's modulus lm~ tensile strength "l'l U~fll1lJtllTVl 

V~flflfHiflU~l~~ril~l Ur;'l~i,j~ yield point ~i~lllU 
" "'" d'<:t, , . ,dd

d) Hard and tough rlr;'llJ'lftJ~UlJfll Young's modulus fl1 tensile strength llr;'l~fl1fll1lJtJ1Tt1tlll 

flUflnfltJ~l~"l\l lG)$tJ Polycarbonate 

e) Hard and strong rI~lJ'lfij~ifiJ,j~ yield point ~i~llltJ ~ril Young's modulus "l\J ril tensile 

strength lm~ri1fll1lJtI11~V~flfl flnfltJ ~l~"l \J fli1r.Yl'j~~fJW 'fflJ,r~U~\Jlm~ltl'jl~ lG)$tJ Polyactal 

9.2 fl11lJlJlA111 (Gloss) 

Gloss 111'W fll'jtl'j~liJtJfl11lJ'ffllJ1'j t:l~fl'l:rJ~lJ1u fll'j'ff~l'i'tlU fl~U~eJ\JU'ff'l~nn'j ~YlU l~tl 

i1 itl lJlJ~~nn'j~'Vlull~l'VhnulJlJ'ff~l'i'fl'W nr;'l in"tl'llfl~fl'l glossmeter U'ffll\Ji\J,tI~ 15 (Briston, 

http:SIJ'GJ.ft
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, , , 
® 91 ~ to!G] 31 ~ ~ I """.,.. ~ 31 to! """ """ 

1990b) ProGloss 3 lUlJtfl'H)~'YIlG)ftVH)u'j~tlJ'Ufl11lJlJ'U11TmNfll'HfI~HJIJWltlff lHl1ffllfl t9f'jllJfl 

U~~ffl'jt'U~ 1~tlUff~1)~\lfHi~1UIJ'U ~16ijfl~~1fl£h~ l'W~lJ~ till1'W~ U"~l~Uff~~ff~li'fl'Wflnf)lJl 

~1tllvJll1Ut~flYl1 fl lJll1'j fll'jff~li'fl'W (reflectometer) rill1i'IJihuff~~lIf)fl'j~'YIIJ1UUU ~16ijfl~111Q~ 
I to! .J ~ 0' lIJ 3I.d °I 

l1lJlIl~~ t'jtlfl11 "geometry" 9f~tfl'jfl~ glossmeter ffllJl'jtlf)ll1'W~fll geometry lJll1'jll'W ~~'Y1 20 , 

60° 1l~~ 85° ~~Uff~~''W'jtl~ 16 
'II 

Photoeteclric StQ~iUsed 
cell ../// ~ light . source 
//' ,~" /, ' 

" , / 
// 

'~ //, / 

~m 
=:'0/10"';09

support 

~u~ 15 f)~ lfl6ijfl~tfl~fl~ glossmeter (Briston, 1990b) 
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, 
..::s 

1.11111 3 

1. Alpha starch 
® 

(1J~l1'Vll'Vurl1~~ l1h~nd' ~ln~ (li1116)f'U), lh~l'Vlffl'Vlf.J) 

2. Dicloxacillin sodium (Aurobindo Phanna Co., lh~l'VlffU'Ul~f.J, batch number EDX 0330067) 

® • 

3. Elastigell000J (1J111'Vll'Ui'Uu'U~ff~11{6)fUfl'U~lfliJl~~ (''Vlf.JU~'U~) ~lti~, lot number JAB 5905) 

® •

i. Elastigel2000C (1J~l1'Vll'Ui'Uu'U~ff~I1{6)fUfl'W~lfliJl~~ (i'Vlf.JUfl'W~) ~ln~, lot number FKX-OO

70) 

® • 

5. Elastigel 3000M (1J~l1'Vll'Wi'Uu'U~ff~l{6)fUfl'U~lfliJl~~ (''Vlf.JUfl'U~) ~ln~, lot number ECB 2032) 

® 	 • 

6. 	 Era-Gel (1J~11'Vllfl(n1W'rhlJl~~f1fl~~1~C)fUfl'W~~11Jfl'jl~fl~ ~ln~, lh~l'Vlffi'Vlf.J, lot number 

G4505080) 

7. Gelatin (Type B, 250 bloom, Gelita Deutschland GmbH, lh~l'VlffWfl'jlJi1, lot number 618063 U~~ 

616211) 
SI 

8. Glutinous rice starch (~'jlm'jl1W, 1J111'Vllfl'jl1'WlJl{lf1~~\I ~ln~, lh~l'Vlffi'Vlf.J) 

9. Glycerin USP (1J~ir'Vllflfl~'j\llfl~.tiwqf ~ln~, lh~l'Vlff''Vlf.J, lot number 12821203) 
SI 

10. Rice starch (~'jlm'jl1W, 1J111'Y1m'jl1'U1,11{lfl~~\I ~ln~, lh~l'YIff''Vlf.J) 

11. Sodium lauryl sulfate (1J1111'1mfl~'j\llfl~.tiWqf ~ln~, lh~l'Vlff"Ylf.J, lot number 10420) 

12. Sorbitol 70% USP (1J~l11'1mfl~'j\llfl~.nwcvl ~ln~, lh~l'Vlffi'Vlf.J, lot number 70-211145) 

13. Tapioca starch (1J~ir'Vl '1'lf.J11~~ 11h~fl~ ~ln~ (lJ1116)f'U), 1J'j~l'Vlff''VW) 

14. Ultrapure® water (Elga ®, 1J'j~l'Y1fftl\lfltl1:J) 

15. 11J~eJflUfl1J~~11Hl~~'W6)fU~1l~\l11Jfl{ 1 (1J~ir'VlUfl~~~l~~ (1J'j~l'Ylfflvw) ~ln~) 
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, " 
'JI 'JI ~ I'::' QI 1'JI 'JI ° 'i' 1'JI ~ QI IIJ 0 IIJ 'JI 1

fl11lH'1JlJtllJ 33 %w/w u1lJ1W 500 fl1lJ Mfl11lJ1fJ'W 65 C ~~tI G)flfl1fJ\lfJ\I ~fJlJlll'W ~~ffl1'1~'11t1 ff 
" , , 

Q.I 0 IlL I I 1 ~ ~I <=1 <!:I
1l1fl'W'WlJl ~u~lJ lJlfl1fJ\I sonicator (Transsonic Digitals, model TP 680DH, u1~1'VIffWfJ1lJ'W) 1l1fJ 

," " 
ih,r~vJfJ\lfJlfllfffJfJflVl~WMiJiJ 60-70 °c lm~Yi\l111M'lv'W1l'Wil\lf.lWMiJiJ 50 ± 2 °c 1l1flUlJU1~liJ'W 

Q.I dllJ 'JI 0 ~~ I QI ~ '::'<=11 'JI 
'1flfJW~'1JfJ\lffl1'1~'11t1'V1 1~ n'1~'Wl1U1~fl11lJMlJ~WI1JJ11i 'U'1JfJ 5.1 

.ct '~I J .".
1.2 f)l'jlfl'jtl)JHN'Ull~lJl'il~~flU 

fll11~~tllJn~lJYl~JJlll'1~~lJ1~lifll1'11mih-Au~'WYlrl'lJ (casting method) 1~w1~u~'Wfl1~llfl 
.::. .J dI ° 

'1J'Wl~ 10x20 9flJ. 11\1lJ'W TLC holder (Biddy Sterilin Ltd.) 1'V1ffl1'1~'11t11ll'1~1l'W9f\lf.llJ'VI 50 ± 2 C 
I ~ I s' 'JI<=1 'JI ~ 0

'1\1U'WU~lJfl1~llfl n'1~'11f11u'Wu~'W:n~JJlI1JJfl11JJM'Wl 0.75 lJJJ. 1~w1~ TLC spreader 1l1fl'WlJ 'Wl 

U~lJfl1~llfl'1UfJu1M'UM\l1'W~fJU (Hot pack, model 435314, U1~lYlff{1'ld'lfJllJ~fll) ~f.lW1HJiJ 30°C 

U'1~fl11lJ~lJfflJ~Yl'fi 50 % 1~'Wn'11 2 i11lJ\I U1~liJ'WfJW{1'lJU~'1JfJ\lU~'WYl~lJ~1~~tlJJ1~1l1lJ1i1'W;;fJ 
5.2.1-5.2.4 

.ct _I~ _I ."..". c:t 

1.3 f)1'jlfl'jtl)JllJ~6flHfllJ1~1'il~~flUV'W~U"\I 

fll11~~ tllJ1UilfJ flll flt1~'1~U~l'~\I l~~ tllJ 1 ~tlQlJffl1'1~'11t1lll'1~~'W1~tl1~lfl~fJ\lu\llfJJ1~ 
.::. ° A d 'JI QI <=1 ~ I~ ~ TM0 _I 

~WM.f,JJJ 50 ± 2 C lfl10\lYl 1~fflM1U'~1t1lJlu'1fJflUflu~'1 flfJ Hard capsule dipping I machine 
," " 

(STREC, ~Wl'1\1fl1WJJM11'V1t11trtl, U1~'Y1fflYltl) (~uYi 17) ~lJ~fJlJfll11~~tIlJ~~\li111l~mJUuu~lJvf 
" " 

1~WM cifJillJ~1t11l111j fifJ tI'llilfJ'Wuvi\ll1~~riTI1i'lJ!ll~ tllJlUilCl flUflU~'11UfJ1 1 l'1\I~hlJ~1U'1~~h'WNl 

" 
UflU9f'1'1\1 1lJffl1~~'11t11l'W 1~1~tI~1l1flU~ltlUyj\lMJJ~il\l~1tlCl\lffl1'1~'11t1U1~JJ1W 1 9flJ. 1l1flU'W ~\I 

~ ~ 

" 
fifJtI'l tlfluYi\ll111fl';'WfJdl\1~l'l (rill1i'uff1lJNlnflt1~'11~n'11 35-38 1'W1Vl U'1~ri1'W~11~n'11 45-48 
,,, , 

1'W1Yi) njij\l1l1flfll1 tlflll lJU ~lJvf~lnllJ Yill~Yil1Mlf1fl fll1{1'~ffJJtlfJ\I{1'11'1~'11t1Yiff1lJU'11 tltlfJ\lUvi \I 
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fl11lJ4'WfflJYrVl1i 50 % l~'Wn{;n 30 'W1Yi Ufl~lU~eJmlflU~(;ltHlfl1l1flUvi~1111~ l~fJi~fllJ 1(;l11~ ~~U~.:J 
" ff1'Wln'W6ijeJ.:J1UileJm'flU~(;lt)eJfll1.:Jrl1'U~hU(;l~rl1'W~11l1'~fl11lJfJl1 9.9 ± 0.5 lJlJ. U(;l~ 16.5 ± 0.5 lJlJ. 

~llJ~l~U U'j~1~'UfJtlH1lJ'tJ~6ijeJ.:J,tJ~eJm'flU~(;l~'\Pl~fJlJl~\PlllJi~i'U~eJ 5.3 

~U~ 17 Hard capsule dipping t' (STREC, ~Wl(;l~fl'jWlJ111i'VlfJlrrfJ, u'j~''Vlft'l 'VlfJ) 

q , ~I ~ _I ~ _1 "'" a "'" _~
2. fll"j&Vl"HJlJr,yT'H'~illti HNlfniltl Hil~&1J(;U)flUfl1J1il1f'W~"6ij.:j6ijtl.:j'ilil~VlUNr,ylJU"U.:j 

2.1 fll"j'Vl~tlJJ(;Jl"jil~illmilil~~'WNr,yJJUiJ.:j 
_~ d i vi .d d'q "".J ,~ ,<!i J4 "" IfJ V , _~ V V _~ V 

Uu.:J'Vl G1f 'Ufll'jft'fllJ1'UlJ 8 G1f'W~ 9f.:JUU.:JllJ'W 3 fl'fllJ fleJ 1) uU.:J~U !~'lfl Uu~6ijl111l1 Uu.:J6ij11 

111UfJ1 lm~ui1~iJ'Udlt1~l1rr~ 2) UiJ.:JllflUlh'Vll.:JfllfJfll~ l~un uiJ.:J~~11l(;l~1l1'Wc;6ijeJ.:JUiJ~~111.ij'1 
® _~ d ""1fJ" _~ V d ® _~ QI _ I V .Qd d

(Era-Gel ) U(;l~Uu.:J'Vi'jlll(;l~\Pl !'WC)16ijt)~Uu.:J6ij11111'UfJ1 (Alpha starch ) Uo~ 3) Uu~~~Uu'jfl1fJ11ieJ'W~ 

IfJ V , ® ® ® _~ , "" i V d "" 
!~Ufl Elastigel 1000J , ElSlstigel 2000C U(;l~ Elastigel 3000M . Uu~U\Pl(;l~GJj''W~ll~ G1fU'Vl'W'Vllll(;l~\Pl'W 

1~m~lJU~lJ1ruYi(;l~ 5 %w/w 'tIV.:JU~lJlru6ijeJ~U~~J~l1lJ~ 1l'Ufl'j~~~rl1'WNfflJ6ijV~11l(;l~~'U1m~uiJ~ 
V" " "" QI <!id <!i"" QI ""_~ 

1fl~fll'j1Wfl1fJ.fllfll1'jVlJfl11lJl1 'W ~lfl'U 3000 mPa.s fl11lWUlJ'tI'U'j1lJ'Vl.:Jl1lJ~'tIeJ~11l (;l~~'UU(;l~Uu~ll~ 

l'vilnu 33 %w/w U~lJlru 500 fli'lJ 
" ,

i1i 1\Pl~ fJlJ'ffl'j(;l~(;llfJ'tIeJ~ 11 iJ~ 1~fJfl'j~1l1fJUi1~ U~(;l~G1fiJfI i'Wlhfl(;l~'j 11Vi fJ1 1m~111fl11lJ1eJ'UVi 



37 

)I • , , • 

1l'W 111~~~'W~~~1£1l1lJ~ 111 flU'W tJ 1 ff11~ ~'ll£1Yll~ tJ ~ lJ 1 'W l fl5fJ -:J sonicator 1Y/fJ 1cicrJ fJ-:JfJ 1fl1f1'fJfJ flYl 

.:!l 'JI""'eli
fl11lJl1'W~1I1lJl'Jj 'WSUfJ 5.1 

cI '~I J ~ _Si
2.2 flTjlfl"U.ltJUNUntltJ!'i)tl~fl"UHTJJUlJ-:J 

fl11 l~~ £1lJl1~'W ~rrlJSUfJ-:J 111~~~'W ~fflJlli1-:Jl~~ £1lJ 1~ £1l~ 1~£11ti't111~'W~rrlJ 111~~~'W 1U~fJ 1.2 

~fflJU i1 -:JVl1111VlJ l~~llJ11i 'WSUfJ 5.2.1, 5.2.3 U~~ 5.2.4 ~llJ~l~t1 

" " 
1l1fl11''W tJ1~1i1U~flfJtlJ~SUfJ-:Jll~'W ~rrlJ fJW fflJU~Vl1-:Jfl~ U~~tJ~lJ1W fl11lJ~hJSUfJ-:J u~'W~rrlJlll'l~~'W 

, 
eI eI II] 'JI ""'eli 'JI I) Q.I 

fl11 1~~VlJltJiifJ flUfltJ~~111mll~~~'W~(;YlJll i1-:J 1~~ £1lJ 1~ £1l~ 1~£11ti'lJltJ tlfJ flU fltJ~'l11li:l~~'W i 'W 

~fJ 1.3 U'j~liJ'WfJW(;ylJiT~"fJ-:JlutlC)mlflU1mlli:l~~U ~fflJuiJ-:J~l~~£1lJ 1~1I1lJl~1'W~u 5.3 

"'" ~'eI , ~I,J _ l.:!l _ I "'" c:S

3. Ntl~ ~Nal'jUf'jtJi;Jill'rfr~tlHfVlflVlflfll'j'fl'j£.ltJi;Jl'jtl~tll£.l UNUntltJ Utl~'lJtlflflUfllJ1 tl~UVlU~-:J 

~11 'j~1 i'1.l~ tJ 1 ~flfJU~1 £1GJ1U ~ SUtl -:Jll i1-:J ~l11lJl~fflJU i:l ~U~ lJl WlJ 1fl~'l~SU fJ-:JU i1-:J ~ ffllJ11 (l11 VI U~ 111 

i:l~~'W lew fl1 1 l~~ VlJff11 i:l ~~ 1 £1~' 11 'WI iffll~£11ti''W 11 i:l~11l~ £1 lJ Vl rrlJ ~iJfJ wfflJ iT~ 'Vl1-:J fli:l~ 111lJ l~fflJ 
i flr;i'1 fl £1-:J nl.l~ rrlJ~ 1111 £1lJ1l1 m 1l~ ~~'W1~ £1-:JC)[h-:Jl~V1 1~fl~1 tltl m ~tlUllJ lffflfJ 1 ~i:lSUfJ -:J ff1'j 1 (;Y~ lJfff11~ 

'Wi:l1ff~fl~ tl fl11 111~£1lJff11 i:l~~lV U~'W~ ~1J Ui:l~l tJtlfJ fll1flU~i:lGJ11J~u~-:J~ 111~VlJ1l1 mll~~~U ~fflJuiJ-:J 
" , 

'WfJ fl1l1 flU tJ-:JfffllJ 1~i:lSUfl-:J ff1'j 1 ff~ lJ ff f11~Vii:l1ff~fl~tl u~'W~ rrlJ l111l~£1lJ1l1 m1li:l~~'W1~ £1-:JtlV1-:J l~ £11~1£1 

"'" """ cI , ~I,J ~ 
3.1 Ntl~fl-:Jal'j1a'jtJaill'rfr~tllaVlflVlflfll'j'VI'j£.ltJal 'jtl~tllU Utl~UNUn ~tJ1'i)tl~VlU 

(;Y11 lff~lJ(;y f11~'W ~lff~fl~iifffllJ1~i:l~fJ fll'jlll~ £1lJU~U~~lJllli:l ~~'W fiC) fl~hC)ftl~U Ui:l~C)ffJ{U 
') GJ 'JI 'JI 'JI ""'<::i <::i i "'" 

YlfJ'l l~£1 !GJ1fl11lJ1SUlJ\I'W 0.1, 0.5 Ui:l~ 1 %w/w \lfJ-:Jff11~~i:ll£J 11ifl1111l'j£1lJ l~£1NfflJ(;Yl11ff'jlJfffllVi 

'W~1(;y~ fl1111~11lJ'W 1~£11 nl.lJ1fl~1I'j11~ £11 1l1fl,T'W l~lJ ~H11li:l~~Ul~11tJ U~~11l1VlJllJ'W ff1'ji:l~i:l1£1 
~fJ 1U1I1lJl~1'W ~tl . 1.1 th~liJ'W fl11lJl1i1~SUfJ-:Jff1'j~~i:l1£11l1lJl~1lJ,j'fJ 5.1 Ui:l~tJ11 tJl~1£1lJ1lJlJ 
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~ ~ 

U~'WYl~lJ1l1lJ1~'14~V 1.2 1)lf)U14 111~ljjlHltlHYlJU~'V11-:Jf)f;1Uf;1~111lJ1Wfl11lJtjf14~V-:Ju~'Wn~1J11) 

.". ."., q '~IJ."._Si 
3.2 fH'6}Jij-3~l'j'~'jlJ(;TilTrfrHn~~fWWfll'j'~'jtllJ~l'jll~llltl Ull~UNUytlllJ''illl~~UNi;llJUu-3 

~111~1lJ~fll'VrWf;11~~f)~'~~f)1:J1~m~v f)1111l~ fJlJ u~'Wn ~lJl1) f;1~~'W ~~lJU it-:J ~V f)~19fV1'W 
~.". ~q Q 

1,2,3, 4 Uf;1~ 5 %w/w llf;1~9fV11J'Y1Vf;1 1,2,3,4,5,6, 7 llf;1~ 10 %w/w 6ijV-:J~11f;1~f;11fJ 11if)111~'HJlJ 

1~fJ~~lJ~111~1lJ~fl1~~f;11~~f)'M1,r111j141~fJ1nu,f1Uf;1~111-WfJ11)1f)J'W l~lJUit-:JUf;1~l1)f;1~~'W 1~1fJlJ 

~ ~ 

l1~'Wn~lJ1l1lJ1~114,rV 2.2 1) 1f)U'W 11 1 ~ljj'WfJW fflJU~'V11-:J f)'U ll'U~111lJ1W fl11lJtjf14 ~V-:Jl1~14 n~lJ 11) 

~ -~ "" 
. 

"" IrJ 'j} ~""1 'j} ....C)

'U~~'W~fflJUu-:J'V111l1fJlJ l~1l1U11i 14~.m 5.2.3 ll'U~ 5.2.4 1l1lJ'U1~1J 

.". .". , ..., , ~I.! ~ , ~I.! "'" 
3.3 Nll~ij-3~1'j'~'jlJi;l.f)l'Vfr~1l1~~fl~ijfl11lJfI~~1~ij~UNUnlltU'illl~~UUll~UNUnlllU'illl~~U 

N~tlUi1-3 

3.4 Nll6}J ij-3~l'j' i;l~lJi;lilTVfnlll~~hwi6&tJ~ijm1fltJ~1l'fn~U~-3 

ff111ff1lJ~fl1~~'U1~~f)~'~flf)1:J1~'U~Vf)111~~ fJlJ1 U~V f)U fl1.l~'U11)'U~~14 ~fflJll it-:J ~V f)~l9fV 

114 1, 21m~ 3 %w/w ll'U~9fV1Ul1Vf;1 1, 2 u'U~ 3 %w/w 1~f)1111l~fJlJlllfJ~fflJff111ff1lJfffl1~~'U1ff~f) 

, 'M'! ,j'11 ~14 1~ fJ1 tiU ,flU'U~ 111 Vi fJ1 1)1 f) J14 l~lJUit -:J 11 f;1~11) f;1~~'W 11l~ fJlJ 1~ 1-,1 ff11 'U ~ 'U 1t111 'U ~ 11.1 ~V f) 
~ . 

Ufl1.l~'U~V lU~l1lJ11i'14,rV 2.3 lh~ljj'W~f)1:JW~ lhl1Uf) llf;1~fl11lJl1'W16ijV'l11.1~vm1flU~'UYh~~tllJl~ 
" .~"'" 'j} "" .... a/ "" ~ I ~ ~ I ~ "'" _~ "" 

~llJ11i 14 ~m 5.3.1-5.3.3 'WV f)1) 1f)'W t1'l flf)1:J1f)111~';i fJlJl1J'UV f)ll fl1J~'Ul1)"~~'Wll'U~l1) "~~14 j:-.jfflJUu-:Jl1 

l1il~1~lJff111ff1lJfffl1~lHnff~f)~1fJ 
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4. 	Nt16)J6-31OU'~[J)J"6~t1~",vJ~ (SLS) ~6fll'j!~jtl)Jffl'jt1~"1[J Uf-h-!VJ~)J !lt1~nJ~6flUflU1t1"U~U;j-3 

ff~)ihi'lJ~lh~flf)lJ~1fmH;1~~'UU~~UiJ~~ijffl'Hff~lJffj)1'W'W~lff~fl1lnl~]J1W~ll1lJl~fflJffll1i/lJ
'U 

tJfh~!~f.n '~~~lilf)fl\11fltl1)fffll:n1'W,rtJ 3 r~tJUllJ1fffllJ1N~~f)~ffl'j~~U) ~91~ ~h SLS 1if)fll~il~~ fJlJ 

ff1'j~~~lfJ u~'WYhllJ u~~l11iltJflUfl1J~~!\1~~~'UHfflJUiJ~ i~fJ1~1'W11~lJ1W 0.1 U~~ 1 %w/w ~tJ~ 
~ 	 ~ 

lillnrtl'j1lJl\1~~~'WU~~ui1~ i1ifl1)1~'1VlJ i~fJ~~~lfJ SLS 1'WU1el~~)11~fJ1 U~~1~lJff1'jlff~lJfffll~ 

'W~lff~tl~~ NfflJ 1 Ml,r11~ 'W l.atJ 1 ~fn n'W \11 flt!'U l~lJ UiJ~ U~~l \l ~~~'W 1~'1 fJlJ 1~Uffl) ~~~lfJ~ llJi1ii 'U 

~tJ 2.1 11)~liJ'Wfn1lJl1i1~~f)~ff1)~~~lfJ~llJi1i1u'li'tJ 5.1 11~~l~'1fJlJl~'U U~'UYl ~lJ~llJi1i''U'Ii'tJ 2.2 

11'j~liJ'Wfl11lJiT'U 111~U~ 11~'UVJ~lJ~llJ in''U,ru 5.2.5 11~ ~1~~ fJlJl il'Wl 11iluflll fl11C)f~GJfiJ~11~~~ llJi1i1'U 
'U 

~ , 
'JI ~ I "'" Q,I 0 Q,I 	 ~ I ~ ~ I Q Q IrJ 'JI "",Q1 'JI 
~ij 2.3 u'j~llJ'W~fllJW~ 'U111'Ufl11~~f111lJl1'Wl~ij~lu~Utl11flu~~'YI1~)fJlJ !~~llJ11i 'U~f) 5.3.1-5.3.3 

, 	 ,~ 

~1'jl~l1 2 11ff~'Hi1'U11'j~tltJlJ lm~11~lJ1W ~f)'1ff1'j11~l1lJ~l11~ffll1 i'lJfftllJ1H~~tJ~ SLS 

~l'jl~~ 2 ri1 'W 11 'j ~ fltJlJ U~~11~lJl W~f)'1 ffl'j rf~ l1lJ~ ~1~all1 i'lJ fftllJ 1 N~ ~ij~ SLS 1itJ tll 'j 1~~ fJlJ 

,11~ij tlUf111 ~~1\l ~~~'WNfflJUiJ ~GJfii~ 1il~~ 

11~lJ1W (%w/w) 
GJfiJ~~f)~uiJ~ 

Q"'" 	 "'" 
~ 

1\l~~~'W ui1~ fl~lC)ff)'j'U SLS U1 

24.75 8.25 0 66.000 

Era-Gel® 24.75 8.25 1 0.033 65.967 

24.75 8.25 0.330 65.670 

21.45 11.55 0 0 67.000 
Elastigel 

21.45 11 .55 0 0.033 66.967 
2000C® 

21.45 11.55 0 0.330 66.670 

26.40 6.60 2 0 65.000 
Elastigel 

26.40 6.60 2 0.033 64.967 
3000M® 

26.40 6.60 2 0.330 65.670 
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tlnJ1iflfl11lJl1i1fllf1t1'~lfl~tl~ rotational viscometer (International Rheology Viscometer, model 

RI:2:H2, 1J.i~1'VIffltl{W;'l'W~) ll~~'~ spindle lU(){ 2 lfltl'~lhllfle)'f'ff~1()d1~lh~lJ1W 250 lJ~. ~lJ~~ 

1\,11fl~()'H)~1(),f1~~Wl1iJiJ 50 ± 2 °c l1J\'H1~1 5 'tnn ~lflJ\,I'thl1Jlflfl11lJl1i1fllf1t1'~fl~'j11~111'j~ 
l~()U (shear rate) 90 'j()u1i()lnYi l1lJYlfl~lfl11lJl1i1f1~11'j1fl!) (apparent viscosity) lJtlfl~lflif ii~ . 
lh~liJlJflW ~fllJW~6ijtl~U1'j ~UlJYil~~ tllJ1~~1t1 

" 

IV , ~I'
5.2.1 ilfllHlJ~6ijeFHlNlh"till-J 

~fllJW~6ij()~ll~lJVhflJlh~liJ'U lfltlfl1'jff~lfl~~1t1~1 l~llri fl11lJll111tl1 fl11lJllh1~ 

1l~~fl11lJll~~ l'U'W~'U 
, ~I'

5.2.2 fl11lJ't1l!16ijfl'lUNlh"till-J 

fl11lJl1'W16ij()~1l~'WVl~lJlfl lf1t1'~ digital micrometer (Starret No 734M, 1J'j~l'Vlff 

ltJ()HJll) lfltllfl~~'j~9hi''lJ~~ 3 ~1()d1~ ~1()d1~~~ 10 ~f1 ln~lm~tlU~~ff1'Ulritl~1'lJ'UlJ1~'j5I1'tJ (SD) 

" '\l(),n';~ 30 ~f1 

5.2.3 	f.}tlUnnWl'YI1'lflil 


.:!t I I ~... ~ I 4 '1 1" J TM

fl11lJtlfll1~lJ6ij()~1l~'Wl"i~lJu'j~llJ'tJ lf1t1 'lnfl'j()~ Lloyd Instruments (model LR10K, 

lh~ll1ffer~fltllJ) lfltlflll1lJfl loading force 100 N U~~er~'j11~1'lJfl1'j~~U~'WYJ~lJ 10 lJlJ./'tJ1Yi 

'''~tllJ~1flth~1l~'UYl~lJ~f11~lJ~ll1~tllJ~'U~16ijlJlf1 50x5 lJlJ. 
2 ~llJ1'U 5 ~1flth~ lhlUflfllJ1111~1 

d.:!t 	 I " 4 ~I 

fl11lJtl11'VW~flflflflfl'W6ij1f1 (elongation at break) 1l~~fl1fl11lJlfl'W~~~~ (maximum stress) C}f~lU'tJ 
, . " , 

2 
fl'U'j -3~'Hl~~~n1~nvh1M~1fld1~'U1f1~fl.w'WYil1U1~f16ijfl~1l~'Wvh;lJ (N/lJlJ. ) ff1lJ1'jtlfl1lJ1W l~~lfl 

fl'j1Yh~l1i1~ loading force ti'U'j~tI~'Vll-3 l11~1111~tlll~~1:h'U,rltl~1'U'tJlJ1~'j5I1lJ'Ufl~1l1i~~~1 

5.2.4 	ml-J1Wfl11lJ~l! 

" 
1J~lJ 1W fl11lJ~'U 'U()~ U~lJ YJ ~lJ 1J 'j ~liJ'U ~llJ lJ 1~ 'j 5I1lJ 'U() ~ ~~ ff1l1 fl'j 'j lJ 1 'Vl tlff111 i'u 

Utl1J9f~l~~~~'UGJfi1~ll~~ 1~Wi'~,f1l1,rfl~tlfl~()~6ijfl~1l~UVh'lJ~1()dl~'U'W1~ 1 fli'lJ 'rl~~ ''Wl1j1l1~fllJ. ~ 
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, 
(crucible) lh'llyh,,r~n1'~ l~£J'~~tlU (Memmert, type UIO, ll'j~~l1ffwtl'jlJU) Vi~tl.rl1fJiJ 105 ± 2 °c 

~{JlH1~1 17 i11lJ~ "lnJ'W yf~,,r~~'W~tlW'HfliJ,rtl~1'W desiccator ll~~i~Jll1lTnflnflf~'Hi1~ 
q 'II 

" , , 
rll'W1Wl1111~lJ1Wfl11lJtjf'W"ln(;,(lJnl'jYl2 Yhnl'jYl~~tl~(;'(~'j~li'U~~ 3 ~1tldl~ 'H1Thm~£Ju~~riTW 

'II 

, 
.:1 

1 U £J~lU'W111~'j~I1'W 

" 
(2)1l~lJ1Wfl1111tjf'W (%) 

" 
mo = ,h'HUn'\Jtl~911tldl~ (ni'11) 

" 
m} = Ull1Un1Jtl~~1tldl~'Ht;l~"ltll'h',ru,r~ (fli'lJ) 

5.2.5 	 rrlltliJu111 (Gloss) 

" fl11lJ:JJ'lJ111'\Jtl~W·JlJV1~1Jll'j~dj'W 1~£J'~ ProGloss 3 (ll'j~~YlffWtl'jlJil) l~£Jl~l1~'H1J~ 

10 ~~9itl~1tldl~ fh'H'W~Th geometry 60° 'Hlrll111~£JU~~ri1'Wlrl£J'HU'WlJl~'j~1'W 

5.3.1 ~f)'Hw~~tl..:)nHltlf)UfltJ1~ 

t;ln1:JW~6ijtl~lUiltlnUflll~~ll'j~liJ'W 1~£Jfll'jff~lfl~~1£J~1 '~un fl11lJll1U£J1 fl11lJ 

11l'j1~ 1l"~fl111JU~~ ,iI'W~'W 

5.3.2 Jll'l,"fl~tl":)'lHltlm'fltJ1~ 
t JI , , 

~1'W~11m~ri1'W~16ijtl~,lliltlm'fll1~~i~lhl1umwfltilJ l~£J'~lfl~tl~i~ 3 ~lU'Hli~ 
I " 	 j/, 

(Mettler Toledo, model AG 285, 1l'j~'Y1ffffl~19ftl{u~lJ~) i~£Ji~Ul'HUnri1'W~~ 10 	~lJ l11rllm~£J 
, 

I .:1 	 I I 

U~ ~(;'(1'W1U£J~1UlJ lJ1~ 'j ~ 1'W '\Jtl~ U~ ~ ~ff1'W 

5.3.3 fl11t1l'1Ul~tl-31tJgtlf)UfltJ1~ 

fl111Jl1'Wl'\Jtl~~u':Hlliltlm'flll~~1l'j~,iJ'W i~£J1~ digital micrometer (Starret No 734M, 
" " ,

ll'j~'l'lffUJtl'jlJU) 1~£Jl~11~ri1'W~1'm~ri1lJ~16ijtl~,lliltlm'flll9$~ri1'W~~ 1 0 ~'W 'H1rllm~mm~ri11,J
'II 

1ri £J~'U'W 11111'j ~1'W 6ijtl,:Hl~~~ tY1'W th'H l'U fl1'j 11 'j ~,:ihJ ~~'\Jtl-3 SLS 1l"~fl11lJ fl-3~16ijtl-3'U iltl fill flU~~ 

vh i~£Jfl1'jlllfl11lJ'H'W16ijtl~~,r-3'Uiltlfl 3 1l~ U~~l~~,r-3~1'WU~1£J6ijtl-3,uiltlfl~-31fl'Wri1'W if{-3~~~ 
, , , " 

'~£J1 ~1mfl~tl~ Dial gauge micrometer (Mitutoyo, No 2046F, U'j~1Y1fftlj~lJ) (~uYi 18) i~£Jll1l1-3 
" , , 

~1lJfhll"~~1'W~16ijtl~ 1U iltl nUflu~~ri1lJ~~ 1 0 ~lJ l11thm~£Ju~~riTt,llii£J~:Ul~'j~1'W6ijtl~U~~~ri1'W 
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'l11~ 18 ~flrEl~ Dial gauge micrometer (Mitutoyo, No 2046F, l1'J~mfl'~~U) 

6. fll'j'YI~tHIUfll"H!"'fl~1 (Disintegration) ~f)'I!Ui1f)fl!&flU'tlG)fU~u4j'l 

fll'J1'l11ffElUfll'JU91fl~16ijEl~~11~E1mlf1UCUJ;rv'h 1~HJ1~ USP disintegration apparatus (USP 25, 2002) 

111fJul~11~E1mlfll1CUflll1~11ri~sUli Ul'U91~flrl (basket-rack assembly) lhn11J~11~tlflUfll1CUfl~1fJUNU 

Q.I 'jJ Q.I ~ d ,<:t, 0 Q.I 0 Q.I , Q.I 

911 flfll~ 6ijtl~ l11f11111 fJEl91 'Jl ~ 'J 1f1~'V1 29-32 'Jtl U91 tlU TV! U91 fI~ff91'J 911'J U1'11 fll 'J1'111 fltl~ 6 911tl fJl~ ff ~ 1fl91 
'\I 

" 
fll'J U91 fl~16ijtl~111~tl mlfll1CU" fllfJl'U nfll 15 U1Yl 111 fllliiHf'U ffTW6ijtl~~tJiltl flU fltJcuml1~tltl~ Uffl1'l 

11 ~1tlrh~~1'l11fftlUU91fl~1tl rh-3fflJ'!J'JW 11'uYifl'J ~£J~nfllh,lflU U91 fl~16ijtl-3~11~tlm~fll1cu" 111 
I I 

,<:t ,<:t 

flll'il fI £.IUfI ~ff1'U1U fJ-3~UU lJl91 'J 51 lU 

7. fll'j'YI~HH)1Jfll'jtl~tll£J (Dissolution) "'fl~!Ui1f)flHflU'tlG)fU~u4j'l 
Q.I 'jJ d 1'jJ9 _ I .,!f _ I d <:t "'" "'" 

911 tJl91'U 11 U Ul'l G)f ~ U fll 'J 1'1 ~ fftlU fll'JfI~ flltJ6ijV-31lJ" V flU fllJ 9f(l 1'1191 'J £JlJ" 1 flt '\) (I~91U 11(1 ~1 '\)" ~91U 
'\I 

~fflJU iJ-3 fitl il1flfltl fl9flcHilU (dicloxacillin) 1 ~ tiltJ~ £JU!'Vl fJUflU~tl ~tl flUfltJ~"1'\) "~~UG)fU~U~-3~ iJ 

~111 ti lfJ1'UU '\)'\)11''U 111 £.I1~fffll1~ fll'J 1'1l1flfl-31~£J1 flU 
q 
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fll'j 'Yl ~ fffl U fll 'j (;'I ~(;'Il V1J fl 'I tU itfl flU flU CU(;'ll'h~ llJ115 dll'1 i'U 11 fl uCU(;'ll ~ fl(;'l fl flC)fl9f~lJ (USP 25, 

2002) 1~v'~ USP dissolution apparatus I 1~VlhUflUCU(;'l~U'j'j~Vl9l',~UUU 250 lJfl. 1 UflUCU(;'l'ffl~l 
IlL 19 ..g do : "'" o?t 0 Q,I dQ,I

lU ~lJ vessel C)f'llJ'Wl 900 lJ(;'I. ~Wl1iJlJ 37 ± 0.5 C l1J'W~lfl(;'ll'1fll'j(;'l~(;'I1V U'l~fll11'W~fl~'j11'j1100 

" .
'jflU~fl'W1Vi fll'j~lJ;1fl£h'lYil1~Vfll'j~lJfli''1(;'1~ 5 lJ'l. Vin(;'ll 4, 7, 10, 15,20,30,45, 60 11(;'1~ 90 tnYl 

SI .", , 

1~m~lJlll~Wl1iJn 37 ± 0.5 °c 1~1'UU'YllJYl''WU~lJl~'j1Yil1~lJ'V1flfli''1Yl~lJflflfllJl1.wfl'MU~lJl~'j 

1Jfl'l;lfl'll'1fl'l~~(;'Ifl~fll'jl'1~'lfl'l 11~(;'I~ff~'j~9hi'uYilfll'j'Yl~(;'Ifl'l 6 ;1fl£h'l 11fl'jl~MlnU~lJ1W 1Jfl'll~ 
'IJ 

fl(;'lflflC)fl9f~lJ ~(;'I~(;'I1VflflfllJl~n'l1~1'1'l1~v'~lfl~fl'lff1U fl1 'Yl'j 1'Vn~nl~fl{ (Jassco J-715, Jasco 

Corp., U'j~ll'1ff~~'W) ~fl11lJV11fl~lJ 274 lJl1lJllJ~'j flllJ 1WU~lJ1W1Jfl'lffl'j1~1)lflfl'jlv1fll'j1Vivu 

lJl~'ji 1'W 111ril m ~tIU(;'l~ff1t,UrlV'll U'WlJl~'j!l'W1Jfl'l 6 ~lfldl'1 U(;'l~ff~l'1 fl'jlv1 U'WYi flfll'j(;'l~(;'Il tI 

" 
fll 'j ff~1'1 fl'j lv1 fll'j 1Vi VU lJ 1~ 'j! 1'~ Vll 1 ~ tI1~~VlJ ffl 'j (;'I ~(;'Il VlJ 1~ 'j! llJ 1Jfl '11 ~ fl'l fl flC)fl9f~lJ' lJ tJ1 

<!I 6]~31 31 31 31 Q,I 

U(;'l~l1)fl1)1'1ffl'j(;'l~(;'I1V 111l~fl11lJl1JlJ1J'W~~'Yl1V 0.08, 0.1, 0.12, 0.2, 0.3, 0.4, 0.5 1m~ 0.6 lJfl./lJ(;'I. 1~ 

rilfll'j~~ flit'Wi''1i11Jfl'lffl'j(;'l~(;'I1V~fl11lJtl11fl~'W 274 'W 11'W1lJ~'j 1~v'~lfl~fl'lfflufl1 'Yl 'j i ~ 1~nl~fl{
'IJ 

~ v _I<!I _I "'" ct

8. fll'jY1fl1:l1fl11lJfl-lVl1"6-lhH16flUflU'~'lfU~U"-l 

'Q;~ 'j ~9~h i'11 ~U 'j ~ flfl U ~1 m 1) (;'I ~ ~'W 11 iJ'I 11 (;'I~ ffl 'j l~lJ U~'1 rl'W '1' 'W U~lJ lW ~ l11lJ l~fflJ ~ '11 ~1)1 fl 

~ 31 31 0 do _ 1<!I _1 "'" cl l' 6] 31 ~ TM • 
fll'jfffllJl1Jl'1~'W 'WllJll~'jVlJlu(;'IflflUfluCU'l6Jf'W~111J'I ~~V l6Jf1fl'jfl'l Hard capsule dipping II machme 

0' "'" _I 'II _Id _I<!i _I d do '1131 ~Q,I 0

(STREC, ~Wl'l'lfl'jWlJ1111'YlVl'lV, u'j~l'Ylff l'YlV) (~U'Yl 19) 11(;'1~'W1lu(;'Iflfl11flu~(;'I'Yl1~'jmJ l~lJlfffllJl 

fl11lJfl'l~11~m~1J;1fld1'1lfl,~ 2 ff1'W flfl ff1'W~l'Id'll~U''WQ'I low density polyethylene (LDPE) 

U(;'l~~flrl1'W'~'rlt1'l LDPE l~fl,,ra'tl~fftlUtllfllff1~v~'j'l U(;'I~UU'l1~U''Wfffll1~ 2 fffll1~ flfl ~ 
q 

~Wl1iJn 30°C 75 %RH U(;'l~ 40°C 75 %RH U'j~ln'Wfl11lJfl'l~11Jfl'll~t1flflUflU~(;'I11~'11)lm~U'1 

lfl'Wll'll 11$lfl'W lm~ 3 l$lfl'W 1~VU'j~ln'WJ111'Wmm~fl11lJl1'W1SUtl'li'lrl1'W~lU(;'I~rl1'W~11JtI'Iluitflfl 
11 flU ~'l U~lJ 1 W fl11lJ 4'W 11 'l ~ 'j~v~n (;'11' 'W fll'j U~ fl~11Jfl '11 U itfl flU flU ~(;'I 1U~ VU 1Vi VU nlH Ut1fl fl 

11flU~'ll1) (;'I~~'W~ 1~~ VlJ~1v1l5 1~ £11 tll.! 11(;'1~1Ut1fl flll fl U~(;'Il1)(;'I~~'~ ~ lj~11'1t11V 
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d cI "'" Q,I lIJ~U'Yl 19 Hard capsule dipping IITM (STREC, ~Wl~'1f1(HUlJYil1'Yltll~W, U<,j~l'Ylff ~'Yltl) 
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, 
.<:t 

111111 4 

Nflt11'il.uUUfl~t11'iellhJ'ilUNfl 

.:t , ~I.! "'" 
1. fl,.n~'nJtJtrl".Hl~illtlUil~UNUl1ill-U'lHl~~U 

ilil~U\H'Hl~~h,u~'W i1lQ~lJ 'l-H1fl~ff1fity1'W'fl1lff111 fl'J'J lJ fl1'J ~il1lt11flU flU fl11~(l tdU-:J 111flt~'Wff1'J~ 
.:t <II"::' 'et '" d ..::s ..::s d lIJ 31 , , lIJ 31 . 
lJfJWfflJlJ1l fl1'J flUY't (l JJ 'Vll1lJfll1lJU6ij-:J U'J -:J'Vl1-:J fl(l 111 ll1-:J 1t1 U(l~tlUtlff(llt1ll1 (Jongjareonrak tt(l~flt1J~, 

2006) ~-:JJ'W 1'W fl1'Jfffl'l-nl~tlii tl1(l ~$l'U ~-:J1~t~\,I fl~ lJflllJfJlJd111 flJ fl1'Jfffl1:l1fl1'J'Vll1U 'Vll.! fl1'J 1~tl1 

ffn(l~(llt1 11~'WVlrl'lJ U(l~111iiU flt 1 fl11~(lGJfUl1tt~-:J~ t1l1 tllJ111fl1,m~$l'Utt(l~fl1'Jil111iJ-:JlJl'Vl11 tt'Vl'U 1~ 

(l~~UlJ1-:Jril'W 'W Ufl111 flii v-:J 1111 tllJ 1 11 tllJ nlJ t11iiU flU fl11C]m 1l1(l~$l\,lGJfUl1 U~-:J~lj~111111t''Vl1-:Jfl1Hi11\,1
'II 

)I 

111flfl1'J fffl1:l1t uU-:J~'U111tl1~t11(l~$l\,l111 flU 11"-:J ~il1l11(llt1tt11~-:J 'WlJ'"h tl1(l~$l'WU~(l~Ul1"-:J111' 
o <II CIffn(l~(llt1~ljiYtt1l fl~l-:J nu 1U-:J1'W l~tld'i~tiiUfl1~tl1(l~$l'W 11 1 fllJ 111'Vl Gelita® ffll1 'J lJ fl1 'J fffl1:l1 

;~l1lJl1 ~-:Jt~\,IUl1 "-:J!~tllnlJ~'fl1lffl11 fl'J 'J lJfl1'J ~il1l!11flUflttflD~(l1~ 

V"'" , ~I.! "'" 
1.2 fJWtrlJ1J~~ij-.3UNUl1illJ!ilil~~U 

flW fflJU~6ijU-:Jt!~'Wrl"lJ! 11 (l~~'W~t1l~ tllJ i~t!ffl1-:J~-:J1l1'Jl'l~ 3 !!~'WVl "lJ!11(l~~'W!1l~ tllJ i~111fl 
q 

1
, SI 

31 31 31 'et"'''::'· ~ ~ 
UlJ l1Ul1-:JU(ll fll1lJl1'WTtm~U~\,IY't(llJtl1(l~1lU(l11(l-:J!11(lU 0.110 lJlJ. tUU-:J111flfl1'J'J~tl1t16ijU-:J'W1UUfl 

111flu~'WVl"lJ 11~-:J111flfl1'JUlJtt,r-:J 2 il1lJ-:J U~\,IYl"lJtl1(l~$l'W~!1l~tllJi~v-:JfI-:Jt~lJil~QWl1fJlJ 30°C 

0 
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50 %RH ~fl1U U~lJ~rl'lJ"Hl~~lJ~1~1t1lJ1~ihrfl1:Hl.!~lffU~~V~11~'U 1l.iihfl£Jl11ltl 1l~~iiU~lJ1W 

fl11lJ4U 14.16 % 9t~flg'lJ'lh~Utl~'\Jfl'31U~fltltlflU~~l~~~~'U'lfij~u~~ (12-16 %) 

fl11lJl1lJ1 (lJlJ.) (n = 10) 

flW fflJU~YI1~ n~ (n = 5)
q 

,'j/ 2 
- fl1fl11lJlflU"l~Llll (N/lJlJ. ) 

- fllfl11lJV11Y1VllflfltlrlfllJ'\J11l (lJlJ.) 
JI 

U~lJ1Wfl111JtHU (%) (n = 3) 

6) <:!t I 

tff ll~~tllll1QU 

0.110 ± 0.005 

86.149 ±3.839 

2.537 ± 0.276 

14.16 ± 0.01 

I JI JI JI 

1U ~flfll1flU9f~1~~~~lJ Ylii~111lhVYJ1~ tll'jri'll1~flW ~tlllW~ fl11lJl1lJ 1 U ~~t1~lJ1W fl11lJ:}flJ ll~irlJ 1U 
~ q 

~ 1U i,)vii ~~,~ll~lJ Vl rl'lJ 1~ Ct~~U~ l~1 tllJ 1~' lJ tl1 'j fltlll1iil ~ lJ tl-a lJ fl1lJ fllJ 'ti111 i'lJ 1 U1 tllJ 1 Yl VlJ nlJ 
q q 

2. fll'jlVI1£J1Hrl"H'~~1£JUt1~UNU"~lJlil~~~h-AN(;nJui1~ 

2.1 flWjJlJiWiosut)-3jJ1'jt1~i11£Jlilt1~~UN(;J)'JUi1-3 

'lfiJll'\Jfl~U if~~111lJ1fftlll11~fl'YlllU'VllJ tl1'j1~1~~~~'U1lJ tl1'j 1~1VlJ1U ~flflUflU~~'lfiJllU~~ii 

i~11lJll 8 'lfiJll9t~,r~H1U~t1lu 3 fl~lJ fifl tl~lJ1liJ~~lJ fl~lJul1~1l1lUU'j'Vl1~fllVflTW U,,~tl~lJuiJ~llll 
UU 'j~1vi1itlJ1 ld'eHWl1 VlJlnl.l ff1V~~~ 1t1'\Jfl~ 1~ ~~~lJ ~(;nHliJ~ 'Vi U11 ff1'j~~~1t1rl1U 111 tYii~flllW~ 
~ ... .:ScI _'f cl '1 <:> d 1'j/ _~ .:S

1 u'U flfl~~ fltlll 'YIlJ fl'4 fl1fl'\J~HllIN'\JlJl1l1~ fl fI'j ~~lt1fl~ 'Uff1 'j~ ~~1 tI'\Jfl-:J 1~ ~~~U 1lJfl 'lfUu -:JU 'YIlJ 'YI1~ 

~~~'U'UU~lJ1W"l~ 15 %w/w ij'4fl1fl'\Jfl~Ui1~1J1-:J'lfiJ1l1~'U ul1~~11tl1{jtl1 u~~ui1,:nj'lJri1U~11~~ ~~ 

1nllfl1'jllflll~tlt)'UlJfllHilJ1n'Uti()'UiY'\J111rlfl;-:Jyf-:J11' ~ltlWll'jl~~ 4 Uffll-:J 111'rtiu11 1rleHY7lJU1lJ1W 

'\Jt)~UiJ.:J~ll'Yl'W~ fl1 'j,~1~~~~'Ulu tl1'j 1Wl1 tllJ ff1 'j ~~~1t1 fl11lJl1U 1l'\Jt)~ff1'j ~~~1£Jl~~~~'U ~fflJUi1~~~ 
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~ .o!t 
0/0 fll'lU'YI'U'YI fl1UJ't1'U~"t)'i 

'lfU~'lIt)'iuiJ'i r;lfll:JW~111'i flltlfll~ 
~1t1UiJ'i iJl'l~~~ltl (mPa.s) 

5 1601.76 fHHHHW~" 
10* 1931.45 fltHHHW~" 

~ d ~ 15 1839.03 lJtlU.fl1fl'llU1~mfl'll~Nll -:J 
'liJ 'j/ 'j/

11 -:J'lI1111l1 
~ d ~ 20 2202.59 lJtl'W.fl1fl'll'Wl~mfl'lltl.:J11 .:J 

'l 

~ d ~ 25 2251.89 lJtl'4.fl1fl'llU1~mfl'lltl.:J11 .:J 

30 2657.78 i lwmflu 2 ~U 
5 1462.26 " fltl""tltJ~ 

10* 1600.74 " fltl""tltJ~ 

iJ 'j/ d
11 -:J'lI11111'WtJ1 15 1802.22 

'j/ ~ 'j/ 

fltl U 'ff'll1111 "~1l flU tlU flU 

20 1980.36 
'j/ ~ 'j/ 

fltl 'W 'ff'll11U "~1l fl'W tl U fl'W 

25 2077.45 
'j/ .<:t 'j/ 

fltl 'W 'ff'll11U "~1l flU tl'W flU 

5 1532.01 fltl""tltJ~ " 

10* 1536.81 fltl""tltJ~ " 
uiJ.:J,JU ffTtI~l1~.:J 

'j/ .<:t 'j/ 

15 1835.39 fltl'W 'ff'll11 11 "~1l flU tl'W fl'W 

20 1753.63 
'j/ .<:t 'j/ 

fltl U 'ff'll1111"~1l flU tlU fl'W 

" 5 1539.75 fltl""tltJ~ 

"10 1677.96 fltl""tltJ~ 

"15 1737.53 fl tl" ,ttl £.I ~ 

• ® "Era-Gel 20 1898.55 fltl""tltJ~ 

"25* 2022.50 fltl""tltJ~ 

30 2633.86 vJ tl-:J tl 1 fl1f1'f'h:ij~ tltl fl £.11 fl 

35 2964.35 vJtl-:Jtl1fl1f1'fh:ij~tltl flO1 fl 

* Lfl 'W tJ~U1W 'ff.:J 'ff~'lItl-:J UiJ.:J ~ 11 'Vl'W ~l""~~ 'W i ~'ffTJ "~"ltJ~ln'Wllitl !~tJ1 fl'W 11~~iuih~ tl.:Jtl1 fl1f1'
'II 'l 
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.::\ , 
~l'jl":]'Vl 4 (lIfl) 

I 
.::\ ~ 

0/0 fll 'lU'YI 'U'YI fl1UJ't'i'UV1~fl":] 
v'1fnV1~fl,,:]UiJ..:] t1fl1:lW~'YI1":] fllfJfll~ 

~1fJUiJ-,'I i;lT'lt1~t11fJ (mPa.s) 
... 

5 1491.58 fl fl ~HlflU11 

... 
10* 1381.71 flfl~HHWl1®

Alpha starch 
'JI 'JIff15 1654.85 flfl'W 6ijllU~~~fllH)'Wfl'W 

'JI 'JIff20 >6000.00 flfl'W 6ij11U~~~n'Wtl'Wfl'W 

5 1424.12 
... 

fltl~~tlUl1 

10 1829.00 
... , 

flfl~~tlUl1 ~'W6ij11lJlfl 

. ®
ElastIgel 10001 15* 2839.56 fltl~~tlU~ yJfl..:] tllfllfftll~l1tltl flQ.l f.l 

I 

20 2905.05 yJtl":]fllfllfftll~l1tltlflUlfl 

25 3548.51 yJ tl..:] tll fllfftll ~11 tltl fltll fl 

5 1448.52 
... 

fltl~~tl£Jl1 

10 1362.62 
... 

flf)~~tlUl1 

15 1518.28 
... 

flf)~~f)Ul1 

20 1512.05 
... 

fltl~~tlUl1 

Elastigel 2000C® 25 1394.47 
... 

flf)~~f)Ul1 

30 1441.54 
... 

flf)~~f)Ul1 

35* 1463.06 
... 

flf)~~tlUl1 

40 1586.65 yJfl":]fllfllfftll~l1f)f)flUlfl 

45 1711.08 yJ f)..:] tll fllfftll,)l1 tlf) flUl fl 

5 

10 

Elastigel 3000M® 
15 

20* 

25 

30 

1671.83 

1762.61 

1837.74 

2049.35 

2254.96 

2534.90 

... 
fltl~~tl£Jl1 

... 
fltl~~tlUl1 

... 
fltl~~tlUl1 

... 
fltl~~tlUll 

~tl..:]tllfllfftll,)llf)tlfl£Jlfl 

vJ tl..:] f) 1fll fftll,)ll tl tl fl£Jl fl 

"" {l'l'j~~~lm'\l~~lI'W 0 1457.86 
ji 

, .::\ 0 d 'JI 
l'\l~ {l' {l'Ul~l~m fllJf)£J 

* l~lJ U~lJ1W I;!..:]'ll16ijtl..:] UU":] ~u'VlU~ l'\l~~~'W'1i'ffl'j~~~l £J~l~'Wl\im~£J1 tiu U~~'~iJyJtl..:]tllfllff 
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~ .c:t d.%, dAd _~.d ..., ',: :
15 % tUU 20 % f111lJl1lJ~11~tYnJ6ij'HH.ll~11~H11 tlJ~N111mlJ~Uu~C}f~fl1~111VVl1(W lJlJ11l~fllJlJ1 

'\I 

U't'l~YH)~~1~lJvh'11'f111lJl1i1~6ijfl~ 'ffl1 't'l~'t'llm~lJ~lJ 'ff11't'l~'t'llml1't'l~~lJ ~U l'1'U ~vi'1VUiJ~ fl~lJ~~U1h 
q 

1 lJ l1~lJ lW 'ff ~ d1lJ' Mru 11 ~ ill,)~ yJ fl~ fll fllffflfl fll11 VlflUl!1111 ~, ~t f1~fl~ sonicator llJ fl11 fll,)~ 
'\I OJ 

_.I ~ 'j) d _I""" }.j d d """ IIJ 'j) .:!l IIJ 'j)

ytfl~fllfllfft1JlJn't'lllJ llJU't'l1 flVlllJ u 1 lJ1W ~~,,!~'Ufl~ Uu~Y1 'ffllJl1 tlll Y1lJYllll't'l~VllJ 1~ ffl1Jl1tll't'lflfl l~ 

111 fll1~lJ1W ~ iJ~ f1~ 111'ffl1 't'l~'t'l1 v~ lfl lJ tiifll~ t11fl'W il-iij fl1 1 VI fl'U fl 'W n'W 6ijfl ~U ib ffllJl1 tl ill,)~ 
yJfl~fll fllffflfl fll11~ 1£.1 11 't'l~'11'f1W 'fflJU~l'11~fllVfll'W ~f1~lVfI~~ fllJ ffl1 't'l~~1t1t11't'l ~~'U 11~lJ1W11i1~ ~ 

q 

lJl fl fl11ifl1~ij f111lJVlfl 1 'U fll1 LVI ~VlJlfl lJ 'ffl1 ~~'t'l1t111't'l~fll1 lV1~ VlJ lfl'W 11~lJrhllJ ~ 1~ VlJ fldl~1 1 ~VlllJ 
l1~lJl W~ ~ L{~ d111 i'lJ 11 i1 ~ t1~ 't'l ~Glfi1~ ~ ff1lJl1 tl Y1~11l'1 'U 111 't'l ~~'U 111llfl ~V;1111 W1111 flfJW fflJU~'Ufl ~ 

U~lJY1r;llJ~lV1~VlJ 111~flll1 

d ""'9""" d .% c::I c::I _~.l,,, 'j)}.j ®
UYllJ(YHl1't'l~VI'U 1'W'lhlJ1W Y1lJ1fl6ijlJl1~111lJfllpnfl1't'lfl'l6ijfl~UU~ 1lJt'Wt)u~'WY1't'llJ t1flnlJ . Uu~ Era-Gel 

~\l11~111'11~'UVl r;llJ~1~'U1,1fl t~V1 fl'U 11 ~i:ifl11lJ'U~ 'U1 ~lJ1flfl1111~'U~ r;llJ111 't'l~~ 'W11 ~ ~11~'WY1r;llJt11"~~'U 
~fflJui1~~~u111111vi~rllJ'l ui1~ Elastigel 2000C® U~~ Elastigel 3000M® l1~'11'u~lJY1r;llJ~l~l,ll'd'fl 
1~V1fl'WU~ijfl11lJ~lJ lJlflfl11U~'U Y1r;llJ111't'l~~'U U~lJ1wui1~~ 11 Y1'U~ll1't'l~~'W1'W11~lJ1w~~~11~111' 

tllfl fll1 fffllJ lf1W 'fflJU~'V11~ fl~6ijfl ~11~'UY1r;llJ ~ lV1~ VlJ111 fH 11 ~~~'U "Vi V~fl d1~ 1~V1 (Vl111~~ 3)
q 

~1f111lJlfl'U'ff~'ff~111fl~1111 ~~~ff~ff~~'~~l'll111'Ylr;llJ'U1~~fl~'W~M,j'1~~ij~ltviln11 86.149 N/lJlJ.
2 

'\I q '\I q 

11~hI Y1 r;llJ t11 ~~~'U ifff1lJ11 tllV1~ VlJt ~ hit l1ilflflltfll11!~Glfij~ tt~~1111 ~t1i~ fl11 ~ lJ111Vt111lJV;lJ'Yf fflM i'lJ 

11~lJYlr;llJ~tVl~VlJ 1~v1~uiJ~U'YIlJ~111't'l~~'UlJl~ff1'W ~lJ11 ui1~l'1fl6}1ij~trlm~lJ!J~lJiwui1~~11Y1l,l~tll
q 

't'l~~'W11~l'l1111'u~lJY1rl'lJ~lV1~ VlJ 1~ijrl1f111lJlfl'U ff -3ff~ 't'l~'t'l~trlfltVi £.111 fllJ uf-ihlYl rl'lJ~tVl~ VlJ1l1 m 1l't'l~~'U 
'\I q 

, ,. , 

lVlv~fl dl-31~V1 (1UYl 20) fld1~1 1 OVl1lJ 1l1flfl11fffllJ11Ufl~~lJ Uf-il,lYlrl'lJlll"~~lJ~fflJuil-3YHhhfl11lJ
'\I 

'j) .,g..., .d..., .:t ~ _1C:i _I """ c::I 1IJ 'j) _Id ,
tfllJ ~~ "!~ 't'l ~ 't'l ~ tl~1 ~~lJ l1lJ ~ V~f1~ 'ff1lJ11tllVl1 t1lJt1JlJ tu't'lfl flU flu 1!'t'l6}1'U~ 11 'U~ 1~ ~ u YI 21 11 ff~-3f11 

d.c:t, , ~" """ _~ "'" ft I""" , .d c::I IIJ 'j) , _~
f111lJ t111'Y1 t1~ flfl flflfl 'W'Ul~ 'Ufl~U~lJ 1'1 't'llJt11 ~~V1'U~fflJU U ~ G)flJ ~ll't'l~u1 lJ1W Vl1~'l C}f~11~1M'U 1~11 Uu-3 

" " , . . 
~1JVi1~Ul'1lJYlt ll't'l~~lJ 11lJl1-3 Alpha starch® tUmrilJU11J1W 'U~NUil~ r11f111lJV11YlV~flflfltit)'U'll1~1l~ 



50 

~TilB~B'lfldl~t~h"Y~rlTU 1~tI)9l1 ~ rl1'UU iJ~~iA~6'U~ filifiju'U11,rlJ~'~~~l"'U U~UdVl 'l~~llJ 
trlm~lJll~lJ1WUiJ~'VJ f)~iA~1\.J 1l~lJ1W ~ -:J filfl11lJfJl1~U~UU f)tiu 'U'Ul~ "~~lB-:JlrlU rYi tllJ tilJ u~\.J~ ftlJ 

" . 
l"B~~'U 1l~lJ1W fl11lJ~\.J 'Uu-:Ju~'U Vl ftlJVll~5t1lJi~"1f)1'lf)'N~1~hflJud1'UGJf1-:JlJl~1;Tl'U fie) 12-16 % 

'I CU CU '" 

Era-Gel® 

Alpha starch 
® 

Elastigel 1000J® 

. ®
Elastlgel 2000C 

Elastigel 3000M® 

5-10 
Id'.JQ..,,,,> d"

u~'UVlf1lJ l'U m~tl1f)\.J ~1'Ul'Ul~m f)\.JUtl
'I 

15-30 u~'UVlftlJ'~l~\.J rifm~tl1 n'U r:;1'U~'Ul~ 
ijU'4.fllfll~ f)~ 'Uu-:JuiJ~1'Ulifuu~'UVlftlJ 

5-25 u~'UYJftlJ'~l~\.Jn1m~rJ1ti\.J r:;1'U1SU1~
q 

5 

ijU'4.fllfll~ f)~ suU-:J uiJ~1'Ulifm l~'U~ ftlJ 

10-20 

5-35 

5 

10-20 

5-20 

25 

5-45 

5-30 

o " u~'UVlftlJn1ul~tl11'N 
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100 

90 

_ 80 
N 

E
E 70 

............ 


Z 60 
\I) 

\I) 


~ 50 
~ 
II') 

E 40 
:::s 
E 30 
x 
ro 
~ 20 

10 

O+---~~--~--~--~--~--~--~--~~ 

o 5 10 15 20 25 30 35 40 45 50 

tl1lJlrulli1-1~llln~~ (%) 

--+- 11'1'f'l1Jl1lfl -e-Elastigel 1000J 
-h- uih1Jl1ll1iltn -e- Elastigel 2000C 
~ lIi1'1]jurlllbl'Hl-l -+- Elastigel 3000M 
--- Era-Gel -.- l'llll::ilu 
~Alpha starch 

~t1~ 20 ~lfl11lJlfi''U~-:J'1l1SUv-:Ju~'UvhllJlll~~~'UU~~11l~~~h,l~HYlJUiJ-:Jfi}fijl1U~:~aJ5lJ1W~1-:J~ (n = 5, 

~lm~V ± SD) 

t15lJ 1 W 11 i1 ~ ~ -:J '111 ~ ffllJl 'j tlll 'VI 'U ~ 11l ~ ~~'W '1 cJI1l~Vi 111 'j W 1 i 11 V1 tI'1 VU1 Vi VU fJ W fflJ U~SUV-:J 

U~lJY1 tllJ~l~'1VlJ '1 cJInu U~'U VJtllJ~l~'1 VlJ1l1 f)l1l~~~'U1ri V-:JV Vl-:J1 ~V1 '1 ~Url fl11lJl1i111 SUU-:Jffl'j~ ~~lV 
• v v 

rhr111lJlfl''U ~ -:J '111 rllfl11lJ Vl1YiVl1UVf)rlV'U SUl~ U~~t15lJ1Wfl11lJ:}f'USUU~U~'WVJtllJ ~-:J,:r'U 1l1f)~~f)1'j . . 
1'I11~V~~1-:J#i''U ff~'j~1i'UYitl'j~f)V1J~1V 1) 11l~~~lJ~fflJUi1-:J Era-Gel® U'VI'WVil1l,,~~'W''Utl5lJ1W

'II 

25 %, 2) l1l~~~'U~fflJUi1-:J Elastigel 2000e® 35% U~~ 3) l1l~~~'UJr.lffJJUi1-:J Elastigel 3000M® 20 % 

l1j'U~~'j~li'U~1ilu f)rill1i'UYilf)l'jfff)I:n~tJ '1 til ~V-:J1l1 fl ~~ 'j~1i'ui-:J ffllJihJ5lJ1WUiJ-:J ~-:J'1~~''* 
.,.~ Q d , .. ~.JQ ~QJ

l'l~U 'VI 'U 11l~ ~~'U 9f -:J ffllJl 'j tl1~'j VlJ 111 'U ffl 'j ~ ~~ 1mnl ~UJr.llJ VJ ~ lJ 'Yl1 'U tJ l~ V1 fl'U fl11lJ 11 'U ~ SUV..:j 

.,. -~ ® Q" ~ 1 .91 Q Q.IQJ 

ffl'j~~~lm1l~~~'UJr.lfflJUu-:J Elastigel 2000e 35 % lJfll1V11fl1J 1463.06 mPa.s 9f-:J fl~1fltJ-:Jf)U 

ffl'j~~~lmll~~~'U 33 % {1457.86 mPa.s) 11~~ffllJl'jtlfhi~yJv-:JtJlfllf1tJflfl1l1f)ffl'j~~~ltJ'1~ -ff1lJ 

.,. -~ ® . ® Q ~, QJ 

ffl'j~~~lmll~~~'U~fflJl1u-:J Era-Gel 25 % 11~~ Elastigel 3000M 20 % 1l~lJfl11lJl1'W~1'VI1f)U 
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o QJ .ck.c::t" ~ 0IQI Q.I 

2022.50 Uft~ 2049.35 mPa.s ~llJ('11~U C]j"'llJfll~'lf1l1ffl'jft~('11t1n}('1~~u 33 % U~tI\lfI'lffllJl'jf,)fllll~ 
" ,

vJfl'lfllfllff{H)fl1~ ti'1f1l1lJ'tnj~ff 'I fl':hu ll~fh ~~vJfl'lfllfllffflfl fl1 ~til fl ur-J'WYJ rrlJVit~~ tllJlll m1l('1~1l'W
'U 

_'i lID lID cS<v ~ ~ " cS <V I 

~fflJUIH Elastigel 2000C 35% U('1~ Elastigel 3000M 20 % lJ('1fllJW~tUUt'Wflt~tllfl'W ffl'W 

ur-J'Wn rrlJt"('1~ll'W ~fflJU11 'I Era-Gel® ihrfllJ W~t 'I1ljfl'W n'Wu~ijfll1lJ6ij'j
q 

6ij'j ~lJlflfl':h trlflt Vi tlU nuu11 'I 
." JJ, • 

GIfu~ij'Wtl11'll1'lffllJ GIfU ~ \111 ~,Hltr-JU YJ rrlJVi ij flW fflJUllYll\1 fl('1 fifl ij ~1 fll1lJ lilu ~ 'I rr~Vi lJl flfl11 

(lh~lJ1W 60 N/lJlJ.2) tW~ij~1f1l1lJtlll~{j~flflflflflU6ijl~ 'fl~t~tI'ltiuur-J'W YJrrlJtll('1~ll'W , 'W6ijw~~u11'l 

GIfU~t'WhJ1J1lJ1W 20 % 1l~lHUr-JuYJrrlJ~ij~1f1l1lJtfi''W~'lrr~('1~('1'l1'11~fllh~lJ1W 20-50 N/lJlJ.
2 U('1~ 

ij~1f1l1lJtlll~{j~flfl flflfl'W 6ijl~~l fl11 2 lJJJ. cJ'l11ff~'l1111r-JUYJ ~JJ~l~~ tllJ 1 $1111 fl 1111 'I GIfU ~tu ~]j fll1]J 

11hl~U('1~UflUU1'llJlflfl11 

3.5 

3 

E 
E 2.5 

~ 
ro 
OJ 2L

..c 
-4-' 
ro 
c 1.5 

.Q 
Vl 
c 
OJ 

-4-' 
X 
w 

0.5 

0 

0 5 10 15 20 25 30 35 40 45 50 

U~lJlrulli1-l~lll1lJ~ (%) 

-+- lIil,,<Ul11{' -a-Elastigel 1000J 
---&- uil"1I11mUtl1 -e- Elastigel 2000C 
~lIil,:nrlJrillJ::lIn~ ___ Elastigel 3000M 
___ Era-Gel 

--'-l'1ln::~lJ 
~ Alpha starch 

\9l1\1~ (n = 5, ~lm~tI ± SD) 
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15.5 

15 

13.5 

13+---~~--~--~--~--~~~~--~~ 

o 5 10 15 20 25 30 35 40 45 50 

UllJ lrulliJ~~lll1U~ (%) 

-+- lIil~.unl\fl -a- Elastigel 1000J 
-A:- ll'il~.u11lHiiln -&- Elastigel 2000C 
~lIi1 ,nrurll1bllt1~ ---Elastigel 3000M 
___ Era-Gel --jr-liln::iiu 
--.- Alpha starch 

, 
~ltil~tI ± SD) 

"'" """ cI , ~I r! "'" _"I
3. Ntl6lJ 6~i.YTl' i.Y"nJi.Yfll'Vrntl1 i.YVI flVl el fl1 'itVI'i £JtJi.Y1 'i tl~ tl1£JUtl~UNUl"t tllJl 'i)tl~ VlUNi.YtJUu.:J 

, 'JI 0 Q.I d ~ I 'JI "'" _~ ® dI d 
lllf)N~f)l'j'YI~HW.:J 'WEUU 2 'ff~'j~l'jU'Vlu'j~f)UU~lt1 1) 11l~~~'WNfflJUu.:J Era-Gel C}$\lll'YI'W'Vltll

'II 

~~~'W''W11~lJ1W 25 %, 2) tll~~~'WN'fflJUi1\1 Elastigel 2000C® 35% U~~ 3) tll~~~l,!Nff]JUi1\1 Elastigel 

3000M® 20 % t~'Wff~'j~l'rU~UllJlfff)IJ1N~EUfl\l'ffl'jt'ff~lJff.fll'Vi'Vi~lff~f)~flf)1'jl~~mJffn~~~ltIU~~
'II 

, ,., 
U1lJ1W ffl'jl'ff1lJ'ff .fll~ 'Vi~lff~f)Yi1~1 'W f)l'jl~~ tJlJ1UtlflnllflU~~~'W fl~nUffl'WU'j~f)flUEUfl\l 

,., 
ltJtlflfl11flUCU~ rlll1i'1J1UtlUf)UfltJ~~11l~~~'W L:url1'jln'W 5 %w/w EUU\lUl'l1l!fl111~~~'W (Bogin ll~~ 

Mich, 1949) ffl'W1Utlfl f)UfltJ~~~iJui1\1 NfflJfl~~lrJll~lhJ~lJ1W ffl'jl'ff~lJ'ff .fll'W1Hn'ff~f)U'j~lJ1W 15
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30 %w/w 'llt),nf111tTfVtm'lu~,nf'll1lJ~ (Scott U'l~flW~, 2003; Stroud U'l~ Nonnan, 1996) ~'lJtJ 1lJ 
SI 


"g do.... C> "g 6} 'JIftlC> C> C> 


fl1'jfifllJ1'U ff111'jU~1'jn~'l1t1H)'l~~'U 11'll6Jfu'jlJ1W~1'jl~'jlJfffll'rfW'l1~~fl 0.1-1 %w/w 'llt)'l 

~1'j'l~"1t1~'ltfluUllJ1W~1~n'U~1'u1ufl1'jt~~ tllJtuilt) flU flU~/;ttl1'l~~U 6JfU~ U~'l 111fl~1'jl'l~ 6 

U~~'l 1 11'tII 'W11 trlt)1~fl~ tC)ft)l'U t flu ff1'j t~llJ~ fll'rfV~ 'l1~~ fl1tJUllJ1W ~ lJ1fl~tJ fl11lJ 'WW~'llt) 'l 

~1'j'l~"1t1 u"~C)ft)1ul1t)"1 tJ6Jf1'l 1-10 %w/w 'llt)'l ~l'j"~'lltl .... U11 fl11lJl1i1~ l1~l ~lJ~tJtrlt)t~lJ 
U~lJ1ru 'llt)'l~1'j l~~lJ~fl1'W'W 'll~~fl~'l~fl'l6JfiJ~ (~1'j1'l ~ 7) ~'l ff1lJ1'jt)t) nu1 tI '~11 llJt~fJ'l'llt)'l~l'j 
lff~ lJ ~ fll 'W 'W ~1~~fll1~ t) fl~Ut) Vfll tI1u1fI'j 'l fff1'l11 'l U11 SU t)'l 'Vi fl illlJfl1'j ~11 1 l'lllJ t'l fl'l'llfl'l UiJ 'l-t 11 

'II 'II q 

, SI 
~ C> "g 

fl11lJl1'W~t'W lJlJ1 flSUtJ 

~ 

U~lJ1Wff1'jl~~lJ~fl1l"1l"1~lff~fl fl11lJl1U~ (mPa.s) 

d C> <lc> 
(%w/w) fl~lC)ft)'jtJ C)ft)'jUYlt)'l 

0 1457.86 1457.86 

0.1 1423.54 1411.67 

0.5 1541.35 1533.34 

1705.92 1447.41 

.". c>, '~I" .". '~I" "'" _~3.2 f-H1~f)-liJl'lliJ"nJtTfllffrHniJ~fl~f)UNllrt(nn'iHl~~tUH1~UN\lrt~nJl'ilil~~'UNtT)JU'U-l 

111fl~1'j1'l~ 8 U'ff1l'l111'tlf 'U 11 rl1f111lJlrlU 'ff'l'ff~'llt)'l u~uyhrlJ tl1'l~~lJl1 ~~~ 'l'll~flUtltl trltl 
'II q 

, SI 

rVilJU~lJ1W 'ff1'j l~llJff .f)ll"1'W ~l'ff~fll1'l fftl'lGJfUll 1U~1'l 0.1-1 % "l1'U rl1f111lJtl11Yiv~tltlflritl'U'll111 
SI 

tm~tJllJ1Wfl11lJ~'U)jrlllhitt~fl1i1'lnU 
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UllJltlHYl1 fl11lJl1U~ (mPa.s) 

"Ylu(;Y111'W Era-Gel® 25 % Elastigel2000C® 35 % Elastigel 3000M® 20 % 

'VHnff~fl 

(%w/w) 

o 

2 

3 

4 

5 

6 

7 

10 

2022.50 

2325.42 

2394.37 

2344.89 

2387.57 

3182.18 

2022.50 

2329.20 

2467.95 

2720.51 

2672.31 

3116.21 

2862.54 

3223.39 

3600.70 

1463.06 

1389.17 

144l.68 

1797.99 

1753.40 

1749.63 

1463.06 

1390.95 

1429.81 

1642.62 

1695.30 

1764.30 

1883.22 

2082.34 

2172.14 

2049.35 

2124.08 

2139.02 

2220.11 

2218.51 

2214.77 

2049.35 

2382.28 

2442.70 

2439.90 

2448.08 

2543.26 

2419.76 

2671.16 

3258.92 

. . . 

!iju1~ui1'lUl'1lJYi!~ft~~h'\1'U n11 !~~ tllJffl'Hl~ftltlUft~U~'WYlrl'lJ 'WU11 u~'W Ylrl'lJYi!~~ tllJ i~ij 

fllfl11lJl fl'U tl '1 'l~!lft~rllfl11lJtll1~VlIUfl nnulJ 6tJlllftllft 'l!rlu 11.J~ tlU 1 YitlU flU '!~'WYJ rl'lJ~l~~ tllJ~lfl'~ 

ft~~'W1Vitl'lUd1'l1~tl1 (~U~ 20 Uft~ 21 ~llJih~U) ~'lUffll'l111'll~lJ11 U~'WYJrl'lJl~ft~~'WHfflll1i1'l]j 

U'W 11,rlJ~ ~ ~ 11.J 1 l~Uft~ij fl11lJU ~'l ft 11 ft'l ~'lJlJ ~ '1 fll'H~lJ ff11 1 ff1lJff fl1'W 'W ft 1ff~fll ~flYi11M 

" U~'WYJ rl'lJ 1~ft~~'WHfflJ Ui1'leifllJ~ lJUft~ijfl11lJVlIYI ~lJ lJ1n~'W 
. . " 

!ijUl ¥;lJ1.J1lJ1W ffl1! ff1lJff fll'W'W ft1ff~ fll1'l fl~1C)fU1'W Uft~9m{ij'Vlflft1lJ U~'W YJ rl'lJl~ft~~'WHfflJ . .., " 
ui1 '1 'W 1111 u~'W YJ rl'lJiil~~ tllJ '~ijrl1fl11lJlfllJ tl 'l'l~ftll ft'l -ff1'W rl1fl11lJtl11YiVlIfl U nnulJ 6tJ1~1Vi)J ~lJ 

(~1.J~ 23 Uft~ 24 ~llJ~l~U) t11lJ1Wfl11lJ4'W~U'lU~'WYJrl'lJ'~ft~~lJHfflJlli1'l~'~lJC)fU{ij'Vlflftijfl1fl~ 
1'W6)$1'lt1fl~ flU 12-16 %w/w 1'W~W~~ltN'WYJrl')J~1~lJfl~1C)fU1'W1'Wu~)J1W 3-4 %w/w ~~]jU1)J1W

" , ., 
fl11lJt}f'W ~ 1 nil GJf1'llJ1~1! 1'W Vi 0111 'W ~ (~Uii 25) 
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~ l)An ~fJ 1~ £Jffl:Ul'Jtlfl~1Jl£Jfldl:UV~l1 Q'W 6ijfl~ u~uYl ~:u~ t~:U~u i ~~1£Jff1J1J~!lU6ijfl~'Vltl1:J~ fll'J 1011 

11lfJ (Sears UfJ~ Darby, 1982a) 'UU~U~~:U11lfJ~~'W~ff1JUi1~1l~lfi~fll'J,r1Jn'W'J~l1il~ffl£J6ijfl~11Jlf1flfJ 
, " 

lllfJ~~'W UfJ~Uif~ l1fJl£Jlll1 ffTH ff~1J ff fll'W'W fJlff~flll~lilfJl£Jf)l'J1~fl1J9ifl nu th, ~fl i tl'lJ ~1J~f1U6flfJl\1 
q 'II 

-dc>-do 3/.'/Q d d Q ~ • ~ 
6ijfl\ll1'J ~£J~~~ 1l~'Vll111 U~'WYlfJ1J1Jff fll'W 1 L 6ij~ Lfl'J \lfJtflfJ~UfJ~1Jfl111J£Jtfll1 £J'W1Jlfl6ijU

q 

, " 
~1'j l\1Vl 8 ~fJ6ij fN ffl'J L ff~1Jfffll'W 'W fJlff~fl~flflW ff1JlJ~'Vll'! flfJ UfJ~tl~1J1W fldl1J~U6ijfl'!U~'W ~~1JL11 

q 

• 3/ 2
11~1J1W ffl'Jtff~1J fllfldl1JlflU~~~~ (N/1J1J. ) (n = 5) 

fffll'W'WfJlff~fl (%) 

o 86.149 ± 3.839 86.149 ±3.839 

0.1 74.685 ± 1.188 79.398 ± 1.858 

0.5 78.137 ±1.020 79.723 ± 1.370 

80.611 ± 3.328 79.180 ± 0.514 

U~lJ1W ffl'Jlff~lJ 

fffll'W'WfJlff~fl (%) 

o 2.537 ± 0.276 2.537 ± 0.276 

0.1 2.415 ± 0.137 2.559 ± 0.096 

0.5 2.276 ± 0.067 2.575 ± 0.067 

2.348 ± 0.032 2.414 ± 0.078 

l1~:Ulw ffTHff~lJ 
Q ./""""fffll'W'WfJlff~fl (%) flfJ 19mnJ C)ftl)U'VltlfJ 

o 14.53 ± 0.16 14.53±0.16 

0.1 14.78 ± 0.18 14.93 ± 0.07 

0.5 13.49 ± 0.25 14.32 ± 0.11 

13.43 ± 0.06 14.20 ± 0.10 
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80 

70 

__ 60 
N 

5 
S 
~ 50 
ell 

~ 
l:: 40 
ell 

S 
==S 30 
.~ 

0= 

~ 20 

10 

0 

0 2 3 4 5 6 7 8 9 10 11 

-e- Era-Gel+glycerin - 2000C+glycerin -&-3000M+glycerin 

--.- Era-Gel+sorbitol -+-2000C+sorbitol ---tr'-3POOM;+sorb,~ol 

~11~ 23 r-m 6ijU-:Jffl'J 1ff~lJfffl1r4YHnff~tl~Uri1fll1lJ1fi'W '!-:Jrt~6ijU-:JU~uYJ "lJt~'fl::~U ~fflJUi1-:J'lfW~~l-:J'l 
® ®, .d 

(2000C: Elastigel2000C ; 3000M: Elastigel 3000M ) (n = 5, fl1m'fltl ± SD) 

, !:t'" _~ ®, ~, 'j) 0' Q <9 clQ

ri111i'UU~Ul"f'fllJ11)'fl::1l'W~fflJUu-:J Elastigel 2000C r4Ul1 tlJU 'lfClfU1Ul1U'fl 1-5 % 111Un'fl 

1ClfU~U 1-2 % ri1fll1lJU11~V~uunfiuu6ij1~6ijU-:JU~uYJ"lJ~::'fl~'fl-:J ~'fllfU11)1~Ufl11 
"Antiplasticization" clt-:Jff1lJ11 tl tn~,ru i ~flU 11 uiltlJU 111 'fl1 tl'lfU~~ ~ ff111 ff~lJ ff fl1r4 r4 'fl1ff~n 1'W 

11~lJ1tu~1 llJ t'fl tl'fl6ijU.:J ff111ff~ lJff fllr4 r4 'fl 1ff~tlUl1)ln~ tl1111 U flU llJrt't tl'fl6ijU-:Jr4U~llJu1~lUU1-:J'lfiA~
q q 

" ~1-:J'l 1G)$'W iu'li:: i ~1~ 11 1)'W vh 111'llJ1 'fl fl'fl 6ij U-:Jff111 ff~lJ ff fl1 r4 r4'fl lff~ tl1 flU Un-:J l1lJ ~ ill ff1lJ 11 tl 

'fl~'fl-:J (Sears U'fl:: Darby, 1982a) 
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35 

30 

e 25
5 
'-" 
~ 

~ 20 
.&:J 

5 

o+-~--~--~--~~--~--~~--~--~~ 

o 2 3 4 5 6 7 8 9 10 11 

t1~JJlruf1'l1l~JJt111JJmlll~lJ (%) 

-e- Era-Gel+glycerin - 2000C+glycerin -e-3000M+glYcerin 

--.- Era-Gel+sorbitol -'-2000C+sorbitol -tr-3000M+~orbitol 

, 
_~ "'" I ® ®. .::t 

UU~GJflHl~l~~ (2000C: Elastigel 2000C ; 3000M: Elastigel 3000M ) (n = 5, flll1HW ± SD) 

"'" I ~ 0' "'" _~ ® d.::t.::t "'" 4 0' "'" .::t 
rHllff~fl U'l~UN'Wl1'l:JJt~'l~~'WNff:JJUu-:J Era-Gel Yl:JJfl'lt9H)':i'W 0-3 % l1'H)9fU':iUYltl'l 0-4 % ~~:JJ 

~fl1:lW~'\JU~ tt~'W ~ ~:JJtt'l~flW ff:JJU~Yll~ fl" ~ tt~ fl\9l1~ ~1 fltt~'U ~~:JJ t~"~~UL-ntl~ l~flUUti ff1'U tlN'U.. 
~ 0' "'" _~ ® d.::t.::t "'" 4 0' "'" .::t Q,I"'" 

l1'l:JJt~'l~~'WNff:JJUu~ Elastigel 3000M Yl:JJfl'll9fU':i'W 0-4 % 11':iU9fU':iUYlU'l0-5 % ~~:JJfJWff:JJU~ 
, 21 

flf11tlfl~~nU 11~'U YJ ~:JJl~'l~~'U 1.J~:JJl ill l'i 111 lJl ~ff:JJ'\JU~ ffl':i 1 ff~:JJ ff flll1 ~'llff~fll1~ ffU-:JGJfiJ~ rlll1 i'U 

U~'UVl~:JJ1~'l~~'UNff:JJu1f~ 3 'lfiJ~ifUff~~~~~l':il\l~ 9 i)\lulY'hu~'WVl~:JJ1~'l~~'W~ff:JJuil~~i1ii~1~:JJ 
ffl':i lff~:JJ ffflll1l1 "lff~fl~~JjflW ff:JJU~Yll~ fl,,~i1il1~ fl~l~~l flll~'W ~ ~:JJl ~"~~,,,! 1~ tI\lUV1\ll~tl1 ll~.. 

" , 
"'" Q,I "'" ~ .::t 1 'J/ "'" 

~'llff~flYl\lffU-:JG)f'W1l1'WU~~lfl:JJ~m 11!f1~ "Antiplasticization" 
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16 

15 
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C""' 
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~ 
~ 

IJIi" 
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14 

13 

12 

11 

10 

0 2 3 4 5 6 7 8 ;9 10 11 

-e- Era-Gel+glycerin _2000C+glycerin -9-3000M+glycerin 

--.- Era-Gel+sorbitol -+-2000C+sorbitol ~3000M+sorbitol 

~11~ 25 ff~'\JtN(;l'11 t(;l'1lJ(;l'fll'YiYHnbY~tl~()111lJ1W fll1lJ4U ~()~U~UVhllJl'H'~~'W ~bYlJUi1~~i.I~~l~'l· 
® ®, d 

(2000C: Elastigel 2000C ; 3000M: Elastigel 3000M ) (n = 3, fllllHW ± SD) 

~i.I~ '\J()~ Ui1~U'l ~ 111lJ1W (%w/w '\J()~(;l'11'l~'llfJ) 

tJ1lJ1W~U'Vn.J~1~'l~~'W .::t "'" tl'l19W1U ""'"C)f() 1 UYm'l 

Era-Gel® 25 % 0-3 0-4 

. ®
Elasttgel 2000C 35 % 0 0 

. ®
Elasttgel 3000M 20 % 0-4 0-5 
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"'" "'" , cv , ~t' "'" , ~t' "'" _'t
4. fHl6ija~i;TTlli;T"nHJill'VfVHni;TVlf)Vlt)fl11~fl~Vl16ija~UN'WTIt1~11lt1~VI'WUt1~UN'WTIt1~lllt1~VI'WNi;T~UIN 

lH) fHll fl fl1'j fffll;j1 fI 
q 
WfflJ1T~Yl1\1 n1Vfl1~ 'lJfl\lU~'W Yl ~lJHHl ~~'W ~fflJU iJ \I ~ l~lJ ff1 'j 1 ff~ lJ ff fl1 ~ 
21 

VHl1ff~flU~1 \l1'W 1rOvu 5\1 fffll;j 1 ~~ ,\HHff1'j t ff~lJ ff fl1 ~ ~ ~ 1ff~ fl~fl f111lJfI\I~1 'lJfl\l U~'W Yl ~lJ ~1 V 

t~fl\l1l1 flU~'WYl~lJfl11l1 n~ fl1 'j t U~V'WnJ U~~fl1'j11~~11'W 'j~Vd1\1 fl1'jt ~u tfl 'W 'j ~V~t1~1'Wl'W 
'U 

4.1 Nt1"t)~lTl"jlff~lJffill'Vf'Vft11i;T~ifwlt)fl11~fl~~16ija~UN'WVJ&~11lt1~~'W 

lU~ 26-28 Uff~\lfJW fflJ1T~1'l1\1fl~U~~U~lJ1W f111lJ4'W'lJfl\I U~'W Ylr5lJtll~~~'Wtrlfl l~U i 1~ 
"'" 0 .J tV tV 0' d, ~ ,A d i vd d' ~ 

~Wl1.fJlJ 40 C U~~f111lJ'1f'WfflJ~1'l1i 75 % l'lt1~l~l\1'1 ~~fl1'jMfll;j1~U11 llJfltflU 11'1fffll1~'WtU'W 
, , 21 

t1~1 2 rl'U~lri' ri1f111lJt fI'W 'tl\I-q~ 'lJU\I U~'W ~ ~lJ III ~~~'W Yl ill~ff1'j tff~lJff fl1~ ~~lff~nll~t~lJ~'W 111 fl 

2 ~ . 2 'tV d i'JI tV 0', d' 
88.404 ± 2.553 N/lJlJ. tu'W 96.007 ± 2.637 N/lJlJ. U~11~\l1l1mflU 1 12 ffU~l11 f11'W1l~~~~\I 

100 

90 

80 
~ 
.§ 70 

~ 60
\'I) 

~ 50 
\'I) 

a = 40 

a.):( 30 

~ 20 

10 

0 

0 2 3 4 5 6 7 8 9 10 11 12 13 

-+- 1liiJf{lj If{jlJf{fl1l'IYH'llf{~O 


...... OnlGIfojl.l 2 % --*- CJrv1UYHJC\ 2 % 


.....- on lGIf v1l.14 % .......e- GIf01U110fl 4 % 


'jU~ 26 rl1f111lJtfl'Wff \I ff~'lJfl\l u~'WYJr5lJ'll~~~'W ~ijff1'j'ff1lJfffl1~~~lff~fl'nu i l~flW 11 fllJ 40 0 C 
'U 'U q q 'U 

.JtVOJo' d, ,d 
U~~f111lJ'1f'WfflJ~1'l1i 75 % Ylt1r;:,Wl1\1'l (n = 5, f11''Q~tJ ± SD) 
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24 

22 

.- 20 
a e 18-.:,( 16 
~ e 14 

,.Q 

~ 12 

o ~ 10
";;;
5 8 .... 

.~ 6 

4 

2i5~~~--~-----====t~==~-----

O+--.--.--.--.--.--.--.--,,~r-,,~r--r-. 

o 2 3 4 5 6 7 8 9 10 11 12 13 

nfl1 CN'Vvllll) 

-+- l:uJjll'ljlll'jlJll'fi11n'H11ll'~n 

..... nnl9ftl'lJ 2 % -*- 9ftl1U'Yltll1 2 % 
-.- nnl9ftl1lJ 4 % -e- 9ftl1U'YItm 4 % 

~U ~ 27 rll fl1llJ Vl1~V~HH) f1 tit) 'W 6ijl ~b)Jt)\J UH'W VJ ~lJ 11Hl~~'W ~ihYrn r;y~lJ r;y fll 'Vi 'VHl1r;y~f11~U 11~ 
~ , , 

~Wl1.fJlJ 40 °c Ur:l~fl1llJ~'Wd'lJli'Vrfi 75 % Yinr:ll~l\]'l (n = 5, Thm~v ± SD) 

15 

14 

-; 13*"
~V~ 

~ 
r 
G: 
~ 12 
;:; 
q~ 

-;::l 

11 

10 

0 2 3 4 5 IS 7 8 9 10 11 12 13 

nn1 (rl'UfIl11) 

--+- lJJJjtTl'Hi1~lJ1Hn l'IlHl1ff~ fl 


.... ntil9f01U 2 % -*- 'lf01Ul1tll1 2 % 

--..- ntll9f1l1U 4 % -e-- CJf1l1Ul'lOft 4 % 


~u~ 28 U~lJ1W fl1llJ4'W 6ijt) \] llH'W VJ~lJl \lr:l~~'W~ijr;yl11 r;y~lJr;y fll'Vi'Vir:llr;y~f11~U 11~~W l1.QlJ 40 °c 
-XQ,lQ,I<J' .d I ,.d 

Hr:l~fl1llJ"l$'Wr;ylJ'Vi'V11i 75 % 'V1nr:ll~l\J'l (n = 3, fllmr:lV ± SD) 
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, sJ. 

ri1 Ufl1fl11lJ U1111V~'O'O nn'O tJ ~1~U~ ~tl1lJ1W fl11lJ'lftJ 'lJ'O~ U~U Y1 rl'lJ ~hh tI ~utJutI~~ (Jones, 1987a: 

31-48) rl111i''UU~UY1rl'lJt1)~~~tJ~~9f'01fi'VI'O~ 2 % 11~~1)lm~'Ui1~fffl11~ift1JtJl1~112 fftl~lM Til 
i/ ~ .% 2 ~ 2"".1.".

fl11lJtfltJl;l~{{~1)~trn.J'lJtJ1)ln 70.371 ± 7.563 N/lJlJ. tlJtJ 85.261 ± 4.727 N/lJlJ. tlcnJ1W9f'O':i'U'VI'O~ 

'011) ilJr~ U~'W'O~1)~fl~ff fl1'W fl111Jt tJtJ'OffW llU'lJ'O~U~tJvhllJt1)~~~Ui~ ll~iftJ fl1fl11lJlflU I;l ~{{~~~ 
t~lJ~tJl1~~1)lm~'Uil'~fffl11~if {h'WI;l~'j\9'hi''U~~9f'01fi'Vlfl~ 4 % l1~'On~t9f'O~tJ 2 U~~ 4 % fl1 

f111lJtAtJ "l ~{{~'lJfl~U~tJ YJ rl'lJ1)~~~ ~~11 ti~1)l flt~'U i l'~ff fl11~if (l tI~ 26) 1~t,u~tJ YJ~l,Il1)~~1itJ~~ 
sJ . • 

9f'01fi'Vlfl~ 4 % flTW1)~~~~~'OV1~~irurllrityl1ti~1I1m~1Jt~lJn~1 8 ri'tI~l"r ri1UU~UYJ~lJtll~~~'WYl~ 

, sJ , 

ff111 i''U fl lfl11lJ U1TVlV~ fl '0 n n'O tJ 'lJ 1~U~ ~tI~lJ 1W fl11lJ 'lftJ 'lJ'O ~ u~tJ Y1 ~lJ t1I ~ ~~tJ Yl ~ ff1':i 1ff~lJ ff f1l'W 
, ". .,

'W~lff~nl'Jn"l~':i 1I~~fl11~lJ1J1n,;tJt:U'Oll1u'UnU~fltJ 11lJ\9l'tJ (l tlVi 27 U~~ 28)1~mll 'W1~U~'W~rl'lJlll 

~~1iu~~ n~t9ffl~U 4 %w/w fl1fl11lJ U11~~~fl'Onn'OtJ'lJ1~1)~1~lJlJ1n~tJ'OV1~~~11l'W i~d'fllllt1J'W
.." ,

ti1fl~1)l flYl ff fl11~fl111Jt)ftJ ff'lJ'W'VHfff ~ (75 %RH) u~uY1rl'1Jt lI~~1iu Vi~ff1':i1ff~lJff fl1'W 'W~lff1iflll~~~ 
~ i/ i d! ~ 9 i/<:s I 

~ 

.::i~ I .% 
~ 

f111lJ6}f'Wl'lJ1 tl9f~llJ 'W~~ ~ 111Jfl1fl11lJU1TVW~'O'OnflflU'lJ1~ff 'ItlU 
'II 

.". ..,. , V '~Icf "'" _'i ®
4.2.1 N~'lJ6~ff1'j!ff'j:JJtYill'rfr~~lffVlflVl6fl11:JJfl~Vl1"6~UN\ln~:JJ!1)~:::;Vll!NtY:JJUu~ Era-Gel 

1)lfl':itl~ 29-31 Uff~~ lM'tliU11 llti~1I1m~'UU~uY1rl'lJll1~~1iU~fflJUi1~ Era-Gel® 25 % 
'II 

~il1ijff1':i lff~lJff fl1'W'W(;llff~ n~fffl11~ti 'It1JUl1(;ll 12 ri'tI~l"r fl1f111lJt fltJ ~~{{~'lJfl~ U~lJ~rl'1J1I~ 
, " • , JJ , 

l'VilJ';U fl1f111lJU1111V~'O'O nn'OtJ 'lJ1~ il1ttl~ utJutI (;l~ U~~ijtl1lJ1W fl11lJt)ftJ (;lVl~~ rl111i''UU~uYJ~1JVi 

~fl~l9f'O~lJ 2 U(;l~ 4 % 11~'09f'01fi'VI'O(;l 4 % fl1f111lJtri'U~~{{VllI~(;l~(;l~'OV1~ij't!url1rityl1ti~1I1m~'Uil' 

4 r;YtI~lM cJt~l!ff~-3f1111JilJfI~i1'lJ'O~U~lJ~rl'lJ ri1UU~tJY1rl'lJ~ij9f'01fi'VIfl(;l 2 % fl1f111lJtAUI;l~'l~1I~ 

1~lJ~lJl1ti~1I1m~'Uil' 4 ff'tI~l"r u\9i1)~(;lVl(;l~'OV1~lJ1nl1~~1)lm~'Uil' 12 ri'tlVl1M rl111i''Ufl1f111lJU11~ 
sJ , 

VVI '0 '0 n n'O'W~lV1t 1'~~tI~lJ1W fl11lJt)ftJ 'lJfl~ U~UYJrl'lJt1I(;l ~~'W ~fflJUi1~ Era-Gel® Vi~ff1':ilff1lJff fl1'W 

'W(;llff~nl'Jn~~':i1l~il1~n1':iltl~u'Wutl~~ldml1uun'U~'OtJl~lJ\9l'tJ (rU~ 30 u~~ 31) Uflll'UU~U~rl'lJ~ 
. " ,"

ij fl~l9f'O ~'W 4 % rhfl11lJ U11YlV~'O'O nn'OU'lJ1V1U ~~tI~lJ1Wfl11lJt)fU lI~l~lJ';'W'OVl-3 ~'t!mhfityllti~1I1fl 
cl 11) i/ Q.I_ I .I 0 <V 

tfllJ n 8 U~~ 12 ffuVl111~llJ~1~1J 
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-+- 'hi)jfl'11 Lif1lJrUlll'1Ylmff~n 
..... n:~19lv1U 2 % ~ 91vfu11vC12 % 
-.- nnl9ltl1U 4 % -e- Q)lvfU'l'lVCl4 % 

~11~ 29 fllfl11lJ!rilJ'Q;-l'l~6ijt)-luJ}hJrJr;llJllij~~~lHHnJui1-l Era-Ge}® 25 % ~ihn'jlff~lJfffllV'lV'l~lff~f) 

1~1J~fJW1HJiJ 40 °c U~~fl11lJ~lJfflJ~'Yl'fi 75 % ~l1~W;l-l'1 (n = 5, fhm~fJ ± SD) 

20 


C' 18 

;: 16 
~ 
~ 14 

e ~ 12 
~ 10 
~ 
§ 8 
o~ 6 

~ 4 
~ 2-="~"-=~~~~~~=8======9m-=· 

O+-~--~~--~~--~~--~~~~~~--~ 

o 	 2 3 4 5 6 7 8 9 10 11 12 13 

11m (ri'lIYll11) 

-+- 'hijJffnlff~)JIifi1r1Ylmff~n 
___ nftl9l01U 2 % ~ 91tlful1tlC'l 2 % 
-.- n~lt9l01'U 4 % -e- 910{U110Cl 4 % 

, ", , 
fffllV'l'YHnff~m~uVif2W1HJiJ 40 °c lW~fl11lJ~UfflJ~'Vl1r 75 % Vll1-UWll-l'1 (n = 5, flll'il~fJ ± SD) 
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15 

14 

IO+-~--~~~--~~~--~~--~~~~ 

o 	 2 3 4 5 6 7 8 9 10 11 12 13 
nfll (ri'l1vmoi') 

-+- '~ii111j 111~)mlnlnHllTIiif) 


___ f)ftl~tl1U 2 % ~ 9ftlfihlt1Cl 2 % 


--.- nftl9ftl~il4 % -e- 9ftlfU'YItICl4 % 


~11~ 31 111lJ1Wfl11lJ~U6ijfl'lUNUVlrl'lJ~1ij'l~~lHHYlJU1j'l Era-Gel® 25 % ~ihn~Tff1lJffflll1l1'l1""~fl 
~l~~~~U~~Wl1kJiJ 40 °c U'l~f111lJ~lJri'lJ~'Yl1r 75 % ~t1'l1~1'1~ (n = 3, rhm~fJ ± SD) 

l1~'11ijlm~UUNlJVlrl'lJ~1ij'l~~U~fflJu1j'l Elastigel 2000C® 35 % ~1~~ffl'H""1lJ(;yflll1 

l'Hn""~ fl~ ff fl11 ~d 'I ~ ~ lJ t1'l1 12 ffU ~lM rllfl11lJ lflU ~ 'I ~~6ijfl 'I UNlJ YhllJ\)~rrtlJ ~U!~ flUV fJ\)lfl 

2 9t 2 I I d~ I ~ I""
66.753 ± 4.030 N/lJlJ. lUU 74.368 ± 0.956 N/lJlJ. ff1Ufllfl11lJfJl1'V\fJ~VflflflflU6ijl~U'l~u'jlJ1W 

sI 	 • I , 

fl11lJ;1'U6ijfl'lU~U Vl rl'lJ 1~~U~fJU UU'l 'I (~lH; 32-34) rill1i'UU~U Yt rl'lJl1~ffl'jl ff1lJff fll 11 11 'llff~n 

l1"'1\)lm~uii' 12 ri'U~lM rllf111lJlflUr;x'l~~ rllf111lJfJl1~V~flflfltiflU6ijl~ lm~U1lJ1Wfl11lJ~U6ijV'I 
I !':I" I .d. 'j) Q Q 'j) 'j) I ~" dQ Q "'" QJ Q IIJ 'j) 

mfUll'llJ\)~U~fl~1'1\)lfl~flUl'jlJ~lJ1YW'l1'lfllJVfJ fJflt1lJ U~Un~lJ'V\lJfl~lC)fV)U 4 % l1~'1lijlmflU l1 8 

ffl1~lM rllf111lJ lfllJ r;x '1~~ lij ~'l~ ~'I VVl'1~irfJrilrity ff1lJ rllf111lJ fJl1~V~flijflnfllJ 6ijl~U'l~U1lJltu 

fl11lJ4U6ijij'lllNU Vl rl'lJ \) ~lvflJ~U ij Vl'1lJl fllrlUll1fJufiu ~vU l~lJ ~U flVl'1 i 'jfi~llJ llNU Vl rl'lJ l\) 'l~~lJ 
~fflJ111j'l Elastigel 2000C® 35 % ~~fl~~C)ffl~lJl1~UC)ffl{iJ'V\ij'l lij~~rllf1111Ilflur;x'l~~lm~U1lJ1W 

fl11lJ4lJ~lfl'j,UNU Vl rl'lJ~i~~ffl'j 1ff~lJff flll1l1'll""~fl 1~fJl~ 111~UYllJYJrl'lJ~~fl~1C)ffl~lJ 4 % ~'1lj 
" • I 	 • 

11~lJ1W fl11lJ~lJ~lfl111flW cnllfJfllJi'u 1~rill1i'UUflU~'llJl~'j~llJ (12-16 %) ff1Urllf111lJfJl111V~ 

ijflflriVU6ijl~ i~iJfl11lJUllfl~1'1tiU fJflli''UU~'UY1rl'lJ~ljfl~lC)ffl~U 4 % l1~'I\)lfll~U1i' 8 ffU~lM 
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nm (ri'Uvll'l'l) 

-t- i,jiJrr,),)lf1'1lJrrnll'lYlfnrr;\n 

___ n~19lv1U 2 % ~ ~frhjl1vn 2 % 

-.- nftl'l101l.! 4 % -e- 910fihwCl 4 % 


~u~ 32 filfl11lJlfi'l,I~-:J~~6iju-:Juvh.lrlrl'lJHH1~~UrnnJUiJ-:J Elastigel 2000C® 35 % ~ijb1'THb1'1lJtHll'W 
~d.d "'" ° .Ja,/a,/<I d, ,d

'YHl1ff~fl1f1t1'V1~Wl1.fJlJ 40 C llf:l~fl11lJG)fl,l""lJ'YfVl1i 75 % 'YH1f:ll~1-:J~ (n = 5, f111Uf:ltJ ± SD) 

10 

-=- 9 
= 5, 8 
~ = 7 
~ 
r.. 
~ 6 
..... = 5 
c 
0 4.~ 
~ ..... 3 
~ 
~ 2 

1 

0 2 3 4 5 6 7 8 9 10 11 12 13 

nnl Camilli) 

-t- i,jiJrrl1lf1'1lJrrnll'lYIfnrr;\n 

..... niil9fv1U 2 % --*- ~oful1oCl 2 % 

-1fr- nftl'l101U 4 % -e- 'lIOfUl1cHl 4 % 


~u~ 33 filf111lJtJl1~~~UUf1nfll,l'Ul~'UU-:JU~l,Irlrl'lJl"f:l~~'\.HH"lJuiJ-:J Elastigel 2000C® 35 % ~JjffTJ 

l""~lJfffll'W'Wf:llb1'~mntl~~Wl1fJiJ 40 °c Utl~fl11lJ4UfflJ~'V1i 75 % ~l1f:ll~l-:J~ (n = 5, ril111~tJ ± 

SD) 
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15 
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10+--.--.-.--.--r--.-'.-.--.--.-~-.--. 

o 	 1 2 3 4 5 6 7 8 9 10 11 12 13 
11m ('(i'tlvl1l'1) 

--+- hifi-rrl 'Hrt1lJrt1ll 'VI'YHl1 t1~ f) 


-II- f1nlGlf01u 2 % -*- C)fufihnHl 2 % 

--Ir- f1nlC)fu1U 4 % -e- C)fOfiJl1uCl4 % 


21 , 

11~lJ1Wfl11lJ:;;'U~fl~UN'W~~lJl~(I~~lHH"lJUit~ Elastigel 2000C® 35 % Yiil~1'.H'ff~lJ'ffil1l1 

n I d 6] 'JI d I QI d '!;t tI "'" _~ 	 ® ?t 
~u'Yl 35 U'ff~H ll1tl1'W11 l1r:l'l~lmfl1JU~'Un(llJt~(I~~'W~'fflJUU~ Elastigel 3000M lU'U 

n(ll 12 ff11~lM ri1f111lJlf1'U1!'l~~~fl~UH'UYhllJ~'hjli'ff1'Jl~~lJ'ffil1l1l1(11'ff~fl111flli9ffl{U'Ylfl(l 2 % 

'hjlif)l'Jl11~tI'Wu11(1'l -ff1'UUN'U~~lJ~)j9ffl{iJ'Ylfl(l 4 % l1~flfl~t9ffl~'U 2 U(l~ 4 % fhfl11lJlri'U1!~~~ 

~~(I~r:l~ d111 i'lJ rl1f111lJ tl11~~~ flfl flnfl'U ~1~ ~fl~UH'U ~~lJ~ liu(I~'li)j 'ff1'J l'ff~ lJ'ffilTWl1 (l1'ff~f) 'lili 
" 	 , "." JI 

f)l'Jl11~m,Hl11r:l~ ('JtlYi 36) tlmi''U UN'U~~lJ'Vi]jfl~l9ffl~'U 4 % fhi1~~1~lJlJ1fl~'U ~mtl~~ll1jjfl'UtiU
'II 

QI I tI "'" _~ ® 	 ® "'" .: I tI "'" f)lJU~'U~mJl~r:l~~cU~'fflJUU~ Era-Gel U(l~ Elastigel 2000C 11'JlJ1Wfl11lJ6}f'U~fl~U~U~(llJl~(I~~'U 

~'fflJuit'l Elastigel 3000M® ~'lili'ff1'Jl'ff~lJ'ffil1l1l1(11'ff~fl ~~r:l~~~l1~~~lm~1J'i' 12 ff11~l"y ('i1J~ 

37) -ff1'U UN'UYl ~lJ~]j 'ff1'J 1'ff~ lJ 'ff il1l1l1 (l1~~fltl~ lJ1W f111lJ~tJ~~llil1J~tI'Uuti i"l'l 

~1fl~(I f)1 'J 'Yl ~(lfl~~~ fl,h1~1~~'U 'ff~11'~'h ~1 'J 1~~lJ'ff il1l1l1 (l1'ff~ fl6}fij~U(I~1J~ lJ1 W 
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--+- i1ijjfn'5Lf1'1)Jf1'j)11'lYHni1~fl 


-II- flnl9w1u 2 % ~ 9Sfl{ihlOCl 2 % 

..... flnl9w1u 4 % -e- 9Stl{ih1flfl4 % 


~t1~ 35 ~lfl111Hri''W'tl-1~~''tl-1U~uYJ~lJ~1l~~~lHH''lJUi1-1 Elastige13000M® 20 % ~~r11~~r1~lJ'fffllr4 

r4~lr1~m~1J~~WlUJiJ 40 °c U~~fl11lJ4'WfflJvrYl'fi 75 % ~n~l~l-1~ (n = 5, ~lm~tl ± SD) 
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o +-~--~~--~~--~~--~~~~~~~ 
o 	 2 3 4 5 6 7 8 9 10 11 12 13 

n m (rl'tlvl11l) 

--+- i1iihn 'I lff1)J(111l1'll'H11ffVlfl 


-II- t1lll9Sfl1U 2 % ~ 9wfihwfl 2 % 

-.- flnl9Sfl~u 4 % -e- 9Sfl{U'I'1tlCl 4 % 


ltJ~ 36 ~lfl11lJtll1~£j~tltlflritl'W"1~"tl-1U~'W~~lJ~1l"~~'W~'fflJui1-1 Elastigel 3000M® 20 % ~ihY1~ 

~'ff1lJ'fffllr4r4~1~~fl1~1J~~Wl1fJiJ 40 °c U~~fl11lJ4UfflJiYl1r 75 % ~n"l~l-1'l (n = 5, ~ll\1~tl ± 

SD) 
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 
l1~n (ri'l1vnth 

-to- \hjiJf{l'Hf{1lJmnrIYlnlf{~n 


..... nftlCJf01lJ 2 % --*- CJfufihl0n 2 % 

-.- nftlCJfu~lJ 4 % -e- CJfufUl1un 4 % 


sJ • 

11~lJ1Wfll1lJ~'W'tIC)~u~·h"\VJ~lJH)r:l~~hJ~fflJUiJ~ Elastigel 3000M® 20 % Yl~ffl';Hff~lJff.f)ll1 

11~lJ1W~ 111lJl~fflJ 'tIC)~ ffl'j 1ff~lJff .f)11111 r:ll ff~ fl9t~111'flW fflJ,r~ 'tiC) ~ UNhI VI "lJ ~~Ur:l~~ fll1lJ 
q 

sJ • 

fl~~lff111 i'lJUN'W ~ ~lJll1-a~~hI ~fflJU i1 ~ 11~ ff1lJG)f11~u ff~~ i~1I1'j1~Yl 10 ri111 i'lJui1~ Elastigel 

2000C® ~1I'j ~ 1,j~ff1 'j 1ff~lJff .f)111 ~ r:l1 ff~ fll1 ~11111N'W VJ ~lJ~ ~ri1fl11lJtJ11~fj~ '0'0 flrl'O'W 'tI1~11r:l ~ 
"'" .f.:::" ClQ.J I rI "'" I I " ~ I I rI "'" 

fllJ 11~'W VI r:llJ 111 r:l ~1I'W ff1 hi fl1 fl11lJl fl'W ~ 

"dGJ" _~ ® ®.::: Q "'" 

11 'j lJ1tu fl11lJ G)f'W 'Vlfl r:l1 tJflr:l ~ ~ 'l~ 11 ~1I1 fl1111~'W VJ r:llJ 111 r:l~1I'W 

U\9l~ril'~~ fI';huN'W~~lJ111r:l ~~'U ~fflJUi1 ~ Elastigel 2000C® ~~ff1'j 1ff~lJff .f)1~11r:l1ff~fl -ff1'U 

"'"I IU~'U~r:llJ'Vl ~G)fUu~ Era-Gel 25 % Ur:l~ Elastigel 3000M 20 % H'Vl'U'Vlll1r:l~lI'U 111111 flr:ll9f'O'j'W 0-2 % 

G)fl1~'tI'O~Hi1~U-a~ 


11~lJ1W~U'Vlhl~111-a~~'U 


Era-Gel® 25 % 0-2 0-4 

. ®
Eiashgel2000C 35 0/0 o o 

. ®
Elashgel 3000M 20 % 0-2 0-4 
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. 
"" 	 _I~ tI "" cf ""\.II ''''' "" "" 5.1 	 flT'H~"UJlJ!utlf)flUfl 1tl'lfU~WU-3Y1 &lJ"nfl-aUY"UHYill'VrntlUIVIfl 

rol fl~tl fll'JfffllJl~\:J~U i~t~tl fl11 iJ-3 3 GJfU~lJ 1'Yl~ U'Yl U fll'J l~trotl~~U1t.! fll'JfffllJlfll'J 11l~ fllJ 

- I ~ _ I ~ cl i ~"" · 'j) ~" i "" 	 ~ ~ ~ 
llJ tltl flU fllJ ~tl GJfU ~ It 'U-3 ~tl11i fll 'J ~ lJ ~1tlll1JU ~ lJ ~ ~ ~ tit11 'J tllJffl'Jtl ~tll tI'Utl-3 t ro tl ~1I'U 11 'J tll ro tl~lI t.! 

_~ , 'j) 'j) <=!l Q.I~ _ I ~ _I ~ ~ d 
~~lJUU-3 t.!fl11lJl'UlJ'U'W 33 %w/w Utl~f1fllJ lfJW ~lJUlI'Vll-3 flltl.ol~'Utl-3t lJ tltl ntl fllJ~tlGJft.! ~U'U-3'Yl 

21 

!lI~tllJ'~ '~uri lhl1Ufl Utl~fl11lJ11Ul'Utl-31U~tlflllflU~tl i ~tlUtlflfflU ~lUtl~ffTW ~1 tU~ tlU l'tltlU flU 

lU~tlnttflU~tltrotl~~h,l~~~l11lj,tI''WiJro~11'W ~tlfll'J'Yl~tltl-3U~~-3~-3111'J1-3~ 11 9f-3~Ul1 ,Il11Ufllm~ 
fl11lJVI t.! 16ijtl-3 1U~tl flU flU~tl GJfU ~ tl ~-3 ~ 111~ tllJ i ~ro 1 flfffl £J 1ifro~lJ1 flfll11 U ~ tl flU fl U~tll ro tl~~'W ~ ~ 
o 	 ..J ~ J • J ~ d 1'j)1 ~ Q.I~ ~'j) 	 q

rol11 'W 1t1 C)f-3tllrolU'W 1U tl-3 ro1 flfl11lJ UlI fl1l1.:J 6ijtl.:Jlfl'J tl-3lJ tl Yl GJf 'W l1tl.:JU !jUlI fl1'J Utl ~l 'Yl fl'W flfl1'J 111'J tllJ 

~tl ~'~:n1fl1 'J fffllJ1 tl Vl.:J i'J n1l1lJ 1 11 ~tl fll1 fl11~tl Lrotl ~~'W ~ 1\9l~ tllJ i1i'1 l,I fll'J fffl£J 1ifili~ fll1lJU\9l fl~1-3 
, 21 	 , 

ro1 fl1 11 ~tl flU flU ~tlt ro tl ~~'W Vi ij ~1V1 til tl 11~ lJ1W fl11lJ~'W 'Utl-3 111 ~ij flU fl11~tl1 ro tl ~~t.! Vi ~ ~1111hmltl ~ 
~ ~ d q II] 'j)" <!j .J d' 'j) cl • 

1U tltlflUfl11~tltrotl~\9l'W'Ylt\9l'J tllJ &~tl ~1'W GJfl.:JlJ1\9l'J !1'W fltl 12-16 % C)f.:J NtlU U~~-3111 tVl 'W 11fl'J~U1'W fl1'J 
21 , 

~lJ1i'ltlU1JUr;lJyflltl~1~fl1'JYi11lfuIf'l ~llJ1'J tl'~i~1'W fl1'JfffllJ1UUtl~llf~tlViiliu\9l fl~l-3 fl'W'J~1111'1 
q 

\9l1 'J 1-3 ~ 11 ,ITtn!flU tl~fl11lJ VI 'W 1'Utl.:J 111 ~ij flU fl11 ~tl GJfU~U~-3 GJfU ~~1 'I '1 ~ ili ~ ~1 'J HY~lJ ff.o1 ~ 
~tll~~fl (n = 10, fhm~tl ± SD) 

fl11lJVlUl ClJlJ.) 

®. 
Era-Gel 

®.. 
Elastigel 2000C 

®••• 
Elastigel 3000M 

30.629 ± 0.807 

30.143 ± 2.085 

30.140 ±3.009 

28.101 ±2.234 

32.946 ± 2.l53 

42.627 ± 1.053 

45.203 ± 2.924 

42.700 ±2.996 

40.599 ± 1.946 

48.938 ± 5.127 

0.l22 ±0.005 

0.129 ±0.016 

0.124 ±0.015 

0.11 1 ± 0.017 

0.134 ±0.019 

0.102 ±0.005 

0.106 ±0.013 

0.101 ± 0.010 

0.103 ± 0.015 

0.115 ± 0.018 

• Lrotl~91l,l~ffJJuiJ-3 Era-Gel® 25 % 

** Lrotl~91'UNfflJui1-3 Elastigel 2000C® 35 % 

*.. 1rotl~91'U~fflJlli1-3 Elastigel 3000M® 20 % 
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, v 

lU~flflUflU~~Yilll~mJ111fWil~~~'U~H1lJui1,rl'''HnlJ'l~'jflQ1'UGJf1~lJWl'j~pU flfl 77 ± 6 lJfl. (TIS 913
v 

2545) tl~lJ1Wfl11lJt)fU"fl'UU~flflufltl~ml1"~~Ur-n1lJui1'! Era-Gel®, Elastigel2000C® H~~ Elastigel 

® I Q.I 0 Q.I & nl<!l ftl .". }~
3000M 11'l1fllJ 11.88, 12.26 U~~ 13.40 %w/w ~llJ~l~U C)f~llJ~flflUfllJ~~ll1~~~'Ur-lff1JUu~ Era

® Q.". J~ II dil IltJd 
Gel 11~lJU'jlJ1Wfl11lJ')f'U~lfl11GJf1~lJl~'j!lUmfl'Ufltl (12-16 %) fltll~ L'jfl~llJ Bae U~~flW~ (2008) 

llf1U~~l1U-l'U 11~~lU'j~lJ1W 4-5 %w/w 11~~ Forssell l1~~flW~ (2002) L~'jlt1~1'U11 YJ~lJUU~'YIlJ 

, v 

l~ftfl1:Jl fll'j 1~~lJlJltl~fl flUflU~~Vil91~ t1lJ111flUi1~lrllJ~flth'!1~t11 vnJ':i1 1l1lJ1Wfl11lJ~'U"fl~lU~flfl 
ft~.J' ~ Vi iI I 0' ft~ dQ 

U1lJ1Wfl11lJ4'U~lflil 15 % 11~1iflWfflJU~1~U~1~'Uflflflc)fl11'U~~
~ 

, v 

ffl'j 1ff~lJfffll~'W~lff~ flYl1 ~1 'U fll'j l~~t1lJl U~flmtfill ~~111ml1~~~'Ur-lfflJUi1~ 1'U fll'jftflll1U 

flfl flillC)ffl1'Ull"~C)fflfij'YIfl~tl1lJ1W 1-3 %w/w 'lW-lffl'j~~"lt1 1~mtl~ lJlJ1YltllJflW fflJU~'YI1~ flllJ.f11~ 
~ 

• "v " . 
ltl~fl flUfltlC)f~ Yi 1~~ lJlJ111 m 11~~~'W ~~U'U 1'W fl1'jftflll1U~~ nTH 'U ~~flnl11'W ~flW ()fllJ W ~~hJ1fl':HWfl1~ 

~ ~ 

tl'j~ln'U flW fflJU~"fl-lltl~fl flU flUC)f~ ~ l~~ tl1J 111 ml1 "~~'U r-lfflJlli1~ l~tli~Jl11UflU~~1~fl11lJl1'W1 
~ ~ 

"fl~lU~flflUfllI~~111~~~u~ij~llnl1tl~1'U1U 1 0 llf1U~~ ~~1~r-l"~-lif Jl11,rflU~~fl11lJl1'Ul"fl~ 
ri1'U~11'YhnlJ 30.629 ± 0.807 lJfl. u,,~ 0.122 ± 0.005 lJlJ. ri1'U~1"fl~lU~flf11l'hnu 42.627 ± 1.053 

lJfl. 11~~ 0.1 02 ± 0.005 lJlJ. 

I 

ftl.o!t 1.1 q Ji ® Q.ct q q

5.2.1 &u1l6flUfl ,m'\l1l~~'UNfflJU'U,! Era-Gel 25 % 't1lJffl~Uf~lJtJfll'Vfvt1l1ff~fl 

~l'jl~~ 12 uff~~1,rlli'Wil Jl11,rfl"fl~ll1ilflflUflUCU"ll1"~~'UHfflJui1~ Era-Gel® ~1i 
lm~ liiij ffl'j 1ff~lJ fffll~~ "lff~fllii 1ifl11lJ u~ fl1l1-lfl ~1~1iUtlffl rl'tlJ lrlmYi lJlJ t1lJ 1uilflfl UfI U~"l11" ~~'U 

~li~111111tl u"~flQl'U';1-llJl91'j!1'U (TIS 913-2545) flth~l'j~~llJ 'l~'j~ijtl~lC)ffl~'W 211~~ 3 % 11~1M' 
, " , SI 

lU~fl flU flu~~ii liU1YIlJ fllJl tlfli1~fl nl11 'U ~fJW ()fl1:JW~Yi~~11 -ff1'Ufl11lJl1'U16ijfl~1UilfltlUflU 1!~111 
,

.". ft~ ® .Q Q IIJ IQ.". .". " iI 0 QJ iI 
"~~'U r-lfflJ Uu-l Era-Gel 'YIlJ 11~ ~ ~lJlJffl'j1 ff'jlJff fl1'W'W "lff~ fll1~fllJ 'W"flflll1'W ~flW" fl1:JW~ tim1'U 

~ ~ 

, v 

'l~'jYilifl~lC)ffl~U 3 % ffll1i'UfhU~lJ1Wfl11lJ~'W lU~flflUflu~ml1"~~'UHfflJui1~ Era-Gel® l'ltl'l~'jij 
-J I I & ~ I I iI dQ 0'.". 

fl111JGJfl.!fltl1'WGJf1-l 10.64-11.96 % C)f~~lfl11GJf1-llJl~'j~1'U (12-16 %) tltll1U ff~'jl'llJC)ffl'jlJl'lfl" 1 % 
~ ~ ~ 

Q -J & I, I .c!l iI I ft I<!I 
\l~1Jfl11lJGJf'U 12.32 % C)f-lfl~ 'UGJf1'!lJlll'j;I1'U (TIS 913-2545) 1)lflr-l~tl1'j1'111"fl'! tl,!UlJ111lJ~fltl 
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,,., ,., 

UflUCU~l1H,~~hJ ~HYlJtdj.:J Era-Gel® Yl lhfv{iJ'Vlv~ l1~ijthlnrfl f111lJ11 'U1 U~~U~lJ1W f111lJ:)f'UV~ 

1'UGJf1.:J ~tl1l1 'U ~ tt~~ 1J 11 tuilv fl tt flU ~~ ijfl11lJ tU'J1~lJ1 fl tt~ ~t11 fl 1'U fl1'j tt fl~VVfl111 fltt 1J1J VilJ..{triv 

nn[J1JtYl[J1J ti1J~ll'J~l~fl~tC]fV~l-H1]'U~l'J t~~lJ~fl1~ 'V4~1~~ fl ~.:Jtf'U tuilv flU f1U~~ t11~~~'U r-nYlJuiJ.:J 
, , 

® QQ Q "'" ~ ~ Q ~ 0 Q.I ~ 'Ii]~ I
Era-Gel 25 % l1lJn~tC]fv'J'U 1 %w/w SUV.:J~l'j~~~l[J 11.:Jt1J'U~1l'J'YH~VfH1'111'j1Jfl1'jMnlJ11lV ~lJ 

'U 

, 
_I.:!:I ~ I "'" ~'i ® Q Q "'" "'" 

5.2.2 A1Ji:lflflUfl1J't'niH'1~VlUNtnJU1J~ Elastigel 2000C 35 % 'YIlJffl"jAff"nJffilTVfr~i:l1ffVlfl 

tUilVflUflU~~tl1~~~'U~~lJuiJ.:J Elastigel 2000C® ~iju~~1liij~1'Jt~~lJ~fl1'V4~~lff~n 
" , , , " 

ij11111ir flYllliUll fl~1.:J111fltUilVflUflU~~tl1~~~'UYiij~l11 U1 tI 1~ t1~l'U~Vtlll1 'U~fJW~fllJW~Yi~~1 1 

'1 ," d" dQ d'"", .::k G]" ~ tm~v~ 'UGJf1.:JlJlll'Jil'U1l1t1 (TIS 913-2545) (1l1'Jl.:J'Vl 12) t1flt1'U ~ll'J'VllJC]fV'j1J'VlV~ 3 % C]f.:J ~11tU~Vfl 
, ,., . 

ttflU~~ Yl ij 11111 irfllJl flfl11~V tl1l1 'W ~ fJW ~fllJW ~ ff1'W f111lJl1 'W 1SUV.:Jt u ilv fltlfl'U ~~ tt ~ ~u~ lJ1W 
,., " 

f111lJ~'U lliijfl1llJUll fl~l.:JV£h~ ijirt1tYlrlty111 fit u ilvfluf1U~~ Yi ij~ll1 U1t1U~~V~fl1t11'U GJf1.:J Yl 0111'U ~ 
, 

(lll)l.:JYi 13) 

. " "" ,
fffl1~ 'V4 ~1~~ fll'J fl~ll 'J lli ~l'W~V 1l1l1 'U ~fJW~fllJ w~Yi~.:J 1 1'Vl.:Jll1l1ir flU~~f111lJl1 'U 1 (1l1'J1.:JYl 12 

,., , 

U~~ 13) tYll1f1JU~lJ1Wfl11lJ:)f'U ~ll'JYilliij~l'jt~~lJ~fll'V4'V4~l~~fll1~VijC]fV{iJ'VlV~ 1 U~~ 2 % 11~ 
, " , ,,, 

1 "~1~ ~I QQ ~ '1 ' '~G]"~I~ ~I QQ ~ 
Yltu~VfittfllJ~~'VllJfl11lJGJf'UV~ 'WGJf1.:J 12-16 %w/w ~1'U~1l'JV'U'111~!11tu~VflUfllJ~~'VllJfl11lJGJf'U 

~1 fl11GJf1.:J lJlll'J:U 1'W fl1'j Vi111'J W1~1l 'J ~lf1J~ t11lJ1~~lJtYll1 f 1J fll'JfffllJl~V1 u l1~Vi111'JW 1111flfl11lJ 
... 'U 

" 
[Jl fl 1'U fll'J tt fl~VV fl111 fltt 1J1JVilJrftt~ ~f111lJtU 'j l~SUV.:JtUtiv fltt flU ~~ ~~ir'U tYll1 f 1J tuilv fltt f1U~~t 11 

, , 
~~~'U~~lJuiJ.:) Elastigel 3000M® 20 % ~~nYiijfl~tC]fV~'U 2 %w/w SUV.:J~l'j~~~lt1 ~.:Jtti'W~ll'jYitilVfl 

~h11f1J fl1'JfffllJl~V1 U t~V~111 fit ti'U ~1l 'J~ ~llJ1'jt:l Ufl~VV fl111 flU 1J1JVilJ~i1i'~lt1U~~tuilv flUflUCU{;'1 ~ 
t~~mJ'1~ijfl1llJtU'Jl~UV[J 

o ~ ~ "'" , 1i]~1 ~ dQ "'" }i ® Q
'Vl1fll)fffllJ1J:H:'SUV.:J~1'J{;'1llU'j.:J1l.:J~11lV ~lJ flV 1) ~ll'j'VllJtl1~~ll'Ur-I~lJUlJ~ Era-Gel 25 % U{;'1~fl{;'1 

t9fV~'U 1 % 2) ~ll'j~ijtl1{;'1~~'Ur-I~lJuiJ.:) Elastigel 2000C® 35 % ~11jij~1'jtff~lJ~fl1'V4'V4~1~~fl U~~ 3) 

~ll'J~ijtl1{;'1~~'Wr-I~lJuiJ.:) Elastigel 3000M® 20 % U~~fl~tC]fV~'U 2 % 
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• 'JI • 

1I1'n~Yi 12 UTVlt!fl6ijfN!U~ijm!f1U~"!ll,,~~h.lf-HYlJUi1~Yi~'ffl'H'ff~lJ'fffll'VrrHn'ff~flhJ1J1lJ1W~1~'l (n . 
= 10, ~lm~tI ±SD) 

'JI 

6lfU~H!"~U1lJ1W (%w/w) Ull1t!fl6ijij~rll'W~l (lJfl.) 

®. ®.. ®***
ffl'H'ff1lJ'ff fll1n~"1'ff~ fl Era-Gel Elastigel 2000C Elastigel 3000M 

i~~ffl<H'ff1lJ'ff fll'l1 
30.143 ± 3.009 28.101 ± 2.234 34.276 ±2.261 

'l1"l'ff~fl 

30.943 ±3.076 27.911 ±3.157 33.099 ± 1.433 

C\ "'" fUHC)f ij 'j 'W 2 32.271 ±2.246 29.522 ± 0.974 36.065 ± 2.500 

3 35.787 ± 3.082 29.731 ± 1.585 38.382 ± 4.677 

29.515 ± 3.353 28.673 ± 1.255 30.958 ± 1.476 

2 30.418 ± 1.701 28.705 ± 2.487 33.564 ± 3.069 

3 31.285 ± 1.042 32.014 ± 1.759 35.351 ± 4.397 

'JI 

6lfU~U,,~tJ1lJ1W (%) Ull1Ufl6ijij~rll'W~l (lJfl.) 

®* ®** ®***'ffl'j! 'ff1lJ 'fffll 'l1 'l1 "1'ff~ fl Era-Gel Elastigel 2000C Elastigel 3000M 

i~~ffl'j! 'ff1lJ'ff fll'l1 
42.700 ± 2.996 40.599 ± 1.946 48.935 ± 5.127 

'l1"l'ff~fl 

45.240 ± 2.757 45.360 ± 4.178 50.637 ± 4.615 

2 49.174 ± 4.846 45.589 ± 3.701 51.505 ± 3.036 

3 51.318 ± 3.328 49.161 ± 6.164 48.826 ±3.388 

43.411 ± 1.251 42.602 ±3.394 47.695 ±2.214 

2 44.222 ± 2.378 39.377 ± 2.330 53.168 ± 3.407 

3 48.257 ± 4.259 46.981 ± 3.189 51.027 ±4.748 

* !ll"~~'W~'fflJul1~ Era-Gel® 25 % 

** 11l"~~'W~'fflJui1~ Elastigel2000C® 35 % 

••• !1l"~~1-J ~'fflJui1~ Elastigel 3000M® 20 % 
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I 
I d 

(n = 10, fll1iHHJ ± SD) 

G)fUllU"~U1111W (%w/w) fl1111'H'U16ijfl,nY1'W~1 (1111.) 

®. ®•• ®•••
ffl11~111~fll'WYH'T~~f) Era-Gel Elastigel 2000e Elastigel 3000M 

'l.i~ffl1 lff111~ fll'W 
0.124 ±0.015 0.111 ±0.017 0.134 ±0.019 

~ 

'W"lff9'lf) 

0.131 ±0.014 0.114 ±0.017 0.139 ±0.013 

d "" f)"19ffl1'W 2 0.133 ±0.015 0.120 ±0.012 0.145 ±0.022 

3 0.156 ±0.017 0.119 ±0.011 0.152 ±0.027 

0.125 ±0.024 0.117 ±0.014 0.130 ±0.013 

""" 9ffl1UYlfl" 2 0.138 ± 0.019 0.120 ± 0.026 0.133 ± 0.019 

3 0.129 ± 0.014 0.128 ± 0.016 0.139 ± 0.021 

G)fU1l1m~U1lJ1W (%) fl1111'H'U16ijfl,nY1'W1l1 (lllJ.) 

®*••®* ®**
ffl11ff111ff fll'W'W "1~~ f) Era-Gel Elastigel 2000e Elastigel 3000M 

'l.i~ffl11~1lJfffil'W 
0.101 ± 0.010 0.103 ± 0.015 0.115 ± 0.018 

~"lff~f) 

0.116 ± 0.010 0.118 ±0.016 0.120 ±0.014 

0.117 ±0.016 0.104 ±0.015 0.124 ± 0.017 

3 0.122 ± 0.010 0.109 ±0.016 0.127 ±0.029 

0.104 ± 0.006 0.108 ± 0.015 0.114 ± 0.013 

0.101 ± 0.007 0.093 ± 0.011 0.134 ± 0.020 

3 0.113 ± 0.022 0.122 ± 0.018 0.132 ± 0.018 

• l~"~~'U~ffllUiJ'I Era-Gel® 25 % 

•• 1~"~~'U ~'ffllUiJ'I Elastigel 2000C® 35 % 

··*l~"~~'W~fflJlrL1'1 Elastigel3000M® 20 % 
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6. 	Nil1Jt1'11CU!~£.l:J,HH)jilci'mvJ\?l (SLS) ~t1fllj!\?l~£.l:J,JiJljil~ill£.lUil~!tJilt1flUfrU1il'lfil~u;j'l 


~ ~"".J "" 1 "" _31 ~ ~ '1
SLS !U'W'ffTH1~!rj ~1l~ IW)9f\Hll:J.Hl~ 'W 'ffTH1~r;'llVn)r;'l~1l'W ~'fflJU1J~ rYHHUlJ'ffl'j 6)f1V 'W fl'j~U1'U 

fll'j!1l~mJl,j~flflUfl,j~r;'l6)fij~u~\l1~wi1t11MUUuYhJ'vflilvfl~1 IijlflllTn\l~ 14 fll'j!~lJ SLS 114 
iI 	 , 

,j~ lJ1W 1 %w/w \lfl\lUTI1U fl'j1lJ! 1ijr;'l~~'W Ur;'l ~ul1 \l ~ ~r;'l1 ~lJfl11lJl''i1j~ 6ijfl\l'ffl'jr;'l~r;'llmlijr;'l~~l,l ~tYlJul1\l 
® ®' "" _31 ® ~ 

Elastigel 2000C !m~ Elastigel 3000M 'ff1'W'ffl'Jr;'l~r;'lltl!Iijr;'l~1l'U~'fflJUu\l Era-Gel fl11lJl1'U~Iij~ 
, 
~ "" c:I

r;'l~r;'l\l!lJfl1~lJ SLS !VW\l 0.1 %w/w 

~ 

'ffl'J!'ff~lJ'ff.f)1~ SLS fl11lJ'11'W~ (mPa.s) 

~r;'ll'ff~fl 

2242.82 

Era-Gel® 25 % c:I "" flr;'l!9ffl'J'W 1% 0.1 % 1985.95 

1% 2020.81 

1302.30 

Elastigel 2000C® 35 % O.l % 1236.02 

1% 1656.89 

2053.22 

Elastigel 3000M® 20 % 0.1 % 2058.06 

1% 2278.08 

fll'jlh~!iJ'W ~r;'l\lfl\l SLS ~flfJW'fflJU~\lfl\l!,ji1flfl Ufl,j~r;'l6)fU~U~\l~ !1l~ VlJlijlfl!Iijr;'l~~'W ~'fflJul1\l 

1~m,j~ tllUllVtl Jl'11UflUr;'l~fl11lJ'11'WT'lfl\l!,j ~fl flU fltJ1!r;'l~ !11~ tllJ'~tiu ~1l 'J~'li'~!~lJ SLS ~r;'lfll'J 
iI 	 , , 

l'1~r;'lfl\l 'nU11 Ul'11Ufl\lfl\l ~ tJ~fl fl!l fltJ~r;'lllijr;'l~il'W ~'fflJ Ui1\ll'l fl'lll'JViflfllJl)jrhVil,j Ullfl~l\l ti'W (1l1'Jl\l 
, " ,

Vi 15-17) ~,nr'W ~\l1~fl11:J.J'ffih! 'fflJfl\lfl\lfl11lJ'11'Wl!tJ~t)flUflU1!r;'l fl11lJ'11U ~6ijt)\l'ffl'Jr;'l~r;'llV I:lfllJru~ 

http:IW)9f\Hll:J.Hl


75 

I v 

11~lJ1W Vill1lJl~fflJ6fJll'l SLS ffll1 i'lil1l1 £1lJllli111 fl Uflll~"l'H'1~~\,I ~fflJU iJ'I ~\,I nU6)fW~'Ull'lUiJ'I 
d, 'j/ d "" d, 'j/ _9-1 ® , 'j/ _I <!I _I del ~ II] I 

Yl "lHll'l\,lYll~~~\9l'U 'l~'jYl 'lHll.l'l Era-Gel SLS 0.1 % ~~ l1ll.l"1lf)Ufll.l~"YllJfl11lJl1\,11fflJllfflJll llJ 

ijfl11lJ ll~ f)1i1'1 'j ~1111'l fl11lJ 11 \,Il6fJ'fNff1'Ull"1£111" ~ff1\,1 ~nr\l ~1'U ~l\16fJll '1l11 i111 flU flll~" (1l1'jl'l~ 15) 

o QJ d, 'j/ _9-1 ® , 'j/ I ~ rI "" _9-1 d d QJ 

ffll1'j1Jtl~'jYl 6}flll.l\l Elastigel 2000C SLS 0.1 % ~~ 1111~'UY'f"lJl~"~\9l\,l~fflJl1l.1'1YllJfl11lJlJ\,I111 

6fJll'lll~'U~~lJl~lJ~lJ~lf) 39.53 GU 1~'U 62.36 GU (\9l1'j1'1~ 18) ,h\,lJll1Uf)1l"~fl11lJl1\,11~1'U,rl'l 
6fJll'lll1 i1v fill fltJ~"i'lff1\,1 ~lU" ~ff1\,1~1"~"\Ilrl £1'Il~f)Ull£1 (\9l1'j1\1~ 16) ffll1 i'utlll'j~1 ~l1iJ\I 
Elastigel 3000M® ~l~lJ SLS ~~iMl1~lJV1~lJ~ijfl11lJl1£1Ull"~fl11lJiT\,I111~Vl"\1 li1V\l~lf) SLS 1~\,I 

ffl'j"Vlli'j,m~ ~1~\Ilh1MlnVl~V\llJ1f)i\,l'j~1111\1f)1'j 1~1£1lJffl'j "~~l£1 ~'1J\,I ffll1 i'u II~'1~Vll111'j 
Elastigel 3000M@ tl\9l'j~ll.il~lJffl'j SLS ~\Il~'U'l1l'j~1i1Vf)ff111i'1Jf)1'jflf)1:Iwivl11 

ll1i1Vf) 

llflll~" 

11~lJ1W SLS 

(%) 

v 

t'hl1Uf) (lJf).) 
fl11lJl1\,11 (lJlJ.) 

'j/ 'j/ 

ff1'Ull"l£1Vll'W'Ul\1 

0 35.567 ± 1.914 0.150 ±0.017 0.180 ±0.025 

ff1\,1~1 0.1 31.881 ± 1.303 0.137 ±0.017 0.135 ±0.016 

32.497 ± 1.139 0.140 ± 0.018 0.181 ±0.031 

0 51.898 ±3.395 0.121 ± 0.016 0.188 ± 0.012 

ff1'U~1 0.1 47.601 ± 2.921 0.121 ± 0.017 0.135 ± 0.013 

47.435 ± 1.883 0.127 ± 0.010 0.169 ±0.022 
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d " 
111'j'1~1'l 16 ~H'l~fl~ SLS ~fltJl'l1,rf)U"~fl11lJl1'W1~fl\l11Hlflf)UflUcg'Hll"~~lH·.j'fflJUi1\l Elastigel 

2000C® 35 % (n = 10, f11m~t:J ±SD) 

U1lJ1W SLS " fl11lJl1'W1 (lJlJ.) 

(%) 
tJ111,rf) (lJf).) 

'j) 'j) 

~ltJ~l\l ff1'WU"1t:J 

25.186 ±1.062 0.107 ±0.012 0.121 ±0.023 

23.717 ± 1.904 0.099 ±0.009 0.122 ±0.019 

28.895 ± 1.569 0.118 ±0.011 0.145 ±0.015 

37.724 ±2.040 0.099 ± 0.012 0.097 ± 0.010 

33.722 ±0.968 0.083 ±0.005 0.102 ± 0.007 

36.860 ±1.052 0.095 ± 0.011 0.109 ±0.010 

111'j1\l~ 17 N"~.m.:J SLS ~flJ111,rflU"~fl11lJl1tJ1~fl\l111ilflflUflUcg"11l"~~'WN'fflJUi1\l Elastigel 

3000M® 20 % ~ijfl~19m1tJ 2 %w/w (n = 10, fhm~t:J ± SD) 

luilflfl 

ufll1~", 

ff1'W~1 

ff1'W~1 

U1lJ1W SLS 


(%) 


0 


0.1 


0 

0.1 

" lhl1'Uf) (lJfl.) 

34.021 ± 1.069 

33.191 ± 1.029 

35.035 ± 1.046 

52.550 ±1.842 

50.162 ± 1.629 

53.308 ±1.556 

fl11lJl1'W1 (lJlJ.) 

'j) 'j) 

~l'W~H 

0.143 ± 0.014 

0.138 ± 0.013 

0.143 ± 0.011 

0.134 ±0.012 

0.126 ± 0.017 

0.133 ± 0.007 

ff1tJl1 "1 t:J 

0.165 ± 0.012 

0.172±0.017 

0.192 ± 0.021 

0.170 ± 0.013 

0.166 ± 0.017 

0.192 ± 0.038 
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~l';il\1~ 18 ~H'1~U\I SLS ~U~frI:fW~Tl11lJJj'U111~U\lll~'UyhrlJnH'1~~l-HHYlJlli1\1G)fi!1I1l1\1'l (n = 10, 

I .<::I 

fllLlHW ± SD) 

I ~~ ~ i1 .A
11~'U ~lJLIij~~~'W~fflJU \lll~~ffl';iU'W'l Tl11lJJj'W111 (GU) 

~U~lJ1WUiJ\I~ ffl';iLff';ilJff flTV~ . 111ij SLS SLS 0.1 % SLS 1 % 
.<::I ~ ~ 

Ul1'WYlllij~~~'W ~~lff~fl 

.<::I ~ 

Era-Gel® 25 % fl~l9l'U';i'U 1% 24.37 ±0.30 21.61 ± 0.19 13.04 ±0.07 

Elastigel 2000C® 35 % 39.53 ± 1.15 62.36 ± 1.06 18.01 ±0.26 

.<::I ~ 

Elastigel 3000M® 20 % fl~l9l'U';i'W 2 % 80.72 ±0.70 63.97 ±1.11 14.56 ±0.21 

. 
o '" Cl I IfJ ~ I ~ .<::I ~ I 'iI "" _~ ® .<::I ~ 
ffl11';iUfll';if1fl1:l1~U ~u flU 1) ff91';i'Vlu';i~flUUfl1t1llij~~~'W~HYlJU1J\I Era-Gel 25 % fl~l9l'U';i'U 1 % U~~ 

'II 

d~1 'iI ~ ~ ®
SLS 0.1 % 2) ~~';il1U';i~tlUUfl1mlij~~~'W~fflJU1J\I Elastigel 2000C 35 % 11~~ SLS 0.1 % U~~ 3) . 

.<::I ~ I 'iI "" _~ ® .<::I ~ ~ I ~ ~ I 
'tl~';i'Ylu';i~nUU1I1mlij~~~'WHfflJUu\l Elastigel 3000M 20 % U~~tl~19m';i'U 2 % lu~UtlUfluCU~llij 

~~~'U HfflJUif \I~l~~ rJlJ 1~ijrrtl1:lW ~ ~U~1\1 l1'l~~'Ulf1f1cllrJTlil\l tlUlutlfJtlUflu~m1ij~~~'U ~ij~l'H'l.hrJ 

Ull~fl11lJ~'WlJl tlfll11UtlfJ tlUflU~~~'~~ rJlJlijlmlij~~~'UrwrJ\lfJ ~h\l!~rJ1~\lIij~ijrrf)1:lW~1ff (~U~ 38) 

7. fll"lnVlfftl1Jfll"lU~fl~1"6\1ltJ~ijflUfl1J,~ 

lUtlfJ tlUflU ~~G)f,1 111 L~\I~ 1~~ rJlJ Iij 1f) LIij ~ ~~'WHfflJUi1 \I vY\I ffllJ ~~ ';i~ \11 ~Iij lflfll ';i rill L tlu tl1;!~ ';i 1l1i' U ~ 
1111Jl~ff1J Iij 1 tlfll,;) fff)1:l1 1'U,j'fJ 6 UllJ 1YI lIffUU fll';i U~ tl~') U "~f)l ';i"~" lrJ 111mu~ tllJ'li rJtl tlU L tJ tlfJ fl 

'YlflfffJU tll ';i U~f)~1~fJ\lUflU~~ Iij ~1~uTlU~"~U';i';i~ffl'HYlrity u~ij1flffG)f1l1i'U lJl\1 '" lJ 1'If'W !flffG)f 

1l1i' U b)JfJ\I U ';i~ 1Y1f1~~ 'W ~'Yl flffUU 1 U~Uflll flU CU"l U"l 1fltlnl11 'W 11 ';i ~tI~l,)"l~'~1 'W fll,;) ll~ tl~1111111 

lfl'U 10 'U1Vi 1'W~W~~lJl~';i!1'W~~ffl11f)';i';ilJ1'YlrJ (TIS 913-2545) ih11'Wfl1111ll1fl'W 15 'U1Vi 

H'l tll';i'Vl~fffJUfll';i H~fl~1Uffll\l~\lS911';il\1~ 19 VfUl1 'j~rJ~11~11t..lnn U~f)';1~U\llUiluflHfltJ~'l~ 
~ ~ . 

l~~mJlijlf11Iij~~~'U ~fflJui1\1li\lffllJ~S91 ';i ';)1lJl1\1ltJ~fJtlUfltJ~"llij"~~'W yltll~ tllJ 1~rJl1i 1~rJ1 tl'W fJ~fllrJ1 'U 

.<::I.d ~ 1fJ~1 'iI 0

nul 15 'Ull19l'\ll1J'W ~u1l1lJ'l.IfJtll11'W~~U\I TIS 



78 

Lia~~''''lCnlu-n~ El"a-Gel~ 

25 % fl~L<)ai'" 1 % U,,~ 

SLSO.l% 

L""~~'INtUIUit~ ElastigeJ~ 

3000~ 20 % u,,~ 

niiL<)'~i" 2 % 

t,j~ 38 ~fll:J W~6ijtl-:J1U~tlflUflU~"GJfij~u~-:J~t~~mHl1fWil"~~U ~'ff1JUi1~~llJ~~c.i~~hi"u~i~fl~ li1tlfl 

1ill tJu lVl tJu t1U 1U~tl flll flU~" lll"~~ 'W ~ iJ ~111,j lV 

8. fll~'t1~HH)1Jfll'Hl~~l[J"6'UtJ~6flUf)tJ111 

fln'VI~'fftl1J fllc.i "~"lV6ijtl~ltli1tlflUfl,j~" l111~tJUc.ic.i ~~ltJl i~ fl"tl fl9fl91ilU 250 lJfl. 1UtUi1tlfl 

ufnJ,,,~ fffll:Jl u "~11111~ lJ1W 6ijtl'l i ~ fl" tl fl9flciilu ~"~"ltltl tl fllJl~n"l~ l'l'lcff'1ihu1tu, ~111 fl fl)lvJ 

fllc.ilflmJ1Jl~c.i~l'W c.i~l1il'1fl11lJl.,j'1J.,j''W 6ijtl'l i~fl"tlfl9flciilUU,,~filfllc.i~~fli1'WUff~~ 274 'Wl1 'WtlJ~c.i 
..s 'II 
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100 

80 

60 

40 

20 

d cv ~ ~ dd<=s ~ ~ _"I
~111~'YJ 19 1~tJ~n-e11 f)11 ll~ f)~l6ijtl~ ~U-e1tlf)Uflt1~-e1~'W~ 116ij~'YJl~1 UlJ\llf)~ll-e1~~'Wln'l~l\l-e1~~'W ~fflJll1J~ 

~i111~1~~ (o = 6, fl1lU~tJ ± SD) 

.. ~ _"I ® <=s ~ 

l\l-e1~~'U~fflHl1J~ Era-Gel 25 % fl-e119ftl1'W 1 % U-e1~ SLS 0.1 % 

"·l\l-e1~~'W~fflJU~~ Elastigel 2000C® 35 % U-e1~ SLS 0.1 % 

...l\l-e1~~'U~fflllli1~ Elastigel 3000M® 20 % U-e1~f)~1C)ftl1'W 2 % 

120 

r *' 
;:; 

G:: 

~ 

~ 


~ 
~ 
H 

(ti 


"1Ii=· 
r 
;:) 

a 
r-

q~
'"';:l 

o 2 4 6 8 10 12 14 16 18 20 22 

nm (Ul'yi) 

--+-1t.Hlvrlllfltl1m;Hl::~',~li;jnru lV --.- ltli1vOIlfltl,m;),,:;AlH.lfl"ll Eragel® 

---11.1 ilVrlllfltll~lil":;~'Jiil9ljmJ 1~ --?IE:- ltl~ijnufltl,mil,,:;AlH.JffU Elastigel 2000C® 

lU~ 39 fl11-W Uffll~tl'WVif)f)11-e1~~lU'lJtl~11Hltl f)UfnJ~~~i11111~~~1~5 UlJ\llf)rlTWU'J~f)tlU~l~~ ll1tJ 

1rlllfl~tlfl9f1ciil'W 250 1If). rU'WtJ111'WUlJU (o ;= 6) 

~ <=s<=s 0 , 

~\l-e1~~'W'YUHl111'W1tJ 

~ d <=s .1 
l\l-e1~~'WYll~1 UlJ'lJ'W 

l\l-e1~~'W~fflJl,i1~ Era-Gel®" 

l\l-e1~~'W~ffl,lUi1~ Elastigel 2000C® .... 

l\l-e1~~'W~fflJUi1~ Elastigel 3000M® ...... 

3.13 ± 0.48 

4.18±1.19 

6.21 ± 1.46 

4.65 ± 1.51 

8.01± 1.37 

http:4.18�1.19
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nHJ~i~fHWfl9f1~ihJ!:l~!:llfJ,reHJfl11 75 % 'UtNl1~lJ1W~'j~1J11Hl!:llflfl1V'U 30 U1l1 1I1fltU~ 39 

u~~-:j1M'l1~U11 fl1'j !:l~!:llfJ'UeJ'HUileJ flUflU~!:l'Vl fl6)fi1~~fffl1:J1~~U'j'j~ i~fl!:leJ fl9f1~illJlflu i U111lJ 

~eJ f)THU~'UeJ-:j USP25 U!:l~ i,j]jfll1lJUl1 fl~h~ tiu eJt.h~ ihTmY1rlUJ'j ~M11-:jUUVi flfl1'j~~~lfJ'UeJ-:j luileJfl 
u 

UflU~~6)fij~~l~~ luilflflUflU~~YJfl6)fij~~fffl1:J1ff1lJ1'j (l~~~lfJ1~fld1-:jfflJ\!'jWfl1fJ1 lJ 10 U1l1 ~~ 
, SI JJ • 

ff~ui~11 nJileJ flU fll1~~y; ll1~ fJlJ1I1mll~~~U Ii-lfflJUi1-:jt1~~llJtll1'jllJl1-:jll1ileJ flUflU~~lll~~~UY; 
" . 

ll1~ fJlJ ~U~lV11il~Vl tiU]j fJ WfflJU~ fl1 'j 1111 fl~11Vivu l vi1 tiu 1U ileJ flll fl U~!:lll1~ ~~lJ Vi ]j~111111 fJ 

Cl .... 'i d ~I<!:\ ~I ~ ,d Q 0 0 -J ell "ell 

ft'fl1:J1fll1lJfl~111l~mflUlu~flmlflu~~ ~Ufffl11~'Vl~WMiJlJ 30 C U~~ 40 C fll1lJ6)fU~lJ~'Vl1i 75 % 

dJ 9t do .... ~I 1 jI -J 'i ~I IfJ dJ <:S ,djlQ 

9f~ lUUfffl11~fl1'j lflUffTH 'j Uu 'j~lYlft' lJ l'Ul1'jflU6)fU 1~mll 'Vn~u 'j~lYlft' ~ 'Vl fJ9f-:jlJfllJfl1fl1ft''Vl'j flU 
'U 

Q 0 <:s -J dellCl d <!:\
~Wl1iJlJU'j~lJ1W 39-40 C U~~lJfll1lJG)j'lJtl~ UeJfl1l1fllJ fJ~ft'fl1:J11i-l~'UeJ~fl1'jlflUll1~eJmlflU~{;'l'UQ-:j 

1~~leJ~~~Ufn1lJl1U1UllU~1 (LDPE) ~~1~uQ-:j~i~nU111lJUfl~ff1Mful~UUflU~~ilJ~l1ff1Mfl'j'jlJ 

fl1'j li-lil~HtI~ijflUfltJ~~G)j'ij~ U~-:j~flfll1lJfl-:j~leufl-:jlUilij flU fltJ~~ 1 ~m 11~ fJUlY; fJU ti'UluilflflUfltJ~~~ 
IrJ '1rJ jI d 1jl1 d dJ Q,I.... ell 'i d IrJ jI,d <:S.... 9tQ

llJ l~lflU 1 UQ~6)fU~U9f~1I~fflJli-lffflUfllfl1ft' l~fJl1'j-:jlW~lflU n'VlL1'fl11~1~fJlflU1UlJnll1 1 Ull~ 3 

<!:\ 
l~eJlJ 

Ii-l~ fll'jfffl1:J1fll1lJfl~ ~l'UeJ~ 1 U ilfl flU flU~~Uff~-:j~-:j111'j 1~~ 20-27 luileJ flll flU ~~~ ll1~ fJlJ:;)l flll1 

Q -'f ® <:S ell jI Cl ell ~I<!:\ ~I Q <:S. <:S Cl " 
~~l1U Ii-lfflJU IN Elastigel 2000C 1I~lJfll1lJfl-:j 111fl~1 fJfl~~ flUlu ~ij flU flu~~ 111!:l~l1U 'Vl111'j fJlJ'UUlJ1 fl 

~ ~~ M,,-:j 1I1fll~U i 1~ ff fl 11~~1 ~'l lrlfl~:;) 1'j W1J1M 11fl U~ ~fll1lJ MU 1'U eJ-:j 1U~ij flUflU~!:l ~ 
lU~fJUUU~-:j1u ~U11 1liff1lJ1'j(li~ff111fu f11'jU'j~lijU li-l~fll1lJfl~~1'UeJ~111~eJflllfll19f~i~ l~ij-:j:;)lfl

'U 

~ I <!:\ ~ I Q ,d Cl .;. -% ell d IfJ jI,d ~ ,d d IfJ • d IrJ jiG! 
lu~flflUflu~~l'Jfl6)flJ~'Vlft'fl1:Jl:;)~1~lJeulJM~~1I1fllflU ~TVl'VJflfffll1~'Vl~'VllflUU~~ ~lJlflU n llJQ-:j LDPE 

lfllJn~l 1 U~~ 3 l~ijlJ (111'jl-:j~ 26) rl111fu'j~v~n{;'l1'lJfl1'jUl1fl~1'Uij-:jl11~ijflllflU~~lJfl6)fij~~ 
Cl .;. -% ClI d IfJ jI,d ~ <!l,d jI <!l

fffl1:J1~~111lJeulJl1~-:j~lmflU n'Vl'¥Jf1L1'fl11~lU1Hl111 1 Ull~ 3 l~ijlJ (~1'j1~'Vl 27) VfllllJ ltJ~ijf1UfltJ~ll 
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SIo Q ~QlQI" 

C Ufl~lJfll1lJ'IrWfflJrfYI1i 75 % 
, SI , 

ljjfl r'il'W lW 'J 1 fll'tJfl'HY1'W,j 'J ~ flfllJ 1lJ ff~ 'J\9l1 11Jll-l ftllJ ft~ 'j Yi'~rl~l~flflffl'l1 111 fll'J 1~~ tJlJ lU~flfl 
~ ~ 

SI , 

Ufl,j ~fI 'Irw~u~-l 'ill flfll'J 1~u 11 -l 'VI ~ U'VI 'W U'ilfl~~'WlJ 1-l -ffTW ~ lJ 11 1111 ':J'vl\J ftllJ 'In1~Yl1 ~ffllJl'J () fI~ 

~'Wl'J'W fll'J~it~l,j~flmlfl,j~fI'lfiJ~u~\J '~~\JUft~\J1'W~l'Jl\J~ 28 fiTI11lJ fll'Jrll'W1W~'Wl'J'W fll'J ~it~1'W . 
~l QI 'JI 0 QI ~ I ~ ft I ~ Q 'JI _~ ®ft 

'tIlJl~ 5,000 fl &flfl'JlJ ~'W'V!'Wftl'11'JlJfll'J~fI~luflflflUflu~fll'ilfl~~lJYlYI~U'VI'W~lmlu\J Era-Gel 25 % 

Elastigel 2000C® 35 % Ufl~ Elastigel 3000M® 20 % 'il~fI~fI\J 275,000 111'V1 297,500 lJ1Y1 Ufl~ 

175,000 UTYI ~llJih~U 



~1'j1~~ 20 J111cWrl (lJrl.) ~tl~riTW~lttJ~tlrlUfltJ~~tlij~~1ilHt~~tlij~~1i'UrH1'lJUi1~'))'iJ~1l1~'l~tfh/11~fJW11.fJij 30 °c U~~ 40°C 75 % RH (n = 

10, ~lm~tJ ± SD) . 

'li'-ffQ~ LDPE, 30 °c t~U'l '~tl~ LDPE, 30 °c L~U'lq 

~u~ 
<!:\ .<!:I <!:\ .<!:I o 1 t~tl'W 3 t~tl'W o 1 t~tl'U 3 L~tl'W 

.... .::t.::to , 

llij~~'fl'W'YllJ~ 111'W 1f.J 30.902 ± 1.192 31.607 ± 1.297 31.539 ± 1.264 30.598 ± 1.17 31.097 ± 1.103 31.609 ± 1.216 
• !I 

.... .::t.::t 4 
llij~~~'W'Ylt'fl'j f.JlJ~'W 30.935 ± 1.317 31.945 ± 1.362 32.087 ± 1.348 31.601 ± 1.624 32.807 ±1.691 32.65 ±1.794 

Era-Gel
®* 

32.205 ± 1.193 33.674 ± 1.332 33.323 ± 1.309 31.3 ± 1.305 32.617 ±1.363 32.141 ± 1.336 

Elastigel 2000C 
®** 

24.247 ± 1.096 24.931 ± 1.137 24.907 ± 1.01 24.223 ±0.667 25.324 ±0.743 24.816 ±0.695 

Elastigel 3000M 
®... 

34.881 ± 1.713 36.095 ± 1.853 36.036 ± 1.864 34.532 ± 1.953 36.525 ±2.133 35.982 ± 1.989 

'))'u~ 
o 

'1i'ritJ~ LDPE, 40 °c 1~ui1 
<!:\ 

1 t~tl'U 
.<!:I 

3 t~tl'W o 

'ritJ~ LDPE, 40°C tnui1' 
.<!:I 

1 L~tl'U 
.<!:I 

3 t~tl'U 
, 

.... .::t.::to , 

tlij~~~'U'Yl1J~ll1'W1tJ 30.496 ± 0.626 32.16 ±0.975 30.985 ±0.615 30.227 ±0.818 30.767 ±0.821 30.962 ± 0.788 
,

"'" "'" 
!I 

.... ~ 
tlij~~~'W'Ylt~'j tJlJ~'W 31.499 ± 1.704 32.49 ± 1.784 32.113 ± 1.775 30.078 ± 1.36 31.031 ± 1.28 30.645 ± 1.296 

Era-Gel 
®. 

32.703 ±1.043 33.738 ± 1.098 33.077 ± 1.285 31.284 ± 1.248 32.221 ± 1.287 31.999 ±1.344 

Elastigel 2000C 
®•• 

24.209 ± 0.580 24.906 ±0.610 25.06 ± 0.626 24.13 ± 0.811 24.739 ± 0.648 24.469 ± 0.793 
®••• 

Elastigel 3000M 36.165 ± 2.059 37.169 ± 2.143 36.522 ±2.122 35.419 ± 1.971 37.633 ± 2.125 36.012 ± 2.345 

• t~~~~'W~{1'lJuiJ~ Era-Gel® 25 % rl~tC)ftl1'W 1 % U~~ SLS 0.1 % 

**tlij~~~'W~{1'lJuiJ~ Elastigel 2000C® 35 % U~~ SLS 0.1 % 

'''l~~~1i'W~{1'lJui1~ Elastige13000M® 20 % U~~f1~lC)ftl!'W 2 % 
00 
tv 



.:d : "" , "" <!:I "" "" _'4 "'" .:d ~ IIJ ~.:d "" ° ° ~111\l'VI 21 'Wl'H'Wn (lJn.) '\Jtl\lff'J'W~'J1U'ltlnUf1U~'l'~'l~~'WU'l~'~'l~~tH-H"lJUU\lGJj''W~~1\l'1'V1'nU n'V1~W'H.fJlJ 30 C U'l~ 40 C 75 % RH (n = . 
10, ~Wu~f.J ± SD) 

1~'1.YQ~ LDPE, 30°C dilJ1i' '1.YQ~ LDPE, 30°C lnu1i' 
G)fiJ~ 

<!:I <!:I <!:I <!:I o 11~'t)'W 3 1~'t)'W o 1 1~'t)'W 3 1~'t)'W 

"" .o::t.o::to , 
'~Cl~~ 'W'VIlJ~l'H'W If.J 45.450 ±1.219 46.523 ± 1.293 46.571 ± 1.214 45.186 ± 1.332 46.462 ± 1.518 46.480 ± 1.280 

· " ..,. .o::t.o::t .s 
l~Cl~~ 'U'VI1~'l f.J1J'U'W 44.626 ± 1.810 45.995 ± 1.823 46.105 ± 1.805 44.280 ± 1.462 45.928 ± 1.544 45.405 ±'1.585 

Era-Gel
®* 

48.427 ± 1.475 50.607 ± 1.565 50.210 ± 1.686 48.690 ± 1.482 50.905 ± 1.461 50.065 ± 1.691 

Eiastigel2000C 
®.* 

39.293 ± 0.966 40.427 ± 0.981 40.381 ± 1.238 39.555 ± 0.910 41.099 ± 0.983 40.694 ± 1.025 

Elastigel 3000M 
®*.. 

54.146 ± 1.250 56.292 ± 1.278 55.740 ± 2.119 55.300 ± 1.423 58.247 ± 1.546 57.960 ± 1.493 

i1l1riQ\l LDPE, 40 °c l~1Jii' 1dtl\l LDPE, 40°C lnuii' 
G)fU~ 

q 

<!:I ~ <!:I ~ o 1 ,~'t)'W 3 l~tl'W o 11~'t)'W 3 1~'t)'W 

"" .o::t.o::to , · 

l'lCl~~t.!l'llH)l'Y'lt.! ltl 

.o::t.o::t .s"" · " 
1'l"~~ t.!l'l1~1tllJ'U t.! 


Era-Gel
®* 


Elastigel 2000C 
®** 


®••• 
Elastigel 3000M 

45.089 ± 1.417 

44.732 ±1.585 

48.394 ± 1.598 

38.777 ± 1.097 

53.849 ± 1.585 

46.902 ± 1.727 

46.239 ± 1.845 

49.958 ± 1.685 

40.049 ± 1.110 

55.543 ± 1.667 

45.899 ± 1.343 

45.935 ± 1.843 

49.388 ± 1.659 

40.103 ± 1.144 

54.356 ± 1.776 

45.057 ± 1.792 

43.827 ± 1.298 

49.063 ± 1.095 

38.847 ± 1.309 

55.531 ± 1.952 

46.100 ± 1.846 

45.260 ± 1.373 

50.576 ± 1.158 

40.098 ± 1.405 

58.717 ± 1.921 

46.220 ± 1.981 

44.650 ± 1.513 

50.568 ± 1.170 

39.519 ± 1.371 

56.584 ± 1.843 

• "" _'4 ® .o::t "" 
l~"~~t.!YHYlJUu\l Era-Gel 25 % n"19f't)1t.! 1 % u,,~ SLS 0.1 % 

··l~Cl~~t.!~fflJUi1\l Elastige12000C® 35 % UCl~ SLS 0.1 % 

···l~Cl~~'W~ff1Jui1\l Elastige13000M® 20 % UCl~fl~19f't)1'W 2 % 
00 
VJ 



d 3J 3J' ~ "'" "'" _3.f """ d d II) 3Jd "'" ° ° ~l'jl~Y1 22 fl11lJl1'Ul (lJlJ.) 6ijfl~~1'W6ijl':]ff1'U~ltU,n)flUflu~"t'U"~~'UU,,~t'U"~~tHH1'lJUU~'lf'W~~1~'lY1lflU LdYlQWl11JlJ 30 C u,,~ 40 C 
, 

75 % RH (n = 30, fhm~rJ ±SD) 

'll1riQ~ LDPE, 30 °c t~u'l' 
'lfUll 

~ ~ o 1 tllfl'W 3 t~fl'W 
, 

"'" .r::\.r::\o , 

t'U,,~~ 'UYllJ 'U ll1'W lrJ 

"'" d .r::\ .1 
t'U,,~~ 'WYI t~'j rJlJ6ij'U 

®*
Era-Gel 


Elastigel 2000C 
®*. 


®... 
Elastigel 3000M 

0.122 ± 0.006 0.120 ±0.008 0.l22 ±0.007 

0.128 ± 0.019 0.128 ± 0.017 0.130 ± 0.018 

0.138 ± 0.010 0.138 ± 0.014 0.142 ± 0.012 

0.099 ± 0.008 0.101 ±0.010 0.104 ±0.009 

0.152 ± 0.013 0.162 ± 0.015 0.162 ± 0.016 

1riQ~ LDPE, 30 °c t~u'l' 
~ ~ o 1 t~fl'W 3 t~fl'W 

0.122 ± 0.006 0.121 ±0.007 0.122 ± 0.006 

0.125 ± 0.017 0.128 ±0.016 0.126 ±0.016 

0.135 ± 0.01l 0.142 ±0.012 0.140 ± 0.01l 

0.100 ± 0.009 0.106 ± 0.01l 0.107 ± 0.099 

0.152 ±0.01l 0.158 ± 0.014 0.161 ± 0.013 

lli1ritl~ LDPE, 40 °c t~uli' 
q 

1riQ~ LDPE, 40 °c t~uli' 
'lfUll 

~ ~ ~ ~ o 1 t~fl'U 3 t~fl'W o 1 t~fl'W 3 l~fl'W 
, 

"'" .r::\.r::\o , 

l'U"~~ 'UYllJ'Ull1'U lrJ 0.122 ± 0.006 0.132 ±0.009 0.139 ±0.008 0.122 ± 0.006 0.134 ± 0.009 0.132 ± 0.009 
, JI 

"'" .r::\.r::\ Cl 
t'U't'l~~'U'YU~'j rJlJ6ij'U 0.123 ± 0.018 0.135 ± 0.019 0.129 ±0.020 0.121 ± 0.013 0.133 ± 0.021 0.131 ±0.018 

Era-Gel 
®. 

0.140 ± 0.014 0.152 ±0.015 0.148 ±0.013 0.135 ± 0.010 0.144 ± 0.013 0.143 ± 0.014 

Elastigel 2000C 
®•• 

0.103 ± 0.006 0.107 ± 0.007 0.101 ±0.012 0.098 ± 0.006 0.104 ± 0.011 0.104 ± 0.008 

Eiastige13000M 
®... 

0.156 ± 0.014 0.176 ± 0.016 0.173 ± 0.017 0.154 ± 0.012 0.171 ±0.013 0.172 ±0.012 

• t'U't'l~~'Ur-IfflJUiJ~ E'fa-Gel® 25 % fl~t9ml'W 1 % U't'l~ SLS 0.1 % 

··l'U't'l~~'Ur-IfflJUiJ~ Elastigel2000C® 35 % U't'l~ SLS 0.1 % 

·"t'U"~~'Ur-IfflJU~~ Elastigel3000M® 20 % U"~fl~l9ffl~'W 2 % 
00 
~ 



d 31 31 I CV .:!t "'" "'" _~ "'" I d d II] 31 d "'" °° ~1)1~'Vl 23 fl11lJ'\1'Wl (lJlJ.) "Utl~~1'W"Ul~ff1'W~111hrtJfHlfl,j~~1'H'l~~'WU~~1~~~~'Wr-HYlJU1J~G))''W~~1~'l'Vl1fllJ n'Vl~Wl1fJlJ 30 c U~~ 40 C 
I 

75 % RH (n = 30, ~lm~tJ ± SD) 

111iriQ~ LDPE, 30°C tnlJl1 iriQ~ LDPE, 30°C tnul1 
~u~ 

.:!t .:!t .:!t .:!t o 1 t~fJ'W 3 t~t)'W o 1 t~fJU 3 t~fJ'W 

"'" <::1<::10 I 

1~~~~ 'W'VllJ~ll1'W ltJ 0.105 ± 0.004 0.108 ± 0.007 0.106 ± 0.004 0.105 ± 0.005 0.107 ± 0.005 0.106 ± 0.004 
I " "'" <::I <::I .,:g 

l~~~~'W'Vll~'j tJlJ"U'W 0.105 ±0.012 0.106 ± 0.013 0.107 ±0.012 0.105 ± 0.008 0.103 ± 0.016 0.107 ± 0.008 

Era-Gel 
®. 

0.119 ±0.010 0.124 ± 0.012 0.120 ± 0.023 0.120 ± 0.013 0.118 ± 0.023 0.122 ± 0.012 

Elastigel 2000C 
®•• 

0.093 ±0.007 0.093 ± 0.006 0.096 ± 0.008 0.095 ± 0.007 0.098 ± 0.007 0.098 ± 0.007 
®••• 

Elastigel 3000M 0.129 ±0.010 0.138 ± 0.011 0.138 ± 0.010 0.137 ± 0.012 0.145 ± 0.013 0.145 ±0.013 

111'rit)~ LDPE, 40°C tnlJl1 iriQ~ LDPE, 40°C tnlJl1 
q 

~u~ 
.:!t .:!t .:!t .:!t o 1 t~fJ'W 3 t~fJ'W o 11~tl'W 3 l~tl'W 

I 

"'" <::1<::10 I 

1~~~~'W'VllJ1l1'\1'W ltJ 

"'" <::II <::I .,:g " 

11l~~~'W'Vlt~'j tJlJ~U 

®. 
Era-Gel 

Elastigel 2000C 
®•• 

®••• 
Elastigel 3000M 

0.105 ±0.005 

0.106 ± 0.011 

0.115 ± 0.009 

0.095 ± 0.006 

0.128 ± 0.009 

0.113 ± 0.005 

0.115 ± 0.012 

0.126 ± 0.011 

0.100 ± 0.007· 

0.144 ± 0.011 

0.118 ± 0.006 

0.119 ± 0.014 

0.125 ± 0.008 

0.101 ± 0.005 

0.143 ± 0.011 

0.106 ± 0.005 

0.106 ± 0.012 

0.118 ± 0.009 

0.093 ± 0.008 

0.132 ± 0.010 

0.118 ± 0.010 

0.110 ± 0.022 

0.130 ±0.014 

0.100 ±0.009 

0.146 ± 0.010 

0.116 ± 0.008 

0.115 ± 0.012 

0.130 ± 0.012 

0.100 ±0.009 

0.150 ± 0.012 

• "'" _~ ® <::I "'" 
l~~~~'Wr.lfflJU1J\l Era-Gel 25 % f1~l9ffJ'j'W 1 % U~~ SLS 0.1 % 

··lll~~~Ur.lfflJUi1\l Elastigel2000C® 35 % U~~ SLS 0.1 % 

***t~~~~'Wr.lfflJUi1\l Elastige13000M® 20 % U~~f1~t9ftl~U 2 % 
00 
Vl 



d 'j}' ~ "'" "'" _301 """ d d liJ 'j} d "'" ° ° ~l'jl~'Vl 24 fllllJ'l1'Wl (lJlJ.) '\Jel~1I1'WU(11fJ~1'W~11U(1elf1UflU~(11~"~~'WU(1~t~(1~~'W~fflJUU~6}f'W11~1~'l'Vllf1U n'Vl~W'l15JlJ 30 C U(1~ 40 C 
, 

75 % RH (n = 10, fhm~fJ ± SD) 

'll'riQ~ LDPE, 30 °c 1~ul1 'riQ~ LDPE, 30 °c t~'U'~ 
6}fUl1 

~ ~ ~ ~ o 1 tllel'W 3 l11el'W 0 1 Ll1el'W 3 tllel'U 
, 

"'" <:1<:10 , 

L~(1~~'W'Vlll~ll'i'W lt1 0.l31 ±0.017 0.l34 ± 0.018 0.l33 ± 0.017 0.131±0.013 0.134 ± 0.013 0.l35 ± 0.013 
, " 

"'" <:I <:I ~ 
1~(1~~'W'Vl L~'j tlll'U'W 0.l14 ± 0.014 0.1l5 ± 0.015 0.1l7±0.016 0.l22 ± 0.014 0.124 ± 0.014 0.124 ± 0.015 

Era-Gel
®-

0.093 ±0.014 0.094 ± 0.005 0.097 ± 0.006 0.095 ±0.005 0.098 ±0.005 0.101 ±0.006 

®--Elastigel 2000C 0.07 ± 0.007 0.071 ± 0.006 0.072 ± 0.006 0.068 ± 0.004 0.071 ±0.005 0.068 ±0.005 

®---Elastigel 3000M 0.105 ± 0.008 0.113 ± 0.009 0.113 ± 0.008 0.102 ± 0.007 0.108 ± 0.012 0.1l3 ± 0.016 

'll'ritl~ LDPE, 40 °c 1~'Ul~ 'ritl~ LDPE, 40 °c t~'Ul~
q q 

'lfUl1 
~ ~ ~~ o 1 Ll1el'W 3 tl1el'W 0 1 Ll1el'W 3 tl1el'W 

"'" <:1<:10 , 

1~(1~~'W'VllJ~1'l1'W ltl 0.132 ± 0.010 0.146 ± 0.01l 0.148 ± 0.012 0.124 ±0.01l NA NA 
","" <:I <:I ~ 

1~(1~~ 'W'Vll~'j tllJ'U'W 0.1l0 ± 0.022 0.132* ± 0.034 0.l34* ± 0.028 0.1l7 ± 0.009 NA NA 

Era-Gel
®

0.095 ± 0.009 0.l04 ± 0.008 0.l02 ± 0.008 0.098 ± 0.008 0.104 ± 0.009 0.107 ± 0.01l 

Elastigel 2000C 
®.. 

0.068 ± 0.006 0.074 ± 0.008 0.074 ± 0.007 0.068 ± 0.004 NA NA 

Elastigel 3000M 
®-.. 

0.111 ±0.008 0.124 ± 0.010 0.124* ± 0.01 0.104 ±0.008 NA NA 
, , .... " " .:!l _I.!:I .1 "'" _ 1.::1 .1NA: lHnlJl'H11~fll ~L'Utl~\llmu'Hlfluflu~'Hfl~fll'Hu"t1'U(;u 

• L\l"~~'Wr-l'fflJui1~ Era-Gel® 25 % fl~LCJl'tll'W 1 % u,,~ SLS 0.1 % 

··L\l"~~'Wr-l'fflJui1~ Elastige12000C® 35 % LL"~ SLS 0.1 % 

···L\l"~~'Ur-l'fflJui1~ Elastigel 3000M® 20 % LL"~fl~lCJl'tll'U 2 % 00 
0'1 



~1'j~~~ 25 fll1lJl1Ul (lJlJ.) 6JJtl~~lUlhnmY1U~1!U~tlf1Ufl1J~-eWil~~~h'!u~~nH'l~~hH-rfflJu1J~GJfU~~1~~~!~1Ji~~~wcruJiJ 30 °c U~~ 40°C 
I 

75 % RH (n = 10, ~lm~fJ ± SD) 

i~'riQ~ LDPE, 30 °c !~1Ji1 'riQ~ LDPE, 30 °c !~1Ji1 
'b'U~ 

~ ~ ~ ~ o 1 !~tlU 3 !~tlU 0 1 !~tlU 3 !~tlU 
I 

"" <=:1<=:10 I 

!"~~~U'VllJ"ll1U lfJ 0.128 ± 0.010 0.131 ± 0.011 0.131 ± 0.010 0.134 ±0.008_. 0.138 ±0.009 0.137 ±0.009 
I " "" <=:I <=:I .::S 

!"~~~U'Vl!~'jfJlJ6JJU 0.110 ± 0.022 0.112 ± 0.025 0.123 ± 0.031 0.103 ± 0.012 0.105 ±0.013 0.105 ±0.012 

Era-Gel
®* 

0.093 ± 0.014 0.094 ± 0.017 0.095 ± 0.018 0.096 ± 0.004 0.010 ± 0.006 0.100 ± 0.007 

Elastigel 2000C 
®** 

0.079 ± 0.009 0.083 ± 0.010 0.082 ± 0.011 0.078 ± 0.006 0.079 ± 0.006 0.080 ± 0.006 

Elastigel 3000M 
®*** 

0.109 ± 0.009 0.113 ± 0.009 0.116 ± 0.010 0.102 ± 0.012 0.109 ±0.011 0.114 ± 0.014 

i~'riQ~ LDPE, 40 °c !~1Ji1 'riQ~ LDPE, 40 °c !~1Ji1 
'b'U~ 

~ ~ ~ ~ o 1 !~tlU 3 !~tlU 0 1 !~tlU 3 !~tlU 
I 

"" <=:1<=:10 I 

!m'l~~U'VllJ"ll1UlfJ 0.132 ±0.009 0.144 ± 0.008 0.145 ± 0.009 0.126 ± 0.008 NA NA 
I """ <=:I <=:I .::S 

!""~~U'YU~'j fJlJ6JJU 0.114 ± 0.016 0.123 ± 0.017 0.117 ±0.016 0.101 ± 0.014 0.110 ± 0.014 NA 

Era-Gel
®* 

0.094 ± 0.006 0.101 ± 0.007 0.101 ± 0.006 0.098 ±0.006 0.106 ±0.008 NA 

Elastigel 2000C 
®** 

0.076 ± 0.003 0.08 ±0.005 0.081 ± 0.005 0.077 ±0.005 NA NA 

Elastigel 3000M 
®*** 

0.108 ±0.009 0.12 ± 0.009 0.119 ± 0.009 0.109 ±0.01 - NA NA 
LI) I .,.. I "1" d tl <:!I tl "" tl od tlNA: llJn'llJl~Olllfll11lL\..Itl~~lflL tltlflLLfl CYtlLf)llf)l~L tltl\..l~ 

• L~tl~~\..Ir-.ln'lJLLij~ Era-Gel® 25 % f)~LCJ$tll\..l 1 % LLtl~ SLS 0.1 % 

"L~tl~~\..Ir-.ln'lJ1Lij~ Elastigel 2000C® 35 % 1Ltl~ SLS 0.1 % 

·"l~tl~~\..Ir-.ln'lJLLij~ Elastigel 3000M® 20 % LLtl~f)~lCJ$tll\..l 2 % 00 
-J 
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. 
d 

~l'Jl.:J'YI 26 

tlWl1.fllJ 30 °c u,,~ 40°C 75 % RH 
q 'II 

.dd 
fffl11~Y11fl1J 

.d d 
l1~lYllf)1J 

(1~t)'W) 
"'" QQ 

11l~~1lU'VllJ 

~l'Hlh£J 
Era-Gel

®* Elastigel 

2000C®** 

Elastigel 

3000M®*** 

o 13.24 13.12 11.51 12.19 10.63 

30°C 75 %RH 14.67 15.19 14.28 14.40 13.69 

1,j1-ff(J'l LDPE 3 15.05 15.56 14.94 14.50 15.09 

30°C 75 %RH 14.96 14.77 13.91 14.23 14.50 

3 15.55 15.84 1:1.95 14.60 15.64 

40 °C75 %RH 13.93 14.50 14.70 13.77 13.70 

3 15.26 15.48 15.29 14.16 15.56 

40 °C75 %RH 14.24 14.78 13.88 13.83 13.76 

3 16.19 16.08 16.05 14.91 16.71 

* "'" }-i ® d "'" 
HW~~'W~LUJUU\l Era-Gel 25 % fl"l9ftl'J'W 1 % U"~ SLS 0.1 % 

.* "'" -~ ® 
111"~~'W ~fflJUU\I Elastigel 2000C 35 % U"~ SLS 0.1 % 

***lll"~~'W~fflJUiJ\I Elastigel 3000M® 20 % lm~fl~l9ftl~'W 2 % 



.d QI d ~ .... .... A~ """ .d d 1I)"'.d .... 0 0 
1I111\lVl 27 1~£j~n"1f111Ullf111'J ('W1V1) 'Utl\lt1J"tlf1Ufl1J~"t~"~1I'WU"~L~"~1I'Wv.lfflJUU\l'b''W~1I1\l~'VlLf11J nVl~Wl1.fJlJ 30 C u,,~ 40 C 75 % 

, 
RH (n = 6, ~lm~£j ±SD) 

30°C 40°C 
d ~ y

'll11~ 'Y1L1"lL';jlJ~U 'hJiriq~ LDPE lriq~ LPDE hjlriq~ LDPE lriq~ LPDE 
4 4 4 4 4 4 4 4

1 L~flU 3 L~flU 1 l~flU 3 L~flU 1 L~flU 3 L~flU 1 L~flU 3 L~flU 

lll"~9luVin~l11tllfJ 3.13 ±0.48 2.70 ±0.55 2.93 ±0.90 2.48 ± 0.53 3.76 ± 1.54 3.89 ± 1.24 5.66 ±3.95 3.69 ± 0.63 4.43 ±2.50 
• 11 

L\l"~9luViL~~fJlJ~U 4.18 ± 1.19 5.88 ±2.85 6.12 ± 1.35 3.59 ± 1.54 6.16 ± 0.71 6.38 ± 2.15 26.3 ±4.99 8.59 ±4.08 11.00 ± 4.75 

Era-Gel®* 6.21 ± 1.46 7.14 ± 2.91 10.3 ± 3.00 5.53 ± 1.46 6.69 ± 3.13 15.5 ± 8.84 25.70 ±5.25 10.10 ± 2.87 11.4 ± 2.80 

®*.
Elastige12000C 4.65 ± 1.51 5.73 ± 2.14 6.65 ± 0.97 4.45 ± 0.74 5.66 ± 1.53 8.97 ± 5.37 15.00 ± 9.22 5.71 ± 0.47 13.9 ± 7.65 

®••• 
Elastigel3000M 8.01±1.37 9.13±2.40 9.60±3.03 7.28±1.03 8.90 ± 1.48 13.3 ±5.16 30.60 ± 8.50 11.4 ± 3.71 9.98 ± 1.83 

* t~"~~'Wv.lfflJUi1\l Era-Gel® 25 % f1~L9ftl~'W 1 % u,,~ SLS 0.1 % 

·*t~"~~'WY-lfflJUi1\l Elastige12000C® 35 % u,,~ SLS 0.1 % 

"*t~"~~'Wv.lfflJUi1\l Elastige13000M® 20 % U"~f1~LC]ftl5'W 2 % 

00 
\0 
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. . 
~Tn~Vl 28 f)1'j nJ'1 tJ1HVltJ1J91''W l'J'W f)1'j ~il~'j ~ldl~lU~flf)l1flU~'t'lVh~'1 mHnf)1ll't'l~~h'!U't'l~l 'il't'l~~'W 

~fflJUij~GJfiJ~~l\1'l 

'JI 'JI
nJ~t)fHlflU1" 11fllffl1 UllJ1W (nn.) ~'W11'W ('UTVI) Vl'Wl'J'U11lJ 91'W'Vl'U"1I"':) 

11)"::~'W~fflJll i1.:) ('UTY1~flnn.) 11)"::~'W ui1.:) 11)"::~'W ui1.:) ('U1V1) ('U1V1) 

11)"::~'Wfldl':)1~tl1 280 5,000 1,400,000 1,400,000 

Era-Gel 
®. 

60 1,250 3,750 75,000 1,050,000 1,125,000 275,000 

Elastigel 200OC 
®.. 

110 1,750 3,250 192,500 910,000 1,102,500 297,500 
®••• 

Elastigel 3000M 105 1,000 4,000 105,000 1,120,000 1,225,000 175,000 

• l1H'l~~'W~ff:JJUi1\1 Era-Gel® 25 % f)~l9m1'W 1 % U(;l~ SLS 0.1 % 

··lll(;l~~1"!~ff:JJUi1\1 Elastigel2000C® 35 % U(;l~ SLS 0.1 % 

···lll(;l~~'W~fflJUiJ\1 Elastigel 3000M® 20 % lm~f)~l9l'fl1'W 2 % 
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, 
~ 

1J'Yl'Yl 5 

~j'l1~Hlf)lji<ou
~ 

tll) U1 U iJ~ 11 111 Yl 'W ~ l1)(1~~UU 1~ -ffl'W ijfll11111J U i 1J i #I'ff111 i'u tlTj 1~~ tJlll1J~'r) tlUfl1J 9mG)fU~
'U 

U~~ l~tJi1itll)~ll#lltIUU1J'rillvi 1~tJuiJ~~1~1'Wtll)f1tl1:ni,rtJifij~~'Hll~ 8 G)fl1~ ~~U,j~11J'W 3 tl~ll
q q 

. "' . 
(1~~U~ffllUi1~ fll111'HU ~'\J'r)~ ffl) (1 ~(11tJ1)~l~ll~U lij'r) rYi tJU tlU ffl)(1~(1) tJ~.m~ l1)(1~~'W rw tJ~'r) th~ l~tJl 

4 d d , ." ,." Q _~ d ,d 9J d e%
U(1~lllm~) tJll l1l 'WUN'W YJ (1 11 UNU YJ (1111 1) (1~91 'W Nffll Uu~1)~lJfll1lJ'\J'W1(1 tl'W'r) tJU(1~llfll111rlhl~1l1 tl'\JU 

• q . 

G)fU~'\J'r)~ U11 ~~ ffl11l) tl1 ~Yl~ u Yl 'W l1)(1 ~~'W i #11 ~ tJ1 11ffl )(1~(11tJ~ 11J 'WI if'r)l~tJln'WU(1~111U~'WYJ rl'll~ij 
QlQ d II] j) , _~ d Q 11]'" _~ j} 9J ® _~ QI _ I 

fJWffllU~Yl1'Hlll~ffll !~Utl UlJ~'Vi)l1)(1~~ !'W9f'\J'r)~UlJ~'\Jlll1)l (Era-Gel), UlJ~~~UlJ) Elastigel 

® ® "i' _ IQ d d "" II] 9J 4
2000C U(1~ Elastigel 3000M !~tJlJ)1l1tl.!~~'l~'VlUYl'WYl11)(1~~'W!~ fI'r) 25 %, 35 % U(1~ 20 % 

9l111~lfl1J 1J1111tl.!11 i1~~l1'VlU~l1)(1~~'W ifffl11l) tI(1~~U YlU tll)Nil~l1J ~'r) tlUfl1J9f(1G)fU ~u~~ i#l'r)~l~
q 'U 

ffl)6Jf':w1 U tl) ~U lU tll) Nil~ l~'r)yh 111 U uu V;llvi(u tJtl~l 1~ll fll111 11'W l1T'J'r)~ U~'WYl"11 U(1~111 

ll~UYJ ftlJ~ ijfll1lJl1lJ1ff~ 11 ffll'r)lJ 1 tl~'W 
ril'W 1J) ~fWU~ 1'H lJl~fflJ'\J'r) ~ff~)~ li'U'ffl'Hi''U tl1) 1~~ tJll1 11 ~'r) tlU fl1J 9f(1 11)(1~~'W NfflJ u11 ~ 

'U 'U 

, " " . 
G)fU~~1~'llii#l1)ltltl1)f1tl1:ni~tJi1ijl1~'Hll~ 3 ~~) fl'r) 1) ~~)Yl1J)~tl'r)1J#llm1)(1~~lJNfflluiJ~ Era

® _IQ d d Q
Gel 25 %w/w 6ij'r)~lJ)lJ1tl.!'\J'r)~U6ij~ fl(119f'r))'W 1 %w/w 6ij'r)~ffl)(1~(11tJ U(1~ SLS 0.1 %w/w '\J'r)~ 

_IQ d d_1 9J Q _~ ® _IQ
lJ)lllW'U'r)~U'U~ 2) ~~)YllJ)~fl'r)U~lm1)(1~~UNffllUlJ~ Elastigel 2000C 35 %w/w '\J'r)~u)lJ1tl.! 

d _I"" d d _I 9J "" _~
'\J'r)~U'\J~ U(1~ SLS 0.1 % w/w "'r)~1J)llltl.!'\J'r)~U'U~ U(1~ 3) ~~)YlU)~tl'r)1J~lm1)(1~~'WNffllUlJ~ 

® _ I"" d d "" _~ QI"' 
Elastigel3000M 20 %w/w '\J'r)~1J)lJ1tl.!'\J'r)~U6ij~ U(1~tlm9f'r))'W 2 % w/w '\J'r)~ff1)(1~(11tJ UlJ~Yl~ffl11 

"'" ef d ~ QI "" II] 9J 9J d .% d QI d d 
G)fU ~'W ffllJ 1) tll~) tJlJ l U 'W ffl) (1 ~(11 tJNffll flU l1)" ~~'W !~ 1 '\Jll 11 'W 1'W 'r) 1~ til tl U II (1~ff1lJ1) tll~) till'1IlJ 

'U~'r) tlllflU 9f(1 G)fiJ~ II ~~ ~ ij fltl.! fflJiJ~fll{l tlfI~~ tllJ 1 U ~'r) fl1l flU 9f(1 ~ l~~ till 1)1 tl1 1)(1~~'W1-W tI~'r) ~1~'~tll 
'U q 'U 
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• 	 iI 

flWl1f1lJ~lfl':h 30 °c fl11lJ~'WfflJ~'Vllr 75 % 1~v11'j(H)1'WtI-3 LDPE 
q 	 'U q q 

ff111 f U-31 'W 1~v~'W ~ fl 111 fl1'j ij fl1'j fffl1:J 11~fl~WJ'W 1flW fflJU&16ijfl-31 11 ~fl flUfll19f~ GJrii~u ~-3 ~ 
q 	 'U 

• iI 

'1l~£J1J 1~£Jfl1'j1~ui1-3lJ1'V1~U'V1'W111~~&1'W111-3ri1'Wl,r~V-3~'W i~ufi fl11lJlff fl11lJV~l'IV'W U~~fl11lJfl-3 
q 

~1 1~'W~'W VVl-3 1 'j n~llJ fll'jfffl1:J l'd'V-3fl-3 1~ffllJl'jtllhui1-3lJl'V1 ~u 'V1 'W fll'j 1~111~~&1'W 1~i-3l'1lJ~1'W 

fll'jlll~£JlJl11i1flmlfll19f~GJrii~u~-3 ~-3if'W ~-3 fl1'jijfll'jfffl1:Jl~WJ 'W 1~fl1 ~Vflll1fffl1:Jl111GJrii~6ijfl-3Ui1-3~~ 
'U 

ul1 'jrl'W ~ 11 ~fl 1~11 iJ-3l'1 ~1 VGJrii ~ 'i1lJ fi'W l'I ~fll&1lJ f1'l'jrl'W ~ ~ 6)$1 Vl ~ lJ fJW f1'lJu&1~ ll'1lJ 1~ fflJ -ffl11 f 11 fl1'j 

11l~ £JlJ l11i1fl mlfll19f~GJrii~U~-3111 fl11iJ-31 ~V1li~fl-31~11l~~1l'W 'W fl fl111 flif V-3fl1'jfffl1:Jl ~~6ijfl-3 fl1'j l&1lJ iY 
'U 

~-3i1m~lJfYflVfl1~1'Wfl1'j~WJ'W l1flffGJr.tlW C¥l'llv-3~l1'j~flfl11 fll'j fl1V1",111'j~l'V1ff
'U 

3. 	 1~ 'Wl! 'W 1'V11-31'W fl1'j~WJ'W 1fl1'j 1-1 111iJ-3GJrU ~rl'W~ l'I ~fll ~£11 ~fll'l11111-3~~lll1'jGJrii ~ ll'1li 1 ~ fl 

1-1 llJl1~'V1~11'V1'W111~~&1'W1'W fl1) l~~ vlJll1i1flfll lfl119l'~GJrii~11~-3~ ij fltU fflJu&1~mlJ1~f1'lJ~fl i11 
'II q 
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'~fHH)f)9fl~~U 

'~fHH)f)9$19fihH~lHJ11um;,hJl'W'WiJ~~iiU~~'ff~lfl11~M~~lUYl1'W1itlmU'9$lflvn..!iJ9f~ill'W(;ll~
q 

fl~tl f)C)$19fil 'W~~l~U isoxazolyl penicillin l'li'Wl~{rHl1Jfl~tlf)9$lc)f~ii'Wu~~tltl f)9$l9f~il'W 1fl1-:J(;l~1-:JYl1-:J 

lfl~Uff~~~~1tl~ 35 1~fl~tlf)9$1c)filu~fl~tll1~1tltltl'W 2 ~1~f)~:lJl~UiJ~~~11~f)1i1~:Olf)fl~tlf)9f1~~ilu
~ q 

'~fl~tlf)9$lcHiiu~~1'Hl.htJYl1~f)11fi'11u1tllf)~tll9$1~mJ ilJiu'31~n~ il1fl~tlf)9$lcHilu i9$1~mjij~f)IH11~
~ 

1~lHNr-J~f)ftEij11 ~1f)11~~~ltJ1uJ111~~'tHltl~f)tl~tl~~lJ1f) ihil pKa l'Vhtl1J 2.7-2.8 l1~~afl'Ht!n 
ilJl~fl~ 470.33 (Parfitt, 1999) 

';1 I;t 

N-+-r-SVCH~ 
C~/-N~ "'CH~ 

o ~ 

CooH 

d " ~111~Yl 29 ,jtllJ~f)111Yi V1JlJ1~1illHh'Hi'1Jf)11l'11tJ1lJ1W'rlfl~Vf)9$lcHilu1utJ 1111tt51i f)111'11f)11 
~ ... 

~11f)~ui'~fti~tJ1~lfl~tl~(;lttlf) iYl1i~1~fil~tl{ (n = 3, ~11ll~V) 
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• 

• 	 'j/. • 

9lTJ1.:tij 30 fJWfflJU~'Vll.:tfH'IU,,~U1lJ1Wfl11lJ~U'Ufl.:tUNUYJr;llJl~\m~~uYiu'Vl'wYi~';wui1~1'WU1lJ1W~1~~ 
, ~ 

(fhl\l~U ± SD, n = 5 ~lVlf1JfJWfflJU~'Vll.:tfm, n = 3 rll11f1JU1lJ1Wfl11lJ~'W) 

5 68.656 ± 3.704 2.218 ± 0.292 14.60 ± 0.09 

10 62.211 ± 2.596 l.929 ± 0.122 14.62 ± 0.13 

15 58.226 ± 0.912 1.762 ± 0.133 15.10±0.09_'i 'J,I 'J,I 

U1J~'Ul11iijl 

20 50.353 ± 1.376 1.710 ± 0.068 14.54 ± 0.20 

25 35.687 ± 2.326 1.222 ± 0.095 14.07 ± 0.12 

30 23.497 ±0.605 0.906 ± 0.033 16.95 ± 0.23 

5 72.900 ± 2.993 1.821 ±0.022 14.54 ±0.19 

10 60.150 ± 2.062 1.648 ± 0.05 14.46 ± 0.07 

_'i 'J,I Q 

U1J~'Ul11Yi'WU1 	 15 54.595 ± 0.946 1.427 ± 0.071 14.56 ± 0.19 

20 42.568 ± 2.357 1.269 ± 0.023 14.03 ± 0.09 

25 30.935 ± 1.220 1.036 ± 0.049 14.22 ± 0.21 

5 68.665 ±1.968 2.005 ±0.050 15.07 ± 0.26 

lliJ~iJ'W 10 69.442 ± 2.089 1.950 ± 0.157 14.70 ±0.12 

rllU~11~.:t 15 50.251 ± 1.231 1.549 ±0.078 14.58 ± 0.11 

20 18.026 ± 4.354 0.839±0.110 14.28 ± 0.08 

5 79.772 ±2.355 2.054 ± 0.216 13.81 ± 0.18 

10 73.850 ± 1.721 2.899 ± 0.264 14.93 ±0.03 

15 68.847 ± 1.929 2.433 ± 0.105 14.39 ±0.08 

Era-Gel
® 

20 63.535 ± 1.024 2.312 ± 0.130 15.06 ±0.12 

25 65.517 ± 2.299 2.617 ± 0.073 14.40 ± 0.12 

30 54.072 ± l.221 2.244 ± 0.080 14.62 ± 0.18 

35 46.189 ± l.213 1.821 ± 0.094 13.55 ± 0.08 

http:15.10�0.09
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I 
<:t 

% flTiU'Vl'W'Vl 

(%)~ltJUi1-:] 

5 85.154 ± 1.643 1.808 ± 0.072 13.48 ± 0.28 

®
Alpha starch 

10 

15 

63.831 ± 2.528 

43.891 ± 2.826 

1.796 ±0.136 

1.276 ± 0.058 

14.68 ± 0.06 

14.33 + 0.10 

20 20.206 ±5.387 0.826 ±0.187 13.75 ± 0.09 

5 80.470 ± 2.446 1.951 ± 0.075 14.04 ± 0.47 

Elastigel 

1000J® 

10 

15 

20 

77.311 ± 2.130 

64.315 :t 1.178. 
51.706 ± 1.062 

2.695 ± 0.261 

1.964 ± 0.091 

1.896 ± 0.089 

14.89 ± 0.05 

14.80 ± 0.21 

14.53 ± 0.14 

25 52.386 ±2.023 2.074 ± 0.258 14.52 ±0.21 

Elastigel 

2000C® 

5 76.708 ± 3.862 

10 77.029 ± 1.904 

15 70.333 ± 1.371 

20 66.372 ± 2.018 

25 63.09 ± 1.659 

30 61.757 ± 2.254 

35 62.111 ± 1.038 

40 56.025 ± 1.784 

45 43.280 ± 1.114 

1.929--± 0.089 

2.344 ± 0.237 

2.376 ± 0.114 

2.078 ± 0.102 

2.179 ± 0.106 

2.254 ± 0.044 

2.358 ± 0.231 

1.859 ± 0.183 

1.387 ± 0.096 

13.77 ± 0.24 

14.67 ± 0.01 

15.02 ± 0.10 

14.10 ±0.13 

14.26 ± 0.04 

14.33 ± 0.08 

13.87 ± 0.06 

13.88 ± 0.09 

14.12 ± 0.04 

Elastigel 

3000M® 

5 85.166 ± 1.553 

10 74.345 ± 1.947 

15 68.174±2.706 

20 62.474 ± 1.042 

25 41.718 ± 2.727 

30 39.161 ± 1.22 

1.902 ± 0.064 

1.929 ± 0.073 

1.878 ± 0.087 

2.177 ± 0.115 

1.406 ± 0.113 

1.251 ± 0.070 

13.69 ±0.38 

14.78 ± 0.08 

14.78 ± 0.04 

14.63 ± 0.26 

13.76 ± 0.15 

14.35 ± 0.04 

o 86.149 ± 3.839 2.537 ± 0.275 14.16 ± 0.10 



I 91 • • 

~l'n~Vi 31 fJW~lJ'lJ~'Vll~fl/;lU/;l~1l~lJ1Wfll1lJt}fl.J6ijV~UNl.JlhllJ~'i)/;l~~'Ur.Hl'lJu1J~Viihn1t~~lJ~flTY'/'Ynn~~fl''U1l~lJ1W~1~'l (fhm~EJ ± SD, n = 5 

. " 
-ffl'11i'tJfJwTI'l.nj~'Vll~fl/;l, n = 3 -ffl'11i'U1l1lJ1Wfll1lJt}f'U) 

I ~ tI . ~ _3-l ® 
UH'Ul"I /;llJ~'i){I~~'WH~lJttlJ\I Era-Gel 25 % 

, 
I ~ 2 " 

1l1lJ1W'ffl1t'ff1lJ fllf111lJ~fI'W~~~~ (N/lJlJ. ) f11f111lJ EJl1ViV~ VV flnVU 6ijl~ (lJlJ.) 1l1lJ1Wfl11lJt}f'W (%) 

tic:. tic:. tI~ "" ~ "" ~TI'fllVlVl/;ll'ff~fl (%) fl{l~C})'V1'U C})'V1U'VlV/;l fl~!C})'V1U C})'V1U'VlV/;l fl{l!C})'V1'W C})'V1U'VlV/;l 

o . 65.517 ±2.299 65.517 ±2.299 2.617 ± 0.073 2.617 ± 0.073 14.40 ± 0.12 14.40 ±0.12 

62.095 ± 1.452 56.581± 0.443 2.485 ± 0.029 2.207 ± 0.067 13.28 ± 0.20 12.96 ± 0.02 

2 59.729 ± 1.622 58.527 ± 0.238 2.322 ± 0.053 2.398 ± 0.097 12.06 ± 0.17 12.91 ± 0.13 

3 49.161 ± 1.035 63.382 ± 0.967 2.315±0.018 2.522 ± 0.275 11.65 ± 0.42 12.20 ± 0.13 

4 39.747 ±1.692 49.360 ± 1.033 3.399 ± 0.166 2.446 ±0.118 11.51±0.39 12.31±0.16 

5 15.831 ± 0.293 44.616 ± 0.612 19.964± 1.605 2.950 ± 0.083 12.42 ± 0.04 12.92 ± 0.44 

6 31.307± 1.150 9.637 ± 1.179 12.23 ± 0.31 

7 26.449 ± 0.932 10.585 ±0.756 12.49 ± 0.42 

10 21.500 ± 0.610 28.876 ± 0.635 11.87 ± 0.19 

l-' 

o 
0\ 

http:12.31�0.16
http:11.51�0.39


~l'jl~Yi 31 (~ f)) 

I :':i 11' "'" _!J.l ® 
Uv.l'W1"i~:JJ!~~~~'Urll:1':JJUIN Eiastige12000C 35 % 

I ~ 2 I d~ I " tl~:JJ1UHn'j!~~:JJ fllfl1l:JJ!fl'U~\lq'~ (N/:JJ:JJ. ) fll fl1l:JJ til TYl tI~ f)f) f) f)f)'U '\.11 ~ (:JJ:JJ.) lH:JJ1Wfl1l:JJ~'U (%) 
11'"", 11'"", ,?"",d "'" d "'"~1)l'YW~~l~~f) (%) f)~!C}ff)'j'W C}ff)'j1J'VIf)~ f)~!C}ff)~'U 9ff)'j 1J 'VI f)" f)~!C}ff)'j'W C}ff) 'j1J 'VI f) ~ 

o 62.111 ± 1.038 62.111 ± 1.038 2.358 ± 0.231 2.358 ± 0.231 13.87 ± 0.06 13.87 ± 0.06 

53.751 ± 2,460 59.710 ± 1,413 1.674 ± 0.l34 1.730 ±0.067 13.12 ± 0.04 13.02 ± 0.09 

2 49.592 ± 1.696 55.773 ± 1.925 1.605 ± 0.067 1.630 ±0.148 11,45 ± 0.24 12.39 ± 0.15 

3 29.768 ±1.053 44.551 ± 0.890 2.648 ±0.135 1.767 ±0.082 11.86 ±0.28 13.04 ± 0.21 

4 17.522 ± 0.774 44.674 ± 1.263 5.590 ±0.650 1.814 ± 0.060 11.63 ±0.31 12.65 ± 0.19 

5 10.086 ± 1.323 32.745 ±2.051 16.896 ± 1.762 2.229 ± 0.224 14.91 ± 0.33 13.24 ± 0.28 

6 31.313 ±l.187 2.759 ±0.103 12.38 ± 0.12 

7 23.253 ± 0.997 4.993 ± 1.086 12.09 ± 0.30 

10 13.283 ± 0,463 25.732 ± 1.141 13.56 ±0.24 

.......... 

o 
........:J 




\Pl1~1~Yi 31 (~tl) 

I ::7t d" "'" _3.j ® 
U~'W11~lHll~~\Plt.Jr-rtYlJU1N Elastige13000M 20 % 

115lJ1ilHn'H{1~lJ 
I ~ 2 
fi1fi11lJ!fit.J~~~~ (N/lJlJ. ) 

I ..:::I~ I 

fi1 fi 11lJ CJ11'Yl CJ~ tl tl fl fl tl 'W "1 ~ (lJ lJ.) 11~lJ1W fi11lJ~'W (%) 
~ 

{1flll1YHn{1~fl (%) ..:::I "'" fl ~Wb'tl ~ t.J 
d""", 

9l'tl'j'U'Yltl~ fl~l9l'tl5'W 
d".t::> 

9l'tl'j' U'Yltl ~ fl~lC))'tl5'W 
d""", 

9l'tl~U'Yltl~ 

o 62.474 ± l.042 62.474 ± l.042 2.177 ± 0.115 2.177 ± 0.115 14.63 ± 0.26 14.63 ± 0.26 

64.044 ± l.561 6l.364 ± 2.006 2.158 ±0.046 2.035 ±0.029 13.16±0.09 13.81±0.17 

2 56.710 ±4.190 61.023 ± 1.583 2.338 ± 0.077 2.224 ±0.084 12.21 ± 0.38 13.40 ± 0.22 

3 61.645 ± 1.252 67.461 ±0.1.064 2.361 ±0.056 2.382 ±0.092 11.03 ± 0.12 12.36 ± 0.11 

4 39.994 ± 0.954 64.150 ± 1.500 2.717 ±0.055 2.493 ± 0.075 11.36 ± 0.36 11.94 ± 0.27 

5 23.990 ± 1.680 57.634 ± 1.060 9.660 ± 1.200 2.457 ± 0.168 11.86 ± 0.30 12.74 ± 0.29 

6 47.066 ± 1.449 3.034 ± 0.0.148 12.27 ± 0.23 

7 22.159 ± 1.862 8.658 ± 1.547 13.04 ± 0.23 

10 18.140 ±0.843 25.560 ± 1.032 13.26 ±0.37 

I-' 

o 
00 
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.d " , 

~l'j1-:J'Vl 32 fl 

q 
WLl'lJU~ 'Vl1-:J fHH m~u~ lJ1W fll1lJ9$'U SUeN ll~'UYJrl'lJl~ ,,~~ 'UYl ij Ll'111(;1'~ lJ(;1' .f)ll1Ym1Ll'~fl 


U~lJ1W~1-:J~~-:Jlfill'~~flW"UJiJ 40°C 75 %RH l~'Un"l~l,:j~ (~lm~f.J ± SD) 

~lfll1lJ!{{'U(;1'-:J(;1'~ (N/lJlJ.
2
) (n = 5)

'1.1 q 

n"l 

2% 4% 2% 4% 


o 88.404 ± 2.553 69.390 ± 7.965 49.931 ± 1.200 70.371 ± 7.563 75.514 ± 3.064 

85.311 ± 3.755 69.342 ± 3.887 32.524 ± 1.090 71.771 ± 1.602 69.077 ± 2.167 

2 96.007 ± 2.637 74.630 ± 1.986 33.249 ± 2.901 90.429 ± 2.61 73.187 ± 0.694 

4 97.546 ± 0.880 65.000 ± 1.324 22.731 ± 1.561 89.837 ± 1.497 66.712 ±2.604 

8 97.614 ± 1.143 67.697 ± 2.458 21.308 ± 0.887 82.110± 1.331 55.215 ±2.383 

12 91.739 ± 1.509 49.591 ± 2.036 15.072 ± 0.571 85.261 ±4.727 44.719 ± l.636 

, <:14 , 

fl1fll1lJtJ11'VltJ~flf)flf)f)'USU1~ CJJlJ.) (n = 5) 

2% 4% 2% 4% 


o 2.652 ± 0.126 2.069 ± 0.345 4.145 ± 0.422 1.681 ± 0.254 2.992 ± 0.388 

2.49 ± 0.065 2.029 ± 0.24 13.584 ± 1.289 2.501 ± 0.109 2.914 ± 0.062 

2 2.43 ± 0.077 2.821 ± 0.061 14.322 ± 1.916 2.77 ± 0.049 3.651 ± 0.166 

4 2.626 ± 0.068 2.791±0.131 19.902 ± 2.029 2.791 ± 0.065 3.642 ± 0.265 

8 2.518 ± 0.037 2.856 ± 0.053 21.416 ± 1.075 2.626 ± 0.062 3.917 ± 0.844 

12 2.532 ± 0.071 3.962 ± 0.306 22.856 ± 0.343 2.728 ± 0.090 5.588 ± 0.855 
'iI 

U~lJ1Wfll1lJ9$'W (%) (n = 3) 

n"l '1iij(;1'l'HLl'~lJ 

(ffU~lM) (;1'.f)ll1l1"lff~fl 2% 4% 2% 4% 


o 14.24 ± 0.06 

14.15 ± 0.04 

2 13.517 ± 0.05 

4 13.86 ± 0.13 

8 14.23 ± 0.17 

12 14.49 ± 0.12 

12.02 ± 0.07 

12.29 ± 0.08 

12.12 ± 0.01 

12.61 ± 0.53 

13.70 ± 0.37 

13.59 ± 0.37 

11.865 ± 0.28 

12.64 ± 0.13 

12.02 ± 0.03 

13.58 ± 0.08 

12.98 ± 0.19 

14.04 ± 0.07 

12.90±0.13 

12.93 ± 0.12 

13.05 ± 0.03 

14.04 ± 0.05 

13.56 ± 0.15 

13.65 ± 0.12 

12.64 ± 0.04 

12.71 ± 0.01 

12.61 ± 0.16 

13.38 ± 0.13 

12.90±0.11 

13.43 ± 0.02 

http:12.90�0.11
http:12.90�0.13
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llnl~li 33 f1tlH"lJiJ~'Vll.:;JfI~U~~tJ1lJ1Wfl11lJ~'W6ijeJ.:;JUf,h.JYJ~lJ~'\l,,~~h.!rHYlJlli1~ Era-Gel® 25 % VilJ'ffl'.i 
q 

rff1lJfffll~~"1'ff~f1tJ1lJltU~1.:;J'l~.:;J~~1J'11~~tlJ'ruJiJ 40°C 75 %RH ~~'Wn~l~l.:;J'l (fhm~rJ ± SD) 

I ~ 2 
f11f111lJ~f1'W~~,!~ (N/lJlJ. ) (n = 5) 

2% 4% 2% 4% 


o 61.527 ± 2.781 59.400 ± 1.094 40.466 ± 1.357 64.539 ± 0.647 64.020 ± 1.653 

64.837 ± 1.611 7l.109 ± 3.701 35.765 ± 3.245 70.143 ± 2.903 61.753 ± 1.684 

2 79.110 ± 1.316 68.988 ± 2.201 44.824 ±1.481 69.613 ± 3.907 71.092 ± 1.625 

4 69.160 ± 1.763 56.905 ± 0.763 27.384 ± 1.691 73.581 ± 1.365 68.911 ± 1.396 

8 ~5.234 ± 1.898 45.143 ± 1.138 10.509±1.17 68.096 ± 2.307 46.129 ± 0.885 

12 70. i59 ± 2.915 46.647 ± 1.739 15.389 ± 1.276 62.766 ± 1.733 4l.769 ± 0.466 

I .ct.:!t I 

f11f111lJm1'VlrJ~eJeJflfleJlJ6ijl~ (lJlJ.) (n = 5) 

2% 4% 2% 4% 


o 2.477±O.l57 2.521 ± 0.060 2.980 ± 0.11 0 2.390 ± 0.221 2.852 ±0.087 

2.228 ± 0.0.034 2.457 ± 0.324 2.854 ± 0.195 2.500 ± 0.059 2.814 ± 0.12 

2 2.510 ± 0.066 2.736 ± 0.080 2.749 ± 0.084 2.547 ± 0.015 2.656 ± 0.043 

4 2.293 ± 0.042 2.672 ± 0.151 3.828 ± 0.451 2.427 ± 0.050 2.751 ± 0.092 

8 2.078 ± 0.047 2.477 ± 0.123 9.989 ± 0.566 2.460 ± 0.1 05 2.713 ± 0.179 

12 2.324 ± 0.072 
iI 

~ I"" .:!tu'jlJ1Wfl11lJ6}f'\..J (0/0) (n = 3) 

2.639 ± 0.127 15.124 ± 0.565 2.412 ± 0.158 2.764 ± 0.035 

n~l 'liij'ffl'j~'ff1lJ 


(fftJ~lM) 'fffll~~"l'ff~f1 2% 4% 2% 4% 


o 14.43 ± 0.08 

l3.74 ± 0.04 

2 13.80 ± 0.24 

4 14.48 ± 0.01 

8 13.005 ± 0.08 

12 13.20 ± 0.62 

12.58 ± 0.08 

12.23 ± 0.01 

12.53 ± 0.02 

12.85 ± 0.11 

12.20 ± 0.41 

12.09 ± 0.14 

11.75 ± 0.20 

11.72±0.10 

12.10 ± 0.30 

12.58 ± 0.40 

12.14 ± 0.17 

12.74 ± 0.49 

l3.12 ± 0.05 

12.64 ± 0.12 

l3.07 ± 0.10 

12.21 ± 0.06 

12.43 ± 0.12 

12.93 ± 0.04 

12.58 ± 0.06 

12.01 ± 0.02 

12.02 ± 0.12 

11.95±0.15 

12.78 ± 0.08 

12.37 ± 0.39 

http:11.95�0.15
http:11.72�0.10
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, 'JI 

~l'Jl,rVl 34 fJUHYlJ,j~'YI1~fl"lm~U~lJltufl11lJ~'W6ijf)~u~'WyhllJlll,,~~hJ~HYlJui1~ Elastigel 2000C® 35 % 

~ljftl'Jlff~lJfffll'Vi'Vi"lft~flU~lJltu~1~'l~~1~ul1~~tul1fJiJ 40°C 75 %RH lrJ'Wn~l~l':]'l (~lm~tJ ± 

SD) 

," 2
fllf111lJlfl'U~':),!~ (N/lJlJ. ) (n = 5) 

n~l lljljffl'Jlft~lJ 


(ffU~lM) fffll'Vi'Vi"lft~fl 2% 4% 2% 4% 


o 66.753 ± 4.03 58.566 ± 1.81 40.184 ± 0.805 63.308 ± 1.362 59.436 ± 0.823 

74.262 ± 1.808 54.708 ± 2.652 39.494 ± 1.645 68.592 ±2.379 55.282 ± 2.234 

2 77.962 ± 1.938 66.477 ± 0.989 25.759 ± 0.131 68.641 ± 3.017 63.436 ± 1.613 

4 

8 

71.555 ± 1.718 

75.950 ± 3.144 

54.979 ± 0.634 

52.338 ± 1.498 

32.185 + 1.819-: . 
, 

15.324 ± 0.749 

64.337 ±2.454 

59.914 ± 2.59 

52.016 ± 1.707 

58.167 ± 2.01 

12 74.368 ± 0.956 47.466 ± 2.243 13.205 ± 0.812 63.395 ± 2.221 52.803 ± 1.516 

, .<::I~ , 

fllf111lJtJ11'Y1tJ~f)f)flflf)'W6ijl~ (lJlJ.) (n = 5) 

2% 4% 2% 4% 


o 2.287 ± 0.068 1.984 ± 0.117 2.333 ± 0.051 1.899 ± 0.124 2.22 ± 0.204 

2.244 ± 0.0.097 1.844 ± 0.082 2.257 ± 0.043 2.017 ± 0.056 2.007 ± 0.079 

2 2.295 ± 0.056 2.142 ± 0.058 2.733 ± 0.235 1.886 ± 0.031 2.079 ±0.105 

4 2.234 ± 0.064 1.907 ± 0.033 2.019 ± 0.082 1.962 ± 0.126 2.007 ±0.064 

8 2.244 ± 0.091 2.021 ± 0.059 7.076 ± 0.711 1.674 ± 0.093 2.119 ±0.039 

12 2.249 ± 0.031 

" ~I"'" ~ lJ'JlJltufll1lJ'lfU (%) (n = 3) 

1.890 ± 0.046 6.426 ± 0.470 1.81 ± 0.062 2.167 ± 0.037 

2% 4% 2% 4% 


o 13.52 ± 0.01 

13.70 ± 0.05 

2 13.20 ± 0.14 

4 13.77 ± 0.12 

8 13.55 ± 0.08 

12 13.32 ± 0.20 

12.32 ± 0.14 

11.90 ± 0.14 

11.56 ±0.11 

12.48 ± 0.05 

12.31 ± 0.27 

12.36 ± 0.04 

11.37 ± 0.14 

11.65 ± 0.24 

11.57 ± 0.11 

11.08 ± 0.32 

12.01 ±0.25 

12.20 ± 0.24 

12.42 ± 0.15 

12.19 ± 0.02 

12.06 ± 0.03 

12.74 ± 0.03 

12.58±0.19 

12.44 ± 0.06 

12.33 ± 0.11 

12.02 ± 0.03 

11.571 ± 0.10 

12.74 ± 0.58 

12.37±0.16 

12.02 ± 0.16 

http:12.37�0.16
http:12.58�0.19
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. ~ 

~l'Jl,rVi 35 fJtlH"lJU~Yn~fH:Hm~1.J~lJ1Wfl11lJ~'W6ijt)~u~'WYhllJ1~~~&h.J~H"lJUi1~ Elastigel 3000M® 20 % 

~~ffl'J!{1'~lJfffll~~~lff~mJ~lJ1W~h~'1~~!~lJli'~t;Pl.!11.fJiJ 40°C 75 %RH 111l-H1~1~1~'1 (~1!'Q~tJ ± 

SD) 

''JJ 2 
fllf111tHfI'W~~~~ (N/lJlJ. ) (n = 5) 

.::I rI"""""" n~l 1lJ~ff1'Jlff~ lJ fl~!C]ft)'J'W C]ft)'J lJ 'Vlt) ~ 

"""(rl'1.J~lM) {l'fll'Vf~~lff~ fl 2% 4% 2% 4% 

0 71.603 ± 1.923 67.085 ± 1.465 36.301 ± 0.896 68.959 ± 1.89 60.776 ± 1.748 

78.119 ± 1.13 64.654 ± 2.698 44.418 ± 1.654 73.517±3.828 64.745 ± 0.445 

2 73.624 ± 2.258 63.32 ± 2.28 37.444 ± 1.645 68.579 ± 1.500 56.018± 0.617 

4 78.968 ± 1.612 69.492 ±1.232 25.806 ± 1.602 78.139 ± 3.272 67.081 ± 1.~1~ 

8 76.538 ± 2.398 50.18 ± 1.035 15.558 ±0.332 68.924 ± 1.48 45.224 ± 0.903 

12 72.339 ±3.964 56.18 ± 2.466 17.781 ± 1.408 66.883 ± 2.919 46.196± 1.763 . 
, ""4, 
fllfl11lJmTvw~t)t)flflt)'W6ijl~ (lJlJ.).(n = 5) 

.::I rI"",""" n~l 1lJii{l'1'J 1{l'~ lJ fl~lC]ft)'J'W 9ft)'jlJ'Vlt)~ 

"""(rl'U~lM) fffll'W~~lff~fl 2% 4% 2% 4% 

0 2.214 ± 0.012 2.471 ±0.087 4.804 ± 0.437 2.147 ±0.099 2.21 ± 0.042 

2.2'12 ± 0.0.028 2.306 ± 0.066 3.296 ±0.284 2.126 ± 0.172 2.243 ±0.065 

2 2.073 ± 0.016 2.309 ± 0.149 3.188 ± 0.289 2.15 ± 0.048 2.276 ± 0.053 

4 1.988 ± 0.057 2.309 ±0.073 8.45 ± 1.159 2.298 ± 0.076 2.422 ± 0.058 

8 2.141 ± 0.085 2.283± 0.052 13.502 ± 0.749 2.334 ± 0.072 2.585 ± 0.112 

12 2.065 ± 0.104 2.323 ± 0.06 16.976± 1.514 2.16 ± 0.149 2.662 ± 0.143 
ii 

1.J""" 4'JlJ1Wfl11lJ'1f'W (%) (n = 3) 

.::I rI"",""" n~l 1lJii{1'1'JH"~lJ flmC]ft)'J'W 9ft) 'J lJ 'Vl t) ~ 

"""(rl'1.J~lM) {l'fll'VrW ~1ff ~ fl 2% 4% 2% 4% 

a 14.48 ± 0.75 12.77 ± 0.14 12.09 ± 0.29 13.46 ± 0.80 12.85 ± 0.71 

14.06 ±0.08 12.33 ±0.08 12.28 ± 0.03 13.01 ± 0.07 12.69 ± 0.24 

2 13.86 ± 0.08 12.43 ± 0.18 11.55 ± 0.23 12.67 ±0,07 12.52 ± 0.04 

4 13.54 ± 0.01 12.00 ± 0.40 12.06 ± 0.18 12.42 ±0.28 12.08 ± 0.17 

8 13.81 ± 0.14 12.32 ± 0.04 12.19 ± 0.05 13.35 ± 0.43 12.67 ± 0.37 

12 13.41 ± 0.01 12.66 ± 0.15 12.52 ± 0.07 12.54 ±0.07 12.60 ± 0.10 
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)9l1'.n'l~ 36 <j~tI~n~lfll<jU)9lfl~Tlm'l!U~t)flUflU~~H"'i:l~~hHm~!,,~~$ilJ~-n"lJui1'lG)j'iJll~1'1'1 ill n~l 
~ 9J

!<jlJ)9llJ (n = 6) 

, 
<j~tI~n~lfll<jU)9lfl~1 (lJ1Yl) EUt)'l~,;)t)dl'lYl 

2 3 4 5 6 

, .<:! 

fllm~tI SD 

2.22 3.00 3.25 3.38 3.42 3.51 3.13 0.48 

2.55 3.02 4.31 4.42 5.31 5.48 4.18 1.19 

Era-Gel
®* 

4.55 5.17 5.30 6.51 7.39 8.32 6.21 1.46 

Elastigel 2000e
®** 

2.46 3.48 4.42 5.09 6.07 6.37 4.65 1.51 

Elastigel 3000M ®*** 
6.04 7.06 8.15 8.24 8.47 10.09 8.01 1.37 

*!,,~~$ilJ~tYl.lui1\l Era-Gel® 25 % fl~!9ft)1lJ 1 % U~~ SLS 0.1 % 

** "'" _3-1 ® 
n)~~)9ll.l~tYW!u\l Elastigel2000e 35 % U~~ SLS 0.1 % 

*"!"'i:l~$ilJ~r;ylJui1\l Elastigel3000M® 20 % U~~fl~!9ft)1lJ 2 % 
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~1l1'1~ 37 1~tJ~n"lfll1U~fl~1&)Jtl'lltJiitlflUfl1J~"1~"~~h!U(;'l~1~(;'l~~'W~H"lJUi1'lGJfiJ~~1'1G") YI~'1~lm~1J 
i~ 1~l-Hl(;'l111~tl'W (n = 6) 

do:; 
ff.f)11~'YUflU 

2 3 4 5 6 

nHl~~'W~ij 

~Tl1l11(J 

llilrlQ'l 30°C 

lrltl'l 30°C 
~ 

llilrlQ'l40 °e 

2 

2.05 

2.57 

2.26 

2.16 

3.15 

2.37 

2.24 

3.22 

3.09 

2.37 

3.55 

3.17 

2.54 

5.31 

3.29 

3.49 

5.55 

2.70 

2.48 

3.89 

0.55 

0.53 

1.24 

lrltl'l 40°C 
q 3 3.12 3.27 4.03 4.27 4.44 3.69 0.63 

llilrlQ'l 30°C 3.00 4.24 5.21 5.4 6.21 11.24 5.88 2.85 

lrlQ'l30 °e 2.01 2.30 2.45 4.12 5.07 5.58 3.59 1.54 

llilrlQ'l 40°C 4.28 5.31 5.5 6.14 6.57 10.47 6.38 2.15 

lrlQ'l40 °e 3.48 5.57 7.24 8.49 13.21 13.57 8.59 4.08 

llilrlQ'l 30°C 4.03 5.49 6.38 7.04 7.35 12.55 7.14 2.91 

lrlQ'l30 °e 3.34 4.43 5.39 6.17 6.54 7.33 5.53 l.46 
Era-Gel®'" 

llilrlQ'l40 °e 5.47 7.30 12.42 17.02 22.09 28.45 15.46 8.84 

lriQ'l40 °c 5.43 8.22 10.31 11.02 12.16 13.35 10.08 2.86 

11ilrltl'l 30 ° e 3.34 4.19 5.42 5.55 6.41 9.49 5.73 2.14 
q 

Elastigel lrlQ'l 30°C 3.43 4.07 4.14 4.46 5.23 5.37 4.45 0.74 

2000e®'" 1111rlQ~ 40°C 3.51 5.42 6.24 7.2 15.36 16.06 8.97 5.37 

lriq'l40 °e 5.28 5.35 5.48 5.57 6.08 6.47 5.71 0.47 

llilriq'l30 °e 6.35 7.29 8.15 9.01 11.59 12.38 9.13 2.40 

Elastigel lriq'l30 °e 6.24 6.32 7.02 7.4 7.51 9.07 7.26 1.03 

3000M®'"- llilriQ'l40 °e 8.40 9.50 10.20 12.11 19.42 20.10 13.29 5.16 

lriq'l40 °e 7.05 8.24 9.48 13.35 14.08 16.43 11.44 3.71 

• HH'I~~h.tmYlJui1-3 Era-Gel® 25 % fI~hC)${)~'W 1 % ll"~ SLS 0.1 % 

··lll"::~'Wf·H1'lJUi1-3 Elastigel2000C® 35 % Im~ SLS 0.1 % 

···lll"::~'WYHl'lJlli1-3 Elastigel 3000M® 20 % H"~fI~lC)${)~'W 2 % 
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~1'Jl-:J~ 38 'j~tJ~rHnf11'jU~f1~lGUU-:J~U~Um~flU9fr;Wil"~~'WU"~t'i)"~~'W~'H"lJUiJ-:Jc1fWll~l-:J'l l1~-:J'i)lm~1J
'U 

1i l~t.Hl"l 3 l~U'W (n = 6) 

~d 
~fll1~CVHf)1J 

2 3 4 5 6 

l'H,~~u.yHj 

~ll1tht'J 

1,j1riQ~ 30°C 

1riQ.:J 30°C 

1,j1riQ~ 40°C 

1riQ~ 40°C 

1riQ.:J 30°C 

1,j1ritH 40°C, 

2.00 

2.27 

2.4 

2.37 

4.50 

5.45 

21.22 

7.18 

2.19 

2.38 

2.51 

2.5 

5.03 

5.54 

21.44 

7.24 

2.47 

3.07 

3.37 

3.14 

6.10 

6.02 

24.15 

8.02 

3.01 

4.01 

4.37 

3.39 

6.27 

6.13 

26.34 

10.06 

3.56 

4.48 

10.12 

7.08 

6.44 

6.37 

32.00 

15.21 

4.34 

6.33 

11.21 

8.12 

8.39 

7.42 

32.45 

18.53 

2.93 

3.76 

5.66 

4.43 

6.12 

6.16 

26.27 

1l.04 

0.90 

1.54 

3.95 

2.50 

1.35 

0.71 

4.99 

4.75 

1,j1riQ.:J 30°C 6.06 7.55 10.57 11.05 12.14 14.21 10.26 2.99 

1riQ~ 30°C 3.07 4.19 5.33 7.02 9.30 1l.24 6.69 3.12®*
Era-Gel 

lli1riQ.:J 40 °C 18.20 23.49 24.16 25.47 29.43 33.45 25.70 5.24 

1riQ-:J 40°C 8.17 9.40 10.45 1l.03 14.27 15.33 11.44 2.80 

1,j1riQ.:J 30 °C 5.42 6.11 6.29 6.55 7.36 8.15 6.65 0.97 

Elastigel 1rif.H 30°C, 3.00 5.27 5.48 6.21 6.48 7.51 5.66 1.53 

2000C®** 1,j1riQ.:J 40°C 6.35 7.21 7.56 18.02 24.52 26.58 15.04 9.22 

1ri(l.:J 40°C, 7.03 8.10 9.40 12.18 2l.33 25.45 13.92 7.65 

l1i1riQ-:J 30°C 6.45 7.23 8.33 9.09 12.34 14.18 9.60 3.03 

Elastigel 1riQ~ 30°C 6.20 8.46 9.01 9.38 10.05 10.29 8.90 1.48 

3000M®*** l1i1riQ.:J 40°C 15.11 27.27 32.56 33.37 37.22 38.01 30.59 8.50 

1riQ.:J 40°C 8.21 8.38 9.50 10.07 10.47 13.24 9.98 1.83 

• l'HI::~hJ~fflJlliJ~ Era-Gel® 25 % f)ihC)$t)~'W 1 % 11-a:: SLS 0.1 % 

"l~C1::~h,l~fflJlliJ~ Elastigel 2000C® 35 % tl-a:: SLS 0.1 % 

···lllCl::~'WNfflJlliJ~ Elastigel 3000M® 20 % llCl::f)~lC)$t)~'W 2 % 
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4 7 10 15 20 30 45 60 

54.70 102.33 104.13 104.46 104.79 105.11 105.68 105.76 106.08 

2 52.48 102.07 103.87 104.20 104.28 105.09 105.41 105.74 106.30 

3 47.06 97.36 104.31 104.64 104.72 105.04 105.37 105.93 106.26 

4 52.'73;· 90.74 102.33 104.13 104.45 105.76 106.58 107.40 107.24 

5 58.40 93.97 102.38 102.45 102.52 102.83 102.90 103.45 104.25 

6 52.24 97.88 103.11 103.18 103.75 104.31 104.39 104.95 105.76 

~lm~(J 52.93 97.39 103.36 103.84 104.08 104.69 105.05 105.54 105.98 

SD 3.69 4.53 0.88 0.85 0.85 1.02 l.27 1.30 0.98 

4 7 10 15 20 30 45 60 

37.49 76.77 98.77 101.95 102.41 102.82 103.31 105.05 106.01 

2 38.16 80.60 99.88 101.93 102.32 102.71 103.26 104.68 105.52 

3 35.79 76.30 93.65 102.50 102.47 102.81 103.00 104.32 105.01 

4 44.05 83.12 102.64 101.97 102.50 103.04 102.56 104.20 104.24 

5 38.80 77.99 100.29 101.87 102.21 103.02 102.69 104.25 103.83 

6 38.01 82.67 98.88 101.08 102.34 10l.94 101.78 103.88 103.58 

79.57 99.02 101.88 102.38 102.72 102.77 104.40 104.70 

SD 2.80 2.98 2.98 0.46 0.11 0.40 0.57 0.41 0.97 

90 

90 
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~l'jl'lli 39 C~t)) 

,11~t)f)Uf1119f(wiH'I~~hJrnYlluiJ'l Era-GeJ®f)~t9ft)~'W 1 % U~~ SLS 0.1 % 
'U 

~lt)th'l n~l Chilli) 
d 
'Vl 4 7 10 15 20 30 45 60 90 

46.66 70.44 86.85 101.68 102.61 103.09 103.33 103.10 103.78 

2 53.17 79.08 85.16 100.84 102.45 102.96 102.91 102.60 102.86 

3 42.45 71.55 82.65 101.10 101.82 102.92 102.37 102.36 102.86 

4 48.41 69.37 89.47 100.98 102.35 102.39 103.12 103.14 102.73 

5 36.06 82.36 98.03 100.96 iO~:93 102.54 102.08 102.22 102.74 

6 47.95 76.83 93.90 101.17 102.22 101.49 101.28 101.48 101.56 

I d 
f1lm~tI 45.78 74.94 89.34 101.12 102.23 102.57 102.52 102.48 102.75 

SD 2.87 5.27 5.74 0.30 0.30 0.59 0.76 0.62 0.71 

tl1~t)f)Uf111~~!lij~~~'Wrm'1JuiJ'l Elastige12000C® U~~ SLS 0.1 0/0 

~lt)Vl'l n~l Chilli) 
d 
'Vl 4 7 10 15 20 30 45 60 90 

54.38 91.93 97.07 98.49 97.09 98.03 97.21 97.76 97.74 

2 49.13 90.17 97.77 98.26 98.7 98.65 98.47 98.63 98.49 

3 59.16 93.53 96.17 99.17 98.87 98.67 98.19 98.3 98.56 

4 65.15 95.42 97.47 98.92 99.26 99.61 99.95 98.76 99.46 

5 56.38 94.85 98.43 98.75 98.65 98.08 98.39 97.96 98.16 

"6 55.66 87.47 93.28 98.53 98.7 97.88 97.92 97.68 97.94 

I d 
f1lm~tI 56.64 92.23 96.70 98.69 98.55 98.49 98.36 98.18 98.39 

SD 5.32 3.02 1.84 0.33 0.75 0.64 0.90 0.45 0.61 
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4 
. 

, 

~1'j1-3Y1 39 (~tJ) 

d 
YI 4 7 10 15 20 30 45 60 90 

40.82 95.70 100.03 101.66 103.38 102.66 103.66 105.50 106.14 

2 41.76 79.63 95.92 102.94 102.69 103.69 104.48 105.04 105.26 

3 38.82 73.97 93.34 102.50 104.05 103.17 104.10 104.09 105.17 

4 43.88 76.83 82.14 97.97 102.21 102.79 104.59 104.58 105.00 

5 42.26 82.26 98.10 102.24 102.19 104.96 103.12 103.67 104.28 

6 . 
, 4 

fllliHW 

39.22 

41.63 

72.20 

80.10 

91.48 

93.50 

99.50 

101.14 

101.63 

102.69 

103.76 

103.51 

102.92 

103.81 

102.84 

104.29 

104.30 

105.03 

SD 2.55 8.47 6.37 1.96 0.89 0.84 0.70 0.96 0.69 
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