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ABSTRACT 

TITLE : PRODUCTION OF ENCAPSULATED SESAME OIL POWDER 

BY : JINSUJEE PUTTHANIMON 

DEGREE : MASTER OF SCIENCE 

N.UUOR : FOODTECHNOLOGY 

CHAIR : EKASIT ONSAARD, Ph.D. 

KEYWORDS : SESAME OIL I WHEY PROTEIN CONCENTRATE I SPRAY DRYING I 

MALTODEXTRIN I ENCAPSULATION 

This work was to investigate the influence of maltodextrin (MD) with different 

concentration and dextrose equivalent (DE) on stability of sesame oil-in-water emulsions. The 

emulsions containing anionic droplets stabilized by interfacial membranes comprising whey 

protein concentrate (WPC)/K-carrageenan/MD (15% sesame oil, 0.5% WPC, 0.2% K-carrageenan, 

0.02% sodium azide and 0-30% MD with DE of 10 and 15, 5 mM phosphate buffer, pH 7) were 

produced using a homogenizer. The primary emulsion (1 °) containing WPC coated droplets was 

prepared by thoroughly homogenizing its components including 30% sesame oil, 1% WPC, 0.04% 

sodium azide, 5 mM phosphate buffer (pH7). The secondary emulsion (2°) containing WPC-K

carrageenan in the absence or presence of MD was produced by mixing the 1 o emulsion with an 

aqueous K-carrageenan in the absence or presence of MD solution containing 15% sesame oil, 

0.5% WPC, 0.2% K-carrageenan, 0.02% sodium azide and 0-30% MD with DE of 10 and 15, 5 

mM phosphate buffer (pH7). Experimental data showed that there were no significant changes in 

mean droplet diameter and l;- potential of droplets at any MD concentration (0-30%) or DE (10 

and 15) after 24 h storage (p>0.05). The apparent viscosity of emulsions increased when the MD 

concentration increased. The 2° emulsions containing 15% MD together with DE of 10 were used 

to prepare emulsions, because of their abilities to produce emulsions containing relatively small 

droplets and low viscosity. 

Influence of environmental stresses (NaCl 0-500 roM, sucrose 0-20% pH 3-8 and 

temperature 30-90 °C) on stability of the emulsions containing droplets stabilized by WPC-



K-carrageenan in the presence of MD was investigated. The results indicated that the 2° emulsion 

containing 15% MD with DE of 10 had the stability to aggregation at NaCl.:::; 300 mM, sucrose 

0-20%, pH 6-8 and thermal treatment at 30-60 oc for 30 min. 

Production and storage on characteristics of encapsulated sesame oil was studied. 

The 2° emulsions containing 15% MD with DE of 10 were used to prepare emulsions which 

subsequently were dried using the spray drying technique. The result showed that production yield 

and loss of encapsulated sesame oil were 86.73% and 13.27%, respectively. Moisture content and 

water activity of encapsulated sesame oil averagely were 3.19% and 0.28%, respectively. 

Morphology of microcapsules was found be nearly spherical with smooth surface. After 30 days 

storage ambient room temperature (26.86 ± 1.10 °C), chilling temperature (2.69 ± 1.58 °C) and 

freezing temperature ( -18 ± 2 °C), no differences in solubility index and reconstituted emulsion 

were observed among samples studied (p>0.05). Lipid oxidation in the encapsulated sesame oil, as 

measured by thiobarbituric acid (TBA) assay, increased in relations to storage time and 

temperatures. The lowest TBA values were observed at the freezing condition. Overall the 

research findings importantly revealed that the sesame oil-in-water emulsion and its encapsulated 

form developed had potentials to be used as food ingredient to functionally enhance sensory 

qualities and fortify food nutrients. 
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4.2.1 Nt1'1JV~Ul1J1W1flfiV lCJf1~t11Jflt1V ,-sfi'9it~fl111Jfl~Pi1 
" QQI Ql 0 Ql 

'IJV~V1Jll'Jf'U'U11J'U~1 

" 4.2.2 Nll'IJV~Ul1J1WU1fl1ll'lf 1flHV;itlfl111Jfl~Pi1'1JV~ 

" QQJ Ql 0 Ql 

V1Jll'Jf'U'U11J'U~1 

4.2.3 Nt1'1JV~fl111J1~'Uf17~-A1~;ivfi111Jfi~Pi1'1ltl~V~t1oM'U 

" 4.2.4 Nll'IJV~~W'I1fJii~Vfi111Jfi~Pi1'1ltl~tl~t1oM'UU1~'U~1 
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, .... " ... f)'fl f1f11llf1~1~'fl'IJV.:Ifl1ll1\lll'U'U 24 

2.10 1 , ... , " , " ' ' f1Hffl1.:1'UV.:Ilfl9f'U 1J19f'fl'flU'fl:: 1J19f'fl'fl11'U1f!VflV 25 

2.11 .... 11..1 ... " , , 
m::'U1'Uf11<Jfla~ <J~unm'll1J'Il'U 26 . .. 

.;.. 2.12 1 fll.:iff! H'IJV.:! hh ;lu n.1Jcr'Uli'UFbr~~mmhJJ'u 27 

2.13 
1 , 1 ... ..;.... , ' : .., : .., 

fll.:lffl1.:1'Ufl.:l 1h~'U'Yifi111'U1l::1111.:1'U 1f1li'U11J'U 27 

2.14 1 ! ... 1 d ...... fiHff 1.:1'YI1.:11fi1J'UV.:I1JV'fl Pll~f19f~l'U 33 

4.1 'll'U1~'UV.:I1~'U~1'Utl''U6na1.:11~~ i'll21''U (droplet mean diameter) 'IJV.:!Vl1''fli'U 
.q ~ Ql Ql .q .qd;, ' Q .q i d G' .q 

tiJ11f,J1J tll.HI"lfUYJ~UI,J1Jl1 11L~11LUI~L~1111Vtl ~LflflG)f~'dhl DEIO Ut~::: 15 .. 
!vun:: 15 un:: 30 1~mhm!n 49 

4.2 m<Jm::~1U~1'1JV.:IV~fl1fl1~~ i'IJJJ''U (particle distribution) 'Ufl.:IVJJ'n'lfu 

iJJ1JfJij VJJ''fl'lf'Ul'J~UtJij~i~l~1JU'fl::1~1J1JV'fl1~1~f1CJf'~l'U DE 10 un::: 15 .. 
!r~u'fl:: 15 ua:: 30 1~mhwun 49 

4.3 fi111J~1.:~tYmfhHh (s-potential) 'UV.:!Vl1''fliutJj1JfJij vJJ'a'lful'J~VtJij~i~ 

1~1Jua::t~1J1Jfl'fl1~t~nci'~l'U DE 10 u'fl:: 15 !vv'fl:: 15 u'fl:: 30 1~mfmun 51 

4.4 1f1Hfff1.:1'YI1.:1~'flfl1fl (optical micrographs) 'llfl.:lfl~tllfll~~ i'lll!'U'Ufl.:!Vl!'fl'Jf'U 

\Jj1JfJij V11'floM'Ul'J~VtJfl~i~1~1J1tn::1~1J1JV'fl1~1~f1CJf'~l'U DE 10 U'fl:: 15 .. 
~ 1 0 ~ lflV'fl:: 15 un:: 30 ~V'U111'Uf1 53 
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4.5 thfl1111'VIUfl"~Nv~~oiu11J11tJii v~~-iufJ~fltJii u~::v~~oi'U'l'J~flfJii~t~11 
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110~ 1P~L~tlct1PJ1'U DElO u~:: 15 Jov~:: 15 u~:: 30 1fltJU1'VIUfl 54 

4.6 '\l'U1fl'U0-3Ltf'UFh'Utf'U6nm·IH~fl ,'\l,j'U (droplet mean diameter) '\10.:1 

v,j~-i'UtlJ11fJij U~::v,j'~-i''U'J~VfJii~t~11110~ 1Plt~flct191l'U DEl 0 

1! 1: ... .d "~ ... 1 ... ,.~ 
10tJ~: 15 fltJ'Ul'Vi'Ufl 'rlfl11111'\l11,'U'UO.:Ilfl~O CJflfltJ11fl~O ~fl 

Q-500 ij~~111~1f 

4.7 m~m:,,v~1"o-3o'l.!tnflt~fl 1'll,ju (particle distribution) '\lo-3fi,j~oiu 

tlJ11fJiiU~:fi,j'~oi'U'l'J~tlfJij~l~11110~ 1~U~tlct1911'W DElO 

1! 1: ... .d "" ... 1 ... "" lOti~: 15 flti'Ul'Vi'Ufll'lfl11111'\l11'\l'U'\JO.:Ilfl~O C]ftfltJllfl~O L~fl 

... ""1 " 0-500 11~~ 11~1~ 

4.8 fl111J~1-:Ifltl61~vh (~-potential) 'Uo.:~fi,j~oiutJJllU~:v,j~i'W'J~tlfJii~L~ll 
d.t .... " 1: ... .d "" ... lJO~ 191LflflCJfPI'i'U DElO 'iOtJ~: 15 flti'Ul'Vi'Ufl 'nfl11lll'\lll'\l'U'\JO.:Ilfl~O 

lG]fLAtJllfl~O hA' 0-500 ii~iH11~1f 

1 " d , Ql a.QI Ql 

4.9 flHt'l''iH'rll.:l~~tnfl (optical micrographs) '\J0-30'1.!fl1fl1llfl '\lll'U'\J0-30ll~'lf'U 

.I ... .J " " ..,. 1 .,. , .t ""' ""'1 .t uJllfJ11'rlfl111JL'Ull'U'U'\JO.:Ilfl~O CJflfltJllfl~O 'ifl 0-500 11~~ 11~11 

1 " d, ., QQ.I Q.l 

4.10 fi'Ht'l'11~'n1~~fltnfl (optical micrographs) '116~6'4fl1fll2JA '112J'U'IJ6~62Jfl'li''U . " . 
fJ~VfJiiYh~11110~ 1rtt~nct1rt7'U DElO fov~:: 15lflVU1'VIUfl ;it11111t.fi11.fi'U 

'\JO·UfltlO 1G]fL~Vllfl~O 1 'iA 0-500 ij~i11llmf 

4.11 '\l'Ulfl'\J0-3Lt¥'U~1'Utf'W6tl~1-:ll~fl1'U,j'U (droplet mean diameter) 'UO.:IV,j~oi'U 

tlJllfJiiU~:fi,j~oi'W't'J~VfJii~t~llllO~ 1rtL~tlct1rt1'W DElO 
" . " fov~: 15 iflVUl'VIUfl fifl11llt.fill.fiwuo.:~'ll1911~1{ imt'l' 

" " 1 0 ... 'iOV~: 0-20 flV'Ul'Vi'Ufl 

4.12 fl1111~1-:lfltl61~vh (~-potential) 'llo.:~v,j~oiut1J11fJiiu~:ti,j~-iu'l~VfJii~ 

1~11110~ lrtt~flCJfrt7u DElO fov~:: 15lflvtl1'V1Ufl ~fl11llt.fi11.fi'U'UO.:!tl1rt1~ 
" 11mt1 fov~: o-20 hw'llmun 

4.13 1flHt'l'f1-:l'rlH~~.fl1fl (optical micrographs) 'UO.:IO'!.!.fllfll~fl ,'U~'U"O.:IV~~oi'U 
. " "' .I ..,.,. " " o L " 1 o .., uJ11fJ11'rlfl11lll'\J1J'\J'U'UO.:I'U1\911Cl~ fl'it'l' 'iOV~:: 0-20 fltJ'Ul'Vi'Ufl 

56 

57 

59 

60 

61 

63 

63 

64 



..., ' 
tJ111Jty.fl1ff (fla) 

Sl 
't'IUl 

4.14 lf1Hfffl.:JVI1.:J1nfl1fl (optical micrographs) 'U6.:J6'4fllfll~~ 1'U,jtJ'\16.:J6,j'a'lftJ . , . 
'l'J~tltJiHh~111J6a l~u~n4li'~ltJ DElO fnvaz 15l~v·lhtn!n Vifl111JL.fi1J.flu , , 
'U6.:J\h~1n1 lfl':iff fnvaz o-20 l~mhm!n 65 

~ I t/ d " Gl ~QI Gl 4.15 'UtJ1A'U6.:JtntJHltJ'!ftJtJflnl.:J11JA &'U1JtJ (droplet mean diameter) 'U6.:J61Ja'trtJ 

11J1lfJiiuaz6,j'a'lfu'l'J~tlfJii~L~111J6a l~t~n4li'~ltJ DEl o 
, . 

~nva: t5l~vihtn!n Vifl1111LrlumA-Al.:J 3-8 67 
Ql d , 01 QGI cal 

4.16 flllfl':iZ\llr.J~1'U6.:J6'4fl1fl11J~ 'U1JtJ (particle distribution) 'U6.:J61Ja'trtJ 

11J111Jii unz6,j'ai'u'l'J~tlfJii~L~111J6a l~L~n4li'~ltJ DElO , . 
f~ma: 151~mhtn!n Vifl111Jtr!t.~m~-Al.:J 3-8 68 

4.17 fl111J9il.:JffmflrHh (t,; -potential) 'U6.:J6,j'ai'u11J1lf.}iiunz6,j'ai'u'l'J~r.l1Jii~ 
"" 1 d """ 1! 1: .,..; ~ ' 1~1J116a ~ 1Afl'l1~':itJ DElO 16tJftZ 15 ~r.JtJ1'11tJfl Vlfl111l11JtJfl':iA-~l.:J 

A 3-8 

4.18 lfl':i.:Jfffl.:JVI1.:J1ftfllfl (optical micrographs) 'U6.:J6'4fllfll~~ 1'U,jtJ'U6.:J6,j'a'lfu 

11J111Jii uaz6,j'ai'u'l'J~tlfJii~L~1111Vft l~t~n4li'~ltJ DEl o 
, . " 1 0 ., ... ~ ' ':itwa: 15 ~r.JtJlMtJfl Vlfl111l11JtJm~-~l.:J 3-8 , 

4.19 ~'lfUfll':iuvniuf1;1J (creaming index) ,tv~aiJniu11J1J.fJ~Ufl::aiJniu . , . 
'l'J~tJf.}iiVit~111J6a l~L~n4li'~ltJ DElO fnva: 15l~w\hm!n ilfl111ltrlu 

m~-Al.:J 3-8 

" ' rl d, Ql QQI Ql 4.20 'UtJl~'U6.:J1fftJHltJ'!(tJtJflftl.:J11J~ 'U1J'W (droplet mean diameter) 'U6.:J61Jft'trtJ 

11J1lf.}ii unz6,jai'u'l'J~r.lf.}ii~t~111J6a l~t~n4li'~ltJ DEl o , . 
fnva: 15l~mhwirn Vi~tuMf.}ii 30-90 6.:Jfl'lt'l1~u9fmr 

4.21 fll':ifl':iZ\llr.J~1'UtJ.:J6'4fllfl1~~ 1'U,jtJ (particle distribution) 'U6.:J6,j'a'lfu 

11J1lf.}ii ua:6,jai'u'tJ~tl1Jii~t~111lt:m 1~t~n4li'~ltJ DElO 
, . 

ftwa: 151~mhMUfl fi~tuMfJii 30-90 6-:Jfi'WlfftLClftln' 
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4.22 fl11119il.:JffmflvHh (l;-potential) 4UtHvirai'\JU!1l.fJijua~virai'U't]~rJfJij~ 
~ d o'oQ , 1 : Q,l d oQ 

1~111lflft 1~ 1~fl91~'i'\J DElO 'iflfJft~ 15 ~fJ'\.11'11'\Jfl 'YI~W'H.fJ11 

"" 30-90 O.:JtYWlfft191fJft' 76 

4.23 1f1Hfl'f1-:J'Yil.:J,ftfl1fl (optical micrographs) 4Ufl.:)fl~fl1fl1~fl i4UlJ'\J4UO.:JVirfli'\J 

UJ1l.fJij~fJW'H1Jij 30-90 O.:Jtl1191ftl;fJt"( 77 

4.24 1m.:Jfl'f1-:J'YI1-:J'ftfl1fl (optical micrographs) 4Ufl.:)fl~fl1fll~~ i4UlJ'\J4Ufl.:)VlJfli'\J 

' " ' 
lJ;jfJ1Jijfi&A11110ft l~L~flCJf~l'\J DElO fova~ 151f1Vlh'H11fl n~W'H1Jij 

"" 30-90 6-:Jtl1191ftl91fJft' 78 

" ' 4.25 .lfl'i.:)fl'f1.:)4UO.:)U1iJ'\J.:j1fHnN1'\Jfl1nhu'li'.:Ju1J1J'ri'\JNOrJ~1vflti'v.:)~an-s-stYu 

""'"' ' 61ftfl~'i0'\JU1J1Jft'fl.:)fl'i1~ (SEM) 80 

4.26 
:Q,I .:Ide~.~ • ca.JI 

fl1'ift~ft1fJ4Ufl.:J'\J11J'\J.:)1N.:J'YI1fl1J'iflll1 3 ft'f111~ flfl ~W'H.fJ1l'Hfl.:) 
Q Q •d .c:l 

(26.86 ± 1.10 O.:Jtl1191ft1CJftJft') ~W'HfJ11WJflfJ'\J (2.69 ± 1.58 mtY1l91ftl91fJft') 

81 

!!• o' "'i"' .., 4.27 4U'\J1~4Ufl.:)lft''\JN1'\J'!f'\JtJflft1.:)L1J~ 4U11'\J (droplet mean diameter) fl1fJ'Hft.:)fl1'i 
" . 

fl'\Jfltr1J&iJ'UniJai'\J4UV.:JU1iJ'\J.:J1N.:)fh~1Jlflll1 3 ft'fl11~ fio ~W'H.fJijflfl.:) 

"" ... '"' "" (26.86 ± 1.10 6.:1f'I'11Clffl1Clftlff) ~W't1fJ11U"111ti'U (2.69 ± 1.58 6.:1f'I'11Clffl1C]ftlff) 

Q •.a d d !it Cl.l 

Uft~~W'HfJ11U"'HfJflfl114U.:) ( -18 ± 2 0.:)fY11'11ft191fJft') 11J'\J'i~fJ~L1ft1 30 1'\J 82 

"' d , .., .., "' 
4.28 fl1'ifl'i~V1fJ~1'Ufl.:)fl~fl1f1111~ 'U1l'\J (particle distribution) fl1fJ'Hft.:Jfl1'ifi'\J 

" . 
fltr1J&iJ'Uvirai'"4Uv.:Ju1ir'\J.:J1N.:)nt~1Ji'm:n 3 fl'm1~ fio tJW'H.fJij1fv.:j 

.::1 .Q 'd .c:l 

(26.86 ± 1.10 O.:Jtl1191ft191fJft') tJW'HfJ11U"'UfJ'\J (2.69 ± 1.58 0.:)fY11Clfft191fJft') 

Q •.a d cl ~ Cl.l 

Uft~tJW'H.fJ11U"'fW6flU4U.:) (-18 ± 2 O.:Jtl1L'I1ft191fJft') 11J'\J'i~fJ~L1ft1 30 1'\J 83 

4.29 fl11119i1-:JffmflvHh (~-potential) f11rJ'Htr.:Jm-sfi'Ufltr1J1il'\JviJaci'\J4UV·nf1ir'\J.:)1 

.::to ld d. Q. ·~ d 
fJW'H.fJ11U"'fW'\J (2.69 ± 1.58 6.:)fY1L'I1ft191fJft') Uft~fJW'H.fJ11U"'fW6flU4U.:) 

( -18 ± 2 6~fY1l91ftlCJ1fJft') &iJ'U 'i~fJ~L1ft1 30 1'\J 84 
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Sl 
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tJ I 

fhmfl ,.n1mJlfihJ1n (TBA) ~~J0-3'lh,ju_,lr.~-1;i1~1Ji'mn 3 fffl11~ fio 

d Q •• d d 

(2.69 ± 1.58 0-1f'I'11CJ1fi1CJ1t.Jff) Ufl~fJ~n'IIJl.IU'lfWOflUIII-1 (-18 ± 2 0-1f'I'11CJ1fi1CJ1t.Jff) 

Lrlu~~v~11fl1 30 1u 85 



' ""' lJ'YI'YI 1 
0 

1J'YI'Ul 

(thll' fH1'Ulff11:1JO'IIt1111fl'l:lfll, 2550) ~~fl111llio~m'l F·u,r.~i;fl·nJ 'Ul~1J1J1t1~'U'VJf1il &do~'ll1t1 
d : .... ... ' 4 d ... :"' 1! l1J1W1~1Uft::'U11J'U~11Jf.Jfl.lfl1'YIH lmf'U1t111~~ flfl l'Ul1Jf\~H11J'U11J'UniJ'I::1J1fl.l16fla:: 40-59 

ob~th'Ulttqju'l::nm.JA'1flt11Ai,,j''Ui1i61l~1 flfl mAlmaiin (oleic acid) ua::mAi;1'U&aiin 

4 1-' ... "1 'I ' A l "" "" ... 'I .. "' " (linoleic acid) 16~a~1J1 flfl IJlfl'U fll'l 1.1&8'lfllfl ll'I1i1~ Wfl aua::1fi11J'Ufl ( &Vf'il'lfl 'ii'U'YI11~ff, 
4 • ~ 

2530) '1f-3ff1l'ChtitynVf'Ul'U1h,j'u-31 i~url 1'1f'1f1fi'l..l (sesamin) 1'1f'1f111Ji;'l..l (sesamolin) Ui\::1fl1fi'l..l . ~ 

6 <r-tocopherol) tr1'U a-11 1 1f n a'U 1 'U u 1,j'U ~ 1fi1'U 1 tt q;, ;j 'U 6'4 fi'U ~ v.1n6 ail a i v., 1 CM'U 

(alkylpyrazine) '111t1t11lfft11:11Vf1.1':h l0Jf0Jf1fi'U (sesamin) ua::l'1f0Jf111Ji;'U (sesamolin) iif,!fl.lff1J,j'~l'U 

m11i1'U m1 1fiAu fin; a1flflnCiLAi'U ua::,hm ff; 11q 'YI i n1 nh ~ 1'U, fl ~ 1fl1fi'U 6 '1i1a-ll 6~ n'U m1 

4Q d I I 4 SJ G.l ~ .fl!9 ,p4 0 : Ql g/ 
lflA1J::lH '11'1fi'JI'::a6fi111JUt1 ua::aAfla6lafflfl016aOt1A1fl A~'l..l 'U 'II~ ~1Jt111'U1'U 11J'U~11J1 1 '11' 

-' 1 " ' ' l • • A " .do d _1 111:: fi'JI''Uflli1~UVfH1a1f.l 'UfJflff1'Mt1111Jfl1~"] l'JI''U 61'M111Vf0f{,f11Vf lff'U'M1Jff1l'l'ii11J 'U1J OJfflff 

"' 1 A o ~ " ., " , , l d o 't ll1lt11:11 lfl ua::lfllfl~ff161~ llJ'Ufl'U (ffall1 fl~ff1l'IJ'lfl.IL1'11', 2547) Uflflll1~ 'iflfi11Jt11l'U1'U1~1 
~ . . 

1l1'ti1mluu"Ilull'uv~ii~fl~1fl'Aod ,,;'U ni;u "Iff ff1'lthtity ui\::fi111J i1ifl~9i1nm'lllnA'II1n m"I 

~tl!' ifmrlm·hu n 'I:: 1.11'U m1 u tJ 11tJ tt~flil'll i' ll~ H"J ~ i:i r.~a ~ Ofi111J fl ~9i 1 ''Jiu fi111J! 6 u 
fi111Jl;j'l..lm~Hh~ U't1::1fl~6 l;j'UI)'U 

nn'ti 1m u u flU 1' a'YIL ;ju ii m1l1mf 11 0'4 tnfl $1 1l1Vffl i; 111 o {, ;ju -i'U 1.11-3 "]l u 1tJ u 'lJ 1.1 

Ufl tJ1a ~ ~ ff11J 11 f:l'Ji1v-l!o~ nu t111~ilJ' ift~n~u 'Iff ff1l ~ht>i'ty u't1:: fi111J i1i t1~9i1,o~J1,ju ~ 1 

1rl6~1u m::'U1'U t11'l11U'l1Uua::fftn1::~ i1im111::ff1J iim1u 1m::'U1'Ut11'llfl'UUflt11la'VI 1 ~1 u 
" ' " . 

61'M1'l &'Jfu ihl!'UlJt.hli~oi'n1:11lOL1lA'1ff11J (ro-3) (Klinkesom et al., 2005a) U1,j''Ul'U'U1JH~l'Vio . ~ 

i'n1:11f.Jfl.l~t11:1tu::,o~'U1JH~ (Fuchs et al., 2006) nni'n1:11f.!Wff1J,j'~uft::fJfl.l~n'l:lw::n~,fl~U1l!u 

lJU11~wl~~ftfl~110JriJfl (Klaypradit et al., 2008) U't1::mli't11:11'U1JH~ll1t~1 t1'l~'U~1 (Gharsallaoui, 
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, , 
20 10) tilu~u t~d1.:~ i 1~~11J 1 um'l't11m'lmuufl111m'YI 1 u\l1,j'u.nii'.:~ i~ii~t~\1{11J1fl ~nr u~.:Jfl1'lii 

~ ... 01 ... : 01 d ..;,"! ~ ,: " 
fll'l flfl'l!l11~t.lfl1'l N{I~'U 11J'U .:111 'U 11.J U 'lJ 'UN.:!Ltl'U U fl1.J 11n 'YI 'lf .:1 Nn 'YI fl 'U 'U ~:a 1J 'U 'Vf 'U J 1\J '\1 fl.:! fl111J 1 

ua'1V.:JLiJuuu1'YI1.:!U1 1111 ~11'1: LU'11'lf1 'U ~~ff111fl'l'l1Jfl1'111'l un: Nn~fitu ttltl1111'l~tl 1 1.J 

, 
1.2.1 fffl'l!I1'11'U fl un: 1.1; 1J1tu '\ltl.:I1Jtln 1~L~nCJ1~;u ~ tlfl111J fl-:1~1'\ltl.:Jn,j'n'lfu \11~-u .:~ 1 . , 
1.2.2 fffl'l!l1il ~i'uff .:~u 1fl a' tl1J~tlfl111Jfl.:J~1'\ltl.:ln~n'lfu \11~ u .:11 , 
1.2.3 fffl'l!l1fl1'l Nn~un:m'.i l~'Ui'fl'l!l1~tlfJW afl'l!ltu:'\ltl.:IU1~'U-:11 1 'U 11.JU'U'UN.:!Ltl'U-

, 
1.3.1 '11'Uflun:1.J;1J1tu '\lfH1Jfln 1~L~n'lf'~;uijNn~flfl111Jfl.:l~1'\ltJ.:Inirniuth,ju .:11 . , 
1.3.2 il~ i'uff .:JU1fla't~1Jii Hn~tlfl111Jfl.:J~1'\ltl.:Jn,j'n'lfu\l1,j'u .:11 , 
1.3.3 fftn1:L~'Ui'fl'l!l1ijNn~flfJWnfl'l!ltu:'\ltl.:!1h,j'u.:~11'U11.JU'U'UN.:!Lfl'UUfl1.JttfLn'YI 

....... 
1.4 ,6tJl,VIfl111ilrJ 

' , 
1.4.2 f1mnil~i'uff .:~u 1fla'fl1J~flfl111Jfl.:l~1'\lfl.:Jnirniu \l1,ju-:~1 

il~i'u~.:IU1fla'fl1J~fffl'l!l1 ~1\J1'U 4 il~i'u 1~uti mtifl 1'lft~fl1Jfl{lflh~ ~fl111J 
:J! :J! 0 01 "' ... ""1 o' : 1 .J " " L'U1J'U\J~1\J1'U 6 '.i:fi'U fltl 0, 50, 100, 200, 300 U{l:: 500 1J(I{I 1J(I1'.i 'U1~1{1ttf fl'.iff'Yifl111Jl'\11J'\l'U 

0 Gl.&!l." 1 :QI. ~ '0 Qlol!l 
~1u1u 4 '.i::fi'U flV '.ivun: o, 5, 1 o un: 20 flt.I\J111\Jfl fl1fl111JL1J'Ufl'lfl-fi1-:J 111\J'l'U 6 '.i:fi'U flfl 

.::..o Gl4 d. 

3, 4, 5, 6, 7 un: 8 un:~tu11fJ1J 111\J'l'U 7 '.i:fi'U flV 30, 40, 50, 60, 70, 80 un: 90 fl.:JffWlfnLCJftJff 

1.4.3 fffl'l!l1 fl1 '.i Hi1 flU n: fl1'.i l~'Ui' fl'l!l1~flfJ W nflll W: '\1 fl.:! J 1lJ\J .:111 'U 11.J U 'U'I..I N.:llfl\J-

d OJ .J , Y., 0 "' "" " fffi11:fl1'.ilfl'U'.ifl1:11'YI "lJ \Jfl1'.i'Yifl{lfl.:l ~1\J'l\J 3 fffi11:: flfl flW11fi1J11fl.:J . .. 
d .::Ito td d. Q 14!!f d 

(26.86 ± 1.10 fl.:lff1LCJf{ILC)ft.lff) flW11.fl1JU'11'W\J (2.69 ± 1.58 fl.:lfflLClf{ILC)ftJff) un::flW'I1fi1JU'JHflflflU'IJ.:J 
q • q ~ 

(-18 ± 2 fl.:lff1LCJfnL;un) 1ilu'.i::fl::nm 30 1u 
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' .:1 I ,!1/QJ 
1.5 FU1nfl1~119: ~1'U 

, 
0 .... 

'U11J'U.:!1 

' , I .::Ito dod I Gl -Cit. Ql Ql 0 Ql 

f1HHl1.:! LUl:f,!WlUJ1l 'YI1J~~Pltlfi111JfH~1'Ut:l.:!fl1J~'If'U'U11J'U.:!1 . , 
1.5 .3 'YI'I 1'lHUl11:f1U L~1J i'mn;iij ~~~flfi111Jfi.:!~1'Ufl.:!U 1~'U .:!1 ~.:! 1 'Ultl LL1J1J 

Lfl'ULLfltlCUL~'YI 



' ... 
'Ul1l1 2 

2.1 ~1 (sesame) 

' " ~ ... .!1 ,, • .l' ~1 (Sesamum indicum L.) fl~'l1J1~fY Pediliacae &u1J't'I'Jfe11HJfliJ·natl'YI 1J'tl1Jl1Jflflfl1J 

ilU\Jflflflmrlu 4 '1ffi~V~11JihtJiiflfl'Ufl~t1Jg~ 1~url ~1~1 ~1'\111 ~1u~~ U1'1:~1~1u~~ ijm7tJ~n 
' , 4 ~ .I .f ' " ' m:~1Vfl~~nmfi'UtHt17:t'YifY 'Yitlt1Jfl~~1fl~11J\JIJ~fl'U\J~1V 1'1~~\J\JfltJ 'YI\JV~fl1'1'm't'lfi111J 

ulf ~ull~ ,~~ m1:1117 mfiv1JtJ~n~1flfltJU1'1:'tnr~m, fi1u1 11~fl11l1'~ ~1flfl17t~1Jt~v1-n'lf'Hl1'n m1 

""~'l ,. .. .I ,.., .l ..1 ' , ...: , .., 
tJ~fl~11J'YI~ \Jl'l'tll'¥1 7U1'1:1'1'tn't'I1J1 CJf~'U\Jfl~fl1J1'1'tll't'l't'I1J'YI'Ufl~U111'1:'Yifl~fl1J ~1fl'Ufl\j1'1d11Jfl~11J 

tfY71=1Jn~m,mllm 1~fi1m1d111~nntJ~n~1fh il255o n1J·hijifu~~fi1m7tJ~rH1117:1J1tu 
409,000 ,, N1'1NiiV~tJ7:1J1W 43,000 9iu N1'1Nft11~fl,ll05 t111'1flf1J l1fll'U1tlfll1'1flf1J1'1: 

II 

23.99 1J1'Yitn11'1ni'1J tm:ij,,fi1'U1v'r1~'"1J~,11J t,o3o ll1u1J1'Y1 (d1utH11JtfY11:1Jn~m"n1:111l, 

2550) 

d "" o "'l l .s .., : .., d 4 o 'l S1 .I l t1 
l1J1'1~~11Jflll\J11J11Jl tlfl ~ti11H11lfl1'1'fl~1J11J\J~1fll1J1'1~ 1't'lfi1J11J1 'JfiJl: ti'Jf\J 

'lumliJl:flfi1Jfi11117U1'1:utJ71tJ t'lfu CJSflff 11Jtllflti1J 11~6 'l~fi11fl~fl~d1m~ t'lfu J'1,ju'l~H1J 
1'1'~ J11161J u1'1:n'lffiwcti'vn111'11vtJ,:ttl'YI ufln~1nrl'J~ijm, 'l ~J1,ju~11rlu ~1ut17:nfi1J1 u 

.:1 I .::1 ~ Q Q Q 1 S/ d 
fJ911'1'111m71J1'1'U1'1:vnnu1J1'1~flfl'f11V (fltl'lf111 Nl'llfl~ Ul'l:flw:, 2553) fiH1'1'lH'Ufl~t1J1'1~~1 

9} I o G.1 I ,JI I 4 !I d I A .! 
t.h:mo1Jfl1tlt1'11Jt1'1flty 3 11'1\J f!Ufl 1U1'10fl'tl1J11J1'1fl (seed coat) t1'11Jtr:tr1JOTH1l flO 'l1J11'1tl~ 

(cotyledon) Ul'l:fl't'ltl: (embryo) ~1flfl1lftfl1:11lm~1'1'f1~'Ufl~l1Jg~~1 (histological structure) lfltl 

~fi11Jg~1111J'\111~ (cross section) ti4flftfl'll111lfl1~0 'luff11J~1~"1 '\ffl~l1Jg~~1 U1'1:Ufl1'11~ti1Jflflfl-
, 1 'J} d .J.QI .. 1 Jl I 0 G.l 

CJf111'111 (calciumoxalate) 't'I1J11~1fl fiH1'1'7H'Ufl~11J1'1~~1'YI11~1111J'\111~1Jl:flfi1J~1ti1'1'11J1'1'1flty 

' .s .1... , d ' , .! .. ~ ' 
3 1'1'1\J flfl 11Jl'ltlfl'tl1Jl1J1'1~ (spermoderm) 1'1'11J1'1':1'1'1Jfl1111l (endosperm) 111'1: 1J11'1tl~ CJf~11J\J1'1'11J 

• Jl • " 

1'1'~1'1'1Jfl1111l1'lfut~tl1fl1J ~~tn'nfl2.11UfltVfloi1J1Jflfltl~ (outerepiderm) '\ffl~tt1nflfl~2Jt1Jg~ 
_!I II tl ~ II 

(spermoderm) tJ7:flfi1Jtl1tJoi1J'Ufi~1CJf1'11'1 palisade 11J1JliJt111 1 i'u (single layer of radially-

-A "" .dl "" '. elongated palisade cells) CJf-111JNl'lfl'Ufi-I!Ufll'I1CJfti1JflflflC))'111'111fiY~11J11J1J1fl (mass of calcium oxalate 

crystals) ~tJmr.Jit11J1Jflfl'Ufi-111CJf1'1if d111i'1J~11J1'1':1'1'1Jfll'H11 t17::flfi1Jil1f.JtCJf1'1if 2-5 iu ~ijNU'~ 
" .1... , d 1 ... ~ .. ~ ' 

tCJf1'11'1'H1J1 Ul'l:twfl~1flt1Jl'lflfl'tl1J11J1'1~ (spermoderm) ~ti1J'Jf1J'\ffi~W61J1~"1 fl\Jfl~ (Carteret al., 

1961) 
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.I 'J} d .dGI 
lll't1'rl2.1 lm~tY':iH'U6~&1Ja~~l'Ylfl~fi111'U11~ (Carteret al., 1961) 

: Go' d, Sid ~ : Ql ~ : Gl ,;., ,l Ql Ql -· ol 
'UllllHl'Yl ~11'Yl~'Ul111Hl~1.J (crude sesame oil) ua:'U111'U~lfl1 'U'Ufi1.J1f!Qu':i:tY~fl 

" " m'l'lf Hawken and Rohe (2004) i~utJ~nm':itY0~1h)ju~166n&rJu 3 n~~ij . " . 
(1) UHn~ i8~':i6flfi (hydraulic press) Lrlu11Hi1fnulll'Ul'U111n 1h)ju~1fii~~1nm':i 

tl • • • tl 

nn~A'1v11iuiifJWtY11u~fi~fi~~ .W~fiiiv11lfm'l'tYn~u1.J1.JU fie 11:nen (olive) ua:~1 1ninnn 
0 ., 0 Ql Ql J 4 , ld ~ .- ,I , ' 0 Ql d Ql 

ftlflqJftl'H':i1.Jfil':ifffi~U1.J1.J'U fl6 111Jfl1111l6'ULn~'U'U 'U':i:i'H1Hfil':i'YllfilH1'n~ 0Jf~fil':ifffi~U1.J1.J 
Jl Jl • Jl • 

UL~vn11 cold press 1~v1h)juVifllum:1.J1'Ufil':iffft~U1.J1.JUiini;u iY ':iff~l~ ua:fJWfll'Yll~ 
" . 

ln~ulm':i61'Hl':i1nfltfiv~fimjll1'u1i':i':i1Jttl'1~1uL1Jg~1Jlnfi~~ 

(2) 11iLgm'ViaLae{ (expeller method) tr!unm':inn~ l~v1•fhniiv1m~uflm)~ (screw 

" . " 
press) ,}, 11f1hl1ueenmerh~9imue~ l~v~w'HtJih:'H11~m':inl~l'UU'Ufl6'U~l~~ ~ ri ~f-Hnh 1 1f 

Jl • tl ' 

fJWtll'Vi'U6·nhl!ufinn~een1Jl hi~Lfilm':iffft~U1.J1.JU':i ~n~ i8~':i6fln (hydraulic press) 1hl1uVi 
" nn~A'1vnu~:t~vn11 expeller pressed oil 

(3) fil':iffft~~1V~1n1a:a1V (solvent extraction) Lri'Um':itl'ft~ l~vl'*tYl'Hfliilum':i,}l 

fil':iffft~ L'Ji'U L'Yi'UL'Yl'U (pentane) L@JiJLVJ'U (heptanes) L@JfiLOJf'U (hexane) UJ:l:66nLVl'U (octane) 
. " " 

tl'l':iLfliifitrlu~1nla:alv'l1~ 4 ~ii~U111~1nillfl'l'Liiv11 (petroleum base) ff1'U~1nla:alVVn'l1il~ 
. " " filftr!'UtYl':iff~&ml:M fie 1fl'l' lflU6l'I'Yiiiu (trichorethylene) m':itY0~1hii'u~lU'Utl'l':i9i'1nla:alv 

.,J .. 1" .,d 111!1 I G <!I .,d Ql !I Q4 .:, G I a 111.1& !/ 
'Yl1W1J ~1Jlfi'Yl'tf~ L~Ufi L8nLilJ1'U L1JJ:l~'Yi'11'Yltl'fi~~1V11ifil':i'Ufi6~1.J~L1JJ:l~fi6'UUJ:l:'Ul L1J'U~~1V 

" ~ " ie!e'U (steam cooking) 'H~~\1lfiU'U\l~1fftY1'l'~1'ti1a:tntJ C}1~\1:iJ:l:iJ:l1tllhiJ'Uflflfi111UJ:l:t11~6filfi 



.... 
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Jl G 'I!' 01 o : Ql d : 01 .dll(jl Ad .fa • 
U11~'UV~llJft~ n ~1'mf!Zft1fJQfUUlfl{l{lfHllfllJ1lJ\J ~~\J1lJ1Jl'l nHllfl1tifl1'.ilJl'Wfl11 dissolved oil 

i ~vnifH/1 H~1UfJ~ff111m,,~nm'I An~J 1,juV.'Y'Il\J 1~ 1 11qj tOn~ \11m 1~l~1uaztiimh H;~,v 
U'vv 

" QIQ ct 0 Ql 

2.2.1 fflJ1J~l'll~lfllJ-fl1fJfll'rf'IJ{I~lJ llJlJ~l 

" fJtufflJ,j';inl~lflij-mvm'rf'llf.l~lh,jun 'rf1l'hijth1n1n~u (iodine value) 

~f.lfJftZ 103-118 fllfl1llJd~lum~ (acid value) ~{lfJftZ 1-3 fllfftln11~lfl~\J (saponification value) 
tJ I Ql Q .:., IJ I 1 0 

'If.lfJftZ 186-195 fll{I\Jfftlf.JU~lfl'Y\J (unsaponifiable value) 'IVfJftZ 1.5-2.5 fllfl1llJfl1~\lll'rflZ 

(specific gravity) !nva: 0.914-0.921 fiul'oyilnTn1nm (refractive index) ~nva: 1.471-1.474 ua: 

fl1ft (colour) !nva:: 20Y:3R (~1'.i1~~ 2.1) 

I Jl 

fi11Hn 2.1 a-lJirnn1~lflij-mvm'rf'llV~lh,ju~1 (L'rf\1~~ iunn~tf. 2530) 

.. 
tV .... • tV 

QH'YW:fll~UUJ-Hltllll'W,6~U11JU~l .fer.~a: 

Iodine Value 103-118 

Acid Value 1-3 

Saponification Value 186-195 

Unsaponifiable Value 1.5-2.5 

Specific gravity (25/25°C) 0.914-0.921 

Refractive index 1.471-1.474 

Colour (Lovibond)* 20Y:3R 

"" . u nn \llnil u 1 ,j u ~ 1 rr~nfJ w a-,,j;i n1 ~l fl ij-m vm'rf lhhfity t1 n 11iu ~ ~i 1111 n 
I I I fl 

ij ~fl1J w:;u flfJW 111Jii9iln-h o n~ff1L~a LCMfJff ni n~\l1mh,ju ~ 1ijn~tl'tl'Izflf.l1l'UV~fl'IPJ i 'IJ,ju 

ili~lJ9i'1'~~ (unsaturated fatty acid) ~nva: 83.4 tl'.i:::flf.J11~1fJfl'.iP11f.JLl!Vfl (oleic acid) !nvll::: 38.2 

mP~iilutftflfl (linoleic acid) !nvll: 45.2 Hl!Zfl'.iPIL'\J,j'lJoy\jPJ~lJ~1 (saturated fatty acid) 

"' ..6 .I " .I ""''""" " .. '.if.lfJliZ 16.6 ~~IJ'.iZflV1JP11fJfl'.iPlfl'.i~IJl':ilJ~fl (palmitic acid) ':i{lfJl!Z 10.6 fl'.iPlffi~V;fl (stearic 

" ..; acid) '.if.!Vll::: 6 (~l'.il~\'1 2.2) 
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I I I Jl 

fi11Hfi 2.2 v~fi'th::mJ1J'\ltHt1Hl 1 '\liJU~Uf'IV1J9i';nm:: 1~vlJ9i1'\JV~lhiJu~l (1VHI;~ ~Ul'll1~fl. 
2530) 

saturated fatty acid 

palmitic acid 

stearic acid 

unsaturated fatty acid 

oleic acid 

linoleic acid 

, 
2.2.2 ffl':ithfi'tyluthii'u~l 

10.6 

6.0 

38.2 

45.2 

Jl J/ t I 

'lhii'u~l&rluthii'ufiijfJWfllvttl~ ijfl111Jfl~'t'lu9ivm·Hl1~u-Hu &uv~~lnijffl':i 
, ... .I ~ ... "" ' .... fllUV\jl:;!'t'IVff':i:: (antioxidants) 'l1~11JUffll'Vt1t1't'lt1UUU (lignan) lf'IUO l'l1CJfllJU (sesamin) l'l1CJfl-

11liiU (sesamolin) lOJfCJfllJV't'l (sesamol) lCJfCJflijUV't'l (sesaminol) lCJ1CJ1111JiiUV't'l (sesamolinol) U't'l:: 

1-w lu&':iCifUV't'l (pinoresinol) (fllvt~ 2.2) U1'1::1~1ijuf1 (tocopherol) 1~Wff1lvt1niinuuu&r!Uff1':i~ 

ijJnn!n 1lJ&'t'lfl't'1~1 &nfl~1t1t1ll oxidative coupling '\IV~ (p-hydroxyphenyl) propane ~~ff1':it1~1J 
' II t ' 

ftt1UUU&rJUffl'ifiij'Ul'l'UlVI'Chfi'ty1uihiJU~11f'IVl'l1CJ11ijUlrJUa'1lt1~11ftt1UUUfiijtJ;lJ1W111t1fiqfl 

1 uJ1ii'u ~1111'1:: ffllll':i tlvtu 1~1 u J1ii'u~u&~U&Atnnu u~&CJ1CJ1111lau 1rlu ff1':i ~vtu 1~ u J1ii'u ~1 
Jl II ' Jl 

t"Vhuu (Namiki, 1995) t1~LCJ10Jt1ijuua:aOJtCJ11111iiuLrluff1':ianuuun~11'1Hrniivt'U1 u1.hii'u~1 , 
(Kamal-Eldin, 1995; Moazzami, 2006) 1flv1uthiru~1~1JijtJ;1J1tlHOJtOJtlijuvdti~"lfl Ul::1J1tu 

474 ij't'liini'lJ9iVii9l':i ':iV~'t'l~111flV 1CJfCJ11111ftU 1.h::111W 159 ij't'lani'119iVii9l':i U't'l::LCJ1CJ11lJVftij 
, . 

tJ~111tu 'l!vvn·h 7 ij't'lani'lJ~Vii9ll 9'111Jih~u thu 1 u thii'u~1fl1\l::ihJ~mtuLCJ10Jt111VU~~n-h 
, 
1hii'u~u th::111tu 36 ij't'lani'lJ~Vft9l'i (Choe and Min, 2006) 



Sesamin 

Related Antioxidants 

OH 

'6 
Sesamol P1 

Sesaminol 

. " 

0~ 
Sesamolin 

o·l)}l 
::.....' OH 

OCH, 
Sesamofinol 

OCH3 

Pinoresinol 

.tll'Wn 2.2 1flHff!1~l11·:UtlU~V~ff1nhtityhnh,jtH1 (Kamal-Eldin, 1995) 

8 

1~v..t1hl1fl1ih-A~u 8 ~'lluuu fiv umwh LU9i'1L~"fl111":umnn-1l'11tl 
loWt:l'Hl" (a, J3, ~. y-tocopherol) U"~!1V"oW111J9i'11~"fl1 U":Ufl111J1-1l'11tl i~P~'J~\Jt:l" (a, p, o, y-

• J/ J/ I 

tocotrienol) (Pyka and Sliwiok, 2001; Reiter, 2007) (m-nn 2.3) th,ju~1Lrlmh,jufiu'l1~1J1ru 



A 
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" i~lij-ufitt~ iflv~nnf1m:nt11lllwi~,n-uv~ilfl~H'l lwulir'U~lrttrh~tJ1mwm:mvh-in ifl 

1-nv·nn1 nhti1J 10 ± 8 ill imni'll~tJtli'll m~1-in iflL-ntJ1tJa ua~ Lfla~l-in iflL-nmva ~vvn·h 

0.5 ill imni'll~tJtli'll ua~unllm-inlflL-nmva nhti1J 517 ± 24 ill1fl1tli'll~tJtli'll (Namiki, 

1995) ~~1 if -u i~·huva-n1-in i fl1-n tJ'l' vt'lua~unlllll-in i fl1-ntJ1tJfl ,f! -ui~nn-uvmimnt n 

1dtJ~'illt1~111ll1WtJ~ 1flm~l't1::Utlllll1-1'Vl1fl1-ntl1tlfl ~111ll1W~~~mm:: 98 (Hemalatha and 

" " Ghafoorunissa, 2004) 1 fltl 1 'U t11'iffmn111ll1W i~lij'U V 1 'U iJ lir'U ~ 11J1~fli' ~ il tlll1JtJt11f!'U 111ll1W 

1~1ij'Utl'l'1ll (total tocopherol) (Mohamed, 1998) 

3 
CH3 
H 
H 

Rl 
CH3 
CH:J 
H 
H 

CH3 
H 
CH3 
H 

Jt.2 
CH3 
H 

CHJ 
H 

a.-Tocopbiwl 

~~· y.Tocopbaol 
&-Tooopltcrol 

o.-TCICDtrienol 
~Tococrieaol 
y.Tocacrienol 
&-Tococrieaol 

" . 
-u vn 'illnilv~ ~fl'l'l' i-n 1 'VIf1'1~tl'i tJ tJ (phytosterol) tl'l' fl i 'lliJ'U ilivlli 1 f1 tJ t1 Hl 

. " 
1mavntm::mflii1-u1avntm::f1'11hfnii-ul-uiJliJ-u.n (t'Yavl fl~fl'll'I,J1Wn~. 2547) iflmh-uhttl) 

. " 
t'l'l'l'l1fnn-ul-u1.hir-u~l'il::trl-uv~n-unl't1tltiafia il't'l'l~'U (alkylpyrazine) u~ Soliman et al. (1975) 
, ""' I ~ "' ~ I ., A , , "''I 
flllt11'l''l'::~1111J'U n-octanol ua:: 2-furfuryl alcohol ua::'il::lltla'UU~tl~l~tl'U1lltl ~fJW'I1fJll &'U 

c:., 'Ql 4 'Iii.:: .. :QI t.:s tl ~QI" : Qll "'t tll'l'mu~n~l~tl'U '1Hf1'1'l' ''11tlfl'U &'U'U lll'U~l'U'Ulltl~fl11'l'::tltJ1J'VIctr1JctrtJ'U -u 1'11'U n llLanaua::ll'IJ1 • . 
.cl I Ql t Ql Gld. .c:l 

'VIU~tl~l~tl'U l~'U tJalfl'U (alkanes) tJafl'U (alkenes) UtJafll'Ula (alkanals) Utlafl'Ula (alkenals) 

'J "' ~ , 1 .,... , , ~ I .! 0 , , Q C11 .. ..; IIJ , ua::uvam &fltl'U (alkadienals) 11J'U~'U fltlfJWffll1J~'IJtJ~ffl'l' Mna-umal'U'Yil '11Na~fiWCVI'VI &fl 
'1 j) : Ql ~ 1 _I ~ A Q.l rl Q.l d 11) t .t1!1 Ql .a Ql tl_a 'ill nm 1 , ~'U lll'U ~,, lJ'U ff1'U u 'l' ~n tJ1J'U -u ll1 una m1w m l'tl:: ~ 1 ctr ~ 'il:: tll1'11ll u-u t11J Na~nw en u-u '1 

tJ I tJ J) 

(Shahidi et al., 1997) 'il1tlff11'Vi~'l1llflfinri11lllil'li1tJi 1fiJ1ir'U ~l~fl11llfl~i1~~ 11iL'I1~'Ult'U41tJ 
" " iJ1ir-u~1~~ i~i'1J~1t~T:h "'l'1iilu'l1~iJ1ir-u" (t'Yavl fl~ffl1\J'l'Wn~. 2547) 
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" 
2.2.3 111:: 1r~'lnr~1Utl'Ufl1'Vi'\JO·nhiru~1 

" " lhiJU~l!~\JUl1li~'UO~t111~1\Jfl11!fl~fl1100fl~A~iU'H'11rl ih1't\'iJ1iJUijfl111J 

fl~9i'1 1lim~ui1u41vmiiouJ1iru.n'l1'11U~gu'l l~vrr1nnfl~fluuu ili'url t'll''ll'1ihJ t'll''ll'111J~U 
1'll''ll'11J0'1 1'll''ll'1iiU0'1 1'll''ll'111J~\J0'1 1~\Jt111~ijfJWt11J,j'~~1\JOOfl~1~'iu~~ ~~1U111~~1U1~V 
11v~1u ·h t111t'll''ll'1iiu iliihrni1 um1~1um11ii~oof1~1~iu u9infl111Jti:lu 1 111~11rr11 L1J~1-
1111'1'ti''Uo~1'll''ll'1iiu1jq'VIi1um'i$1luoofl~1~iu 1u~~ij~1~ 1~ (in vivo) 1do~\l1fl 1u~~ij~1~1j 

10U1'll'1f1ul1J 1m 1'l!'1J (microsome) ~t111J1'iCIL1J~1111L'1'ti'l1~11Jiau1~oofl; (methylenedioxy) 

1u 1m~rr!H'UO~L'l!''ll'1ii'U11'1::1'll''ll'111J~'U1~ (Ghafoorunissa, 2004; Kamal-Eldin et al., 1995) rrn 

" 1'll''ll'1iiUU'1::1'll''ll'111J~Uij11'i:: 1V'l1U'V1Hfl1'ilflli11J1fl1J1V 1'1fu ~1\Jfl11tlfllt111 1~Vfl1lff11ff~ 

10U1'll'1f 5-desaturase '1~'i::~11flOL'1t11~0'i0'1 lu1no~ (Suja et al., 2004) 1~vml'1~fl1'i'ti1~1'U'\IO~ 

10'U1'll'1f 3-hydroxy-3-methylglutaryl coenzyme A (HMG-coA) reductase '1~l::~11l~lflft1'll'Ohfi' 

lu1no~ 1~Vfl111~1Jfl1'H1J9111111'1'ti''tlo~ exogenous-free fatty acid \l1flfl1'l'm::~um11ii~fi191-
, " . 

1\'JLU~t'l' (ketogenesis) 1-w1J1::~111~1iiuo1u;Hmr~ l~vm1611a~Lou i'll'1fVi11J911111 1'1'ti'1911iiuo 

" (Kamal-Eldin et al., 1995) 'Jhv-llo~tiu1'll'l1n11l:t11'VI (neuroprotective effect) l~v611a~fl1'i1ii~ 

1u9llflOOfl 1'll'fi'\llflLO'U 1'll'1f nitricoxide synthase 11'1:'1~fl111fl~ 1a'YiOnL;V (hypoxia) 1~V'1~fl11 

1fl~Ol!\J'1Vt'l'l:: (reactive oxygen specises: ROS) (Jeng and Hou, 2005) t1111'l!'CJf11Jfl'11fl~\l1flfl1l 

" tiovt1'11rl (hydrolysis) 'llfl~t1111'll'CJf111J~u1u'l':wh~m:111\Jfl1lt'l'ti~il1iru 1'1fu fl11hffl111J!vu 

U '1:: fill~ flflff L'll''l!'11J 0 '1U'1::1CJfCJf1iiU fl'11~\Jt11l ~ijq'VI i ~ 1\J flll 1fl~fl fJ fl ti1~iu "J ~ fl111'll''ll'1ii'U 

U'1:: 1CJfCJf111J~U u flfl \l1flrl't11lfl~ 1J~flUUUa~t111J11 ~1 t'l'l1Jq'VIiu 1111 synergistic antioxidant 

" activity n1JUfl1J1J1-i 'VIlfl1~010'1~1V (Choe and Min, 2006) -ebul'Hqj1miJuv1ull1iJU~1\l:&i1u 

'11U~Ufl1J1J1-1'VI1fl1~fl1fl'1 ~~~fl111Jt111J1l01Ufl1lfh~~fll!\J'1Vff'l': (free radical scavenging) 1~ 
A I •• 1 1 1 .. 1 ..6 A. I ... ... , .. .. "' : "' 
~fl11Ufl'1n1- 'VI fl1nfllfl'1 O)f~1JIJl:ff'V11ifl1'Vi \Jfl11'1~fl1llfl~flflflO)f1~'11\J'Ufl~\J11J\J (Choe and 

Min, 2006) 1911iiufl1~m'il'Vi1::ufl1J1Jl-1 'VIl fl1~Vlfl'1 ~111:: 1r~'l1u1 ufln'lf1r~h\'mn1l~1u'Uv~ 
" m:111\Jfl1l'VIH~1fiWI111~0Vl~'th~1\J 1~~ -llv~ti'Ufl111fl~ occlusive thrombus formation 6116~ 

~ d QJ t QJ 

fl11Lfl~1J::1HU'1:rJ11rl'lfll'iOnLff11 (Campbell et al, 2003; Frank, 2005; Reiter et al, 2007; 

" " Sangeun, 2007) u Ofl \l 1 flU 1 u il1iru ~1ff~ijt11l 1~1 "Yiff1~ rllflrl 'lf1r~ 1 u fl1Hl~ 'l": ~ 11fl fl1'1t1191fllfl'1 

1~Vff11 1~1 'VIff1~rl'l"flV'l'11Jfi'1ti11flfll'1t119llfl'1'11U~ LDL (low-density lipoprotein) 1~\J l1J1'll''1nl~ 

1'lf'UL~V1fl1Jflfl1'1t111910'l'fl'1 u9i111~\J l1JLO)f'1n~lHfl1Vllit111J1'l'CI 1 ~1~\J'Vi~'l~l\J 'H~fJU1 l 111~~1\J 
A WI " 0 , " "' I 1 d ..... ...... , ... , 1 ..,:. "' "" fl'U &~ 'VI1 'H\Jfl'U'lJflfln'illfllHfllrl ~VL'l'1 (fl91Vff tJfft11J'lJ91, 2554) U'1:m~ 'U1J\J 1Jfl1J911 flO fl'l'~ 

lvmvfl u'1::m~~1 ut'1Vfl \l:111~vul~Uflfl1'1t119llfl'1'11U~ LDL i~U'mJfl11 1 'lliru'l1u~~1J9i'1 
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0 ,,,· a ~, • ,,, ,.,6 "" tol""" 
'VIl l1ff1'1..11l1tlfl\lfH LDL 9lflf1H 'U':numJ Pl'Uflf.lfl11 '1f-:Jflflltlff19lfl'lfltl'li''UPI LDL 'U'U'VIl ltlflPI 

" fll'.iff::fflJ'llfl-:J 1 '\Iii' '!..I 1 1..1 ffU -:J'llfl-:Jl1tlflPI1nflPIUPI-:Jfi-:JlHfllV 1'1f1..1 fflJfl-:J 11'1 1 ~ (LnPlt '.ifll1'1 1 ~'lilA 

1nflA) un::19l (1fiPI,9111f.l) 1~'1..1~'1..1 (11ff'U11-:Jl:i'lmy, 2548) 

2.2.4 fll'.i 1 ~-:!1 1 1..1 ~1'1..1 F-4n9ltlW ttl1ffl1Jflll11'.i un:: 1 1..1 'V11-:Jf.l1 (nutraceutical and 

phannaceutical) 

-:Jl iimnhu1 l.rluF-4ii9lnwcnm-:Jf.llun::m'.i1ffl1J1l"m'nu1nulf.l (9ll'.i1-:J~ 2.3) 

! .cs ":., ~ o ... .::~ " ~ tl A :., Q 1 AV 1 'U'VIl-:!Vl'U 'UlJfll'.i 1 '11''1..1 llJ'U-:JlLlJ'U ffl'.i n::~nv 1 '1..1 Vlff1l1'.i1.JU Pll'\Jlflr!llJL'U fl l'U fl-:J ~lfl'UllJ'U-:JllJ 

f1111J1ffllV'.i\1-:! ff11J1'.ifl 1~1~'1..1~1Vilffl'.i1J'.i::flfl1.J1J'.i::1fl'VI estrogenic 1~1~1ifmavlihl11Jlv1~nv1-:J 
II II 

ii11'i::ii'VIim'Yiun::\hii'u-:JlV-:JiiflWt1'1JU~lum'.illff1111J'iu;lu 1~'1..1Vl'.i::mv i'ntn hfl911ii'111vu 

... -1 ... ..6 ... 1"~ ~-1 ~ .., 1 a t ' .J ' ff'.i1:1::Utl::1J1Aff'.i1:1:: 'lf-:J fl'U ~'1..1 'li'11J'UV1Un1J1Pl-n'UUtl::'.i fl1:11 '.iflll1-:Jflfl1J19l-:JU9lff911'.i '.ill 'VI 4 ff1'U 

II • II 

-:J1u1ivii'~VitJ11\hilu-:J1iiF-4n 1 u m'.ii'fl1:11Lvmfu 1 Vi'.i -:J,\tnulf -:J lu11U'1l11..111 1~An1TihLnnn un:: 
: 1111 Q,l 4114 A .Q A Q t/ .. I Ql : 

'Ul1J'U-:J1V~1J1J'.i1J1Wtlt'Utl1fl'VI lul11,9l'.ifltll'lffl hA\1-:! '1f-:J'li'1Vl'Ufll'.iV1.JV-:J malignant melanoma 
II 

growth (flnvl fl~fflJ'l,J'.iWn'll', 2547) unn,,nih'l'n1ivii'~'ntJ11~1iiffl'.i1'1fCJfliiuua::1'1f'lflluiiutt~ 
_d ~ A 4" QfU I I , 

(Sirato-Yasumoto et al., 2001) '1f~ffl'.i'VI-:Jfffl-:J'li''UA1J'\Jfllq!tl'VIl-:Jfll'.i1,V'.i1V~l'U11 'Uflfl~lfl,::'li'1V '1..1 

m'.i tlA 1 '\Jilu L~lJq'VIi \ln~19ll iiu vA' -:J ~, ~mh1u 1ull1 '!! n1i vii'~L~n11q'VI i" n~ ffl'.i ~ 11..1 n~ \Jtl 

tlff'.i::lu~l'li1V~fl~fl'U~1.J ~fl~ft'UlJ::L~~ tlPlf1111JA'U 1n-H9l ~fl-:Jfl'Ul1'1l, (Cooney et al., 2001) 
II 

un::11 n nP~1nnfl ~ 1nm'.i ii 1" ii'u \1 ~n1111n~ A'~'!! u ~~iimnh~ 11J11~u n~u 1 Vi'.i 1 u m'ii'n1:11l '.ifl 

I '1 dl "'" ~, d 9ll~C') lJlfllJlV 1'11''1..1 HllJ::LH '.ifll11Pl 'Yifl~~fll1J'U9l'U (9ll'.i1~'VI 2.4) 
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I .. ,,., , Jl ... ... o' ... ... o' 
fi11Htl 2.3 flll '11'.:11 'Wt11'WfJPitYll1fllHJ ~aP!flWCf11tYl1Jflll1llUa::tJl (ffatll fl.:lt1'1l'IJlWL1'11', 

2547) 

Si ...... I 

Vll'WU1JfJ'rUltJ1111::\IlU1Ja.:l 
A 

LfiHl.:!thm.:~ 

4QQI .,Q 
~aflflWCfl1tYl1JVll1ll 

tYll~1'WV~2JaOtYl:: ilv.:~tiu~1.1 

ilv.:~tiu11::1~ .:~ 

ilv.:~tiu11::1~ .:1 ilv.:~tiu l1tn1'1 l\1 

iJ v-3tiu unm v1vvni1fl ,r'u ,v.:~ 1 ,~u 
,., .. 

tYllfll'U6~2J~fltYl:: 

ilv-3ti'W llfiM'l l\1 

·t'h11fihl1u.:~~1lu1~ 

,., ...... 
'Yil.:lfll'Wlfl t1''11'1'YI til 

Drug vehicle u~::tlll::'UltJ 

tJ'Yiiluml~~nllV~l~ lutnvfl 

" V1JV.:I malignant melanoma 

flav htClfClfl11lu 

lC)ft)fl~'W 1t)ft)fl11l~'W 

flHl 11l~tY;jfl 

mfl11l~tY;jn 

mi;ju 

mfl 11l~tY;jn 

lvm1111 

1t)ft)fl~'W 1t)ft)fl11J~'U 

11'111-n~ 11'W6tl~ 

~l'Wmtv'YI l'Wlu 

,fllfl~1C]f6 ,,~ 



•• 2.3 81Jaiu 

4 0 0 Ql 

V1l::1J1tllJTt11l~tl1J11-3n1tN 

Jol"" .... dJid 1 
1Jf:l-30\J111fl lJ::lH Vlf1-3lfft113" fl11J ~fl 

,f) 

0 0 .... 

1J11-3fl1~H 

.l 
l\Jf:l-360 

Ql .. 

WfJ~lJ'lJ'lJ 

ff11i1~tui'J ifliiiiuo'l.l 

,g~ 

lJ1111tl1 

13 

I : Ql : Ql ~ " .c:l .Q .. Q.l 'II .Q Q ~ .cl 

l"Jf'l.l 'lJ 1011 'lJ 11J 'lJ 111 'lJ ~ 'lJ 1" tJVJ '\1 f1 -3111 ~1"11\J" 11 'lJ -3 o l:: \1 1v~ 1 f:l~ L 'lJ '\1 f1 -31111116 O'Jf'l.l "11 'lJ -3 'l vo . " . 
'\lf1-3111111fln1::~1tl~1'il:h 1't]fl1fltntll'lJ (internal phase) 11;f11't)fl1fl ,ll~fllUf:l~ (discontinuous 

phase) tr1'lJ'\If1-3111111~Vh l'lftfi~fl1lOl::~1tl L~rm·.h ~10~1-3~Vh l'lftfi~ml m::~1tl (continuous 

1 .. Ql ..I 0 'I " " ..I A I .... ..: • ... .... ..., o' ..A 0 'I " 
phase) ~tllJ~1'VI'V11 L1111\J1'VIl'l1f11Jl::111H 2 1t)fl1fl'lJ flf:l f11J11'11 -nlf:lf:ll (emulsifier) '11-3'VI1 &11 

... Ql Ql .. Ql .. .x , I... .X A .: ,, .. i ... 
1::1J1Jf:llJ~'l1\JlJfl111Jfl-3~1~'\l'lJ lJlfl~fl1lUtJO'\I'lJ11Jf111-3VI-3 1 ('Vfltll 'Jf~(l'I.Jf11J, 2542) 

2.3.1 ti11~oif'lJ~'Vf1J l \Jf11111l 

" " " 2.3.1.1 ihl'lJ'lh11'lJ (water in oil emulsion: W/0 emulsion) v1111-if'lJ'l1U~ilij 

" " " f:l~fllfl fl f:l~ ~f:l tJ~&i~J'lJ 'll111n ::ij~ 10~Hl~ 'lJ'lh11'lJ ff11J 1~ (l'Vf lJ V1111-if'lJ 1.h ::111 'YIUl 'lJ ~~ ~tltu ctl &'Ji'lJ 

.. !'It " 1\Jtl U11::1J10WU llJ'lJ~'lJ 

" " " 2.3.1.2 lhl1'1.Jl'lJ'll1 (oil in water emulsion: otw emulsion) vil~oi'lJ'l1iiflilij 
" " " f:l~tnfl flf111~ f1 tJ~&~'lJ 'll1 iJ'lJ um~ ij~ 10 ~1-3 &~'l.l 'll1 ff11lllt1'VfUVil11-if'lJ 1.h ::m 'Yiil1 'lJ ~~ ~fiw cti' &'Ji'l.l 

:QI: d9} 
'I.Jlff11f! 'lJl'lJ1J l&n::1Jltlf1-3l\Jff ttl'lJ~'lJ 
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2.3.1.3 th!a'i\,u;~cr;m..t (water in oil in water emulsion, oil in water in oil 

QQI Ql d4.QI , " Ql • .~ ~ ' .::. Ql 

emulsion: W/0/W, 0/W /0) tllJ a'J1lJ 'tllJ 1t)fllflflltl lJ CJftllJ fllJ tl ~CJf ~11J lJ 'U t:1 ~ ll'l a 1~ 1~'11\J fl fllJ 
11 II II II 

vii'ai'ut;~cf/vuiln'1lJntlna1Jna1m~uvii'aiu'l1ufllinlJ~nU' t,Su thluthii'uluth (W/0/W) 

..6 ~: ~ ... .... ~ : ... ~ d : " I A ... 
CJf~lJlJ111JlJ1t)fllflflltllJ tlfl U~1{).fllfl.flltl 1 lJLlJlJlJ 1lJlJ \J~lJl'ltlfllafl"l 'Utl~l'l tlfllJ 1CJftllJ tl~ LlJt:JflalJ 

II II II 

na1m~uvii'ai'lJ1illlJfl1'il~fla1tJL~lJ'l1U fl'lhii'u 1 uth (OIW) 'W1Jvirai'u '11il flU iu ~ii~tiw ct1 
.i II II II 

tfl~t:J~~hm~ ,,;u flllJ~\:mU'1 CJf~t~uviraiu'l1uflthiruluthluthiru (Otwto) t~u~u 

-water 

-- . 
••• e •• 
o/w emulsion 

2.3.2 fla ,nm·Hn~eut~oi''U 

Water 

•• 
• 

w/o/w emulsion 

O ... QI ... 'J) o,'J) d~ o' Ql~ d 
fll'i't11t:JlJa'l1lJ~tl~l11 l'I'Utl~Ll'la1l'IL1JlJflt:Jaat:JtJAU~fl~1L1JlJl'ltJA!afl"l fl'i~\11tl 

'1 01 ..dct_l.c:. 1 Ql 'JI o,,.,cl d c~A.JQ •JI 
vg lJ~1fla1~'Ut:J~Ll'lfl1l'llJIJllJ1~ltl11fllJ ml11 l'llJ'UlJ1Atl~fllfltanlJ1fl\J::lJ'WlJl'IFnlJlfl u~m 

~ I ~ ~ -

'UlJ1fi'Ut:J~t:J~mfl 1 l'!qj'il:iH~u;ifhU'vv t,Su fll'i t'Ufhthiru 1 lJ th thiru \J~U~fl~1t~lJ v~mfltgfl"l 
II ' II II .i II 

m~\11tJ~1t:Jg1 uth tifv~~Vi~ i ~'i~v::nall'llJ~ fl'4mmhiru \J::tivv"l nlJ~1tilJt~lJ fl'4fllfl 

, ,.Z A : oi'j/QQI Ql , ... 1 Q QQI Ql ~ ~ 
'U1..!1fl l'lqJ'UUL'.ifltl"l ua~Utlfltlflfl\11fl1..!1l'll l1VlJa'l1Un'a1tJ 1J fll'.itflAt:JlJa'l1U'l11'.i::tJ:L1alff1..!"1 

II ' ' 

U Lltlfl':h viJai'ui'1fl'.il1 (temporary emulsion) mnillM'tflAViJa'Jfunijfl11lJfl~~1 thi~1fltJf11'.i 

t~lJViJacif1fhv v{ a~ i '!JtrJu fll'.i tlv~ tiu i M' n mJ Ufllfl,f1iJU 1 fl v6iJacif1'fhmll 'il ~U l'l'.i n~ 1fl d . ~ 

'.i~l'l'll~N1'Utl~tl~tl1Atta:~1na1~ fl~fllflflfl?l ?lfltl~ \1: iliff1lJ1'.i fl '.i1lJ~1tiU i ~ Vi 11 M'i ~niJa eMU~ 
ijfl11lJfl~~1 L~tJf111 vira<Mum1'.i (permanent emulsion) (Ultll i'~u1'11uuli', 2545) 
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cv .- cv GJ 

2.3.3 fl'l11Jfl.:!~'lttltH61Jfl'lfW 

nn i'fllllfl'l11lfl.:!~'ltt~6.:anirn 'liu hw 11ltflfJn~ ih-l'l1l1flfi~'W i~ trt6nlfl 

t1'1-stl -s:n61J~ihi1u tt~tH 11ltnfJn~n:mv i li i.:a 1 u i{Jfllfl~m:: 111r.1~ 111 n:: i{J .fllfl~9i 6trt 6.:1 ii-u u lfl 

1 
, ' ... .J ... .... "' ' 1tl ... .J ... 1 111n fJfl 11 tyrnv.:a'Vf6'YI \l::flfltt~'lHf117 n11~1-u 6.:!6'4.fllfl fl6n n 6Vfl 1 'lf'W -s ~ u CJr.:!1l 111n fJfl 

~ ' ~ 

fimJ .fh.:a 111 qj \l:: \1 fltJfl citJ11l6n::nlv 1 lil u 1{Jmfl-u 6.:ai11iru u n::iitJ 1.:1 rhu lin:: mvi11 iii \l:: 6~ 
~ ~ ' ~ ~ ~ 

1u1{J.fllfi'IJ6.:!Ul ~.:ai1'uliih-l'l1l7::11·h.:ai11ir'Wfi1Ji11 (oil-water interface) i.:aLnfl1m.:at1'!H CJI'.:! 

t1'11ll7fllil11U'l~oU'fl-u'lHm-s-s'l1li'lnu-u6.:aL~fl 1 -uiru L'Vf-sl:: 1 tl-s~uii11ltnfJn'llulfl 1 11qj 'Vf6~\l:: 
1111lf6'4fllflmmn6r.~~tm::n~1lnuili (tl,;u~-s 11.:atftl-s::mn-, 2545) 

ti irn 'liu ~ ii fl 1111 fl.:ai 111:: 1~ 11 \l'Y' ilvfl 'l11Jfl.:a9i 'l1llflf117 ~ 6'4 mfll u i{Jmfl ~ 
.... , .... A A .J _,.,. 

fll:: \lllJ~ 'l1Jllfll:: m111 fl'W (flocculation) L 'W 6 n 1 f1 f1l 11 fl fl 6 'W 'YI U 1J 1J 1J ll'l'\..1 1'1Hl'W (brownian 

~ "" ,I tl ... , ""' 0 
, " ""1 .... ' .! ' movement) CJI'.:!1flflttl'W~l1J fl~ 'W1i711J'JI'l~ 'Yil 116'4fllfi1J 6f1lt1''JI''Wfl'W f1111fll::fltl1l'W'O:QmH 

, !ld ,I ... ~ -~!it ~ "' 1"' ' , 11Ln'IJ'W 111f11Jf1111'Vf1JfJW11fJ1l IIJI'.:!11J'Wf1111'Vf1J'Vff1Hl'W 11Uf17::1J1J6'4.fllfi~HCO] .fllrJ 'W1::1J1J 

o 1 , ""' A .J ""1 .., .I .a o 1 ""' • .d .,. ...... , , 'Yil 11 Lflflf1111flfi6'W 'YIUfi::1J 6fllt1''lf'W fl'W 1Jlflttl'W 1176f117'Yil 11 'l{J.fllfi~6L'WtH1JfJW t1'1J1J~ 1J 
~ 

L111ll:t1'1l9i6m-sm::\l1Vi'l-u6.:a6'4.fllflfl6nn6v~ u .:aF·mlil 1 11'tnflfl"ll1l i11fl.:ai'ltt~6.:avirniu ~.:auu 
... " ... ..1 ' , 0 , " "' ... ., "' , " '0.:!~6.:!1Jfi'17'YI'lf'JlJ 'Wflll'Yil 116'4.fllflfl6flf16lJflt1'11Jl7flfll::~lllJ~'lUfl::fl.:!6g 'W~'Jflt'IH fl l'Vfll:: 

1 u-u6.:amn"ll'Jfl'lfil fl\l:ihll.:a~.:aih9i69i''lm.:a ,rt6i11-u6.:am n1 2 'lfil fl~ 111n-11ll7flflt1'1lnu 1111111 11' 

""' !it "" "' Ql .. ... 0 , " "' "' 0 , ,... , ,,1 .l .J 
LflflllJ'W 61Jfi'JI''W UH~.:! F-11\l::'Yil 116'4.fllflttl6.:!ttl6.:!111 fi'J7'J1J~'lfl'WUfi::'Yil 111Jttl'Wlfl 11tyttl'W 'Vf'\..1 'YI 

' ~ 

~'ltt~6 .:!6'4.fllfl i .:a nt1 n .:a m-sm:: '0 1vi1i .:ant1 n.:a1n fll 11 u virn'liu li 1 2Jt1.:ai 1 ~.:a uu i.:ali 6.:amff'vn-11 
o Q. 01 Q, .... 1 t~ a .t ...:::. A o 1 , .-
'Ol'Vf'lf161Jt'IIIJI' Td667 1116t1'17flfiUH~.:!F-I'J (surface active agent) l'Vf61Jl'Yil 116'4fllflfl6flfl6rJfl 

m::\lluun::fl.:a~"l6d,~ <iliu1 i'~u1tluuli', 2545) 

2.3.4 il'Ouv~iiNn9i6fl'Jl1lfl.:!~'ltt!6.:!tliJt'loH'W 
' ~ ~ 

2.3.4.1 1ti1~'W ii1ti1~'W11fllrJ'JI'Uflliilv1l1411 unirniu'lfilfli11ir'W1'Wi11 L'lfu 

1th~'W111.:!'W1J (LflClf\.1 lflCJt\JL\.1~ 1tl-s~\Jl1V) 1t11~1..1i~ (lth~ui~Ufi.:!Ufl:: 1t11~\J,~ttll'J) 1tl-s~u 

'Olflff~1' ('Wfllt1'1J1Un::L\lnl~\J) un: 1tl-s~ufl'lf 1'lfu 1t11~1..1~1111i\6.:a 1tl-s~u~iifJWt1'1Ju~1um-s 
Lfi'W viJn;i Vh661~~un:: 1 lffl'll1Jfi.:!~'JUfiViJn'lfu 1\.1 7::'H ·:h.:!f1171~1Ji'fllll ifiufi l'l6t1'1~\J 
(phosvitin) un:~1'Vf 1tl-s~u1ui~ufl.:a iii uri in 1w1L'YinLnilu (lipovitelins) un::~n9iu (livetins) 

1th~uLfiClf\J LfiClf\.1 l1h~unv lth~u i~-u11 ~.:a~111.:1~ 2.5 

liubu
Rectangle



.... 

-~ 
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fl11H~ 2.s 11.h~u~Hh~uvl1aoihhmJf1um111-s (u1;~~, 11~tfu-s::mu, 2545) 

' ' ... "' "' 41:\ Q.V 4V lth;lu ~... v .q.q v 
B1.U:I'VU 'VU~B'IJQ'VU fJflltf1J'lJfU'V~'HUl'JI'JiflB~H11 

1unflu1h 0/W 1GJ1l~VlllfloillJ~ vl!aoii -nlflfll rrillfl11llfl~ ~1'Ufl~ 

-nfl~mmff 
.q "" 0/W 1GJ1l~VlllfloillJ~ vl!aoii-nmflf fi'Slll'YIVll 

iflfftllll "QI A Ql Ql " .s 0/W 111~\.lliFH 111 afl'ljW::l '1..1 fltYll NtYl 11fl111111lJ ~ 
.., "" ua~fl11llfl~~1 a~'UlJ1~'Ufl~Nan 

, ' 
1hu~~ 11fnilu-stY 

UV.lJlfl'fl 0/W 1u-s~ui~11~fl 
,AQI., Q 

111 1\J fltYliNtYUa~ 'S tY'lf1~ 

1u-s~un6 + 111~ 

lJliN~ 

li1Vfl~1lJtY 0/W 1tb~ui~u~~ """'""i-n ~,, ... "" fllla'lf lflfl'S 111tY'lf1~ua::tY , 
vl!aoii'rllflfll l~u,j'-nn-lflf 1htYtr~ 0/W 

... "" 111~ 't..lliN~11 'SfllfiGJ1 

1lJ~11lfl 111-s~lJ 
~ nv 

2.3.4.2 tY1-svl!aoii-n,flflf ~ij111Laqa"Uu1~l~n ~::u'\i~'liun'lJ 1 u-s~ulum-s 
• tl " • 

~floitJii r;h;1ll -s:: 11-lH u 1l1u O'lJU 1 uadh 1 1fijfl111111lJ 1 u u u 'U fl.:! 1 u-s~ u iii ~h; 111a~a ~ 

th::iY'Yiimv."Ufl.:J 1thAulum-slilu~.:~nfl'U11~Yiih~1lli.:~a~a.:~ tY1-svl!aoihhvvfYiij1maqa 

'U't..l1~1~fl 1'Jiu moiiiu 1111uua::irlflfllGJ1V i-s~ ~hul11qj1111~1uNil~fiwtti'vl!a-Mu l~va~uH~~ 

~1'UV~l~~ i'Ul!ulu-s::1111.:~ 1~ 111iiutf 

2.3.4.3 v.viluc}}flfl1 h~ (polysaccharide) 1~v..r1 i uun1tYnu-s::nv'lJv.flil

uc}}nfl1h~1~ijfJWtYll,j'~,~uvl!aoii'rllflVl 1ilv~~1ni~ij11~i~ij~1 (non-polar) Li4v~v.v~~~ 
1 'JI Jl ' 

t~ ~oi'lJ iii~1; 111 -s :::1111.:1 u 11! u u a::: u 1 u~ t11-s tJ -s :nv'lJv.vilu c}}n fl1 i-s~ tY11111 twri 11111 v a~ fl11ll 

fl~~1-uv.:~vl!a-Mu ill~wm-s 
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2) nvnwinm, 1~'UH'11'Uflff111UCI'rh11~n~v1n'U 1 111~\.1Uft:afi11 
Jl ' , • 

fi1111'H\.11'\16.:1oi'Uflfi'U1Hliih'i111 't1VnU~flt11 l1~l\.lfl~11il i~un l@J 1fl1fiVftftVV~Viij111::~ft'U 

(anionic hydrocolloids) ~.:~ff111nmnfln\.ln::1;.:~ ivvvtJn'U 1 tl1~\.l~ij 111::~'U1fl M1n1111~\.l~ij 

tl 
"' "' Q"' "' d Q ,J 'J ~ J -~~~ ..:. .Q I .J 

1::1ft'Ufl1'i'ifl1:11fl1111fl.:lfl1'UV.:IV11ft'11'\.lfllflfl'U\.I '" 111VV1'H1111 'VVV\.Il111l1lft\.IC)f111flfl11'H\.I.:I 

~.:11fiV.:I't1 V~ ~:; 1flfli'U1i:: 1 ;f .:1 l V V V\.1 n'U 111::, '\1 v.:~1 tl1 ~ \.1 ~ ij f:b'i1111:: 'H 11.:1 J1~ \.1 n 'lJ J 1U ft:: 111::, 
Jl 

ft'U'UV.:Il@J1fl1fiVftftVV~1'U1~fi1fi'UV.:IU1 
..~, "1 11 tl d "' 11"""""" I 1· 1 .Q 2.3.4.4 ffm1::l1 '11' \.lfl11U 1l Uft::fl1llfl'U1fl1:11 ~fllV11::'H11.:1 IJ1fl\.l-

1 111~\.1 1 1119i'U-a'11ti~ncri~mvf~ij,\.11f1Lgnun:: 1 1119i \.1-nvnu~nm i 1~~ Fh'i1111::M1H 

J1~\.l n'UJ1 ff11111t:lfi11Jf'l11 i~1 f1Vfl1111i''U111~V\.Ifffin::m1 ~nf! 1 ..fm111::a'11n'U Hnflfitu cnun:: 

1:: ~'Ufl1111fl.:li 1~~V.:Ifl11 l't111:: fl111ti~V\.IU 11 ft.:l ~W 'H tJii fl11111~\.l fl1 fl-~1.:1 '11'Uf1Uft::fl1111 

L.u'11-u''U'UV.:I ,VVV\.IflftVfl '\.lfi1111~\.I'UV.:I1fl~v.:~18 111 ii \.11CJtvf ~::'t'h 1 MflW ff11lliil1H1flij-mvmn 

1 A Q"' Q'J .. ..;. d Q d ~~~ .. 11..; 'J.I I 0 , "·· 
'UV.:I 111A\.I a'11V11ftC)f '~1VV1l111'U\.IUUftfl Uft::'t1VftUC)fflfl1 '1fll ft(J\.1 'lJ 1'11'\.1 l11 'HIJ1::, 

A ... , 4 _.... ~ I , ,, ~ i 1 ... d ... 
1 111ftflft.:l1\.l V·n1flfl1llfl11 VVV\.1 'H l Vfl1l1J 1 'Ufl111111J\.I fllfl-f!H 'H m1 1 fl V C)fV1ft fll'll fl 

(isoelectric point: pl) mni1111'1~fl i'U~\.Il111i1un::vd1'Ufffi1'nlfftV11l'Hft11111i1'UHff1\.l 1flv 

... J , • .1 ~ , 
fl1lftfi~W'HfJ111'nV~11l1V.:IV1fl1f\' llJ\.Ifl\.1 

2.3.4.5 '11'Ufltm::fl1111t.u'11-u'tJ'Uv.:~tiiJnCjfi~mvf 1::'U1JviJaitJ~ijm1 1~11 181 fll 

fl Vft ft VV~~ H'11'U fl n\.1 Uft::fl1111 1 .u' 11-u'\.1 ~ Hn\.1 'il:: ff .:1 Hft ~ Vfl1111fl .:~i 1'\1 V .:11 ::'U'lJtl iJ aiu ~ H n\.1 

Huang et al. (2001) 11().:11\.111 L@J 1fl1flVftftVV~un::n11i1~\.1'1 ~11i1'lft'nfl~\.l 1'lf'U n11V::11fifl 
• Jl Jl 

11iVfl1111L.u'11-u''U'il1fl!vvn:: 0.5 1fiVU111'Ufl 1~\.lfvvn:: 1.5 1fiVU111Ufl ri .:IHft 1 1ffl1111fl.:li1'UV.:I 

lZ'lJ1JV~fti'ULfi11~\.ll;jVl~'Ui' fl1:11ltl'Unft1ii.:~ 90 i'U -rf.:~ifnjV.:I'il1flfl1'i 1~11 i@J 1 fl1flVftftVV~ vh l M 
4 ...t ,J , "' I J ..lp d 'J Ql 0 , , ""' Q d , "' 

fl1111'H \.lfll'n 11'\1\.1 \.11~fi1flflV1 \.1 V.:ll'lnV111 V'U111fl ''\111\.1 l11 'H U HA.:iH1'UV.:Il11fl '\111\.1 ftfl ft .:i 
• Jl 

hw1\l't11::n11~1n fenugreek Vi1::~'Ufl11111-u'11-u''Ufvvn:: 1 1fiVU111Ufl -rhl11'1::'U'UVirai'Ufl.:li1 
' Jl • 

111nnqfl (fvvn:: 100 1fiVU1'HUfl) ua::nfl1111L.fl11.ff'U'UV.:il11l1iftLC)fft~ 1nff UC)f\.IU'VI\.In11 n11'il1fl 

1
<d 1 .-:..ct" Q d Q,l ~ 1 : Ql 0 ,, ~41 QJ QJ 

Vfl Uft:: 't11'nft\.l 'flftflVftUVft'ill\.lfl l11::fi'UlVVft:: 1.5 fiV\.1111\.Ifl '¥11 'H1::'U'UV11ft'11'\.lfl.:ifl1 
Jl • 

1~\.lfm.Ja:: 100 lfiVU1Mun mvMn.:~m'iL~'Ui'm:mrlunn1 90 1tJ ~htJtiirnoitJViijfl1111fl.:~i1 

~1~qfl f1v 1Z'U'UVirni'U~ijn11lA111annij\.lfi11 flaxseed Uft::l'nflA\.1 ~.:ifll':iH~ 2.6 

(1.h~\l'A1 M.:~ff111::mn, 2545) 



fi11H~ 2.6 fl111Jfl~~1~fHfJJj'~itu0oiimll~hJ,8 ifllflO~~OfJfl'tfUfl~ll~"'JU~::l~'I.Ji'm:n~ 
tJW111Ji1~o~Li~lun~ll 30 u~:: 90 1u (Huang et al., 2001) 

EDillsion stabDity 

Concentration 

0.50% 1.00% 1.50% 

storage time (day) 

Hydrocolloid 1 30 90 1 30 90 1 30 90 

Fenugreek 100 91 82 100 100 100 100 100 100 

PG alginate 94 69 70 100 96 95 100 100 100 

Methylcellulose 93 69 70 100 93 76 100 100 100 

Xanthan 100 88 79 100 90 65 100 100 81 

Oat gum 69 72 74 95 86 85 100 100 100 

Guar 65 57 58 100 67 66 100 92 85 
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2.3.5 flll'til~ltJOJj'~iu (breaking of emulsion) 

mnil~lvf5Jj~iulrlu1iur.~mmfiJj'~ci1nlooi'mlfl11111;mil~lr.J;j~1J~o~mfl 

flo~~ovfi'tlfi~'I.J, ~11;oth 1 1f1l1:: 1~og'I.Juih~o~o~mflflo~ a ovfi'1111f1, 11 1ivhu1i ~oon ,~,rJu 
II ....... 

fi~'U 

2.3.5.1 1irn~fllr.Jfllff (physical methods) nui1u1ulfl~0~!11~fJ~ (centrifuge) 

m1mo~ m'lflflfl111J11Ufl~1tJfl111J!ou fll'lfhifi101J1oon flllfl\J11;0fl1\J mnh 11f,gu ifl 
... ,,... .. ... ..... .....,: ,~ ..,: ... , 

fll'jlfllJ 111JO~fl1flflOflflOtJfi1J1fllfl'U'rt011lOlfi1J~O~l11~1'11'Ufi'Yiff11J~~ 11CJf~~O~l11~1'Yilfi1J~~ 11 
II 

ij ~0~ ii ff1JoU~ ff11J1'j fl'l11J~ 111lO~::~lfJO~fllflfl Of!~ OfJfl11lO~ 1fl~ ,~,II 
...... ... ...... d 1 , .. .. ... .. 

2.3.5.2 11i'Y1Hlfl1J (chemical methods) fll'llfllJOtflfl 'Yil flf111l0tfi1Jfl0flfl0tlfl 
d ... A. .... , .... AI .. , "'... ... ,A.,, 
'YilJ 1J 1:: ~ fl H flU~ 111 fl 'I.J 1J 'l:: ~ ~ 0 ~ 0 ~ fl1 fl fl 0 fl fl 0 tJ fl \J 'l:: 'I.J 'I.J U Hl11 'l 01fi1J ffll l fl1J fl ~ 1J 11 

,; 11l~n~ Vln'I.J f)Jj a Cif, n tooi' 1~011lgou 1 1f1rJ u ffll 111 ::flO'I.J'tfU fl 11111111 01~11VJj aCif, n moi' 
' II JJ Jl tl 

ii1 -*n'I.JiJJja-ifu'Jl'Uflu 1Jju 1 utl1a~ 1 111u f)Jj'a-ifu'l1iifl1ll 1 uu 1Jj'u u~:: 1 u 'YIHfll ~t1u'l11111~11 
' Jl Jl II Jl 

f)Jj'aCif1 n mo i'Vi1 -*n'I.J6Jj~-ifu 'l1iiflu 11 'UU ,Jj''Ua~ 1111 u f)Jja-if'U 'lfl1 flu 1l1u 1 u u 1 ~::,;, 1 ~ fl1111 

fl~~1'\JO~Vl1fl-if'Ul::'I.J'I.J111fllffr.J111 
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tl 

1) m-stm:::n~lJ (flocculation) un:::m-sut~ni'Wfl~lJ (creaming) l~wm-s 
tl 

tm:::n~lJ ~v m-s~un~lJ'UV.:a'l1tl~tgmfi~1~'Wn~lJ'UV.:a'l1ti~'U'U1~ 1'11qj (floccules) rhum-sut~niu 
... .. A ..,; o:l .. I o:l 0 , 91.... ~ ! 91 91 1..,; 91 

mlJ flV nTHflnvu VJ'UV.:a'l1 tl~rt1WJ '11'l"VOtllJ'UV.:a'l1 t~~mn 'VIl '11&n~t1JU 'lf'Ut'UlJ'UU vgVJ~1U1J'U 

..S sJ I ~_, 0o1 4 ~ I I CV , 

'11 "IV~ 1u a H 'U v.:a OlJ n 'lf'U 1 u v.:a ~nmMnnnfl11lJ u~ n~n.:a'Uv.:a fl11lJ '11 u 1u u u 'U v.:a 1 {) mflm t1 u 

nu1{)fl1flfl1ti'W6n ~.:am'W~ 2.5 ij\19ll~H/lunnfil'W1W'I11fhfot~n:::~'lfilm-sut~n.iufl~lJ (% 
tl 

creaming index) ~.:ail 

"01.:& :A 
'l"6tlll:::~'lf'Ufl1lUtiO'lf'Ufl'l"lJ = (xJy) X 100 

' tl ' 

l~t~fi x = fl11lJ\l.:a'Uo.:aiuoiiniufit~o'l1.:a 

y = fl11lJ\l.:a'Uo.:aoiiaiu 

tl ., ... 
'lf'UflllJ 

' tl • ~ ~ d 

lllft'fl 2.5 ll01:1W:::'U6.:afl1l1WO'lf'UflllJ (McClements, 2005) 

. . .. 
lflt~fith X fj,:aijfi1lJ10~ i'Wfl~lJ'l:::.u''UlJlO ti'lfl~lJijfl1llJ.u''UlJ10 .. 

~'lfilm"Iut~niufl~lJ (%) ~'l:::lJlnmlJ,l1~1tl rl.:aHa 1M'tfi~fl1llJ,1ifl.:a~11uoiiaiu lunntwn 

! ... o:l .. 91 .... liJ 91 ., .! 
'lf'UflllJ'l:::Ll1'11'l"6'111 'W'lllWl Lfl'llO Stroke's Law ~.:j'\J 

v = tl9lllfl1ltftfl creaming 

2 J! I o' o:l 
d = 1ff'UHl'Utf'Ut10lll.:a'l1tlfl1llO 

' . 
I cl I .::!1 191 I 

g = fllfl.:j'VJf11llJ1H 1'U6.:J'llOUH 'UlJtl1.:J 

p
1 

= fl1llJ'I1'UltnJuouo.:a internal phase 

p2 = fl1llJ'I1'U1UtJ'U'U6.:a external phase .. 
17 = fl1llJ'I1'U~'U6.:a external phase (poise) 
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" 1 \.lfll'!i uvniufl'111~::tfiflnl'!i~~Lfft.JU 1J1JN\.I nn1J ill (reversible) 

" LTrn::~ ~11~tHil~11Cii ~u1v~ fi~ i 1i\}m'h111t.J L'W'!i 1::u:: u \.1 L 11111 ~rh ~ ~ ff1111'!i ~mi11111L t~llvu L;j 11 iII 
2) fll'!i'!i111~1 (coalescence) U11::fll'HLV!fl~1 (breaking) lflt.Jfll'!i'!i111~1 

.!1 .., .., d ~ , I ..: A ~ .. .. .., ... , •. 1 .. I 

fiV fll'!i'!i111VI1fl\.I~V~'Ht.JfiL11flL1J\.I'Ht.Jfl my (fll'Wfl 2.6) L\.IVnlfll11111~V~V1111CJf 11LVV'!i 1JHff1\.l 

\JflVi 1111v rl1\.1111flfll'!i tfifl fll'!i uV~n~ 1 ~f1Lfluu1J1J flu nn11 i1ii ~ (irreversible) L'W'!i 1::vM 11\1 nVi 1111v 

" . 
'H11fl Vi1 1 ~tfiflm'!i uvmrlu~v~L'" 111 2 iu i'flt ~\.I LllvlinnL~r.h i1iff1111'!i~nn1J111Lrlum1lvuL;j11 

i~ fflm~~v~m'!itfiflm'!iuV~n~1 tiv . " 
- m'!i LtlavuutlM~l-wn~~,u.nu Fhilffl:: lflvv'4mflt~fl i ~~u 

.... .... A I .... ,: ..... 

'Wt.llt.l111'!i111VI1fl'U L'WV11flfll'W11~~1\.I'W\.IN1Vff'!i:: 

- fl11111~11~'lJ~V~tl~11CMi~LVVl LrJuihl~t.Jduity~tffl lflt.Jffl'!iVil 

tl~11i'\.l ~~fl1'!i Vi1 1 ~ Lfif1Ttft11vth~nfl L~ 1 11inn LfifiV'4tllfl1i1fl 1 ~,j\.IU11::11fl U '!i ~ ~~'!i::'H'll~fb 

(interfacial tension) U11::m'!i1~ffl'!iViltl~11i'\.ltll111WU'vt.J~tffi~Vill~ilir11i''Ufl~~1~tffl 
" " - ill111Wff11nfl1i~v~lh~\.IU11::1llluil~11i'\.l (phase volume ratio) 

~fl1flq~ (critical point) 'H111t.JQ~ fi1111L~11~\.I~~tffi~V~L~fftllt.Jl 'lJ~tllJ11CMi~LVVl ff1111'!i~Vil 1 ~ 
tfiflil~ 11-i'u ~fl~ ~ 1fl111~ ~v~m'!i i 11 . . ~ ~ 

- fll'!iLtlat.J\.IUtl11~V'4tllfiL~fl i 'll~\.lllliflllLflflV1Ji\.I~Vi\.l lflt.J~l 

fl1111~1~ffmi'i~~l (t;-potential) ~~'1 '!i::1J1J~::fl~~1~ U11::fll'!i1~11ff1'!itltgnlflli11~11~luil~11i'\.l 
Jl 

Vl\1Vi1 1 ~'Ht.Jfl1gfl1ilvmffl nfl'fl\.IU11::'!i111~1fi'lJLfiflfll'!i1Wfli'Ufl'111 i~ (ui t.l1 lfl\.lltl'U'Un, 2545) 

Klnetically 
Stable 

Emulsion 

Creaming Sedimentation 

Phase 
inversion 

Flocculation Coalescence 



' -

0 

• 
lll't'tn 2.7 tn'l''l'111~1~t~~11VA1~2Julun·hnh (McC1ements, 2005) 
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-iil!ncil -n1t~t~ { 11 !t~iil!ncil -nv~u-u ,u ~ tr!u ~ 1,f1vnAu 'l' ~~ ~ 'l':: 11-lH f:h~tN1l1n11 
. -~t1~111n1V'U'VI';6-tn11'l'1llfl'lJUllAVnRUH~~ihn~,lfl 30-50 1AU'~t~1'lf'U9i1ll~'l' tr!u 0.10 lAU'~v 

' • v 
t'lf'U;itllfl'l' ~~m't'tli 2.8 lu llltnfJn~t~~iiiJncii-nmv{ii 2 tbu fit~ thuliii'li1 ffllll'l'rtn::n1vi~ 

v - -1 u1l1un::~mY11J l1lii'li1 ffllll'l'rtn:n1v i~l 'Ut11.itnflUlJJ'U 1'h 1 11'lll&nfJn'l1m11 un:Qflt)AcM'lJ 
., , , ~ :a~ :01 A ct.c:. :.., Ql 

U 'VI 'l' flfl1t1~'l' ::111 H N1~ t1~'U 1 fl'lJ t1ti tllfl~ t1~'U lll'U 1't't Vn A 11 H;t ~ N1~ t1~ t1ti tllfl'U 11J 'U n flll w:: 

fll'l'M'U111 ~ v ~vl!n cii -n tvt~1 ,: N'umh h1fi11J 'JfoU A~v~ iil! ni'u 1 ,fu ff~l'lft~VllffL~ vt 'l' ~ 
• v • 

(C
15

H
33

COONa) t1ivn::nltr1ll,-,::U~fl~1vvmrlu C15H33COO- tbulitrlu l't'tnl{ (-coo") n:n1tr 

i~iuJ,,:guvt~fllll'Ut~fl~h~v~t~l.itnfl\llJJ'U L~vn::nltrvdiuJ, ff1'U11~ffl~tl1'l'fl (C15H33) ;~ 
111 lcl ~ d I : 111 Lllll'll1fln:nl trv ~ 1 u V'4 fllfl'U 11J'U 

-iil!ncii -n lt1t1l u 1J 11ii'li1u t.i~vt~mrlu u 1J1.J iiv v.U fl (ionic emulsifier) u n:: u 'lJ 'U'U t"I'U-

Vt"ltloUfl (non ionic emulsifier) lAVU'lJ'lJVtltloUflih~tr~ 1 U'lJ'lJ u~n::'Jfufliifl11lli1~t1'11Qmt.ll~Fh 

1 u'Jh~fl11111tlu m A-~H11d~ tdv~,lflfl111J1Lflfl~l~'llt"l~fll'l' u;t n~1 i u'Jh~fl111Jtrlum A-fh~ 
~H'l u'Um.h:: ~n'U,:: i 1~mJ 6m m 1 u ffl'l'~trlunn 1~ ,uil~~ H u 11mh:: ~111n,: i 1~vtlijm v1 

i uffun::n1v~' ilu mA d111i''Uu 'lJ'lJ~trlu i~J~111nun::n11 ,::ii'li1~ iAvtnnfl~ n ;~ i11tfiAm'l' 

uflfl~1 i M'iivt~utV~ 'l'l::tl'l'::~'lJu llltnfJn,::fflJ~nnu 



l .. 
• O/W 

.; ,c~ .QQI.Q, tl.c. -·-· m't'tn 2.8 111..11'YI'Il6.:!61H,'lf 'tiL66<s (t.l<st.I11J, 1J.IJ.IJ.) 

~ ""' 2.4.1.1 fl1'i11~Ut.lt.l (carrageenan) 

l 
1~1 

w/o 
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fl1f-s1~U'I..It.ILflt.lff1l~tl'ti~ ,~~1flff111~1t.J'YI:anifu~H (Rhodophyceae) 

cb.:~'JUfl~lfH~~Lflt.I'YIHflll~1 i~mi Euchema cottonii un:: E.spinosum iHm.:~fffH11~mflu 

fl1Ugfl1'Yitr (galactose) 1~61J~6ft1..1~'Jt.J'ti1..11i::,flH lfl~~fl (glycosidic linkage) UH::Lf!1..1cMHL'ri~ 

'Vt6~U~flfllh~ (sulphated polysaccharides) cb.:~mf-s1vut.I1..1V.:!UU.:JLflufl~1Jd6t.JVfl11H1t.J'JUfi~11J 
~11..111..1UH::~1U11U.:!'Il6.:!fl~1J16ff1VI6fcMHL'ri~ (ester sulphate) un::~11..111..1 3,6 anhydro-D-galactose 

, 'JI I , .,1 ~ 4 ! A .1 'J} 'J} 
(3,6-AG) ~Ufl UfltJtJ1 616~1 un:: UH1J~1 'lf.:!fllll1~U1..11..1 VI.:! 3 'Jt.lfl1..1 tJ-s::fl61.Jfl1t.J lfl<s.:!ti''S1.:! 

'" 'll6.:!'Vt6i'iuarflfll i <s~11nfl-Yici1'1 ti1..111H1t.J11'1.i1v 

U fl tJ tJ 1-fl1 f l 1 'V U 1..11..1 ( K-carrageenan) tJ l:: fl61J ~ 1t.J 1,3-linked 

galactoside §jfl~1JcMHL'ri~ (sulphate group) ~~1U11U.:!~ 4 un:: 1,4-linked 3,6 anhydro-D-galactose 

""'!"~ """' .. ,, ~ (3,6 AG) 1~t.J1Jti'1'S~.:!~1..111J1..1 mu-carrageenan fl11JiJ'S1J1WU6t.l 8 fl'ifl (anhydride) 111flfll'Silfl1.:! 

,f!t.l 3,6 anhydride 1J1flii.:~f6vn:: 28-35 ~::iiHnl'h1-H''h~61tJu~trL~t.J1Jun::iifi111Jff11J1<st~lum-s 

Lfl~L~H ii.:~u,j'~::§jfll'S~fiUtJ-slM'ii 3,6-AG ~.:!~1tfl U~mn::§jfi111JU~fl~1.:!ft1..1~~11..111..1'116.:!fl~1J 
tinl'rl~~~1U11U.:!~ 4 iu 1,3-linked galactoside un::fl~1JcMHL'ri~~~lUml.:~~ 2 11~v 6 iu 1,4-

linked galactoside ~::vh i M'mf-s1~111..11..1 'JU fiUflt1tJ1§jfJW ff1JU~Uflfl~ Hn1..1 1 tJ 
iv 1v~l-fllf'S1~U1..11..1 (t-carrageenan) tJ-s::fl61J~1t.J 1,3-linked galactose 

I t I t J} 

§jmi1JcMHL'ri~Vi~lU11U.:!Vi 4 un:: 1,4-linked 3,6-AG §jfl~1JcMHL'ri~Vi~lU11U.:!Vi 2 iiffn\9l.:~~utiju 

nu-carrageenan fi111JU;Jfl~l.:J<s::whmvu18ifl-s~l1..1fllfll~U1..11..1'JUfiUflt1tJlun::1v 1v~l fiv 
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~1'\J1'\Jfl~11oHtt1'rl91~~1U'HU~~ 2 l-u 1,4-linked galactoside '\ltHifl 1v9ln::ii111flfl'hUfl'lhh 

th::111wfmm:: 25-50 fl11111 1~v 11.1u91U1;V11ttPltt~ ~'l~::iiNtt'ti1hfl~t~tt~Vfl'U~11 u~~1iin~11 
e1.1 do 1 d d !I i I "" 

'lHUn9l't1911U'H'\J'Il1 2 111fl(WJfltJtt:: 80 ~:: 19lflUflntt]ftJ11 

Utl11911-fl1l'il~U'U'\J (y-carrageenan) V'l'::flfl1.J~1V 1,3-linked galactose 

~ 4 I cal ... J .J. 0 I ,J -· Jl • A t Ql ... ( .J. 
t]f'l11flQ11t]!tl1119ll1911U'H'U'Il1 2 u'l'::111tU 'l'fltJtt:: 70 Utt:: 1,4-linked galactose 11flQ11t]ffl1119ll1 

~111'HU~~ 6 ~~m!·n~u-uw~il~tl~::i1hn~m'l'i1~1~1~'\J 3,6-AG ~'liiNtt'thl'H'''b.iiifJWU11U~l-u 
fll'l' 10Pl1 ~ tl 

II 

m!n~u '\J'\J 'Jfl'JI'U ~tt::tt1V illl 'U 'll1fv-u ~ 11~-umav 1t]f1~V11'\lfl.:t 

fl1l':i 1~11 '\J'\J 'JI'U~UflVthua:: lv 1 fl911U1111'l'rttt::tt1V i Ill 'U J' 1tg'\J l 'U '\ltu::~1flatl'Ufl'l6tltl'\J 'JI'U Pl 

A I 1-1 ... .. ... , I ,11 I " I " ... ... fl'\J"] 1'11''\J uU9lff1t]ftJ11'H'l'flUfltl1t]ftJ11 11U1111'l'rttt::tt1fl tlfltJ1-:tU111J'l'W U1'\Jfl1':i'l'1~U'\J'\J'JI''\JPl 

, 1111 : d 1 , 1.l 01 Q , .A ... ...;, ~ .l I 01 

Ut111911tt::tt1V t1 l'U'U11V'\J ~V 11'\1'\Jfl'U'JI''\J~'\Jfl'l tltltl'\J t]!'lfJW'HfJ11l1 'JI' l'Ufl1'l'tt::tt1V'\J'Ufl~fl'U 
J} J} fl Q , ...; ...; J} I , I fl Q Q .1.1 

fl 1111 1'\111'\J 'U '\Jfl'lfl u n~u -u-uua:: vvv-u l11fl V1'\J fl'l U1'\J 'H tyfll'n nu 'U 'U '11''\J fl Ufluu 1ua:: 
II 

, v 1V911 ~fl'l 1 oMfJW 'H fJnl-um'l'tt::tt1V111flfl';h 70 fl'lfl'11t]ftt1;Vu 'U flfl~1flUfl1l'l'1~U 'U'U'Jfl'JI'UPl ~:: 
' II 

,~a:: tt1V 1 'U P1 1l'i 1tt:: tt1VV'\J l'l; 6 u~ U1111'l'rttt:: tt1V l 'U U1'l'tt:: tt1vfiii'll11il'U A 'l'ti 1ft ::a 1V (water 

miscible solvent) t'li'U ummmJo11 ua:: lff'Iiff~'\J lnttflOtt (propylene glycol) 

m!n~U'\J'\J'JI'UP1UflUU1Utt:: i t:~l tl911 iifl1111U1111'l'rt~~::tn~1 ~a il!trttl 
fl Q d 01 Q .l .A I .! ~ ...;., Ol 11 1! ,, 

U1'l' tt::tt1V'\J O'lfl1'l''l' 1~11 'U 'UW'U 911ft '11flPl1 ~ ti'\J'\J t]f'll ~ttl 'H tl 1'\J ~:: 11J 'Ul ~ tll'l N'U flti'U'i'l 1Vfl 11111 fl'U Pl 

. • ...; A ,11., 11 .,. "" :: A d "' 
(thermo reverstble gel) flfl U1111'l'rtl1~::a::tt1V111fl tl'l''Ufl1111'lfl'\JUtt::1fl~l~tlflflflH111flW'\J911tl.:t 

,~ r r .M ~ a : 4 .4 Q ' ~ 
Rees and Wight (1969) t1flt111111110fl1':i'l'1~U'\J'Utt::tt1fi'\J1'l::tfl~l~tt 1'\JO.:t~1flLfl~lV'l'l~LlJ'\J 

tfliiV1ti (double helix) i\fJtu 'H fJijl'H'Ufl~fl'H tttl1U'Htl1'1ltl.:tl ~tl fJW 'H fJiiUtt::fl1':i~'\Jfl1'\Jti'11J1':i mil 
, , ... ... .., ~ ... ...~, I ~ ... A d "' ... ~ 
'H1fltltJ1 (helix) lflPlfl1'l'fltl1tJ91111J'\J1fltiV1l1 1111J'U':i::1'UV'U (random coil) l11fl1V'\J911tl~~::1flPl11J'\J 

I Q " QQ I Q " Ql Ql .J! ~ A 
911'\11V't'ffltl111fl'l' 3 1J~ U~tt::U1V'\ltl'l't'fflti11Jfl':i~::'l'11J911fl'Ul'U11f\Pl junction point (gel I) Utt::111fl 

.II ,,d ... ... "' . . . .I .,,... d"' 
utlflfl 'HW'\Jtl~flfl~::1flflfl1':i1fl1::fl'IJ'Ilfl'l Junction pomt (gel II) 1J1fl'\l'\J l11 'Hlf\Plfll'l'U'\1~911'\lfl.:t 

t~tt ~~m't'f~ 2.9 fl1'l'l~1J 1a'H::6vv-u~::iiNtt~flfl1'ItfiPlt~tt tcM'\J UflVU1-fl1l'l'l~U'\J'\J 1rtm~11 

flfltl'IJ'Ilfl.:t 1tJu9lti'1CMV11 (K+) ~:afi~t~tt~iifl111Jilfl'H~'U ~11~116tltl'\J'Iltl'1Uflttl;V11 (Ca2+) ~::tfiPl 

'l.l1:: lv'lful uNi;9ltitucri'm'Hn'Htt1V'JI'Ufl t'liu dessert gels, whipped topping utt::Ni;9lfiwcri'u11 

(ilnm f9lu1'l1u-uli', 2545) 
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Gttl GUll 

,( , Q ~ .=a QQ Ql ... I e' 
lllTtfl 2.9 flll flflll1fl1m:Jn'UfJ~flll'nVU\J\J (UliVll~\JliJ\JU'YI, 2551) 

2.4.1.2 lti~Hlllfl1~ 1na1JiiU (~-Lactoglubulin) 
·II II , t1 

ll11;iu v1ml1u1J U1U1J&i'Ju Ol't11li11 f11;1flflftU 111m'1~ 1 u&~nua:: 
"1 I A I 1 A _.... ... A : ~ ...: 
~ 't1~ l\JfJ~VlflfJWfll'YIH fi~\JlfllHJ~1llfll1JfJl1Jlf.I1Jl 't'H.I1101't111fJ\J "') \Jl\J1Jl1J\J01't111'YI 

.. ..: Jl .1 , ... .J ... I -• Ol .o!l 1-' ... , Ol : 1 ... oQ 

t1'1l1JlW'Yia'lH'U\J U1i'il1J~1~'1f~1Ja'1\JIJl::flfJ1J't1'nfl fl() 1Jlfl\J 'U1J\J \J1~1l1Ullfl ~a' 1fl11J\J 

" " " " Ullil~ un::\11 uomnnu1n1lllfln·h 'UV~u~~1uu1u1J ~111tln;j1uu1u1lv::ii11J,;iu117::1llw 

fvva:: 3.5 m.i~vvmi'Ju 2 n~11 fiv lflAiuua:: 11J,;iun6 

' " &flAiu&i'Ju 11J,;iu,.,anua::ii1llflil~tl 1 u u 1u 11 flv iit11::111W 

" ' ' 
!ova:: 77-80 'UV~ 1tll~uluulu1J &fltiu ihinllw::&ilu&ijtliY'Iln i1ijjnfiu i1ijj1a- &iJu~1iiYh111' 
" " u1u 11iia n11 w ::& ilu ft'U11ua::irfl'n 11vdntJut1 a&Civ1J &fltiu vg 1 u u 1u 111 u ~ U'IIV~a'11 u 'll1U a vv 

lfltiu~ thti~fitJ uvavh ltJ~l ua::un11111 fJWa'1JiJ;j~dlti~'UV~lfltiu fltl~flfl::nvu~fl111llrlu 
I .o!l Jl : I ... Q ,{ , I Jl Jl I 

flHl-Pll~ 4.6 't1'ifJ~fl~::fl()'lJP11V\J1f.lfJVll\Jl\J'YI lfl'1f\J1J'i~'YI1iV:: 11~fl;!::flfJ\JP11Vfl111Jltl\J Ufl 1u 

: "1" 'JI A "'~ .:,1 .o!l 1 : ,, \J1\J1Ja'Plfl1 't1fl111JlfJU\1~fl.:J 100 fJ.:Jfl'll'1fal'1fVa' l1J'IJL1ll1 12 ~1 1J~ 't1'itl1Jlflfl11\J\Jfi1V fl 

.., o,tj/.:1 Ql .J 
tl111Jtl'IJV::'YI1 'Hlfl'lf'Uflfl;!::flfJ\J tl~fll'Vt'YI 2.10 



Casein Micelle Casein Submicelle 

'It· casein· 
enriched ....tace 

... , ... 'J <I 'J </ I I 

lll't'tfl 2.10 1fiHff'.i1.:1,~HlfiCJft.I&111CJf'lHU1l\: &111CJfl\l\\1t.l'ltltiVfl (Home, 1998) 
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• • Jl 

lt.~~a~tiwcri't.~11tjjviim'.iilt.luvmmfl'l11vvmnnu 11..111 , ,,jt.l ff'lt.l 1 MtY 
• Jl 

':: vgl '1..11 iJfl l 11 Lfl ~'1..1 ,:; V gl '1..1 ff'lt.l ,V ·:J\1 Ht.l11 uPil '1..1 fll'.i ~a~1 t.IVU ~.:I 1jjVU 1'1..111 ~ fl~:; flV '1..1 ~ 'ltl 

1'.it.ILLt.I'VI ff'lt.l 1 MtY'=~n~:nvt.l vgl t.ltt.luu~.:~ t.1 vml1..1 ':vgl t.IM1.:11t.IVU ~.:~ 1 \J'.i~t.1nv1 ~1..11 tJ'.i~ t.1 

d'J_I/ ... 'J.J : , I d 4 ... I "1 , 1·· ... </~ 
'VIlt1.1flfl1'.i UflfUV11fiCJft.l VVfl 1 1J '1flt.l1t.111Ul\'lff'lt.I'YI1\1l\6.:a'.i flfl'l11'lfl flfl '1..1 IJ'.i~t.IL'lflt.l 1..1•:: 

iit1J~Htnfl1~ 1mt1Jat.lt~t.lff'lt.liJ'.i:nmJMiYn iivgtJ'.i:111w fvul\: so ,v.:~ 1tJ'.i~t.lnv~.:~M11fl 
2.4.1.3 1tJ'.i~t.IL'lV1'1111.Ut.1 (Whey Protein Concentrate: WPC) 

1 fltlvY'l, tJMn-3 '1flfl'.i:'U'lt.lfl1'.i ~a~1 t.IVU~-3 \11.:1t.l11ff'lt.l~l\1flVQfUWfl 
66fl11n1flff'lt.l~1~t.l1t.lfl11~{1 Llflfl'll nv u 1ff'lt.l~1~t.IL'lVN1t.lfl'.i:'U'lt.l fl1'.il11ff"6 hci'~~w \1 fJij 

... ... 0 .... , , 4 .J ... o <I , I 

63 V.:lff11CJfl\1CJftlff L'll\1 30 t.I1'YI 'Y11fl1'.il\fl~WlffJ11 \11\1l\VIJ'.i:1J1W 40 V-3fi'11CJfl\1CJftlff t.111'lt11,1"J 
Jl 

m :'U 11..1 m '.i t1 l\ ~ '.i 1~ l\ ,~ '.i it.~ \1 ~ .:~, 1 mr 1..11 ;;,~n'.i:: 'U1t.l m '.i,; 1 u 11' {It ilt.~l tJ '.i ~ 1..11 1v1;; 11;; 1..1 

• Ql d ..I! 1-• ... " , ~ ..~ ... .1' ... "-• , (Lrm et al., 2008) fl-3fl1l't'VI 2.11 CJf.:l IJ'.i~t.IL'lf.ll,1J,t.I'VIlt1':116.:ifllJ'.iZflV'U\J'.i:1J1tu'.i6Vl\: 85 
Jl 

,V.:I 1\J'.iilt.!'ri.:!Mllfl (Singh et al., 2002) 
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... 
~fWI::mn.t pH 4.8-5.0 lfli:Jf\J 

+ 

Oft~ll~ftl~li''U /lPIV::~11~7i''U 

+ 
11h~'Uloll1Jofl'U 

+ 

• !I 
'YilU'H./1 

+ 

.,; ... 1-1 ... " !I !I fll'Vtfl 2.11 m::1J1\Jfl17Hft~ ul~\J11r.Jl'IJ1l'IJ\J (Modler, 1999) 

1) fJWff1J,j'~m7tfl'U6~ni''U 

1 tJ 7 ~ \J 1 fl'U fi.:! ~ iifl11 mh ti~~ v fl1111 fl.:!~ 1'11 V.:!Vl'H 1nh:: ttl 'YI 

6~ni''U ~.:!iifl1111thtity~vm, vv11i'u'llv.:!~unflfl Hii~fiw cti'6~ni''U ~ 11iiitt111Jfl.:j~ 1\l:: 11itfl'U 
' Jl ' Jl ' 

Vi~ v.:!ml'IJV./1 ~u~lflfl t'tf'U 'llltY~P~ihfiP~mltwni''U dl v .:j 'illflfl1111 hifi.:!~1'1JV.:!6~ni''U 'Hlv 
I t/ t I J/ 

, fffl1 vn6~ ni''U n 11iiifi111Jfl.:j ~1'il::l'h t '"Hn~fiw cti'ii l'W v ff11 Hfffl'H fl11J u n::lijv.Yhm1 Hff11Ul 
" " . 111~\Jun:: 1 tJ1~'Ul '11'tfl'Utilm~ienti'U fflfl'IJV./1 hh~'U 'ii::LfiP~fll1flnlfl~1un::u'YI1fl 1tJvdVif.'b 

" " .k " 1::'HiHV'4fllfi'IJV.:!Ul~\JUl1::1ll CJf./11JHff1\J'IJV./I 1 U1~\J\l::t.fl 1, U~Pioi1JVd1J~nw n\J ~b'IJV./1 
" " V'4fllfl1'1l~\J ff ~Hn 1 '11'111 ~~~~11::'Hil~Ul~\Jltn::UlftPI~N un::LfiP~fl11m::\llfl~1'1JV.:!V'4fllfi'IJV~ 

J1iJ'U l~~~\J lP~fl lm ~tY!H'IJV~ 1tJ7~\J 'il::i1v~ti'U Llil '11'V'4fllfi'IJV~J'l~'ULfiP'lfl111111~1ti'U ~~ 
.,; 

fll'VfYI 2.12 
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I I 1/ 
.oc 1 'JI 1 .. 1 .ct. .r:::~ .e~ ., ~ o Cll 

lll'W'YI 2.12 fiHff'.il~'UV~ u'.i~'U'YICJ11JCJ11J1J'UFfltlt!fl1fl1.,11lJ'U (Friberg, 1997) 

fflv 1 t.l'.i~u1J1nw ri1'U'HH~Lrlut.ltnv 11JLllfJl1~1'U'H~v:in uull:: 

jl ' fl .cs. 0 , .cl Ql .. , : ' .d.:t .. 
Ullltl 11JLllfll1"1'U'H1Jfi1'.11JVflCJfll'Y11'H'U1'Yifl'.i::t1V~1'H'.iVll::fi1V 'U'U11J1~ff1'U'UV~ff1V'YI1JllflliW:: . .. . , . 
Lrlu lh~Vinn! 1fill::l11Vil1Ull:: -llv~fl'u i1i1 lf V'ljfllfi'UV~ i ,,ju n11~1fl'u u ll:: ri11..1, v~ 1 U'.i~'U fi 

0 1/ I 
~ 0 ,d Gl 4 , O&l tal oiCI 

l1J'Uff1VV11'YI1'H'U1'Yifl'.i::~I1V~1'H'.i6ll::n1V 'U'U11J'U fl~fll'Vi'YI 2.13 

EMULSIONS 

Aqueous Phase 

Interphase 

Disperse Phase 

' t , , 

lll'ftn 2.13 1m~ff~WUV~ 1t.l'.i~'UfiFh'HU'1'.1::'H·h~il1fl'UiJ1,j'U (Friberg, 1997) 

2) iJ,iv~1iNn~vm'.iLnflv,jn<iu'Uv~ 1t.l,~u 

- fl111JLflumf!-~1~ (pH) fl111Jff1111'.ifl 1u fl1'.i(l::l11V'UV~ 1t.l'.i~'U 
.l "' "' ~ I 1 ..; i 1 ... d ... 1- I "' "'_, ~ 'U'Ufl1J'.i::fl'Ufl111JL1J'U fl'.i~Hll.:j 'U fl.:j ffl'.i ll::lllf.l flti'YI~fl V CJ1Vtl1 fl'VI'.ifl 'UV.:j 1J '.i!Pl'U1JIJ 1:: ~'.i11J11J'U 

tl A : 1q " 'J} .Q AQQ 1 d A 1 .:t : 

tf'UV 1 U'.i~P~'U,::n::(11V'U1 tf!uvv L'Vi'.i1::lflf!U{)fl'.itl1'.1::'1111.:j 1 U'.i~P~'U-1 t.I1~'U1J 1flfl11 i U'.i~P~'U-'1..11 1u 
OJ ~ I .!I~ I i1""d Q "'"' ~ '.i::fl1Jfi111Jl1J'U fl'.ifl-fl Hff .:j'H '.iVIPI1fl1111fl v CJfVL(lfl'YI'.ifi'UV.:j 1 U'.i!Pl'U '::1JU'.i:: 11 'j 11Jl1J'U (11JUl1::111fl .. . . 

0 "' 0 , " : IIJ 'JI ... .l 
~11J(11fl1J 'YI1 'Hl1::(11tl'U1 tflfl'IJ'U 



-
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- 'ltutttJii 1~v11n~~1\'!fln:::rnmhu1ttqjtl'11lllfln:::~nvi~~hrlv 
tfi1l'lWtttJii u~thtti'lJ 111l~\J~-3L~\Jtl'11 i11 1vYHlnL1lvfJu fl111lt1'11117fl 1um7n:::mv~:::n~n-3 
.A ... ~ .... " 01""~'-1"'... ... ... ... 

L1Jfl1Jfl17 L'Yf1l'lWl1 IJ1l L\J ~N~lflfi111J7V\J~::'t11 l1 & IJHl\Jlfl~fl171tl'tltl'fll'YtUa::1fl~fl17flnltl&flatJ1 
' II ' 

~f-JuiJ i~'11V1J\l 1iJ vgtntJ 1 \J 1 117~ \J 1fl~flU 1fWVVfl111Ua:: Vn1fl~fl17 ~1J~ 1n\J fi1 1 ,rLfl~ fl17 

~fl~::flV\J 

. . 
" ~ A 0 , 'J} I 01 Ql 0 ..,14=1. ,.I 0 ... 

fi11111'111J'Il\J'IJV-3VVV\J't11 tlt11J~a7::tt11.:,~1\'!fla::altJUa::~1't11fl::flltl1IJfltl\J 1J 1'11\J fl171'Yf1lfl17 
' II 

fl::flltlti~Vfl17~fl~::flV\J'IJV-31 117~\J fl17 1 .flfi111J1~1J~\J'IJV-3fiVV\J~ll'l ~::fi1 1 ,r1 117~\J fl::flltlth 

i~111n~u ufi~7::~1Jfl11111~1l~\J'I.IV-31flavtt~vtivvu~1llmnu hl~::fi1 1 ,r1 117;iun::alt11ll i~ 
U'vva-3tt~VV1\l~fl~::nvu <tt1171W 111.Ji'mfiulm ua::flw::, 11.11.11.) 

II II 

fl171flflvt.Joi\J~floi\J'llfl~t11l i 1.J 1 fl'Yfflii11lflf l11JltlC-3 flll 1 ~tl'll itJ 1flVWiiL11Vfvnn 

: 01 ., ~ A a 01 ,~ • tJ .e.., ., 4 .::~ J 
\J11J\Jti'11Jllfll11J~1L1J\JL\J flL~tl1fl\J " tl' ~ Nfl, ttl::tJ1.Jf)1Jfl')f\J1Jfl111JLt1fl tl7 fll'Yf1Jlfl'll\J 1~tlfl17 

II II II 

LflflfltJoi\J~flY\J'liV~tl'll i 1.J 1 fl'YfVnL11Vfu \JL~t.lfl17 tY::ti'1J'llfl~1.h:: 1 lfHh'llV~tl'll i 1.J 1 fl'YfViiL11Vl 

..;... , ... 0 , "... t ..; .1 p d , ... ,. ... .! ... , " 
't1N1'llfl~tltl~ 'll1J\J 't11 tllfl~'11\J't1l1\Jl'll\JJ;1fl1Jlfl1.Jfl~tnfU1J~ '1.111\J &~tlL't1fi\Jfl\J~::1Jflll '11 

II II , 

tl'llitJ 1v'YfflnL1lflf 2 l'l~v 3 '110~ 1um7'tilmltflavtJiu~viu Lillvi'mnfl111lfl~~1'1lv~fi,jnoiu 

~~mltflav1J.iufiv.iu~::L~\Jml11i'tJ11~ ~fl111lfH~1'1lV~fi,jniu 1 ,rA~\J niv~~1mti~u, ~ N"tln~ u 
I d , "' .1 .'I C>l d , "' p I ... , 

7::l11H11J~ 'll1J\J'IJ\JUfl::t1'11117fiiJfl~fl\J11J~ 'IJ1J\J\llflt1fll'YtU1~J;1fl1J 1'11\J fltul'lfl1J \J . .. 
m::tJ1\Jfl17LL117l11 1{l~fl7fl17U'ifLVflflU~~Lm::n::mtJ fl1710~VVfl~L~Y\J un::fi111JUH'UV-3117::~ 

1J ~ 1 ~tl~ 1't1f1Ufl ifijfl111lfl~~11llfl n11fl17Lfl avtJ.iu UlJtJ.iu 1At11 ~-3fl111JU~ fl~ H~ fi ~ Na 1 ,r 

... ., ., ... ., ..; ... .1 .s ., , ., I .I , •• 1-~ 
V1Jfl')f\J1Jfl111Jfl~~1't1~'1l\J fiV fJWflfl'l:ltu::'llfl~tltl~ 'll1J\J 1'11\J fl111Jl1\Jl IJ':i::~ Tfrll Ufl::fl17 

I 9/ , <j o' .S "1'.1 ... ..; 9/ d , "' 
l1V111l'llfl~t1'17'Yf1fl 8&~7flflaavv~tt7V &IJ7~\J't1afl117fl1.JV~fl1fl11J~ 'll1l\J (Gu et al., 2007) 

'JfU ~'I.IV~ t\'17 i 1.J 1 vowvnt11Vl~ 1.flfi1\J 1 t1 tY~\J ntJfJtu ti'1JU~'I.IV~ Nn~titu en~~V~fl1':i 
1~tJff1\J1l1t\i~::L~\J'W1fl i81~7flVaamJ~ua::vnn1117;iu L'ifu 1117;iun~ (whey protein) L\lal~\J 

(gelatin) ifll~CJI'lt.l (chitosan) flll':il~U\Jt.l L'Wfl~\J (pectin) ua::11J~Htnfll~ lna\!n'l..l L~\J~t.l 
II II II 

fl17LflaV1Joi\J ~floM\J 'I.IV~tl'l':i i 1.J 1 fl'WflnL11VlU\J i~ijfll':ifilflUfffl1:11 ~ 1'1..11'1..11Jlfl 
II II 

tlfl~1flrh~1oM'I..I Moreau et al. (2003) fffllllfl11i'*t't1f1Uflfl1llflafltJoit.l~flit.l'llfl~t1lliiira~i~mvf 
II II II 

1uij,)'~fu'll1,)'u.fi'11l-w~ ~tw~:: 10 l~v'llT!-n!n ~1mtJ91Hmfll~ 1fl~\Jfl'U ~fwn:: 1 l~tnh'Ht!n 
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Jl I Jl : cv ... o 1 Jl Jl I t/ G , cv ... G 
{1HllJfl1nvtrfl:: 0.04 1flfi\Jl'H'Ufl) 11fHI'Yil 'Htff\JNl'Uf!l''Ur.lfl'f!H'IJtHt11ft 'IJ11\J11'1J\Jlftt'flfl (~2< 

, 1 4 " " ""' .;. .1 " 1 : "' d ... 0 1 " 1 11 fi'H1191'.i) t11flfl1111t'IJ11'1J\J'IJtHt1'tMl\Jl1't11'1J\J (~flfl'fl:! 0.1 fW\Jl'H\Jfl) fl~:!11Nfl'nl '11 

Jl I t/ d , Ql ... 1 1.1 "J 1 tJ Jl "'' 
tff'UNl'Uf!l''Ur.Jflfll.:!'llfl.:!t11fl 'IJ11\J11'1J\Jlfl Hqj'IJ\J (~i:::l3 111 fl~t11m) un::fl1111t'IJ11'1J'U'Ilfl.:!tflnfl 

""' ""'1 t/ ..: ~ I ~ 0 1 tJ d , Ql ... 1 1.1 Ql : 

{~500 11nn 11n1~) un::nfl1111tu\Jmft-fll.:!Al~::vn Hfl'4filfll1lfl 'IJ11\J11'1J\Jlfl Hqj'IJ\J ft.:i\J\Jfll~ .. .. . 
1 ~tr,~oJjn r;1 't'Jmfl1tfl ii fl'Uoiu~fl-iu 1 u oJjnoiu v.:~t~ ut 'VI fl il fl 'i1 1.Ji'ut11.:~fl1111fl.:~~ 1, fl.:~ oJjnoiu .. .. 

Guzey and McClements (2006) ffm:nm~l~t'VIfiUflfll~tflafl'UoM\J~floM\J'IJfl.:! 
.. .. 

tYl'lOJjnr;1...Jtflfl1~flfl1111fi.:!~1'1Jfl.:!OJjniuthJju~1111'tfl fflr.~n:: 10 1flmh11'Ufl L'U~l-
.. .. 

unfi1A1fln\!n'U fflr.~n:: o.51flvthwun t'Vtfl~'U fflr.~n:: 0.4 1flmh11'un un::1fi1A'lfl\J form:: o.5 
.. ' 

1flmh11'Ufl nfl1111t~\JmA-Al.:! 4 1twffm:ntrm1::~1.:!'1 flfl ~W'Ht;jii 30-90 6-:!fflt'lfntClir.~tr fl1111 

~ I ... 1 ... , cf.d " !J! Q .Q1 ~ I t Q 

tlJ\Jfllfl-ftH 3-7 un::tflflfl 'lflflfl11flt'IO ~ft'nfl1111t'IJ1I'U\J 0-500 11flfl 11fll~ 1't'U1l'n~~W11tJ11 

fl1111tfl'U m A-Al~tm::1.Jl111Wtflafl 1'lft~fl11flflfl 1 ~~ii Nfl~flfl1111fi~~1'1Jfl~ oJjniu1.JJ111Jii rbu 

1uoJjniuliJ~mJii~~W111Jii 30-90 fl~l'flt'lfntClir.~tr fl1111t~un~A-th~ 3-5 un::fl1111t~11~\J'Ilfl~ 

mafl 1•t~r.J11flnfl h~ 100 iinn111n1! 1~iiNn~flfl1111fl~~1'1m~ol!niuun::1uol!niuA~r.~tJii~ 
~omtJii 3o-6o 6-:!fflt'lfmClir.~tr fl1111trlumfl-Al.:~ 3-6 ui'l::fi11111~1J~'U,fl.:~miifl l•tAfl11flnfl 1~A' 

100 iinn111n1! 1~iiNn~flfl1111fi~~1'1Jfl~ol!niu 
" .. 

Gu et al. (2007) fffllllfll'Il~l'VIfiUflfll'Itflafl'UoM\J~floM\J'IJfl.:!tll~Ol!nr;1...Jtflfl1~1fl 

t'U~Htnfi1A1fln\!n'U 1fl 1flA1-m1n~uuu un::t~nl~\J ~fl1111t~umft-Al~ 6 1uol!niuJ'11!u 

~ Q .:a: " : Q.l to I 

'U1111'tfl1Afl11fll'Itfl11\Jlfllfl'1(1fi'Iff 'Iflflfl:: 0 Ufl:! 10 1Ar.J\J1'11\Jfl1llfl\J\J'U111.JN1\Jfll'I 
d .. ' 

u itvfln u, ·:ut n:: m ~ n ::n1r.~ 'Vt'U·h~Jjn oiutJ! 111J iiu n:: ~irn iu '¥J ~fi1J ii'IJ 6~ tl1iru .u'11l1'tfl n 1~ ii 
.. ' .. 

UlA1fiCU1 fll tr~:: 1~fl-:!~1 u~ol!niuA~mJii~::iifl1111fl~~1 thu ol!niu niim1 1~11\l 1Alfl1 1 mtr 
" ' Jl , 

!f:lr.~il:: 1 o 1 ~wu 11111'n 1l::iifl1111fi-:!~1'1Jfl~ ol!niuniim1 tflafl'Uiu 'n'.:~tr111U'U'Ut'liutAfl1tl'U m1 
.. ' " 

tfiflfl1111fl.:! ~ 1'11 fl.:~ ol!il iu u 11! u th~11n ii m1 tfl iifl'UoM\J ~ 1r.1 1 C)f tA r.111 1 A~ ~ncint vJ A (Sodium 

Dodecyl Sulfate: SDS) 1fi19'1C)fl\J un::t'Vtfl~\J~ fl1111tflumA-Al.:! 3 

il~mu~ 9l~r.~~ui' un::tlflui'~u l'f; ~111 (2551) t1mnv'VIn1'tn'llfl~vl!n~1...Jmfl1un:: 
" " .. 

tYLAii1 i'ILC)ffl1~flfl1111fl-:!9i'1'1Jfl~Ol!niu'll1Jj'U11::1'tf11 f flr.J'fl:: 14 1fWU111'U fl 1 \JU111~.:!fll1 1 1-f 
J! ,.6 ~ '} : "'1 1 JIQ 01 ... ,.,( t/ I Ql 

fi1111"Jfl\JC)f.:!tlJ'U'I::'U'U L11tflt'I'IJO.:!\Jlfl::'n flfl '11'611f!C)f rt1601Ntl111::'1111.:! Tween 60 fl'U Span 80 

d I I I I tl " d J o , J/Q cv G.1 d cu J .d 
'VIfl1 HLB 5.3-14.9 1't'U11 fl1 HLB Ut'l::fl1fl1111t'IJ11'1J\J'VItl.:I'IJ\J'Yil 11611fl'lf\J11fl1111fi.:!A1111fl'IJ\J'VI .. 

I I sJ 9} fJ) : CL1 QG.I CV Q Q.l 

m HLB iwn.:~ 10.0-14.9 un::fl1111t'IJ11'1J\J "Iflr.J'fl:: 0.3-o.s hwu111\Jfl fl11t'l'li'\JtflAfl1'ItWflfl1 

" ..6 ' 
'116-:!U 1Jju u flr.~fl'hf flr.~n::0.85 C)f.:! 1~uAfl~1'1tl\J fl~l.:~ii'l!r.~d1fity'VI1'1 ffii~ (p>0.05) 'IJ\J lA 6'4filflfi 
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o " ~ : .... A ~ " " ... ., ... , •. 1 " ... , " Span 80 ·rnl11fll'l'UtiO'lftJl...lllJ'IH,fliH llJtlll'tlJfl1llJl'lllJ'll'l...l'lltl'ltllJt'l'lf nltltl'l'Ut'l::t11'111 t'll'lftll 

.,6 <I 4 '"' 1 'I"' A ... ,, 
'lf'lflll11VOC)fllJ'Ylt'llCJft'ltl t'ln' (carboxymethyl cellulose: CMC) &11fllfl11lJ11'1...1fi1J'Itlfl ~'I lJ 

tfiflm7uvn~1'liV'IJlir'l...l trlv l'*t1~lJ1W~mJt'l:: 0.3-0.5 1~wJ111'un ~1lJfl1ltYnfiirfl~hhvv{ 
: ., ,..,. ~ "" "' .1 A 'I "" : "' ' ., ~mm:: 0.2-0.51flrJ'I...I111'1...1n U'llJfll'l'Utln'lf'l...lflllJLnA'll'l...l llJV &'lflVVt'l: 0.3 1AV'I...I111'1...1n nlJnu 

" . . 
mtmtiv ~VrJt'l:: 0.2-0.4 1Amh11'un 111't~11lJfl11lJ11UA•ilun:tJ~lJ1WfilfhJih~~t'l9ivt~11lJ11UA 

t """ , A A~,l.,A..,. ~ ,,~ 4 

111'1...1 flllll~U '1...1 '1...1 111 1~ t'lff111t'ltl'ILLn:fl11lJ11 'l...lflll'tlJ'll'l...l 1lJV1Jflll l'nlJfl1llJ1'lllJ'U'I...I 'Yl'l Vlflll'lft.IUt'l:: 

r/ 4CI Q G.1 01 o J/Q Ql 01 , I Q : Q : 01 , I Q Ql • J1 
fl1lll~U'I...I'I...I1'1...1VlJt'l'lf'l...l 'Yll 1 '11tllJt'l'lf'l...l lJ1nflfll'l'UfJO'lf'l...lfll1J Ut'l:'l...lllJ'I...I lJlnflflll Ut.IMl11lJV 1 '111 '1...1 

Q JJ : ., 
1.JllJ1W'l'Vt.lt'l: 0.51AV'I...I1'11'1...10 

" " Kovacova et al. (2009) ffm:nm'l'l~l'l'lf1Uflfll'l'lfl~tl11oi'l...l9ivoiu'UV'In'l'l'Virt'l~hhvv{ 
" . " luth'Jt'liu'lhirutl'1t'l1~v.:~ ~vrJt'l: 20 1Amlnnrn ~1fJ111'11-ut'ln 1'lnt'IV11'1Jn'l...ltm:tl'tn~ul'tu'h 

mllntJ,~u-1tJ,.~u.Yhl11'm~mflt~A ,'lliJ'I...Iij'll'l...llA 1'11qj (2,ooo-2,5oo '1...111'1...1tlJ'll) trlv l~tnfliifl 
.. t p .Q .Q ' d , "' ... 

fllllflt'IV11'lf'l...ltl1V1l'tn'l'l...l'lf'l...lfl high esterified un:: low esterified l't1111V~fllflllJA 'lllJ'I...IlJ'll'l...llfl 

1 001. At.Q 
t'lflt'l'l 350 un: 1,000 '1...11 'I...ILlJ'll '111lt'llfl11 1'1...1Vnlml1n'l'I...I'Yl'l'l1'1...1fl high esterified Ut'l: low 

I ' II Jl 

esterified ~::'li-ml 'Uflll1fi~V'Ufi1 'Uflll1flfl11ijff"lJi'l...li''llv·:nhir'ULm:ll 11 11'~1t'l'l 1 flfJffllJl'l'fiU fftt'l 

• .I ,.Ht ..; .l ..; ... , ., A ..,. ... ... ~ ... . 
flliJ7:1 nnl'l'll't'U'Y1~1'lltl.:l 'lllJ'U llJVlJfll'l'1'1lJ1'nnA'U'Yl.:l'lf'Ufl high esterified Ut'l: low esterified 

film'l'1flfilft11lJ9iHfimiln~l 'n11"llLl'tn~'l...l'l1UA high esterified ~::ijfi1tr!'l...lt'l11lJlnn·-htl'tn~u 
Q Ql : , Q Ql .Q, ~ . : ' : .Q Ql Cll " , Q 

'Jf'l...lfllow esterified fl.:l'l...l'l...lfllll'lfffl'l'VlJt'ICJf l'JtVV'l'lflt'IV11'lf'I...I'IV'lf'l...ll'I...IVlJt'l'lf'l...lfl1tlfllll'lft'nn'l'l...l 

'l1Ufl high esterified i.:~tri'I...IL'YlfiUfl~11i'mJ~.:~fl11lJtl.:l~1'liV.:IOiJt'li'l...l 

..; A ' , 'I , ''I .I .I , ... " !'It 
m::111'Uflll'l'I'Utl.:IL'I1t'l111'l'tltl~fllfi\}0'11V11lJ &'11tl~ L'l...lliJ'lltl'IUfiiJ1t'lfl1fJl'ttlt'lllJV'l'l1J'U 

" ..6 " 
i'U1ll.:l'l lflfllri'U1lJ 1mufi1.J1t'l CJf.:lij'U'UlA1.Jl:lJ1W 1-1,000 1lJflltl'U 1ttrJi'l...ll'tVnllJV{~::lri'U~1 

1Jv.:~nu'l1;vtJnA11nvvtY1lthfitymrJ 1 u vvnlJl'lllJfl1llJ~v.:~ml ~.:~iu 'IV'I...I'YlHtnfliifl ,lJ 1 fl'l' 

tv'Uufl111mi'U~thfityfiv lh 1 11'tfiAfJ~lJ1ll'~'l ltl11t~~mfl11;m;, 1 11'tfittd~I'Uoirfl'i''U .Yh 1 li'fJ~lJ 
U~.:IUHLLn:UfJn1Lfi1.J1t'l~1fJfllln1Uli'.:! 1ArJ1lJ 1mufi1.J1t'IJ'Uij~n'l:lW:LrJ'U'Yll.:!Ot'llJ t~dl'UltJ 
fHU1i'.:!~ff1lJ1ltltJ1 1 1.Jn1~iii1P1 tlW cn9i1.:1'1 ,~ ~'ln'lltllflt!J~VdmrJl '1...1 1lJ 1 fllUf11.J1t'l11::1~fJni1 

0 I 
cl 4 CV .cl I J} 0 Ql 4 I 4 

ff1l'Y1Qnlflt'ltl11 (core) Ut'l:~'U~1Jl~'l 'Y1'11V11llffll't'i'lflty~::Llt.I011 ffl'l'Lflt'ltl11 (wall) 
Jl I 01 

fflllfi~V11U'I...Ilriu9i1fithfity'liV.:!l'YlfiUfl ,lJ 1mm'Uufl111tt'loM'U ~'IU'UflllL~vn 1 ~ffl'l' 

~ ~::t111J1'tht~'l...l n'l'J tfl ~vu ~,, ~u ~,;' V'lt~ vn 1 ~ ,r, '11lJl::tYlJ~v n'l'J 1Y1fituut'!:: t1 t111::~~ v'lm'J 1 oN 
" 
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Jl , • II Jl ' I I 

l Utn~fli' ·Uml~tl~'thn'll Lfla61J 2 eMU 1f1tJnff11Lflntl1JcMU l UUU'ri111U'lnl'~tl,tl~O\Jff11n\jfl 
4 4 :: :: 0 , ..1 ~ -· . " ,, .... 4 

Lflt1tl1J Lm:ffl'Hflt1tl1J'Jf\J'Utlfl\J\J'Vl111'Ul'Vl91111191QIJ'I:ff~fl'Utl~flT'l 'Jf~l'U t1fl'J:IW:'Utl~ffl':ilflt1tl1J 

,Jq Q Q1 Ql .! 4 .:I I ~ I ~ ,/ , J} Q 4 I d 
'Vlflfl1':i11t1flliW:fl~'U fltl 11fl1111ff1111':if1Ufll1J'I..!Ufi'I..!Ttt1111JH'l fl 11fl1111tl~l11~'UUt1:U'U~UH 

•ifv~no~"':'timf11nl"ItiltiqJ iifl1111ff111nr~'ri, i -H'Liiflv~"'i'u iitJw u11,j~l um1 vA~fltiua-,,~ 
gmflnou i~~u"': ilJvhtJ~m v1tiu iit1111111 i7f1~,,rlo6dl u umu:'Uo~u ~~""': i1i4u 41v ut1:ii 

~ A _Jt ~ ..1 4 11 I -• -· I ..1 fl1111fl~911'tJ ~ lfW"'::IJtl~fl'U ffl':i 'Vl\Jfllfl fltl1J"' lflfffll'VtU 1~Hltl1191H"J Ut1::IJt1fliJt1tlVffl':i 'Vl\J fl 

4 ,, .... -• " ,, 
lflt161J A91111191QIJ'I::ff~fi'U6~fll':i 'Jf~l'U 

2.6.1 ffl':i~ff1111':i mh111'ri11flu ffl'I lflnt:l11~UV11 1 .fl 'U 1~f111'J91ff111fl'I111611111 Ut1:: 

Vl 

2.6.1.1 1616ffl6lg'U (OSAN) Lfluu,~AAUiJ1 (modified starch) 'JfUf111,j~ ii~o 
l;Vfl'Vll~lflii"h n-octenyl succinic anhydride-substituted starches UV11lftium::1J1'Uf111'rilulf~ 

tl • • 

uuul1u Nov t1:t11v1ll i~~ iitJw ff11,j'~m11fluv~"'OJihhoofYi~ ilJiinnu 1n- ilJLiiAtJ~m m i~ 
I , I ~-~ ... 4 0 , , ...~, "'"' !il I A 
~lfJUt1:11fll 11U'Vt~ U9111'Utllfftl fltl 'Vll 11ff11t1::fllfJ'Vl fl11fi111111J'Ufl'IA-Al~ (pH 3.0) l'U6~"'1flflt1 

'Utl~ n-octenyl succinic acid ~~ilJL11111::~"':lftiufltJf~i19it:lmA 
2.6.1.2 011611fifl (gum arabic) 11;t:l011t:llf111CifJ (acacia gum) 1fl'U h·1A"I 

fl6flt1tlV~ti11~iitJWff11ml'U6~V~t10Jti~Ltl6f~~111fl iifi111111UA~l Ut1::&rloLfl'l..lfi~Ufl~nilJ,Ju~1 
!il ,., ..s "' .t..l.l • 
llJ\Jfltl'U 111111:: r~111':i1Jfltl1'Vl'Jf'U~lfJ 

1 "' "' Q : ,11 ... , ,., 4 ~ , ,., 
2.6.1.3 CIJflAV11tlt1"'1'1..191 (sodium alginate) t1::fl1V'I..Il "A 11fl111111'UA911 'Jf 

- I"' ,., i I l:el " ..1 i ,., , I I d , ... 11 ... ... "' , ,., "' 
IJ'I111W'U6fJ llfll 11U'YN U91Ttt111'Vl A"': 11fl6VU'Il~UH 916~lff111,-.1Vlflt1tlUflt1LCIJffJ11 lJfl 'Jffl1J 

m::111'Uf111tfll6111JftllrJiu 

1 dtiA. ~ Cl"~. ' ' 
2.6.1.4 11tlfl 911Af111Jf911'U (maltodextrin) l1J'I..Iff9111'1f'Vlfll'Ufll'Itltltlfffl1V111~ff1'U 

~1tlf11f111;tlltl'Ui11Jfl1 tJ"I::fltl11~1tl a-(1,4) linked D-glucose oligomers ua::/11~0 polymers 

CV ~Q .J _J 1 1 d ./ <> .ct I d "1 
(~'I..I'Vlll 'Yj'l..lnl, 11.IJ.IJ) AV11tlfl 9llflflllJf911'1..111fllff11l.!fllflflCIJf 'Vllff (dextrose equivalent: DE) 

, I I d "1 <!I I Q d i ./ 4 1 ""1 
'UtlfJfl11 20 Ufl::fllff11l.!flLAflllJf 'Vllff fltl fl1 reducing power 'lltl~'WtlflUCIJfflfll 1A11':itl tlfl fl-

a i ""'ill " _ !';! "" ., 1 : "' ,., ..6 1 d " "" .d.,. 1 UCIJfflfll 1A'Vl ""'lflff9111'1f liJ'lfJ1Jl'VIV1Jf11J D-glucose ~HJ'I..I111'1..1flU11~ 11Jf~11tlfl 9llflfl11Jf911'U'Vl11fll 

ff11l.!flL~nct11 'Vll ffU91fl9il~tiu "':: iifJ ru n-11 U~'Vl Hlfl ii -flltJ.fll'WU91fl9il~tiu ,,;u fl1111ff11111 r~l u nn 

Q I 4 Q <!I ~ , I i d 1 d ./ Q .d.ct I 

fl::fllfJ fJW 11 fJ11U'JfltltlflU'Il~L1fl:: fi111111'U A llJ\J \Pl tJ tlfJ1~ ':i f19111111tlfl 911AflllJf911tJ 'Vl11fl1ff112.! fl 

d "1 4 CV A .,... .ct I "' d,l} .1 I "' Q.cl I 

lflflCIJf 'VI ':iff 11111tltJfl'Utl1"'"'::11fJW ff111191'Vll~lfl11-f11V.fll'WU91fl911~fl'Ufl t1 '11\J tl~f11J11if111 VtlfJ 

ffflltl umi~'Utl~fffllf'1fua::V'91"Ilff1'1..1'Utl~t:l:: i11 1"tY~t:lt:l:: i11 hL'Wfl~tJ (Klinkesom et al., 2004) 

1 1 d ./ Q , "i : ..1 Q , ...~,, i <!I I .1 "' 
flfJ11tlfl 911Af111Jf911'Uff11111flfl::t11tl A \JtJ1'Yit;JWl1tJ11l1t:l~ ffl'lt1::t11V'YI Atll"' ff111tl'IJU'U'I..If11J 
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'1n1~~fHI1ltrn 1 ~u~ncV91l\J ~111111 l ~ tf11az'fmJ~ 1 ~iimu tf11ll~'l'I1~~1\Jfl1111LfluLdfluaziifl1111 • 
t • Jl , • ' 

'HUAfin'lhLt\'11{1 LUmf11NtfL~V'ULihJ\J iifl1111tf11111\l lum1t)~fl1111~'U9h 1~mU'Vi1Z'Vnnfiiifi1 

tf111JaL~nCJi'1'l'l1tf~1, ii~~LVflflU~~fl~~ UaZtf11111\lfl1'UfJ11fl11Ln~~hl1911ai~tflumh~~ 
~ I ~ 

uemnmruv~tf11111\la::a1vi~l\JV1'H11fitfl'U~tHL'Ha1L'1i'U ,-u 'U11 U1~a ,~ tfl'U~'U 1Avm~ 
"',.., ..1!'11 1 "'~ o l:, . A 1 d ..... 19111 'Uafl'l!JWZ'l'ILlJ\J~~ ~V91H'H1fl\J1111a::mv 'U'U1fl{I'U (Funa, 1972) L11tll'l'l~~11{1a 911AflCJf911'U 

11:: i 'H aa~fl dH v n-1:: 1litm::~ Afiu 11~ 1J vn-11111 o i' 'U'l11:: 'l'I1'U 11fll1191t~nci'91; u fld H'!Ja v~ti v 

1fi11ZLtl'U iCJtJi'l \J th 1 ~L~fl'lltl~11~1J V~::VtJV11Va191L~nCJ1'91l'U l lftfl'U D-glucose L'lf'UL~V1tl'U 
.. , d .. .. ..~ ... ' d .. 1 ... , .l 

fl1111J 81~191 11Va191LtlflCJf911'U'\'111fl1tf112JaL~flCJf '\'11tf\1~11::11fl1111tf1111'J'\I \Jfl11t)Afl1111'Jf'U 
~ 

fl1111'H\J1Utl'U fl1111tf1111'J'\I 1um'J'LflA'iJ~m V1ffU1911a fl1fl11a::a1V fl1111 l tf'lltl~tf11a::a1VUaZ 
I 1 d ~ oiQ .dA I d "1 ~ I .r::1 4 ; 1 

fl1111'H11\Jtf~fl1111tla ~U~flCJf9l'J'\J'\'111fl1tf1111aLAflCJf '\'I'J't\'911 Ufl~::11fl1111'H\JA911fl11 (Macrae et • • 
, 1 d ..... ,l ,.., ' d .. 1 

al, 1993) fl1111tf11111\l \Jfl11a::a1V'IlfH11tll1 91LAflCJf91'J'\J'IJ\Jt:l~fl'Ufl1tf11lJaLAflCJf 't'I'J'tf n11a::a1V 

.:...I.a. do'1 ,l' de'1 !'It ! ' 
1'Vi11~\J L11tlfl1tf11lJa1AflCJf 't1'J'tf111fl~\J~1flfl1n'11lJa1AflCJf 't'I'J'n' 5 LlJ\J 18 ~10\J\J~::fltJV, aAa~ 

' "'' .a. de'1 ,l ...... .~ ... 
'VilJ 11fl1111'H 'U A 'II tJ ~ tf11l1:: a1V11:: l1 A a~ 111 tlfl1tf11 \ja LA flCJf 't11 tf \1 ~'II \J U a:: fl1111 'H \J A V~ 'II \J n 'U 

"" 1 d e' "" , ! ~ "".I"" "'~ ..1, ,.rd 
U'J'111tu11Va 91LAnCJt911\J \Jtf17a::a1vuu, 9'11V 'H1fl11IJ1111W\l~fl1111'H\JA~V~n'11a::a1V't1 An 

\1~¥1111 i '11~1V 11Va191L~ncH'91l'UL1~Ju 111LaQl1 l 'Hqj~tf1111'J'\I\}nLtl'U 1CJtlfn~11tJ:: 111Lan' (amylase) 
~ 

VtJVLL~1llf111911a11Va191tfi~ t.Yu 11Va191i9111Vtf (maltotriose) 11fla1flt'\'191111Vtf 

1 !'It ,., ... d .. "" ! ... ' 
(maltotetraose) ua::11va1flt'n\J't11 t:ltf (maltopentaose) LlJ\J¥1\J fl1l~l1fi11Va1flt~flCJf911\J\J\J1It:l~ 

~ ~ ~ 
4. Ql .::1 Ql Qlcl 

2 U'U'U flt:l U'U'U~\Jfltl\JLAV1 Ul1::U'U'Un'tl~'IJ\J91tl\J A~\J 
~ 

1) n1l~~fiU1J1J'!i\Jfltl\JL~V1 Lfl\Jnl'J'VtJVU-iJ~ 1~Wfl'J'A~fJW'HtJij 
111nn·h 105 tl.:.tff1LCJfl1L~Vtf 11;6Ltl'U iCJtJ1v::i11Ll1tf~fJW11fJlJ 82-105 t:l.:.tff11CJfa1~Vtf u/(1'H~A 

'!J~m V1 1 ~VUl'Ufl1111L flumA-~1~'H'"'~ l 1ft11111fvu vhml mv~u 'U'Utytyty1fl1ff 1 fiVl ~tf11'1f1v 
.I"" ..:, ""1 e' ~ ., ! ! " , ,.,., " " .J 1! o !'It mtJ.:.t IJ'J''Ufll1\Jtf ~Wfl11'Utl\JUf11mt:l~tlflfl'J'~ ~1fl'U'Ufi111Z1'Htl 1111fl1111L'IJ11~\J\l~'U'I..IUt11't1111J'U 

~~ulf~~1vnwvhulf~u'U'Uvf\JNVtJ 
.. : !'It'-'"", .. , ..1 2) fl1l~a91U'U'Utftl~~'l..lfltl'l..l L1J'I..Ifl11V{IfJL!IJ~tl1V1tl\J 'lf11tJ:: 11Latf 't1 

fJW11tJij 95 tl~ff1L'lfl1L~Vtf ua::'H~A'iJ~mm1AVfl1111ftJ'I..I 110-180 tl~ff1L'lfat~Vtf '1.1\J1A~tl~fl1 
d .. 1 ,1'.1"" : dl" , .. , d ~ ..6 "'' ... ... ..6 ..1 t\'11\jaLtlfl'lf Vl1tf11:: i'liJ1111W 2-5 ~10'1..1\Jfl 'JfLtl'l..l 'lf11tJ:: 11Latftlflfll .:.111'1..1.:.1 11'J'tltlfl'Jf'I..IA'H'I..I~'l'l 

85 tl~ff1L'lfal~f.ltf 1l'l..l,~fl1tf111JaL~flcV1'l'l1tf 5-20 ~~11~A'iJ~MtJ11fltJfl11'iJl'Ufl1111Lfl'l..lmA-~1~ 
~ I 

111vm111fvu 111m!uvhmm'J'tJ~U'U'Utytyty1mfl' 1Af.ll~n-1'J''Ji1f.lmfN ui''Un~uff'IJV.:.t~~m{'Ufl\J 
" ~ 0 " , ,.,... ,., " .l 0 !'It ,., , 0 , 

ua1mv~ ~ 1nu 1..1 m m 1" 111 ::m v 'H11fl1111L '1111 '11'1..1 n .:.t'll'l..l u a:: '\'11 tuu ~~ u 11 ~tl1f.lfl11'\'11U11 ~LL'U'U .. 
' , tf... .l .., 

'n\JNVf.l (na1tuHfl fi'11Vtl ua::tn{lfJl1 ilv::~tJ11'1J1ty, 2543) 
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1uv~n1"Hm'I1lV1'111'Iihwi1f1lva 1~t~ni~lulu"Htt10'H~1~ t'lfu 1fluJ1 • 
"' a 1":"'1" 1 ~ """' I"' 1 "' 'n'ft~ (salad dressing) 1,..VU't'I'Ufl1'I 'r'U11J'U 'r1JVft ~1~fl'lt~'I'Ufi11JfJfl1J1'ltft~ ftfffl1J (cellulose 

A -"' 01 ... d 1 1 a o ~• ~ ... 01 "1" ~ _,... ~ 
gum) l,..V1JV-3fl'Ufl1llfl~Nftfl'IJ'U1~ 'Hqj 11JV't11fl1'IU'rWVflU'IJ-3Nft~flWcrt 'rl,..lJu11J1W'IJV.:!U'IJ-3 

1 ""' "' ... I ..1 0 " A 0 " "' I ,l "' 1 ... 01 .. .A ... 'H fl1J1~Q~1JflV'U't1 ~ ::'U 11 'IJ 11m ~H 't11U 'H -3 un:: V-3'r1Vft f1 fl1'I~flfl111J 'r'U flft1J 'U Nft ~fl W crt N-3'11 -311 

J1~1n1ii'UV-3flU1::flV1Jn'-3 t'lf'U J'1Nn i~N-3 ti!'U~'U .YhhlNil~fiwcti'N-3~ ,~n'11ll10 i"Hn i~ .. 
1 ...... .A~""'"'""" 
AVff::~1fl (Chronakis, 1988) 1J'I11't1 Grain Processing Corporation (1994) 'lt-311J'U1J111't'I~Nn~ 

1 
~ <I ""' "' O 1 "1 J) 1 ~ <I "' .,1.., I ~ "1 lJVft ~lAfl'lt~'l'U ~'IllJVft't'l'l'U (maltrin) U'U::'U1 'H 'r1JVft ~1~fl'lt~'l'U't11Jf11-n'1J1Jftl~flCJf 't'I'In' . .. 

9-12 tilu~1,..1 1 um-sVi1ulf-3u1J1J'tiuFJvv'llv-3J1Nn ,~un:: iCJri'u 1 u'lf1-3tl1n'1llqlm~nai'1 't'l-srrrl' 

1 ~ .. .. ... 1 ..1 _, " 1 : ... " 
1JVft ~Lflfl'lt~1'U1Jfl11lJff11Jl10 'Ufl1'ltt::tt1V\1-3't1t'fAu'I::1J1W'IVVtt:: 30 ~V'U1'H'UflU'H-3 un:: 

ft11n::n1v~i~iifl111l'ii'uwuA11-s::1J1W 60 1'ltu;i,..vvti' 

a.-1,4 

2<n<20 

n 

~ " ... ~ ..... 
lllftfl 2.14 lm-3n''I1-3't11-3Lfi1J'IJV-31JVft 1~Lflfl'lt~'I'U (Wikipedia, 2012) 

2.6.2.1 fl111fi~V1J 1~wm1liu~A (spray coating) uvnvvn ,l!,~uuvrw 1fl't1Vh 

(pan coating) ~-3 1ftflnV1JV'4fllfl~tii'U'IJV-3u~.:aun::ii'IJu1Afivu'ii'1-3 1"Hqj l!n 1 fl 'U'J~n'1'Hm-s1Jm 
Jl Jl 

,~'l v11 ,A'l Amt1nv11~1m11u v'4f11fl 't'll ~on 11 u~11h, utflnv11GJ11vn~u 11'1v'VivaL1Jv1'Vl fv11 
Jl 

n-3Lihn1lfV'U~ftV~11ft1 ff1'U'VJ~flA iACJf'L1J~ lfl't'lfi-3 (fluidize bed coating) 1fmiflfl111~01tl1J 

u'Viu 1 fl't'lfi~ u~mff'm1'1rrtu16vJu rrn Lt1nv11n~ i U1J'Ufl'4fllfl~iim1tfl~vu ~A'1uu 1 ~n1ltih'il1n . . " 
A'1Uih.:!L~\J1.:j'ill~V111V.:a 'il'Um::-.1-:a i~'lf'Ufl111J'H'U1'1JV.:a'n'1'ILfi~V1J~11J~V.:afll1 

2.6.2.2 flll'thulf.:att1J1Jl'JuFJvo (spray drying) L~u11im1~Uu1lifnumn 

1AVL\l'Vi1:: 1utJ~n'1'Hm'I1JV1'H11 L'Ji'U fll11V'UUflUClfLtl't'lfl~'U'ln' ~.:afl~'U'in'~n::mui 'U i 'Ul!'U 'il::Qfl 
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" v~a~, vM' 1tJn'1'.i a: a1vthn1Jn'1'.i Lfl a 61J m)'Trh, -Hu-H'~ ifltJflllvitHhu 11 1n't11 'i vm :l11Jtl1JalJ 

, ..1 .... , I .... ... .I 0 , '!'! , A I , 
'iV'Ul'l~W'HfJlJ lJlfl'U 100 V~fl'Wlfat'lftJn' 'lf~l'll '11 &fl'\l'U1fl6\!fl1fll1'i:lJ1W 1~ 150 lJfllV'U 

2.6.2.3 n't111Vtlaii~ (spray cooling) l~m\nm-sfll<1vnum-sl11uoH~U1J1Jviu~vv 
.a 0 ,A I .... , .a ..1 I, 11 0 ,A I I I .... A I " 
fl6 'U16~fl1fl 11fl'.iZ\lltJfl1 'Un'lltfla61Jl16~ 'Un'fl11Z'HaDlJt'Ha1 Ut11'Ul 11'n'Ufll'U'H1n'1IJ'ir.J 

"' d <!I ..~, 'JI 'JI ~ d .,1 "" 'JI I d t/ , "' 
fl'iZl'llJfllJalJW'U n'l'.itfla61Jl1 'lffl6~11J'U'\16~U'\l~l'l~W'HfJlJ'I16~ L'lf'U U1fl'lf fllfl '\llJ'U Uaz 

'n6ft1lJ6l1~'U~'U 
....... d .... ... ... ,:, P. "' " 

2.6.2.4 llafl1Vfll11'11'U (multi extrusion) 11ifll'.i'UflV~l"JJn'fll1Vfll111flVl (screw 

P. I 1 , 9/ 0 "i , ~ <!I ... <!I o , 9/ 
extruder) 1'111lJ1'1f1tl fltl 'lfn'1'.i\l1'n1flfll'.i 1J llJlfl'.iflllJ'Un'l'.itflaVlJ 'lf~n'1'.i1fla61J\lZQfll11 '11 

" . " 
'HaDlJl'Ha1A'1mhul<1ijm'.i t~llniiu '.in-a~ 111 \llfl'll' ul11m'ii1cuntrut.rfl 1111 utgfll'lllflVl 1flv 

'\JV~fln'lJ\lZQflU'.i~~'Utlflfln'lJ1.rflA'1r.Jtl'U ul<1QflA'UNl'U-nlJ-n'l'tflA'l11·h~V6fllJ1t~'UUN'U'H!Vt~'U 

flllJfl1llJ~6~fll'.i :J~UVlJ 1 ~ 'Uf2fln'l'H fl'.i'ilJfl~'U '.in'~~6~fll'i6\!fl1fi'IJ'U lfl 1 11qj 'nlJ 1 'U flflfltlW ~ 

111Zlfll'l\lflfl11fl 

"'"1 ""' . ~ ..1 2.6.2.5 fl6lJ1"nafl'lf fl161'1f6'.il1'1f'U (complex coacervation) 11J'UfllZ1J1'Ufll'.il1 

mffv'Htrnm'il'll~tfljj ij11'.iz iv'lfunl'Hi'utvuufltJ1tal1 n'l'i~1~'U'IJV~l'Ha1'tf!cv\!mfi'II'Ulfltgn 
" " " " . 

ijtrm:JW::1rlu\ll,j'uluth 11'.i:mvuA'1v'li'uflvu'Htrn 3 'li'uflvu fie UlD\!mfln\lztflavu1tJ 

mz\l1V~1 1 tJn'1'.iazalv"nviitlJVl1wmvJ n''IIV~"nvfitllvfvvn\l1fl~1l11azalv 1~v LVtlflcYlJ vduu ... .,,t .ad .11 ........ ..~ ... 
fi1'1J6~6\!fl1f1Ua:fll'.i l'll '11 'lf'U 'II V~n'l'.i 1 fl a 61JU 'II~ U'.i ~'II 'U fl V61fl'Vf2W '11 fJlJ '11 'i Vn'l'.i l11 n''.ilJfl11lJ 

u~~u,~l-H'urlihi'll t'liu n-1-s11'.iznvuufla1'iivll &r!u~u 
.!1 ., .lc~ 1 c1 L J} ~ .d r 

2.6.3 11\l\ltll'llJflaflVfl1llJLn'fiV'.i'IJV~n'l'i 'Hfla'U'.in'l1fll'Ufll'.i16'UUfl111tal1 

2.6.3.1 fJWn'lJU~l11~1flij'IJ6~n'l'i111'nfiu'.iff L~ufi lfiHn'~l~l'IHlflij fl11lJij 

" 'li'1 ua: fl11lJn'llJl'.ifllumn::mv 

....... .a 
2.6.3.2 fJWn'lJ1Jfl'U6-3n'l'ilfla61J 

. " 
2.6.3.3 n-m1:iil~lu.Uuflcum'itvuufltJ1tan (~'Ul111 'tJ'Uffl, 11.'11.11) 

.. 
2.1 ~,u1~ttnantt1ii'o~ 

" Klinkesom et al. (2005a) fffllllmnhtV'UUflV1tn'nluv,ja,fu\ll,j''U't!Ul fvva: 5 
" . " 

iflmh11'1l'n luv:~tfll'l,j'VJ,...Jvf 100 iiaii111a1f iifl'Juurlumfl-~1~ 3.0 1flv1nnTnflavuiu~v 

~u'\lc~ffl'.ita~~u'H!vm~~uua: iflifl'lfltJ lum1 Nnflffl'in:almvuufltJ1'al1 cb~ 1 um1vhm'.i 
II II " 1 I I 

1fl ihllJiu ~v,fut! u Vilm'.i 1~11 1 fl1 fl'lfltJ fi ij11'.i: ~ u1n i 11 ~unum~~ ufiijth :~auii ~ uvgfiut~ fl 

i 'Ulru vi11 11'tfiflfl'l1lJttYav'i'Ua·u~" 1 'llirut~lJlJln~u 'illntiuVilm'.i ,~lJtllflla\lln;;nl '""'H~vfl~ 
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' ~ 
flDfu ,CJri''U (com syrup solids) utl1fffl1nfltn1::U1~tlmJi1ii~ft'I~Ofl111ltt'I'Oti'I'\JO~fl~niu1l1~t.l 

nth tf~nw11niJ (30-90 o~fl1LCJraLCHtlflt~unn1 30 u1i1) m-su'Jhvonu~.:) ua::m-sa::a1v 
qo • 'U 

(-18 O.:)fl1tCJratCHtJflt~untn 22 i'1111.:)/30 O.:)fl1tCJratCMtJflt~untn 2 i'1l11.:)) ua::111111wmiio 

1 ... , " .... ""1 " o " ' ""' d ' .A ... CJf1~t11lfl~W -s~fl~ (200 1ltltl 1ltl1'I) ua::m'I't11U11~U'U'UU'JfWDnU'\J~ (freeze-drying) Vt'U11L1101l 
'U 

m-st;i1lJ1~1mnnrri111Vt~11;DFHflDfu,CJri''U (com syrup solids) a~a~ 'ti111ffl1111Lflfiv-sm't'f1u 

o~aiutlj1ltJiJn~a~ u~1uo~tlaH'U'rJ;itlfJiJJumrmii1l~'U 
Shaw et al. (2007) ffn1:11n11'ti1ulf~'\JO~o~aiu lm11fi'1fl111 (ro-3 Fatty acids) ~iim1 

o 4 : 1 : .I 0 • : I ~ 0 ,: 1 Jl .l 
'tlllfltlO'U'Jf'U~O'Jf\.1 1 \.I 7::'U'U011111 CJf~n11't11n1'I lfltlO'U'Jft.I~O'Jf\.1 't11 1 11'Jf'U'\JO~ 011ln1fl11111'U1'\J'U 

' ~ 
'lhmif1ltl7::iinim..-.1um7vtJv~m7tn~mm~'~iu1uFH 1ot1ln'1fl11l 1~vo~aiu11J1lfJiJ~::l~ 

~ ...... 1 ...... ... ... ... 1" ..... , 1 ... ... 0 .J! 1 .. 
&aCJr~uua:: uo1ltl'1ft.l'rJ~tlfJ11'1:: 'JfltlCJr~uua:: fl ~CJr1t.l ua::1Jm·n~1lt.l1~1n'l1n'll11 ..-.~wnnH 

, Jl , t 

flflfu ,CJri'tJ ft:~va:: 1-20 1~v1l111un '1nU'u'ti1ulf~utJtJ'ViuF-Jov Vt'U·hti;111W 'liuPi11f~'\Jtl.:) , . , . 
1l1~1a~1nrri11lVt~11;mHfltlf u ,CJri''U fflva:: 5 l~v1l111u n i11 ~1um·ni1 ,11 1fl-s wuufl11-

't{Lniu '\Jtl~v~a aH'U'rJ~tlfJiJ't'i1 1 ,.r,;;~fl111ll n-fiv-s ~t1m1 ,;;~ oontM&~aiu '\.1 tl~ FH 1 tlL1ln' 1fl11l 

Jafari et al. (2008) ffn1:11mniol\'1ltll.l1l1fl1::~'Ut.l11u (nano-particle encapsulation) 

'\JD~J1~t.ltla1~1t111im7'ti1ulf~u'UtJ'ViuNtltl ~~1~ Microfluidization ua:: Ultrasonication 1um7 

,~; tJ1lflnn::a1VLtlt.IUfl11't{Ltl'tl l~v1~1ltln l~L~nGJ1~;ui11ltl'Ufl11 1 'U 1 tl'VtDfll1ltlf (modified 

starch 11;6 whey protein concentrate) ~ti~n 3:1 ft'U'll 11im1L~1t11lfl1'Itl::a1tJLtl'UUfl11't{Ltl'tl 
~ 

~1tJ Microfluidization ii11'I::iinimVt 1 t.ln111tlt.ILLfl11't{Ltl'tl~N1ll,ju11a1 ,~~n11 Ultrasonication . ~ ~ 

LUtl~'11nm1 1 ~ Microfluidization 1 u m1 1~1 t11lfll'I a::a1tlltlt.IU flti1Lnnii1ll~t.l11 tllU\.1 Vt'U'll 
~ ' 

111 nm:.hiru 1.J n 1;1 ,~ fl11111 (l,; 1011 ltl'UUfl1.J't{Ltl'tl 1Au tltl ri ~ fftl't'i 11 '11 011 Hi Microfluidization 
~ ' 

fl1111'IClffn~N~1ll,ju11allu7::~'Ut.ll1u,~~Viq~ 

Choi et al. (2010) iim7ffn1:11n17l~t'U4i'1-,CJr1mt~nci'~;u (p-cyclodextrin: p-co) lu 
~ ~ ' 

m1 l'i1ttlt.1Uflt11Ltl'V11l1~t.l tla1 1~viim1 L~111l1~u tin 1Vi~hu nu 't'ilU 1f ~u 'U'U U'Jtt6tlnu~~ 
~0 ~ AQIQio', dQ.I IGI 

(freeze-dried fish oil: FO) '11nt.l t.l't11n1'Iftn1:11fl111l'Jft.lfl1l't'f 't11i 1 unu Ln'U'I n1:11~tltl~llnl'I 
~ " " .. 

11a~ 11 fttltJ'\Jtl~ 'll 1,j u 11n 1uadhnn ffn1:11nn11n~ 11rl tlt!U 1,j u tl n 11 u u 1'U 1 fl'Vl n fll'I a::a 1t1 • 
II , 1 I 

miitJ10J1t;\tl1lflntlh~un::'ll111a1 Vt'U1llum7ffn1:1l'll1tln1Viiim'Ifffl1l'S::w:h~ p-co ti'tJ FO Vi 
" 6~1110:20 ii111::ff'Vltfi1Vt'\Jtl~m'Il'i1ltlt.!Ufltl1Ltl't1 ftJva:: 84.1 l~w'll111un fish oil loading 

Jl • Jl Jl 

ft1r~n:: 62.7l~t~'ll111un nui'1111n'\JtJ~1l1~t.1tln111~~~1nu'lfu~~uli'~ ft:~r~n:: 11.0 l~t1'll111un 

un:: eicopentaenoic acid (EPA) encapsulation efficiency fmm:: 6.5111vJ111un ~~'11nm1ffn1:11 
S/ Jl f Jl I 

nn tl n 11 tl rlt:~ v'll 1~u tl m Vt'U ·h'll 1~ u 11 n 1Vi 1;i11 ~-co ii m1 tl a11tl rl t1 v~1 n-h'll 1 ~ u tl mfi iin n 
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" " " .. fHY1Jt1\n::·w:h~ p-en fl'u FO fi'~1u'lhtJ~, U11J~ty'VIiu~::t~n~::~1VLf1~V 1tJS1;lf.11Jfl~vhtl' 
!J ~ d C11 : C11 .. 1 .:l.:s I Ql d 
'iVf.l~:: 15 u~:: 20 u~::~1flfl1'infl'l:l1fl1'iln1J'ifl'l:l1'U11J'lJIJ~1'V11Jfl1'iNt1'1J'i::'YI11~ p-CD fl1J FO 'VI 

" ' " tl'm1 10:20 v-m11N~u,,jutJ~1iifl111J1tf~f.l'i~Vfl1'it~ui'n'l:l1iifl111J;';utl'1Ji'V11i' !vv~:: 97 tr!u 

L1~131'U 



3.1.1 1~q;}1J 

' ""' 'U'n'n 3 

tl 

3.1.1.1 1l1lJU·n 'il1tlt{U6t11'51~t1U{ua::~WJU11;~f.l~ff1'Ht1'5'HJLtl'l!l~'5fli'11~VU 
~. ~ ~ ~ Q 

UlJlJV~VU fiW::1tl'l!l~'5ff1ft~'5 11111TVIV1fttlf.llJft'51'11'1i1U 

3.1.1.2 1tlcs~un6L~1l~u ~M'v SIAM WHEY tlcs::L'VIffivw 

-•-• ~ "" ..; " -• ., ... 3.1.1.3 Ufluu1-fl1'5'51'ilUUU V'HV SIGMA ALDRICH u'5::1'VIffff'H'5JV111'5t11 

l d~ ... ' d~,. 
3.1.1.4 11Vft ~1AtlCJf~'5U fl1ff1llJft1fltlCJf &'VI'iff 10 ua:: 15 (Maltodextrin DE 10 

ua:: DE 15) ~lfv SAHASINW ATIANA STARCH DERIV ARIVE tlcs:L'VIffi 'VIti ua::~lfv 
ZHUCHENG DONGXIAO BIOTECHNOLOGY tlcs::L'VIffff11i1'5Wi'Jtl<s:'JI'1'11'U~U 

tl • 

3.1.1.5 1l1~1ft'lf lfl<sff ih\'v SIGMA ALDRICH tlcs::1'VIffff'Hi'JV1111m 

., -· ~ 3.1.2 1n'f,jf.lut1'5W 

"" ~ 3.1.2.1 1Jt11t16'5 

3.1.2.2 'HftVA'VIAftV~Fh1tl~V1 (15x125 ~ai;i;~cs) 

3.1.2.3 ~1fltli'tJtl;111~'5 

3.1.2.4 ~1flltl'11'11~ 

3.1.2.5 u'Vi~u~1f1Uff1'5 

3.1.2.6 ~VU~tlff1'5 

3.1.2.7 ihtl~ 

3.1.2.8 t1'5::1JVt1~1~ 

... 
3.1.2.9 CJfV~ft1111U~ 

., ' "" 3.1.2.10 ~1fi~1VVHff'lf1 
... _.d 

3.1.2.11 Q~'lfllftVfl 
~ .Qd, .Q o~ A 

3.1.2.12 tnvv::~111UV1111fl'51:11fl111l'lfU (Moisture can) 
tl 

3.1.2.13 1ll~Afi111J;';u (Desiccator) 

3.1.2.14mv111l~L~v{ 



. 
~ Ql A!!l, I 

3.1.2.15 U1Wfl1~tJL11'11 fl116 CITIZEN 1\J QT9017-A 

"' I 
3.1.2.16 'llflfn6~ff1HI"J6fll~ 

3.1.2.17 Magnetic bar 

3.1.2.18 ,.t;l,~1~l't1 
Sl Sl • ..lSI • I 

3.1.2.19 ~fltlf11Jl6\J (Hot arr oven) fl116 Bmder 11J FED240-M 

til::: 1 'Vlf'tff11 i'! 611J~ fl1 

3.1.2.20 m\'v~~fl'flllff,rtl,gfl~l6\JUtltlff6~mlt;l (Scaning Electron 

Microscopy) ~..fv JEOL 1u JSM-5410L ti1:::1'Vlff~~1J . 

A ... ~:.... , .. ..lSI • 
3.1.2.211fl'lfl~11fl'l1:::11\J16ffl::: 1J61111l (Water act1Vlty) fl116 Novasma 

fu PS200 SIN 9809020 tll:::l't1f'lff11i'J611J~fl1 
A .a. .d, ' 

3.1.2.221fl'lfl~fl"Jtlfl1Jf2W111J1J (Water bath) fl116 memmert 1\J GFL 1083 

til :::1't1f'tff11i'! 611J~ fl1 

~ 

1t;l\J1Jllfl 

. . 
.o!j 0 Sl I -· d Sl • I -• 3.1.2.23 lfl'l6~'Vl1U11~Utltl'n\JH6fl (Spray dryer) fl116 Nrro 1\J A/S IJl:::1'Vlff 

I I I I 
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.o!l ~ d d Sl I 

3.1.2.26 lfl'lti~IJ1Jl111f.l~ (Centrifuge) f.l11fl Hettich 1\J MIICRO 200/200RI220R 

'lh::: 1't1 fffl'11 i'! 611J 1 fl1 

4 I d dJJ 1 

3.1.2.27 lfl'l6~fl11JU1J111flfl (Magnetic stirrer) V116 VORTEX-2GENIE 11J 

G560E ti1:::1'Vlf't, 'VIti 

3.1.2.28 1fl~V~1flfl111J1i11Jfl'lt;l-P'h~ (pH meter) ~..fv SEVEN EASY fu 
METTLER TOLEDO tll:::l'Vlf'tl'Vlf.l 

3.1.2.291fl~6.:1 1@7 11J;i,1J1'!16! (Homogenizer) ~M'v DID ACTA 1u TA 18/D 

. . . 
4 ~ 4 ... d Sl I -· 3.1.2.30 1fl'ltl.:IIJ\JUtltJ1Jtlfl6 (Hand blender) tl'l16 Philips 11J HR1357 IJl:::1'flfY 

Sl ~ ..lSI 
3.1.2.31 flflfl.:J~fl'flllf't\J (Microscope) Ufl::: stage micrometer tl'Htl Nikon 

1u ECLIPSE E400 tll:::t'flfY~~'lJ 



39 

4 .d J/ I -· 01 3.1.2.321fi'HH Zetasizer Nano ZS tnHl Malvern l'l..l ZS IJ~::l'VIfl'tHmfl:l 

... 
3.1.3 ff1~1fl11 

v v 'I' ... 
3.1.3.1 Dibasic sodium phosphate (N~HP04·2Hp) fl11111'\111'\l'l..l 0.05 L11{11~ 

~,.;'tl SIGMA ALDRICH 1J~::1'Yifl'ff'Hi'Jtl11llfll 
v v 1 o'.dv 

3.1.3.2 Dihydrogen phosphate (H2P04·2Hp) fl11111'\11l'\l'l..l 0.05 11{11~ f.l'Htl 

SIGMA ALDRICH 1J~::1'Yifl'ff11i'Jtl11llfll 

3.1.3.3 Sodium asize (NaN3) ~,.;'tl SIGMA ALDRICH 1J~::1'VIfl'ff11i'Jtl11llfll 
"" 1 o'.dJ) 3.1.3.4 Hydrochloric (HCI) fl11111'\111'\l'l..l 4 1J{11~ f.l'Htl SIGMA ALDRICH 

11'i::L'Yifl'ff'Hi'Jm11!m 

3.1.3.5 Sodium chloride (NaCl) ~'tftl SIGMA ALDRICH lJ'i::L'Yifl'ff'Hi'Jtl111lfll 

3.1.3.6 Sodium hydroxide (NaOH) ~1ft~ Univar 11~::1'Yifl'tltlff1Pl11af.l 
,c~, .. 1 ., Q 

3.1.3.7 1-0ctanol99% f.l'l1tl Panreac 1J~::1'Yifl'ff'H~Jtl11J~fll 
.:1 t1 .I ., Q 

3.1.3.8 2-Thiobarbituric acid f.l'Htl SIGMA ALDRICH IJ~::1'Yifl'ff'H'iJtl11J~fll 

II 

tnl'fff11:l 1m~ Nii~nh,j'u-31 1 'l..lllJUtJtl N-31tl'I..ILLfll111{1 'VI 't'hm~ 'VI~ {ltl-3 mj-3tl flfH rlu 
II rl fl ' 

3 .Uu~tl\.1 R-3U .Uu~t~ufi 1 ffn'!on'lfil~u{l::l1;1J1W'\Itl-31Jtl{11~&~nai'~!ufit~fi111Jfl-39i'1'\lfl-3fl~{loM'I..I 
, . 

1.h,ju-31 l~f.l'rllflll'~n~ fftltlfi111Jfl-39i'1'\l fl-3fl~ {loM\.1 lij fl'YI'iltl'lfU~U{l::tJ; 1J1W '\lfl-311 fl{ll ~-
' ' II ' ' 

l~nai'~;'l..lfi1111J1::a'1J1Vftl1Jl, lJfimnl!i'l..l~fl\.1 n 2 ffO'!o11iJ~~f.lff -3U1~~fl1Jfiflfi111Jfl-39i 1'\lfl-3fl~{loM\J 
~ - ' ~ 

\h,j''l..l-31 U{l::l!i'l..l~tl'l..lfi 3 ffO'Iol1fll~ Nii~U{l::fll~ l~tli'n'lol1fitlfJfl.l an'loltu::'\16-3\h~'l..l-31 1 \.I tiJUtltl 

-• .. , ,.,. "" ... 01 -• ..... 'I ,... 0 "" 01 .! 
N-31fl'I..IUfiiJ'lfl{l'YI1'ntl 111'Yif.l1'1..1'n'l..l1iti~'HJ1~QIJ'i::ff-3fl~-3 L~l.Jn1'i~1l'l..l'l..lfll~'YI~{ltl-3~-3'1..1 

3 .2.1 ffn'!o11'lfii ~u {1::11;11 1w '\1 fl-311 tJ{ll ~1~nai'~! u fi tlfi111Jfl-3~ 1'\1 fl-3V~{loM'I..I J 1Jj'u ~ 1 

m~ ffn'!o11'lfii ~u {I:: 11; 111 w '\ltl~ 11 tJ{11 ;t&~nai'~ 1u fi t1 fi111J fl ~~ 1'\1 t1 ~ il~ {I i'u 
:01 "" d """ • 0 ""<!I I do' '1..1111'1..1~1 'YI~{ltl-3'lf'I..I~1Jfl{ll~L~nGlfm'l..l (maltodextrin: MD) ~1'1..11'1..1 2 'lf\.1~ fltl fllff1JlqJ{11~nGlf 1 'VI':iff 

. .d 01 "" .... <!!, 1 (dextrose equivalent: DE) 10 11{1:: 15 ·m::~tlfi111Jl'\11J'\I'I..I 3 ~::~tl flfl ~flf.l{l:: 0, 15 U{l:: 30 ~l.l 

" 
'll111t1'n 

... 
3.2.1.1 fll~l~~f.l1Jff1~{1::{11f.l 

... 1-' ... ... , v 
fl1~1~'il.I1Jff1~{1::{11f.l 1J~~'I..Il1l.ll'\11J'\I'I..I (whey protein concentrate 

solution) 1;t;f.l1J~1n 1tJ~~'I..Il1V1,'11J,'l'l..l (whey protein concentrate: WPC) ft~rm:: 1 1~vJ111t1'n 1m:: , 
1Glf&~f.l1J1tl 1Glf~ (NaN3) ffll.l{l:: 0.04 l~vll111t1'n {1::{11tJlun1~{1::{11f.l-nt~nLv.J~,jvhv.Jfl{ (5 mM 
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..; ~ I d tltl ,( d 
phosphate buffer) flf1111J&li\JflHHI1.:1 (pH) 7 ua::m~&mrJ1Jffl'HU~altiUfl 1-m~n~uuu 

" (K-carrageenan solution) &~l'iv1J~lflUfltlt11-f11l~l~U\J\J (K-carrageenan) ~t:wa: 0.4 1At~1l111Ufl 
' " a::a1r~l u ffl~a::mvnvn-&'ti9'1,j'ti&nvf nf1111J&r!umfl-fi1.:~ 7 11ll.:l~lniruilln-na::alt~Ufltlt11-

.c& ~ Q,l Ql 

3.2.1.2 m~&fl~ti1JV1Ja'11\J 

fll'Hfl"iV1JtJiJaium.J1.JtiJ1UJiJ (primary emulsion: 1°) &fl"iV1J~lfl 
: .., fJJ : ., lid tl " " ~ : ., 1 "" 

\J11J\J.:Il (sesame oil) ~vva: 30 1AV\J111\Jfl 1tl~fl\Jl1tll'U1J'U\J 'lVt~a: 1 1flV\J111\Jfl ua:: CJI'lflV1J-

, r/ 'J} : 41 0 411 "d !If I 

&v CJI'fl ~vr~a: o.04 1flv\J111\Jn 'U11Jla:alvlun-,~a:alr~nmnnfl1.Jli&nv~nf1111Jl11\Jmfl-fl1.:1 7 

• ~ ... ~ • " A 1 1 ... , "..; " I ..; fl1fll~IJ\JNff1J\J1\J 1 \Jl'YI U-a1\Jll'Ullf11V.:I 8 1J~ \JLCJI'V~ Vl1V DIDACTA 1\J TA 18/D 'Yif1111J 

... o A d , ... 
fl\J 1,200 psi ~1\J1\J 3 'J'V1.J lftVi'lfl'U\J 1fl11Jfl 'U1J\J 

fll'J'Lfl"it!1JOiJai'UU111.Jl]~tlt,JiJ (secondary emulsion: 2°) &9'1"it!1J~lflfll'J' 

illoiraiutiJ11t.JiJ111&;v~Hn11ffl~a:alvufltltl1-fnf~,~uuu 1flmfl"iv111H'oiraiulJ~VtJii 
" "" " " : ... 'J! 1 : ... ltl ... " ~ " 'J! 1 tyfi'YilV 1Jf1111Jl'U1J'U\J'UV~\J11J\J.:I1 'lVtla: 15 flV\J111\Jfl ~fl\Jl1ti&'111J'U\J 'lVVa: 0.5 fiV 

tl Ql " .c:t J! : Ql ct , "" : Ql 

il111'Un ufltltll-fll'l'~l~uuu ,vr.~a: 0.2 lflV\Jll1\Jfl ua: 1CJI'&flrJ1JLV CJI'fl ~vva: o.o21flt~\J111\Jfl 

1un-,~a:alvnmnlifl,jli,nvf ~f1111J&r!umfl-fh~ 7 'ti1m~tluNn-11 u1u 1 u1n il,,.r;,,fl~v.:~ 

lsl1J\J,\J&CJI'Vl~H'v DIDACTA iu TA 18/D ~ f1111J~\J 1,200 psi ~1\J1\J 3 ~V1.J l~Vi'lfl'U\Jlf'IL~fl 
,'UiJuua:'tilm~L~11i'n'l:jl~~wl1t,JiiH'v.:~ 

il1oira iu lJ~Vt.Jii~ '" 1 r.111, ~ m Nff1Jn11 11v a 1" &~n'lf'fl;u th n-11 2Ja 

doli ..1 t1.2!• ""'""" 1: ..... &flflCJI' n~n- 10 ua: 15 'Yif1111J&'U1J'II\J~l\J1\J 3 ~:fl11 flV 1vva: o, 15 ua: 30 flti\J111\Jfl n1 

m~tJ\JNff1J \Jl\J 1 \Jlofl U1&-r11&fl~V.:!ls11J\i,'ULCJI'Vf~l\'v DIDACTA l\J TA 18/D ~f1111J~\J • 
1,200 psi ~1\J1\J 3 ~V1J &~Vi'lfl'U\Jlf'IL~fi,'Uiru 'tilm'lt~'I.Ji'fl'l:jl~fJW11tJiJH'v.:~ trluna11 f1u 

" ~1m!u fl":i 1~ffV'I.Jf1111Jfl.:!9i'1'UV~oiraiu~ v, tl 
3.2.1.3 m~fl~1~fi'V'I.Jf1111Jfl.:!9i'1'UV.:!oilaiu 

... d , ... 
1) 'U\Jlflua:m'lm:~ltlfl1'UV.:IV'4fllfll1Jfl 'U1J\J 

illi1mh.:~oiraiu1Jl'tilm'lt~v~H~1r.~ffl'la:a,r~nvfftn",j"hnvf 
' ' " d ~ I , 'J/,1/ ... 01 01 dd 'JI 'JI tl 'JI 1 0 01 0 

flf1111JL11\Jmfl-fl1.:1 7 11 "V1Ji'1'11\J'YI1Jf1111JL'U1J'U\J 'l::1J1W 'lVtl'fl:: 0.001 flti\J111\Jfl U'fi::Vl1 

Qlj/ Jt . .::~, I d A 0 011 ... 
fl1~1flfl1tllfl~V.:I Zetastzer tll16 Malvern 1\J ZS CJI'.:!Lm6~\l::V11fl1~1fl fltiVltWfll'lm::~ltiUff-:1 

• Jl ' ' 

'\IV~ ihu ff ~taLCJI'Vfnv.:~, tlflnn~::'Y11Jffl 'S9i'1VVH \llfl'l!'U &f11 V~ \l:'tilfll'l tl1\J1W f1111J&.r11Juff ~n 



41 

m::~1tJUff-3fHl1JVVfllJ1 1~vm.Jl!-3tlll~vdlt.tl1.j,.IV~'Il\J1~V\!f'l1f1Ul!::m'jm:;~ntl~'l'IJV~V'4t11fl 

l~ (Dybowska et al., 2008) 

2) fl1fl'l11.1~1-3ffmilrHh 

1l1~'lmh~oirllit.t1lnhm,,;v~1~~'lvff1'jl!::l!1a~vu&~~u-~,~v{ 
..: ~ I , ~ "'"" .., .., .,:.,. ,., ,., -· ,., 1 : .., o 
'Yifl'l11.111J\JOl~-~H 7 'H l~V1.1ll'1f\J'YI1.1fl'l1lJ&'Il1.1'1l\JlJl::1.11W 'j{ltJl!:: 0.001 ~tl\.1111\JO Ull::'YI1 

... ,., A ..:,., I A ...... d, A..: A 
fl11'l~~'ltllfllV~ Zetasizer tl'HV Malvern 1\J ZS 1f11V~'l~V~l1111 \Jfl111fll!V\J'YI'IlV~V'4t11f111.1V 

,;1i~vdmvi~ff\J11.1l~vh 1~vl;l Laser Doppler Velocimetry (LDV) ~1mTt.t&fl~V~~::,;1m1 
UUll~fl1i~vdit.tlU'IlV~fl1fl'l11J~1~ffmfl~vh (Surh et al., 2006) 

3) 1 flHff! H'YIH1llfl1fl'llV~V'4fl1f11~~, 'lliJt.t ~Vfl'l11Jfl ~ ~'l'llV-3 
......... 
V1.1ll'1f\J 

0 "' I QQI Ql , .. :"! Ql ,., :'I , .. 
t.t1~1VtJ1~V1.1ll'1f\J'HtJ~'I.J\Jff a~ lJ~'YI'I.J~'ltJm::~nlJ~ff l!~ (slide 

cover) U11.11ftV~n~v~~l!'YI'j'jfftJ (microscope) ~~v Nikon it.t ECLIPSE E400 ~rhn~'lltl16 
100 n11 (Surh et al., 2006) 

" 4) fl1~'1fUfll'j'UtJnit.tfll1.1 (creaming index) 

U1~1VVHOiJait.t'I.Jn1it.t'HaV~'YI~av~ 'll\.11~ 15x125 ijlliia~-s . " 
Mnv~n:: 10 nf1J 1~ui'n1:nli~w'HfJij~v-3 na11 tit.t ~1'l~ffV1Jfll'j'UtJnit.t'llV-30iJaoit.t 1~v1ilm'j 

1~fl'l11.1tJ~'Ilv-3.fft.tfll1.1~Lfifl~t.tfiufl'l11ltJ~'Ilv~~'lVVHoiJnit.t..f~...,1.1~ u1fi1~1~f'ht.t1w~~ 
ff1lflll (Surh et al., 2006) 

5) fl1fl'l11.1'H;j~ (viscosity) 

U1~1VVHoiJnoit.tiriMit.tijmnv{ 'll\.11~ 600 filliiii~l tJ~m~'j 
.C\ ~~ Q.l oii:!t iJ At Q.l A .C:..Q d J/ I _d 

500 1.1aaa~'j 1.11'l~fl'l11J'H\J~~'lmmv.:~'l~fl'l11.1'H\J~U1J1J~~~vn tl'HV Brookfield 'j\J DV-11+ VI • 
""',., Q .. Q I .o::1 

~W'HfJ1.1'HV-3 (1'111.1 11JV'j 1 Ull::fl'l11J1'j'J'j'V1J 100 'j{I1J~V\J1'YI) 

~10flll'YI~l!V.:J~V 3.2.1LflV0'1fii~ua::tJ~1J1W1JVll1~L~OcH~~'W~1~1Jit.toiJl!oM\J 

't]fitJfJii~i1flW~n1:lru::ul!::fl'l11.1fl-3~'l~~~tl~1J1 lflt.tm'j'L~;61.10iJl!oiu~v 3.2.2 ttl!:: 3.2.3 ~v ,11 
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. ~ 

3.2.2 ffnw1i1\l~un·m1~~tJ1J~f.lfl111lfl~~1'UtJ~vilniuu1ilu~1 

Lil t~n '1fii ~ u n:: tJ~11 1w 'U t1~ 11 t~n 1 ~1~ nci'~~ u ~ 1~ 111 u vii n i'u ll~ lltJ ~ ~ ii 
fJW ~n'l:l w::un::fl111lfl~~ 1~~~"1~\l 1nmcs'n~nt1~~ 3.2.1 111 l flu mcs1~'i u11vilni'u l~u 

1mll1l1fill1l'i::11·h~viJni'utJJ1lfJij (1 °) un::viJnlt1UlJ~llfJij (2°) ~1~1J1Jtlt'1 1~1~flCJf~~'U (MD) 

1~uffnln1h~ua~u1~~t~1l 4 1h~fl fit~ 1nflt~lctu~fl1lflnt~h~ (NaCl) o-5oo ijnii11ln11 
~ ~ 

U1~1n'l{1flH1 (sucrose) ~tlfln:: 0-20 1~m.hm!n fl1fl111l1~'Ufl'i~-~H (pH) 3-8 un::fJW11fJij 
~ 

30-9o t~~fi'1111Jfn1.;mr 1Afl'i1fln:avflAA'~~t~ iliil 
3.2.2.1 1fllltl 111Jf1~fl1Jflt'1tl ,,~ 

1~'i fl1lviln lt1u UJ1lfJijun::vilnlt1u "l~ r.rtJij~1~1l1lt~n 1 ~1~ nci'~~ u Nff1l 

.... "" 1 "" , .. ..l " " .... "" "" ""1 .. fl1l1fl'Htl IIJf1ArJ1lflt'1tl CSA'nfl111l1'U1l'U'U 6 cs::A'U fltl o, 50, 100, 200, 300 un:: 500 11nn 1lt'11'i un:: 

1~1li'fl1:ll~fJW11tJij1ftJ~ 1fl'U11'Hl 1 fllJ fltllJ'tilfll'i~'i1\lfft11lfi11JnllJ.f1tJ 3.2.1.3 
~ 

3.2.2.2 u1~1n'lf 1mn-

t~'i rJ1JV1! ni'u 11 J1lfJij un:: vl!niulJ~ r.lfJij~1~1J1Jti'H 1 ~ 1~ nci'~ ~ 'U Nff1J 
.... : 1 ~ _J!Jl Ql., 1: Ql dGI ci 
m.JlJ1~1n'l{ mff'nfl111l1'111l'II'U 4 cs::All fltl csvr.rn:: o, 5, 10 un:: 20 ArJU111Un un::m"UcsO'I:Il'YI 

fJW11fJij,_rtl~ 1rlun'fn 1 fiu rit~uVi1mcs~cs1\lfff.l'U~11l11ilu.f1tJ 3.2.1.3 

3.2.2.3 fl111l1rlumA-~1~ 

'~'ir.r1lv11niuuJ1lfJijun::vilnlt1u'fJ~rJfJij~19i1J1ltJn 1~1~nci'~~u Vi1mcs 

ui'1JU~1l1Wfl111l1riumfl-~H 6 cs::A'11 fltl 3, 4, 5, 6, 7 un:: 8 lhv IN HCI un:: O.IM NaOH un:: 

d .... ..l "" " !II "" ' • -, !J! 1fl'U'ifllll'nfJW11fJ1l11tl~ 11J'U11'Hl 1 fl'U flti'U'Yilfll'i~'i"l\lffti'U~l1J11i \J'IItl 3.2.1.3 

3.2.2.4 fJW11fJii 

&~'iv1lv11niu11J1lfJijun::v11niu'fJ~r.JfJij~1~1l1lt~n 1~1~nci'~~\J Vi1mcs 

l,rfl111lft~u~fJtu11fJij 7 cs::A''U fit~ 30, 40, 50, 60, 70, 80 un:: 90 tl~fl'1t11Jfn1.;r.Jff 1~uu'lfluth~ 

fl"l'Ufl1lfJW11fJij &r!unnl 30 u1i1 u~T~ill,r,gunufi~"ltJmcsu'lfluJ, un::&~"Ui'n'l:ll~fJW11fJij,_rv~ 
~ ... ' 0 .e:t...d., " 11J'U11'H11 fl'U flti'U'n1fll'i~'i1\lffti'U~11J11i \J'Utl 3.2.1.3 

~ 

3.2.3 fff1'1:11fll'i Nii~ un:: fll'i 1~'Ui'fl'l:ll~ tlflW ~fl'I:IW::'Utl~u111\J ~ 11 'Ul UU 'U'U N~ 

1f.l'UUflU'l{l'H'n 
~ 

3.2.3.1 mcs1~'i rJ1lul11U~l 'l 'UlUU'U'UN~1f.l'UUflU1{tn'YI 
mcs ,~; r.r1lvilni\JtJ\'1"1Jflij vilni'I.J \'l~flflij un::vilni'I.J'YI~rmij~1nt~n .& cu ·c;: • Cl cu 

.... _,.... " " 1 d .. ... "" .., " 0 
'1f\J~un::u11J1tufl111l1'U1l'\I\J'\Itl~1ltln ~1~fl11Jf~1U Uff~~11r.Jn::mr.r~~Hfll'i'n~nf.l~'\ltl 3.2.1 \Jl 

v11n'lfu\'l~r.Jflii~l~'itJ1li~1l1Vilulf~u'U'Uv4\J~tlll~1mfl~ti~VilU,_r~U1l1J'n'UNtltJ ~lftl Niro -iu A/S ., - . 
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1.h::L\'lfi'L~\J1J1lfl ~V~nfll'.iiJfJ'lJ 17-18 ijaiin~'.i~fJ'lJ1fi fJW11tJij'll1L~1 200 :i: 2 fJ~fi'WJI'fiLCitlfl' . 
4 t I .:::1 o ~ A'J Jo' ..:& 

Uft~fJW11fJ1J'U1flflflfJ~'.i~111H 80-100 fJ~flWJHWlWfl' fll\J1WFHU_,ft~\'llf!Uft~flll\lqjlftU'UfJ~ 

: "' "' 0 , , : "' ... , , \J11J\J~1fl1ti'Hft·HI1flfll':i\'11U'H~ Uft::: 1flHff':iH'IJO~'U11J\JnFH (<j1Uft:l:Lfltlf\Uff~~ 'U'UO 3.2.3.3) 

: Ql , "" d Ql d &!I tt::1!/ "" rd 
'Ull,'lJ11J\J-11N-1 \JCV0-1ft11Jl'lJ~Uft:!lfl'Ulfl'l!ll'fl 3 fftn'l:! flO f2W11fJ1J110-1 fJO!'HfJ1JUIJfW'lJ llft:! 

... I... <$ ~ .... A .... A I ,A, 
f20!11fJ1JUCJfltl0flU'U-1 llJ'I.Jl'li\1 30 1\J l'VUllOfl1l~'J''l1!1'1'6'Ufl0Ji\fl'l:IOJ:!6\J~6 1J 

II 

3 .2.3 .2 m1 ~'J'11lff6'UflW an'l:lru::-u o-nhiru -111 u 1 tluuu N~lo'IJ UflU11ft'n 
II ' 

1h1hiru·nN~li'~;v1J1R'u1un1 lu'lfv~mijl'IJ~ tl11J1tu'lfv~a:: so ni'u 

d &I ~ A .e.JI d. A td 
lfl'Ulfll!ll'n 3 fffl11:: flfl fJW111J1J11fJ-3 (26.86 ± 1.10 fJ-3fl'11'lfal'lWff) f2W11fJ1JUIJfltl\l (2.69 ± 

1.58 fl~fl'll'll'fll;Vff) Ul'l::f2W'HtJiiU'JftVtlml~~ (-18 :i: 2 tHfl'119ft'1l;Vfl') tfluna1 30 1u thflll 

~'i1~fl'o'Um'.ia::n1U'UtHJ1ir1.1-31N-3 m-sfiunnut~uoiraoiu ua::thmA 1-n 1tllJ1lUlJln~v 1tl 
tl 

3 .2.3 .3 flll~ 11~fl'tl'UfJW ftfll!IW::'IJtJ~1l1Jj'U ~ 11 'U 1UU'U'U N~ltl\IUflU1Ulfl 
• tl 

...... ,~ .. 0 !IV ., • ~ 

1) HfiHfl~fl 1'1Uft::fl11\lqjlftti'Utl~1J11J1J~1fllll111'1~'11flflllfi1U'H{I 

• : "' ..1 ... , , , ,_, ~ : "' .;. 
1.111.111J'U{IlH~fi1~1V1J ~'11fl'lltl 3.2.3.1 1JIJf~1.1111'UflUt'1::'thfllliJf~ 

oJj'aoi'1.1fJ~llfJii~1~1J1Jtlt'1 1~l~n.J1~1uritJ1.1flll'rhll1f~u'UUvt'lJFJtJu l~tlU11J1fl11.11W111NftNft~~ 
tl tl 

1 9\'ua::m'.i \ltlllfftl'lltJ~ll 1iiu ~ lfllll11 a~ '11nmn'hu,f ~ ~~ff1Jflll ~ tJ 1 tlil 

tl tl 

!vun::NnNn~ = fY111Ufl~1nth~ritlum'lihu,\'.:a -1ll11Ufl~1VV1~11a.:amnhuH'.:a 1 x 100 
tl 
0 Ql ., ' • 0 91 
1.1111\lfl~16V1-3fl6\lfll'.i\'llU'H-1 

tl 

2) 1flHff!1.:afllV1.16fl'UfJ-1UlJj'1J.:a1H~ 
o Ql I ,.d I o , ~ ~ 0 4 

1.11~16VH'nN11Jfll'.i'n1U'H.:a~~~11Jl11J1~-1'U'U stub Ut'1::1.111J1lflt'1fl'U 

~ _, "" 0 "' I , A ~ ..... d I 

t11V\'lfJ-3IJ':i::1JlW 2 1.11\'1 'Ul~1fJVHl'U1lfl1fJ{Ifln6.:a11'1\'l'.i':ifl\lfllflfl~':i6'1JUlJ'UfffJ~fl'.ilA (Scaning 

Electron Microscopy: SEM) 1Av1fffmilwfhd.:a 10 nlr~l11'1~ ur~::1fthft'.:atilft~'UfllV11.1flUfffl'l:l1 
" ftfl'l:ltu::'IIV·nhJj'u~lN·m11tilJ 2,000x ur~:: 3,500x 

" 
3) fllfll'.it'1::1'1lfi'U6~1l1il'1.1·:11N-1 (Solubility index: SI) 

" n1 '.i ~ ':i 1~ fffl'U f11 nn r~:: ft 1 tt'll v ~ 1l1 ii u n N.:a ~AU u ft .:a ii nn 

" ~':i1,fffl'U\l1fl Mandala and Bayas (2004) lAllU1~1flV1-1U1Jj'1J~1FN 5 ni'11 1ti1u'Hnflttl~1.1911-

~1nur~::t~1Jff1':in::r~1vnvnLn~t'rntnvf~fl111J1~1.1mA-fh.:~ 7 tl1ul~':i so iin~~~, uil1th 
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I t I I I I , ~ ~ 

n l'S ih.u 'H 1 V -3 ~ 'HH fl; V -3 iJ 'U l 'H 1 V -3 V 'H V Hettich l 'U MIKRO 200/200R/220R 't1 ~ tu 'H fJ 1J 

30 V-3ff1L'11tU;Vff fl111JL~13000 rpm trlun111 10 u1Vi l~wuvnff1'i11:111mhu1n~i~'il1flfl1'iUu 
.J I " ... "" 01 "' : 01 I 1 " 0 ,_ I " " " l'H 1()-3 1 ff1 'U fl1V6:t11JL'U (J1J 1.J'U 't1 fl'U 1'H 'U fl'IIV-3ff1'i11:111Vff1'U ffUt11'U 1 11V1.JU 'H -3 ~ 1V~61.J 111J 

!vu ~~V Binder l'U FED240-M ~t:JW'HfJij 105 V-3ffW:lf11l;Vff tr!'Ul1111 24 i111J-3 (Shittu and 
Q.l ! 0 G.1 I " 9J ~ Sid _: 0 G.l I 

Lawai, 2007) 'H 11-3 'il1fl'U 'U 'U 1~1V V1-3VVfl'il1fl~ V1.JU111't1-3 1tt W'U 1 'U 1 fl~~fl111J'Jf'UU11::'U1~1VV1-3 
• tl ' Jl Jl 

il1'tf-3ihtt\!n tflmh1J1fi1u1tutt1fhm711::111V'Ilvnhiru-31 A-3ff1Jm1~viuu 

l~v w. fiv ff1'i11::mmhu1n~i~'il1flfl11il'UL'H~V-3 (supernatant) (ni'1J) 
• ".,,t ., 

W
0 

flV 1J111U'H-3'11V-3~16V1-3't1-3'H1Jfl (m1J) 

4) m1fiumrurlu6ir11'ifu 

m1~l1'ilfft>1.Jm1fiumrurlu6ir11-iu A'fluU11-31im1~11'ilffV1.J'il1n 
, . 

Klinkesom et al. (2006) 1flmh~1V~1-3lhir'U-31FH 0.66 ni'1J Nff1J01.Jff1111::111Vlivntl'f~,j'l'Jtl'Jt>fVi 
J/ J/ I I Jl 

fl111JLrlum~-A1-3 7Ul1J1fl11.34 ij11i'ii'ifl1 ~-3ii-3i1'Vit:Jtu'H1Jijll'6-3 Lrlunm 1 'if111J-3 mr-3'il1n\!u 

li1fl11fl11'ilff61.Jfl111Jfl-3~1'11V.:Joir11'1fu iA'uri 'll'U1flun::m1 m::'il1V~1'11V-3V~mflt~fl i 'lliru un:: 

fl1fl111J~1-3ffmfl l'Ji41~6fl111Jfl-3~1'116-3oiJa'tfu fl11J1i1 u~v 3.2.1.3 

5) fhm~ i'YI1V1.J1ffilJlfl (Thiobarbituric acid: TBA) , , . 
ll1~1t>rl1-31.h)j'u-31N.:J 10 ni'1J Nff1Jnmhn~u 1H1J1~1 5o iJ11fifi~1 

• Jl • ' 

trlun'fn 1-2 u1Vi chv~·;m~H11.:~1u'll1flnft'u 1fu1nft'u Ul1J1~'i 47.5 ij11ftftfl1ll1.:~m'Jfu::Vi1ff 

~1VU1-3Ull1mn.:~'ll1fln~u L~1J1~ 1~1fl11Vln (4N HCI) Ul1J1fl1 2.5 ij11iii'i~1 (pH fl11trlu 1.5) 

u11:1~1J~nu~1 u11::nnnv.:~tium1tfifll'Jv.:~ (antifoam) n~u1ll'iA'IIV.:Jl'H111Ul1J1~1 50 ij11iiii~1 

mvlun111 10 u1fi ~~nn~n~ui~1J1Ul1J1fl1 5 ijaiiii~111.:J1utt11V~'t1~11v.:~~ii'ilni1~ L~1Jff11 
Q • 

" TBA reagent Ul1J1fl1 5 ij11i\ii~1 L'U~1un::1ll'fl111J!V'UA1VU1L~V~ tri'U11111 35 u1fi •th blank 
, . " 

l~v1im1t~v1nu 1~v1fu1nft'u Ul1J1~1 5 ij11iin~1 1ll'fl111J!vu trlun111 35 u1Vi \l1n\!u\l1 

cal I ~1Jid Q.l I 4 d 4 
fl1V(J1.:JU11: blank fl.:! 'HW'UU11:1flfl1fl11t)~fl11'UUff.:J'Yifl111JV11fl11'U 532 'U1 1 'UL1Jm 1flVfl11 

'YI~ffV1.Jfl1~ i'YI1V1.J1ffit~ln (TBA test) iin11 in'il1flfl11~Nii~fiwtti''il1flU~fllV16VflcJflfl'if'U'UV.:J 

mfl i'llir'U'JfUfl hl~1J~1 'il:lhu~filv1n1.Jmfl i 'YI1V1.J1ffit~lnli1 'lll'tn~iY ~.:~tnfl'il1nu~filV1 
I 01 1 .,., o' ..6 0 1 "... "" A I , " " fl11.JU'U'Ufl1.J1J1 11'UV11fl ~fl (malonaldehyde) Clf.:J'il:'t11 'Hlflflff'Jf1J't,lUfl.:J11JVN1'Ufl11 'Hfl111J1V'U 
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II 

ltH,'tn'Vim~ 1~vu~~~fh TBA lu11thvijniini'111111nutJnA,sA' PitJ LiltJ 1 ii1nni'11 (Egan et al., 
II 

1981) ~1\J1tu111fh TBA ~~~lJm<sPitJhJil 

thm~ ,nlm.nfihJlfl (TBA) (mg malonaldehyde/ kg sample)= 7.8 x A 

II 

m-sfimn"Jfii~un:1.11lJ1tu'lltl-3lJtJn1~L~noi'~1uPitJfl11lJfHi1'lltl~V~noiuth~u~1 vh 
I .6 .I p ~ 

f11711~UN'Uf11l'Yifllltl-3U'U'UqlJ~lltl~ (Completely Randomized Design: CRD) 'lt~1Jl:f1tl'U,l1ttff~ 
' II 

n~atl-:1 8 a-3n~ntH \ll'U11J 3 oi1 'ti1m-s1Lfl71:-H'~m.!il'YI1-:JffflA 1~tnh~fl2Jll"'1fl~fl 3.2.1 lJ1 

1Lm1:11'fl11lJU1il1il1\J~1tl lthumlJ Statistic Packing for the Social Science for Window 11.0 

(SPSS) nntJ'ULfitJ'Ufl11lJU~flPi1-:J'Utl.:ifhmgtt 1~ttl~ Duncan's Multiple Range Test (DMRT) un: 

-~ Q I I I I 1 , J/ .,; Ql 4 ~ 
11Jltl'Ul'Yitl'Ufl11lJU~f1~1-3l::111Hf11JlJ 2 fllJlJ ~tl "Jf t-test U'U'U independent 'Yil::~'Ufl11111"Jftl111J 

fvttn:: 95 
' II 

mlfff11:11i1"' i'va ~u 1~"" tJ11Pi tJfl111lfl.:~i 1'\J v-3v~noiu~ 1~u ~, Vi 1fl1l1HUNu m1 
, II II 

n~av~'llv.:~i1"'i'va~u1~""vlJ'ti.:~ 4 il"'i'tt ,~uti Ln~v1CJ1LfitJ1JflntJhti' ~1~1a1lma- fi1fl11lJL~u 

m~-fi1~Ua::~W111Jij U'U'U~lJ~lltlfl (Completely Randomized Design: CRD) ~.:11fl~tl1CJ1LfittlJ-
' II I I 

flllflh~ 1il::f1fl'U~1tl 12 a.:J'YI~lltl-:1 ~1~1ll11fllff 8 a.:~n~atl~ fl1fl11lJ1~1Jfll~-fiH 12 ff~ 
Q ~ 0 : 0 Q "" --, 0 " d," 'YI~lltl-:1 ua::~W111JlJ 14 ff~'YI~lltl-:1 "'1\J1\J 3 CJ11 'YI1f11111fll1::11'Utl2Jll'VIH~O~ ~tt1J1'Utl2q!ll'VI ~ 

"'1n.u'v 3.2.2 lJ11Lm1::-H'fl11lJU1il1il11J ~1tt 11.llUfl'l1J Statistic Packing for the Social Science 

for Window 11.0 (SPSS) Lmtt'ULYif.I'Ufl11lJU~fl~H'lltl.:lfl11Ugtt 1~tt1~ Duncan's Multiple Range 

.,; ... 4 ~ " 
Test (DMRT) 'VIl::~'Ufl11lJ1"Jftl111J 'l'tltta:: 95 

II 

flU fffl1:11 fl1l N n ~U a:: fl1l1 ~ 'U l fl1:11 ~ tl fJ W ~ f11:1 tu:: 'U tl ~~ 1,j'1J .:111 'U l tJ U 'U 'UN~ 

ltl'UUfl1i'l{lfi'VI fi1f1111HUH'Uf11'S'VI~lltl.:IU'U'U~1J~lltl~ (Completely Randomized Design: CRD) 

.d ... I gJ ~ ~ 0 : 0 .a tl 'J} ~.a 1 0 J} ,J 
CJ1~1Jl::fltl'U~1tt~.:I'VI~lltl.:l 3 ff.:J'VI~lltl-:1 "'1\J'l\J 3 CJ11 'Yl1f11l11fll1::11'UtllJll'VI1-:Jff(l~ ~tt'U1'\Jtl1Jll'Yl • • 
1~~1fl~tl 3.2.3 1J111m1::11'fl111JUtl-stlnu ~1tt ltl'l"UflUJ Statistic Packing for the Social Science 

for Window 11.0 (SPSS) Ltl;V'Ulfitt'Ufl11lJU~f1~1~'\Jtl~fl11Ugtt 1~ttl~ Duncan's Multiple Range . . . 
41!:1. Ql .t!!I,Qifj} 

Test (DMRT) 'V17::~'Ufl11lJ1"Jftl1J'U ltlf!a:: 95 
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Gl 0 ....... 

3.4 1::tJ::I101a'Un11t111iltl 

I 
.c:t 0 ~.., 

3.5 1nnunmm1liltl 



' ~ 
1J'YI'YI 4 

~11 nm 'j i'1mn rHl 'IJ f) \1 'lfU ~ U!;l:: u7m ru 'IJ f) \I lHl!;l1~ 1~ n ttf~ 7 'U ~f) fl '111.1 fl\1 ;{ '1'\J f).:j flii' !;li''U 

J1ir'U.:J1 'Yl~ ffUUfl 111.1 fl\1;1'1'\JU.:J flii'" i''W u CllJ flii flii' "i''U 'Yl~ Vfl ii~ il.J 1~ 1.1 u":: 1~1.1 1.1 u" 1 ~ 1~ nttf'~ 7 'U ~ 1U q CU 

o A4!i 1 df' ..J Ql "" cv.a ~1'\.J'd'\.J 2 '11''\.J~ flU fllfflJlJ"1~fi9f l 'VI '.iff (DE) 10 u":: 15 'Yl'.i::~1Jfl'11lJ1'1JlJ'IJ'U 2 '.i::~U flU .. 
~mm:: 151m:: 30 1~vJ1, .. nrn 1~vm'1~ffUU'Il'U1~1m::m'.im::~1v;l'1'1lf:l.:Jf:l'4fl1fl1~~i'llii''U ~1 

" . 
fl'111.l~Nffmflflvh 1m .:Jff~1\I'Yl1\l ~"fllfl'llf:l\11~~ i'llii''U1m::~1~ 'li'U nl'.i uvni''U fl'11.1 u ff~\1~\lflTY.I'n • 
4.1-4.5 

f.!" m '.i 'Yl ~ !;l u .:J V'IU 11 'IJ 'U 1 ~ 'll u .:J u '4 fl1 fl1 ~ ~ i 'll iJ 'U 'll u .:J fl iJ" i' 'U u J 1.1 tJ ii 1 ~ n n 11 

ijiJ"i''Ul'J~UtJii~ il.J1~ 1.11m::1~lJlJU" 1 ~ 1~ nttf'~7'U l ~ U'IJ 'U 1~ 1Q ~ V'IJ tN fJ'4fl1fU~~ i '1J iJ'U '1J U\1 ijiJ" i''U 

tljlltJii iJ~1184.02 ± 1.26 'U11'U1lJ~'.i fi'1'U'IJ'U1~1~~V~6\16'\ifl1fl1~~ i'lliJ'U'IJ(l.:JfliJ"i''Ul'J~UtJii~ 
il.J1~1.11m::1~1JlJ6" 1~1~nct1~7'U iJ~1 259.79 ± 5.36 'U1 fu11.1~'.i U!;l:: 224.67 ~\I 289.14 'U11 'U11.l~'.i 

~11.1ih~u (ml'l~ 4.1) fi'1'Wm'.im::~1v,;''1'1l6\lf:l'4fl1fl1~~ i'llii''U'Ilu.:J6iJ"i''W1Ij1.1tJiJ u"::6ii'"i''U 

\'l~UfliJ~ il.J1~1.1u"::1~lJlJ6!;ll~1~nttf'~ 7tJ V'IU11m'.im::~ 1U;l'1'1J 6\1 6'Ufl1fl1~~ i 'llii''U il.Jff~11 fflJ6 
·~ .. . 
u"::iJ'IJ\J1~f:l'4fl1fl1~~ t'llii'\Jm~v'.i::l111.:J 45 ~\I 3,219 \J1l'U1lJm (ml'l~ 4.2) 1~v6ii'"i''W1Ij1l1Ji1 
~::iinu m:: ~ 1t11Pi '1'\J 6\16 '4fllfltlj ~ 1 'll iJ'Uu u u 'C1'6.:Jn ~ lJ (bimodal) u" ::ii'll 'U 1 ~ 6'4 fl1fl1~ ~ 1 'll iJ'U 

1Q~V'.i::'H11.:J 45 ~\1 860 'U11'U1lJ~'.i fi'1'UfliJ"i''Ul'J~tltJiJ~il.J1~lJU"::1~lJlJU" l~1~nttf'~7'Uijfil'.i 

n'.i~~1V,;'1'1J6~U'\ifl1fl1~fl i 'IJiJ\JU1J1Jl1 "1Vfi~1J (multimodal) 1m::ij'IJ'U1fl6'\ifl1fl1~fl l 'lllJ'UtQ ~V 
I I jl I 

'.i::M11.:j 39 ~\I 3,219 \J1l\J1lJm 1uu.:J~1nul!"i'W11JlltJii11l'.i~\Jnv1'1i'lJ'Ir'U~::~fliuViVi'WVi~1'1J(l~ 
d , "' o i 'JI .s "" d liJ "' """" "' .I <1 6'4fl1fl1lJ~ '111.1\J 'Yl1 l1UH~\If.l'1 (surface tension) 'IJU\16'4fl1fl1lJ~ t'\JlJ'\.J"fl"\1 ('U~V1 '.i~'U11J'U\J'Yl 

, 2551) ~\lff11.11'.i(l'JhviJ6.:Jtl\Jn1'.i'.i1lJ;l1n'U (coalescence) 'IJ6\If:l'4fl1f11~~i'llii''U 1~u.:J~1niJuH 

minn\J'.i~w:h.:Jf:l'4fl1fl1~fli'llii''U 1'1f'U uHminmn.Jff1~f:l7n (steric repulsion) UCl::UHmin'Yl1\l 

ivJVh (electrostatic repulsion) (McClements, 2005) l'i1i,r'IJ\J1~'1Jf:l\lt1'4fl1fl1~fll'IJii'\JlJ'\J'U1~1~n 

thu uiJCloM\J 'Yl~tJfl ij~ iu ~~ lJlJ f)" 1m~ nCJf'~ 7 \,! ~::lnfl m 'j tm::n ri lJ tl \,! (flocculation) '\J f) \1 f)\,! fl1 fll~ f) 
~ cu q q 

i '\JlJ\J 1 ~u\1 ~ 1n1l'.i:: ~ '\J t1\lllJ!Cl fJ" V'l u~u ~nmi '.i fi' (polysaccharide) 'il:: l'i 111 i]n7 mnu 111 '.i ~\J ~ 
I , I Jl 

~~iuViVitJ Vi ~1'\J tJ\1 tJ'U mr11~~ 1 'UiJ'U fftJ\Iu\J mfi'H~ u1.11nn11ir \,! l'i1 i ,r u\Jmflt~~ i '\J iJ tJ1nfl m'.i 
~ q q Q 
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~ tJ ~ 1 O'U '11 ~ Vt fi 'fl fl 11 Lfll~ fl ~ lJ n 'U '\J 'U 1 'fl '\J tJ ~ {) ~ tl1fl ~~ 'fl 1 '\J iru ~ ~ i '11 qj~u (Dickinson and 

Pawlowsky, 1998) U~flirel'lfu ~~mJn~t~lJlJtJel 111t~ flCJf11~'U 11di'Uu 1'fi'\JV~V'4tllflt~'fl i 'UiJ'U'\J'U 1'fl 

1~ flfl11fliJel 'lfu ~~ Vf.) ij~ l 1J 1~lJlJ Vel 1111~ flCJf111 'W 1 ~ tl ~ 111 fllJtl el 1111~ flCJf111'W n ~W fl'J ~ l'ltl ~tlfll1 
~ V I I 

o a Ql ' Ql .41!1 ' .... 1.::~ _I 
l'lH 1'W '\J V ~ ~ ~ tltl fll'H fl el V tJ 'lf'U 'fl V 'lf'U (multilayer) ltel ~ ~ el fl~ ~ l1 tJ V'U 1 'lf'U flU llJel V'U U lJ el ~ 

fl11ll 'HU 'fltl1t~i 'W ~ ~u u V11 i Mlfl'fll 11~ t~'Wu11el~ 11 el 'W Ylelft1Cl'11 f fl1~'lf'W n'W ~~ '11l1~t~'fl i 'Uir'W 

.. "' 1 (droplet-droplet collision kinetics) Uel~1lel'WYlelft1Cl'11~fll~~'fiCJftJ (adsorption kinetics) Uel~lJtlel 11-

1~ flCJf'fl ~ 'U V11l1l ~ Cl'~ 1~ fl11lJ 1fl~ V'fl VV Cl' 1ll ~ fl (osmotic stress) m Vi 'W ~ ~ tltl 1 'li'W 1~ V10'W Vl1 i 11' 
dltJ~d ~ .d " .::::. 1Q.I 

V~tllfl1lJ'fl 1 'UlJ'WlJfll~ lfleltl'Wl1Utltltl~11'W (brownian movement) el'fl el~Uel~1fl'flfll~ 1fll~fl'Jllfl'W 

d ltl QJ J) I 1 d </ ~ b1 I Q.l _d ~ .d~ 
'\JV~ V~tllflllJ'fl 1 '\J lJ'W 'W tltlel~ U'fllJ Vel 'flt'fl flCJf'fl~ 'U 11~ LlJCl'1lJ1HI ~'fl CJftll'l'Yi'W l1 H1 (non-absorbed) 

'\JV~V~tllflt~'fl L'Uir'WUel~ illff1lJl~fltfl'fiU'Wmn1v1 ivlVl1Cl'Ci'fl (electrostatic interaction) ~H1'\JV~ 

V~tllflt~'fll'Uir'Wi~ (Klinkesorn et al., 2004) '(h'Wflireli''W~~Vf.)ij~1~lJlJtlel 1'flt~flCJf'fi~'U DE10 
~ . 

Uel~ 15 ~VVel~ 15 Uel~ 30 1'flml1'11lJfl 'Yitll1fllJel'lf'W~~Vf.)ijfh~lllJtlel 1'flt~flCJf'fi~'W DElO Uel~ 15 
~ . 

~VVel~ 151'flt~U1m!n ij'\J'W1'fi'\JV~V~tllflt~'fl l'Uirut~flfll1flireli''W~~Vt.)iHit~lllJVel 1'flt~flCJf11~'W 
~ . . 

DElO Uel~ 15 ~VVel~ 30 1'fiVU1'11tJfl li1v~1l1fltl~tllfll~'fl l'\JlJ'W i'W~~tltlfllJeli''W'fiijm~tfll~fl~lJ 
01 GJQI d)lcv .t!!l SlY 1dtie..d 
fl'WUel~~1lJ'fl1fl'W'\Jtl-3tl'4tllflllJ'fl L'\JlJ'W (Kabalnov, 1998) '11 ~ Vfl11lJ1'\JlJ'U'W'Utl~lJtlel 'fll'flflCJf'fi~'Wl'l 

"!~ V11 iM'v~mflt~'fl i'U1J'Wijfll~tfi~V'W~imi't~V-30'W~-31fl'flm ~VVCl' 1ll~fl (osmotic force) ':i::'\111~ 
d \II Q.l J Ia. Q.l Q.l ~ .::::. .d. .q 1 d tl ll:::t. , 

llJ'fll'\JlJ'W'\J'W (Ye et al., 2004) U'fltllJel'lf'W~11Vf.)lJl11'fllJlJtlel 'fll'flflCJf'fi~'W DElO ~tltJel:: 15 Uel~ 30 
~ . 

1'fl VU 1'11\Jfl 1l::ij'U'W 1'fi'UV~V'Wtllflt~'fl l 'UiJ'Wl~flfll1fliJ el'lf'Ul'l~ VtlijVll~lJlJVel 1'flt~flCJf'fi~'W DE 15 . . .. 
~vvel:: 15 uel~ 30 1'flml1'11t!nt~v~1l1fllJVel 1'flt~nCJ1'1Pl~'W DE15 1l~nfl11llt'li'm~'W1nq~~~fi'flm~ 
tm::n~lJfilJ (critical flocculation concentration: CFC) ~1n·;hlJVel i'flt~flcM'fl1lJ DElO ri~Hel111'~ 

11~ lJ1ru fl11llt'li'll'li''Wt~v1n'Wv~mflt~'fl i 'Uir'W i 'W ~ ~uu flireli''W ~nm~ ~~lJlJt~el 1'flt~ nCJ1, ~'W DE 15 

1l~lfl'fiU ~~title~' 1ll~m~'l1l1-3L~'fl l 'UlJ'W ~'U lJlflfll1~~tltJfliJeli'W~ nm~ l~lJlJtlel 11Plt~flCJf\Pl ~'W DE 10 

(Klinkesorn et al., 2004) 
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' .mvtn 4.1 ~'Wlfl~~'lt~'W~l'\.Jij''\.HJmn:u~f! i'\Jli'W (droplet mean diameter) '\J~'Iflli"i'm.lJ1lfJi1 

uli"~'W'Yl~tJfli1~hh~1JU"~t~1J1JU" Lflt~flct11911'W DElO u"~ 15 ~UtJ"~ 15 u"~ . .. 
Jl 
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.fll'Yi~ 4.2 fl1'.im~~ltJIPi1'UU'IB'4fllrH~~ i 'U~'W (particle distribution) 'UB'IU~"i''WUilJfJlJ u~"oM'W 
'l'J~mJiJ~hlt~lJtm~t~lJlJ~" 1191t~nct1'1911'W DE 10 u"~ 15 ~Btl"~ 15 u"~ 30 LfltJ 

Jl 

u1l1l!n 



50 

. 
"" 1 d tl a .::t. 1 a a.1 o' "" ""1 I o Ql A t~lJlJVCI ~tflflCJf~'J'U lJfll -48.31 ± 0.75 lJCICI "JCI~ UCI~ -43.96 ± 0.82 lJCICI "JCI~ ~11JCI1fi1J (fll'Wl'l 

4.3) 1fltJvT1 l 1Jfi1fi111J~1~ftflVl ~fl1'\JV~V'4fl1flt~fl l '\JiJ'U ~ ~~'U v~nUfi111J t~'U fl'J fi-~1.:!'\JV.:! 
Cl! Q,l Q,l v ~I ' Q Ql Ql .:1 I I "' 1 "" d .,. 1· I d 

'J~UUVlJCI'l!''U rllfi"J11Jl1J'Ufl'Jfl-fll.:!'UV.:J'J~UUVlJCI'l!''UlJfll"!.:Jfl"J1~fllV CJffltClfll'l'Jfi'UV.:J lJH'I'U ~~ 

tflflfll'JtlJ~tJ'UUlJCI~ 11J'J91V'U'J~'H11~'H~flllUVflclfCI ( -COOH) fl1J'H~vd11'U ( -NH3+) i 'U 1lltC~fJCI 

'UV.:! 11J'J~'U vilili'iiu'J~~CIUt~lJ~'UUCI~U'J~~U"JflCifiCI.:! (lJ~tJ1 i'~'W1U'W'Wli', 2551) 1fltJ~~fl 
iv 19ffll~m'l~fi'\JV~ 11J'J~'Ul"JV lJfl1U'J~lJ1tU 4.0 ()~ 5.2 (Damodaran, 1996; Hunt and Dalgleish, 

1994; Swaisgood, 1996) ~~~~ii.:J1'Wi~tJ'UV~ Surh et al. (2006) fffll:llfi"J11Jff11J1Hl'UV.:J 1u'J~'Ul"JV 

t'l1ll'I1'W 1i'J'J 1Jfl1nu 1 u'J~'Un6t'l1ll'I1'W ~flu uC~~ t 'W m'Ji'mnfi111Jfi.:J~"J'UV~'J~ uufiiJC~cM'U 'V'lu·:h~fi1 
fi"J11Jt~'Um fl-~1~ 7 1 u ';i~'Un6t'l1ll'I1'U 1in 1Jfl1nu 1 u'J~'Un6t't11J't1'U ~flu uC~.:J iifl1fl "J11J~ N 

I Jl I tJ , 

'\JV~ff"J'Uiit~'U '\Jl'H ~Vff1'J ViC~~ {lltJ i m.h ~~ (aqueous phase) UCI~flT&lJlJ'J~ffl'l~'UV~fll'J U91fl~ "J 

'\JV~fl'Jfl (pK.) (Kulmyrzaev and Schubert, 2004; McClements, 2004a) 

ff"J'U fl1fl 111J~ 1 ~ ftn6i ~ Vl1'U v ~ fiiJC~ cM'u l'J ~tJt:]iJ ~ ilJ ii m 'J t~ll lJV C~1 ~ t~ n C!f'~ ~ u ii u 'J ~ ~ 
I J} 'JI I 

{ltl{lfl{l~ lijvtm tJtll Vi tJU nufiiJC~cM\J U!llt:Jil ~~il Vl~lflfllUV~~ lflfll';j l~lJUfiUU1-fl1l ';j 1~U\J\J {l.:j 

1u'J~uufiiJC~cM\JlJ!llt:]iJ vil 1 ,r'H~iC~t~~ (-so/) 1 \J 1lltCifJCI'UV~UfiUU1-flll'J1~U\J\JVhuun~tJ1 
CL1 I ~ d ~ )It~ fl d d. flfJ} SJ 4C:I 

flU'I11JV~lJ 1 'U 1 'U 1ll lClflCI'\J V~ hh ~'U fl ~UlJ"Jl'Yl ~llfiU1J1-flln 1 ~ 11 \J'UUCI~ 11J'J91\J tdtJI'UlJ'U'U ~~lJ .. . 
1J'J::~CIU~fi"J11Jl~\J fl'Jfl-~ 1~ 7 1fl tJlJ'J:: ~ CIU'UV~Ufi1JU1-fl1l 'J 1~U\J \JVl ~ ~ ::~ fliU~~'U~ ~b'UV~ 

d o' ~ ~ 0 'I ~ .d d ~ "' ..9 I ~ JA 

lJ'J::~U"Jfl'\JV~ 11J'J ~\J nm'Ull'U\J m 111 U'J ~ ~C~Ul'l V'4fllfltllfl 1 'UlJ\JC~fiCI.:J 9f ~ nv'W 11 'U 1'\.JlJ'J 1tH 1\J 

L~tJ'ln1Jm·nnfl hlVlTtYi'i~ (electrostatic) 'J~'I11N hh~'Wtm::'V'lviiu~nm i 'J~ l'lf'W nntnfi11Bfi~v1 

'J::'Hl1~iC~t~~lflflC!f'Ul'l'J\J (dextran) nu 1uiw~i'lJflCI\jiJ\J (bovine serum albumin: BSA) UCI:: 

1lllClfJCI'\JV.:!lflclfl\Jfl (caseinate) nuiv 1v~11-flll'J1~ll\J\J 1~\J~\J (Dickinson and McClements, 

1995; Dickinson and Pawlowsky, 1997; Keogh et al., 1996) 

ff"J'U fl1fi111J~ Nftn6i ~Vl1'\J v~fiir C~i'u l'l~vnii~iinn t~lJlJVC~1~t~ nC!!'~~\J ~.:! 2 •1rw fl . .. . " .c!l. .d. 3J 9) <V ~ 'J) 1 0 Q.l I I I 

fiV DElO UCI:: 15 l'lfi"J11Jl'UlJ'U'U 2 'J~fiU fiV ':iVtJCI:: 15 UCI:: 30 fltJ'U1'H'Ufl 'V'l1J"J1fllfld11J~1~ 

. " 
ftfl6i~fl1'UV~fliJC~i'\Jl']~tJt;JiJVit~lJ1JtH1191t~flcU~~\J DElO rvvC~~ 15 UCI:: 30 1fltJU1m!n lJfl1 

-50.01 ± 1.31 iJC~i\11C~1i' UCI~ -49.32 ± 1.51 iJC~i\11C~1i' ~11Jih~U lJfl1tlJu~fl~Nfl\JtHJH 

lJUtJ"YlflflJl'll~ffi)~ (p>0.05) lW::fliJC~i''Wi'J~tl1JlJ~l~lJlJVCI191t~flcU~~'U DE15 rvtJCI~ 15 UCI~ 
" . 

30 1flv'Wntun iifi1 -42.59.01 ± 1.39 iJC~il11C~1i' uC~~ -44.13 ± 2.46 iJC~il11C~1i' mll~1~U (m'V'l-Yi 
J/ , f I 

4.3) iifi1 ilJu~fl~1.:! fl\J vdNiiuvrl1flflJ'Vll~ffi1~ (p>0.05) ~.:!UlUV~~1flfll'JVi 1lltCifJCI'UV.:!lJ VCI191-
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l~ nCJf'IPl ~tJ v1 'il ili~ \Pl~1J n1J 11 'J: ~~ r:h'U v'lm~n1f1 ~ .:j ili'Yi 11 '11tn\Pl u j .:j v\Plm~ rrn :·wJ1'lv~mf1 
(electrostatic interaction) 'Yi1 1 l1'rhf1111.1~1'l~nVlvJvh'J:rd1'lV~fllflt~\Pl i 'Ul!tJ 1 tJ ~l!"~tJ'fJ~tltJii~ 

" iinn 1~ 1.1 1m~ iliiinn 1~1.1 1.1 u "11-u~ n9f'IP11tJ i~u\Pln~ 1'ltltJ 'il1m! 'U 'Vi 1m1 1m tJlHYJ V1J ~1f1111.1~ 1'l 

' " ~n6i~vh'J:'rf11'l~li"~tJVI~(Jfli1Yit~lJlJV" 11Plt~n9f'fl~tJ DEIO ~vu"~ 15 tm:: 30 11Plm.bm!n . .. 
' " u"::~l!"~tJ'fJ~[JtJilYit~lJlJV" 1flt~n9f'IPl~tJ DE15 ~V(J":; 15 u":: 30 hwll1m!n-.m11ij~1f1111.1 

;iH~n6i ~·~h il-iuiPln;i 1-!ltltJ t:!V1'l ijl! flff1Tl tyVIl'lt'YO~ (p>0.05) u;i~flli"~tJ l'J~UtJil~t~lJlJV" 11Pl

t~n9f'IPl~tJ DEIO 'il::ij~1f1111.1;iH~n6i~vhmnn11~ir"~tJ'fJ~[JtJil~t~lJlJV" 1flt~n9f'IPl~tJ DE15 

' ' " ti1V'l'il1f1Vl'il'il::tn\Plf11'J'nlJ~'ltltJ'Ut:l'lf1~lJ'rfl'l (tail groups) -¥i il.iij'li1'Ut:J-!lff1'J"\PlU'J 'l~'l ~1t.u'1 i 111 tJ 

tf1~(11 (helical coil) 'Ut:l-!lff1(JlJtJ" 11Pl1~f1CJf\Pl~tJ 11PlUt'1'1'J"\Plm'l~'l~1~1~tJ11'J:~"1J'il::ff11.11'Jfi~1Jtl1J 

1
do' ... .,: .1 ~I do'1 .l! ......... .,: ... ,1,1 """' 

1.1v" \Pll\Pl n Clf\Pl 'J tJ 1 'Vi 1.1111 n 'U'U 11.1 v f11 t'1'1.1 ~" 1\Pl n Clf VI 'J t'Y" IPl" 'l Clf -!l11 t] m v1 VILn IPl 'U 'U 'U 'il: 1 niPl n1J 

1 d o' "" d.<S I Q "'1 I "' ~ "" i 1/J 1/ I lJt:l" \Pl1\Plf1Clf\Pl'J'UVIlJfllfflJ~"1\Plf1Clf VI'Jt'1'1.11f1f111 10 (Wangsakan et al., 2003) \Pl'l'UtJ11JtJ 11t'fl11 

"i "i d "' ... "' "' _I .d.: .,:... d i "' d • 'I ,., d 
tlJ l"fJ" 'UtJ'llJ U" t \Pl1\Plf1Clf\Pl'J'U ~::~1Jf11J1J'J:: ~"1JVI'VitJ VI ~1'\Jt:l'l tl~ fllf111.1\Pl 'Ul.ltJ 'il'lVI1 t '11 tl'4fllf111.1 \Pl 

i 'IJ lJtJ ij11'J:: ~ "1J"\Pl"'l 

30 

20 Sl maltodextrin DE 10 

10 ~ maltodextrin DE 15 

s;- 0 

e -10 "-' 
'; 
0::: -20 = Cl.l -0 
c.. -30 

0-> 
-40 

-50 

-60 

1st emulsion 2nd emulsion 2nd emulsion + 15% 2nd emulsion + 30% 

maltodextrin maltodextrin 

t f1 'J 'l t'Y~ 1'l VIH ~" fllfl 'Utl'l t:l'4 fllfll~\Pl l 'U lJtJ 'U ~ 'l ~ lJ "~tJ 1J ~ 1.1 tJ iJ fllJ" ~tJ l'J~ UtJiJ~ 
ll-it~lJU"::t~lJlJV" hH~f1CJf\Pl~tJ Uff\Pl'l,)''lfll'Vi~ 4.4 'W1J';h tfl'J'lt'1'~1'l'YlH~"fllfl'Ut:IHl~fllfl 
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1~" 1 '\Jll'U i 'U 'J:;1J1J u21~<M''U tl Jl.l t:Jij iim'J m:;'il1V1i 1'\JV\1 V'4fl1fl'\J'U 11H~fl~11 '\J1'U ~mw~i 'U 'J:;mJ 

" Ull~cM'U vh i ~ 'J::1J1J ~21 ~cM'U \Jjl.ltJijiifi11'JJfi'l1i 111~:; ili 1fl"fln 11VflcM'U '\Jtl\1 Ull ftcM'U ll~tJ\Ifi\1 ii 

1~" 1 '\Jll'U1J1'1ri1'W1n"m'J 1m:;nci'JJti'U11~:;mn1'JJ1i1ti'U ri 'IH~ i ~'\J'U 1" V'Ufl1fi1~" 1 '\Jll'U1J1'1ri1'U • • 
"" • ..~~ J!"' "' di"' d dd 
'JJ'\J'U1" i l1ty Clf\lfftl"fitltl'lfl1JH~f11'J'V111~tl\lf111fl'J:;'il1V\PI1'\Jtl\IV'4fllfi1'JJ\PI '\J'JJ'U (flWl'Vl 4.2) 'V11l1 'U 

" i~i1mv i 'U 'J:;1J1J~l1~<M''Wiinnm:;'il1V1i1'\JV'IV'4fl1fi 1 '\Jll'Ul1'1'\J'U 111 i l1qj11~:;'\J'U1111~n\J:;\J'Uti'U 

ri1'U l m \1 fff 1\I'Yl1\l ~~ fllfl'\J V 'ltl'4fllfi 1~ 11 l '\JlJ'U i 'U 1 :;1J1J UlJ ~cM'U 'YJ~ Vt:Jij~ Lli 1~'JJ 
'jJt)~ l\PI1~flcM\PI1 'U 'Vf1Jl11rl tl1~'JJ11 fl11111-fi 1{ 'j 1 ~11 'U 'U ~ \1 i 'U 'j:; 1J1J~ll~ cM'U \Jj 'JJt:]ij 'i):; 1 ~ 'U ,~ l110" 

fll'J1m:;mJ1lfl'U11~:;m'J'J1'JJ1i1tl'U '\JV'Ifl'4fllfi1~" i '\Jll'U ri 'IH~ i M 'J:;1J1JUll~cM'U 'flty1ffVfi11'JJfi'l1i1 
, ' ' , ' 

11~:;1n"fll':i WJflcM'U fi ~'jJ '\Jtl\1 Ull~cM'U 1 Utl\1 'il1flf)l'j 1n"\Jfin1 V1'\Jtl\I'Vf villl~flf\1, 'j fl'Vitl'U Vi H1'\J 6\1 

d 'II "' • i ,.. .,. "'l ' d 'II "' .II J! "' 
11.1111'\Jl.I'U 'V11 l11fl"11H11'1~"1:;l111'11l.l" 1'\Jl.I'U (Ji et al., 2008) Clf'lffV11m1V'Ifl1JH~f11'J'Yl"~6\l 

'\J'U1"6'4fllfl'\JV\11~11 L'\Jll'U (m'Vf~ 4.1) u~:;m'Jm:;'il1V1i1'\JV'Ifl'4fllfl1~11 l'\Jll'U (m'Vf~ 4.2) 

ri1'U 1m 'I fff 1\I'Yl1'1 ~~fllfl'\J6'16'4fllfi1~" i '\Jll'U i 'U 'J :;1J1JUll~cM'U'YJ~VtJij~1~'JJlJ6~ l9l-
. " 

1~nCJ1911'W (m'Vffi 4.4C-4.4F) 'Vf1Jl1'J :;1J1Jul1~<M''Wiim1l.lfl'l1i1u~:; ili1n11 m1 1wn<M''U '\JV'I~21~<M''W 

11~tJ'Iii1~" l '\Jll'U1J1'1ri1'U~1011f11'J 1f11:;fl~lJtl'U1m:;'J1lJ1i1tl'U Vil i ~fl\lfllfi1~\PI l '\Jll'Ufl1V i 'U'J:;1J1J 

QQI Ql dQ 1 d ~~ d Q.l d"' Ql ~ i ' d 
V'JJ"''li"W'Yl19l'JJ'JJ6~ 911\PiflCb'\PIHJ l.lfl11n1:::'il1V911'\JV'IV\lfllfl1'JJ\Pit'\J'JJ'U'Yl\I'\J'U111 l1t!J11~:::'\J'U1\PI1~fl 

" " . 
\1:;\J'Un'U l1'1ilm'ilu~mv 1~ 'il1nm'J 1~l.ll.IV~ l911~nCJ1911'W 'il:; 1 11'lf1m-vll.lfi11l.ll1U" i M' 1 :::1J1J~l1~<M''W 
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(A) (B) 

(C) (D) 

(E) (F) 

' m'Vfn 4.4 1m·H1'r1-:~m.:~~'C'l.fllfl (optical micrographs) '\Jt:J.:Ifl'4.fllfl1~fl 1'\J~'U'\JV.:I~~"'i'utlJl.ltJiJ 

fl~'C'li''U'Yl~tJfliJ~11.l1~lJU'C'l:;1~l.Jl.Jfl'C'l 11Pl1~f1ctf\91~'U DE 10 11'C'l:; 15 rvu'C'l:; 15 11'C'l:; . "' 
" 

30 1 f1 u\l1l1 'I! n 

(A)V~'C'li'UtlJl.ltJiJ(B)V~'C'li''U~~tJtJiJ . " 
(C) fl~'C'li''U~~UtJiJ-¥i1~llllJV'C'l 1m~f1ttf\91~'U DElO rvu'C'I:; 15 1fltJU1l1'11f1 

. " 
(D) V~'C'li'u~~UtJiJlMll.ll.ltl'C'l 11Plt~f1ttf1Pl~'U DElO rvu'C'I:; 30 1fltJU1l1'1!n 

. " 
(E) V~'C'li''U~~UtJiJ-¥it~l.ll.Jtl'C'l i1Pl1~f1ttf\91~'U DE15 rvu'C'I:; 151fltJU1l1'11f111'C'l:; 

. " 
(F) V~'C'li''U~~UtJiJVit~l.llJV'C'l i1Pl1~f1ttf\91~'U DE15 rvu'C'I:; 30 1fltJU1l1'1!n 

" . 
fh fl11l.ll1 i1 f1 '\J t:J-:1 u ~"' i'u tl ;r l.l fl iJ 11"':; ~~"' i'u 'Yl ~ tJfl iJ -.1 .:~ -¥i 11.lt~ lJ 11"':; 1~ l.ll.l tJ"' 1\91-~ ~ q ~ 

" . 
1~f1ctf\91~'U DElO U'C'l:; 15 rmm:; 15 1m:; 30 h1UU1l1'11f1 'Yi'l.J';hv~'C'li''U'Yl~tJfliJfit~l.Jl.Jtl'C'l 1191-• ., 

1~ nttf\91 ~'U ii fl11l.l l1 i1 f1 'C'l' .:~ n11 v~"' i'u tl ;r l.lfl iJ Ut'l:; u ~" iu 'Yl ~ tJfl iJ~ 11.lt~ m.J v" 11'11~ nttfiPl ~ u 
cu ~ cu q " 

(.fll'Yi ~ 4.5) 1\1 v.:~ ~ 1 n 'C'l'u 'Vi v ~ 11 ~f1fl1 h fi' ~ 1~ lJ" .:~ 1 u 1:; u u v ~"' iu ii ri 1 u •Jh m vi l.l fl11l.l l1 i1 ~ 
I Jl I Jl I Jl I 

1 u ri1u lit~ u U1l1 ~ v'C'l'u li":; m v 1 u tl1 11'1' ~11 11' fl11l.ll1 uf\1 u ri1u li t~'U U1l1 ~ v 'C'l'U li t'l:;" 1v 

flocculation concentration: CFC) 1m:;m1:;;f1~l.Jfl'U (c > CFC) (McClements, 2000) 
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emulsion emulsion DElO DE15 DElO DE15 

" ~1 nm~ ffnll1'lfiJ11u~~,J11J 1w '\1 fl~1J fl ~ l11 ~~ nCJ1111 'U ~ fl t1111J t1 ~~ 1'\1 fl~ flU~ oi'tJ u 1U'U ~ 1 

. " . 
n 1~ f1n11 1~~'\lfl~rl ~ ~r.~~ ~~~ 111fl fl1J~fltl111J tl~~ 1'\1 fl~ Dl1 ~ itJ u 1 u tJ ~ 1 1-ri fJ Vi 1m~~ 1~ fl~ 

. " 
tYm1~11111flmJYiu11n~1~n'U 111vVi1m~f1n111i111~tJ 4 i111~v H\w-1 1n~fl lCJfl~tJ1Jtl~fli~~ u1111~ 
1 .?i I "" 1r mtY m11J!lJ'Undf1-f11~ml~f.JW'I1iJll 

" 
4.2.1 ~~'\lfl~1111J1W!n~fl lCJf!~tJ1Jtl~fl i ~~~flm11Jt1~~1'\lfl~Du~oi'tJu111tJ~1 

~1nm~f1n11 1~~'\lfl~111mwm~fl lCJf!~ tJ1Jtl ~fl i ~ ~~ fltl111Jtl~~1'\lfl~Du~oi'tJ 
Jl I Jl Sl I 

u1u'U~1Yil11~mJD11~-i'tJuuuoi''U~fl-i''U Yit1111J!'Ii'mr'U'\Ifl~!n~fl 19ft~tJ1Jtl~fli~~ 6 ~~~u fifl o 5o 

100 200 3oo u"~ soo iJ~~11J~11 11~1~tYflUtl111Jtl~~1'\lfl~Dir~oi''U i~un '\ltJ1flu~~m~m~111tJ 

~1'\lfl~fl'U.flltll~fl i 'tliJtJ ~lm11J~1~fY'mflvJvh 1m ~tY~wvn~ 11~mt1'\lfl~l~fl i '\IU'Uu"~~1~'lfilm~ . ' 
" . Ql d Ql 1!1. 

!Wfi'lf'Utl11J Ut1'fl~fl~f1Wl'Y14.6-4.10 
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~~fil'j'Yl~HlV~'V'llJ'llVlJ~il.llJil.lf.Jlj~ hJ~m·n~lJtfl~V 19ft~fJlJfH'IV l 'jfl ~fl11lJ 
Ql Q.QI Ql d ~ Ql d d .d Q.l d 

fl~ ~1'\J vn~lJ 1J VlJ ~·1rw '\J lJ 1~ V'4 mfl tlJ~ 1 '\JlJ u lJ'\J u 1~ m n u ~ ~ lJfll'j m ~ ~m.J~ 1'\J v~ V'4fllfltlJ 11 

l'\JlJlJ111J1JnrilJt~fJ1 (monomodal) (fll'V'l~ 4.6 u~~ 4.7) trlv~nnt~lJtfl~V 19ft~fJlJfl{!Vllfl~fl11lJ • 
1~lJ~u 5o g~ 5oo lj~ii1lJ~11 'V'l1J·;hvl1~iu11ilJf.Jljti'~~fl11lJfl~fi'1'llV~l~1J1Jvl1~iu 'll'W111 

d "' "' .. " I.K .. d " .. I .I «'' 1 .. 
V'4fllfltlJ11L'\JlJlJlJ'\J'W111L'I1t'\1'U'WL'V'lfJ~t~fi'WtlfJ lJfllu'j~lJ1tu 232 fl~ 311 'W1 'WtlJ~'j 11~~lJfiU 

fil~ ~ 1fJ~ 111 1J1J'\1 ~1tlfinlJ (mu1timodal) ff1'W vlJ' ~ iu 'Yl ~ fJfllj~ ~~lJ lJ V~ hH~ nCJf'~ 1u DElO . . .. 
~mm~ 15111mi'mun ~i1fijmlt~l.lm~v 19ft~tJlJfl~vhfi'~~~fl11lJfl~~1'\JV~l~1J1JVl1~il.l '\Jl.l111 

V'4fllfH~11 i'lll1'W~'\J'W1~H~~fJ 673 'W1l'WtlJ~l u~::ijmlm~~1fJ~1U1J1JffV~n~lJ (bimodal) trlvij 

nll1~lJ1fiilV 19f1~tllJfl~V l lfl~fl11lJ1~lJ.,rlJ 50 ~~ 300 iJ~ii1lJ~1{ '\J'W111V'4fllfl1~11 l 'Ul!lJ~nll 
11J~tJ'WUlJ~~ i1fmnu n u911rltJm1lJ1.,rlJ.,r'W'\JtJ~tfliltJ 19f1~tllJfl ~tJ l lfl "J ~n·:h 300 iJ~ii1lJ~1{ '\J'W 111 

di"' d I di01 o"" d"tOid "I 
V'4fllfl1lJ11 '\JlJ'W~~lJflll1nl~fi~lJ'\Jtl~tl'4fllfl1lJ11 '\JlJ'W 'Yl1L'I1'\J'W111tl'4fllfl1lJ11L'\JlJ'WlJ'\J'W111L'I1t'\1 

(1090-3578 'W11'W1lJ~l) u~::ijmlm::mu~1U1J1J'I1~1tlfi~lJ (multimodal) 

~ 1fi ~~ n ll 'Yl11 ~ tJ~U ff11~ i ~ 1 ~ 'W 11vl1~ iu 1J j lJ 1.] lJ~ ~ ij fl11lJfl~~1~ 

lJfil:; ~ 1Jfl11lJ 1.,rlJ.,r 'W '\J tJ~tn i1 tJ 19f 1~ tllJ fl ~ V l lflU ~ ~VlJ ~ iu 'tJ ~ tlf.J lJ~ 1~lJlJtJ ~ 1~ 1~ ficM~ 1 'W 
tl t - • 

DElO ~ mm:: 15 i11t1tl 1'11 '11 n i1fl11l.lfl ~~ 1Vi1 ::fi1Jfl11lJL.,r lJ,.l.l '\J u~tn i1 u 19ft~ tll.lfl ~ u i 'jflfi 1n11 

300 iJ~il1lJm{ l11tl,.t1 i1Ju~1~fl11lJ1.,rlJ.,r'W'\JtJ~1nilu 19ft~tllJfl~tJ h~~l (~50 iJ~il1lJm{) 

tl'4fllflt~11 i'lll1u ~~~u1 ~~~n'YlN i ~vhl::'\111~1~11 i '\Jl1urrit~~'V'lv~\l~ilu~nl.lmll1lJ~1nu'\Ju~ 
d , 01 I WJ d .,j " " <!( 1 d , o' "> ""1 o' 

V'4fllfltlJ11 '\JlJ'W tlfJl~ L1fi~1lJtlJtlfl11lJt'\JlJ'\JlJ'\JtJ~tfl~tJ 9f111tllJfl~tJ l11"J~ (> 50 lJ~~ lJ~ll) ~:; 

10~11 H ~~ fi'Yll~ l ~~ n::'\111~ tl'4fllfll~~ l '\Jl!lJ~~~~ Vll 1 ~1011 11 H ~~~ 11 (attractive forces) 

I d , Q.l I t/ r/ li'J 1 1··' "> 1::111HV'4fllfltl.J~ '\JlJl.l L'lfl.l Ul~U1l.IL~tll11~ff (van der Waals) u~::uH Lg m n1Jn 

(hydrophobic) ff~vm 1 ~t011fill'j 1l.lfl1nl.I'\Jtl~tl'4fllfll~11 i '\JlJl.l i lJ'j~1J1JVl1~oM'l.l (Gu et al., 2005b; 

.J "> <!( 1 d "' ""' d I «'' McClements, 2004a; Onsaard et al., 2005) 9f~nlll~lJtfi~tl 9f111tllJfl~tlll11tl~lJ~~~tlUH11~1111 .. 
1 Q d \') r/ 1-1 d d .t!f d ,l .J Q. d , IV 0 'j) Q 

l~'I111~'V'lu~u9fnfl1Ll11U~~ ul~'W'Yltfl~tl1J'Yl'V'll.I'YlWJ'\JtJ~tlJ11 '\JlJ1..1 m1'111lJt~n~'\JtJ~'V'lv~-• 
d ~ rl I .t!f ~ \') I Q.l .d ~ .de. Q , "' , " 

U9ffifll Ll111Jl~ff11..1'11ltl'Yl~'l1lJ11LlJff1lJ1lfl~119f1J'Yl'V'l1-.I'Ylm'\Jtl~llJ11 '\JlJ'W 11 (Hamsilawat et al., 

~ Q rl.c::t Ql.d 1 d "" 
2006) 1-.!Umlln1..1 flll ~~l.lfl1n1 \1111..11-.ltl~lJ~~~uml t11~tJ1..1 1111~ ~'\11..1111'\JtJ~ul ~U11-.!t11tll 11~n 

l~'I11H1~11 i '\JlJ1-.I~lJtl (McClements, 2004a) ~~tT1-.Il~1J1JVl1~i'1..11JjlJfJlJ~ ~~'\J1..1111tl'4fllfl 
~~11 i'lllJ'W'\J'W 111tftnu~dhn1l.lfl~fl1l.l1nn11 ~~tl~\l1n 1 11l~'W~tfl~tl1J~~u ~~1'Utl~L~11 i '\JlJ'W~~ 
1011Ul ~~~filt1JUfft~tJ1m~'l111~ tl'4fllfll~~ l '\JlJ1-Jt~lJ~'W 'fi1 L ~ ff1lJ1l flil tl~ fi1..1 fill l 1lJI'i'1n'W'\JtJ~ 

d "' "' tl'4fllf11lJ11L'\JlJ1..1 (Surh et al., 2006) 
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E ... 1500 Cll c. 
Q .. 1000 Q 
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- -

0 I I I 

0 50 100 200 300 500 

NaCI(mM) 

' q " ' d' d ll'l Q.l QQ./ Q,l -1 Q 

111Vft1 4.6 \I'U1"'\Jfl'ltff'UH1'Ut!'UVfHnmJ" t'\JlJ'U (droplet mean diameter) \lfl'lfllJft'lf'UIJJl15Jl1 . " . 
Uft::V,j'ftoM'U'YI~VfliJ'¥it~lJlJflft 11PH~tlC!f'I911'U DElO ~flVft:: 151"ml111Utl Vim1l1t~l1'1~1'U . .. 
'llfl'lttli'ifl 1ctft~Vl.Jflftfl i'j~ 0-500 iJftit1lJft1{ 



, _. 

. 
fll't'ffl 4.7 f11':if11~1llt.J1i'1'Ufl·H'l'4.f11flt~flhn1u (particle distribution) 'Ufl~~l!e~iutJjlJfJ~UCI~ 

' " ' ~l1e~~u'l'l~ml~vh~l111fle~19lt~nCJ19l~'W DElO !eve~~ 15 1flm1mun Vifl111lt'li'll'li'u'Ue~ . ., 

tn~flltlH~t.JllflCifli':i~ 0-500 ~e~il11lm{ 

(A) ~l!e~iutJJllfJ~ 
' " 

(B) ~lJCI~'W'l'l~t.ltl~Vit~llmHll91t~flCJf\91~'W DElO !~we~~ 15l~Wl.JTHUfl . ., 
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fi 1r111:u~ 1~ff'n6! vHh~ fH ':i ~uu~irni'u UjlJ fJlJ~':i~ ~ 1JT111lJ t.u':u .u'u ~ v~tfl ~ v 

19ft~VlJTlnviHI o o-:J 500 iJn~l:un11 iJ¥11 -39.92 o-:J -46.35 iJn~l1nl'1 un~~irni''WlJ~Vt;JlJ~!~lJ 

1
drla 91 1: .,..; 01 9191 ..!11"" ~rl 

:uvn ~Hflf19f~':i'W DE 10 ':iVVn~ 15 f!V'W1'11'Wf1 'Yl':i~fi1JT111lJ!~lJ~'W~tl~!flmJ 9f!f!VlJTlnv t':ifl o 

~ . 
~1r111:u~1~ ff'n61 vHh~ v~l1~~ir ni'u u jlJ t;JiJ tm~~irn i'u lJ~ Vt;JiJYI ~~ :u:u vn 1~-

d r/ a 91 1 : 01 I d I d .I .% .!\ Y Y 
!flfl9f~':i'W DE 10 ':i uvn ~ 15 f!V'W 1'11'W fl 'Yi1J 11~ ~lJT11T111lJ!il'W u ':i~ ~ nu:u 1fl ~ 'W!lJ tJT111lJ 1 ~lJ~'W 

.!I 1 .ct ~ tl d ~ ~ J' ~ ..s 1 .d "1 cf.d .q i Q Q,l Q,l .c:l 
\ltl~!flnu 9f!f!VlJTlntJ t':ifi!'YilJ~'W mutuu~~1mnnu 9f!f!VlJTlnv t':ifi'Yl!~lJ 'W':i~1J1JtllJft'lf'WlJHft 

~um ~H~fl'Yll~ ivHh':i~'l1-h~u':i ~~ft1J~V-:Jvt~.fl1Tl!~fl i ~iruur~~U':i~ ~ri1J~f.l-:J 1:utftfJr!Tll{':i1~U u u 

~~ff1lJ1':imhvi um':i~flcH1J\ltJ~ff1':i i u 1 tJ'YitJ~!lJtJ{~i4'u~~1'1JtJ-:Jtl'4.fllfl!~fl i 'IJlJ'W u un~1nifm':i 
L~lJ!f1~tJ19f!~fllJTlrltli ':i~tJ~lJHft~tl!!':i ~~ ~~fl':i~'l1 ·:h~ ilJ!ftfJr!Tll{ ':i1~U 'W'WUft~l4'u ~ ~1'1JtJ~tl'4.fllfl 

d , Ql 0 i "Q Q,l QQ ' d , Ql d d J • .d 
!lJfl 'IJlJ'W 'Y11 '11!flflf.l'W~':imfll':i~'l111-!l!lJfl 'IJlJ'W (droplet-droplet interactions) 'YlU'IJ-:JUH'IJ'W U~'Yl 

yy .!lid "Jrf I 1 rfd 
fl11lJ!'IllJ'IJ'W 'll f.l~!fln v 9f!fl v:u T1 mJ 1 ':i flff ~u1~ ffl'W'IJ tJ-:J lJLnfl nm':i ':i 1 ~ u u u m~ ~~ 11 r~ f!tl vn~1 n .. . . 
.J .d a d "1 01 .!\ ~ , -~ 1 

VitJ'YlH1'1JV-!!f.l'4.fllfl!lJfl t'IJlJ'W !tJV~~1flm~fl.:j~fi'Y11-:J vhn (electrostatic attraction) ':i~'l111-:jU':i~~ 

1 o' "' .I 1 '1'.1 "' ..; ., "' 91 fl1J\JtJ.:j lJLnfJnfll':i':i 1 ~UtJ '\.HI n ~u ':i ~ ~'Ulfl'\Jtl-!1 lJLflfJfl 1 u':i ~ 'W 'Y1 Qfl~ f!C)f'UlJ T111lJ U H'U tlfJM 

(Gu et al., 2005) LrivtmtJ'ULYJV1Jfi1fl11lJ~1-:Jfffl6ioWYJ1'1Jf.l.:j~lJncH'WU~lJfllJtl'U~lJncH'W'Yl~VfllJ~!9ilJ 
- q, q " 

:uua l~t~ncH'~~'U DElO !uvr~~ 15 1flml1'11Uf1 'Y'I'U-l1~1fl11lJ~1~ff'n6i.WVl1'1JtJ.:j~iJ'ni'u'Yl~VfllJ~ . .. 
1~:u:uun 1~1~ncH'~~'U DElO !vvn~ 15 1flml1'11Uf1 iJfi1:u1nn-l1~irni'uujlJt;llJ tdv~~1mn~u 
i'lfL~tJlJflntl i':i~lJHn~miu ~':ifl~ fl1 i .WVJ1n-il~ (electrostatic interaction) ':i~'I111-:J'Y'IViiu~flf11 h~~ 

Qf1~flctl1JUn~ il1Qf1~flctl'U (repulsive) ':i ~'1111-:J'Y'If.liiU~flm l ':i~~Q f)~flctl1J ffV~tl'l~.fllfl'l11fllJ1flfl11 
,! .c!t ' .q d \It G'el Q.l d 

UU (repulsive) lt'HJ'l~l111-:j'YHHH!"lfflfll !'lfl'YI\Jfl~fl"lf1JUn~ lUlfi'W (attractive) (Hamsilawat et al., 

2006) 
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NaC1 (mM) 

111ft~ 4.8 fl111J~h~ff'n6ivHh (l;;-potential) 'llfNfl:W'~'!ftJtlJlJU~::fi:W~'lftJl'J~rl~lJ~!~lJlJt!ClL91-
a~ ... " ,. : ..,..,; "" .... ,. ... liJ~ 
!~flCJfmtJ DElO HlV~:: 15 1~rltJl'HtJfl 'Ylfl111J!'IJ1J'IltJ'\Jfl~!fl~fl 1CJf!~V1Jfl~fl ~~~ 

0-500 iJ~~11J~11 

1m ~ff~N'Yll~~~flltl '\Jfl~fl~flltl!~~ i 'IJlJ'tJ'Ufl~fllJ' ~ 'lftJ tlJlJ~lJU~ ::filJ'~'lftJ 
Q .c::~to..d. Q 1 d tl Q , 1 : Ql ..d. " " ~ ,.. .c:t 

'Yl9ltlfl1J'Yl!911J1Jfl~ ~H~fl9f9l~tJ DElO ~flV~:: 15 ~VtJl'HtJtl 'Yltl111J!'IJ1J'\JtJ'\Jfl~!tl~fl 19f!~V1J-• .. 
fl~vi~~ o ()~ 500 iJ~~11J~11 un~~~~m"W~ 4.9 u~:: 4.10 "W'trh8:W~i'tJtl~1JfliJ'Ylm::~tJfl111J .:1 .. • 

" " "" ,- "' WJ ~"' "' "' "' a 11J "' a 1'\JlJ'\JtJ 'IJ{)~!fl~{) 19f!~V1Jfl~{) I~~ 1Jtl111Jtl~9111Jtll~ m:: ~l1V911'\Jfl~{)~flltl!1J~ I '\JlJtJ '\JtJ l~!~flU~:: 
' y 

'\Jl.llfl111oh.J::tlunu ff1uvl1ni'ul'l~vniJ.Yh~h.JlHHlifll~n9f'1!1u DEIO ~t:w~:: 15i~u'llll1Ufl 'Ylfl u q cu q 

4.7) 

/ 
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(A) (B) 

(C) (D) 

(E) (F) 

' 
lll't-.n 4.9 1m ~ff~l~'Yl1~~rlfl1fl (optical micrographs) '\JV~V'4fl1flt~~ 1 '\JJJ'U'\JV~~l!r~i''UtljlJt:jlJ 

.d ~ ~ .!I ~ "" 111 ~ "" ""~ ~ 
'VlfldllJ!'\JlJ'\J'U'\JV~!t1rltl LCJf!~UlJflrltl 1 'J~ 0-500 lJrlrl llJrll'J 

(A) 0 mM, (B) 50 mM, (C) 100 mM, (D) 200 mM, (E) 300 mM U(l~ (F) 500 mM 
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(A) (B) 

(C) (D) 

(E) (F) 

ill 'Vi~ 4.10 1fl~ .:jfff1.:j'Yll.:j~elfilfl (optical micrographs) ~tl·Hl'4filfl~~fll~~'U'\Jt:J.:jU~el<M\Jl'J~tltJD 
.d ~ d ~ ~ " 1 : (L.I .d " " ~ 1 d 'YI~~llllt:Jel1~~flf1ctfm'W DElO ~tltlel~ 15 flti'U1l1'Uf1 'Yifi1111~'\Jli'\J'U'\JtJ.:j~f1elt! ctf~fltlll-

fleltl i ~fi' o-soo lJel~111m{ 

(A) 0 mM, (B) 50 mM, (C) 100 mM, (D) 200 mM, (E) 300 mM tiel~ (F) 500 mM 

y y 

4.2.2 fW'\Jt:J.:jtJ~mun.Jwnel~ 1mff~t:Jm11Jfl.:j~1'\Jt:J.:jUl!el~'Utl1l1'W.:j1 
y y ' 

~1f)f11~ ffmn ~el'\J tJ .:jtJ 1~ 1el ~1m ff~ tlfi111Jfl.:j ~ 1'\Jt:J.:j ul! el i'u u 1~ 'U .:j 1Vi ~~~till 
Jl jl I 'JI 

ul1el~'UU1.Jtli''U~t:Ji''U Vifl1111!~11'lj''U'\JtJ.:jtJ1~1el~1mff 4 ~~~1..1 fltl ~tlt.J'Cl~ 0 5 10 tiel~ 20 1flv 
y 

tl111un m1~ffvum111fl.:j~1'\Jt~.:ju~eli'u i~t~ri '\J'W1fl'\Jt~.:jt:J'4tnfl~~fl i'Ul!u ~1fl1111~1.:jft'n6lv1~1 
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Hn n1 'l'l1 ~ n tJ-:j Vi 1Ji1~ u 1~~ v -:j vu rt1fll~ ~ i ~ ifu fl1fl11lJ~1-:jffnui ~ Yl1 • 
lin~ 1 fl';i -:j 'f'l'fH'YlH \1 nfl1fl~ tJ-:jtJ'Ufllfll~~ l ~ifu ~tJ-:j~ifniu U~lJ rti1un~~ifniul1~ Vfli1~1~lJ 

" q .I qJ q 'U 

lJVn 1~t~n9f'~~u DElO fvvn~ 15 1~vJ1ln!n i~jjm'Jtu~vuuuM trlvfl11lJt'li'lJ.u'u~v-:j 
: 'I' ..:. .K ,., & 'I' : ... 'I' .J d "II ... 
U1~1n1 Afl';iff!YilJ~U~1fl 'JtJVn~ 5 fl-:j 20 A~fl'Ulli'Ufl A~fl~'U1~1\HW~fJ-:jtJ'4fllflllJ~ A~lJ'U~fJ-:j 

' v 
~ifniuujl-lSJi111n::~ifniul'J~VSJi1.Yit~lJlJVn 1~t~n9f'~~u DElO fvvn~ 15 1~vlllm!n iifl1 

239.6 tl-:j 282.65 u11UtlJ~'l' un~ 224.3 tl-:j 318.55 u11 utlJm~1lJih~1J (ml'i~ 4.11) ff1'Ufl1fl11lJ 

~ 1-:j finui ~Vl1~ v -:j ~if n iu 1l! lJ l'J i1u n ~~if n iu "l ~ v lJ i1~t~lJ lJ vn 1 ~ ~~ n c;~ ~u DEl o 
~ : Ql .cl ' ~ .Q Q tl d .Q Q " 0 Q.l "JVVn~ 151~v'U1l!UfllJfll-39.2 m -40.45lJnn l1n~ un~ -37.95 fl-:j -46.05 lJnn 11n~ ~111n1~1J 

(ml'i~ 4.12) un~ LflH'f'l'fHl11-:j~nmfl~V-:jfl'4f11fll~~ i~ifu~v-:j~ifniullJ11SJi1un~~ifniu 
' " l'J~VSJi1lh~1111Vn 1~t~n9f'~~u DElO fvvn~ 151~mllm!n iim'Jm'Jm~~1V~1~V~V'4fllfll~~ 

, . ' , 
i~ifuli'~~u1~ lllqjun~~u1~t~nu~uunu (mriYi 4.13-4.14) n'1v-:j~1mh~1niiHn~Vfl111JliU~ 
G) Ql .do,J/Cl oG~SI.C::..QI Ql • d~CI.I 
t'Umfln1~l1l11 lllfl~fll'l'm~~1V (continuous phase) l11 Alllfl~Vm1fl1Hf'Ufl'U'l'~li11~11J~ 1~1J'U 

' v 
n~n-:j (droplet-droplet collisions) un~v~iiHn~v~ru 'f'l'l.J,j'~m~tflii-mvml'i~V~ff1'U Yitlluu1l!~ v 

' v ' 
ff1'l'Yin~n1VL'UU1l~ t'liu fl111Jli'U111\J'U (density) fl1fl~Yii~~~~fll1~fl (dielectric constant) ~'lfU 

v 

Mfllll (refractive index) un::m~~'UtJVff111~fl (osmotic pressure) tllu~u 'UVfl~1flUfll'JI~1J 
: " .J""1•1 d 0 " gl"" 'I' "" ..:. J I i J/ d "" d u1~1n t'U'f'l'fl11~l111 1J'J~'U l11 mtn~uHVV'f'l' tl.J~fl!Yil.J~u ff-:jHn li1U'l'~'Utfl~fll'l't'f'I'Vffflll'i 

v v 

1in1J'lf1~-N1M (McClements, 2004b) ~~'!! uu 'f'l'~~ l '11'tlfu11U~111W tl 1~1n11 fl'l' ff'J~~1Jfl111J 
v v ' 

t.u'11.u'u !vvn~ 5 ii~ 20 1~vtJ1l!Ufl i~nHn~Vfl111Jfl~~1~v~~ifniutllifu~1Yit~~v11~ifniuu1J1J 
~~~ "Q,I 4S o .AA 
'lf'U~V'lf'U 'f'I'V~flnV~fl1Jfll'l'l1~nV'I~tJ~ Harnsilawat et al. (2006) fYfl1:11U1J1J~1nV~ImtJ~~1JLU 

~1JU1J1Juirnciu~v'11th~uun~Yiviiucifnmi'l'~~m1111'1i'11'1i'u~v~J1~1n~ 1m'f'!' fvvn~ o ll~v 10 
Jl I Jl Jl 

1 ~ f.lu 1'11'1! n Yi1J11 i~tfi~m'l' ttHitruu 1Jn ~fi1fl1111~1.:Jfin6'1 vJVl1'111v i~tfi~m'l'mmiu fl111li'.:J l u 
' v 

'J~1J1J~ifniuYit~1Jun~ ilit~11U1~1n11 m'f'!' 
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1000 

-- 800 
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~ - 600 ~ 
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Sucrose(%) 

' snvtn 4.11 'li'Wl~'IJfl ·H~tHhtJ!:JtJVmnu~~ ''lll!tJ (droplet mean diameter) 'llfl~vl!~-MtJ'iJJl.lfJfi 
' , ' 

u~~vl!'CloM'UVJ9lfl1Jfint9ll.Jl.Jfl~ L;!l~f)CJf;J1tJ DElO ~flfl~~ 15 L~fltlnn!n nfl11l.J , , 
!ll !ll 0 1 !ll 1 0 "' 

l'lll.J'li'\.J'llfl~'\.Jl;Jl~tt! fl'l''Cl' 'Jflfl~~ 0-20 ~fl'\.JTI1'\.Jf1 

0 

-10 -l:r-10 

-2° with15% MD-DElO 
-20 

,...... 
;> 
E -30 '-' 

Cii 
:c 
= -40 ~ .... e 

I 

------== c. 
~ -50 

-60 

0 5 10 20 
Sucrose(%) 

lll'Vt~ 4.12 fl11l.J ~ H fff1 Vl vJVh (~-potential) 'll fl~ vl!~ ~'\.J 'iJ j l.lfJ iJ U ~ ~ ul! 'Cl i'tJ VJ 9i flf.}fi~t9i l.J 
")'dlle::. , ,. : ~.c:i j/j) : ,. 

l.lfl~ tl'lt~f19fl'l~'\.J DElO ~flfl'Cl~ 15 t~fl'\.Jl'H'\.Jf1 'Vlfl11l.lt'IJlJ'IJ'\.J'IJfl~'\.Jll'll~tt! tfl'l''Cl' , 
j) ,. 0 ~ 

~flfl~~ 0-20 !~fl'\.Jl'H'\.Jf) 
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(A) (B) 

(C) (D) 

lll'W~ 4.13 1m·HYfN'V11~~~fl1fl (optical micrographs) ~fl~fl'4fllfll~fl i 'IJiJ'U~fl~~ir~-M'ull!l.lfJ~ 
. " " <01 'J) 'J) 0 1 'J) 1 0 ... 

'Vlfl11l.lt~l.I~'U'Ilfl~'U11'11~1 fl'jff 'JfltJ~~ o-20 fltJ'U1'11'Un 

(A) O%wt, (B) 5%wt, (C) 10%wt, (D) 20%wt 
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(A) (B) 

--

(C) (D) 

" ttrlmff fmm~ o-20 l~w,hwwn 

(A) O%wt, (B) 5%wt, (C) 10%wt, (D) 20%wt 

" 
4.2.3 H'f1'\.lf.l~fi11111~'Wm~-~1~~flm111fl~vi'1'\.lt!~Bl1'f1-E''W'Il1l1'W~1 

\11 nn 1~ ffnll1 H'f1 '\.lf.l ~ fl 11111 ~ 'W n 1 ~ -~ 1 ~ ~ t!fl 1111 fl ~vi' 1'\.1 v~ Bl1 'f1 i'W J 1l1 'W ~ 1~ 
" " ' 1~~V11Bl1'f1i'W111J1J-E''W~fli'W fifl11111tl'Wm~-~N 6 'l~vlU ~fl 3 4 56 7 11'f1~ 8 ~'l1\lfff.JUfiJ111fl~ 

vl1'\.ltl~ ul1'f1 i'W , lluti '\.1'\.J 1~ 11'f1 ~ m~ m ~ \11 Vvl 1'\.1 f)~ fl'4 fll fll~~ i 'Ul!'W Ti 1fl1111 ~1~ ft'nvlvHh 

" ' 1m ~ff~wvn:~~'f1tnfi'UV ·HJ'4tnfl1~~ i 'Ul!'Wu"~Ti1fi''h'i1m'luvni'Wfl~11 uff~~fi'-:~m'Y'lVi 4.15-4.19 
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~~m'i'YI~~ t~~'IJ'U 1~t~'4m~~~~ i 'Uiru 'llt~~~ir~ i'u11Jl1 t:~ii v'l'!.d1'1J'U1~~~ ~v'llt~~ 
tJ'4fl1~1~~~'1lir'U'IltJ~~ir~i'u11Jllt:Jii ~~1497.65 ~~ 1,739.33 'U1t'Uilll'l'i VJt1~1~11lJI~'Um~-~1~ 

9/d ~ 1 ,S di<V d i I .S 
tJ t111 'U 'YI ~ 11lJ llJ 'U t1 'i ~ -~ H 4 fl ~ 5 '1.1 'U Hl 'IJ tJ ~ tJ '4 fl1 ~Ill~ 'IJ lJ 'U "':: lJ 'IJ 'U 1 ~ 11 qJ 2, 4 2 8 fl ~ 

• v 

. 2,964.33 'U1L'UilJI'l'i (m'Y'I'¥i 4.15) fll'im::'l1r.J~1'1.1tl~t1'4fl1~1~1'1 l'llirul1~umH1'tl~t1~lJ (bimodal) 

' ,d ~ t Q.l Q.J d 
u~::ll1J1J11mvmp.J (multimodal) (fll'Y'I'YI 4.16) tll'i ltl~tll'i ltll::tl'lllll~::'i 1lJI'l1t1'U 'l.lt:l~t:l'4fll~llJI'l 

i'lliru~~11lli~'Uml'l-~H 4 ()~ 5 ff1llnflt~nmv'l1t1~1~11lli~'Uml'l-~1~ ~~wu'1 intl',l'l it~ tctf

th~n'YI~~'Ilt~~ 111'i~'U ~~~.Yh iM'm1lJIIH'I.It~~uH~""nm~ ivJVl1'i::·w:iNt~'4fll~l~l'l l'l.llJ'U~I'l~~ ,;, 
, YIIJ I d .d _'l .... .s I d "' "' I o' o' 

11 LlJI'Y'I tJ~'Y'It:l'YI'l::lJt:J~tl'UII H~~~m::111Ht!tp11~1lJI'l L 'IJ l.J'W l'lf'W II Hlll'W l~t:l'i11"ffU"::UH 

i~LI'l'itvliJn (Das and Kinsella, 1986; McClements, 1999; Moreau et al., 2003) n1iM't~'4fll~l~l'l 

i'llir'Wff1l11'im1l1~1tiui~ ~~~~~1~11lli~'Wml'l-~1~l.J1t1tl':i111~m!t~vn11 4 ~~ 5 'Y'I1J'h~ir"'!fu~ 

~11l.J~~~ 1 lrlt~~'l1tlll'i ~ ~""tl'YI1~ i't'Jtl1'i::1111~t:l'4fll~l~l'l l 'UlJ'WiilfitJ~'Y'It:l~ 'l::iJt~~tl'W t11'i'i1l.J~1 
"' d "' .... t1'W'Ut:l~t:l'4fll~llJ~ L'Ul.J'W (McClements, 1999) 

~hu~ir"'!f'WVJ9ltlt:jii~L9ll.Jl.Jt:l" ll'll~t19f'l'l~'W DElO !t~tJ":: 15LI'lmf1'11Ut1 'Y'I1J'h 

Q , <V <1 Q ..,j ~ I .Q .K .S d d 
'I.I'W11'lt:l'4fl1~1l.JI'l 'lllJ'W'l::lJ'IJ'W1~mn"~ llJt~~11lJLIJ'Wm~-~1~1'Y'IlJ'I.I'W'l1t1 3 fl~ 8 l.J'IJ'W11'1L~"tJ'Ilt~~ 

t~'4fll~l~~ i'llir'W 758.34 ()~ 5,994.95 'W1L'Wil.J9l'i (fll'Y'I~ 4.15) u"::~m'im::'l1tJ~1'1Jt~~t~'4fl1~1~1'1 
f I Sl , I 

i'lliruu1J1Jfft~~ ncil.J (bimodal) (m'Y'I Vi 4.16) Vi~ 1~ 11l.JI~'W tl'il'l-~H 3 l1~un4t~~ 'l1t1t1cil.J'Ut~~ • • 
diiJ 01<1~ d i I 01 19/ <V _J di <V 

t~'4 mmll ~ 1 'll l.J'W l.J'Yl~ 'll u 1~ 1" mm:: 'I.I'W 1~ 11 tym:: 'l1tJ9l1t~~~ 1 vnu Clf ~ 'IJ'W 1~ t~ '4 m~ll.J~ 'l.llJ'W 

d i "' ... ... ... .K I - I I ... _J i 'i .I_ I 
'I.I'W 1 ~I~ t1 'W 'i:: 1J 1J tJ lJ" 'lf'W fl1"' "'::I tll'l '1.1 'WI 'Y'I 'i 1:: 111J 'i::"' ~ 1J 'IJ tJ ~ 'HlJ C)f" I l't 1'1 'W L lJ I" t1" U ~ lJlJ 1-• ., . 
m1'i1~u u 'U ~~~ilt~1J~~u ~ ti1'1Jt~~ tl'4fl1~1~~ i 'lliruu~ ::'l.lu 11'1 t:l'4fll~l~~ i 'IJlJ'W 'IJ'W 1~ i myt~1'l'l:: 
lfl~I'Y'I11d1ffl'i1h:: t1t:l1J ~~~~t:l'W 'i::11 iN 11h9iuu~::'Y'It~fiUcMt1~ 1 i 1 ~1 'W 'i ::1J1JVlJ "oM'W ff"l'U ~fi1 

m1ll1~um~-~1~ 4 ~~ s ~m'iffWI~tJm1l1~~~1'llt~~'i::1J1J~ir~'!fu ~t~um~~~~ i 'llir'W'Il'U1~ imu 
" fJ q u 

4!::1.1 .c9 ,. d Q.l dll) Ql ' 

l.lm 2,546 fl~ 2,954.67 'W1 t'Wil.JI'l'i u"::llnnm::'l1r.JI'l1'1Jfl~fl'Uill~llJI'l t'lll.J'UII1J1J'I1"1r.Jt1"l.J • • 
(multimodal) ff1'W~~1~11lllfl'Wm~-~1~ 6-8 ~'I.I'U11'lfl'4fl1~1~~~'1JlJ'W'IJ'W1~1~t1 ~~1 758.34 ~~ 

1,778.5 'W1l 'UilJ\911 11"::~t111m:: 'l1r.J~1'1.1t:l~t:l'Wfl1~1~1'1 i 'UlJ'W u 1J1J'I1 "1r.Jt1cil.J (multimodal) fll'l '1:: • • 

1n~1rlt~~ 'l1t1m ~ ~"" n'Yl N i vJYl1'i:: w:il~ Ll.JI"fJ"'Y'Iflii u~nm i 'i~~~~ il t11J~~'U ~ ti1'1Jt~~fl'4.tll~ 
~~~l'UlJ'W 
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pH 
I 

m'Vin 4.15 'IJ'U1~'1Jtl ·mfu~1'Ut]''UVmn~l~~ i'lll!'U (droplet mean diameter) 'Utl'ltJl!e~iut1!1ltJl1 
I II I 

ue~::vl!e~iul'J~UtJi1-Yit~lllltJCIL~t~ncH'~1u DE to ftJue~:: 1s 1~uthwun -Yir~llllti:lu 

m~-~1'13-8 
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(B) 
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~ 60 pH c5 
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Particle dia.tne:ter (trm) 

fll'Vi~ 4.16 fll'.ifl'J~1lltl~'l'\JV·Hl'4fllfl!~~ t'Ul!'U (particle distribution) 'UV.:Jfll1Cli''U1Jj1.1fJll 
0 Sl ' 

UCl~fllJCli''Ul'J~tlfJllfh~1.11J'eH1l~H~flCJfVJ1'U DElO fvtJCl~ 15l~tltJWIUfl Vim11.1!~'U 

m~-~N 3-8 

(A) fllJCli'Utlj1.1fJll 
0 Sl 

(B) fll1Cli'U'Yl~tlflllVit~1.11.1VCllVl!~flCJfV11'U DElO fvt~Cl~ 15l~tltJl'HUfl . " 
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.:SifJ} "tt.A ~ I d ~J'A .ctl91'\'-''"11""'d""' 
lJfi11'\JlimHi'lHJ 1lJt:lfl1llJ11J'Ufl':i11-m~ 4 fH 5 lH'U1'Ut:l~'illf1lJfi11'\Jl !f1~fll !t:l Clft:ll~f1'Y11fl'\Jt:l'l 

" 
i1h~'U (Marinova et al., 2009; Masson and Jost, 1986) l11Vftlfl1llJ~l~f¥mflvNh~ril1~'UU1f1~ 
fl1llJ1~'Um11-~1'1~11~t1'1'illf1fl1llJ1~'Um11-~l'l~ril~lf1'Jlftl lv1CJrV1ftn'Y11fl'lJt1'1t1h~u (pH <pi) 

'J) J, I I ~ I d I r/ ~ I 

flltli1Pl'fffl11~'U 'ff1'U ht~'11lqjtl~lJ 1 'U U'ff11'1fi11.J1~ ~11J'UU1f1 U~~'11lqjfll':i'Utlf1Clf~ ( -COOH) U'ff11'1fll 

~ , a d • .!. .1 • zll .I t 
1.J1~~11J'U f1~1'1 U\Pl1lJ Vfl1llJ11J'U fl':i 11-111'11'Y'llJ'\J'U (pH>pl) fllfl1llJ1IJ'U IJ1~~1.11f1 'il~~11~'1 Ul'lflH 

Vl'il1~V~'illf1'11~fll{uvn~~ U'ff11'1ftl'\JV'I1.J1~~1~'U~U (-COO) U~::'H~VdJL'U U'ff1l'lftl'\JV~1.J1~~ 
~ a , , ... ~ . .I-~ c1 "' ... ... , , 
11J'Uf1~1'1 (-NH2) (Kulmyrzaev et al., 2000) 1lJVfllfldllJ\Pll~fff1tl 1n'Y'll'\JV'It1'4fllfl1lJ11 1'\JlJ'UlJfi11'\Jl 

1' o'. ' ' a. ~ '..:.1. i f1t1f!!'U t1 u 'ff11 'I~ l'U 1'U n ~ lJ 1.11:: ~u 1n 'fflJ~ ~mJlll1 1:: ~ ~ u u~~1lJ v fllfl1llJ 11.l 'U m 11-111'11 'Y'llJ'\J u 'Y11 

" d "' ., "" • ~ .!. ,1 t .fa • .I .!. ,1 • • .I i '11 £1'4fllfl1lJ 11 1 '\JlJ'U lJflllJ 1:: ~11J'U ~U1 'Y'llJlJlf1'\J 'U 'Y1 'I'U 1 'U £1~ 'illf1 f1 ~ lJ lJ 1:: ~~U 1'Y'llJ'\J 'U U\Plf1~ lJlJ 1 ~ ~ 

U1f1~11~'1 (Chanamai and McClements, 2002) 71.1UUU'\JV'Iftlfl1llJ~l'lffmJlvlVll~fl1llJ1~'Ufl':i11-., 

~1'1 3 U'l 8 ffVIPlfltlV'InU~l'U1~v'\JV'I Onsaard et al. (2005) ~l1lf111fff11:11fJWfflJU~u~::fl1llJfl'l 
y ' 

9i'1'\JV'IfllJ~<ifuthlJ''UlJ::'Y'l~l1¢11t11111~'U'Hl'I'UlJ u~::'ll'Ui~V'\J£1'1 Gu at el. (2005b) Vil11m1ffmn 
y y y 

m1 N~IPlu~::fJ ru tin'l-J ru::'\JV'Ifl11lJfl'l ~1 i 'UfllJ'~iu l11l1u~ 111 'Y'l11111 t1m1 1fli1V1.1-if'U ~viu~1t1 

1U~H1~fll\Pllf1~U~'U lfllfl\Pll-fl1{1l~U'U'UU~::1~~l~'U 'Y'lU':llftlfl1llJ~l'lf1'mJlvJfllUftl~11~'1 
" 

& ""' ""'1 "' & "' ""'1 "' a ~ ' ..: .1 & (-60 \l'l --70 lJ~~ 1~\Pl u~:: 60 \l'l -60 lJ~~ 1~\Pl) 1lJVfl1llJ11.l'Um11-111'11'Y'llJ'\J'U'illf1 3 \l'l 8 
' y 

ti1viinnt~lJlJtJ~ t1Plt~n91'1Pl1u DEIO ~vv~:: Isi11v'W1m!n iuvlJ'~iun~tlniJ . " 
'Y'l1.1'hrilmlm~ul17::'il'il::iiril1~'U~U1~lJ~'U~ftlmllJ1~'Um11-~1'1 3 U'l 8 (m'Y'l~ 4.17) t11t1l11::~ . . 
'\JV'Ifl'Ufilfl1ij11l'\Jl1'Ui'Uul1~i''U'Yl~tlfiii~1~lJlJV~ 1m~f1CJfiPl1'U DElO ~tltl~:: 15 111tllll'I1Uf1 ~::ii . . .. 

' ' QQ.,/ QJ ~ ct ,1 ~ ~ c::l \r) rl 
fl1 U\Plf1 \Pll'l 'ill f1 tllJ ~ 'll''U 1.1 ~ lJ Q lJ 'Y1 'I 'U fll ~ 1 'U tl'l 'illf1llJ1 ~ fJ" 'Y'l t1" U Clff1 fl1 11 11 (K-carrageenan U":: 

maltodextrin) ~11iU~~'U~H1'\Jtl'lllJ1"fJ" hh~u1Vltl'l1ftm!vtl ~'lfl'U\Pl1fl1 til 1 vlVllffGIPl1::'H'h'l 

''-I .,. .,. c1 "' .- .l , ... a • ., ,.,; ., 
tiJ1\Pl'U u ~::'Y'l v m1Clff1fll 1111 'il ~ 'll'U t1 ~n1.1 1m tJ'I'I1lJltl ~ l'U 1'U u" ~m':i m~ 'ill ti\Pl1'll v '~ '11l.J 'Y1 U\Pl f1\Pl1 

1~'UVtltJ'Ul¢1 (ionizable group) (Gu et al., 2004) ~'lfffl11fltlt1'1tl1Jf11':ifff11Jl'Utl'l Gu at el. (2004) ~ 
0 &'!!l ~ oQ I ::'1 I )} 9) \r) <)" r/ .t=t f 

'Yllf11':i fff11J ltl'Yl ~'Y'l" 'lJ tl'l fllfl11lJ1IJ'U fl':i11-11 HI!"~ fl1llJ1 'UlJ 'U'U 'lJ tl'l 1 tlt t1 \Pll-fl 1111 'ilU 'U 'U \PI t1 

fJW fflJU~'Yll-!11fl~-f11tlfil'WU"::mllJfl'll'i'1'lltl'lfllJ"<if'U~1~lJ1U¢i'H1~fll \Pll nmJ ~'U 'WU'lllJ':i:: ~'Uti-!! 

tu~Ht"fl iiPl in"u~u 'il~lUffllJUtl~unul17~'ilU1n'1umJ91"1vll'l'lltJ'I hn"n~ !v ivl'll-cu q cu q 

m11l~uuu~wnllt~'Um11-~l'~~l 1~V'I'illnillmn" !viv1Pll-m11l~t1'U'U tll'il'il~ lu11unu~u~H1 • 
'llV-!IV'4mflt~11l 'lllJ'U'I1~ t~m'il 'il~tn11'illnm7 1i tJ'ill'lvlJ'"iu trlvl11m1 1~ ri lfl1llJ~ 1 '~ f¥mfl vlvh ~'~ 
1fl~nn11ul'i'1n'U~tl'UU'eJ vh'hrrilfl1llJ~l'lffntJlvlVlliiril~l ri1'U~ftlfl1llJI~'Ufl)~-~l'l 5 U'l 6 ~ 
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fl1fl111l~VlffntJlVHht~tHl1H~1l~'U iifi1 -22.12 ~'I -30.62 lJ(lilL1(lfl t~a\1'11fHmHn~ti'-umn1m 
1vHhffilm~ld1'11111~-wtm~vwitucUmn h11 ~'~'l~anflm'l~'~tlf1'Y11'11'V'Ivh '.i~l1l1'1111~~"u'Ua'l 
'i' "" "' )! ""' • I ' ""'i 'I 'i' 'i. I ""' " Ji Ji ' .J !"1 t1lmnm·Hmu9fnm t'.i~nuu'.i~'llJ10'IJV'Il111V~11 t'U t'U tlJnlO(l tu'.i\PI'U!1fH'UlJ'IJ'U ff1'U'Ylfl111ltu'U 

II q CU fl 

mf1-fi1'1 7 ~'I 8 fl1fl111l~Nff'mfl'V'1~1 iifi1 -32.73 ~'~ -35.1 iJ"ill1"fi' iifi1ln~ttltJ'Inu~lr"i-u 

11! 11 t.1 iJ ( -31.53 ~ '~ -3 3 .o2 iJ" i\11" ~) ant~ v '~ '11n hhn~u H ~ '~ t1 f11 ~ l1 11'1111 t" fJ "l'l a it-

d ~ o' cl o' v " .d ~ d~ .de. d , Ql " Q,l QQ,I 

U910fll 1 '.i f!U(l~ 111 Hl'U!1fH'IJ1l'IJ'U 'Yl!fl (lalJ'Yll'l'U 'Y1 fn'IJ V'la'4fllfl11l~ 'IJ1l'U ffaf!fl(l a \I OlJ\11'U 1'1 tJ . ~ 

'\Ja\1 Gu at el. (2005b) Vivhnnffn1:11011~il~u"~flW~n1:1W~'Ua'lfl111lfl'l~1i'U~iJ"i-ul.hir-u 
~ ~ 

~111l'l~ 1~tJnl1tfliiV1J~'U~vi-w¢i1mlJ~Ht"fl11P11nmJii'U 1v 1vm-m1'.i1~U'U'UU(l~t'lm~-u 
'' .... <f'l<J_~ ... ·~ .;.,1.,; ~ '.;.,1 "'' "'' 

l'llJ11fllfl1111\PI1'1ftntJ t'Y'In11lmtlJ'U(llJtl'l1l'IJ'U t11Vfl111ltlJ'Um~-m'ltl'l1l'IJ'U'11n 3 fl'l 8 (-30 fl'l 

~6o iJ"iil1"fi') 

10 

0 

5:' 
! -10 
-; 
; 
c: 
~ 8.. -20 
v 

·30 

-40 

1 fl1 'Iff! 1'1'Y11'1 ~ (lfl1fl 'IJ tl'l t1'4f11flt~ fll 'UlJ'U 'IJ a 'I ~lr"i-u 11 !11 t.1 iJ m1 ~~lr"i-u 
.c::. ad .Q "i d tl a J) 1 't aJ d d 1 & t 

'l'JIPitltJ1l'Yl!\PI111Jtl(l t\PI!~091\PI'.i'U DElO nwr~~ 15 fltl'U1l1'UO 'Ylfl111ltiJ'Umf1-flN 3 fl\1 8 U(l~fll 
~ . 

f1''lfUnl'.i!WO~'Ufl~11 Ufffl'lf1''1ml'lVi 4.18 Uri~ 4.19 \PI111~1f1'U l'llJl1~lJrloM'UUj1llJnl1n'.i~'11tl~1 

'IJV'IV'4mfunf1 l'lllJ'U'IJ'Ulfllmyur~~'IJ'Ul~t~nu~uuilu u~~WJ11lt~um~-fi1'1 s 'l~tn~m'.iLm~ 
141 Q ~d~di<Vd ~d J) .d 

O'J1lnuur~~tn~m'.itwn'lf'Ufl'.i11 9J''I1lm~'lf'Ufl11twn'lf'Ufl'.i11 U'.i~111w '.iVtJ"~ 26.19 (flll'l'Yl 4.19) 

.,; .. ~ ' Jl '1 Jl' Ill 1 "' d "' '1'.1 "' ' 'I Jl.l 
!'UVH10'Ylfl1111!1J'Un'.i~-fll'l 5 !'Ul OMllltl 9J'tl!(l0'Y1Hl'Utl'l tu':i\PI'U tl'\1~(1 tl1u'.i~~'.i11l'UtJ'I • 
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1 t11~lHWH'1.:JU'l:;U1 .:u-1~nm-:J ivHh1::·w-hH~fl i~irlHI~HHII·wt'!ftJt~U10'U (Das and Kinsella, 
GJ~4S~ ,S t dlJ)GI I t/ t/ 

1986; McClements, 1999) fi.:J'U'U'il.:Jtnf!UHfi.:J~f!'j:;'I11Ntl.Jfl !~l.J'U t'lf'U U1-:JU1'Utflt:l111llfftt'l:; 
" " . 

uHi~ ifl'l' ivlun (Moreau et al., 2003) 'Wt:~f1'il1f1Unl1tflf!twnoitJflll.J fll'iltnfltUt:~.:J'il1nthli'rm~t:~.:J 

1 tJ1~tJ~t:~f1umn~ un:;wJ1.:Jt:~~mflt~fl i~iru ~.:J i u':i:;uuvir'li'u ~iii tJ':i~tJ 'i):;iitJ,:;~ i vlft1 

rwu-:J'Ylt:~~'il:;i1t:~.:Jnunn tm::mJl.lntJ~t:~-:Jt~fl i~iru iflu~1 1 tJ19fut~n'Yl~fl~t:~-:J 1 t11~un6t.u'mi'u 

ii~1t1':i::mw 4.2 ~.:Ju~n~1-:Jn'I.J~1LV19fvt~n'Yl~fl~t:~.:J itJ1~tJn6~ii~1t11::l.JlW 4.8 (Demetriades 

et al., 1997; Onsaard et al., 2005) U'l:;~fl11l.Jt~'Umfi-~1-:J 6 ~.:J 8 'il::iinnm::'il1U~1~t:l-:JV~fllfl 

t~fl L~iJ'U~'U 1flt~f1'1-:J ~.:Jiftdt:~-:J'il1f1 1 tJ1~'U~-i'U~~1~V.:Jt~fl L ~iJtJii~-:JtJ1::~'1.J1f1Ult::tJ1::~'l'I.J 
tm::iitJ~ muufi u-:J'Ylt:~~tnflu':i ~N~nm~ i vl~l'i ::11-:!1-:J il.Jt'lfJlt ~ 'il::i1t:~~nu mn 1l.J~1nu ~t:~-:Jt~fl 

i~irtJ (aggregation) ~.:J~fl1fl11l.Jt~'Wmfl-fi1~l.Jlnn11'111m!t:~un11fi1 iv19fvt~n'Yl~fl~t:~~ 1 tJ':i~'U 

1-I .,. .,. - I "" - I 0 i " "' Ql liJ • .I-~ .. d I 1 <!I 
lJ':i~'U'il::l.JlJ':i~~lt'I.J'I1':iV1J'l'::~'I.J1f1 'YI1 '11tf1f!UHN'lf1'YIN Ll"'l"'1'YIU~-:JU1~1~'1111.:J l.JlllfJlt 'il~ 

.'1 ., ., ., .d 1· I "" .f ~ 
1JV~f1'Unl':i':i1l.J~1f1'UUlt~t'Yll.Jnl':ill~lt1U 1J':i~'Ul.Jlf1~'U9>l1U (Onsaard et al., 2005) 

~h'U 1 fl':i ~ff! H'Yl H ~ ltfllfl ~ t:l~ tJ ~ fl1 flt~fl l ~ iJ 'U ~ tJ .:J viJ ll oitJ VJ9l UfJ iJ~ t9ll.J 

l.JVlti~t~nC!f'~~'U DElO !vult~ 15 iflutl1'11Wn ~fl11l.Jt~tJmfl-fiH 3 ~~ 8 ~fi1~'lfilm1 
" . . 

mmi'uflll.J tJ':i~l.J1W !vult~ 22.38 ~~ 30.48 (m'Yl-Yi 4.19) ifluVifl11l.Jt~tJmfl-~1~ 3 ~~ s t:~~mfl 

t~fl l ~iJ'Utflflf111 tf11~f)~l.Jfl'U '111Vf11':i ':i 1l.J~1fl'U ~~Vl'il 'il~ tflfl 'il1f1 i 'U ff1'U ~t~'Utl1'111Vff11 ~ 
Jl I t Jl 1 

lt~mui u u 1ii il.Jt'lfJltfl1l11 ~uu u Vi illff1l.J1':i o~fli\JViTiu Vi~1~ v~t~fl i ~iruult~ m'il 'il:anflm':i 

~1J~1n'U~V.:J ll.JtllfJlt i lJ iv'Y'It:~iltl.JVl (biopolymer molecules) 't11 'l M'm .:JN~nm~ i'rl~1':i~'l111~l~fl 
"' L~iJ'Ultfllt~ 'Ut:lf1'il1f1i'1Vifl11l.Jn1fi-~Nl.J1f1f1'llfl1Lt:l i9fflt~f1'Yl~fi~V~ itJ':i~'U (pH>5) tJ1~~lt'I.J\IV.:J 

' " ' 
il.Jmnltm{ 11~ u u tJ 'il~ "h.i ff1l.Jl1 Of!f!tiuii.Wu Vi ~1~V.:Jt~f11 'llil''U -.111 '111l.Jm f1lt\IV~m!11~u tJ tJ 

q .. q 

I I Jl I 

m~~hul1illff1l.Jl':i\l~f!tilJViTiul1~1 tnflm':itm:;n~l.Jn'U'I11V~lJ~1nu (Gu et al., 2005a) u~ 
I Jl I I 

t11~~ i vJft1ViYiu Vi~1'1.J'Ut~fl 1 'llirtJ iirwtJ.:J'Ylviii 'il~i1 v.:JntJ mn 'Jl.J~ 1'\J~N t~fl i \lirtJ 't11 i M' 1~uu 
" virlti'u iifl11l.Jfl ~~ 1u lt~ illtnflm'l' uuniu flll.J 
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1° emulsion 2° emulsion with 15% maltodextrin DElO 

(A) (B) 

pH3 

(C) (D) 

pH4 

(E) (F) 

pH5 

(G) (H) 

pH6 

(I) (J) 

pH7 

(K) (L) 

pHS 

mn~ 4.18 1m'l~h~'Yil'l~rl.fllfl (optical micrographs) 'I.IU'lU~fllflt~~ l'IJlJ'U'I.ItJ'lVlJ't'1~'UUJll1Jil 
U'C1~VlJ'C1~'U'YI~tJnil~t~lJlJU'C1l,t~flCJf,~'U DElO ~UV'C1~ 15l~VJ1'11'Ufl ~fl'JllJ!~'U . "' 
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35 

30 

25 
~ 
4.1 

"0 20 .5 
~ 
c e 15 
CIS 
4.1 .. 
u 10 
~ 0 

5 

0 

3 4 5 6 7 8 

pH 

' Sl ' 

.mvtn 4.19 ~'lfUnlllWflcM'Uf11lJ (creaming index) 'llfl~~l!~i'U11Jl-11Jilu~::~11~i'UVJ~V1JilVit~lJ 
d o'e. , .,. : Ql d ~ ' 

lJfl~ 19ll~flCJf9ll'U DElO lflV~:: 15 t~V'U1'11'Ufl 'Yif111lJllJ'Utll~-~1~ 3-8 

Sl 
C.l QJ .C::.GIGIOCV 

4.2.4 f-Hl'\1 fl~ ~ru '11 fJl-19'1 Uf111lJfl~ 1'11'11 U~UlJ~ 'lf'U 'UllJ 'U ~1 

f111lJfl ~ ~ 1'11 u~ ~11~ cM'U if1' m) 'II'U 1 ~ u ~::flU m:: 'ill v1i 1'11 u 'I u ~ m r11~ ~ i 'II 11 'U ~ 1 f111lJ ~ H 
Sl ' 

ffmJl vJvh 1m ~ff!1'1'YI1~ ~~fl1fl'lltNU~fl1fll~~ l '1111'Uu~::~ 1~'lfUnlll1VflcM'Uf11lJ Uff~'l~'lflll'l Vi 

4.20-4.24 
' Sl 

H~ flll'YI ~~ U'll'l 'l.J':hv11 ~ cM'U tJ! lJfJiJiif111lJfl'l1i 1lij UfJtu '11 fJ iJ~ 'I ;j'U 'illfl 30 

.s ... Qlil"'"" Q .... .s 'i 
tl'l 90 U'lffllCJf~lCJfVff 'II'Ul~'llfl'IU~fllflllJ~ t'lllJ'UlJ'II'Ul~l~fl flU 703.18 tl'l 766.42 'Ult'UllJI'Il 

(ml'l~ 4.20) ii~ 1 11lu9'1 fl~ H ti 'U v vHii u EHl1fltlJ'YIHffi1~ (p>O.OS) u ~:: iiflum:: 'il1V1i'1'11V '~ 
Sl ' 

V~fllfll~~ l'1111'Ull'IU'l.J'l.JmjlJl~V1 (monomodal) ll~::U'l.J'l.J'H~lVmJl-1 (multimodal) (ml'lVi 4.21) 
' Sl 

'tYJ'UV11~cM'U'YI~VfliJVit~lJlJU~ 11'1t~fl9f'I'I~'U DElO !uv~:: 151~wth'I1Ufl Vl'l.J11'11'Ul~'IIV'Ifl'Ufl1fl . .. . 
QliJ<V ,;.~Q'j/ .s 'i ... "'.s ... 
llJ~ L'lllJ'U'il::tl'llJ'II'Umfl'UflV'illfl 517.79 tl'l 610.56 'Ult'UllJI'Il 'Yifltu'l1fllJ 30 tl'l 60 fl'lffliCJf~lCJfVff . .. 
u~::'II'U1~'11fl'IU~fl1fll~~~'II11'Uii'II'Ul~imy 811.48 ~'~ 1,234 .62 'U11'UtlJ9ll ~fJtu'I11Jil~'lfl11 

Sl " 

60 V~ffllCJf~lClftlff U~::iinllfll::'il1V~1'11fl~U~fl1fll~~ l'1111'UU'l.J'l.J'I1~1Vfl~lJ (multimodal) ll~U 
' ' Jl ' , ' 

l'Ufl ~ 'illflliju fltu '11 nil ff ~ ;i'U 1 tJ 1 ~ 'U u 1 ,Hh'U Vi~~ ~u u ~ nru Vl'U Vi ~1'11 u~ ~~~ i 'U 11 'U 'il ~ tn~ flU 
q " " cu 

d a oGtY G} QIQJ rid ..::::1 GJ91 
l fftlff flll'l Till lJ '1119'1 (denaturation) 'Yilt '11 fl11lJ ffllJl l t1 l 'U fl1 l 'il 'l.J fl 'l.Jfll l l 1 'il U 'U 'U €1 ~ €1 ~ lJ H€1 t '11 
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I I SJ I f J/ 

m{ 11~ n uuii~ fl~uii~u iiH1'\Jfl.:J!~fl 1 '\JiJu """.:J 11"::1.!~ lJ1tu m{ 1 1~uu u u rr1:: i u ~hu Yit~u'W 1 
<!I .d ,:~.~ .1 .!\ 

'YI'Iflri'1'I'Ym::"1fl UU1!~lJ'\JU (Gu at el., 2005b; Kim et al., 2002) UflfHl1flU{)l'iHUU~~1flfl1'I 

tll~vuull".:J~lli1~~1fl!fl~V1 (helix) iut~Ulfl~V1~1,jih~anvu (random coil) ~:;n~Vi~tu'YitJii 

U'I::lJltu 83 U.:JffW:ln'l!~Vrl' (Gu at el., 2005) 
. " . 

1flvl1'1 lU!!"'1fl1'I ti1vrrm~li'I'IlJ'!f19i'\Jfl.:J 11l'I~U u~nru~uViH1'\Jfl~!~fl i '\JiJu 
~I ..::::r..QJ ~4 .Q I d~QI~~ I .Q 

~:;lJf'lM'lUfl1'I!flflflUmmu1U'I.:Jfi.:J~fl (attractive interaction) 'I:;'H11~!lJfiL'\JlJUI~lJ'\JU l'lfU lflfl 

uH~.:J~fl ~~ ifi'I lrliJm~lJ~U rdfl.:J~1n11l"I~u!nflfl1'IT1"1v9i1 (unfold) ijf'l" i M'tnfltimnfi~ u1 
I I Jl I 

mui u 1lJmfJ"'I:;'YI·h~ 1lJmfJ" 11l"I~uiiQn~fl~uii~uiiH1'\Jfl~l~fl i '\JiJuu\Pln~1-:Jtiu ,;, i M'tnflu'I .:J 

~.:J~fl ~~if! 'I 1 vJiJnu":;Lnflllofi~ u1u"mll~vu i liflfl "i"~"tvJIPl (thiol-disulfide) i~Lnflfl1'I'I1lJ;11 
'\Jfl.:JI~fll'lliru (Surh et al., 2006) 

1600 

....... 1400 E 
c ...... .. 1200 
~ - 2°with15% MD-DEl 0 .... 
~ e 1000 ~ 

~ 
c 800 ~ 
~ 

E .... 600 ~ 

'a 
Q .. 400 Q 

200 

0 

30 40 50 60 70 80 90 

Temperature ("C) 

.d " ' " d ~ Q,l ~Q.I Ql Q fll't't'YI4.20 '\JU1fi'\JU.:Jiri'Uf'l1U'!JUUfl"1~!lJf!L'IJlJU (droplet mean diameter) '\Jfl.:JfllJ"'ll'UUjlJfJlJ 

u"::uir"i'un9ivnii~l~lJlJfl" 11Pll~ni'IP'l~u DEIO 1'ew":; 151flml1mJn ~fltu'Yinil 
q (\I 'I (\I 

"' 30-90 fl.:JffW:lm!l:b'Vrl' 
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(A) 

140 

120 90"C 

100 80 °C 

--,e 
c. 70 °C .. 80 
i! 
.! 
.; 60 60 °C 

40 so •c 

20 40 ¢c 

0 30°C 

10 100 1000 10000 

Particle diametel" (nm) 

(B) 

140 

120 9o ·•c 

100 80 "C 

"""' ~ 
~ 80 70 ¢c 
. ., 
I 
~ 

60 60 °C ~ 

40 50 "C 

20 40 "'C 

0 30 °C 
10 100 1000 10000 

Particle diameter (nm) 

' 
mnn 4.21 m'Jm~~1ti~1'\J6~6'4fil~l~~ i'tll!u (particle distribution) 't16~~l1~i'u'l.J~u.f.]fiU~~ 

' "' ' 
~l1~i'u'Yl~vflfivit~uu6~ Ll'lt~ncH'IPl~u DElO ~6v~~ Is1~wthwun ~6W11flfi 30-

q ~ q ~ 

"' 90 6~fl'1t9l'm9WTI' 

(A) ~l!~i'u'JJ~ll.f.]fi 

(B) ~l1~i'u'Yl~tJflfi~t~llll6~ Ll'lt~ncH'IPl~'W DElO ~6tl~~ 151~vJmtrn . .. 
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v ' 

ti 1t111lJ ~ 1.:~ff'mfl ~~ 1 'll "V .:~ l1 .:~~iT" cM'U u ~ lJ nil tm:: ~iT" cM'U 'Vl ~ vn ilih~ lJlJ "V" i \Pl-.-~ qJ q cu 

l~f1CJfiPl1'U DElO ~VtJ":: 15 i~wJ111'11n trl'Vf:J0!111JlJtJ;.:!~'U 30 ~.:! 90 V.:!ft'119l'"ICUtlt'l' 'Y'I1Ji1hiijti1 

U\Plf)~ 1-:Jtl'U VVNij'l! tlff1fl ty'Vll.:! t'I'O~ (p>0.05) (m'Y'I ~ 4.22) u":: trl m u~ tJ1Jt~ tJ1Jti 1tl11lJ~ N 
' v 

ff'nrJl~~1'\JV.:J~iJ"ci'U'YJ~tl1JlJ'fit~lJlJV" iiPll~f1CJfiPl1'U DElO ~'VtJ":: 15 it1mh11'11n (-38.84 ~.:! 

-45.5 iJ"i1i1"1i') uvvni1ti1t111lJ~1-:JffnrJl~~1'\JV.:J~iJ"i'UujlJfJlJ (-45.57 ~.:~ -50.87 iJ"i1i1",;') 

it1 tJ~.:Jtn1P1~1mrlv~ru 113Ji!~.:~ni1 60 V.:Jft'1t9l'mCifvtY ti1tl11lJ~1.:~ff'nrJl ~~1'\JV.:J~ir"ci'U 'YJ~tlfJlJ 

~t~lJlJV" iiPll~f1CJfiPl1'U DElO ~VtJ":: 15 it1vJ111'11n ~::"tl".:J ..f.:~~Vl~I~V~~1f1f11~~tlcM1J'IJV.:J 
o' A A o' A ""' .;,. .1 i I d~ : "' d i :~11 

tl1711~U'U'U"tl".:JU"::lJtl1~~1~U'U'UVff~::1'Y'IlJ'IJ'U 'U ff1'U'Vl11J'U'U111~Uff1~'Vl"::"1tJ 'U 'U 1 1~1 ff1111\Pl • 
I I Jl I 

'IJ u.:~m! ~1~u 'U 'U li ~tl ciulifJ'U li~1'\JU.:J1~t1 i 'llir'U "t1" .:~m v111i'.:~ ~ 1 n m~ iII i' m1111J! U'U i t1 vv ~mv 
v 

iunu'U11u1il 

0 

-10 

-20 

s; 
E -30 '-' 

] .... c 
~ -40 .... 
Q 
c. 
I 
~ 

-50 

-60 

30 40 50 60 70 80 90 

Temperature ("C) 

fllff~ 4.22 fl11lJ~1-:JffnrJl~.Yh (l; -potential) 'IJU.:J~iJ"i'UUjlJfJlJ1m::~iJ"ci'U'YJ~tlfJlJ~1~lJ 
i d.,IQ " : ~.c:: Ck .d 

lJU" \Pl1tlf19!'\Pl~'U DElO ~'VtJ":: 15 i~W'U111'Uf1 'VlU0!11filJ 30-90 U.:Jft'119!'"19l'tlt'l' . .. 

1 fl~ .:~ff! H'Vl1.:~~ "n 1fl'IJ tN 'Vl-ln 1 fl1~11 i 'lliT'U 'IJ u.:~ ~iT"i''U 1.11 lJfJlJ u "::vir "i''U 

'Vl ~ tlfilJ~I~lJlJ 'V" iiPlt~f1CJfiPl1 'U DE 10 ~ UtJ":: 15 l\Pl vJ111 '11 f1 tlWJ'U h1'i1..f.:~~iJ"i''U U~lJnlJU":: 
q cu .:1 cu 

iJiJ"i''UVJ~tlfJlJ~l~lJlJU" iiPl1~f1CJf111'U DElO !'tltJ":: 15l11tJJ111'11n iifl11lJfl.:J~1~Ufl11lJ!'tl'U~ 
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(A) (B) 

(C) (D) 

(E) (F) 

(G) 

(A) 30 °C, (B) 40 °C, (C) 50 oc, (D) 60 °C, (E) 70 °C, (F) 80 oc !!"~ (G) 90 oc 
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(A) (B) 

(C) (D) 

(E) (F) 

(G) 

fll'W~ 4.24 1m~ff!1~'YIVI~Cif11t1 (optical micrographs) ~fl~fl'4f11t1!~~i"~'U~fl~V~CicM'U't'J~U!JlJ 
~~~lJlJflCI 1~ !~flCJf~~'U DElO !fJUC~:: 151~uJ'1l1\!f1 ~f.JW'H!JlJ 30-90 fl~fl'1!9mttiffJff 
(A) 30 °C, (B) 40 °C, (C) 50 °C, (D) 60 °C, (E) 70 °C, (F) 80 °C tm:: (G) 90 oc 

" fll'i Hi1 ~ UCI:: fll'i tn'U f f11:11~ flfl W ~ fl'l:l ru:: ~fl.:JU 1~ 'U .:J 1l 'U nJu 'lJ 'lJ H.:J I fl'UU t11.lClf!CI 'YI . ~ ~ 

1 0 " ' ... 1 d Q,/ .d ~ ~ , 
~fJfln'YI1U'H.:JU'U'U'W'U~'flfJUCI::!fl'U':if11:11'YI 3 fffll'J~ fltl f.JW'H!Jl.l'Hfl.:J (26.86 ± 

.ct Q •d .c1 Q ra d 
1.10 ti.:Jfl'1!9fC1!9Wff) f.JW'H!JlJU'lHfJ'U (2.69 ± 1.58 fl.:Jfl'1!9fC1!9ffJff) UCI~f.JW'H!JlJU'IHfJflflU'U~ (-18 ± 

' " 
2 tNfl'1!9fC~!CiffJff) !~'Ur:JCll 30 -J''U ~1'U1WHC~Hi1~fiHi1~ i~ UCI~fll'iffillti'ffJ'Ufl.:JU1~'U.:J1f11ti'H~~'il1f1 

~ ~ 

" ' 
fll'ilhuli' .:J ~'i1'il ff'fi'U~W ~fl'l:JW::'U 'fl-:jlJ 1~'U -:j1 i 'U ~l.lu 'U'UH.:J!fl'UUfll.l~tCI'YI yj Hi1~ i~ ~'fl 1.l~1J1W 

" " " fl11lJ~'U (moisture) 1.l~lJltuU1flff':i~i'U'fll'Hl':i (water activity: aw) tm:: 1t1Hff!W\HNU1~'U.:J1H.:J 
, , o'C> Q I 

~1fJf1Cifl.:J ~CI'YI'i'ifl''U 'fi!Cifl~':i 'fi'UU 'lJ 'lJ ff'fi.:J fl':i1~ (scanning electron microscopy: SEM) UCI:: 

" ~'i 1'ilfft:~uu 1~'U .:j 1 i 'U 'j 1.1 u uu H.:J tu'U u t11.l9ft'Cl 'Yl m u'H ~.:Jm':i tnui' f11:11'U 1'U 3o 1'U ~f) m':i ~'U n ~ u 
"' "' 
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" . . tn utiil-cti'u m"I-ct::-ct ltJ'IlV·nllilu~lH~ ue~::fh i Vl1 vm{ihJ~ n u ff~~~~m'I N'Vi 4.1 ue~::m'Y'I'Vi 

4.25-4.30 
" . 

H" m 1 VI~" fl ~V'11J 11 HL'I Hfi f1 tm:: fll'l ~tlJI iY tJ'IJ v~ tl1 iJ u ~ 1l u t u u 1J 1J H ·:UV u u flUttrmVIVi 

Q ,d I )} J} 0 Ql .J d "J ~ I A ~ Ql 

H'Ctf1l~1Jfll 'lVtJL'\:: 86.73 UL'I::'lVtJL'I:: 13.27 f111JL'Il~1J (f1l'll~VI 4.1) ~::t'I1'U M'Jlf11'IHL'If1'Ul1J'U~l 
I I I J/ 

H~U 1J 1J tfl'U II fl UCULL'I VI 'Vi VI~ L'l fl~ ffl1J lHl L M H'Ct H~ f1Vi ~~II Cl:: f11'I "Jqj t if fJ'I:: 'Yi 11 ~ f11'l H~f1 ~ 1 tJliJ'U ~ 1 

. " " .I ... "" i ,... I """ , - I"" 0 "" 'I 
H~IV'UUfliJCULL'IVIVIHL'If1 ~1Jfllfl111J'l1'U 'lVtJL'\:: 3.19 ± 0.42 UCl::IJ'I1JlW'UlVff1:: L'UVl'Yil'I 0.28 ± 

, , l ... Ia Q " d • •ct o' a Ql " ~ 
0.06 V'11J1lfllfl111J'l1'UIIL'\::IJ'l1JlW flff'l:: L'UVl'Yil'l 1Jfllflg L 'UlnW CV11Jlf1'lJl'Ut~tl1f11JVl'Yil'lll 'Yi ~ C)f~ 

" " i$i'nnntil'YI'U~U~1JlWfl111J;';ulle~::u~1JlWU1Vff'I::ium'Yil'I U'I::1Jlru !mm:: 2 ~~ 5 uL't::U'vv 

nil 0.6 m1Jih~1J (1-ctTlWV ~~~ty~h::m::QL't, 2539; Celestino et al., 1997; Masters, 1991; Stencl, 
. " 

1999) ffV~fl~v~ti1J~1'Ui~tJ'IJV~ Turchiuli et al. (2005) Vinlnnffm:nm'liV'UIIflUCUmi'utllil''U 

$11vilim"In1u M' ~u 1J1Jvlu~vmtL'I::11i nwvJ "fl~ i~C!f'11J~ V'11J·:h11i m"I u M' ~tt1J1Jviu ~fl t1 ( f!W 'Yi niJ'IJ 1 'ij • ., 

1-u'1 200-220 ± 2 V~ff1L9f'Ctl~tlff IIL'\::~W'IHJiJtllVVf1 100-130 fl~ffl19fL'IL~tlff) iiu'l::ffVIDfll'Yi 
. " 

mnn1111imnJ~fj~ i~cH!1J~ LUV~~llf1f11'lnlUM ~111J1Jvi'U~Vtlffl1Jl'Im1 t)~1JU1i!'U c! tJtJCl:: 4. 7 ± 

\tfP ' Ad .Q ltJ " " ~ A ~ 0.0.45) L~l1Jlf1f11111if11'lvl~fl~ L~C)fi1J~ ('ltJtJCl:: 4.4 ± 0.7) U'I1J1Wfl111J'l1'U (:!tltJL'I:: 3.8 ± 0.9 IlL'!~ 
" . 'i' .I"" 0""' 'I 0 I , , 

:!t'ltiCl:: 6.0 ± 2) 11Cl::IJ'I1J1W'U1tlff'l:: L'Utll'Yil'If1lf111 ('IVtJ'Ct:: 0.1 ± 0.03 UL'I::'ltJtJL'I:: 0.16 ± 0.06) 

I J} 

VITn·rn 4.1 m'I H~f1tm::T,Jru"'n'l;lru::t~tJ~tllilu ~1 i u~uu1J1JH~tvullfl11ttrmVI 

H-ctH~f1 (fmm~) 

"JtlJLfftl (!tJtJL't::) 

" fl111J;';'U (moisture) (ftJtJ-ct::) 

" 
tJlflff'l::'l'Ufll'Hl'I (water activity: aw) 

86.73 

13.27 

3.19 ± 0.42 

0.28 ± 0. 06 

" . 
"f1'l;JW~ 1m~ fff Hfllti'U Vf1\ltJ~tJ1iJ'U ~1 i 'U ~UU 1J1JH~ttJ'UUflUCULL'IVIVi H~f1 ~~ iinn 

I 'J} d \t( Ql I 9J o' G.l d 1s) Ql .ct GJ I 'jl l ~.Q d. d 

'H fl'!11J'Ilfl~t1J~ L 'IJ1J'UflV'U \ll~ff1J\j 'IW ff ~Lnf1 ~ lf111J~ L 'IJ1J'U 1J'Ct f1'l;l W~ fiV'U '\Jl~ f1L'\1J V'I'UVI Hdt 'I t11J 1J . " . 
Ql QA 0 Ql I d Ql Q A 

'ltlti'H tlf11tL'I::'ltJti'U'UVI H1\ltJ~'U 11J'U ~1H~1J Hff1'U (fll'Y'IVI 4.25) 'I Vti'H fJflUL'I~'I Vti'U'U1J'I 11WH1'\J V~ ., ., 
dli)QI Q Jid G)j,/ ,., Ad lflr/ A Ql Ql 

!1J~ L'IJ1J'U tll~lf1~~lf1!1JV1Jf111 L'Hfl111J'IV'UV'ItJ'Ctll9fflfll L'l~ Vl~Lfl~fll'Ifl'Ctltlf11'\JV~V'I'U1i~ 

l'J 1 0 i" "" d , """ "' "' ..,; d """' , ~~ ~'It~'U Vll 'HV'ItJL'IUCJfflfll 'I~tfl~fll'IV'ItJ~f11!!'Ct~!!l'lfli'I1VVfl U'Ct::t1JtJW'UL'\~~~1J'Ctf1'l;JW::'IJ'U 

m1~'H~vn"'fl'l;JW::!~'UL~L'I (Until i' I'I'U lU'U 'U vi', 2545) 'H ~ VVl'ltfl~ ~ lf1f11'j ~1Jn'U'Yi ~ mm~ nri 1Jti'U • . " " 
'IJV~V'Ivi1u~nm ~h~~1vtiuw~ ;~n 'ltJtJ~ u Vi ~1'\J v~tl1il'u ~ 1 H'l u tJn ~1ni1 m~tn~ui'I'I lfll'I u ~'I ~Pi 1 
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a SJ "" a 1 'l a .II 
'\ltl\l~l'HfHltl1J'lf1"\IU"~en~~~~fl~ft"J1lltJ~'I1~'U 'U1~1J1J'\Itl\l~l'Hft"fl1J~\I (Jafari et al., 2008) C!f\1 

~fl~ft~tl\ltl1Jfl11fffl1:l1'\ltl\l Sheu and Rosenberg (1995; 1998) ~ll1fl11fffllllfl1n'~hmuum.J1{m'Yl 
'\It~ 'I ith~unvu"~m{11J 1~1~1 ~~huilim1Vi1uM' 'IU1J1JviuNvu YllJ';hff'~~hu'\lt~\1 ith~unv-
11J 1 1 1 d .t "' .d, .l ~ • 'l SJ ..s"" ..s .... a 
ttl C)fl"'Yl~fllltl" m~flCJfm'ULYlll'\I'U (1:19 ~'Utl\1 3:1) 'Yl1 '11t1'4fllfl'\lfl\IH\IlJH"J11tJ1J 1fltJ'I1tJfl'I11U 

+ ~ .JfV ' 0 Ql ~ Ql .c!!l j) .JJ .d~ " 
1 tJ tl'i.J llfll" \1 'U tlfl~ 1 fl 'U tJ \1 ~1ll U tl 'lf"JtJ ~ 1 fl~ fl11 !fl~ 1 tJ tJ'I1 tJfl'l1 1 fl1 U tJ!"J1'Vl Yl 'U 'Vl H"J'\1 V\1 H\1 ~ 1 tJ 

I d "' 

1'lf'U1~tJ"Jfl'U 

lllvt~ 4.25 1ft 1 'I fff H '\1 u nJ1 iT u '11 H\1 ~ H 1 'U n n Vi 1 u M' 'I 11 1J 1J vi 'UN v tJ ~ "JtJ n ~ u \1 ~" 'Vl 11 ffoU 
Ad 1 .d:ocv 
U!f1fl~'Hl'UU1J1Jfftl\lfl11~ (SEM) 'Vlfllfl\l'\ltJ1tJ (A) 2,000 Ufl~ (B) 3,500 

u'lft~tJ u?~~t~ru'H.f1iiu'lftv€Jmt~'~ t~tJn~tJ~tTf\1 30 -!tJ iif11f1~Cl'~ hJu~n~1'1ntJt:~V1'1iit!mhfl'nl'Vl1'1 • ., u 

"""' 1 ' ~ " " ~I " ~ .d ~tl~ (p>0.05) ~tJftlfl11f1~f11tJ111J~'Uf1~f1\1~1fl 1VtJf1~ 66.581u'U1VtJf1~ 53.90 tl\1 55.17 (flWI'Vl 

4.26) 1 ~ t~m'l" f1 ~ f11tJ~"~ fl\1 'l u 1 ~'111Hm1L~1Ji' m:niivv11" 1t~il ~~ u~~~ tJ"J~ v\1 1-iu m1 1n~ H~ n ., 
: d J "'i d .... ?I Sl 

'U1t1'\J\I ft"J1ll'lf'U~\I !!"~~W'I15Jll 'Ufl11!fl1J1fll.l111J'U~'U (Kudo et al, 1990; van Mil and Jans, 

" 
1991) 'U Ufl~1flU1il11J'lf1~'\IU\Ifl"J\}flf1~f11tJ!!f1::fl"Jll1f1::f11tJ ft 11ll~ 'U '\J'U 1~'\ltl'ltl'4fllfl Uf1::fl11 

dd I d Ql 

fl"J'UHffllflllf-.lfl!'lf'U!~tJ"Jfl'U (Rahman, 1995) 
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illf'f'fl 4.26 fl1Hl:::~1t.J~V~'UUJ'U~1f.I~'Yilfl1J~fl'l:J1 3 ~1111::: fiV fJW'MfJlJ'MV~ (26.86 ± 

d. A td od, A 

1.10 V~ffWlf~L'lft.J~) VW'MtllJU'lHt.J'U (2.69 ± 1.58 V~ff11'1f~l'lft.J~) U~:::VW'MtllJ 
q ~ q ~ 

, a d a ~ Q,l 

U'b'WVflU~~ ( -18 ± 2 V~ff11'1f~l'lft.J~) 11J'U~:::t.J:::nr;n 30 1'U 

" m 1~ ~V1J flU fl'U ml 1Jl iJ 'U uiJ ~eMU~ tHU1iJ 'U ~ 1f.l~ ~ 1fl~'U 1~ U ~:::flU m::: ~ 1 t.J~ 1~ V ~ 

tJ'41llfll~~i~l!u u~:::~1fl11lJ~NffmilvHh ~Lnui'n'l:l13 ~m1::: fiv ~ru"MtJiJl1'v~ ~ru"MtJiJu•Jhvu 
Q I .4!1 d d CV I d ~ Q.l : cv ,J d 

U~:::fJW'MfJlJU'b'WVflU~~ 11J'U~:::t.J:::rl~1 30 1'U 'Vi1J11~'U1~t'l'41llflllJ~ L~lJ'U~tH'U1lJ'U~1f.I~'YI1fl1J 
Q.l .d. .c::a Sl ..::::.. 1 d a • a d A i ,,1 Jt 
m'l:Jl'YifJW'MfJlJ'MtJ.:J ~W'MfJlJU'b'W'U U'fl:::~W'MfJlJU'b'Wt'lflU~.:J lJ~'U1~ 'Mqj~'U llJtJ~:::tJ:::rl'f11flU 

d Ql .1 ~I .<9 'i .!I 'i & 
LfllllnlH\..11'\.l'\J'\.llJfl1 569.33 (I~ 935.35 'U1 !l.!llJ~1 569.33 f:l~ 711.57 'U1 !'ULlJ~l U~::: 569.33 ti.:J 

' " 
787.73 u1iu1lJ~~ ~11J't11~u (m'ViYi 4.27) u~~m1:::m~tnui'n'l:l1-.1'~ 3 ~m1::: hiih~'fl~t~fl11lJ 

u~n~HnumiHihr vrl1tity'YIH~ii~ (p>o.os) ri1um~m:::~1v~ 1'\JtJ.:J v'4mfl1~~ i ~l!u ~v.:J 
, ' ' , 
lhii'u~,H~Yitnui'n'l:ll 3 ~m1::: ~m~m :::~1tJ~1~tJ.:JtJ'41llfll~~ i 'Ul!u ili~1J1t~lJtJ-.1.:Juuu~v.:! 

nrilJ (bimodal) U'fl:::um.m'flltJflrilJ (mu1timodal) 1~tJ~~'Ul~tJ'UtlltU~~ i~l!um~tJ~:::'Mll.:! 95.07 • • • 
.<9 1 .,; tl.:! 3,219 'Wl UllJ~~ (m'Vi'YI 4.28) 

" ' ' 
r;hu~lfl1llJ~l.:!ffnrfl vJvh~v.:!llll!u.:!lH.:!Yilnui'n'l:Jl 3 ~m1::: 'Vi1Jlll;jv,fiui'm:n i 1 

u1u 30 -!u ~lfl1llJ~l.:!ffnrfl vJ~,~~,'fl~M 1~mf,iru~1H.:!~tnui'n'l:ll~vru'" 1liJ1-i'v.:!~~,'fl~'f1.:! . "' 
~ ... ""1 ~ A 1 d d 1 £'1 A A1 <I 

~lfl-37.2311J'U -25.81lJ'fl'f1 1Ml ~W'MfJlJU'b'W'UlJfll'fl~'fl.:!~lfl -37.23 l1J'U -28.47 lJ'fl'fl 1'f1~ U'fl::: 

~W'MfJlJU'lhVVflU~~~~l'fl~'fl.:!~lfl -37.33 1iJu -32.02 lJ'f1iJ1"J'f1~ (m'Vi~ 4.29) fll~LO~L~fl.:!~lflUH 
Ql I d11t01 ... .<9 I d'JQid.l I GJV 

H'f1fl1:::'M11.:!1lJ~ L'IJlJ'U'f1~'f1.:!H'fl:::lfl~U H~.:!~~1:::'M11~1lJ~ L'lllJ'Ul'VilJ'IJ'U ~.:!H'fl L 'M'IJ'Ul~tl'Utllfi'IJtl.:! 
"' q 
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~~~ 1'1lil\un~m·nm~n~lJti'tmlvmn1lJ~·;Hiu (nwl~ 4.27 tm~ 4.28) fftJ~flnv~tiu·nui~v'llv~ 
" Klinkesom et al. (2005b) 1~vhnnffmllfl11lJfl~~1'1Jtl~~ir"i'uu1irulJ'I11iul1.JuuurmtluumJ-

.do .c!l ! 1 ~ ,Jd Q.l .c!l Cll .c::t 1 

~!(l'Vl'Vll'llfil~!fl(ltllJ'b''Uflt:l'b''U'VllfllJ~flfl1 2 fffll1~ flt:l ~Wl11JlJ 20 !1(1~ 37 t:l~ffW1f(l19fVff 'YilJ11 

" . 
fll ~ fiu mr lJI ~ 'U ~iT" iu 'Ut:l~ -u 1lJ 'U lJ 'tJl rl~ Vi~ w l11J ii 3 7 tJ Ul'l!9f(l ICHV ff ij ~ 1(1~" ~ (ij'IJ 'U 1~ 

" . . 
t:!'4fllm~ f1 1 'Uiru 'IJ u 1~ i 11 qj) n·hu1iru lJlllVitnui' flfl1Vi ~w Mt;Jii 20 v ~ ff1t9f(lttHVff m 'illn~ 

1200 

,...., 
1000 E 

c ._, .. 
Ill .... 800 Ill 

E 
Ill ~ 
:;; 

600 c --Ill 
Ill 

E .... 400 Ill 

~RT -
Q. 
0 .. -T4°C 
Q 200 

-.-T -18°C 

0 

0 10 20 30 

. 
~ _1!1 tl dlt)QI QJ .a QJ 

lllVfn 4.27 'IJ'U1fl'IJt:l~ln'Url1'Uf!I''UVflll1~1lJfl t'IJlJ'U (droplet mean diameter) fllVl1ll~fil~fl'UfllllJ 
" . 

ttlu~ir"i''U'Ilv~u1iru~1r~~Vitnui'nfl1 3 ffrt11~ fiv ~WMIJii11'v~ (26.86 ± 
.cl Q I d .c::t Q 

1.10 t:l~ff119fll19fVff) ~Wl11JlJU'b'W'U (2.69 ± 1.58 t:l~ff119f(l!9fVff) U(l~~Wl11JlJ 

·~ d .c:t ~~ Ql 

U'b'WtlflU'IJ~ (-18 ± 2 t:l~ff119fll19fVff) !IJ'U~~V~I1lll 30 1'U 



83 

(A) 100 

80 

- 60 
~ 
~ • ;! 40 

20 

0 
10 100 1000 10000 

ParUde dl.a.m eter (nm) 

(B) 10() 

eo 

~ 60 3 0day s .. • 
! 

40 20days 

20 10 da)'S 

0 .lo.-------------~---«!:~ ... .-!!...._-~-,_---1 0 day • 
10 100 1000 10000 

ParUde diameter (lnll) 

(C) 100 

eo 

e 60 30days 

• . 
~ 40 

2.0days 

20 10 da)'S 

0 
,.. ___________ _,,_j>-----4..-t~~-o!'!-----="'1...--J 0 days 

10 100 1000 10000 

Pa.rttde diaw.~ter (nw) 

lll'Yt~ 4.28 fll'Hl'l ~'ill ti\Pl 1'1J tl ·HJ 1i fllfl!~ ~, 'llli'U (particle distribution) fl1 t1'11 ~.:J fll'l;)'U mi'U 
" . 

t~uiili~i'U'Ilt!nhliu.:JlJ:NVit~'Ui'mn 3 fffl11~ ;lu t~tu'l1.fliJ~u.:J (26.86 ± 
• OJ 

.c:! ~ 'd .d. ~ 
1.10 t!Hl'Wlf~19ftlff) 'QW'11f.JlH1'1Hti'U (2 .69 ± 1.58 ti.:Jfl'119fm9ftlff) U~~'QW'11f.JlJ 

'~ d d ~ Q.l 

U'lfWtlflU'IJ.:J (-18 ± 2 tl.:Jfl'119f~19ftlff) 11J'U1~tl~11m 30 1'U 

"' !II "' (A) tltu'l1.fllJ'I1ti.:J (26.86 ± 1.10 ti.:Jfl'119f~19ftlff) (B) 
• OJ 

"' ' d tltu'l1.fllJU'lfW'U (2.69 ± 
q OJ 

.d. ..:::. '~ d .d. 

1.58 tl'lfl'119fm9ftlff) UCl~ (C) tlWl1.fllJU'lf1tltlfll1'1J.:J (-18 ± 2 tl.:!fl'l19l'C119ftlff) 
q OJ 
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. " . 
m'Vfn 4.29 fl111l~h~ff'mflvHh (l;-potential) mvM""~fll'~fiumiut~uvl!~cM'u'Uu~thl1tH1~~Vit~u 

Gl .:!I .c::r.i/ A .c::t. td 
'lfl1:11 3 tHl11~ flU ~W111J1l11U~ (26.86 ± 1.10 U'lfi'Wlf~I9W~) flW'11fJ1JU'lfW\J (2.69 

± 1.58 U'lfi'Wlf~l~tJ~) ~~~~flW111Ji1U'lflVUflU~'I (-18 ± 2 U'lfi'Wlf~l~tJ~) 1~\J 

'l~tJ~I1~1 30 l\J 

~1fl~1fl'Hl il'llUU1{UlJ~fl (Thiobarbituric acid: 
:QI .dd 

TBA) 'UU~\J11J\J'I1~'1l'llflU 

Ql .a .c:.i} .c::t. td .Q 1.!1 d ~ Q.l 

m1:11 3 ~fl11~ flU UW'I1f11J'I1U'I UW'I1f11JU'lfW\J ~~~~UW'I1f11JU'lfWUflU'U~ 11J\J'l~tJ~I1~1 30 1\J 
q 'V q cu q " 

1fltJfl11l'lfl~UUfl':ifl i l'11um{ UlJ ~ fl ii fl~ i fl111flfl11 ~ ~i'iflnrut¥1 ~1ntlun~ tJ1UUflcH!fl,r\J'IJU'I m fl 

i'lll1w1rufl i1J~11~1 ~dhtlun~mnumfl il'11um1illJ~n.Yh 'llftnflff ~.:~tnfl~1ntlun~v1fl1uutlu 
... 1 ""111 .. ~ 0 'l S/ Q Q a I 'l S/ S/ 'l 
flU1J1 ~\JU~fl Hlfl (malonaldehyde) Clf'l~~l'11 '111flfl~'lf1JX1Ufl'l 11JU~1\Jfl11 '11fi11111U\J \Jfffil'Y-1 

I I 111 1 o'a Q Q I .I a Q d "' .I 1 

fl':ifl (Egan et al., 1981) l'IU11fllfl':ifl tl'l UU11UlJm1lfll~~'U\J !1JU1Jfll'llflU1fl1:11\J1\J'U\J {fllfl':ifl 

111 1 "'"" "" "" I ~ .I " ?I " ~ 1 I 111 1 "'"" "" tl'1 UU11UlJ1fl1Jfl11Yl1J'U\J~1fl':iUtJ~~ 0.15 lu\J1Ufl~~ 0.37 (1'1 0.42) fltJfll tl'l UU11Ul'J1fl'UU~ 

:QI .dd Ql .d c:.il 9) .c:lt tdd Ql .d ...:::. td u 111 u .:11 ~'ll'llfl u1 fl1:11l'1 uru 11 f11l 11 u.:~ ( 1 u v ~ ~ 0.42) 'il ~11m n 'lfl11l'llflU 1 nml'l uru 11 f11JU 'lfW\J 
q cu cu q cu 

!jl 1111:). I .:!f d 9) .:k lfl I f Q.l I .c:l. Ql 0 Ql ~C:. 
(1UtJ~~ 0.38) ~~~~flW'11fJ1JU'lfWUflU'U~ (1Ufl~~ 0.37) Clf'l t1JUflflm'lfl\JUtJ1'11J\JtJff1fltyl'll'lff(lfl 

I I I Jl 

(p>0.05) (fll'Y'lfi 4.30) ~~~~1fl':iflUl{UlJ~fl i uiufi 5 'UU'Ifl111~Ulfl1:11'il~ii~11Vl1J~\JU~N11fll~1 
. . " 

U 1 'ill ij U~ 'il1fllflfll tJ~ tJ\J II tJ ~'I fJ W ff1J U~ 'Vl HI fl ij II~~ 'Vl H flltJfll'Y'l 'U U 'I tJ 12! \J '11 ~~ i \J 1 ~ 11·h~ 
" " f1111~Ulfl1:11!'tiu ff fl111l;\J ~~~~tl~mrutl1~ff1~iut1111n 1~\J~\J ('1111Yl'Y'IV th h1111, 2550; 

"' 
" 

Klinkesom et al., 2005b) \Jtlfl'illflUtJ~tl11llflfltlUi1~tJ1YltJi'1!1ltJ1i11ClfcM\J (polymerization) iun11 
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" gu'l t'liu t~iiu nHJ~::i11u u~::ff11~1u~~lJ~Vff-s:: ri·u~~i'l1tnfi1.Ji)fi~u1ihh•n~tm::~n 

tnfi1.Ji)fi~m~~f1~tfli'Ut~lJ~lJ~1m'!fut~t.rJnlJ (Zamora and Hidalgo, 2005) 

0.5 
'7;' 
'a 
E 0.4 ~ .., 
bll 

~ 
~ 

"C 0.3 ;.-. 

-= ~ 
"C 
"; 

~RT 

c 0.2 .5! 
~ 

E 
bll 
E 0.1 ._, -.-T-18°C 
< = Eo-
r- 0 .(0: 

0 5 10 15 20 25 30 

d I i 1 o'a. Q : Q.l .d d QJ 4111!1 Q 'j} 
fll'W't14.30 fllmfl 'VI ~1.J11UlJ1f1 (TBA) 'IJ~~lJ1lJWllH~'Vltf11J'l'f1fll 3 fffl11:: Tl~ ~W'I11Jlll1~~ 

4 a. 1d A 

(26.86 ± 1.10 ~~fl'Wlf~tttftlff) ~tlll11JllU'lfWlJ (2.69 ± 1.58 ~~f11tCJf~tCJftlff) U~:: 

" \11nf111ffmnn1'l Hil~u~::m-s t~ui' fi'};l 19l~Titu "'f1'};1 ru::'U ~~ u 1l1u ~ 11 u 'ltlU uu H~ . ~ 

.I I ... 1·1 d .. 31 " .1.1 .. "" 1 d .. ""' d tvlJttfluCUt~'Vl YIU11ffl'ltfl~~u ( u'l~unm'lllJ'\JlJ ttfluu1-fl11'l1\JtttJ'Utt~::lJ~~ ~tflf1ttf~'l'U) lJ 
" . . 

'l.h::ff'Vln fi1Yl i u m-s...; m!llu 1l1u ~ 1Vi ~1u m:: u 1u m1 Vl1u '11 ~u uu.Wu ~~u u~::t~ ~Vl1m1 t~ui' f1'};1 1 
.d. ,a a.!ll a. rd .:::to 1.a d d .., 1 

'VI 3 fffl11:: Tl~ f.2tll111Jll'l1~~ ~W'I11JllU'lfttl'U U~::~tu'H1JllU'JHU~f1U'\J~ tiJ'U'l'::tJ::t1~1 30 1'U Yl1J11 
:., i .dd Q.l d Q ld Qt.!( d d 

'U 1lJ'U ~ 1 'U l U U 1J 1J H ~ t~'U U Tl UCUt~'Vl 'VI t f11J1 f1'};1 1 'VI ~tu '11 1J lJ U 'lHtJ'U U~:: ~ tu '111Jll U 'lfttl~f1U '\J~ \1:: lJ 
. " 

~~11f111 f111 ~ ::~ 1tl f11'lfl'U f1"' Ut~'U v1J"i''Utt~::tnfl~~f1~tfl iu 'fl1n '"JlU 1lJ'U ~1 i lJ 'lUUUUH~tu'U 
~ 

.d d Q.l ,J Q " Ql ~ 0 9) ' .. 1 d Q.l .d 
UTI ucut" 'Vl'Vl tnu1 f1'};1 1'Vl ~ru M1Jll'l1 ~~ fi~'U u m:: u1u f11'l'V11 u '11 ~ u uu'Vi u H~uu ~:: m 1 mu1 f1'};1 1'Vl 

. . " 
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