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Abstract

The effects of types (caffeic acid, catechin, ferullic acid and tannic acid) and
concentrations (1, 3 and 5% based on protein) of phenolic compounds on cross-linking of
myofibrillar proteins from bigeye snapper (Priacanthus tayenus) muscle at pH 11 were
investigated. Among all phenolic compounds used, tannic acid exhibited the highest cross-
linking ability on myofibrillar protein as evidenced by the more decreased free amino groups
and the lower band intensity of myosin heavy chain (MHC). In addition, the extent of protein
cross-linking increased with increasing concentration of phenolic compounds. Addition of
phenolic compounds into the film forming solution (1.5% protein, 0.75% glycerol, pH 11)
enhanced the mechanical properties of the films. As polyphenol content increased, Young’s
modulus (E) and tensile strength (TS) of the films increased while their elongation at break
(EAB) decreased (p<0.05). At the same concentration, tannic acid rendered the film with
higher mechanical properties, compared to others. Water vapor permeability (WVP) of the
films added with phenolic compounds was lower than that of the control film (without
phenolic compound). Phenolic compounds added decreased the film transparency and
affected the color of the films differently, depending on types and concentrations used.
However, films from myofibrillar proteins with and without polyphenol had the excellent
barrier properties to UV light at the wavelength of 200 — 280 nm. The barrier properties to
visible light at the wavelength of 350 — 500 nm were remarkably increased when phenolic
compounds were incorporated into myofibrillar protein films. Mixing condition for at least 30
min with oxygen purging rendered the increased protein cross-linking efficiency in film-
forming solution and resulting film, compared to that without oxygen purging.

The effect of ethanolic extract of different plants (Keim bark, mangosteen husk,

instant coffee and green tea) on protein croos-linking and properties of film from fish



myofibrillar protein was also studied. Keim bark extract exhibited the highest protein cross-
linking efficiency. The film with Keim extract processed the highest TS and the lowest WVP.
The extent of protein cross-linking increased with increasing the extract incorporated. The
film with maximum strength and without deteriorated flexibility was obtained by using Keim
extract at 0.5% of protein and mixing time of 30 with oxygen purging. Incorporating with
appropliate type and concentration of plant phenolic extract into the film-forming solution
provided the film with improved mechanical properties, water-vapor barrier property, water
resistant as well as thermal and storage stability. Therefore, selected phenolic compounds
or plant phenolic extract could be an alternative non-toxic protein cross-linker, which could

improve protein-based film properties.

Keywords: Protein film, myofibrillar proteins, phenolic compound, cross-linking, properties.
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Mechanism in typical protein film formation.

Reactions of a phenolic acid with amino side chains of
polypeptides.

SDS-PAGE protein patterns of unwashed mince (1) and washed
mince (2) of bigeye snapper muscle.

SDS-PAGE protein patterns of films from bigeye snapper
myofibrillar protein incorporated without and with different types
and concentrations of polyphenols; (a) non-reducing and (b)
reducing; MHC=myosin heavy chain.

Photographs of bigeye snapper myofibrillar protein films
incorporated without and with different types and concentrations
of polyphenols.

Light transmittance of fish myofibrillar protein films incorporated
without and with different types and concentrations of
polyphenols.

SDS-PAGE protein pattern (reducing) of fish myofibrillar protein
films incorporated without and with different types and
concentrations of polyphenols.

SDS-PAGE protein pattern (reducing) of film-forming solutions of
fish myofibrillar protein incorporated without and with 1% tannic
acid at different mixing conditions.

SDS-PAGE protein pattern (reducing) of film-forming solutions of
fish myofibrillar protein incorporated without and with 1% tannic
acid at different mixing conditions and standing for various times
after mixing.

Free amino groups of fish myofibrillar protein in film-forming
solution incorporated without and with different plant extracts at
1% of protein. Different letters indicate the significant difference

(p<0.05).
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Free amino groups of fish myofibrillar protein in film-forming
solution (FFS) incorporated without and with Keim bark extract
at different concentrations. Different letters indicate the
significant difference (p<0.05).

TGA thermograms of fish myofibrillar protein films incorporated
without and with Keim bark extract at 0.5%.

SEM micrographs of surface (A) and cross section (B) of fish
myofibrillar protein films incorporated without and with Keim bark
extract. Control film (without plant extract) (1), films incorporated
with Keim bark extract at 0.5% (2) and 3% (3).

Moisture sorption isotherms at 28-30°C of fish myofibrillar
protein films incorporated without and with Keim bark extract at
0.5%.

Changes in moisture content (A) and water vapor permeability
(WVP) (B) of fish myofibrillar protein films incorporated without
and with Keim bark extract at 0.5% during storage at room
temperature (28-3000).

Changes in tensile strength (A) and elongation at break (B) of
fish myofibrillar protein films incorporated without and with Keim
bark extract at 0.5% during storage at room temperature (28-
30°C).

Changes in L*, a* and b*-values of fish myofibrillar protein films

incorporated without and with Keim bark extract at 0.5% during

storage at room temperature (28-3000).
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Water vapor permeability of various protein films.

Chemical composition of washed and unwashed mince of
bigeye snapper muscle.

Free-amino group and sulfhydryl group of film-forming solution
of bigeye snapper myofibrillar protein.

Tensile strength (TS), elongation at break (EAB) and modulus of
films from bigeye snapper myofibrillar protein incorporated
without and with different types and concentrations of
polyphenols.

Color of fish myofibrillar protein films incorporated without and
with different types and concentrations of polyphynols.

Free amino group in film-forming solution of fish myofibrillar
protein incorporated without and with 1% tannic acid at different
mixing conditions.

Tensile strength (TS), elongation at break (EAB) and modulus of
fish myofibrillar protein films incorporated without and with 1%
tannic acid at different mixing conditions.

Water-vapor permeability (WVP) of fish myofibrillar protein films
incorporated without and with 1% tannic acid at different mixing
conditions.

Extraction yield and total phenolic content in crude extract of
different plants.

Tensile strength (TS) and elongation at break (EAB) of fish
myofibrillar protein films incorporated without and with different
plant extracts at 1% of protein.

Water vapor permeability (WVP) of fish myofibrillar protein films
incorporated without and with different plant extracts at 1% of
protein.

Tensile strength (TS) and elongation at break (EAB) of fish
myofibrillar protein films incorporated without and with Keim bark

extract at different concentrations.
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Water vapor permeability (WVP) of fish myofibrillar protein films
incorporated without and with Keim bark extract at different
concentrations.

Color of myofibrillar protein film incorporated without and with
Keim bark extract at 0.5%.

Light transmission of fish myofibrillar protein films incorporated
without and with Keim bark extract at 0.5%.

Swelling, film solubility and protein solubility of fish myofibrillar
protein films incorporated without and with Keim bark extract at
0.5%.

Degree of hydrolysis of fish myofibrillar protein films

incorporated without and with Keim bark extract at 0.5%.
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tannin 1J#@u (Handique and Baruah, 2002; Shahidi et al., 1992) &13Usznaunaalwaai
wn A ~ Y a o o o o & A & A o
A LWATTaNYszRwlUsau latuiasanuwnuaTUscnavaad baauadanudwisitay
ni1 Punsdliautaiduaniuayyadase (Shahidi et al., 1992; Frankel, 1999) a3usznay

ad a A & e A ' P’ = A & )
wadHnaafiiiunseandladiantdlunazennyeiiluvaslusduluan1icndudns uas
' Aaa A £ o & @
fanalAlalaslniSavaslUsAuiinau (Rawel et al., 2001; 2002) AIHWMIIERITUTZNOUNE
aa . Al e a &R a ) . 4 Al e & o
AAnaR AW RANTUIA U101 TN a L NITRANITT UMW LAV ILH WA A NTINNIRINA LA

wva A dé/
ANUALTINAGU

1 =3 L% L% a A a 6 d' v & a d'
asm"hnmmayamﬂ*’nmsﬂszﬂauwaavxluaaluamu:aaﬂénvl,@mwalmﬂummau

ﬂizaﬁulﬂiauiuﬂﬁumﬂiﬂiauﬁaﬁag’a‘hﬁ'@ Taggslaisnsuwnsldsrsnaddnaalu
unwaNlUsaunlulalWuSaannnauiiotal @anwnIIAnNEIINaNIT RISz nauwaa
uaasmﬁ'\mﬁaﬁ'@ﬂuaamﬂﬁmﬁalﬁﬂuéﬁL%auﬂizaﬂuiﬂsauﬁaLﬂuLLuawﬁaluﬂﬂiﬂ%'uﬂga

PN =Y QI Qs v 1 =Y v J
sutavaINaulUsAn LLa:L‘wuﬂﬂﬂmwmﬂ‘*ﬁﬂiﬂwﬁuwuwﬁﬂﬂiaulv\gwu
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N13IAILDNFY

1. Tsennanaitatan

Tdsdwduasddsznaviifiannuddglunduilevan laofnadesuianiad
Mo uasnsdeamauds lusdunduiiosaunsautsaantiy 3 NRURANAY
anusansnlumsszane do TsdulalalWuse (myofibrillar protein) Wulusaufiazanslaluy
msazanoinae lsdua$lananaiin (sarcoplasmic proteins) Wlwldsaudiazaeldlusin uas
Tus@nalasin (stroma proteins) Liulusdudliazanslusiuazasazansinda (Zieglar and
Action, 1984)

1.1 ls@wzslananadin

TusaumsTlananainduwldsduvosmlanaada (sarcoplasm) lsausiiaitanansa
aranpiin wiaanTarauINAafidainuusiBen (onic  strength) ttasndn 0.15 landag
Ussanmdonas 20-30  vaslus@unsnua (Suzuki, 1981) laswaluUs@asidszneneas
lus@uamslawaaiinUIanmgandidainingu Tusausfiadildun Tsduiad 1w lule
Tnadu slulnadu vansewlsififsidesiunszuiunslnalalads ipinmnsadainuas
gﬂisﬁmwumalﬁﬂmau (Xiong and Brekke, 1989)

1.2 Tsanlalalnusa

TusaululelWusaduszunmdosas 55-60 vaslusaunsnualunaiuite Wwldsaiud
aﬁ'ﬂvl@ﬁ@ﬂl"fmsa:mﬂmﬁaﬁﬁmwLtiwaoﬁaauga lasldsaunlaulalnuSaussaanidu 3
nqulng 9 e

121 Tusdufilimstianadaasnauite Ussnaudasluladu (myosin) uas

won@iu (actin)  Gelinadanisianadivesnauitouaziinesdusznaunanaaslysin
TulalWusa wleduidszanadouas 50 vadlusaululalnusa Hasdvsznavvasiarund
wunwn luanazasluladuiidunanisnay (globular heads) FafRansyutewlsd ATPase
waziugruiaansniinauasisonfiuuanan (Mccormick,  1994) iladasluledudas
ulmainsugu luladuazuonidu 2 & muﬁ'ﬁﬁmﬁfﬂiuLaqagaﬁﬁmﬁfﬂimaqa 200,000
ANRAW 1MW 2 LHW LLazmuﬁﬁﬁmﬁfﬂImaqmﬁﬁ ﬁﬁmﬁfﬂimaqa 20,000 A18A% 1% 4
| (Suzuki, 1981; Xiong and Brekke, 1989) sauuanawdulusaniinulugrnvasfanang
wduung Jaguszunmianas 5 pasldsanwlulelnuSansvua (Suzuki, 1981) Taasinluuendnu
sz luloFuiluasUsznoudsdon luladuuazuanfususndinudrowussi lldwus:la
TUAUT S’fiamm‘mLmﬂaaﬂ"l@ﬁ“dnﬂI@Uaaﬁﬂi:ﬂauﬁﬁwé’omugw@aﬁﬁmmLtswao‘éaauga
(Xiong and Brekke, 1989)



1.2.2 Iﬂiauﬁﬁmﬁwﬁmqumiﬁw@61";“11aanﬁwmf‘fa Usznaumslnslidly
Ta@u (tropomyosin) Tnslufin (troponin) uazlds@iudn 'ﬁﬁNai"suiuﬂﬁﬂ’mqumsﬁ@mﬁa
sasnduite Inslululafudulusdudnuluflauudiduing flagounz 8-10 vaslusduly
la'lWu3a LﬂquLaqaﬁﬁﬂi:aqga fnseazdlufiidunsauazarssiwanunn fyalalodiannin
WiNNU 5.1 (Suzuki, 1981; Xiong and Brekke, 1989)
1.2.3 Iﬂiauﬁﬁ%ﬁwﬁaﬁumgu%%a%’nmimaa%wwaavl,uia"l,Wu'%aﬂi:ﬂauﬁafJ
Infin (titin), AaBLUNTIU (connectin), 14LFY (nebulin), Laadiu (desmin) uaz Tus@udu 9
1.3. lusanalasan
lsaualasudusiundannmssnalusduomslanaradin wazlusdwlaulaluyusa
aimiaJWLﬂuIﬂiauﬁVL&iazaﬂﬂﬁ”'aslmf’]Lm:lumiazmmﬂﬁaﬁﬁm’mmeaa‘éaaugaua:@‘ﬁ flag
Uszanm¥osas 3 veslusduranue lsduafiadlaun Tusauidszneudoiloifafisrnm
wazlusauifswAsdoanunswasivasnauiile 1w neaalan wazBanaaw (Xiong and
Brekke, 1989)

2. Hdndasaaralauazilanvslnala (biodegradable films and edible films)
Iuﬂaﬁ;ﬁuﬂﬁusiayamm"l,@ﬁl,aﬁ\lﬁuu’ﬂnﬂv[ﬁ lasuaruawlalunisirunldlu
9ARNVNTINAIMITAN G WINUTY LTH JNON VU NN HE bl FINNIRARINNITNEN
LNARADATINIITUHIWY IR TLAZ 101N TaINWNITTELRVAIRITIRNAWIR ﬁaﬁummﬂﬁa
ﬂaaﬁ'umiﬂmﬂamaﬁﬁuﬂ%ﬁ HaINwNITLANRALRERIY LAZRINIINLAERANE bAd18aal
s33um@ Fadunssadgyrinaisuazidunmssnusn1iziiasay (Kester and Fennema,
1986; Herald et al., 1995; Krochta and Mulder-Johnson, 1997)
a a 6 s a o a A 6 1 v A Al 6 a 3
aaqLLazwaaL&Jaﬁ?mmw"[mummuwmmmamwawUaﬂamyvl,@mamuuﬂnﬂ"l,@
[ ] a 6 a Aaa A 6 dl = ; %% a 6 A = A a
leun woRuaaanlyd, Tusdn uazdtla  Aaunasouinanaazltwedinasshalauivianas
6 a s d' a6 n:l' 2 a 6 A va| 6 n:l'd A
WasHauThangunw dINaun laanwaduasaat lsauazldsauazlwlsunTaniia lwny
HaINUNITUNIHIUWYBIMTaaNTIaN 10AIENTEWNIHINATIWT LAzUINWLAG LaTladsnuwny
Furuvadlaninladn Jiang et al., 2007; Stuchell and Krochta, 1995) lasanyavaslanay

& 1 A o A o a A6
°ll1/l>aQﬂﬂ%%@%ﬂd?ﬁ@lﬂ%’]&l’]Nﬂ(ﬂWﬂ&l

3. Waalusdin
IﬂsﬁuLﬂuwaaLuas’%amwmﬁwﬁaﬂﬁ%’ummaulaﬁwm;fugﬂLﬁflulmu?\l&mﬁaaa'm
mmiml,ﬂigﬂvlﬁdw (good processability) ﬁdlugﬂmmzmmmzi’aqmaumm %ugﬂlﬂu
wHuAaY 6918 (good film forming properties) (Alexy et al., 2003) LT% Tusawlelaanainga
R84 (Hang Wan et al., 2005; Tang et al., 2003; Rhim et al., 1999) lus@uiaslalaian
(Stuchell and Krochta, 1995) nataw (Zhang et al., 2004) JERTRD (Gennadios et al., 1996)



Tunaldsduannainiite lasawzldsdnlulalWusaannauiteUaanunsaltuaatdu
Asnle (Cuq et al., 1995; Cuq et al., 1996; Chinabhark et al., 2007) lagRananlysand
FUUAEING wazautia lunsilesnunIBunwsadinseandian wazasuanlasean boed Lo
A 1 . Aae a ¢ A a a v Ao A va A v A4
dninWdnannnaduaaalsa thesannlusduiilassaiefdime uaslaudfidininng
wanwuany uwaraenInifiaduaiisonszninluanadioiuszdna g laun Wuszlalasiau
wuss lada e nuszlasafin usswiuaasnad  wazduasnsenlalasindn (Cug, et al,
e 1 a J [ a e o =)
1995)  anuRAINNAIEBINUDIzRI9luanalUsAR Anadiugmnnll aavhazany flas

LaZR1ILANE9 9 (Cug et al., 1995)

a al 6
3.1 siavaslanlusan

a6 a ] a A Ofadl ] o J 1 % 6 a
Aduldsduudazriladant@fuandranulinegivlasiafiuazasdiznauvaslysdn

& o A o o A A [ Al 6 a & A a 2 1

NUNIMIIAEBIINULe9lUseu Selunmssadszinnvesianldsdunuazinanssialaun
- Adwanlds@ungiaudnmd (wheat gluten film) natawidulusduilaiazareily
a1 Usznaudaelnaez@u (gliadin) Sevar 75 Wusiunazasluleanazas naazdu
uwazngafuduiudiowuszladalnd (disufide bond) vhlWiAeddungauniianisbaine
wazlianudandgud Adungiaudanuudusimanniasiunsduriiusasioaandianuas
afuanlaaan|od ldd udiduldunganinudnlding (Gennadios and Weller, 1990) Herald

a Al € A a A | o A ° @

wazAMe (1995) L@TNANANINLUTAUTNIENFINNNTELIRANTNLANGINY Aa MTHURILLD
WuHa (spray dry: SD) WazMIUAILLLLTY (flash dry: FD) wuinlusaudniananlaann

o v 1 a =3 1 o v = A A 6 A 3 A eada A
nsthuisuuurudaslzmaaunaidanniinmituiaunuiii Sduildlaudandile

= a @ A6 a % A 7 =< 1 ?,/ Al 6 a v
WisuAsunuWsuwangdin aniuantalueiunsduniuzeslonn lasisuanldsdudnn

o 2

ad A @ = " A e a o ad o @ '
FIRNNILBILUY SD &Iﬂ’]ﬂ’]i@l’]uﬂ’mLLid@Ngdﬂ’J’]Wﬂ&lﬁ]’]ﬂIﬂ‘i@mm’l’m’mﬂﬂ’]LL‘VNLL‘]JTJ FD L.

W;é’i A

aumaaawé'm’m'ﬁs'fmmuvlaﬁﬂﬂ&ﬁ 29N% FIBRRUNAFANBURAINITEIUNIBUTIRIG

AAEUN laan U utNIEANYURILLUL SD uaz FD weaanntntlasnunisduniulainle
A 1 a6 a o ad ° v & Aad
AnAaNNlUTAUTNIERNNIWA TR INIFDIIT

- Wawanlus@uiadu (casein film) lUsdmadunwuannluiuwusiansaazaisinla 8
Uszunmdasa: 80 vaslusduninualniiuy lUsduadunarvisaialanlalas lddagls

o A o a a A a A A o & = ' =

anwiawdaldgyiFoaninsiiumd esannlisduadudlasiaiaduindouuugy o
R1ANINLAAA ATz W I UTAwlun AN sy lagawasisenlalasiwdn wus:'laatin
uaznus: lalasian (Avena- Bustillos and Krochta, 1993)

- Adwanlds@uiad (whey protein) Tus@uadwoagluiug Jagiszanmiasas 20
2a9lUsAuNInualuninuy L’JﬁLﬂuIﬂsﬁud’mﬁmﬁaagj'mé’amnmnmﬂLaﬂﬂiaum%uaaﬂ
TUsau g0 lasigisnuuntInasdIasianume Nrugawn Il Usaund lasigs1anuuLdwle

[ g: a Al 6 A U U % o A 6 A a a
muumim@wammadl"ﬁﬂmmaﬂumsmlﬂﬂmunﬂm@migzyLaﬂamWﬁim"ﬁmI@ﬂ



o o g 6 1 = a > [ a v A % Y o
AT LN LT lada e JINaLRILTAWAANITARNEAILEILANNITIALSIA RN AN WD
lagalnauazouasisenlalasiwdn (McHugh et al., 1994) McHugh Wazague (1994) Wuin

PP a eda & o a A A = o A € v o
mMaAaRaulUsAudnawwIzdasaIuuna nanduwnaid lagltansazaralus@u gt
v v v { a | 1 { o J | =Y
o8z 10 lﬂmwmauﬁqm%{]w 90°C iluaan 30 w1 ﬂauﬁazmvlﬂmugmﬂuw&

- Wawanlds@udnilue (com zein film) Tu (zein) (dwldsdundagludinalue
Urznaudmsldsdulnsaiunnzruisnazaylaluwasnagasannuidutuiagas 70-80 1uUsdn
Fullznaudionsaazllui lidvauszldrausi (hydrophobic) L% 8%u (leucine) azafiu
(alanine) uazlwidu (proline) aglutFunmgs slinavirliduliszanii liszanalu

a af e v a . . .
LeANagaALIaNT wazdilsznaudiunsangmin (glutamic acid) WaznaMiin (glutamine)
fluarulna (Gennadios and Weller, 1990) Fusansaiaioutiuudunisulaine lasnsiia
auaInsen lalasiwin wuse lalasian uazwuszlaga e waNsun ledans gl
(% a Aa 6 dl' > va A o [ al Al 6 1
@aomuwma@lvlfmfnanwaﬂsuﬂgaauummna mmumsﬂszqﬂ@ﬂﬂmmamaLLa:‘V\Iauslaﬂ
a8 l@N195550NA (Ghanbarzadeh et al., 2007)

- WanldsdululalwuSaannauitatan (fish myofibrillar protein film) lus@uann

v ¥ v a =) &
asuthadandsznaudiy Tusdumslanatain  lusdwlulalwuss wazlusdualasun a9
] a &£ oA [ .
lihs@uudazrfiamaunsndugtiduwinilsule (Garcia and Sobral, 2005; Sobral et al., 2005)

o ° A [ g £ & A a [ a '
ﬁa"guuﬁmmﬂﬂsﬁu"LsJIaVLWUiamnnmsJLﬁaﬂmm"uugﬂLﬂ%ﬁ/\lﬁuuﬂﬂﬂvl,w%awa‘waﬂ

v v a 1 J . .
sl laslfinafianmindslugiaina1snzais (solution casting) (Sobral et al., 2005; Cuq

o A ' £ A Y v o ' A
et al., 1995) ﬂwUﬁﬁwammwugﬂvﬁﬂmm ANt NTwYalUsAw ANLaT ownnd uaz
. x .
s:mnmlumuﬁumsa:mﬂIﬂsauﬂaumsmugﬁ (Cug et al., 1995) Chinabhark LAz
(2007)  @ANWIBNTNAVBIAINLED LLa:ﬂ%mmIﬂsﬁuvluIaVLWU‘%a%aLm%yua’msﬁmﬁaﬂm
' e =i o o A& a VoA

ARG arNT ALz NI U RuBLUaIN1IaIwlaTsaTsuaINaulUsdn wudndNtarluwnis
WTsNRITazau NS wazlSunuldsauiinadasuiaminauazFuasilauldsdn Nauldsawn
wispnluaniznia (A1 pH = 3) Aerfauazn1stiadn t 99110 (% elongation at break)
wazAaudFaunaasnnnIlanlusduniasonluan1izans (@1 pH = 11) Cug uazame
(1995) Anmautavasianlysanlulalnusalasmruasnzlunmsesonansazasianda
Tis@u 2.0g /1009 289E IRz ANLTLYIAL 3.0 LAY ™ gawnnd 25 °C Wwa 6 Tl
Wﬁuﬁvl,éfﬁ@mwmmmlumi‘ﬂwmﬁagaqﬂlﬂﬁlﬁmﬁ‘u?\lﬁu&amm:ﬁmwﬁ@ \1 LDPE Way
HDPE  uazlidnganiilaulusdusiiaduwdntonld (dsdund ldsdunanias lusduan

U =} = £33 1 2 A Q a v A o A 6 =
wilsand wazlus@uand1alne)  eusesarnsiana wm ﬁgmmumiﬂaLﬂaoﬂUWawIﬂi@lu

a A Ve oA L A @ &
TRADWULALINANED N ITNIUFILATIER

wanMNANANEN1TONRA laanlUsAudn g 13w Aduaniaandn (Simon-Lukasik
and Ludescher, 2003) Wauanaaaatan uasiavanllsduoslanaalin (wata et al,

2000; Tanaka et al., 2001) Wsuflatanwuzlauszangud udliaud@lunisilesiunisdy



1 :‘ QI ! a a { ‘é wa /~ ] v
duaadlatidininlsuldsduafindug (lwata et al, 2000) Tigutavasiantasaaiyle
A A6 a DJ 1 > [l ) o a A « Aa 6 a 6 & o
wislauuilnaldtuegiudaionatuedne iiu Tagdunidunafiuet waradlowes davin
azany 8136019 9 Mauad lWluiay wazanzdnsuiasouuiuian (Park et al., 1993; Park
and Chinnan, 1995)

a Al ¢
3.2 35maesanianllsan
sansaLassuiaulUsfua1895n136199 @99 (Stuchell and Krochta, 1995)
o o & ¥ [l ] . . A & A a

1.) Mm3sunwduianadiedng (simple coacervation) Lilalalasaaanasdiasl 9 Lia
ANI8ZANY LaITNITEREarinazangaantyl vilwiAamsilfawnl st Aatd wans e
Asy arviazaranltaaiiuin wianaanagas wIan1ILANEITALAN LAY IaYLNaYiN LA LA

. A A v A = a P v a v & o

salting out wyamsuav et vianmaUasuudasvasiianiNevinldiiamsasanaual39vinnns
Tumuavinazanyaan

Q/ L I v o U a J { a
2.) MyunudwnawluuTUTak (complex coacervation) INadwilaansazany 2 Tha

= =S

ﬁﬂi:ﬁ;mdﬁ'uﬁwﬁ'mﬁ@mimué’aﬁu MlitAaanatdsendans LaztAanIIANAZNaUY DI
a

oo

alna
3.) MIAARAAILANNTEY KIDNMTANALNAY (thermal coacervation) 1 unTIHAIY
Fouls@u inaviliifanmsgyifosniwsrsumavesldsdu uiiufananianmianaznan

wIamIvaNNLEwARINMIIANTaulalasnaaaauaiNayn lviAaanme laa-19a8

a A 6
3.3 nalnnistnalanlidsfn
myazansldsauiduiuaauidasdunsnidundrvsuniniolNsuvasldsdw laaldsan
1 a a s ) 1 g 1 = a 1 g/ L
ueazrhaazintazasluarvinazasnanddn 1w ldsdwlulalwusaas liazanoin azdad
) o A A v A & Al o A ° A
adanvUsuNLaTnalwianisazauidusnsazanoWay navasn1sUTuntasvinlwldsan
gLFEENIWETINTIAIRaMIaaad udnReamIIaEesalnd Walnmidaiimiadari
a Id o a6 a Al 6 % g; a d'
aragaanaziiatluansmeNan nalnn1stAaNaulsznauds 3 YUGIW AINTNN 1
(Marquie and Guilbert, 2002)
33.1 nIguduamwsTINTdvesllsdu ldsduezdenfansgydoanin
a a o a o o A o = £ >
5yIuTAlagtAanisaatsalvadlisdn anvzltainusawnIanisusuNias GARETIGH LT
sneelatirisvadlisan
% =1 % %> 1 a dl = a Qs v a
3.3.2 nIvaispIaanulrivasldsan tlallsduianisaauaiusaziianis
[ A a [ 1 =} % a o % 1 ' > 6 0/
3890 uInd laslUs@uwasiunua10Wussdndg 13w Nuszlaan wiwss lalasiaw
anaynsenlalaslwin 1udn
A o A& & & & o o @ o \
3.3.3 mItfaanumeiay Iwiuaauhazidunisiidaeiaivinazaiuaan 11w

MITEneaIvinazagaantl e lwiAaanumeNa



Water

L

l Glycerol

AWN 1 Mechanism in typical protein film formation

#9n : fautlasan Marquie and Guilbert (2002)

4. sntiauazidaunedsznsnisnadaianllsin
4.1 antinfdrdnzasisalisdin
Wﬁuiﬂiﬁuﬁauﬂ‘aﬁLL@m@mﬁuﬁuagjiﬁ‘uﬂ%mm‘[ﬂsau waziladunelueng g audad
famy baun
41.1 FUTARWMITURS (Barrier properties)
WavanwaRwaiiinmwarnlnglenusunsalunisilasnunsdurdiuses
Tovihen WiasannauianisToutituesnedwes (McHugh et al., 1994; Roy et al., 2000) uai
autianwmIsuEwiTeandantazanfuawlasenlodlda (Gennadios et al, 1993) Park
W8z Chinnan (1995) @n¥IHATBIANURINASFeFNTANMIHUMITUEIWWLIN 1o RguT
ANURULANINNT UFIFANUMST IR W TeanFlanuazansuawlaaan o laa uanwnns

=S [l :/ v v o =2 ' 3‘ a6 a a 1 [ A
Furwlavinlavasas sannsBurinlathuesisullsdusiads 9 aiansen 1



@397 1 Water vapor permeability of various protein films.

Film Water vapor permeability Temp RH Thickness
(x10"* mol.m/m”.s.Pa) °c) (%) (x10° m)
Sodium caseinate film 247 25 100 -
Soy protein film (pH = 3) 23.0 25 100 83
Corn zein film 6.45 21 85 200
Wheat gluten film 5.08 30 100 50
Myofibrillar protein film 3.91 25 100 60

fan : fauladan Cuq uazamk (1995)

412 ®UUALDING (Mechanical properties) &NUALTINALNLITRINUAINN

ﬁwsg:u LAZAMULTILTIVDILHUARN LT NITATWNIULITIAS S08ANITHANULAUIAYDI
1 a| 6 & % d Al 6 ai (3 a g; a =3 dl' s ana
LHWRAN 1T wdw FIRaNNlaanlUsdninlanemeudinazilse 1hadanauasnssnved
lisduninaannwszlalasiaw wus: laga ne auwasnsonlalasiwin wazawasnseNsening
1323 (Krochta, 2002; McHugh et al., 1994) Cuq UazAmkz (1996) AnMIHATEIANNRMHEL
TusanlulalwuSaannauitadasdasuiaBinanuin anunuvaslan liinadasaas
M3taaLlav1a wanandt Jangchud W&z Chinnan  (1999) 3189731 wHuAawA lean
lisaumasanlanatravaaitunasd koo vauiaidinadniinitisrasinas wadlanan
1nanaa wazlwsnawlnanaa AalaulUsauwn18891U512 10 RINAINITAIWNIWULIIAIAIRY
5% A s Al 6 n' J

udfauaznitads a 9avevasduINLTY

4.1.3 gudAnIazany (Solubility properties) Cuq LLazatbe (1996) nsensn

wa Aa| 6 a a n:lld 1 s 1 Aa| 6
gutanITazaavaslan 6w lula IWUSa NI UAUILANGIIA] WUTT AuRwITaINs Y
lifinadoant@n1sazans Cug  wazame (1997) TowidlauldsdunlulalwuSasaunm
3’ v Y dl A 6 [ a dld :’ s 1 = a

azmﬂm"l,@uamama‘m]auﬂizﬂaumUIﬁJmumumuﬂImaqagja a9 lsAANNMILAN WAR
Alamaasiulaullsdu 11w nRratas sgiﬂia WIaTasinea YN lvausINIIn lwknNIaza Y
:‘ U A 6 n' J Ai [N ?,/ a 6 @ 1 Al 6 d'
W dVaINSUANT LHaINFNTANITTOUNUBIENINANEA Mkrasainan lauNsunazany
"LéﬂuﬁﬂLﬂumﬂiﬂsauﬁﬁﬁmﬂfﬂimaqa@h i wanlaulwnasuazlUs@unin1sauaInwiiNg 3
\@nitae (Cug et al., 1995)

4.2 ﬁ%iﬂﬁ%ﬁﬂuﬁﬁwa@iaauﬁamaﬂ&fﬂﬂsﬁ%
4.2.1 Wa%
(% ] =1 = 3 = A 6 va
AvUsuaRtaTuadgITasa s wluluaawnsteIsuaITacauNau 1w
oA \ o A \ wn a6 A \ [ ~ A ' a A
FANLANGIINUINAG RN L AVININNULANAINS LlasNLaTaANasan1IazaNu I lUTA% G4
winWiazganingalaladianin (isoeclectric point) Uszagnivaslusduazldndusy uazh
@hﬁLam‘hﬂdﬂﬁ;@"l,aisﬁﬁLaﬂvﬁﬂﬂi:qqw%ﬂlaﬂﬂiamzﬁ@mﬂumﬂ lwlsauszninegnala
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Lﬂﬂvlwﬁﬁa%ia@ﬁmﬁ@mwé'ﬂﬁu V‘iﬂ,ﬁ’lwLaqamaaﬁﬂmmsnLmSﬂéf’nz%dwmﬂisﬁmaﬂﬂsﬁu
(3 J = = ? 2 J 1 ™ 1 = = v
laurnaw lusaudsanuisnazasinlauints wanindsudiitasvasansazarolusdwln
whﬁ'mmvl,aim'ﬁlﬁnw%ﬂ ﬂi:fgq‘n%maﬂﬂs?mﬁmwhﬁugmﬁ fuldlUsauiAian13auN WL
1 o v a . . &
5zmwﬂ5:gmmm:ﬂszqaumlﬁm@mmﬂmﬂammumiazmﬂ (Sikorski, 2001) 3
anumanInlnmIszasvadlUsdwdusuiandseylunmsiedlsu Gontard uazame (1992)
NI eTuNEN IR N NN IUTAUIIIRIR WU NLaBANadaguliALTINg AWK N3
=< ' k4 a6 a o a A o v o '
azany LarnItuHInYadlatinraslsNanlUIdut81A altlauaannuuTwaInnIn
% a Al 6 ] A oA o val 6 A 1l
Jowaz 35 lumaaTouansazansddungian wudilladfiaraaasiliisuiionuguanss
hasanmianingiaunszanada ldavi i aui ldiduiitaifioaniu Shiku uazame (2003) wui
drftaradaITazatNanldsdnlulalwuSainadasnianininalauldsdu antash
mmsnazmﬂﬂsﬁﬂﬁﬁa%isl,mi’m 2-3 LAY 7-12 §AUAINLATLYINAY 4-6 1UsAwaIu1Tnazans
q/gl ‘ﬂl a wa A a6 1 a) 6 n:l. =} ~ a6
lddge WaRnanaudfiinasasisunud Wufesouluaniiznia (Rias 2-3) uaz Waw
A a ' ~ Ao A o oA A A A '
Awoulugniizens (Waw 11-12) ifauaznstiadiiienagiga Liha9anldsaniilaveang
AR uNudInsd uaziaunlaluanzasnanlvilsulalnaiassnuNaugILAIIZH  Chinabhark
LazAE (2007) Anmnavasddiardasuifuesisullsdululalwuiadaaianangiiiiie
Uanannu lasasouansazansianluan1iznsa (@fites = 3) wazluan1izans (@fes =
11) wudn artealumaeIauasazasNauinadaauiaidonauaciuasfanlysan Aaw
liseunedoulugnznia (@ter = 3) Ipuaznsiadn m 90179 (% elongation at
break) ganiuazliidniiFanindasunnnhdduldsduniaionlugnizdns (dias = 11)
g oA a ' wn & =< ' k4 a6 ' A6 a e A
HANIINHANNLOTANAADFNUANWAIIDUHW LY VAIN AN 111 WaulUIAnIINLaTHNIN
Al Aa . A Y & o2 SV va W A . )
fInzauANauNTaNLaTIYINNY 7 mmsnﬂumiwmu"lam"l,@mq@ el LA UULANF1INL
ANLTLYINND 8 waz 9 (McHugh et al., 1994)
4.2.2 WaNFA boirasuas buin
AILANWaEa lrrasiuawaaunisasoudaulUsawtulalnusanTalisan
a d' c?; I 1 d'd o ™ d' % waa 6 v A 1 n' J =}
riadunudusinniianuddyiiediudpendaisuldtianuiandwiniin wisaannu
a) 6 dl' a 6 & =3 d' a 1 1
Wz uaInaa Luaomﬂ‘wmam"[wnamﬂumﬂuLaqammmaﬂwmmimmiﬂmnmwmﬂm
Imaqawaﬁma% ﬁﬂﬁé’umﬁ%mszmﬁﬂwLaqmladwaﬁwﬁa@m ulgnafiuasarniIn
d' d' 2 J = a Al 6 d'd > A 1 1 > va a Al 6 a
maauﬂ"l@mﬂmmamwla&muaﬂﬂmwwqu *mﬂﬂiuﬂgaauu@Lmﬂamamaﬂﬂ‘mu
(Sobral et al., 2005; Srinivasa et al., 2007) Wa& LULTASARALTRA bAUA F1TIIWINWEA
l a 6Aa a a ad Aad
288 (polyols) LI NALTETEA TaSUNaa wiuuilnes Sgima waslanawlnanas lwiNanlng
AR wae Insnulaaaa (Yang and Paulson, 2000; Irissin- Mangata et al., 2001) JIUNIRNT
Fwanluluuaaailsa  lausaailse wialadlnusaanlye wazayuiraIfe laun nya
lagiw 1udn (Gonnadios et al., 1994)
P’ a e a e k4 @ en Al e A va| &
mimwwma@lvlﬁmsnawwauumaumlumiﬂmﬂyammlaaWauuwah&Wau

Aun3BNEwlain lasasad (Cug et al., 1997) Paschoalick uazamhe (2003) Laz Sobral WaY
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AtHE (2005) ANBNTEAUMILANNAEE MotTasnAlraseadarNavaslanlUsduannanuiiie
dan (dseululaliuSauazoslanaraiing lasdunfiwasealuasasaaWanysunm 15 —
1 { =3 QI J o vAa g: ] g’
659/100g 136w wuin WedSunanfwaseaifindninlalsusiunsanwnsdurinlasin
A ] A A Al 6 o vAa] 6 A 1 J v A 0 v A o
aany uazlnadeauifiiinavasdauiliisubonguaniu léun Serfesaznistiad m
A £ A a XY ¥ a
AANIN udldn1IMuuIsfanas uaznuussfiunzglaionas  uananidanmnd
o @ A ° [V~ { &
lravoasIinadoanwuzUnguesisulUs@udorlvdsulusdunlalaundn
4.2.3 anganyszaulysan
msﬂ%’uﬂ‘gmuﬂ'@maaLLs\iu?\lﬁumu'ﬁnﬁ'}"L@Tﬁamamﬁu,a:mﬂmw it
sl nvimiigendrauldsdu 15u ngansadlad  (glutaraldehyde) lnasanana
(glyoxal) NagTWaa (gossypol) wazWasuaa bad (formaldehyde) (Hernandez-Munoz et al.,
A = e Qs Y a U v
2004) Timannfianuszlaruawinunydsvesninazfilululaseaiisvasldsdule lay
1T uARcTRadNaR o NI TINNRNLANTITA I UNIBLIIadveINauldsAuLandnann
(Hernandez-Munoz et al., 2004) uananidsmanndiudpaudavasiduldulasnaidy
& & A . A A a |
awlad nIudngadiug (transglutaminase) Walmandszmuluianavasldsduisu
MIANBIVLI Jiang uazame (2007) assnAanldsiuleloianainnlinissannansazans
Adundnaduenlodnudnganfiiualuszaufiuaned19iu 4, 10, 20, 30, 40 uaz 60 gile/
ninvadllsdu) wud Mlanmewladszaudn (@ uaz 10 glianTuvadldsiv) TWRaunnu
=3 v A v A o A [ 6 1 a [ A
s ldgauaziasaznsbadn o yamaginiifiszauenlodengs (60 yfta/nIuvaslysdin
A A ) & A o A A e R A '
asnfiszauien lmidgamagendszauluanaildlds@uiaensinenguiuislnace
va A I
suUALTINavasiay
4.2.4 gunnNlumsvhuisilay
> Aad o v Al 6 A ] A Al 6 a 6
szauvasgmnnAnlFlunisiudsilduiinadasuifuesiduwadineinas
a9tz naaspuauuilendulalundwa lsaidunarad lomaslasdiTnisnaefay wazvin
uwianszdugmnnduandanu (23, 30 uaz 50°C) lunszurumsuisiausdinaliiianis
1 b z v a Y A g; U [ 1 =) k%
woniWa AadruvadludussstuinduiniiduuaziiTuseuiliagduans uTamdu
v ale X & K SV va o o A A ! \ wn Al 6 A
wihAduTsmunsnnunisdusiiuleinldd msvhuiifgmngiigedinadesudfuasilaude
a| 6 (=3 v a o 3 a U a o = ] :/
anunanaaaaantas danwauzudadnzuaninbading wazliaasnsduriwlainanas
WasanfigunpigsmaldwadiwaiiinnidaiiosilndBanu uazbainziuadiaudugg
(Petersson and Stading, 2005) Jiang wazate (2007) dnsnavasanzlunmaeasouisude
en Al e a < A A v & & A @ o
suddvasdanlsdulolmananaaunfssradisienlminnudngandua milwanuiau
lumsviudsisunanaszau (18, 25, 37 uaz 50°) Jnadaniatsd e nsanvnslysdiuedas
4 ' o v A A o val & A = v A v A L
anlad wuhmsvudiiigannddnldddunaunsonuusdalage Savaznistiads mqa
1059 uazimiisuiianwlireuihgeiniimsviuisngunn g asanmaviuiad

Ao W o & & o o ' o ' a A o
qmv\{]wmmﬂm’smmugﬂmu Lau"l,éﬁummwmmemmmﬁﬂmamﬂIﬁJi@mﬂamﬁﬁm‘Vl,@@
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{ J [ —a Al 6
5. MaBaadszaulaanalisdwivanisdsudsaaifzasilaalyséin
mydsudpsuifvesudulananldsin sansanszildlaonmaianagendszau
maaIuLaanﬂsau msﬁﬁ]:ﬁ’mﬁﬁﬁLﬂué"al,%auﬂﬁzmmaaIwLaanﬂiﬁuﬂizﬂauﬁ’;mﬁ%iﬁ
¥ o aaa ' v A a [ '
sl jiteediaies 2wy Sseansaifewuszlariauinneluniaszning
a Aae A o ed a £ g A ° ) e
luianavaslisdu nanisuiinuszlarawinifadulnditenalnaldsud@urdsznis
Al & A ak o ' A Ad o o A
23NN 1UIAUAT Iastanizauad I unIudansging  s1stainunin ldlslwninaan
Uszaulds@u ldud a1vdsznavdadladofiadieg ouwloinsudngafiiug uas
8135UsznaunNaaNwes udn
5.1 NI TE139RA Lae
n' A % [97°N U o 1 A 6 a
NN URIAAALLUAIRNTANIIGIUNILNIWLAEFNT ANIINRVILN BRI NN T IAU
mmmmzﬁw"l,@ﬂ@sm’mﬁ:umil,%auﬂszmumaa‘[maqaiﬂsﬁu TaoadasIL NNy auLa L
A A v A 2 o 2 o e oA &
nmagendszaullsdu Jagdudnsdnmiuninisnisldmslunduandlad iiu ngana
alaa lnaaanaia Wasuadlaa lwnadandszriwlUsdululay laos1sudazoialwualn
MINNFUTAAMNABNWUIIG (tensile strength) LaAN@19NY (de Carvalho and Crosso,
2004; Hermandez-Munoz et al., 2004) Wasuad laaiduwaadandizaullidunsay lag
o aaa Q 1 =1 a gj a = s = ada a 6
syl asoniungdieluedladu Munsdaadu nladu Fad@au niwlnivu uazes
aa ) A A Ada a fad R .
3w dwlnasanmamaninigendszaulusdundladu uazeniifiudungledns (Marquie,
2001)
[ '3 '3 a
5.2 n3iztanlzainwdnganfiue
ﬂiﬂua{ﬂﬁmﬁma (protein-glutaminase  y-glutamyltransferase, EC 2.3.2.13, TGase)
I3 1 & 1 aaa v 1 a
LﬂuLau"lﬁmﬂuﬂQmswumﬂawa (transferase) TGLidﬂgﬂiﬂ’lﬂ’limﬂmqma‘ﬁa (acyl-transfer
reaction) 911 y-carboxyamind maoﬂma:ﬁiuﬂgmﬁu #3871138n31 acyl donor VL&JEJ'amjwms
{ a 1 =Y d v 1 :’ 1 =Y =)
fsanInunguiada (acyl acceptor) 9 ldunin avdsznaviaiin wiandueziiluveininezdl
a a ' Aaaa o & v A 2+ A A
luladuunsaldsiin massjiorvesenloddniudasd ca” 100 acyl acceptor fa
a a = a 6 6 a né t:ll o dl
ninaziluladunumplséin  muduenloinnudnganfiuadsmansnnioninmaiges
ﬂszmmao‘[ﬂiﬁuﬁalﬁl,ﬁ@Lﬂu"laIGﬁLﬂﬂvlw@Ti:%dwaﬂgmﬁu LLaz"las?mmaoImaansau o
) v Aa dll a gj . . .
liifiamadendszauvasmaldsduniniululaiana (intramolecular  cross-linking) uaz
! . . . g e . A I o
serinamelysan (intermolecular cross-linking) A8WWEE e-(y-glutamyl) lysine DL unIDE
laloildng (isopeptide) NTFAIWRINUNUT (bond  energy) G INAMNLED TR il
o P~ = A & g s .
lassasvasNauudansat A (Mahmoud and Savello, 1993; Yildirim and Hettiarachchy,
1998; Mariniello et al., 2003)
aaa 2 o o A a a a @ A AaA
MNUJAT TGase Tedasn1sdusasaniingmin ladu wudriagdundauys

U
% Aa

Tis6uasnand laun tadn ﬂgLﬂuiuLLﬂaawﬁ LIRIAL aaguuiu"Lm’mn 9 leun1svin lanun

a

Aududaulaunisld TGase iRuAIAWUTILIILHEEI9IN TGase 921391 ATeLToNDIM9
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1 Q a 1 YV & =) { J . . .
‘szmwmﬂﬂ‘sauaagmu WU AT wAS UTINIWNLT I IINNT 1 Yildirim k&
Hettaracchchy (1998) wuin mslgianlas] TGase lu/Sunew 0.2 units TGase/g wnsLassu
AsulUsan lalaananing NN ANNAIUNIBLIIAITINEN leUTeanme 2 i1

. = A 6 6 Aa Aa A 6
Yi LATAME (2006) ANHIHATINTTLANEULTINTIUINgA1 T UaINEUNT
(MTGase) daszaumiautszaulutanavadiaadulugisazaisiaarduainian wuin
Q { a QI é/
weumuTandszauluianazadam@uinainen 0% (Ju 11.01% £ 4.43% uazaunile
a AI ; a o aaa
PAIFINZAULINIAULANYUIIN 6.80 + 0.65 cP 1Tl 32.59 + 2.36 cP wava Ny §Asen
vJwian 30 Wi wanandt De Carvalho Waz Grosso (2004) WUINWANLIANAKINNIAN
Wanltea wldsdueiy TGase  Hani1sdurulavindginItlaun bdaudszrulilsdn
Uszumw 40%
5.3 n1slga1slsznaunaaiuoa
o o 6 6 a o v A dll
#anaNR1TUTZNaVD G baawazlan ldurIrhasurTav lwAeniTisandszsn
=) £ £ = d‘ & dl a g a A v A [P~
Imaqa‘[ﬂmu‘lmm’s f3UvznauiwaadIlug1 N AT wlwEITN TG WU NN WA T IR RN A
dl' A I s A A a o &
Tun@andszaulUsdnisunu lags1sUsznaunadNuaas u1sn ANk LA awriLas
wuszn ldlalaraurinuluianavasldsfin (Chen and Hagerman, 2004) an3dsznauwadil
uaaluan1zeandlad (oxidized form or quinone) swnIniTaNUTzauluanaldsfiulay
AW LAMLABY LG Las IR INAILIAIlWNING 2 1303 lwwiiAaa1nn1Iaand laduadanIne
fuaamanInmIafiaiuszlarauriiunyfzeuiiiadua (neucleophilic  functional
groups) 2091U3RU LT lysine, methionine, histidine, cystine, tyrosine Wag tryptophan Mdw
=Y a { a J o
nyaaziiluasddsznavluluanalysiiu (Rawel et al, 2001) a3luniiieluaasndiy
UfAseniungaziilu (NH, group) Wiawydalania (SH group) luniaifiaviuszlanau (c-
N w38 C-S) va9lusauld (Strauss and Gibson, 2004) uUszEnTAwMTTanUTza1Ua19
J > g: =Y ¥ a
JunusnnTIvadInafiNuaa (Siebert et al, 1996; Rawel et al., 2003) wananhwadiNuas
a a Aan s A % [ dl 1 [ 6 . .
orufaduanIsAuluanalusdudrowuszilalgdlaanaus (non-covalent  interactions)
[ 1 a Q/ a U A b a J « qs e
laun wuszlalasiau waznuszlalaslwin'le Feainiiaduluaniiz non-oxidizing (Chen and
Hagerman, 2004)
miLﬁcﬂé’umﬁ%ms:%ﬁﬂwmanﬂﬁuuazwaﬁWuaamaLﬂul,u_m multisite interaction
A aa | & A o Aaa o = a A &
da lutanawadduaauinnimibluanafiaduasfsonnuldsduluanaidioy wiaiduuoy

. . . A Aada £ A o Aan [ a ' ~
multidentate interaction #a waARuaanialutanaifiaduasisenivlusduannnimisluana
4 X o PN aa o . ! aa a .
TauwnushanadnueauazaanaulasluarzninsansnedNuaauazlUsdn (Prigent et al,
2003)
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COOM

i}

mwﬁ 2 Reactions of a phenolic acid with amino side chains of polypeptides.

‘ﬁlmz Strauss and Gibson (2004)

Frazier WazAme (2003) T1841%31 Wil (tannin)  anansatiaauasnsewuy lal
3N (non-specific interaction) AulyUsAuun9aiia 17% bovine serum albumin #3BLANOUAT
ASpuuudumne (specific interaction) NUTUSAULNITAA 1T LIANAY

Strauss a2 Gibson (2004) wWuin &1sUsznauueaanisuasansdsznaunanliuass
frunseandleadiianddlunssendmuluanaaadu dwaliaudaidnavasama

A & i g | ° v A& o A a
WaluEIIn  wenantasUsznauineamannvimihiidudinarasendszauaanan
onuse lalasian (Wu et al., 2001) auasnisenTenIgansUsenauwediuaanulUsansing
v a wa aada n' J di a A 1 a a
Wnazansvasldsiuaaasuazaud@lalaslnddfdiatn  lesanlusduiingezlludas:
aaad (Rawel et al., 2001; 2002)

Tagdusuinisdnsnisiawedluearfiads g anldinediudysauifvesildy

1Us6%  Cao uazame (2007) AnEANTHE ferulic acid Waz tannin acid Nana leanNouLDw

' = Al 6 a ' a6 a AV oA wva A ad P A
ﬁ’)uNﬁNl%ﬂWiL@]iUNWﬂﬁJLﬁ]ﬂ’]@]% WU WE‘]SJLQR']@I%‘Y]VL@N'&NU@]Lﬁdﬂﬂ@ﬂl%L%ﬂ\‘i%’mﬂ’]iL’ﬁﬁm
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Urzanuvaslaanalusduluflsy  wananndt ou uazamz (2005) Wudr M3l ferulic acid lu
USUT N AN ERUEINITOLN N AN AIUNIBULTIAY S20HaLlN 0110 LazAaNITUNITH W
a o A < [ Aa £ { ¥ . . {
aandiaTuwyadNanlUsawlalaanniiviadle uwazanavaINanazaUnials ferulic acid 9
z;maaﬂ%vlmsﬁﬁazlvl,aimwuma?aaﬂvlﬁnﬁ
o a o o A a ' & ' aa A a Al 6

wananhgsiinnsltansanaanisriadis g iuunasnadNuaatnatduluiay
Tu56u Rattaya lazatwe (2009) ANEMIERITENANNEIRILNLLE (seaweed extract) f
Ao 9 uaz 10 wanluduiaaduannisdanludSunmsasas 1 vaslis6n wuin Aaun be
A A oA & ‘ o2 & & A& ,
fszuzlalenagadu srunsBuriunlaviuaznsszaoinzasisuaaas  Gomez-Esctaca
uazamz (2009) lEmsaiaainaaimluuazlyauninauluiduiamauannibadaimin uas
ARVARIAUIINNIGII WU WaRR KR IBEITRNANIRAITRARINITOLAADUAIATLIN
mm@m’m%ﬁfaﬂmﬁmvlﬁﬁﬂhLﬁlmauﬁnﬂ%ﬁfﬁ’s ﬁwalﬁﬂ&?wLﬁ]mauﬁnﬂ%ﬁaﬂammﬁ

=Y { v v J
qm%g&lmﬂﬂaUuamuzﬂmmm’a (glass transition temperature) qwuuazmnaﬂgﬂa@m
LAz EIIENAa N0 N AU ENTATWI AT Ta N U TERIULAS AT ULINITLAA
2aNTLAT IAGNINRIIRNANLIRUNS

% al 6 1 U
6. ANnuAIAasiandasaaala
wihflzaslduuTsydmaide mmm"ﬁzaaé’@mmﬁ%&lmuvlaﬁﬂmﬂﬁal,rmﬁamﬁ'];j
=y v =) 1 =) A & Qs g; 1 1 Q J s
sud1nelu Aduudazsiafisudfidudnunisdudiwiandranuuegivanusmuninly
mia:mﬂLLa:miLLwimaﬂmaqaﬁwmuumﬂﬁu (Srinivasa et al., 2003; Srinivasa et al.,
2007) mmmﬁmmwawﬂ'@é’aﬂﬁh’ﬂﬁmnmsﬁﬂmgﬂLLuumsQWﬁJmm%uﬁqmﬂgﬁmﬁ
. . a6 & A6 Aa A o o & ' o A
(sorption isotherm) va4Wax lagtAuR sl uaNINUITINMANIANUTUTNANTLANG1IA® N
. A o o ¢, A6 s g’ A A & a £ ..
wauaNuTuFuAN S gasuazgadulaviuas Ui menuTwAuiu (Srinivasa et al.,
2007) Vl,aﬁw:s'fmmmﬁwgiauﬁwmﬂhﬁﬂﬁﬁwa@iaqmmw mmméﬁmaammnm:ﬂﬁwmsﬁg
At 32#IN9NNIIALNY (Srinivasa et al., 2003; Srinivasa et al., 2007)

Cug uazAme (1996) AnmwavasmIAuTnsAauldsdulaulalWuIaannduiie

ﬂmeiaauﬂ'@mammﬁlﬁuﬁqmugﬁ 20°C ANUTUFUNNTIaLa: 58.7 11lwt1a1 2 Ldaw WUl
szuza luwnaAuThEn lilnadaninlfouudasanianisazans aansturinlasin way
A A . Al e a VA ° va € AA A a L A a
RUUALTINA0ILNUASNTUTAU LaTNari A AR NI RIARRaILANNINTWTI1RNANIDIN
Ujfsenmaiefinanan ldonduiowlsd Lawton (2004) @nmnaa9nIALINEURABARY
Iﬂiﬁumﬂ%ﬂweﬁqmﬁgﬁ 25°C NANMNTUFVANTIZAUANINY Aa Sauaz 3, 20, 50, 70, 81
= o & oA @ A v o ea L o vAal &€ A i P’ s
ez 93 tuan 1 guan wumL&Jaiz@umm"ﬁuauwmmmumlwlawwqmwwmnmu

a6 a =S Y v 1A v A e A J
I@FJ‘V\Iﬂ&lIﬂi@%ﬁﬂ&ﬂiﬂ‘ﬂ%LLid@dq@]uﬂEIEN LANIBYURSNITHUANT T "QWII’W]LW&I?IH;

a

Srinivasa LazAME (2007) Wuszauammnil ( 4°C 519 50°C) wazdSunmanuTn

U
wva A

RUNNTNLANANINY (Fa8RZ 40, 60 LAz 80) UnadaauUaiinavaidlavlalauouseninems
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LALUTNEN IIZUZIIAT 3-9 TULANG1INY LasNaUNLAL QRIVHEY 20°C ANMUTURUNNTIaL
8% 40 SzozaNUTeNm 7 ’S'ulﬁﬂﬁuﬁﬁauﬁ'&%aﬂaaﬁq@ fa nuussasld 35.8 MPa  Jowa:

nMsHae7 g@mmﬁnﬁ'u 29.9 Lm:ﬁ@ima@é'awhﬁ'u 896.7 MPa.

Janilszavavaslasenis

1. Waanwriavasaslsznouiiues  uaztladsunslseminiinadonsdontseam
Tdsdsnlulemusannnduiitasm

2. ednsuazasmsldaslneuiuaaussansanaiuaaaniasiai gaesua
yoaf§uTusanlulalwudaanduitatan

3. adnnautiaunadszmivesiiduldsawlulalwusaannduiatadlaiduuss
LANRITRNANRA KA

4. Wadnmaaswussasiguldsinlule nusannnawitolmfiliduussd

LAUENIINANDRAUOA L UIZTHINNITLALITNEN

YBULYAVBINITIVY
ﬁﬂmwamaamiﬂszﬂauwaﬁﬂuaau‘%qw%ﬁwLLazmwv’iTMTmm gdan13L5au
Useaulisaululalwudaannnduitadalumsszaofdy uazautiavosfsuile dnwna
Pasgn1zu1lsznsdenisidendszaulsanlulelWuSauaanifvesfAsuiiay
msﬂ‘szﬂauwaﬁﬂuaaﬁqﬂﬁ ansmsldassnaaniosiade gdenindend seau
Tusanuazautavasisulsdululalniannnduiiaolan Sieeiauiiaunelsznisvas
Asulusanlalelwussmanuss iidussananadinosanis  assaaufnei moisture
sorption isotherm pasurnisulUsanlalalwiss ussfnwmsaswulassntiauiedsens
yasisulusanlulalnusafidumsananadineaoniioluszninamsiiusnem
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UNN 2

Q

- AR BRI (Priacanthus tayenus)
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-4 aa a o
ﬂ@]‘ q‘ﬂnsm LLacInnNI3veY

ada ~a ng a 1 v v J . . N . .
- mswaaWuaamqmmu@moGjmamsm léun caffeic acid, catechin, ferullic acid
WA tannic acid (Sigma Chemical Co., St. Louis, MO, USA)

- Bovine serum albumin (Sigma Chemical Co., St. Louis, MO, USA)

- High molecular weight protein markers (Sigma Chemical Co., St. Louis, MO, USA)

- Glycerol (Merck, Darmstadt, Germany)

- Sodium dodecyl sulphates (SDS) (Bio-Rad Laboratories, Hercules, CA, USA)

- Coomassie Blue R-250 (Bio-Rad Laboratories, Hercules, CA, USA)

- N, N, N', N'- tetramethylethylenediamine (TEMED) (Bio-Rad Laboratories, Hercules,

CA, USA)

- a-Chymotrypsin (Wako Pure Chemical Industries Ltd., Tokyo, Japan)

-4 a ~
2. qﬂnsmuazmsawa

Equipments

Model

Company/ Country

-Homogenizer
-Electrophoresis

-Magnetic stirrer

-pH meter

-Vortex mixer
-Microcentrifuge

-Shaker

-Universal testing machine
-Environmental chamber
-CIE colorimeter

-UV-Vis spectrophotometer
-FTIR spectrometer
-Thermogravimetric analyzer

-Scanning electron microscope

T25

Mini-Protean I

RO 15 power

CG 842

G-560E

MIKRO20

Heidolth Inkubator 10000
LR 30K

KBF 115

Color Flex

UVv-16001

Bruker Model Equinox 55
TGA 7

JSM-5800 LV

Ultra turrax, Malaysia
Bio-Rad, USA

IKA labortechnik, Germany
SCHOTT, Germany
Scientific Indrustries Inc., USA
ZENTRIFUGEN, Germany
Schwabach, Germany
LLOYD, England

WTB BINDER, Germany
Hunter, USA

SHIMADZU, australia
Bruker Co., Germany
PERKIN ELMER, USA

JEOL, Japan
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3. 26n13e
3.1 NMILAIBNIAYAL
& . oA A o @ ' AaA
ToUmawI T (Priacanthus tayenus) 3nYfiBL3a3InIassza UITINaeI NN
dudslasldoanainwdariuds wihnu 1:2 Ehwinsihnn) PURINNIIAUZYARIANTIY
INHAT UMINDBEFIVAUATHNS mialung meluwnan 1 Talus  Fhenuszanadas
hdseth wazueniflaiialidnsnea b

3.2 mananlilsaulalalnusasinnaraiailan
msuonlusaululalnuSanaitves Benjakul uazames (2003) lasiinanuiite
UmuuanazNaunusinnanlwaa g 1:3 laludwdidung 2 wii M IR WALIT
ANNLTITAY 9,000xg  LHwaan 20 Wi Ngnmndl 4 ssrnoaidoa  shawiiluazna
Tds@wauaesrsaItazaulafaunaa lIauts 50 adluais waasw 1:5 laulalud
Tudarnnguidniig 5 Wi Ain1Ias 2 a3 thusnen ldsdw bula lwuSaluwsiudinalslu
=4 ]
msanunda bl

3.3 Mmyienzesdlsznavzasnasitedauasliusanlalalvlusa
Sia5eresssznaumatafvesndaiieUmdliinumsss uaznduitatafinimg
myds (dsiulalalwudamnndwitataiiuenldands 3.2) asseldil aa
AT (AOAC, 1999)
- lus@u (AOAC, 1999)
- 101 (AOAC, 1999)
- lusiu (AOAC, 1999)

- Trichloroacetic acid soluble peptide (Benjakul et al., 2004)
- Juuuulds@ulesls SDS-PAGE awiTuad Laemmii (1970) lanld 4%

stacking gel &8z 10% running gel

a ¥ Y aq a < {
3.4 ﬁﬂ‘lsl"]Na‘.‘ll?.]\‘l‘li%ﬂLLRZﬂ'J’]&JL‘iI&J‘II%"D?Nﬂﬁiﬂizﬂﬂﬂﬂﬂaw%ﬂaﬂiﬂ'ﬂﬁ Elﬂ’lil%él&l

9

ilyzawlilsanlalalduSanazaniiGuosianldsawlialaliusa

3.4.1 maasgnasazargflanuazunwianainldsanlalaldusa
wisuaazarefanldsdululelWuSaanndufiadananninu (iadann

. o ad . A a 4 <

HIUNNTAN9) @NITUa4 Prodpran  Wae Benjakul (2004) lasnaalusaululalnusalusinan
Taladsualusdusenas 1.5 (wiv) wazi@unfioasealulSunmsesas 50 vaUTaunmlysan
NIRNANLT WA 30 w7 wardTuNLaTvaIr1IIazaaNaulAvinAy 11 draa1Iazany

a & v o & v & a aa a £ a
IsﬁLﬂﬂllvla@saﬂvtsﬁ@]L"ll&l"ll% 1 Illﬂ’]‘i %ﬂﬂﬁnﬂ%%lﬁ]waqiﬂszﬂaﬂwﬂﬂw%aalﬁ@i(ﬂﬁ"ﬁ%ﬂ(ﬂqd6]
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(caffeic acid, catechin, ferullic acid Ua tannic acid) fiszauuANGIR® (3888 1, 3 UWas 5
yasUSurmlysin) aclussazasfsy nounsunsoulwoandawduiia 1 5alus i
s3nzansandinnieluiinmekluds 3.4.2 LLazﬁnmia:mﬂ*’?\lﬁuﬁmﬁavlﬂ%ugmﬂu
WHUWARNA1NI D289 Prodpran Waz Benjakul (2004) TagiasazanafaufilaSunm 4 n3w
GuaslwRuNEa o 1310 5x5 MTRRAT Y TEmetinusssaanlagmsitau
poannlviaIuIn 12 72139 ﬁauﬁﬂﬂﬁﬂﬁuﬁaﬁqm%{]ﬁ 25 aIFLTALT R WaTANNTY
gunntwiniuYosas 50 1Huan 24 2l senuduisueanaInANRGalon nuduisuf
laluamarauantifaniznslude 3.4.3
3.4.2 mﬁLmﬂxﬁmﬂ%auﬂ‘szmufmaqafﬂsﬁ%‘lumsazmﬂ’Wﬁu Gil
- ‘]J%mm%%iazmuamz (TNBS reactive amino group) @1N35U84 Benjakul
Wae Morrissey (1997)
- PSnuwydalania (Sulfhydryl (SH) group) a33Tuas Eliman (1959)
- guuuulds@ulesld SDS-PAGE mwituas Laemmli (1970)

3.4.3 N15azRaNT avadlan adt

1 A 6 [ (% a 6

- anunmasLEuREY lagniadelulatiinas
- FNUAEING  lauNNIATIIFOUAANNFIUNIULIIAG (tensile  strength:
TS) wazm3tiaaaLlaw1a (elongation at break: EAB) lasltintainasay
AMULTINTIVRITEG WATURY Iwata WazAmz (2000) lawviiniIdiu
amwmamm?\lﬁuﬁqm%gﬁ 25 AIFLTALTUR LATANTUFUNNTIDLAL

50 11lwIa 48 TlUY NAUNNINTIFAL

a ' ' Al 6 a o oxoox o
- FuarMIFaINLLEIUaINaN  aarauFlayldizuu CIE La b lawld
A o A ' ' P o A .
1A397AF wazaTIRaUNIIFaINInLRITaINaNlan]lTiaTas UV-Vis

spectrophotometer M“ﬁ’mmmﬂ’nﬂgu 200 — 800 nm

ﬂ@uaaﬂ‘m@LLa:mmmemumadmiﬂszﬂauwaavxluaamqmwi%msmawﬂs:mu
Iﬂsﬁuua:awﬁ'ﬁmaﬁl&?uﬁﬁq@ I ﬂﬁﬁrﬁmwmn@hﬂ%mmuga:ﬁiuaa‘s:ﬁﬁa ﬂﬁq@ LRZNT

a@aoﬂuaoLLnuIﬂsﬁugaﬁq@ s"suﬁulﬁﬂﬁ‘uﬁﬁauﬁ&%anaaﬁq@ Wasin ll@nunealy

3.5 Anwrifasaunsdsznsfiinanalszansawmadentszawlysawlalaln
Su'%mlaamsﬂsznauwaﬁﬁuaau‘%egﬂ§
wisnasazaeanlysaululawuSasudsnuds 3.4.1 lasldansusznauwadl
waariiaussanududuiisasonldaindes 3.4 W 1MTANYINATEIIANITHENLAZNNT

a a ' ' A a A
L@maanmaulm:mnmwamamimauﬂizmﬂﬂmu fa
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- VIRHNEN: 30, 60, 90 LAz 120 W
- NMILGUANTLAW: \ANaNTLaL WA NLANaanTLAW (NIUHIN LY
§N1zaNAUN@)
o A 6 dl U a 6 1 a 1 a a a @ a
mmiazmUWam"l,mrnms’lzﬁmﬂimmwawiuam: ﬂimmmﬁa"lama
LLazgﬂLLquﬂsauL*’ﬁmﬁmﬁ'ﬁ%mﬂuia 3.4.2 1a3puupuisuLasIa TR auT AT ILH U A
At

AMNAWIVAILHUARY 1WA UTD 3.4.3

FUUGLTING  LTUALINUTD 3.4.3

a 0 ' a6 ! a @ v
FURTNIFAINIWULRIVDINRN L TULABINUYD 3.4.3

a6

ANITuEwleaKn (water vapor permeability: WVP) adubuia

Tawld5% ASTM (1989) @saauilaslas Shiku uazams (2004)

% 1 { wa a6
3.6 @nwvn1slgansanaaniraanIsandseaullsfnuazanifvasilan
Tusawnlalalusa
= a 6 % ad -~
3.6.1 N13LABNUAZIALAIITHANIANAND AN WD AINNT
o U =) a 1 v 1 A A £ v A v
iamzasirsiadeg laun oulisr mune wiendsgauds uazifenlsl
BN FNAGISLETIUEA MEATIEIN 1:3 (nnn:USunas) Duian 24 %’uiuaﬁqmﬁgﬁﬁaa
ANATVBI Yen Wae Duh (1995) NIBIENIRNAGILNITZANENTEY Whatman-No.41 L&y
demymemuldgyagimeanamngil 60 asruoaifos
a 6 a = g; Qs dl = v o
AaeRUSumansUsznevAuaaninualussanaieionld  laanisv
UA38711Y Folin-Ciocalteu reagent @1335184 Singleton UazAME (2001) WINFIIANG 0.2

ARAMT LEIazane Folin-Ciocalteu reagent (138314 1:10 1uiin) USunas 2 Uaddas Jans
ANAULRINANNEINAK 750 Wlwuas AMwianudNTusadasUsznaulueaninue

2o} 22)

INNTIININAIUVIFIINUBaNA3131% Catechin
= ' o aa A ' A a
3.6.2 AN¥INAVDITRAFITENANDANKaad INNTRan1stBansza wldsGw
nazanfaasNanllsawlalalnusa
LOIUUREITRZAN IR AN WLAINUATANTINTD 3.4.1 lasldssanaluaaann
Nrriad1d9 (48 3.6.1) Lduasluasazaefsululalnusaludsunmiasa: 1 vaslusdn
nunaInsaulwoandawduiaan 30 wif arTaratsNsug 1w 1WA A N1 Tau
) a v o a { o J a
ﬂizmquLaanﬂi?lumuLamﬂmja 3.4.2 LLa:mmiazmUWﬁwﬁmﬁaVLﬂmmwugﬂw&
CELALINUTE 3.4.1 WRZILATIERANT AT INANITWLALINUYD 3.4.3 A%
- ANMURWIVAILH A
- FNUALTING
8 &
- mIgNEwlain
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3.6.3 ANHINAYIANNTNTHETANAND AT R AI INATAB NS BaN T2 a %
Tustnuazantifvasianllsdwlalalusa
LW@IBUFTRZA NN ULABINUATNNT UGB 3.4.1 laldasanaiuaaain

ﬁmﬁ@ﬁlﬁauﬁamaﬂﬁuﬁﬁqﬂ (@nda 3.6.2) tnadluansazarslanlysdululalnusalu
USumans g fa Sesaz 0.5, 1, 3 uaz 5 vasusunmldsin  munsunionlieandiauiu
1281 30 W7 ﬁﬂmmzmﬂ?\lﬁumwﬁﬂﬂ’iLmﬁzﬁﬂ’m%awﬂszmuiuLaqaiﬂiaumulﬁmﬁ”u
99 3.4.2 LLazﬁnmsazmm‘?\Iﬁw?’imﬁa"tﬂﬁwms%ugﬂﬂﬁm‘*ﬁmﬁmﬁ'uﬁa 3.4.1 WAz

st ATaINS UL TWALINUT S 3.6.2

3.7 dnwaaniaueilsznsvasilaalilsanlalaliusaannnaraitalan
indsuldsanlulelnussiliduussidussataaniriauss S o sa
Afaldanande 3.6 v aNTaUUsE M RuEy aeselli
3.7.1 FURZMIRDINULEIVRINAY LU INLTD 3.4.3
3.7.2 myazansvadfanLaznsazasvadlsanluiay
asraRaUMIazaspasf s lwinnawau3BN15189 Gennadios UazAME (1998)
TOUTUHBAEN (W0 2x2 ATHITUALNAT ANTILANMUTHTUGH ez TIRIRINALIHEL)
Twinauiiiy Na-azide Yapaz 0.1 (m{’mﬁfﬂ/ﬂ%mm) U3um 10 TaREAT i INIna L

sianafgunnIaniuing 24 Tl udmnyuninsnanudisey 3,000 xg Luaa 20

W Lmﬂahuﬁ"l,&ia:mslaaﬂLLST’Jﬁﬂd’mﬁ"L;iazmﬂ"LﬂﬁﬁLLﬁoﬁaqm%Qﬁ 105°C W% 24 1219
L§d1wI BRI nvasl§ufiazany aaseudsunaldsdulusinlalasid® Biuret
(Robinson and Hodgen, 1940) wWasuifisuiudSunaldsaunsmualuildy Tasvinazaofsy
shomrazanslmdsylaasenladidudu 0.5 Tuars iaszaslUsduranug
3.7.3 sudamsdasaanslasian bodlysdes

aagauMItasaaslasiaw ot lalunSusu ‘ﬁ'qm%{}ﬁ 37 asmisartos L
a1 2 Tl weaUfisenlasnislianuien (100 asenioaiGus) wiu 3 wifl nsasdae
LHNIZANBNTAI AT980U Degree of hydrolysis ANADVBY Yildiim WA Hettiarachchy
(1998)

3.7.4 RNUGNINANUTIW
"3mswzﬁqm%gﬁmsamyéf’smummﬁ”aumaﬁ\la‘whsfl,%m'%'aa TGA (Thermo-
gravimetric analyzer) lagfizigmnniiminasauszning 30-600 asmusaifos  wazdaT
mslAnnusan 10 asrwaida s/
3.7.5 lassafiganiavadlay Tagldia389 Scanning electron microscope (SEM)
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3.7.6 Moisture sorption isotherm SR
ATIER moisture sorption isotherm VaLNBREN aWATVE9 Kim wag Ustunol
2001) lasmsdaanumsidfsunudasihmsnnuasisuniuluan1zndanuswaunnsand o
< & A a v a @ a o A [
unsznsfigeaugangungiives (28-30 asmioaifos) lasldmiazapduadngg iwald
laanusuaunniane g laun

nbh ANNTUFUANS
LiCI.H,O 18
KC,H50, 23
CaCl,.2H,0 34
K,CO3.2H,0 46
Mg(NO3),.6H,0 54
NaNO, 64
NacCl 73
KCI 90

(3

WauwnyW moisture sorption isotherm VaILHUNY

{ wa al ¢ 1 ® o
3.8 ﬁnmm‘stﬂﬁﬂ%uﬂaaa&lumlaaﬂau‘l%‘szwnamsmu‘mm

A o,

sundaui@iBinadnge (31nde
%

o [l Al 6 ai a A o A ai va
MunuAaunduwas lduansanaannanl
3.6) A LALTNHINENIZUTTENMAUNG Wi win 2 1han insamageunsidfowudad

autiauNatszMIveasiguAm 0, 1, 2, 4, 6 uaz 8 Jansk aait
- anutuasigu (AOAC, 1999)
- mysurwaslein wwdeanude 3.4.3
- aNUALTINAVaINEY WA InUTe 3.4.3

- FUDINAN LTWLADINUTD 3.4.3

3.9 N1IIVUHBNITNARDILALNITILATIEANIAAR
¥nmIneaas 3 41 IATANITNARILUUUNNNDITOR MIUNUNINABIULUUFY
@aa@aﬂ"\dawymf (CRD; completely randomized design) Jianzianuwdsunrulas
Analysis of Variance (ANOVA) LATANNUANGI AL Duncan’s Multiple Range Test (DMRT)
(Steel and Torrie, 1980) myitanzvidayaldlusunsudiagd SPSS for Window Version
10.0
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unn 3

Nami‘nﬂaaouaﬁmsnf

3 ~ v élq’ A 1 A %
1. 29AU3ENBUNILANVDINANLIHBUAINNNIHN bUHIBUALNHIWBAITAN
& A o & . AV 1 '
p9adsznaumaalvasnanuiiialananwinw (Priacanthus tayenus) N LB BUALHIY
U a L { A v 1 ¥ I 1
My Jdsdnlalaliuses) waasaiansef 2 SousasldiAuiniledanduunasvaslysdn
nfay uazwuImMIssielamagsacarsinialoduuaaalaa (udu 50 mM) ez
o ° v 1a a o & AV oA £ ) o @ &
nau duarlidTunaldsdulunduiedanldldngetu uazsroirdnasdlsznaunan
laguuazidnlianas ﬁnﬂmsmaﬁ]aaugmmumaﬂﬂsﬁﬂmlﬁ% SDS-PAGE l#Hadsnn
7 3 wudnldsduannnsanitadarn lusunsanstdsznavale luleduuazuanduidy
asndsznaunan Silusdunssesiduasdsznaunanvedldsaniulalnusa  wazgany
= é a v o v
29dUsznaulys@uuunaldn (~36 kDa) Saduwinlusduosianaraiin nsa9linarinle
lihs@umslanaafingnindaaanly vilden TCA-soluble peptide NaTanulunsaiitatan
d 1 v 1 { & o v v v a
AU IINITAaAad (p<0.05) (A9 2) Tadinavinlwanududuvadlusanlulalnusaluy
nauiadafidiun1Idegadn asnuldsdulundruiiedafidiunisdrsfiaiowldas

dyznaumislusanlulalwusaiiluasdsznaunan (Souaz 95.94 lassiwnnuis)

@1319% 2 Chemical composition of washed and unwashed mince of bigeye snapper muscle.

Composition

Unwashed mince

Washed mince

Moisture (% wt)

Protein (% wt)

Fat (% wt)
Ash (% wt)

TCA-soluble peptide (Limol Tyrosine/g sample)

80.41 1 0.03”"

17.63 £ 0.09° (90.00%)

0.79 1 0.01% (4.03)
1.17 £ 0.01° (5.97)

70.39+0.73°

87.43 1 0.12%"

12.06 £ 0.19° (95.94"

0.35 1 0.06" (2.78)
0.16 £ 0.01° (1.27)

28.00 + 1.63°

"Mean T SD from triplicate determinations.

“Different superscripts in the same column indicate the significant difference (p<0.05)

¥ Numbers in the parenthesis indicate % dry-basis weight.
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kD

i
205
116 - v
97

84
66

55
45

s
3 ==

N l

m‘wﬁl 3 SDS-PAGE protein patterns of unwashed mince (1) and washed mince (2) of

bigeye snapper muscle.

A v v = a £ A a
2. wamaaﬁummzmmmmumaomsﬂsznauﬂuaamegnﬁmamsmauﬂszmufﬂsmu
TalalnuSauazaniiauaslas
2.1 dsz@nsmnwmasaniszawldsaulalalusa
INMIANBINAVDITIA (caffeic acid, ferullic acid, catechin W8 tannic acid) L8z
ANNTNTY Gowaz 1, 3 way 5 laghninuaslSunmldsiu) vesznsUsznaunediueans-
Ar =) v v v { =) v
and lusnsazanoWduldsdududuionas 1.5 Al 11 NiGunfiwesen (Sauas 50 vad
USunaldsan) luanzninmadueandiawdua 1 5alus demsiaudszanuldsauly
TalWusa nautalarainiiw wudn mstauwaaﬁluaaﬁNaﬁﬂﬁ@hﬂ%mmﬂgazmu%ai:
(free amino group) Baldsfululaluiadidaaasiiaifisuiuldsduluganmmanasi lida
wadNuaa (p<0.05) (17790 3) lasNuIune free-amino  waaId U o ludasen
A v A ;A . @ ' a6 A & a A
YEhhH fNUSNNIe free-amino  WaE wRAIINEITAAaNAN U UBIAGNI I TN TEEN %
Imaqamaﬂﬂiﬁﬂﬁmﬂ mstﬁauﬂs:mm:ijﬂuLaqaiﬂ‘sauéhUmswaaﬂuamﬁ@mﬂ
ﬂﬁﬁ%mi:v\dﬂmgazﬁiumaﬂﬂiauuamg"l,aman%amaawaﬁ?\luaa (NMWN 2)  Strauss L&
Gibson (2004) @nsnsiBendszauldsiulasnedNuaauaziiodanainvasaIwadil
\ , a a A £ A o o A a P \ A
uaama%yazﬂuﬂ,ﬂuLaqaiﬂmmwmu &1Naml%mimauﬂi:mﬂﬂ‘mumﬂmuﬁga:ﬂu

a A oA ' ° o A Ao & Y £
GERRIIVERLUELEN lnansazaoldsaunianumetiniaa lauinan



25

uaﬂﬁnﬂﬁwudﬂﬂ']‘nauwaﬁ?\luaasTdﬁwaﬁﬂﬁmﬂ%mm%gsﬁh”la@%a (sulfhydryl (SH)
group)  2@3lUsdUAART (17197 3)  TeanaienauaIIINTRINWYER laaTauazryla
asandazasaanadiueas NunImMawishliifedjisoenivmydalaeialdiduius:
g . . £ [%
lagalwe (disulfide bond) Y3368
A ~ a A v o v A 'Y , i i o A a A
WaldTouAsunanutuduwszauIaeIn®h WU tannic acid 1RUs=@nTawmsisey
UrzauldsdululelWuiageniiniile caffeic acid, catechin waz ferulic acid @u&aU
g o o a ' a a d { & g
(p<0.05) TiFanaldanmiaaasvasliinmngesiludazanniign (@199 3)  neftan
dl . . A a 1 a 1 Aaa a dl =3
Wasanluianaved tannic  acid  AdSanmvesnylaasendauinnimedNueaziiadu 3
suTaiaeuasnsennulysaunlauinnin Rowel uazamie (2001; 2002) 51891w31 wadll
d'd a [l a a 1 1 a aaa 04 a v 1
waanduiunmng laasandannaziianuiashdemufadjisedulaenalsduldgind
t;l’ J a A 0‘3‘ s o 1 ] a v Aa A
uananiianudashvesmedflueadsiunivdunimy laasandalulassainsveinadiuea
ael mﬂmsmaaaﬁ'awm"rwaﬁ?\luaaLwia:mﬁ@ﬂﬁﬂizaw%mwmn%auﬂi:mu‘[uLaqa

A a J U U Aaa d' n' J
IﬂmﬂulﬂﬂmaqamnmumummLmumumadwaawuaamwmu

miwﬁl 3 Free-amino group and sulfhydryl group of film-forming solution of

bigeye snapper myofibrillar protein.

Free-amino group Sulfhydryl group
Treatment 5
(mM) (x10  mole/g protein)
Control (No polyphenol) 478 + 0.07°" 7.06 £ 0.21°
1% Caffeic acid 1.42 + 0.02° 0
3% Caffeic acid 114 +0.02° 0
5% Caffeic acid 0.98 * 0.04° 0
1% Catechin 1.47 £ 0.11° 0.23 + 0.02°
3% Catechin 1.39 + 0.02° 0
5% Catechin 127 £ 0.11° 0
1% Ferulic acid 473 1 0.04° 6.67 + 0.08"
3% Ferullic acid 458 0.10f 6.23 = 0.05C
5% Ferullic acid 430+ 0.11° 5.73 + 0.14°
1% Tannic acid 1.25 + 0.04™ 0
3% Tannic acid 0.99 * 0.03° 0
5% Tannic acid 0.93 + 0.02° 0

"Mean % SD from triplicate determinations.

"Different superscripts in the same column indicate the significant difference (p<0.05)
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mMwil 4 usesgduuulis@usasansazansdnldsfun liduuazidunadluoasiia

v v 1 1 A A v A ¥ o a [
wazAMATNTUA g wudgduuusesldsiunldlinafisaandasnunazainisiinsnzi
Usnnamgeziludaszuaznydalaaia laowuiunuvasldsdululafudunan (Myosin
heavy chain: MHC) Ianuduanadatnainlasaauysunaasnadluaandn laad
tannic acid 1WANITUTEILOL MHC aaadannfiga NMIansdzaduny MHC uaasiiniaifia

- . X . P y
madandszauvadluanaldsiu ldlsduiivmalngauanldamanniafondiuiaald

. ——

MHC— lgl Rabad
_H R = S —
Actin — B T = 2B _ _F B OB

Marker control 1% 2% 3% 1% 2% 3% control 1% 2% 3% 1% 2% 3%

Caffeic acid Catechin Ferullic acid Tannic acid

(

MHC —

RRRR!

Actin — e Gup S0 SO Bl S ——— — —
- ,.,ud,.:ﬁ-...-—-

—_—

—_—

Marker control 1% 2% 3% 1% 2% 3% control 1% 2% 3% 1% 2% 3%

Caffeic acid Catechin Ferulic acid Tannic acid

(b)

ﬂ’lwﬁ' 4 SDS-PAGE protein patterns of films from bigeye snapper myofibrillar protein
incorporated without and with different types and concentrations of polyphenols; (a) non-

reducing and (b) reducing; MHC=myosin heavy chain.
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2.2 HADIBRALAZANTNTWDIE1IUIzNauNa AN woanaaNTAuasNanllsanla
TalWluSa

TN 4 uresantagInavaslauldsdululalWuSaannauitaya1annanui b
WWuuazidunadNuaashauazanuidutud1sg wudn nmsidunadluweadinariilian

are A J ' ' A
modulus (E) , tensile strength (TS) maaWauumgwu ®IUA1 elongation at break (EAB) 31

[

aaad  asvwdaullsanlulalWusanidunadluwasianuudsnssninninwaun luiauwaan

3

uaa (p<0.05) wiauszaNduTunadluoafiuanaranninalven E, TS uaz EAB vasiay
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@1’1‘5’1&“7‘; 4 Tensile strength (TS), elongation at break (EAB) and modulus of films from
bigeye snapper myofibrillar protein incorporated without and with different types and
concentrations of polyphenols.

Treatment TS EAB Modulus
(MPa) (%) (MPa)
Control (No polyphenol) 3.88 + 023" 92.65 * 2.80° 163.91 + 2.93°
1% Caffeic acid 423+ 0.17° 66.29 T 3.23° 202.84 + 7.85"
3% Caffeic acid 4.45 % 0.07° 56.42 & 3.43° 213.94 t 6.36°
5% Caffeic acid 4.60 + 0.10% 54.08 + 2.91° 239.82 + 5.33%
1% Catechin 4111 010" 7481+ 4.7 193.75 £ 1.76™
3% Catechin 4.44 + 0.04° 59.08 & 4.11° 211.56 & 2.79%
5% Catechin 461+ 0.13% 42.13 + 3.40° 224.49 + 574'
1% Ferulic acid 3.95 % 0.05" 94.75 + 2.22° 172.12 £ 9.14°
3% Ferullic acid 415+ 0.12° 77.69  2.50' 185.02 + 2.82"
5% Ferullic acid 420 £ 0.14° 68.90 + 2.73° 205.08 * 3.76%
1% Tannic acid 4.50 + 0.10% 57.00 + 1.79° 22581+ 231"
3% Tannic acid 4.68 £ 0.10° 47.90 * 3.44° 231.29 + 7.17°
5% Tannic acid 4.90 + 0.03' 28.30 £ 1.30° 241.64 + 474"

"Mean % SD from triplicate determinations. “Different superscripts in the same column indicate the significant difference (p<0.05)
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AN 5 WaLANT N 5 waadnwanaaiadINauLAzAE [L (Na-a319) , a* (Lad-
We7) waz b* (349-1naed)] vesdanlusaululelwusanliifnuaziiunadlueasfiouazainy
v o o a ad A A P s a A A A
Wuduaag awsau  msdunedlueainadafuasdlaulysdululaliusa Seasliaw
1 [ a aa a Aaa a o v 1 Al 6
uAnENINUANNTRATaINEAN U MTAuNeRAUaalNaTIN A ANNEINg (L -value) VB INAY
aaasaNySunmnedluaaiiin lasaniznsla catechin azvlARENTAaNuaI19808981N

¢ Aaa

mmLLamﬂﬂwamvlwmmmmaao caffeic acid MWMWsuNIFMvRasaNden  ferulic acid 1%
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5 o
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USunmaaIwafWwaan b
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Catechin 3 . . -
Ferulic acid " - - .
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mwﬁ 5 Photographs of bigeye snapper myofibrillar protein films incorporated without and

with different types and concentrations of polyphenols.
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@1’1‘5’1&“7‘; 5 Color of fish myofibrillar protein films incorporated without and with different types

and concentrations of polyphynols.

Treatment L a b®
Control (No polyphenol) 90.07 £ 0.21°™ 1.47 £ 0.04° 2.15 % 0.04'
1% Caffeic acid 80.12 £ 0.56° -0.95+0.13° 2345+ 1.13°
3% Caffeic acid 70.65 + 0.67" 237+ 027" 38.96 1 0.81°
5% Caffeic acid 59.69  0.39" 7.87 £ 0.12° 52.83 +0.12°
1% Catechin 64.07 = 0.40° 24.36 = 0.49" 34.34 £ 031"
3% Catechin 44.25 % 0.49' 51.79 £ 0.22' 66.47 = 0.43°
5% Catechin 38.04 + 0.4’ 55.07 + 0.20’ 5554 +2.36°
1% Ferulic acid 89.78 £ 0.11° 2.0310.10° 481+ 0.10"
3% Ferullic acid 88.57 £ 0.07" 2.99+0.13° 9.58 =+ 0.30’
5% Ferullic acid 87.85 £ 0.26" 326 +0.11° 11.59 £ 0.58'
1% Tannic acid 8546 +0.11° -1.92+0.10° 18.70 £ 0.41"
3% Tannic acid 80.12%+ 0.48° 1.38 £ 0.02° 34.58 + 1.58'
5% Tannic acid 75.41+0.85° 137 £0.63° 45.66 + 1.94°

“Mean % SD from triplicate determinations.

*Different superscripts in the same column indicate the significant difference (p<0.05).
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NN 6 Light transmittance of fish myofibrillar protein films incorporated without and with

different types and concentrations of polyphenols.
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m‘wﬁ 7 SDS-PAGE protein pattern (reducing) of fish myofibrillar protein films incorporated

without and with different types and concentrations of polyphenols.
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@1319N 6 Free amino group in film-forming solution of fish myofibrillar protein incorporated

without and with 1% tannic acid at different mixing conditions.

Free-amino group*

Treatment
(mM)
Control (No polyphenol) 6.05 1 0.12"
1% Tannic acid, without O,
30 min 6.00 £ 0.03°
60 min 5.86  0.10°
90 min 591 1003
120 min 6.02 £ 0.05°
1% Tannic acid, with O,
30 min 2.78 £ 0.04°
60 min 2.81+0.11°
90 min 2.76 £ 0.05°
120 min 2.74 * 0.07°

"Mean % SD from triplicate determinations.

" Different superscripts in the same column indicate the significant difference (p<0.05).

—

——
T G s s S S e — — — — Actin

B e e e e e e o

S —

Marker O 30 60 90 120 30 60 90 120 min
Not blow O, Blow with O,

mwﬁl 8 SDS-PAGE protein pattern (reducing) of film-forming solutions of fish myofibrillar

protein incorporated without and with 1% tannic acid at different mixing conditions.
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m‘mdﬁ 7 Tensile strength (TS), elongation at break (EAB) and modulus of fish myofibrillar
protein films incorporated without and with 1% tannic acid at different mixing conditions.

TS* EAB* Modulus*
Treatment
(MPa) (%) (MPa)
Control (No polyphenol) 4.96 t+ 0.32° 90.08 £ 1.25°  264.27 + 4.13%*
1% Tannic acid, without O, for 30 min 567 + 035 6240 + 265 30531 +5.02°
1% Tannic acid, with O, for 30 min 7.12 + 0.83° 41.08 £ 2.03° 340.67 + 7.44°

"Mean % SD from triplicate determinations. " Different superscripts in the same column indicate the significant difference (p<0.05)
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Control 1%Tannin with air 1%Tannin with O,

mwﬁ 9 SDS-PAGE protein pattern (reducing) of film-forming solutions of fish myofibrillar
protein incorporated without and with 1% tannic acid at different mixing conditions and

standing for various times after mixing.

guUanITNEwlasvesanlUsdnlulalnusanidy tannic acid  wanluanizi
ldl¥eandian (us1malnd) uazluanenlieandian uaadlua1snan 8 wui1 mMsLdw
tannic acid warkaNluanzidveandanlFRsuniansTuriwlatindininnmsidy tannic
acid uaznawluanzililieanFianussidnganiugu audey (p<0.05) Neihdunaun
dl = dl a .:3’ 1 4:{‘ a a o v wa :/
nnnadeydszauluanaldsduiiiaiwinnniluanzidueandian Mldauddoeuin
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mﬂi’mﬁ 8 Water-vapor permeability (WVP) of fish myofibrillar protein films incorporated

without and with 1% tannic acid at different mixing conditions.

WVP*
Treatment 10 a4 oA
(x10  gm .s .Pa)
Control (No polyphenol) 1.72 £ 0.05™
1% Tannic acid, without O, for 30 min 131 +002°
1% Tannic acid, with O, for 30 min 0.82 + 0.03°

' Mean T SD from triplicate determinations.

h Different superscripts in the same column indicate the significant difference (p<0.05)
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4. MSIAIPUUATNATLHEITENANDANBARINNBBRARAS
NMIaIBuRIENANATIAad9 9 lagldiasueaiduarrinazany Thnaasuaas
A ' - A v A % A v A
Tua9n 9 laowudn Avafladieg laud nudee wWiendige wWienldidon uazm
Wen ldSunmensanaiasay 0.32 17.43 1.18 uaz 4.05 lassininuis euseu las
lusnsfisnaldwuildansnaunedfueaninue (@alugd catechin) agfludiunm 0.234
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@AN319N 9 Extraction yield and total phenolic content in crude extract of different plants.

Yield* Phenolic content*

Crude extract (%) (g/g dried extract)
Coffee 0.32£0.01° 0.284 + 0.003°
Mangosteen husk 17.43 £ 0.30° 0.598 + 0.003"
Keim bark 1.18 £ 0.01° 0.397 + 0.009°
Green tea 4.05 £ 0.11° 0.234 + 0.009°

' Mean =t SD from triplicate determinations.

N Different superscripts in the same column indicate the significant difference (p<0.05)
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Inalasiinalneougaslunnd 2 (Strauss and Gibson, 2004)
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Free amino groups
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AN 10 Free amino groups of fish myofibrillar protein in film-forming solution incorporated
without and with different plant extracts at 1% of protein. Different letters indicate the

significant difference (p<0.05).
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@1’1‘5’1&“71 10 Tensile strength (TS) and elongation at break (EAB) of fish myofibrillar protein

films incorporated without and with different plant extracts at 1% of protein.

TS* EAB*
Films
(MPa) (%)
Control 7.14 + 1.23% 52.08 + 4.79°
1% Coffee extract 7.70 + 1.13% 13.02 + 4.93”
1% Mangosteen extract 9.82 + 0.87" 11.24 + 2.05°
1% Keim bark extract 10.82 + 0.93" 0.82 + 1.73°
1% Green tea extract 10.18 £ 0.95" 9.58 + 0.24°

' Mean T SD from triplicate determinations.

N Different superscripts in the same column indicate the significant difference (p<0.05)
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@1’1‘5’1&“71 11 Water vapor permeability (WVP) of fish myofibrillar protein films incorporated

without and with different plant extracts at 1% of protein.

Films _1(}/\/\/'_:1)*_1 p

(x10 gm s Pa)

Control 1.46 + 0.13™
1% Coffee extract 0.73 £ 0.05°
1% Mangosteen extract 0.76 + 0.04°
1% Keim bark extract 0.59 + 0.12"°
1% Green tea extract 0.83 £ 0.14°

’ Mean £ SD from triplicate determinations.

h Different superscripts in the same column indicate the significant difference (p<0.05)
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ANN 11 Free amino groups of fish myofibrillar protein in film-forming solution (FFS)
incorporated without and with Keim bark extract at different concentrations. Different letters

indicate the significant difference (p<0.05).
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@1’1‘5’1&“71 12 Tensile strength (TS) and elongation at break (EAB) of fish myofibrillar protein

films incorporated without and with Keim bark extract at different concentrations.

TS* EAB*
Treatment
(MPa) (%)

Control 7.84 + 0.56 4211 + 5.35°
0.5% Keim bark extract 8.86 + 0.96 17.92 + 2.06™
1% Keim bark extract 11.16 £ 0.93" 9.82 + 1.73°
3% Keim bark extract 10.74 + 1.48" 9.58 + 1.02°
5% Keim bark extract 1093 + 0.77 9.00 + 5.09"

' Mean T SD from triplicate determinations.

N Different superscripts in the same column indicate the significant difference (p<0.05)
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@1’1‘5’1\‘1“71 13 Water vapor permeability (WVP) of fish myofibrillar protein films incorporated

without and with Keim bark extract at different concentrations.

WVP*

Treatment 10 44

(x10 gm s Pa)
Control 1.58 + 0.13%*
0.5% Keim bark extract 0.63 + 0.08”
1% Keim bark extract 0.43 + 0.05°
3% Keim bark extract 0.72 + 0.1
5% Keim bark extract 0.90 + 0.10°

' Mean & SD from triplicate determinations.

h Different superscripts in the same column indicate the significant difference (p<0.05)
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(200-350 nm)

m‘m\‘iﬁ 14 Color of myofibrillar protein film incorporated without and with Keim bark extract

at 0.5%.

Treatment L*Jr a*T b*T
Control 88.23 + 0.24°'" 153 +0.03 2.36 + 0.20°
0.5% Keim extract 83.44 + 0.10° 0.47 + 0.31° 7.66 + 0.27°

f Mean T SD from triplicate determinations.

t Different superscripts in the same column indicate the significant difference (p<0.05)
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N3N 15 Light transmission of fish myofibrillar protein films incorporated without and with

Keim bark extract at 0.5%.

Transmission (%) at different wavelength (nm)
200 280 350 400 500 600 700 800
Control 1.5 1.8 442 569 616 638 650 652
0.5% Keim extract 0.1 04 181 403 491 527 548 551

Treatment
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azanguadldsanluiaulusaunlulalnuSansn laiGunasni@usnssnadaiaguiniiatfay
AUAINITAZ A8V IR AN NItLibasanlunTAalassaelan Tusaululalwusasnuisaiia
o dld =3 dl 1 o v Y :’ v 1 o g 6 g; e

wuﬁzmmwLLmaLLiwvl,ummmgﬂmmalvl,@mﬂm leun wusslada e TIunInwszlai
awririadn g lulswus: lada lWa laaneie (Cuq et al., 1996)  @IhUMTAZANBUBINRL

ls@ululalwuSasmulngiiannmaszaisvasnanad lowasnluaiwusuluuduisa

@1’1‘5’1&“71 16 Swelling, film solubility and protein solubility of fish myofibrillar protein films

incorporated without and with Keim bark extract at 0.5%.

Swelling* Film solubility* Protein solubility™
Treatment
(%) (%) (%)
Control 488.75 + 51.50™* 28.03 + 1.03°** 8.79 + 059"
0.5% Keim extract 179.73 + 13.00b 33.08 + 1.64° 6.18 + 0.75b

*
Mean T SD (dried basis weight) from triplicate determinations.
*%
Different superscripts in the same column indicate the significant difference (p<0.05)

6.3 antian1sdasaaialagianlunllstos
A13199 17 waadnNaIvsalunstasaanslusdnlasiawlad lalunsudu (o-
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ﬂmmm’maglumﬁa g8z 59.70 — 81.92

m‘mdﬁ 17 Degree of hydrolysis of fish myofibrillar protein films incorporated without and

with Keim bark extract at 0.5%.

Degree of hydrolysis* (%) at different times (min)

Treatment
30 min 60 min 90 min 120 min

Control 44.35 + 0.57°* 56.68 + 0.93° 65.12 + 0.84°  68.68 + 2.49°
0.5% Keim extract ~ 31.51+0.37" 4231 + 158 5273+ 1.84°  53.82+1.10°

* *%
Mean =t SD from triplicate determinations.  Different superscripts in the same column indicate the significant difference

(p<0.05)
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6.4 anNUANIANNTaNVaINAN

NMIAnENENTaNIgouRanBLiiasanausanlagnsiaTsiaismaiia TGA
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ﬂ’lwﬁl 12 TGA thermograms of fish myofibrillar protein films incorporated without and with

Keim bark extract at 0.5%.
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mwﬁ 13 SEM micrographs of surface (A) and cross section (B) of fish myofibrillar protein

films incorporated without and with Keim bark extract. Control film (without plant extract) (1),

films incorporated with Keim bark extract at 0.5% (2) and 3% (3).
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m‘wﬁ 14 Moisture sorption isotherms at 28-30°C of fish myofibrillar protein films

incorporated without and with Keim bark extract at 0.5%.
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Mwn 15 Changes in moisture content (A) and water vapor permeability (WVP) (B) of fish

myofibrillar protein films incorporated without and with Keim bark extract at 0.5% during

storage at room temperature (28-30°C).
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mwﬁ 16 Changes in tensile strength (A) and elongation at break (B) of fish myofibrillar

protein films incorporated without and with Keim bark extract at 0.5% during storage at

room temperature (28-3OOC).
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m‘wﬁl 17 Changes in L*, a* and b*-values of fish myofibrillar protein films incorporated

without and with Keim bark extract at 0.5% during storage at room temperature (28-30°C).
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