
' '

lfJ!l/4 .::! 4 4 r � � o v Ill 
Nil AUA'WfJ qwn 1 'WnAfl ijf) 'JJWi'lfJU'iUiJ:;:'Jfl 1U'l-Uf1'H 'i'JJl;f {(-301fJ 

(Fruit coated mineral supply for healthy aging) 

"" <=! "" ,I ,I "" QJ 

** fllf
f
JGJfl!fllJ fltU�1'VlcJ7fl'7'ff � 1 11W7r;J-;Jfl1 tUlJtt71'Vl cJlr;J cJ

1m�nmiou 2.6-index 2556 



" 

<J1'U1�vil'l�i'u'l'J'U��'H�'Uf11'.i1�tH11m�'W-:nJ·1h�mruu�'U�'U 1h��11kmh�mo1 2552 i'lfil�'l'l7'17'W 
' " " 

•1rn,rnul'lru flt11'1J'U1�v 1iitt�Lrn�1fl� uii� il1i'l1'lf7Li'l" i'lru�1'Vlmfi11:Y�{ 'ilW7'1<Jmru:i.J'tt11'VltiTifo 'YiL�eiLvhi
. . . 

' ' 
� .ti .c:f O Q.1 0 �QI t i'l'.i el <ll.Jel ll '1� flil l'U 'Vl fll'H '.i'l.J'Vl 11 'il tJ 

im�mniou 2.6-index 2556 



'UY1r1v1cle1f1Tll11m.1 
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Abstract 

In this year, we have conducted our research on three different aspects. Part I, we developed a 

preparation method for oil-in-water emulsion coated with tertiary and quaternary polyelectrolyte layers and their 

improvement on the oxidation and creaming stability of omega-3 oil-in-water emulsions. The tertiary emulsions 

were prepared by coating secondary emulsion with alginate (polyanonic). Last, the quaternary emulsion 

coated with caseinPDADMAC-alginate-PDADMAC could be synthesized. Oxidative stability of the tuna oil 

emulsions was measured by using UV-Vis spectroscopy via ferric thiocyanate method. Physical and oxidative 

stability of the multilayer emulsions were found to be improved when compared with primary emulsions. 

Multilayer emulsions could increase the oxidative stability over primary emulsion at day 4 and 5 of storage. This is 

because the thicker layer of multilayer emulsions and the cationic charge on the droplet of secondary and quaternary 

emulsion can prevent the droplet from the oxidants. The creaming stability of secondary, tertiary and quaternary 

emulsion was also increased around 29.78, 45.70 and 65.38% compared to the primary casein emulsion at day 7 

of storage. Part II, the leaching of added ferrous ion (Fe2+) in the prepared biopolymer film back into aqueous 

phase was evaluated based on the complexation with NH
4
SCN. We found that the amount of leaching ferrous 

ions from chitosan film was smallest compared to alginate and gelatin films. This phenonmenon is the result of 

swollen rate of chitosan is slowest. The effect of polymer concentration on the leaching amount was also 

investigated. The ferrous ions leaching from the higher concentration polymer film were smaller than the one 

prepared from the lower concentration. This trend was observed from alginate and gelatin films whereas the 

leaching of ions from chitosan film was independent from polymer concentration. Chitosan film was also 

crosslinked with sodium citrate to decrease the leaching where we found a slightly different result between non-

cross link and crosslinked polymer films. Part III, the objectives of this part was to investigate whether the bio-

coating could act a barrier and prevent the water loss when compare with uncoated fruits. Shelf life was monitored 

by collecting percent weight loss of coated fruits for 7 days. In comparison with uncoated fruits, the 2%w of 

crosslinked-chitosan film (Mw 58,000 g/mol) showed the best performance on decreasing the weight loss by 10%. 

Last, a method for the surface modification of fruit was developed to increase the hydrophilicity of surface. The 

benefit of changing the surface properties of the coated item is to improve the coating efficiency of chitosan. The 

method used is based on the deposition of polyelectrolytes solutions on the fruit surface. The hydrophilic property 

was evaluated by measuring the contact angle values of coated fruit surface. It can be seen that with the deposition 

of only 4 bilayers of polyelectrolytes, the surface contact angle is hydrophillicity, which could improve the 

chitosan coating very well. 
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i:T1l!� 1 f11'Jl\91�£JlJlJ"�mwtJ{oir"'ll'Ull":::fln1llfl\9l'Jlfll':Hflr!UQO�fJTeltlf1'!itri'll'U
1.1 f1 l'J'l'l rl" el�

1.1.1 f11':il\91�£JlJ tertiary and quaternary emulsion
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1.1.2 f11'J1rlf11'Jlflr!UQO�£Jltltlf1'litri'll'U'lltl�'WllJ'UiJ'Ul
1.1.3 flf1'1:llr111lJlff0£J'J'\JMOlJ"'ll'U�l\91�£JlJl$i'

1.2 r-mmrnri"tl�
1.2.l f11':il\91�£JlJ tertiary tm::: quatemaiy emulsion 1:::urnr1tii'U-PDAD-fl";l'W\9l-PDAD
1.2.2 f11':il\9l�VlJ tertiary emulsion 1:::urnr1tii'U-lrl 1\9l'lll'U-fl";t'U\9l
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1.2.3 f11'J1rlf11'Jlflr!UQO� £Jltltlf1'!itrii''U 'lltl�'W 111"1-il'J'U 1
1.2.4 flf1'1flrl1llJlff0£J'J'\Jtl�Oir"i'U�l\9l� {JlJ 1$i'

1.3 rriur-mmrnri"tl�
i:T1l!� 2 vivll'UllffOV'J .fl1Vl"1tl�Yhi°lJ'Ul��iim1t�lJlf1fttlll'.iM iu
2.1 f11'J'Vl�1"tl�

� o::i. A. A. V V A. d 1 2+ 1JJ 2.1.1 nn'l:lltl'VlliVl"'lltl�'lf'Uritm:::m11Jt'lllJ'll'U'\Jtl�ffl':i":::mavitJm1JtJ':i\9ltlf11':il1�ritltlf1"1tl� Fe ttltltl'U tm:::
lffOV'J fllVl 'lltl �vllllJ�tl'Wl

4 � � "1 QJ -=::i, A. ::;td' 2.1.2 i'ff11llf1l'JlVllJlfftWrn7Vl'\Jtl�vJ"lJ r!Vtllfl'Vf11':ilf1rl crosslink 'IJ'UN1'\Jtl�Yi"lJ
2.2 r-mnwl'lri"tJ�

2.2. l flf11llO'VlnVl""1tl�'lf'Wrll1":::mllJt .fi'lJ'lJ'U 'lltl�ffl'J":::maVltl�llJtl{ 1m:::1:::a:::11"1�vllllJfflJNff fl'IJ tll�tl
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mrn�ritltlf1 'lltl� Fe 2+ 1m:::1rroa1 fllVl'lltJ�vl"mJl��tl'Wl
2.2.2. ftf11llf11':itvilJtffOV':ifl1Vl"1tl�vllllJ 1riatJlff£Jf11':ilflrl crosslink 'IJ'UN1"1tl�vl�lJ

2.3 ,quNMl'J'Vlrl"tl�
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3.11Tif11'J'l'lrl"tl�

3.1. l flf11llN"'\Jtl�l'i'1uu1�H/l-unm\9l!alJv11llJLrl 1\9l'lll'U�tlf11'JOrltllq"1tJ�N"Ni'�
Q.I _J. A. l1 91 !ll ti a., 3.1.2 mrnrittU'JVl'UN1'\JtJ�N" i1Jmavl""m�1:::r1u'U11-u

3.2 r-mmrnri-atJ�
3.2. l flf11llN""1tl�rl11lJl '\llJ'\l'U'lltl� ir11\91'1/l'U
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3.2.2 N"'lltJ�-w111i!n 1"mt:]"'\JtJ�ir11\9l'lll'U
3.2.3 ftf11llvm"1tJ�'l'i'Uli:::t�tllJ ia�1:::1111� "lr11\9l'lll'Ufl'IJ sodium citrate

QJ � A.  \.1'19.I ,:::,,d' QJ 3.2.4 m1ririuurn'UN1"1tl�rm mr11aYl""m�1:::rium 1-u
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l1tll 
�,,1.:i� 1.1 1tft�.:i�m,1mtl1vrnvim.J1�l11lsl primary emulsion n1n!c1�mw'el{0irc1i'U�l�1tl1JL�1m�'IJ'l.Jll'l'Jfl.J- 6 
PDAD-tfoil'W� 
�111.:i� 1.2 Uft�sl�'el'l,jcl tertiary emulsion �l�1tJ1Jl'U1�'1.J'l.Jll'l'li'W-PDAD-'a'1'1l'W� Ucl�ll'l'Ji'U-ll'l lWl/l'U-'acl\ll'U� 
�,,i.:i� 2.1 Nc1m1ff.:itn�-afl'hltu�'Vl1.:imvm'Vi'lf'el.:ivh,mi�c1�'ll'U�l1-a.:im1ff11Nfttl1i�urrn1 30 mvi 
�1,1.:i� 2.2 NM11ff.:iin�-am,1ru�'V11.:imvm'Vi'lf'el.:ivlimi�c1�'li'W�n'el'W1tc1�l1-a.:im1ffm'foJ11�'Wnm 30 mvi 
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ltl� 1.1 UffMnTH11� VlJlJft9llftWel{tiirft'M'U
ltl� 1.2 f111fl':i�'ilW�1'\Jcl.:j tertiary emulsion �lflftcl1J�1V casein-PDADMAC-alginate tu pH 6

_lq QI � 'J) iu'\'11.3 f111fl':i�'il1V\911'\Jel-:!'IJ'Ul\i1'\Jel-:! quaternary emulsion lflftel'IJ\i11V casein-PDADMAC-alginate-PDADMAC tu
pH6

'11'Ul
3 

5 

5

ltl� 1.4 f11Hl1�'il1V�1'\Jel-:! tertiary emulsion �lflftel'IJ�1V casein-'lr1 i\919/l'U-alginate tu pH 6 6 

n·nw� 1.1 calibration curve 'llel-:1 cumene hydroperoxide c\1.:iHh1'.lum1m\911;\ll'Ui'Uf11n'llfl11lll{j'lJ'\l'I.J'\Jel-:! 7
hydroperoxide
nnvl� 1.2 Uff\i1-:!tl1llltu hydroperoxide 1rlel'Yllf111fim,n1'llunm 71'U L\ilV primary emulsion lflftel'IJ�1mr1'llu; 8

• � 'J) i d , , .c:'i 'j) t d QJ '°l secondary emuls10n lflftel'IJ\i11V'lf'U lfl'll'U-PDAD; tertiary emuls10n lflftel'IJ\i11V'lf'U lfl'l/'U-PDAD-elft'illW\91; quaternary
V 

• ,a jl QI A QJ .e:::i. emulsion lflftel'IJmV'lfW lfl'l/'U-PDAD-elft'ill'U\91-PDAD tu pH 6
f111TI� 1.3 Uff\i1-:!U1llltu hydroperoxide 1rlel'Yllf111finrrn1'.lunm 7 1'U i\ilv primary emulsion 1r1iielu�1mr1'llu; 9

. .a ,, i d L1 l .a 'j) .:; d "1 "i' QI � secondary emuls10n lflftel'IJ\i11V'lf'U lfl'll'U- tfl t\919/l'U; tertiary emulsion lffftel'IJ\i11V'lf'U lfl'll'U- tfl t\919/l'U-elft'ill'U\91
f111l�� 1.4fl11lJlftOm'IJel.:J primary emulsion (1r1'll'U emulsifier), secondary emulsion (lfl'll'U-PDAD), tertiary 10
emulsion (lfl'll'U-PDADMAC-alginate) Uft� quaternary emulsion (lfl9/'U-PDADMAC-alginate-PDADMAC) tu pH 6
nnvl� 1.5 fl11lllffOV1'\Jel.:J primary emulsion (lfl9/'U emulsifier), secondary emulsion (1r1'llw-'lr1 i�'lll'U) llft� tertiary 10
emulsion (lfl'll'U-'lfl i1l91l'U-alginate) tu pH 6

,.,Id .t:::). 'j) 'J) .t:::). dd ,, d ,I d.t:::). ,I 
f)Hn'l'l 2. l Uff\il-:!Nft 'llel-:!'lf'U \i1Uft�fl11lll '\JlJ'IJ'U'llel.:Jftl'jft�ftlffYrnftllJel'j'\'1 ht\911 VllvlftlJ'IJl-:!Uft�'j�V�nm 'Vlvlftll 13
ffllNffnrnl1�ellUel{1'1lu�mrnft\i1elelfl'llel.:Jt'l1�fl

' 

... .1..J. .::t d I rl d ,I d d QI QI : ' " d d 
f111n'l'l 2 .2 tl ff \Pl -:I fl11 l U 1 V'Ul 'VlV'IJ flllU el1 l 9/'U\91 flWl'l 'l \Pl el el fl 'IJ el-:!l'l'I ftfl'\'11 �V�l1ft 1 f11'jfflJN ffW 1\911.:J"] '\Jel .:ivlft lJ'Vll\911 VlJ
'illfl 'lr1 i1l'lll'U�r-hum1 cross link (crosslink) llft�'l:ikh'Ufm cross link (control)

_,1..J. 'J) '}) '-1 dd 1 .r::t t QI � f117n'l'l 3.l Uff\i1.:JNft'llel-:!fl1llJl'\JlJ'IJ'U'\Jel.:J tfl i1l'lll'U (2 tlft� 4% w/v) 'VllJNft\9lelfllrntulffV'Ull1'Ufl'\Jel.:JNftrh-:i
" u 

f111TI� 3.2 llff\Pl.:JNft'\Jel.:Jvlftll�l\91�VlJ'illfl 'lr1 i1l'lll'U�ihlmun i11rnnft�l.:Jfl'U�elf11'jfftlJlffml1m!n'IJel.:JM.:i
' " u 

f111TI� 3.3 llff\i1.:JNft'llel.:Jfl111fi\i1Uijf11Vl crosslink fl'IJ precent weight loss i\ilv blank: Nf .:i�'li.j'l�!flftel'IJ�1Vvl'1ll'lfl
i\919/l'U; no crosslink: Nf.:J�lflftel'IJ�1Vvl'1ll'lfl i\9l'lll'Ull�t1i.jijf111'Yll crosslink; cross citrate: Nf .:i�1r1iiel'IJ�1vvli11'1r1
i\9l'lll'U�i1nm9lll sodium citrate
m1w� 3.4 llff\Pl-:!f11'j!U�V'Ul!Uft.:J'\Jel.:J�lljllfflJNft'IJel-:!'11V\i11ll�'\1U\Pl'IJ'U,'UN1Nft 'lu' lllf-:i IIIJu1Tift :iOh-:i i\ilv�

j/ f )I l )/ )I 

vi'WN1 'li.jNl'Ufl11!fliiel'IJ (bare) tlft�viN1um11r1iielu�1vvlimel.:iviuvim11111u1 2 'M'U !!ft� 4 'M'U
1 JI )/ sJ I 

ii.In 3.1 NftllelUlUftU\Pl-:1 (a) lflftel'IJ�1V'l'rni'itit�fl i'Vl1'1191'1 �l'U1'U 8 'M'Ulflifou m,� (b) llelUIUftmi.:ivi�li.jNl'Ufll'j
lflM'IJ
iu� 3.2 NftNf-:i (a) lflftel'IJ�1vvrni'iti1�n im'l\91'1 �l'U1'U 8 iutflftel'Ullft� (b) Nf.:i�'li.jNl'Ufl111flftel'IJ

. " 
- I "' - I"' "' 0 <V :::I .,, """" cl 'i" "I .,, • - I "" "" .. "" 'l "1u'l'l 3.3 mmu1 urn 'l'W'IJllff \il.:JNft'\Jel.:J 'il l'U1'U'lf'U 'llel.:JnftlJ'Vielft ellft n t '1'11 tft\91\9lelu1�ff'Vlii.f11'Vi'llel-:!f111lflftel'IJN1Nft lJ 

91 .t:::). dd \i11f.l'Vitl ftllJ el1 'lf1.f11'Vi
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' 

,. 

UVl'Vl 1 

um'h 

iuih1 �'IJ'W'lh:::'lf1mu1milu 1 'Jfll01-:i9i1-:i11 1 �-:!Uffll'l19J1llf)f11'j'IJ11flfl0Tl11':i2 �-:iirUf11':i1'1.J'lh:::'VllUOT\11':i� 
t)f)�O-:Jliluinmrnil-:i�'lhvri-:i1ff1rnrn:::-i10-:inu f11':i'IJ1milu 1 rntf 01-:i imh:::'lf1m 0£11-:i 11 ':i��llJ UUTV11-:Jf1l'j\'lll'WU 'lf1� " 

,, ' ' 

iuu,i�tl'uiltifo9iom':i 1 'I.J'l.h:::'VllU Ol'\1 l'Jvi11rn1:::fflJ U'W1'Vll-:Jf11'j tVhJffl':iOl'\11':i iu Ol'\11':i'lfth19i 1-:i") 'M'f umllJffU i ,J 
mn�u�1ini1�u t 'Jiu m':it�lJ 'lo 1o�u iumfto 1rn:::u1'l!'Vl'VIU11l'l$i'11-:i �1'11tl1m•1��fituCiltl1r-rn 'hl1r1'\11rn�n�iinmMlJ 
tl1iru'fiuuft1M 'l,J f11':ilMlJffl':i01'\11':ifl-:J iuiumftO'l.Jthrrn 'l"'tilU�f)ll'W'J'Vll-:J ium':i l�lJffl':iOl'\11':i 11Yuniruli'1u1lflf1 

' ,, 

t'lfU f11'HflftO'l.J xanthan gum viiio-:ir1u':i:::no'l.J'UO-:JUl'lm'liv1Jotj 5% trn:::imilu E otj 0.2% 1f1ffW1'11Wf1 Uft:::f11':ili'lftO'l.Jff� 
d d 91 "I ; d,. ,. "' "' ?I .,,_ I 3 ':iOl'l.JO'Htfl:::':ilffl'l.J0rn1V ti'l tWl/lU'VllJUflfll'lWlJ trn:::1�llJU E l'l.JUO-:JfllJ':i:::f)O'l.J 

�-:iiru ifl'J-:Jf)l'j1�ffd'�-:i�-:itff1l.Jfffi-:i-tr'Ufll'W'UO-:J'U':i:::'lflm 1f1V�WIUlvl6lJ'l.Jl-:J�lMlJlf)ftOU-iufl:::ffl':i01'\11':i� 
,, 

ffllJl':itllflftO'l.J'l.JUNfl l"' '11!001tll':i'Vll'Ul�U 'l?{ 1MW6lJ'ul\'o-:iffllJl':itl1'1.J'U':i:::'VllU t?l 1 U'i-:!Uff-:J lff�V':i �lti9ionm��VlJ 
ufl::: 'hJ1u�vuuufl-:ifin1'Jtu:::'V11-:imvfll'l'i ufl:::':iff'lflM'Uo-:iN��fiillCill�" 

. -:Jl'W1-UtiiiiiJ� 1 !Ill::: 2 
im1ui�v�NlUlJl 'Vll-:Jfltu:::�1�v'l$i'l'11t'WUf11':i1�Vi'UffO-:JU'U1'Vll-:J i?i'un " 

d A o' dA � I '1 A ' UU1'Vll-:J'Vl 1: WfllJ'Vll�lJlf)flOU':ifl-:J 'U '1MVl'I.J11
91 31 A ✓ e:::.. \;l t 01 e:::,. d 1 -=1 � ./ � �I.;., 1.1 fl11lJl'UlJ'UU'UO-:JVl0flllJ0':il,Jfll�U fl t�'lll'W Ofl,JlU� 'Vll'\1lJl:::fflJ�0f11':itmVHnfllJ trn:::f11':ili'lfl0'U'l.J'WN':i-:i

1 9-1 3l d  , e:::.. �1�1" d9.l i 91 '"1 91�" 91 '1"',Jlf)f11':i'Vlf!fl0-:JVl'U11 i'l11lJl'UlJ'UU'Vll'l1lJl:::fflJ�0f11':ilf)flluU11fllJUfl:::':i:::ti:::mn'Vl�O-:J 'lfl'l'IO '\1Y'lfllJll'\1-:i flllf)
., "' ,, ,, "' "I 1 .. "' :;'!I.,, 2 trn::: 4% (w/w) Ofl1ltU� 1'1111.Jl'UlJ'U'W 5 trn::: 10% (w/w) t,im�u trn::: 11rn::: 2% ti'l t�'lilU llJ0lflfl0'1.JTifllJ'UU 

rli'-:i?i'1m11mMui-:iffo-:i m1rn 'tflJ'\IUVl'U11 ittvl61J�iifin1'Jtu:::1iluirm111rn::: 'lliiinmu�vuff'Uo-:irli'-:i 0£11-:i t ':i � 
mrnd0tflft8'Url-r-:i?i'1v'lfl 1�'1/lU Vl'U11Nfl '1"'t'U�VUfftiluiltl1�1ft �-:Jlflfl,Jlf) acetic acid �l�lJfl-:) 'luium':i 
fl:::mv'lfl 1�'li1U 
IQ, o' d A .c::l QJ d d ,:::i Ci 

1.2 WfllJ'Vll�lJUi'lfll'l/VlJ ff-:Jf)::;1;'1' l'\1flf) UlJf)Ul'liVlJ 

fltu:::i�vmm:rnt��v" (1 %)tl'l 1�'1i1U (10%) 111mMu trn::: (4%) ifl�itu�vl61J�t91lJffl':ifl:::flWmft0td'lfwf1 
I d .. IA '1 'J) e:::.. ,I ,:::f QJ l I O QJ QI A ,I I , • S/ 3} A �1-:!'1 'Vlll':il.Jlill 10% RDI fl 1f1VWfllJlJftf)'j,Jf;ll::; t'U':i-:!Uff-:J ffl'\1nJ0fl,JlU�WfllJVl'I.J11 lJl'\1lJl:!:tll�O-:Jf11'jl�lJ 

d ,I � e:::,. d & t d'J) ,:9 QJ I el u fl flt 'liVlJ '10 0 0u Miu vi fl lJt u o-:i ,i 1mnmtlu �::: nou 'UU mu� 0-:ii"ln1'J1m':i fl::: mvnfl u 'U0-:J '10 0 oum mu 111n 
vl'fllJ 

d ,/ d A : QJ d,e;1 d ,I uuTYll-:J'Vl 2: WfllJ'Vlt�lJ'WllJU'Vl'Wl'VllJ 1omm-3 1tlu0-:ii'lU':i:::n0u " 
,, & ' y 

2.1 i'ltu:::�1�Vt$Jt�� VlJiJfl91l'tlW0{�iJfl'M'W'UO-:!tlliJU'VIUl 'UU tvl0flf!f11':ilflf1'U nn1 V100f)'lflf1iU 'U0-:!1-!lirU'VIU 1 1 M � � � � 

Hi'tfl'liutilu emulsifier 0ifoi'u�t��tilJ'1?{1�vn11 primary emulsion �iiim1ri1m:::1d1-:itl1irur;im9i0 
emulsifying solution tilu 5/95 1f1Vtl1'11Wf1 1llf1Nflf11':i'Vlf1fl0-:JVl'U1l�irfl'MUl�1VlJ 1f1vHftfl'liU 1.5 % (w/v) � 
pH l'\11f1'U 6 iim1rnff�V':ilJlf)�'qfl �irfl'MU�l��VlJt?i'iim':im:::111v'fi1tilUtt'l.J'U polydisperse fll'\11'U secondary 
emulsion �l�1VlJ 1f1vi.fl 10 mM PDAD Ufl::: 0.1 % (w/v) Ll'l 1�'1/lU 1llf1f11':i1flftl zeta potential Vl'U11U'U':i:::� 
'l.J1ntlffM11 PDAD trn:::'11'l 1�'lil'Wli'lft0'UOtj'UU primary emulsion llfl:::'l'i'U1l'UUlf1'\1Vf1'U0-:J secondary 
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d .c::t L}V 
Lt 1 

0 QI � ..,g ..,g cl I emulsion 'Vll\ol'HJll t\Pl111f1 PDAD mi::; tfl \919/TU 755 mi::; 981 nm \olllll:11\Pl'U tlJOl'ff11l1Mfl11lllfftHJ'J'l'l'U11
secondnary emulsion iifl11lllffOcJ'Jlllf1f111 prima1y emulsion

2.2 Film fabrication
�1icJ i$i'fff11lll\911 cJllvlftll�l�llr1 cJ\PltlllJ'Wt'J'Wl M i'WU�'Wvlftll 'l'l'U'Ut)j '11 lft0f11'JH\91 f100f1'1JO-:J'\1 cJ\PltlllJ'W

' I ,I d  .c::t .:::,., '19/ ✓ dd d QI I : QI .c::t 111 f1 N '1 f)l'j 'V1 \Pl '10-:J'l'l 'U 11urrn vJ ft ll'Vll\ol'J ell! 111 fll 11 '17\ol'W '11 vJ ft ll 'Vll 'J cJ'U L 'U 'W ll'W 111f111 LLft ::;11 cJ\Pl'WllJ'W lJ f)l'j
,, . 

m::;111cJ911� iiii'.inmL\olf1'1JO-:J'l1cJ\Pl'WllJ'W'ViL�llM itJ

f-lft,mf'.i,u'uu� 3
i$i'iim"Ju½'rnu�cJ'W 11 lf1HN'W-:Jl'WL�ll 1 \PlcJUf rnLN'W fll'j \Pi lL'U'W <ll'W '1 u ft1'W�fff11llf11'JU1'ULU�cl'W mrn1il1mru

.,,_, '1 :.'ll .,, .,\ 
3/">.,, "'31. f"'I .,, 31. f .,k "I j/ 0 "'1 j/ 

'1 O<!f11J'J::; ml'U'IJO<lffl'J01'11l'J 'WY1'1lJOOf1 L'WO<l 11lf1flru::;�111v t\ol1J'Jf11llf1'U�1J'j::; f10'Uf11'J'll<l t\PlU u::;u ltHfl1lll\910<lf11'J 'W
iM\olftl\Pl�L�cJ1<u'o-:itiuvlftllLftiiO'UNft i"'!\PlcJ!il'\'11::; shelf life �<lir'W iuuil -:Jl'W1i cl i$tLWf1L �'Wfflllft1'W

U1'W� 1 �WJ'W11Tif11'JL\911 cJlllJft�LftW01el1ft"M'W Lvlo� 11::;ft\Plf11'JLf1\Pl'U0f11 cJlO O f)CJfL\Pl'M'W 1 \PlcJ '1 uuci'111fll'J L\911 ell! tertiary
emulsion �i'.iefoiL'W\91L�'Wi'W'WOf1"!1Pl Lrn::; quatema1y emulsion �ii PDAD l�'Wi'W'WOfl"!IPl 'J1lllf<lfff11lleJ\ol'Jlf1l'J
Ln\Plugni cllel O n9iL\Pl 'M'W 'IJO <!ilft�LftWO 1elJft 'M'W u ft ::;Lff OcJ'J fl 1'1'1 '\JO <I elJ ft 'M'W �L\911 ell! i$i'

U1'W � 3 fff11l1Nft'IJO<l f11'JLfliiou$t1vvlill'Ul<l�O f)l'j V\Pl0l�'IJO<!Nft\olnruct1
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.
' ,,. 

tJ-.nrn 1 

fll-:i"IVl1tlmYi1�1i,moiilit1'U'l-,lllt\�flfl1ll6vi1lfll1IO�ilfimmoof1CUl�'U'l-,I 

,, ' " y 

l'Uil'W'Vll..:i�1iu'1.��Wllfl1�f1l'H911fJlJ01Jftoif'Uvill'l�O'lJ 3 Im� 4 <ifu 'UOfHllf1'W8..:iffmno..:i 
1.h�ff'VlTI.fll'Vi l'U fll'Hlr! 'UO..:i 091'.ilfll'Hflrt'llfiiW fJlOO f)t)ltrtoif'U i'll� 1.1 Uftrt..:i f11'.il911 fJlJ1Jft�rnwo10uii<ifu 

PDAD or 1ft i'fl'liTU PDAD 
'1-

.. --.. _ :;. 
' ·' - ' 

' :� -�'·,,:'.:•c.:: • ., "' �, 
+._ ·�-

Anionic 

primary emulsion·lfl'ti'U 

Cationic 

secondary emulsion·PDAD 

Anionic 

tertiary emulsion-anii1m1 

+ . :t 

Cationic quaternary 

emulsion-PD AD 

.,.,,. 

1.1 1lif11'.il'l�Hl0..:I 

1.1.1 n1'ilv15U1J tertia,y and quaternmy emulsion 

,nmw..:i1'Wil� 2 l'ltu��1iumm'.it11911fllJ secondary emulsion �ii polydiallyldimethylammonium 
chloride (PDADMAC) l'l�O l.l'l l9l'lfl'Uii'omouu'U primary emulsion 'lfo..:itl11J'U'l'.]'·h�iit1'1'1i'Ut'1Ju0uft'1f'Vht1 

,IJ, J' d  I :QI 4nJ � ,I IOO'.i 'lf..:i primary emulsion 'Ul91'.itll.J'11f1f11'.i homogenize 'ft'l'.iNfllJ'.i�l'l17..:i'UllJ'UIW�ffl'.ift�mfJOl.Jft'lfVhmoo'.i 
,, ,, 

.,I l'U091'.ilff1'U'Wl1J'U 5% 1'10ffl'.ift�mt10uftt)lvl1moo1 (pH 6) 95% 1rit1'Wll'l'Wf1 lrtt1Hhmo..:i homogenizer 

(Polytron PT3100) 
£t -<;:fj J �� QI d 1 o � 9) IV � J, .?I 1'Uu'UfllliUj1'1tlt91'.itllJ tertiary emulsion rtfJ'Vllf11'.ill'lftO'U secondary emulsion rt1fJOft'1t'U9l'lf..:itu'U 

'VlOil0tgf1'Vl'.iO '1ii9i'�iiil'.i��ft'U ru pH 6lrttlt91l.J secondary emulsion M l'Uffl'.ift�"7fJ0ft\ll'U91 l'U'\ftu��vhnT;i 
homogenize ofiwffl"l 1,:J'Unftl 2 u1vi �,11mmou 20,000 rpm 1ll'U1'U 1 '.iO'U Uft�lUf11'.il911tllJ quaternary 

��Qlq� 1 d 99/..-::i.dd QI emulsion m..:iriru�r:J1'1tl 1'lf PDADMAC rttlt91'.itll.J t'lf1'lilrtt11f1'U 
l'Uf11'.il911tllJ1Jft911ftWOi0uii<ifui1'U ,171,:J'Ul,i'o..:iiarmn'll!mru ru �rtfll.ll,Jft (equivalent point) '.i�l'l17..:i 

'VlOil11Joi�l1fl'Uf11'.il911tllJ tertiary emulsion fl'l.J seconda1y emulsion Uft� quaternary emulsion fl'U tertiary 
emulsion f10'U 

,,::9: ,. (� o QI d 1. l.1.1 i'ff11lll'llurn1ru ru �rtftl.ll,Jft (equivalent point) ffll'l'.i'Uf11'.il91'.itll.J tertiary Uft� quaternary 

emulsion 

Tertia,y emulsion 
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� J,:::t '}) 9 Q.J � '}) '}) -1\91:IJ secondary emulsion 'VllJ PDAD t'HllJ'Hl'I.HH 1tHl'l':H1::::1:111J'\lel<Hlt'l'll1'U\91fl11:IJL'\llJ'\l'U 1 % 

w/v � pH 6 'l'llfll':i homogenize ffl':iN'fflJ 1�V'fl\91Hff1'U�'l'llfl1':iffflllll�uri 0.10-1.60 

(secondary emulsion: alginate) 
o cv -=:t d-=t . 9' q 'J} Q.I � 

ff1'11':i'I.JflHU'llel..'.l secondary emulsion 'VllJ ch1tosan t'lellJ':iel'I.J'll:::: 1'lfff1H1::::mv'llfl..'.lelt'l'll1'U\91fl11:IJ

1'1i'mt'U 0.1 % w/v ll'Vl'U 

-1� %transmission 1�v'1111flfe1,:i UV-Visible spectrophotometer �fl11lJfJ11fl�'U 550 nm

-lllfll':i'fff 1.:imwh::::r111..'.l'U�lJl\91':i'llel..'.l secondary emulsion f1'1.J %transmission

0 Q.I O � 

, .d 

Q.J 

jl j/ r 131 ffll1'i1J quaterna,y emulsion fil1lUUnl'i'nfil(lfJ..Jl'lfUWlcf7n1J'llNr/U filcf '1f PDADMAC
d .:ti j/ (cationic polymer) 1rni tertiary emulsion 'nlf/(lfJ1Jfil'W casein-PDADMAC-alginate 

1.1.1.2 fl1':ifffllll'\l'Ul�'\lel..'.lel'4fllflllft::::rh zeta potential '\lel..'.l tertia1y trn:::: quaternary emulsion 

'\JUl�'\lel..'.lel'4fllfi1Hl::::fll zeta potential 'Vllfl1':ifffllll 1�v'1111r1f e1,:i nanosizer 1�fJ'Vllfl1':i1� 
,, ,, ,, 

,! 
• 

�1e1urn1:::: 2 rl1..'.l 'l'll'Vl..'.lffU 3 �1elUl..'.l 9f..'.l1\911fJlJ emulsion tU equivalence point vi'1�'lllflfl1';j 

'Vl�t'lel..'.l 1.1.1.1 1�1J'l'l1nm;e1'll1..'.liilri'li'u�1mrin1::::mv t'lft�V:1Je1::::�t\91\91'1Jvlt,-lfl1 � pH 6 'tu 

�\91':ilff1'U 1 91el 50 f1elU'Vllfl1':i1� 

1.1.2 nl'i1fil nl'ilflfil i/finWlfJfJ n'lfWl'lfU'l/fJ..J U1iJUrJU1 

-n'fl� emulsion �1fJ isooctane/2-propanol (3:1, v/v)
" ,, 

- U1'U\91'MU�1'Vllt'l::::t'lll.JOU'V110'W 200 µL l�lJMiu 2.8 mL 'llel..'.l methanol/1-butanol (2:1, v/v) \911:IJ

�1fJ 15 µL '\lel..'.l 3.94 M ammonium thiocyanate trn:::: 15 µL '\lel..'.l ferrous iron solution
().1 - 1� - I � 9' 2+ d e:i. J 91 � d 

- 1�urnltU'1'1':iu':i::::flel'I.Jl'lf..'.l'lfel'U [Fe(SCN)] 'VlLfl�'\l'U �1mme1..'.l UV-Vis Spectrophotometer 'V1 

fl1llJfJ11flt'lU 510 nm 
" " 

- 'tu fl111�u�mru1P1,:inrl11"V11fl1':i'Vllt\911 VlJ'Yl..'.lffu 3 �1e1u1,:i '1u1t91t'l::::m1:1J1 '1i':1J,{J'u 1�vV11fl111�r11fl11

4 � �Q.I Q.J ,J � 131
1.1.3 fl'ff!f1fl'J1:1JlffflcJ'i'l/fJW1J(l'lf'IJ'nlr'/W1J fil

fl1':i1'U�fJUU'Ut'l�'llel..'.lf11 % transmission 91e11::::1J::::nmiunm�'I.JOllt'liu t.fluri1�'!.l.:i'I.Je1nii,:im1:1J 

lt'l'�IJ':i'\lel..'.!Oifo•fo�t\9111.JlJl� 1�1J'l'llfl1':i1�� 550 nm t�1J'11!1r1f e1.:i UV-Vis Spectrophotometet6 iufll':i 

'Vl�M..'.lil'l'llfl1';ifffllll'l'Jfl1'Wl.flu1::::1J::::nm 7 1U 

1.2 l'·Hlfll'i'Vlvli'lel..'.l 

1.2.1 mr1r1!cJ1J tertiary /Ult quaternmy emulsion 'it1J1Jlfl•'JJu-PDAD-0(10/'IJrl-PDAD 
,, . 

iUfll':ifffllll'U tertiary emulsion viiitfl�'U-PDADMAC-�t'litU\91�fl:IJ';ifl'I.J ffllJl':itll\9111JlJl�t�IJ't1i'eit'li 
� �I C\

� cl '1 o' c:L=:t _ I t 91 '})q a., '1 '}),.,S Q.J I "l' : QJ I <ll � 1 

1U\919f ..'.lluUVlelt'lellft f)'VJ';je) t'l\91'VllJ1J';j:::; 'llt'l'I.J '\JU\91UN1'lll.J �fl'fllllel\91':ilt'l"JU 1 � IJ'\.Jl'l1U m::::'1111..'.lelt'l 'lll'U\91\,lel 
• SJ . " 

secondary emulsion viii PDADMAC �e1me1u V1'1.J':hiJ�m1rl1u 1�1.Jthm!mvhnu 0.24 tw::::iunm\9111.llJ 
i 9 v ?1 . . .J l 9/t � d 91 ,::1 

quaternary emulsion U'U 1'lf PDADMAC lu'U catwmc polyelectrolyte 9/..'.l'll:::: �'lfU1flt'lel'I.J'Vl'U':i::::flel'I.J�1mfl'lf'U -
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,, 

PDADMAC-a{l;l'W\91-PDADMAC l�VVl'IJ17am·1ri1u l�V'W1'11'Wfl'.i�'l111-:t tertiary emulsion U{l�PDADMAC 

l'l'llf1'1.J 0.77 

'IJ'Wl�'IJeM tertiary emulsion �l\9l�Vllt${i'im"Jfl'.i�1l1V�1�-:tiu� l l�VlJ'IJ'Wl� l�VLll.�V'IJcl-:lcl'4illrl (�

90% population) clQ� 589.5 (±74. l )  nm 1rn�trlm11fl1'J1�ftl zeta potential Vl'IJ1li'ifill�'WU'J��"'IJ U'ff�-:111 

i'ia{l;l'W\9llrl�cl'!Jii'cJmcJ'!JclQ trn�i'iri1u'J��l'l'llf1'1.J -24.2 mV 1rlcJtU�vrnviv'IJ'IJ'Wl�'Ucl-:t tertiary emulsion � 
' " ' " 

1\91� VlJ 'l$i'Vl'IJ17i'i'IJ'Wl� 1nii'1t'iv-:tn'IJ secondary emulsion 1,'.'lcJ-:t,Jlf)i'Wlrl�cl'!Jvit\91� Vll'Wi'ir1111Jl1'W lclQl 'W 'j��'IJ'Wl 
,, 

l'WllJ\9l'Jl'l'll'U'W 

'IJ'Wl�'Ucl-:t quartenary emulsion �l\9l�Vllt${i'im"J m�,i7V�1�-:tiu� 1.2 l�Vi'i'll'Wl� l�VLll.�V'IJcl-:1 

cl'4illrl (� 90% population) clQ� 569.0 (±32.7) nm 1rn�1rlm11m"J1�ri1 zeta potential Vl'IJ11i'ift71�'WU'J��'IJ1n 
& , .J1, � v 11v &::t, ... I , QI & 
'li-:trn'lf11 PDADMAC iYllJl'Jlrl{lcl'IJMllrn'IJ tertiary emulsion t�l1"�llrllu'J��l'Yllf1'1.J 30.8 mV 'li-:t1llf1f-l{lfll'J 

,, ,, ' 

'Yl�{lc),:j,J�Vl'IJ1l'IJ'Wl�'1Jc),:j tertiary U{I� quaternary emulsion il'ui'i'IJ'Wl� 1nii'nuii-:imj'17,i�i'i�1mu<Huvi�1-:inll 
' ,, ,, 

t'WcJ-:t1llf1 polyelectrolyte multilayer tl'm�lJ'IJ'Wl� 1m��'U'Wl l'WtlJ\9l'J tvhil'u 
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1U� 1.2 f11'Jfl'.i�1l1V�1'1Jcl-:t tertiary emulsion �lrl�el'IJ${1v casein-PDADMAC-alginate ru pH 6
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�Tn:i� 1.1 llrl'l'l-:i,u'mJm'U�t1mvit1m�1111-:i primary emulsion fl'!JlJft�U'!WcJ{�ift<if'W�l��m/l$i'hr.i�'!J'lJU'l'lllHDAD
'0ftil'W� 

"""' "' cll.Jft'lf'W 
. 

'IJ'Wl\ol'llcl-:J�1Jft<if'Wm�t1* (nm) Zeta potential (m V) 

Primary emulsion (li'l'll'W) 422.4 (±48.8) -13.0(±0.5)

Secondary emulsion (li'l'l/'W-PDAD) 565.6 (±30.6) 30.3 (±2.2) 

Tertiary emulsion (li'l'll'W- PDAD-eJftil'W�) 589.5 (±74.1) -24.2 (±u)

Quaternary emulsion (li'l'll'W- PDAD-eJftil'W�-PDAD) 569.0 (±32.7) 30.8 (±1.6) 
. 

* r11m�t1'1J�-:J 90% population

"" "" 'l 1 
"' "" 

1.2.2 n1'iUWill1J tertiary emulsion 'i�1J1Jlf/CJJU- fl r1CJf1U-fl'iHJIUr1 
sJ J} I I 

t'Wfll':ifffl'lfli'lf rU i'ltu��1it1ffll.Jl':itll111tllJ tertiary emulsion viiiti'l9/'W-1i'l LWlfl'W-eJilillm vi pH 6 
,, .

Ll'ltlii'0�Hff1'W L\oltl'Ul'tt'Wm�'tt11-:J secondary emulsion lift� eJilil'W�ll1lfl'lJ 0.33 L\oltl tertiary emulsion vi 
l��t1l.Jl$i'iimrn1�,11t1i11�'Wll'IJ'IJ polydisperse �ii'IJ'Wl\ol�lJft<if'W (� 90% population) l'Vllfl'IJ 1092.7 nm

(±65.7) fl-:Jllrl'\ol-:Jt'Wmlvl� 1.3 tlil�fll':im�,i1t19i'1'1Jcl-:Jcll-!flli'l�l9l�tllJ Ll'lt1iill'l t�'lfl'Wl�'W secondary emulsion
d Q.I I d. d 1 t d I ?1 d. lJfll'Jf)'J�,i1t1mlJlf)t11l':i�'lJ'lJ'VllU'W PDAD llft�'\li'U11i'll zeta potential (-31.6 m V (±1 .4))l.Ji'lllu'Wil'!J'lf-:Jllrl'\ol-:J

91 d , u, � \I) 9J � Q..I d � d "I 'JI , • • d..d, t'ttl'tt'W1lclft'11'W� t\olli'lilcl'IJ'IJ'W tertiary emulsion \ol-:Jtlrl'\ol-:Jt'W�l':il-:J'Vl 1.2 'lf-:J'1�1'tt'W t\'111 tertiary emuls10n 'VllJ 
"1 'l �I 4 9 .,_, .:; "' "" q • • dq 91 .; .A ti'l t11'lfl'Wlu'W'tt'W-:J t'Wcl-:Ji'lu':i�f)cJ'lJ'IJcl-:J'lf'Wli'lil�'!JlJ'IJ'Wl\olcll-!flli'l t'ttt\jf111':i�'IJ'IJ'Vl t'lf PDAD 'lf-:Jl'Wcl-:Jl.Jl'11f) 

,:::19 
I I secondary emulsion 'Vl t'ttt\Jf111 

18 
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itl� 1.4 f)l'jf)'j�,Jltl911'1Jcl-:J tertiary emulsion �li'lncJ'!J$i'1t1 casein-11'1 t�'lfl'W-alginate tu pH 6 
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.d. 9J d d. d. Q.t � q '-1 l ., "" 
Vll'H:l'VI 1.2 Hfff\-:J'llellJft tertiary emulsion '\!lWl'.HJlJL'W:i�'IJ'I.Jtfl'll'W-PDAD-eimm,,1\ll Hft�lfl'll'U- tfl \ll'lll'W-0Ml'U\ll 

Tertiary emulsion '0\ll';i7'ff1'W lf\t.!'Wl'l'l'Ufi '\J'Ulf\'\Jel-:Jfl'lJft'M'U Zeta potential 

(secondary emulsion: '0ft'1L'U\ll) m�t.1* (nm) (mV) 

Tertiary emulsion 

(lfl'Jf'W-PDAD-'0ft '11'W\ll) 0.24 589.5 (±74.1) -24.2 (±1.3)

Tertiary emulsion 

(lfl'Jf'U-lfl l\ll'l/1'W-'0tl'1L'W\ll) 0.33 1092.7 (±65.7) -31.6 (±1.4)

* film�t.1'\Jel-:J 90% population

1.2.3 fl1'if rl fl?'ilflrl i/finrf11flfl fl'lfff/'U'l-J'l/fl,J'W1,J'IJ'tJU1 

L'Wn7'.i1fln7'.ilflfl'Ufin1t.110ein'li1fl'M'Wir'W �1im�ein11fl:i1�'1'LI1lJ1tU hydroperoxide (ROOH) �-:Jl�'W 

Ni'i191fitUC\1'11,d-:J�lflfl,'Ulrieitl1'JJ'WlflMelfi'Mlf1'M'W 'U1lJ1tU hydroperoxide (ROOH) ffllJ1'.itl1fl 'l?Jtf\ffl-11'Ufin1t.11 

fl'IJ ferric thiocyanate �-:Jffl.Jfil'.i 

ROOH + Fe2+ 
Fi

+ 
+ RO• + Of

f 

-----

hydroperoxide 

Fe3+ 
+ (NH

4
)SCN---+ [Fe(SCN)]2+ + NH/ 

ferric thiocyanate 

d � & i 
'11' 'U1lJ1tU hydroperoxide '\!llfifl'\J'W'W'U ffllJ1'.itl'l11 1'1,nn calibration curve 'nl\ll�t.lmllfl cumene 

., • .I ,d ,J d ' "' ?I 91 'l I 9/ 9/ .d9 9/� 1 "' I hydroperoxide fl-:Jfi'.ilY't'\!l 3 '1/-:J1l�IYl'W11lJfl1ll.Jlu'Ulff'W\llH t'W'lf1-:Jfl11lJl'\JlJ'\J'U'\!l t'lfl'lfilfl flt.ll.Jfll linear 

regression rvhnu o.9919. 

0.25 

0.2 

0.15 

.., 

0.1 .., 

0.05 

0 

0 10 20 30 40 50 

Lipid hydroperoxide mrnol/ kg oil 

•. , .. l'b . 1 d .d ,J 9 91 ?I 9 91 91 
fl'.ilTI'VI 1.1 ca I ration curve '\Jel-:J cumene 1y roperox1 e '1/-:J t'lflu'Uffl'.il.Jl\ll'.ijl'W t'UfiWl11fl11lJl'\JlJ'\J'U'\Jel-:J

hydroperoxide 
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1.2.2.l oiJni'm::.:iliJ 111c\i'W-PDAD-0niru\91-PDAD 

L'Wfll'jfffffllri#.:ii1vhm:i1\Pl'U�\nru hydroperoxide '\HM primary un::.:irn�WWcl{oirni''W I\PlV 

'Yllfll';i11PlVJni'rnrlunm 7 1'W '1¢i'r-rnmrn1P1ncl-:i1o1-:innvl� 1.2 I\Plv�ri1 hydroperoxide �1\Pl '1v1\1::.: 
,, . 

ffllllHl'U-:JiJclfiG-:J0\9llfll'j lfl\Pl'Uijn! V10cl fi'llt\Pli''W'Ucl-:J'W llJ'W'l'J'Wl 'li?i' l:Ucl'Vhmru1 primary emulsion 

L 'W ffll11'Wll ';i fi'llcl-:J fll'j 'Vl \Pl n cl-:! l1iJ1 leJ\91 'j 1n l';i lfl\Pl'U ijn! £Jfll'j cl clfi9fl \Pl i''W 'l,rn n 1';i I 'U� V'Wlt tln-:imm!n 

11n::.:iiri11�l.Jef'WclVlffJ\Plt�1 L'W1'W�a 1-1ifro1m!utl!mru hydroperoxide n\P1Mri-:irl1i1cl-:i'il1nm'j 
., •1.1.:i1 ., "'"I ., .s 91 ., � dol91"' .;i ;91 i:YnlV\911'\Jcl-:J hydroperoxide t1Jl1J'Wcln\Pl tij\P) C}f-:Jffcl\Plrrncl-:JfiiJfllW!fi'Ell'Vl \Pll.Jfll'j'j1£J-:Jl'WtNll'W1 t'UlJ

. A • "1_16-sfll';in\PlM'llcl-:J hydroperox1de ll.Jcll1nlrll'W tu 

trlcl'Vl'ill';itlll secondary 1rn::.: tertiary emulsion l1iJll'W11tl'm�V1f1'W�clel\9l';ilfll';ilfl\Pl'UOfl!v1 

clclfi'l/l\Pl'M'W'Ucl-:Jl11l1m;imiiri1�-:it11P1 L'W1'W�a 1m::.:1rlclt'U1VillviViJ'U!mru hydroperoxide �lfl\Plef'W 
I C!t,(V <V � ,: ,eS: 3'1 .el i d _d A 

';i::.:'1111-:Jell.Jn'li'Wffcl-:J'li'W\Pl'W Mll"11 secondary emulsion l.J'U';i::.:�'li'W'Wclfii'!IPltU'W1J1fiC}f-:Jfl1H::.:l.Jl1H 

l'-l'1fiflillelelcl'W'llcl-:J ln'11::.:�-:i1�'Wi1d-:irl1'111il'U0f11Vlelclfi'lll\Pli''W'l${ 119i'il::.:1i:iu'1$i'i1 hydroperoxide � 
.et. J 11) lei I <V ' <V ..::4 A A ..!( ":.'\ QI QI 31 0 ,t d � 

tn\Pl 'll'W tlJlJ fl 11l.Jll\ll mi 1-:J n'W el Vl-:J'li\Pl I 'il'W 9/-:J cl l'ill'W el-:! l.J 1 'il 1 nm clli'l ft cliJ ellJ ft'li'W \Pl1V'il l'U 1'W 'li'W'Vlmn 'll'W 
, q ""' ,1 • q 91 .:ii ,1 • ., ,. "" "1 , A dff-:Jl'-lft t'11l.Ji'l1ll.J'l1'Wllllfi'll'W 'I'll t'l1tu'Wfll';iVlfi'll'Wffl'11';iiJclclfiC}ft'iJ'W '11';icl tclclcl'W'Uel-:J tft'l1::.:'il::.:ti'lftcl'U'Vl

,, ,, 'jl II} IQ./ � );l •
1'1i'1'ltld-:itlijn!v1niltl1ir'W'l'J'Wll¢i' 'Vl-:!Urrnfll';i'Vl\Plnel-:Jffl'111il quaternary emulsion tlJ'li\Plt'il'W 'il-:J lJ 

ffllll'jf:lff';i'Ult'W1 iuiJ'1¢i' 9i'el-:i'Vi1fll'jffn1J1lmi 
q 

1rlmtl�vrn'Yivm::.:'1111-:i primary emulsion 11n::.:irft�mwcl{oirfti'u l11J11tl!mru�-:i�\Pl'llel-:J 
.d � J d cl QI C!t, ,lq <V a., A I 3' I 

,. I hydroperoxide 'Vltn\Pl'll'W'illm::.:iJiJ'VltU'Wl.Jft\PltnWcl';icll.Jft'li'Wl.Ji'll'WclVn11 primary emulsion u';i::.:mru 

3 8 % � -:i II ff \Pl-:! l 'Hltt'W 11l1 ft�tft Wcl {oifo i'u ffllJl'j f:l 'lhVft \Pln l';i I fl\Pl tlijn! Vlcl el fi'l/1 \Pli''W 'llel-:Jillir'W 'vJ'U 1 

'1$i' 

l[ 

I 

i 
I 

! 
1 I 

! ! '"' 

2 3 4 5 6 

Day 

I • Primary ■ Secondary PDAD • Tertiary PDAD Alg • Quaternary PDAD Alg PDAD I 

I 

7 8 

OHt�� 1.2 llff\Pl-:J'U!mru hydroperoxide 1rlcl'Yllfll';ifffi1J1tri'Wl1ftl 71'W I\PlV primary emulsion li'l�clil¢i'1ml'lcil'U; 
,, " 

d V a1 .:::f. ..s 31 <V .:::t QI � 

secondary emulsion li'lftcliJ\Pl1V'li'W 11'1'1/'W-PDAD; tertiary emulsion li'lftcliJ\Pl1V'li'W li'l'l/'W-PDAD-elft'ill'W\91; 
, d 31 i A <V � 

quaternary emuls10n ti'lftcliJ\Pl1V'li'W li'l'li'W-PDAD-cln'ilt'W\91-PDAD tll pH 6 

1.2.2.2 OlJfti'm::.:iJiJ ll'lcJi'W-PDAD-elftil'I.J\91 

'il1nm1vl� 1.3 l1iJ11'U1llltll hydroperoxide �lfl\Pl'illn primary emulsion iiri1mmd11rlcl 

1 tl� vrn vi Vil nil 'j ::.:il iJ�tri'W i1 ft�m wcl{o i1 ft i'u 11 ff \Pl-:! l ttttt'W i 111' ft�mwcl {� ti'l � clil il'W o i1 ft i'u fflm'j t1 
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Day 

/ • Primary • Secondary Chitosan • Tertiary Chitosan Alg I 

f1'HW� 1.3 mrn.:iu!mtu hydroperoxide 1d0r11m':ifff1'lfltiJurnn 71'U l�cJ primary emulsion tl'1ii0u${1ml'1cliu; 
• .c:!i 9J i ,d, '1 . .c:!i ,, t d. '1 .,., secondary emuls10n ti'1tl0'U�1cJ'lflJ tfl'll'U- fl l\919/l'U; tertiary emulsion tfltl0'U�1cJ'lflJ tfl'll'U- fl l\91'111lJ-0tl1ltlJ\91

=£ ..:1 �cv cv d � 7!J/ 
1.2.3 nfl'lnrl'JWm'fl(J'i'lffJ,.JfJ1J'tl'lfUnlr/W1J "1 

111nm1fff1'lflfl17l.ltn'OcJ':i'U0.:Jira�mw0{0ifoiu�t\911cJlJ111n tflcli'U-lfl L\91'117'U-tiaitu\91-PDAD 'l$Jr,m 
m1V1�a0.:ii.:innrl� 1.2 �.:itd0vl1111 ru1mm1on-�u'11111 ira�rnw010il'aiu�t\911 cJlJ '1$i'iim1mn-ovrn1nn11 
primary emulsion 1rl01u1vrnvivm::::v::::nmnm�u�rl'i1nu ua::::1rl01u1vrnvivuil'a�rnw0{�ii�1mu4u 

, ., cl '19) 1 ,.ti o t & ,e;t d � � 1 Ill .J d '19/0,1 & 1 \911'1fl'U1l:t:tltlJ �11 tlJ0111'U1'U'lflJlJlfl'U'Ul'l11l.ltn'ticJ':iflt'V'llJ'U'Ut'lflJfllJ 9/<ln'llJl':itlt'l'l'UNtl �'lf�t1l'UlJlfl'UlJ 'U 
Q/ d d 1u 'Yl'l'I nu a::::t 11� 'U 0 .:in 11 'YI� a 0.:i 

l'U1'U�t��fl1 %transmission 'U0'1 primary, secondary, tertiary, ua:::: quaternary emulsion iifll 46.91, 
0 cv .J J, .. Id. ,d, 0.1 ,d, f!'I QI .:::\ o'� Q.I QI 32.94, 25.47 ua:::: 16.24 \911lJtll�'U 'l/'1tlJ0tu':icJ'Ut'YlcJ'Uf1'lJ primary emulsion f11':it\9l'JcJlJtu'UlJtl\9llt'IW0':i0lJtl'lflJ 

n'llJl':itltvilJmll.Hn'OcJ'Jleflo.:i 30, 46 and 65% ff7'1'1fo primary, secondary, tertiary, ua:::: quaternary emulsion 
O QI .J �I �o' d I & Q.I t I I I \91 llJ tl 1� 'lJ 'II '101 'Ut ulJ NtllJlf11l lf111tl lJlJ fl 11lJ'l'I lJ 1U 'U'U lJlf1'U'U � .:iu U tl � fl 11lJU\91 fl\911'1'U0-:lfl 11lJ'l'l'U 1U 'WU 'J:t:'1'111 '1 
,, 

.,I 
,, 

t'Wn"UllJ'Utrn:::: emulsifying solution 'll<iil0.:ifl1':iUcJf1i100n'U0<itl1iT'U9 
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I • Primary ■ Secondary PDAD • Tertiary PDAD Alg • Quaternary PDAD Alg PDAD I 

011vl� 1.41'117:IJtflOfl':i'\l�H primary emulsion (lft<Jf'U emulsifier), secondary emulsion (lft<Jf'U-PDAD), tertiary emulsion
(lft<Jf'U-PDADMAC-alginate) Uft� quaternary emulsion (lft<Jf'U-PDADMAC-alginate-PDADMAC) tU pH 6
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I • Primary ■ Secondary CTS • Tertiary CTS Alg j 

011vl� 1.5 1'11llJlflt1£J':i'\JtJ,:J primary emulsion (lft<Jf'U emulsifier), secondary emulsion (lft<Jf'U-'1ft t\ll'1$l'W) llft� tertiary
emulsion (lft<Jf'U-'1ft t\ll'1$l'U-alginate) tU pH 6

,, . 
q "'9 3' "' q d � l 3' d � .. .. t'UmtU t'lHft'J$'U t'Ufll':il\ll':ifllJ secondary emulsion 'U'U'Vi'UNftf11':i'VlAfttl,:JU'U1 t'UlJlflfl'"Jn'W fttlllJtl

o i � � & .o:::i,Q.1 QI d cl & 1 QI o <!:\ Q.I I 1ll'U1'U'l/'Wlftfttl'Ul'VilJ'\l'U tllJft'll'UlJft171Jlfft:Wrnln'\l'U ftl %transmission 'IHH1llf1All'U'Un7':i'VlAfttJ.:i 7 1'U 'Vi'U11
. . . 

d � 9/ d '1 ,. 0,1 � � d '19,/ .e!i _1..::s d QI te1iiary emulsion 'Vllftfttl'UA1fllft'J$'U ft t\ll'1$l'Ull'1�tlft1ll'U\ll ffllJl':itll'VilJl'l111JlfltlfJ':i A 32% llJtll1J':ifl'Ul'VlfJ'l.Jf)'l.J
primary emulsion 1rlti'Vllf11':il'U1£J'Ulvium�l'l'h:J':i�'U'U�l\ll1fllJ secondary emulsion 1'i5'1ft t\ll'1$l'U Uft� PDAD

o q '1' d d !ii 0 �  .,\ ' 'Vi'U11 secondary emulsion t'U':i�'U'U'\JtJ,:J ft t\ll'1$l'UlJl'l111JlfftW':i'Utlflf117'1$,:JtJ71ll'UtJ,:J1llflft1llJl'l'UlU'U'U'\IM
'Ll':i�'il'U'U '1ft t\ll'1$l'W1Jri1tl'tiuw.h1rlti1'Ll1urnviuunu PDAD f .:ii'i111 .:ir1�m�Y111.:iY1 uA0ifoiu�tl'tiun11

. 
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1.3 tYlUHilfll':i'l'lvltHM 
9 �Id �.qa., .::::t d.::ti .::::t Q.1 .q  d.::tt -=:t QJ .q 
1'Uu'Uf1fil:;;�1,iumm1m�1UlJ tertiary emulsion VllJ'li'Wlfl'll'W-PDAD- tHl1ll'U� 11c1:;;V1lJ'li'U lfl"lf'U-chitosan-elcl1l

'l!lid ' <i"'111) "i �I ... I q :;:i o' ' � + 
d .. 

l'U� �'ll-!l'Vi1J1l'll'Wl�'llel-!I tertiary emulsion VllJ !fl 1�'lll'U1u'Uel-!lflu':i:;;f)el1J 1'U11cllJIVllf)1J 1092.7 (_65.7 nm) 'll-!llJ'll'Ul� 

lttajn11�1�1UlJ 1�uH PDAD (589.5 nm) il'c1�1muel10il'c1<ifu�1�1UlJL�ffllJl';i(lclf f�,�";ilf)l"Hfl�Ui]n1U1elelf)9/l�'M'U 
.d t � d ,J .d - l,e:t .::I QI .:; QI � ,l.q Q/ QI ,:::t d 

l'Uel-!l,llf)'lf'UlflclelUVlt'l'Ul'll'U llJell1J"J U1JIV11J1Jf)1J primary emulsion[8] 1m:;;'lf'U 'U elmr� 'llel-!llJcl�lclWel"JellJcl'li'UlJU"J g;�l'U'U 
' ,, 

1J1f) (secondaiy emulsion) ,1:;;1:Y1lJl"J 1:rn�nmn�ui]n! u1nmn�elelf)9/l�'M'U '1�� n111i'iel'M'U'\.Jel mr�ihh:;;�c11J (tertiary 
& 

" ' 

emulsion) 'll-!11 rlur-rnm,11n f)l";j f--1 '1 f)f)'U ";j :;;tt 11.:iu ";j:;; �U'U vlu N1'\l el.:Jil' cl�lclWel 10il' cl 'M'U nu II f!Vl '1 el el el'U vi 1-tlu 91117-!I 'llel-!I 
4'::\_Cl,q .<:!? 91 , .::::t " , 6�7 o Q/ d e!! 91 QJ .q i 

1l�mu1 tl-!llllJ17,Jg;lJf11llJt'l'Wl'llel-!lvlc1lJmnm1 fflttrn quaternary emulsion V1lflclel1J�1U PDAD-elml'U�-PDAD 'U'U 

ffllJl";j t;J cl� fl l"J 1n�ui]n! Ulel el fl9/l� 'M'U l �I� el-!I ,l lf)U";i:;; � iuu el f)�l rlu 1J 1flllcl :;;iJ f11llJt'l'U l 'll el .:iv!� lJ�lJ lf)''U 

trlel'Vl1ll"Jfillf11llJlfft11J"JffllJl"Jt;Jff1Ul�11 iJc1�lclWel{0iJc1<if'W1Jf11llJlfft1Urn7f1fl11 primary emulsion 1rlelisrf111lf11llJ 
. ,, ,, 

Ifft) {j";j 91 el nmn� f11lJ 'llel-!I 0il' cl 'M'Ulfl i1 el1Jff el-!1, ffllJ !lei dr<ifu 'ViU 110il' cl i'um ci 1ihn�f11lJ '1 �tl' el1Jf)170 il'c1 'M'U UjlJfJlJ�,!j 

29.8, 45.7 !lei:;; 65.4% �llJ�l�U 
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. 

' .. tl'1Ul'l 2 
. 

V ,:::{ �i ,! .c::f,,:::t � � f \JI_I'VI (i}lU l!tl'tlrJ'J ill'VI 'I.IM TI ti il1Jl·3l'lil fll'j I \llmmrn U 'J ti <I ! u

i u uil�ii Vfff)'j,J TU1lJ llli mm ii� el el f)'l)el,:j lf)ft elU -:i�!�lJ n-:i 1 vi 'WviillJ u n �in fll'j fl el ,:j fl'W f) 1m "l�el elf) '\lel-:Jlf)ft el 11 'j � 
iri1-u'1ti.Jiuvii11J t�VellffVnTHf1� crosslink 1�'1111-:J tlJmfJnVrniinrn{n'Utelelel'W t�Vlftelf)flf1'hlltlfafolelelel'W1�'Wi'm 
!�lJ�'Wl'i1el-:J'illf1ffllJ11t1���llJt$J�1vn11tnftelU1'1fU�t'W"] l�VellffVf111lf1�tm,J1�nel'Ut�-:J9fel'WftU�-:J'\lel-:J [Fe(SCN)]2+

"'""2.1 11Hl11'l'l\lltlel<l 
� � � � j/ j/ ,q ti t 2+ ij 

2. U rrflY1rJ'Y/1i'Wt!'llfl-:J'lfUfllm:;:mw1'llJJ'lJU'llfNffl'iflg:t!W'WfJ'tUJJfJ 'jflf) n1:i11f;jflflflfl'llfN Fe !flflf) U 1m:;: 
lfffifj';f m W'tlfl-:J wii' uri mh 

- 1�1vmn1n�mm'ilm�'W (5% im� 10% w/w) ti'l t�'lll'W (1% un� 2% w/w) tm�ini!'Wlll (2% un�
4%w/w)

- f,ffflJff11n�nwvrnii11.Jel{u�n�'li'W� iuu�n�m1rn-u'1.J-u'unrnn1n�n1v 0.0537 M ferric ammonium

i QI I ' 
A, ✓ , d 

citrate 'Welll1Hff1'W 5 g �el 0.1 mL ('VielnllJel1\llellllM) 
J ,l1Ji31 91  'J) d -=i.✓ I - t'l'lff11n�n1vNfflJ 2 g irli'W'ill'Wt'Vil�t'liel 'l'l-:J 11 i11m1n�mvNffiJu11-:i1uuvln1.J (2 ,�m1'l'l�nel-:i �el 

1 m1� ) 
.:::::. t � i J 31  v o d d - lllllJ'Ulf)n'W 10 mL M 'W'ill'Wt'Vil�l'liel'\11-:Jlll'U 'Vllfll11:j�Ln'l.Jff11n�nw 1 mL 'l'lmn 5, 10, 15, 20, 25

d. Q/  ..,,,, : J., 0 QI '  a,, j/  tm� 30 'WTl'l'\1Mfll1tllliJ'W1nnu mff11n�malll1elcmmt�iJmvm1n�mv 0.1 M HCI un� 0.1 M

NH
4
SCN elch-:in� 1 mL �lm11\q'l.J 

a. ✓ A, d 91 .:::::.,:::1 QI 1 � d d - 11m1�'\1'U1mru'\lel-:Jmnt1m1JTlifll1'l�i'llm11:i�nnuuff-:i'l'li'l1llJV11i'ln'W 470 nm

2.1.2 fffl!/lfll';flrirnffofl:ifll'W'l/fl-:JWllJJ 1flfJfllffclfllWWI cross/ink 1JUN'J'tlfJ-:JWl!JJ 
,, 

-:i1u1iviuriTW'W'il�flf)'hllfll1tn� crosslink '\lel-:Jli'l t�'lll'W 'ff1'Ut'ilm�m�'hi'Vi1m1flf)'lfll'Vi1l�i'U 
il'il�U'Wa-:J 1iil'i1teH 'il'U��mm�fflJ i'W'Vll-:Jell'\171'ftl'l1i''l.J '1-iflw fll'j tn� crosslink

- tlll11JlJffl1n�mv'li'l t�'lll'W (1% un� 2% w/w)

"" "i ' 'J) 31 'J) • • - NfflJff11n�mV'VielntlJel1 'WUllln�i'l1liJ!'\llJ'\l'W�1Vffl1n�n1v 0.0537 M ferric ammomum citrate

iu0m1ri1u 5 g �el 0.1 mL (tl1m!n'VieJiitiJ01iel'U1m�1'\lel-:J ferric ion)

, 1 � � ..,g, 31 'JI d ✓ - urnm1n�mvNffiJ 2 g iffi'W'ill'Wt'Vil�t'liel 'l'l-:J 11 i11m1n�n1vNff1.JttmuuuvlniJ (2 ,�mrn�nel-:i 
�el 1 fll1�) 
"' i J dt::ta. " .d d lJi 91'1 ' ' - lllllJffl1n�mv 0.1 M sodium citrate M 'U 'ill'Ul'Vil�l'liel'l'llJviniJ'l'ltlll1VlJ !1 'UU�n�UN'W

A, : t  <"' d 91 31 o  d d - tllllJ'Wlnnu 10 mL M'l.JuvinlJ'l'ltm-:iun1 'l'llf111��tn'Uff11n�nw 1 mL 'l'lnm 5, 10, 15, 20, 25
"

,, . .c::t w  -=:ro o Q/ o  Q/ 1  .:::::i. Y  tm� 30 'Ul'l'l'\1Mfl11l�lJ'Wlf)n'W 'Wlff11n�ftlV\911elVl-:JlJllllllJ�1Vfflrn�mv 0.1 M HCI un� 0.1 M
NH

4
SCN elUl-:Jn� l mL lllllJtll\q'l.J

- tl1ff11n�ftlVL'U1ti'l1l�11iJ1mru'\lel-:J!'\1�f)$J1v1nm11�r11m11:i�nfiuuff-:i�m1lJVl1i'lt'W 470 nm
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4 ,Q .:::i. � j/ jl q ✓ d� c1 Q/ Q.I Q.I :' , 2.2.1 rrmnv '111iW'1'1/V-1'1f1Hlllllifl 'JWl'l/U'l/U'l/V-1tr1rni'1W'WV muv:; II lliriainllm Wf/Utl'l!Htrnu UWIV nn
mir1vvn'l/v-1 p/+ 1rni1trrJarmw'l/v-1wtuuN�vlh

'l'Ufll'jftffj,jlfi#-:id't9l�tllJW"1lJt1Hl1�'U 'lfl !919/l'U ttft�flft;jt'U9l �t�lJLVl�nM 'lu mi'Tvi1mrn�ff'el'IJ 
• I"' d .d ::-:I o' 9,1 .J o • I o' d o' d 1J'rnlfill't'lftf fYl'tt��'el'eln1:nnnftlJmtlffl'jft�ftltl NH

4
SCN 9/-:JffllJl'jtlfll'U1Wl1J'eJ'jl'll'U910l'J'tt��'el'eln'\J'el-:Jt'ttftn

'1�1o1-:imwl� 1 1rn��m1ru�m-:inw.nTYi'\J'el-:tWn1Jtt�-:inwifor-iml11�rn1ft1 30 'U1vittff�-:i1o1-:i�rn1-:i� 1 

45 

40 

35 

10 

10 

...
...
..
.. 
•······ . .

.... ..-··•· .. 
··········•·· 

15 20 25 

.. 

·+ 

30 

-+- 10% lOilliJll 

··•·· 5% u1a1Plu 

--+- 2% inil'l'lflll 

··•·· (% inil'l'lflll 

··•·· 2%0ait\.&Vl 

35 

..J � 'JJ 'JJ q ✓d9 'JJ ,e;1 �I" d� " nnrh1 2.1 ttff �-:tNft '\J'el-:t'lf'U�ttft�fl1llJt'\JlJ'\J'U'\J'el-:tffl'Jft�mtl'Yi'elfttlJ'elHI i 'lftm t1lJnftlJ'Ul-:tttft�'J�t1�nm 'VlWftlJ 
'ff1JNffnmf1�'eltU"eJ{1<i'U�mrn��'el'eln'\J"eJ-:tm�n 

"' 
'tl'WYIV'IM 

d 

tmn 

l1lftl�'U 

'lfl l9l'lll'U 

ift;jl'U91 

y y fl1llJl'lllJ'll'U (% w/w)

10 

5 

2 

1 

4 

2 

Kn1:1ru�rn.:imwnV'l'lltFITI�iJ'YiK.:inTHllJNtYJ11uumn 30 'Ul'vi

,' 
V 

WftlJft�ftltl'Wl 
Wn1Jc1�ft1t1tl1m-:iri1'U 
w" 9,1 9,1 'l ftlJ'IJ1lJflftltl1'U ff
w" 9,1 

9,1 'l ftlJ'IJ1lJflftltl1'U ff 
ti 

y , jl WftlJft�mvtl1 �mn 
,' V '19,1 WftlJft�mvtl1 �mn 

d q d.J' ,Id ti d ,I d .::-:I QJ 4 q lJ\ 1 mrntJ�'el'elO'IJ'el-:ttttftn t'U'Vl'UtU'el'Jt'll'U9lfllrn��"eJ'eln'\J"eJ-:tmftn111nwmrn1911vm1n eJft1lt'U9l > 111m9l'U > tfl 91 
'lll'U �-:i�rnmrn�ft ei-:iil ffeJ�flileJ-:tf1'1JlffOtl'J.fll'Yi'\J6-:tWnm1�-:tf11HYlJNffl11 111091111-:t� 2.1 'Yi'IJ1lfl1llJffllJl'Jtl 
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'l'UnTrn�mutl1'lle1.:ivlii'lJ�l\911t.Jmnn ti1:1�t'U\91 > l1li:ll�'U > ir11¥i'lfl'U nciT:i�e1vlii'll�i'itffou1m'Vi�1Y11e1 

ffllJ11t11:1�1:11utl11${mnri .:ir-rn 1,rll1e1foie1t1t1'U 1:1�muniiue1e1nm 1${mn 
el C\ .ei. ti C\ .::t. QJ' d .<:.1. Q.I 1 31 9,1 -,=:,, o"d

'l 91tlJcl'Vi 1l l';i ill l'Vi e)i:)tlJ ti ';i 'l/'U � l� t.J1f1'U U 1:l� 'VU 11:l ll� {11 f1'U 'Vi'lJ11 fl 11m 'UlJ'U'U 'Ue).:Jffl';j 1:l� 1:l lt.J'Vi e11:l llJe) ';i'\'l 'II
c:t et a' .c:1 , _, o' d ,1 d "1' , �1" d .::t, .ei. QJ' .<::ll. l\91-:i t.JlJ-n cllJlJ Ncl\91 clllJ ti ';it 'lf'U \91f11m 'J � cl cl f1'Ue1.:Jl ll cl f1 t �tJ'Vi'lJ 11-ncl lJ'Vll\91 ';i t.JlJ 1l 1 f1fll';i cl�cl lt.Jl 1l 1:l l\91'U U cl� clcl 1ll'U \91 

� fi1llJt '\JlJ'\J'U ff .:i 1) � 'l ,r fill 'UeJ{l ;'U 91 mm cl� ti ti f1'U cl.:Jlll ii n�1ni1vl 'cllJ� l\911 {JlJ�fl11lJt '\JlJ'\J'U� 1 'l 'Um lli 'U e).:J
"' ' 

vlilJ�l\911t.JlJ111n ir11191'lfl'U'Vi'lJi1Nclf1Wl'l�cle1.:i iiht¥1n�1.:in'U rdt1.:i111n ir11¥i'lf7'Wi'ir111lJffllJ11t1 'l'Wm-:icl�mu

tl1hl�o,:iu,j',j7,i�d'lJNfft1'!Jtl1l'i
1
l'Ut11:ll 30 mvi

,, ,, 
1l lf1Ncl f11Hl� 1:l e) .:i 'l 'U ff 1'U il ffllJl';j tl ft1'U, �il lftG {J';j fll'Vill 1 ti fl11lJ flllJl';j tl 'l'U f1 u 1:l�cllt.J'W l'U e) .:J'Vi e1ii 

llJeJ{�'l.fft\911t.JlJvl'1lJl�'Ul9i'1ltil1rl1tity�e1mmi:i�e1e1n'lleJ.:Jllliin �.:iJ'U�1iut.:i*Y11UtJ1'\'ll.:J'l'Um1lvilJ 

mou1m'Vi'lle1.:ivlii'm'Yle1cl�mmi:i�e1e1n'lle1.:ilttiim1lJo.:itn�e1u-:hu�tw1 tirmn����e11,J 

2.2.2. irmnmn-d1JUYOV'iil1W'l!Mrh!1J Trivv1trvnmiir1 cross/ink UUN'J'lffl-:JYM'-1 
91 91 d "I 91 ' .. 'd "' "I. I "I 91 "' i .. "I 91 0 1llf1Nclf11';i'\'l�cle).:J'IJ1.:J\91'U1l�lll'U tmltf1cle)U';i'\'ll\91lJM rnftllJl';itll!'J�cle)f1 t� �.:J'U'U1l.:J t�'l'llf1l';i cross 

link 'lr1 l91917'UvlillJ${1u sodium citrate �1tU'Uf11';i'\'l�cleJ.:J�.:J'\Jl.:J�'U i${Nclmrn�cle1.:J�.:innvl� 2.2 

14 

12 

··•···········••..t. ..... . 
.. 

10 15 20 

1101(1'1ii) 

-+-2% 1ftl911¥1\.I (control) 

·· + ·• 2% 1n l'il'll'lU (crosslink) 

---+-- 1% 'lfl 1'i11�1U (control) 

· · • · · I% '1fl fo'lflU (crosslink) 

-♦ 

. ..

25 30 35 

,=t ,:;;t .c::{ I cld ,I cl d QI Q.I : I 
n·nv-ln 2.2 u ft� .:i m1 t'll1 urn 'l'1 uu r1ll'Ue11 l 'lf'U ¥i mm cl� e1 e1 n'll e1 .:it tt cl n'l'l 1� t.J�l 1cl 1m1 ftlJNff'U 1911.:i '1 q 

'Ue1.:JvlillJ�l\911t.JlJ1llf111'11\91'lfl'U�rh'Um-:i cross link (crosslink) Ucl�1,Jf-11'Um1 cross link (control) 

fl11Ul 'UU'U'U'Ucl.:Jffl'Hl:::tll[_nrl I VI 

91l'UtiH' (% w/w)

control 

crosslink 

control 

crosslink 
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tlfflltu:::'1'11.:Jfllf.lilll"l'UMvliu
"t IV V' o 

miu-«iir,mm 
"' d 91 lJ1lclf11.!e){J
' 91 "' 

fie1'U'IJl.:JlJ1
"' d 91 

lJ1lclf1'UeJ{J
' 91 "' 

ficl'U 'lll.:JlJ1 

QJ CV ,V o .c:f, 

'YiMffilNff'kll 30 UTYI 

vi ,' 91 91 'l cl lJ'lJ1lJ r1 mu TU ff

vl11lJ IJ.:j M ft fll'Vi l �'UUN'U 

yj o' 
91 91 'l cllJ'lJ1lJficlltJ1'U ft

vi 11 lJ IJ.:j r1 .:Jft fll'Vit1J'UtlN'U 

14 



,..Id _ llil 3', � , 111 1 111 tt , , , _ 1 c1 d o'
,nnmlTI'Vl 2.2 ffilJ t\Pl17nTnMl crosslink 1:::'1'111..:i tfl t\919/l'WnU citrate ion tllff..:i�-H'l\9l'elt1Jel'.il'-lf'W\91 

f11'.i'l'l'l\Pleleln'llei..:it'l'l�mrlm viaui\'u 1u mru� ttltn\Pl cross link ll�nl'.i lfl\Pl cross link ff ..:i�-rn�fllff01J'.i fllTI'lleJ..:ivlii'll 
., d , .s ., o q >':;;i ,1 "''i' >' d cl ,J .s ., ?I , ::':I ,1 II) >''i' \P}..:j\911'.il..:j'VJ 2.2 ml11fle)n7'.itn\Pl crosslink 'Vil !'l'ITiilllll !flHff'.il..:j'l'Jll'll..:illH'll'W'il..:j1J,:jfl..:jfff11Til1J'WllN'WY'tilll t\Pl !\Plfl 

'1illn\Plm'.imll ulf�1um1ifoviml1L{Junm 30 mvi �..:iloi'0..:ivhmrnlPlff0rn�lll9lll t\Plfll�llnm1um'.i�llvlii'll 
' 

q : .. q "'"' ,J 
t'W'WllTifl\91'.i1'ilffflU t'l'l'l/\Pll'il'Wllln'll'W 

2.3 i:qur-mfll'i'Ylvir,'lel.:i 

1 u ..:i 1u ii ari1u il'1 ��WJ'W 1vl ii'll�il 0..:i nu mrn n \Piel un 'll 0..:ilvl0 -fa '100fl'WTiui1'1fl11919/l'Wvl ill iimrn n\Pl 0 0 n 
' ' 

4 >' d .,l ., ., ,.,.,., d >' >' d II)>' , .,l o q>' 'lleJ..:i tflflfl'W'Wfl1J'Vlr{\Pll'Wfl..:i'il1mn\Plm1n:::mannu t\Pl'Wflfl'l'lr{\Pl Lrn:::mllll'llll'll'W'Vll'l'lm:::ffll t\Pllln 1 mi::: 2% un:::lllfl'Vll t'l'I 

lfl\PlUQn!a1 crosslink 1uvlii'llTiflftlllfl1iJnm l'Ull1'Wn7'.iil\Plf11'.i'l'l'l\Plflfln '1� u�loi'0..:ivhm1flf)'hll�el lUt\Pl1J'll1J11Jl1ftl 1'W 
q ., ,J f)l'.i'VJ\Plil�M !'l'l'Wl'W'll'W 
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' ' "' 
il'TI..IYI 3 

� .<=),J.d, � 4:!\. \J)Vt � �v d 
fll'HlfllllNt'l'lltNTit'lllYl!flt'l01Jll'WN1Nt'l !ll1110fll'H.lvHllfJ'llMNt'l111fltWYI 

i u -:i 1u 1 i mhui'.l fl tu� �ii vffnll 1r-rn 'll 'el-:J fl 1':i Lfl �'el'Uiutl1N ft tij' $( 1ffVl 'el i11:1rn{:\hfl TVl91 'el 'ellQfl 1':i L�'IJ fo1J 1 
,I 

C\Q.1 1 .J'.:!l � a.,,::,,. '19,1,d .:!I 
9) ,::::,,. ✓e4 d.::1 I Q.I d : .A �rti.J':i � ff -:J fl 'll'el-:JHU 1,J {fff1'W'U fl'el l'lfllllfflJ'IJ\91 '\l'el-:J rrn lJ'VlLl'l ft 'el'Urt 1{1 ffl'j ft�ft 1 {f'VI 'el rlllJ 'el 'J 'lf1fll'Vl'\ll lJ\91 'el fll'j flfllfl'IJ'U lLlJ 'el 

"" ., t "dt 't" .:!I 9' 
� a'.c:t L'\11{1'1.Jfl'IJNft lJ'\11 lJ rtLflft'eJ'Urt1{fffl'Jft�ftl{f'Vl'el"llJ'el'J'lf1fll'Vl 

I 'JI J} I j/ j/ 

Nft Wvii-ir'lum1ffnmfli'-:iil,J1�n'el'IJ¢11v Ni'-:i LL'eli.Jti11:u�v1 lJ�L�'elL'\111'1' u'eliJLilftttrt-:i LLft�ii�ih-:i tfl�'el'IJ$(1v'Vl'el 
iitii'elfvrn'lhm'Vl mrn�ftlV'Vl'eliitii'el1'1hm'Vl�i11�'el tfl iw111u �-:J'Vl'UlJlfi lu'el\9lffl'Vlm':iii�-:i'1'Vlv tfl l\9l'lll'Wi1ffiiu��

A d , ii '19' ,1 d .::1 '191 , : � 
& , '19) ...s i ,1 ffllJl'j(ll\9]'j {flJl'U'UL!N'UvlftlJ rt Lm�vlftlJ'\IIL\91';i{flJ rt'Vl'IJ11'UlL!ft�fl11lJ'lf'U ffllJl'jt:19/lJNl'U rt 'lu fll'jl'ffilllfl'J-:J'U 

'Y11f11'jfff)'lfl0-:JNft'll'el-:J911L!,J';i�W1 �'el'ellQ'll'eJ-:JNft\91fltuci-1i!'U lrt{f�rt\91llJ,llfllllmr f)'\l'el-:JNft '1ij'�1,J�{f'U!1 i.Jft-:i 'lu1�v�nm 
��ll'W'Ufll';i'\llrtft'el-:J lli1ui.J1�'Y1lf11':ifffl'lfl '1$(url Nft'll'eJ-:Jfl11lJL,,i'lJ,,i''U Lm�J,mrn llJLftfJft'll'el-:J ll'l l\919/l'U Uft�Nft'll'el-:J'W'Uli� 
.A l I l.!1 .,. Q.1 

J 9),::::,,. QI '19,I O Q.1 .e,,,:::t Q.I ,J ,l "' '19,lq 9),:::t L'lf'ellJ 1{1-:J'J�l111-:J fl !\919/l'Ufi'IJ sodium citrate 'U'elf1\llfi'Ufltu��1,J{f rt'\lllf11':i'VIWJ'Ul11ifil'JrtrtU 'J'Vl'UN1'\l'eJ-:JNft lJ !'VllJ
m1m'el'Utl1n'if 'el i tt'mm1mflflv'LI$(11.1 tfl L\919/l'U '1$(�,'U J-:itl'r-rn-:i1u1ivri1ui'.l'1$('elyi uiu\9l'el'U m1 '\JV \lrtfl'VllJ'IJ\91':if1'1.J 
'V11-:iii1111'\llv1-a'mt-a'1 �-:ii!ufltu��1ivt-:ii1m1ii�1L�'U 'lum1ff-:i1u ,,'/m.Jft�ihr1i1Jt-:iiJ'1$(1 �vu '11imw-:i1ui'.l 

"'"' 
3.1 11ifll'JYlvH\'el-:J 

3 .1.1 irn-Y1Nt1•1ro-Jr1111ilri1'ffl umn111c1uvlif JJ 'ln 111•lfm11'a nu-tf �a 1f/'lleJ-JNt1Ni'-J
t 9,1 O '19) � \! 9,1 O 3/ I : I 'j/ 

iu 'll'U\9l'U'UlrH'l lJffrt'l/'el ,Jlf1\9lftlrt 'lu,J1�L'l'll'l' 1'1'1{1 ftl-:J'\lllfl11lJff �'ellrtr\1{fff'IJUft�'U1Li.Jm '111 ft�'ellrt . � _J j/ 9) i o 1 '19,I C\ � I d LLft�N-:iimm-:i ,i1n'U'U'l'llfll':i\llJNft lJMi'Wffl':ift�ftlV'VIVftllJV':i Lfl l\9l'lll'Wi'Um1�m':i'l'lrtftV-:J\91W1 tilunm 5• 

mvi i.JriM'lttutt'-:i .Ji-:itl1m!n'l'Jniu 'Y1lf11':i�rt\9lll1Nm�unm 71'U 'Y11'111hw1u 3 911'ela1-:i Uft�Lm1.1rnvit1'1.Jfl'IJ 
. 

• I .:, dl 't" "' " l "i � ✓ H':i-:J'l'J lJ rtlflft'el'Urt1{1 fl t\919/l'UYiftlJ 

V !3J ' .:!l ,::::,,. Q.I rl3 .1.1. l Nft'll'el-:Jfl11lJL 'lllJ'll'U\91'elf11':i Vrt'ellV'll'el-:JNft\9lfltuCVI 
. 

""'., "' q " l 
"i .,l d " ., � , .J' � ✓ d "' t "t ,fltu��1\J{l!ft'eJf1 t'lf 2% Uft� 4% (w/v) fl !\919/l'U L'U'eJ-:J,Jlfi'l'lfl11lJL'lllJ'll'U\911f11l'U YiftlJ'l'IL\91':i{flJ rt lJ

ct � � '1"'19,I�& d G)9J 3,1 J.! 1 1q91 ffllJl'J(llflft'eJ'IJ'Vl'UN1'\l'eJ-:JNft lJ rt'l'l1t:1-:J Uft�llJ'el t'lffl11lJl'\llJ'U'UlJlflf111 4% 'Vl'IJ11 t'lfl1ftl'Ul'Ui'Uf11':i
YI 1 itt U tt'-:i 

JI 

3.1.1.2 Nft'll'el-:J'Wl'Vl'Wfl llJLftfJft�'elfll'JVrt'ellQ'll'eJ-:JNft\91fituci-1 
JI JI ' 

L'Uf11':ifffl'lflfl1-:Ji1'115'1fl l\919/l'Uvii1 molecular weight L'\11fl'IJ 57,000, 100,000 Uft� 800,000 g/mol 
3.1. l.3 Nft'll'el-:Jfll'jlf1rti.Jijn�Vl cross link 9)'e)fll'JVrt'ellQ'll'el-:JNi1\9li\'tuci-1 

9 & .J'9 91 • ll I w 9J 91 l 9 !31 • t'Ufll':il'l'filll'U t'lf molecular weight 'll'el-:J fl l\919/l'WL'\lllfl'IJ 57000 fl11lJl'lllJ'll'U 2% trtV t'lf sodmm
• ., ., .,1, citrate fl11lJl'lllJ'll'U l % !1J'Uffl'J crosslink reagent 

., 
"' .I "" "' IJ"Y � ✓ "' ; 3.1.2 fn'j��lluHVUN'J'l/eJ-'JNt! W�Wnt!1JUN'i�fl'U'/.111 '1-J 

0 "1 '1 5J I d, QI £'I O ci 4 '1 
'J) 9,) 

.:::i,.e:i, cl '\lllfll'JL\91':iVlJNft lJL'lf'ULrtV1f1'1.Jf11':i'l'lr!ft'el-:J t'U 3.1. l '\lllfll'JLflft'el'IJN1Nft lJrt1VfflHl�ftl{f'Vl'elftBLftf1 
"i '1 ,I 

gJ 

' 

9 44 d '1 d' d d, 9J O '19,) QJ I 'J) 'J) : � .J tm ft\9lrt1Vf11':i�lJft-:J t'Uffl':ift�mv'Vl'elft'elmn im ft\91Lilm1m s 'Ul'l'l llft1'U1Nft iirt-:inm1m-:irt1t1'Ulflft'W 91,:i

htrnmtiou 2.6-full report 2552 16 



i 'j} 9} a., c:: i o � : ,A d.i � 'j} 14 9' 'j} �q c:: 1 'l .... 
'illf)'IJ'W\9lcl'W'IJ1--'Wl'W'il�'W'Ul'U'W l 'Jf'W IHl�flll'W'Wfll'.i'l'WHlcl<l'l/ll'VlcltrHlcl'IJN1fl1Vvrn tlJfl1V'VlclflclHlf) '1'1'.i fl\91c)f) 

3.2 ffiltn'.i't'lvl'tlcl-.l 

3.2.1 fffl!Jlf1'tl'IJV,JfnWlV1JVU'IUN 'Ir, lll1CJf1U 

so 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

blank chitosan4% chitosan2% 

9 
.:S i d 9}qa., 1 cl I d f «:9 a:t : .J 9' 

t'Wf11'.if1'f11lli'l'.i<l'W fltu�fj1'ilV'.ilV<ll'Wfll precent weight loss l'U'Wfll'l'l'I.M'I.Jclf)fl<lf11'.i\lqjlffV'Wl '1/<lfll 

N�\91.f)tu C\11 ifotl llJ lf) 'il � '1'11 L tt N� \9l.f1tU cntluii 0wiu1 �1 f)11N�\9l.f1 tu C\1 �" '0 \91 '.i lf11'.iff tlllftVtl1u' cl Vf111 1 fl Vfi 1 
' � u 

o V • 

precent weight loss n'lll1'.iflfll'W1tu'illf1fflJf11'.i'IJ1'1'11'1 

,, ,, ,, 
precent weight loss = (U1'11'Wf1'1Jcl<!Nfl '11i't1cJ'W - tl 1'11'Wf1'\Jcl<!Nfl 'lli'11-a<1) x I 00 / Ul'l1'Uf1'\Jcl<!Nfl tUficl'W 

f I I 1 •• I"' ' .. V '-'I 1 A V V "l '9 ' A .. A 
'illf1f1Hn'l'l 3.1 'Vl'IJ11f11'.ilflflcl'I.Jf\1V tfl \9l'l/l'W'l'lfl11lJl'\JlJ'IJ'W\l<l"l lJ t'lffffl11�'1'11'111Jl�fflJl'Wcl<l'illf1lJ 

f11'.i\lqjlffVil1mnn111dm\91� viivl'ci'ii 1flvHi' 2% tfl 1\91'1/l'W 1rn�1rlm11m1\91'.i1'ilffcJ'IJ-amoJtu�iu�1'1JcJ<1vm 'lrl'
v v .- , :::1" "" d "'  v '-'11 

"" .k , "" :::i" v9 ., 
fl1Vf1flcl--'l �fl'Vl'.i'.iff'W'Vl'IJ11 Yli'llJ!fl fl cl'IJ'l'll\ll'.i VlJfl1V tfl \91'1/l'W 4% lf1fl'.iclVll\llf1'1/-.lfllfl111f)fl 'illf1YlfllJll'l1'1 t'Wcl\ll'.il 
d

\lj 
, , QI i , & .?1 a:t � ,q l1 J cl i, 91 1 .::t 

'l'1 tlJl'Vllfl'W'l'l<lllN'W 'l/<llu'WNfllJl'illflffl'.ifl�flWlJfl1llJ'l1'WfllJlfllfl'W tU 'Wclfl'illfl'W'il�l'l1'W tfl11 fll'.i\lqjlffV 
: ., i, vd "" v '-'I l "' , v , . 1 .,l "' ., "1 vd,1 ,4 v "' 

'Wl'l1'Wfl'\Jcl--'lNfl tlJ'l'llflflcl'I.Jfl1V tfl \ll'l/l'W 2 % lJfll'WclVfl1l1J'.i�lJltu 10 % llJclli'W'I.Jfl'IJNfl tlJ'l'l lJ tfllflflcl'IJ 

,, 
1.2.2 r1c1va-Jumun fomf}'i'l'lla-J 1r, TriCJJm 

,, . . 

tl111il' fl 1rnflfJfl'\JcJ<l tfl 1\ll'lll'W'nll\91flfl1.:ifiuiiNflflcJfl1llJ'l1'Wfl'\JcJ.:Jffl'.ifl�mv'll<1iiNfl 1 flV\ll'.i <!fl cJfflJ'U� 

'IJcJ<lvlftlJ tfl 1\ll'lll'W 'illflfll'.i�fllll'Vl'IJ11Nfl tli'�lfl�cl'IJ$i'1vvlftlJ lfl 1\ll'lll'W�iitl1'11'U fl 1 "1ft fJt'lu' clV�'qflffllJl'.ifl 
,, ' 

flflf11'.i\lqjlffVU1'11'Ufl M?i'Yi-qfl 
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43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

blank �7000 100000 800000 

o·nvl� 3.2 Ufffl,:Jrlft'\J'eJ,:jvl(jlJ�l'11�tllJ'illf) 'lri l'11'lil'W�iiJ1,nrn llJlftfJft�l,:Jf1'W�'elf11':i'iJi)jlirt1tl1t1'Uf1'\lMNt.:i (4% 'lri l'11 

9/l'W) 

"' "' .d 7 ' 'J 7 "' 3.2.3 fl'm/1N'tl'llfNWU1i�:t'JfflU 1cN:rin1N I'/ 1ACJf1Ufl1J sodium citrate

fltU��1it1'1��f1'lflrlft'\J'e),:jf)l'j'\lll crosslink '\J'eJ,:j'lfl l'119il'W lfltlftl':ilflii�mm1miim.lgnit11t1'U 'lri l'11 

'lil'W'1$i'uri tri polyphosphate, sodium citrate Uft� sodium sulfate �.:iL'W�'11ftl'tlfl':i':ilJ'ell'tll':i'Ut1lJHf sodium
I )I )I JI 

citrate L'Wnl':il'lf'ellJ�'Wli�t1'U'1f1 l'119il'W i.:i'U'WL'Wf11':i�f11nflf .:ii'l�.:il�'elf11oif sodium citrate

60 

50±1.9 

so 

40 

30 

20 

10 

0 

blank nocrosslink crosslink citrate 

' ' . . .I "' "" .I """""' ., '1' .I "' "'
'1 

'
'1

'J/ "' 'JI O'.il'nYI 3.3 Ufffl,:Jrlft'll'el,:Jf11':ilf1f11J!}fl':itll crosslink f)'LJ precent weight loss tfltl blank: FiH'Vl lJ fllflft'el'Uf11tl

vl'1lJ'lfl l'119/l'W; no crosslink: Nt.:i�tl'l�'el'U$i'1t1vi'1lJ'1fl l'119/l'WU�'1iiiinwv'h crosslink; cross citrate: Nt.:i� 
"' 'JI �

.,. 
'1 -, "'"' "' 

lflft'el'Uflltl-nftlJ fl t'119/l'W'VllJf11':il'11lJ sodium citrate

'illf1f1Hvl� 3.3 ti'.tu'1�ilf11':i".li)Jlfftlill'll'el.:ivl'1lJ'1fl l'119il'W�lfifl'LI0f11tll crosslink K-w sodium citrate

.. ' 'JI ' 
'1 

'J/d "' " '1 ., d
'1 

'
'1 

'J/ 0 

'1 
""'

'1 
I "' 

(37%±7) lJfll'W'eltlf111rlft lJ'l'Hflft'el'Uflltl fl t'119/l'W'Vl lJ fl'Vllf11':i crosslink (46%±3) Uft�rlft lJ'Vl lJiflft'el'U

(50%±2) u�'el ci1.:i '11 �mlJ 'liiii'.f u fl 11lJu'11n� 1-:i�i'flL 'il'W �.:i'el1'il ,i��'el .:i 'll t11t1L 1ft 11 u m1 �,iiiu mrn flft'el.:i�t111 
,1 
'll'W 

., ., .I "' "' 'lj/'J/ ;)/ ,,, ., T 3.2.4 fl1'irirlllu'iW'IJN1'1/fl-JN'tl Ur11lln'tl'11JN'ig:{111J'IJ1 lJ 
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'J)-"'!\ Q.I ' ,.,g c,,,,:::1 ..::, -:::i.. QI d'q 9J .J ,::g "1 'JJ w ,e,,,.:::.1 Q/ 
... I cl ,e,,, '-1 9' flfil:::N1'1lllJ.:Jfl'f1'1fl1Tif11-:il'VllJ6lll'IJ6.:Jf-H'l\llflfilCVI 1'111Jlfl'IJ'U '1.:J t�'Vl\Pll'U 11Ti f)l'J ��LI lJ 'J'Vl'UN1'\J6.:Jf-Hl tlJ 

"' q ' 

' d "' 9' "I 'i .,I 9'"'> � I!] 9'� di "' :;;I ,I '
l 

'i d "' 
flel'U'l'l '"1:::lflfte)'l.J�1ll tfl t\919/l'U l'U 6-:J '1lflflfil:::�1'1ll t�l'lfl'l:l lf:i.:Jfj filfll'Vlfll'J lflftel'l.J '\Jel.:JTiftlJ fl t \919/l'U 'Ylli'lftel'l.J'l.J'U
C\ \49' ' '1 d.et.:::s'J} I .J d d "13J& '1 I ri 
mN-a tll 1MmHlf M hunrn:::inu tfl L\ll'lll'U'l'llli:i't1e1i,e1u 91,:i,11mu'Yl 3.1 ,i:::nrn i�f:i-:im1i, t1Jffmtff1Jei'lle1.:i 

q "' "' 

" � d .o::i '1 � lt 91� "1 , Q/ ll 9,/ 9/ , di. � .,, d . 
vl-arnfl-afl'l.J'l'll\l11um1n ti'l L\l1'117'U'l.J'UN1N-a i,91,:i rnmm1mH1n\l1 � mt1\l111um t'Uei.:i,11nvl-ai,i,fl11i, 1u1.:i

.J V V , V 

Liff� .:Jll-a :::,j i'l1llJ'l1 'U 11 vi {J-:j 100 llJl'l1el'U 'll.:Ji
l
t\j'l11U fl 1� 111n � '1 lflvl'UN1'\Jel .:JN-a "lii'li fl ru 1:YlJ1J�l1 lli'lffl'l.J'U 1 

(hydrophobic) �.:iJ'U lfl L\919/l'U�f .:i 'himm1mfl�6'l.J'l.J'UN1'\J6.:J Nil 
'
l"'"l�v1'1€i .:i CJ?.:iei 7,1,i :::ii Nii� elf) ruJ:Yi,u� 'IJ e1.:i 

:;;i<ld9' � ,1 
TI ftlJ'\'l\llel .:J fll-:i'Vlrol'Ul'\J'U 

9' 'i 9 9' "" "' "" '19'9' "'"" d 'I' "I <I .,I ' '19' 9 """" 
'UelllM tM t'lfl'l'lfl'Uflf)1'Jlflfte)'l.JN1'\J6-:JN-a llmllffl'J'Vle)fte)lftfl t'l'l'J tft\ol llJ61lJNft lJM t'Uff11-a:::mt1'Vlelftel 
d 'i "I o' """" d 'i "I ,1,1 4 <'I d o' • "" 4 9' � � �"" : 

rnn t'Yl'J t-a\ol 'VlelML-afl tm tft\ol'U'1::: t'Ulflfte)'l.Jl'U'Uvl-alleJij'l.J'UN1'\J6.:JNft tlJ 9/.:Jl'VlllfjfilfflJ'lj\,1fl1llJ'Jfel'l.J'Ul'\Je).:J 
,JC\ "191"1' l1J9' Q/ Q/  td J .do ,q'J) & .ct,_?1 
'Vl'UN1Nft tlJ t�ll� t�'1lfl�lJ1:YlJNff'IJ6-:J'l1ll�'Ul'Ylft�M u-a:::lllell'VllJ'1l'U1'U-:iel'l.J'IJ6.:Jfll'J�lJ t'l11Jlfl'IJ'U f:iel1ll1J'U

d o t C\C\ d i, o1 , q 'J) (I.I� f .d & dt o t d & 
f11-:il'VllJ'1l'U1'U'lf'U '\Jel.:J'Vlelftellftfl L 'Yl'J t-a\ol 1:1' .:JNft 1'11fjtl!fflJ'l.J\l11'11llJ'lfel'l.J'Ull'VllJ'IJ'Ul-:i 6ll'l \olllHll'U1'U 'Jf'U'l'llJlfl'IJ'U 

120 

• fl.Y� 

100 • uotl,iim;iu,

,i::,I,�

� 80 

60 

j 40 

20 

0 

bare 2 layers 4 layers 

I I ,, )I V V 

,11niuvi 3 .1 ,1:::11'.iu "l${111i'imhnwviutl 1'l.J'UN1ueiu1u-ar1.:i1:Ye1.:ii1eirh.:i ,i:::n'.iu M-:hvluN1'lle1-:iHe1u 

1�-a� 'llir-l1um11fl�e1'l.Jir'U ii11 um111�n'l 1m:::'ll'UN1Nii "lii'eidwi�1,1'U cil.:i1i'l'UN-am,11nriruff1Ju�m1i, tli'lffl'l.J 
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tl1'\JfMN11rnu1ill:'l 1rle11mcJrn-ncJunrnrnu1i11:'l�rhwnn1r1i'ie:iu�1cJvlci':wvwii�1�n 1m11:'l��m1mnn 8 iu 

TI'U1Tvl'WN111el'Ulil1:'liim1:IJ'Jfel'Utll:1J1fl''W�·HYl:IJTHllfiA�'W91'Jfl!cJ1��f)'IJJ1�vi'WMl'Ul� �.:i1,j1nAliJ'W'1'1cJA 

J, lAcJNi:'lf111'VlAi:'lel.:Jt<Jlrn�cJ1nummrn1i'.iu1�,nmrnr-l4'-:i (l'U� 3.2) 1.Jlrn�w:inu 

_J 
V 

.a jl <C\� d 1f1 ti o t c! 

l'UYI 3.1 Ni:'ltlel'Uli!mtA.:J (a) lfli:'lel'UmcJTieli:'lelli:'lfl 1m t911:'l 1ll'W1'W 8 'Jf'Wlfli:'lel'U 
,, ' 

um: (b) 11e:iu1ill:'l11A.:i-n1,ji:J1um11r1i'ie:iu 

_1.J .. Id, .a V �.<=), d i 111 ./ o t .a iuYI 3.2 Ni:'lPIH (a) lfli:'lel'UA1cJ'Vleli:'lelli:'lfl tl'l'.i t911:'l 'ill'W1'W 8 'lf'Wlfli:'lel'U 

111:'l� (b) r-Jr-:i�'1,ji:J1unmr1i'ie:iu 

- I "' "' .. "' .,,,. "I "' '1"' '1 "'9 - I d � d "I "'f111'VIA'i:'l'el'Uu1�1:'l''Vllifll'Vlf111tfli:'lel'U'\Jel.:JTieli:'ll:1Jel1'lf1fllTI'U'Wf-rn t:IJ Alli:'l'A-:J 1 t'Wlu'Vl 3.3 '11.:Jl'l1'W tA 
,, ' ,, 

i11rnu1tll:'l-nil'1�i:i1rnmmi'ieiu�1cJvlci':wTieiii�1�n 1m'19lt (�1mui'u1r1i'ie:irnvhnu o) '1r1 l91'111u'1,jmm10 
.. '1 j} il, .,g & I ..t{ <O:\ ,/a. 1.IJ j]d, I c! � 9,/ ef Q.1 I 

lfli:'lel'U A'Vl1tl-:J 'l/.:Jll9lfl911-:J 'illflfll'.i !fl 'ft el'U'\JM'\lieli:'lt:IJel'.i'Jf1fll'Vl'U'WN1:'l t:IJ'VlNl'W fll'.ilfli:'l el'UN1A1cJvl1:'l:IJA-:Jfli:'ll1 

I d I ,::!:{ 4 91 ti., .,Q d. ... I � e:l>, d& J. 0 .a � o'd. '1 "'d 
fl el'W 'II .:JTI'U111:'l'l:IJ11tl !fl 'ft el'U t A'l'11tl-:J 111:'l �:IJ1J1�1:'l''1'1 li fllTI A '\J'W l:1Jel'l'l lf111 I fl 'ft el 'UTI e:im:wm 'lf1fll'\li'U'W Ni:'l :IJ'l'l 

' QI ... I 3/ c! ,I �..:::), d l 4 ,Id t O Q.I ' ":!\ " 

Nl'WflllAAllu'JA1cJfl11lfli:'lel'UVfo:1JTieli:'lelli:'lfl im ti:'l\il'l'lfl11:IJ'l1'Wl 2, 4, 6, 8 'li'W\911:IJi:'llA'U TI'U11'\lieli:'lt:1Jel1 
d. J e! '13/A,1 o Q.I 
'lf1fll'\li'Wi:'l'l:1Jl'.itllfli:'lel'U AA'\J'W9ll:IJ1:'l1A'U 
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fonuiumiiou 

"" ""' 

'l'HH'lllHJ':i'lf1flll1 

3.3 ff'!�l'-l{IOl1YlffiUH 

iu nu 1it1ff1'1.,('d''l-11t11':i�vlJU lTI cllJ�l\91� tllJ'illf) l 'U 10l1ft�lml1m1d'irjflrn'll1J�iu t11':i V�Hll�'IJ'e),:Jf,Hl '11n� hw

'\-11f11':i �\Pl\911ll4ir-:ill11nr f)'IJ0-:Jlll� ft\>) Ml'U� tl'UlVltl'lJfi'lJ r-rn 'l�� '1" l�lfl �0'lJTI"1lJ iu f11':ifff1'lflUill� 0 f11\9l� tllJTicllJ '1ft 1 \91 
� I !JI !JI !JI ,J "' '-l 'l' ,d,. : ., 'l' !JI d 

'lflU 'illf1t11':il'tf1'1fll1'lJ11 fl11lll'IJlJ'IJUU'eltl (2%) 'lf-:Jl\91':itlll'illf) !fl t\9l'lflU'l'llJUTl1Uf1 tlll'clfJftU'eltl'l'l"!l>l (58,000 g/mol) 
,, 

'ffllll':itlft\Plt11HJ�lfftl'Ul'\1t!f1l� 10% Uft�Nft'IJ0-:Jt11':ilfil>l'Uijn1t11 crosslink �1tl sodium citrate �0f11':iV\Pl0l�'IJ0-:J 
� QI d't Q.I "1 I I Q.I 9,1 0 9 d J 

Nft\9lflfl!C\'1UUtl-:J tlJfl0tl'lf\Pll'ilU \910-:J'l'llt11':i'l'l\Plft'el-:J tU':i�tl�l1ft1'1'1UlU'IJU

J 3,l�a., llJ 9' QJ '°',:::! QJ J � \/j gJ J aC,\ .:::l.e:t : � d � Cl d,,::i 
'U0 f1 'ii lf1U flfll�f;j1'iltl t\>111\'lJU 111if11':i\Pl \PlU 'U ':il1UN1'1J0-:J Nft tll'il lf1l1UN1'1'1ll fl1llJ'lf0'lJU 1\91 llUU l1UN1'1'1 ll 

: ,J .Q I 9 !J/1.j ', ,!( �j � ,/ '-l !JI .;, ,. ,J o ', ,!( ,x <> '-l !JI !JI 
fl1llJ'lf0'lJUllJlf1'1JU 'lf-:Jff-:JN'cl tr! tfl t\9l'lflU'ffllJl':itllflft0'1JluUTI'clll t\>1'1'111.N'IJU 'I'll t\Pltllflft'el'Ul1UN1Nft tlJ\Pl1tl'ffl':ift�ftlU 

JI J,/ '1 t I jJ 

110 ��L�n 1 m h9i'LiJu iw-1 'l-11mrn11'ilffB'UfJfll ffll1J�m111'lf0'1Jtl 1'1J0-:iviu N1vi1u�uu '1 ,Ji 1>1c111>1r111-JllfflJN 'ff'llei-:itl 1'1Ju 
" I .,A_ ,, ,, ,, " d " 
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