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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 casein-PDADMAC-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 S 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 (Fe”) in the prepared biopolymer film back into aqueous
phase was evaluated based on the complexation with NH,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-
crosslink 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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emulsion BY
1.1.1.1 fas e o ATUYA (equivalent point) dmsumsiason tertiary LLQ® quaternary

emulsion

Tertiary emulsion
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- 1AW secondary emulsion 13 PDAD #eusouasluasazatovesdadiuannududu 1 %
w/v 1 pH 6 #1115 homogenize ensway Tagdasiaduiimsanytldun 0.10-1.60
(secondary emulsion: alginate)
#M3UNTAive e secondary emulsion 1131 chitosan Aousev: 1¥asazatsvesdadiuaniy
Wt 0.1 % wiv unu

o .. v 4 .. a &
- 39 %transmission 1At 1HAT09 UV-Visible spectrophotometer NANUY1IAAU 550 nm

-Mmsansmszniedsinasves secondary emulsion fi1) %transmission

dmsy quaternary emulsion A HumsnaasuumeIRuTNaY Tnels PDADMAC

(cationic polymer) UQZ tertiary emulsion iABOUAW casein-PDADMA C-alginate

1.1.1.2 msﬁfmwu1maaaunmuazﬁ1 zeta potential UD1 tertiary LY quaternary emulsion
YU IAYBIBYAIAUALA zeta potential IN3AN Tau1HiAToq nanosizer Tnuvhimsia
Freduag 2 A¥a TReaw 3 #0619 GunT o emulsion o4 equivalence point 1 1491nA13
naaes 1111 lasvhmsidendtadudensazare InfvuesSinmivlves 7 pH 6 T

A58 1 @8 50 ABUNINITIA

112 msi"ﬂmﬂﬁﬂifﬁﬁ?ﬂman@m"waaﬁyn‘/"uym
- #fie emulsion A28 isooctane/2-propanol (3:1, v/v)
- ladudavazaiedunien 200 L @naaly 2.8 mL ¥83 methanol/I-butanol (2:1, v/v) @M
A 15 UL 484 3.94 M ammonium thiocyanate 8¢ 15 AL U89 ferrous iron solution
- SaBnaasilszaouddon [FeSCN)P MAaTY §aoinies UV-Vis Spectrophotometer 71
ATIETIAAY 510 nm
- TumsSalSinedananvimsiusdoiaay 3 reduluudazanududy Taoinsiamms

¥
ar t @ g [ ) o
ganaulaefiediaz 2 AF mimsnudeyanniu dhunar 7 5u

1.1.3 Aamanuadysvevsuasuiuaseu 1a
] . ' .. ] g av o o A 4
mslaeunlavesnt % transmission ATz lUMIIALENATH WusRLIvenfienY
iwfesvesoatuieionld Taosinsiad 550 nm TaoldinSes UV-Vis Spectrophotometer™ lunis

g - o d o
Wﬂaﬂ\ium']fniﬁﬂ'ﬂ'lnﬂ?ulﬂusgﬂ 210173

1.2 HANINAADY

1.2.1 Mmsiasoy tertiary U0 quaternary emulsion SEUUAFU-PDAD-OANUUA-PDAD

b4 1
Tun13AnYT tertiary emulsion ANAFU-PDADMAC-8ailundousey aunsamsoyld Taaldsas
P aa d Sed et q;: Y Yao Y @ [l :’ @ ' v A l

waduiluwedaiannse lagiiilszyay FuauisulddnudasidiuTamhminsznindadiade
v ¥

secondary emulsion i1l PDADMAC deuseu wuiiiisasidlasiminmiify 0.24 uazlumsinson

L& o . 4 H :
quaternary emulsion 1ul¥ PDADMAC 11l cationic polyelectrolyte Feaz ldfundeviseneoudandu-
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¥
PDADMAC-8a3tUA-PDADMAC Taswi119as1d7u 1aorimiinggy a1 tertiary emulsion 1taPDADMAC
(NN 0.77
. . a a Yt o W a P a a
YUIAYBA tertiary emulsion Ma3on lATinsnszareddeg il 1 Tavilvua Tnemdsvesoynia (i
1 4 o a1 . ] 1o '
90% population) 8N 589.5 (£74.1) nm uaztiieiINsian zeta potential wuIAuTMIlTEaY wanen
fidaduandoudonsovey uazliszuiniy 242 mv dienfSeufiouvinaves tertiary emulsion
=) n v =) U] Y . A c’/’ A A a dyd (] [
w3ty lAwuniivinalnalRoafi secondary emulsion (iiBanndundeuitassutilianumnegluszaumn
3
Tus sy
. a a Yt v W a = a
YUINVYDE quartenary emulsion msoul@tinng ﬂsxmﬂmmgﬂw 1.2 Tasfvuinlaomaoues
4 . = § o a1 . ' 1 d
BUAA (M1 90% population) B 569.0 (£32.7) nm LaiaviiNITIAA zeta potential wWuNTATusEyUIN
4 0o . . : "o 4
1119531 PDADMAC awsindeudeusey tertiary emulsion lAuazila szt 30.8 mv dannwans
v LA .
NAABIITWUINVUIAYDA tertiary AL quaternary emulsion 1iuTv1A lndfudaudheeldwanduisneii
k) v ¥
(1199910 polyelectrolyte multilayer vz iiumaTuszauun Tuwas wniu
25 -

20 -

[
LA
L

Mean intensity %
w o
) )

<

T T — . y

2000 4000 6000 8000 10000 12000

w
[”_--—

Diametersize (nm)

31 1.2 M3n32918/2901 tertiary emulsion AitAFDUAIY casein-PDADMAC-alginate 84 pH 6

16
14 -
J2-
\
%10 -
x5
E 6-
g
g 4-
=
2 -
0 D T T — T -
24 2000 4000 6000 8000 10000 12000

Diameter size (nm)

gﬂﬁ 1.3 MINILIBAIVDIVUIAYB quaternary emulsion nAoUAY casein-PDADMAC-alginate-PDADMAC 9 pH 6
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a ) = P ' . . v @ a daw o oA a4 ~
M1 19N 1.1 llﬁﬂqﬂl@galﬂﬁﬂﬂlﬂﬂﬂ?zﬂq’m primary emulsion AUUARRYDIDUAYUNLATEU 1ﬂ1u5$HULﬂ°ﬁu-PDAD-

B0UA
auatu NAveIBiatunier (nm) | Zeta potential (mV)
Primary emulsion (9F) 422.4(148.8) -13.0 (£0.5)
Secondary emulsion (tA#U-PDAD) 565.6 (130.6) 30.3 (F2.2)
Tertiary emulsion (1n%U- PDAD-0a3(u#) 589.5 (174.1) 242 (*13)
Quaternary emulsion (tA%U- PDAD-8a3tUA-PDAD) 569.0 (+32.7) 30.8 (£1.6)

* AUNAYVDI 90% population

1.2.2 MSIA56M tertiary emulsion 52UUATU- 1a Tnau-dadiun
n’;’ dy Ya o G . . n'd a v a -:'
1uﬂ'lﬁﬁﬂy’lﬂiﬁu AMUTHIVYTUNTDATOU tertiary emulsion wmmu-'lﬁiﬁmu-aamum NpH6
¥ v
Taulionsidn laorimiinse 1319 secondary emulsion Lag adtUaAINAY 0.33 1AY tertiary emulsion
) ) o d o av o o . Y
w3 lATinsaseneduiluiy polydisperse fifivtnadsiadu (1 90% population) tffy 1092.7 nm
o ] o H [~ .
(£65.7) dwansluns it 1.3 wagmsnszawdrveseynaiiaion Tnoil ln Tngnuilu secondary emulsion
a as 1} a d (K] . a1 =
fimsnsgnedannnnszuuiiiu PDAD tagnudiai zeta potential (-31.6 mV (L 1.4)iaulluavdwdns
QG wa Y A . y ar pri & =] 9/ 1 . . Ao
Iiuhdadua ldindeuuu tertiary emulsion fauaaaluasiah 1.2 Fzviulai tertiary emulsion N1

o & o % A a o =Hq ¥ 4 4
”lﬂiﬁmunJuHm‘luaaﬂﬂszﬂauﬂuawumaammumawnﬂiﬂigfmswmﬂ‘u PDAD %4lUB3U191N

. o [} '
secondary emulsion vﬂmy ekl

18
16 -
14

Mean intensity %
o0 )
! |

S NN A~
[EOR T

T T T T ) 1

-2 90 2000 4000 6000 8000 10000 12000
Diameter size (nm)

314 1.4 N131352910721904 tertiary emulsion MARBUAW casein- 1A In11-alginate 4 pH 6
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3 kY . . 4 o a o a
M3199 1.2 Hanadoya tertiary emulsion w3 oas U3z 1unFU-PDAD-Satun uazindu-la Tnan-dasiun

Tertiary emulsion aa3 e laenimiin YUINVDIBLUATU | Zeta potential
(secondary emulsion: DAUUR) mag* (nm) (mV)

Tertiary emulsion

(4ATBU-PDAD-0a34UA) 0.24 589.5(+74.1) 242 (£1.3)

Tertiary emulsion

(A3u-1alagu-8admn) 033 10927 (165.7) | -31.6(E1.4)

* AUNAYYDI 90% population

v
1.2.3 myiamnandgnianeendasuveninuyin
@ a aaa a o o’:‘ Yoo M a 4 |1a . 2L o
lumsiamaialgiTeeeniimdiniy AIseiaendns1zNU3um hydroperoxide (ROOH) atilu

a o A A a gﬁ' 4 ey v a a L) a [ o aaa
uanfusinilsfinaduiioiviunase nindu 1USuar hydroperoxide (ROOH) ansnialdlagvinlfasen

i1 ferric thiocyanate A9Q3NTS

ROOH + Fé'____ _ Fe" + RO + OH
hydroperoxide
Fe" + (NH)SCN———— [Fe(SCN)I”" + NH,’

ferric thiocyanate

2 . 4 a ,3 n’: . . d a
Y51 hydroperoxide WLAAIUUU @1n50u1189n  calibration curve MATUAN  cumene

. o { & G i ' Y 9 a9 ' .
hydroperoxide @33l 3 Fevzmunianuihnduasslutrnnunduduilddnun Taofinn linear

regression Y 0.9919.

0.25
} y = 0.0045x+ 0.0087
0.2
b
& 0.15 -
B
e
2
2 0l
0.05
0 . T . T !
0 10 20 30 40 50

Lipid hydroperoxide mmol/ kg oil

: — L, 4 g
AN 1.1 calibration curve Y89 cumene hydroperoxide Felddduarsinas gm‘lu MIMIANUdNduYes

hydroperoxide
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1.2.2.1 930U 2 IAFU-PDAD-8AUUA-PDAD
y ¥y
@ ° @ a . . v a da o o
lumsfnuiassiivhmsdaSina hydroperoxide 484 primary Wazdadtawessiadulay
o [ @ LY o { { 1 . {0
wmsanniudunm 7 fu Tdwansnaaesdans il 1.2 TaofiA1 hydroperoxide M3nlday
¥ .
aunsntsvendsdansiialfisoeendinduveniviuyunld WeWvisan primary emulsion
Tuenuuusnvesmsnaass wuddasimsifaliseniseendiadu lifinsnldouudasanmin
a1 A J [} < v Ad @ n’: 1) . o’l’ d’d'
uazlannuIued T U IUNg  ndndullsina  hydroperoxide aAaeviatitioININA1S
o . [ o s & o {y
#a10f109 hydroperoxide WWiudad lad Feaeandesfumsinuin lainmassanidaun iy
A15aAA9Y09 hydroperoxide tiararig 1y
118W139 secondary LAY tertiary emulsion WuLUA IuRedUREdATINIIAMIGATN
a o o o a o Aad & = = 2 . da 4
pandiatuvenihupniiigegaluiund uazilen/Sounonilsun hydroperoxide #tind
| au_ o a &4 a v . o S & 2 a
sendtiadudesyiail Dl secondary emulsion HilszyduuengauuIndinisaziingg
o~ w A& & o 1 e o aaa a o 1 ] 1 . 4
naniu'leseuves lanzduiludus sdmsnlfisoeendiadu 1 uavziu'lddn hydroperoxide #
a 4 128 ¥ s T & A A A aw o 9 ° o 4 4
ety hilinnuuandisiuediedanuy Fernflewnaiianieusiadudeimaudununiu
9/t 2 o q 9 d L o o a & I:l e[ 4 4
dewalddanuvunnniu Mlddumsoniudmivesndiau vie lessuveslanzazingoun
9 [ aaa o : / 9 5 A::I o a . Ta A 1yt
Whldissgasondminiuyuld dsiinanisnaaesdmsy quaternary emulsion hidfarau 3¢l
annsaagiuun Iuld Avshnsfny i
4 4 . D v a da v o ' a
WenfSoufiouszndn primary emulsion wazdafawesviadu wudnlSuugegaes
. da tg ot @ a v o A Y 1 . .
hydroperoxide Vlmﬂﬁmmnswnmﬂuuamamasaua‘mmmuaunﬂ primary emulsion U310

4 g 1w a daw o t a aaa a @ o“ o
38% ‘ﬁﬁllﬂﬂﬂiﬁlﬂu??ﬂﬁﬂlmﬂ@iE]llﬁ‘lﬂjﬁ'l'll'l'iﬂ‘lﬂf]flﬂﬂ’lilﬂﬂ‘ljgﬂiEl'li’)@ﬂ”ﬁlﬂ‘lf‘lﬁlﬂﬁu'muﬂ"u']

i

LOOH mmoV kg oi

s

0 Moo+

et

kel

o -t
H
-

0 ¥ T T T T T T 1

0 1 2 3 4 5 6 7 8
Day

| ¢ Primary » Secondary PDAD a Tertiary PDAD Alg ¢ Quatemary PDAD Alg PDAD

4 a . 4 ° o @ . .
a5 1.2 uermalSunas hydroperoxide ifeviimsanyuiiiiat 7 31106 primary emulsion iAo udandy;
. Y o’: . . u’:’ a o a
secondary emulsion INABUAITU lﬂ‘Tm—PDAD; tertiary emulsion mﬁauﬁ'wnu LAYU-PDAD-90 UG,

¥
quaternary emulsion IAAOUAILHY 1ATU-PDAD-8a311A-PDAD o pH6
1.2.2.2 B1a%UsZUY 1AFU-PDAD-DaIUA

AN IMH 1.3 wi31l5uret hydroperoxide MAAIA primary emulsion AfnanAI L0

Py o Ad o a o w yd 1w a s A av_ o
nﬁanmtmﬂmxwmﬂunamamaiaua‘nu uﬁm‘lﬂmuamamawaimﬂaavuuana‘numuﬁﬂ
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' a aaa a o d o i [ o i a a a ° o
Hwaamsiialfnsoeendinduveuinuygunld edilsfnuiiieRasandninavess i

= E; x{ 1 a aaa q’: 1 "o
mammmmmmamimmlgnw‘|uuwm1"ln‘mmu

40 -
35 - £
30
25 | ;
20 i 3 £

15
10 -

1
!

1
"
.
-

LOOH mmol/ kg oil

Day

l ¢ Primary » Secondary Chitosan a Terdary Chitosan Alg]

{- a 4 o < Y . .
a5l 1.3 uamsUSunet hydroperoxide ievinsdnsuilunat 7 JuTag primary emulsion tndoudsndy;

. a oy o3 A . . a v ~ o a
secondary emulsion 1A8euR044 (AFU- 1A a9, tertiary emulsion inABUAWH 1AGU- 1a Taanu-Sadiun

1.2.3 Anmanuadesvevsvasuiasen ld
=X = o A daw o A o =) v a vy
NMIANEIANUED T veuTafwes o atuIeS sun tAdu-1a Taanu-8asiua-PDAD 1dHa
Y A & 4'1 a 9 @ a da v o :i =} Y =) 1
msnaaeRans i 1.2 Fuilerinisanannsoagyidn dafiawessiaduiiwion ldlinnuatosunnni

1w

. . & = o d & =t a o a s o o
primary emulsion m@LﬂiﬂULﬂUUitU%L’m"lﬂﬁlﬂ‘U'ﬂm"lﬂu LLa:mauJsfmmﬂuuamawaiwummuw
] a o F1 N & o u’;’ é} a d A 43 (Y P d S s da’
maﬂuﬂzmu'lﬂﬂ LUBIUIUYUUAYUANULTDYT AUNWDYULYUAY mmmmmuwa"lﬂ‘mwumfwu‘lu
@ { d
JuRMnLaZRIAYDIN1SNATDY
O ) - . . LA
1w iuNIAA1 %transmission V09 primary, secondary, tertiary, LlQ% quaternary emulsion Uf1 46.91,
o_w & 4 = [y K . o o a dJa v o
32,94, 25.47 1lag 16.24 a1uany Failonis suiouny primary emulsion msnssutholafawesoiaty
aunsana e 1an 30, 46 and 65% T MIV primary, secondary, tertiary, LLQ¥ quaternary emulsion
o w & [ '3 ' é’ @ n’l’ 1 1 '
aua1ny FeeruthuraunnniauiinnurmuuduiNnIudaiLaaA NUUANAIYBIA IR HUTER IS

& o o . o ARy
wlariwiunag emulsifying solution Fafloanisuondreenveniniy’
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‘:50— . ¥ .
'% 40 3
2 1 .
Z 30 . ) i
[~
St
= 20 - = Y
X 3 . £ L
10‘§ i 3 :
Ol 1 ) i [ i 1
0 1 2 3 4 5 6

Day

' ¢ Primary » Secondary PDAD a Tertiary PDAD Alg e Quaternary PDAD Alg PDAD

A5 L4anuEfes e primary emulsion (mc'i?u emulsifier), secondary emulsion (LﬂcTﬂl-PDAD) , tertiary emulsion

(1"¥U-PDADMAC-alginate) L8 quaternary emulsion (1%1-PDADMAC-alginate-PDADMAC) ™ pH6

60 -

50 =
= : *
‘z 40 - 3
E
2 30 1 . . I * o
£ g
§ 20 : ~

101t

O i t i ] ] ]

0 1 2 3 4 5 6

Day

151 1.5 anuadesves primary emulsion (nEU emulsifier), secondary emulsion (lﬂ"?iu-llﬂiﬁl%'m) uay tertiary

emulsion (Lﬂ“?m-‘lﬂiﬁcmu-alginate) M pH 6

¥ 1
lunsdildindulun1sin3ou secondary emulsion iU uHanINAaBLU ITREIM Aolile

¢ Primary » Secondary CTS a Tertiary CTS Algj

o n’: a J av o J ' . o o a o '
mu’;u‘muﬂﬁamwmm laduiinnuafiosunniu A1 Ytransmission VAIINAUTUNTNAGDI 7 U WU

. . s A 1Y IR o a a P! v & =l ~ ar
tertiary emulsion NItAADUAYLAYI vlﬂTﬂ‘lﬂ‘}!llﬁ%i’)ﬁﬂ]L‘Nﬂ AUNTVRUANULANYT L],ﬂ 32% L?Jﬂtﬂitl‘l]t‘ﬂﬂ‘l]ﬂﬂ

primary emulsion le¥Mst/Soufivysen s uuins oy secondary emulsion 191a Tnanu waz PDAD
! . = = Y 4 & '
WU secondary emulsion Tuszuvvedlalasndinnueatosiiooniidetniiosninaumuniuges

~ 1 9 J d} I o =) o ' a w
1152,’ﬂ‘lJ‘u‘lﬂIG‘]“IﬂHNﬂ’IuﬂEJﬂ’JWLUE)HEU‘UWIU‘UWU PDAD 3UUSIHONISHINHADUA
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1.3 agUmamanaaes

] ¥y
a4 o =)

oy Yo o o . . o a dad = . o a
Gluﬂuﬂmzz\pﬂﬂa'l“-liﬂlﬂiﬂu tertiary emulsion NUBUIAGU-PDAD- DAUUA LLASNIYU LAYU-chitosan-00

P [ . . { o o Y 2
e 1AFINUNVUIAVDN tertiary emulsion N1 1a Tnsiluesftsenevlufdumiiny 1092.7 (£65.7 nm) Faiivna
Tnajnifiws ou Tao1d PDAD (589.5 nm) adiawesddaduiins ou ldauninansasimsinal§isoeendiadu
A & & a 44 =) P o . . o o a dav o o =
iipsnndundeuivundu wenlSvuieuny primary emulsion[8] nazdunengavessfafiawesssfatuiiszyiiu

. a aaa a a [ Yt 1A 0’1’ A .
1190 (secondary emulsion) i]&’ﬂ'liﬂiﬂﬁﬂﬂ’lilﬂﬂﬂ{]ﬂi EI'Iﬂ’liLﬂﬂ’?)’e]ﬂ‘]ﬂﬂ‘]fuvlﬂﬂﬂ?]tﬂ@‘lﬂuuﬂﬂﬁﬂuﬂisfqﬂ‘u (tertiary

4 o LY ' d a v a dav o w { ) o
emulsion) “ﬁQlﬂuwau1ﬂ1ﬂﬂ1iwaﬂﬂu53“TNTI5$?Uuwqumaﬂuaﬂlalﬂﬂi'e)lla‘]f'uﬂ'uLlﬂwq@@auﬁlﬂum'ﬁﬁqmaq

« b4
aaa ' < 1 67 o [y . b4 o a Y
§ison fadheefinnumunveslauunnndn® dmsy quaternary emulsion Mtnde1AI8 PDAD-6aTiuA-PDAD 1iu

a aaa a o v & o = = ¢ o ry
awsnaanisinal)nsseendadu ldiilesninlszyfuueniiiluuinuazinnumuive silduinnnin

]

A o A

dleNnsannnuatasamsoagy1dh Tadiawesdiaduiinnmiaosninndi primary emulsion ilefinyinam
b4

-:l 3 a = Qv o A a 1 av o I‘S’IQ = IR | A o adg
DYINDNITNAATUUDIDUATUIATD VA D, T LAz HU ‘W‘lJ’J"IE)lJﬁ‘IfULHﬂ1utﬂﬂﬂiuvlﬂu’l’)Elﬂ’J'lElllﬁ‘]iu‘ljﬂll{]iliN

29.8, 45.7 (1A% 65.4% AUR AU
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) Y o ﬁ a A 1 a a ad ﬂ o A =
hlﬂuvj’mu f‘l‘hﬂ‘ﬂiiﬂmﬂﬁ‘ﬁQﬂaaﬂﬂlmmamﬁ‘}’lmnmIlﬂiuﬂan HWagIvNg E)Qﬂuﬂﬁ“lﬁgﬂﬂﬂﬂﬂl@\‘uﬂaﬁ)uiﬂ

Uil 2

s = afr d ey a A 4
WGNH’ILETQEJiﬂ”IW‘UEGﬂaN‘UN‘VINﬂ'lilﬂmﬂﬁﬂuiﬁﬂllﬂ

' as a ' a o ar [
T T luilau Taverdunisiiia crosslink szve luanawedwesiuleesu Tnudendnyuesalosorutiuans

a v

Gudwilesnnaunsodnay ldhoniundeus viindus TavedumaifnaisdszneuiFedoudunaves [Fe(SCN)™

2.1 35msnaaed

2.1.1 Anmnenwavesriauazanududuvesmsazaeneamesaensngaeenyey Fe'* looou uag

£y
des MY Hauso

WIsuETazaIuIaIAuY (5% az 10% ww) lalasu (1% uag 2% wiw) uazdadun (2% uag
4% wiw)
Hausazaeneawesudazyia luudazaududuiUmTaza1s 0.0537 M ferric ammonium
citrate TuSAT 1N 5 ¢ fip 0.1 mL (WedesAeiman)
NATATAONAN 2 g Tahmmumzide Ad i msazaonauudaiiuildy (2 YANINATDY 1D
1A172)

v ”
@ninau 10 mL aslumimnziFededu Mmsgaifuasazats 1 mL finan s, 10, 15,20, 25
iy 30 wiindmsiiniingy hasazaodaed i iRdaoesazats 0.1 M HCl uag 0.1 M
NH,SCN 88Waz 1 mL auae

a ¢ [a g Y  ad @ 1 A a A
'Jtﬂi13111]5“’\mqla\u'ﬂaﬂﬂ')ﬂ’)'ﬁfnﬁ')ﬂﬂ']ﬂ'ﬁﬂﬂﬂaullﬁQ‘Vlfn'ulUTJﬂau 470 nm

2 a =t s as a a = o
2.1.2 Anymsimuatesmwveanan 1age1run 15100 crosslink YUAIYDIRAN

' d
anAveludruiiazdnuimsiia crosstink voalalagn daanduse luimsanyunsizlu

Togtuds lifisenudimuzaulunisemisdminldlumaiia crosslink

w3suansazawlalawu (1% uas 2% wiw)
HeruasazateweAwe s luudazanududuAemsazats 0.0537 M ferric ammonium citrate
uemsdu 5gav 0.1 mL (1{1141anaﬁuiafﬂ'aﬂ?mmmm ferric ion)
wUETaTANoNaY 2 g Taluamumzde 7ol %msazamonauudahddy (2 gaMsNAaDg
@0 1 072)
{Ae3a2a10 0.1 M sodium citrate aaluanumzdeRid T oy 13 luudazusi

Gniindu 10 mL asnAtduintauda ymsqamsazats 1 mL fiam 5, 10, 15, 20, 25
ag 30 uﬁwﬁanmﬁuﬁymgu hensazaiudedna@udloaisazats 0.1 M HCLuaz 0.1 M
NH,SCN 861988 1 mL Mud1Aa1

o a d 1a ] A, @ 1 { 4
uTﬁ'ﬁﬁ3ﬁ']thJ'Jlﬂ5’]3711]51“@!‘1[@\3“1ﬁflﬁ)ﬂ?%ﬂ’lﬁjﬁﬂ’m’ﬁﬂﬂﬂﬁutlﬁﬂﬁﬂ'ﬂlm’nﬂﬁu 470 nm
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2.2 HanIsNAN0Y
a A a Y 9 a 4 Aoy & o @ oy 3
2.2.1 ﬁﬂy'lf’)WﬁWﬁ"Ua\JWuﬂllﬁa‘fﬂ')"lilﬁ.lﬂql‘lﬂlaqﬂ'?ﬁ'ﬁa‘fﬁ?ff‘waalﬂaﬁ' uazsgozImMNanduia Ay HImomsy
2+ =t o o ' oy
HRAPONVON Fe Uﬁ&'lﬂﬂﬂiﬂ?Wﬂﬂ\JﬂﬁUﬂNﬁﬂU?
=3 & 2 a d a y o a o a g ! Y _ o
luﬂ'liﬁﬂ'ﬂ'lﬂiﬂumiflnﬂﬁllma"lﬂu 1ﬂ1ﬁ"lﬂu lazaastua nNiautvianad lal HaImnInaaoy
a § o 4 o a8 o
WSuaumaniingaesnanilaudivasazais NH,SCN Feannsasnnaunlessudnisngassnvsunian

Yo = @ '3 @ v @ oy o a @ =
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