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Abstract

The objective of this research were to investigate the conditions for gelatin
extraction and gelatin film preparation. Another object was to study the impact of
extracts from mangosteen peel (Garcinia mangostana L.) and drumstick leaves
(Moringa oleifera Lam.) on gelatin film properties and their antioxidant activity on
the film. The efficiency of the obtained films on fried fish preservation was also
evaluated. The results show that, mangosteen peel extract showed higher phenolic
content and antioxidant activity than drumstick leaf extract. Temperature was the
major effect on gelatin volume and protein yield. An appropriate temperature was
65°C. Steam heating of gelatin solution prior the film formation step could
significantly increase the film strength (p<0.05). Higher than 50% of film strength
was decreased when film solution was mixed with 750-2,250 ppm mangosteen peel
extract for the glycerol plasticized film. Plasticizer blend of glycerol and sorbitol
could increase water vapor resistance of gelatin film. Mangosteen peel extract
seems to retard the oxidation of and microbial growth of fried fish product kept in

gelatin pouch for 14 days as compared to drumstick leaf extract.
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wadudauauanily Ae lWuvewdnwarlusda lifindu luflsawvd danumvuiuwiy
1.3-1.4 kg/l wanfuldazangluiibuusiszgauiuasianisnesn Wethunlianuseuasiie
msazangls uenanilleaiiudsaansoazarelalunin polyhydric alcohol @ ndlwesea
(glycerol) n3nlnsiaulnanea (porpylrene glycol) uadimnuanunsaazangluasazarudunsd
Wil Lwudu (benzene ) 8nes (ether ) a¥dlau (acetone ) msUBUIARTEAGDLNS
(carbontetrachloride ) wwa1fu  fnaaut@idu amphoteric fo Wuldnansauasae Juey
1Y S [ wa 1% <
fiu pH vewhmldlumsiansazate auaudAlusuAMLLIUswenda (gel strength) uaz
Aunila( viscosity ) unaantiniianudfgyiigavosaanfulunisimiiduanswn
hydrocolloid waanfunliriauudeusivataaguinaglirnnumilagsine Gezviliaaniu

s v & v a da N o o § v a v v &
mu’lim/\laium’al,ﬂmf\]aimm Lf\]mmuwummmwumm%mﬂmﬁ]mmuazmﬂmLi’a MUY SLUﬂ']i

'
waa o

wisnsaanAudnazldnuaniinddyantogisingn wamaifuniinsauandsiunaiunsad
grauNiula elvldlaafuninuaudfiniuaiudeanis wardulunianisiasivsuim
vaslusiuuSansluviunangdeeiiesrusenaulaeUssinn full Asususesas 50.5

lolasausosay 6.8 Wlnsau Seway 17 Lwazeandausesar 25.2  (2550473u8,2540)

AnaNUANIlAYUINTT ( Nutritional properties )
wieanAulsEnaumMelusAY 98 — 99 % ( dry weight ) Lwiﬁammmﬂmmmiﬁw
Lﬁaamﬂﬂimaué”mﬂi@azﬁiuﬁlﬁﬁwLﬁ“flwias'wmaqa U glycine way proline Yaizfiv1anInes
fufis iy wu v1m tryptophan , isoleucine , threonine wag methionine
p9AUsENRUAUNIAOYIlY TngUsyuna laun clycine 21 % , proline 12 %,
hydroxyproline 12 % glutamic acid 10% , alanine 9% , arginine 8% , aspartic acid 6% ,

lysine 4% , serine 4% , leucine 3% , valine 2% , phenylalanine 2% , threonine 2% ,



isolucine 1% , hydroxylysine 1% , methionine Wag histidine < 1% , tryrosine < 0.5% lag
Usinunsnoziluiinuasiuefurinvesingiuuazanizvanisarn
nmsdnamaululdusslevy

AnaTANIIMeA e ALTiNGslFnnsEgndn ez liaauanes N AuinEe s
Pniednd Feufadnmildsloniduandetiu Tnemadufindaldannszgnasiiluly
Tugmamnssue1 uazgramnssuaiosy dueaduildanuidng dusnasilldly

(%
€ v a

RAMNIINOMIS Misgansunaafululdusslevd dall

lelugnaminssuainis
a ° Y o & . . ' a = Yo a o a
WwanAuazimi Ay Whipping  agent  anaiuanunialiniunansduailulorniuag
Taafiulsvana Sesay 0.3-0.5 wanRAuagy i iluanslinunsidiedesiunisiiaugn
dudanaztmalusyrininisiiudne  lusdadusiunagldiaadudiosdnies lnowaiduas
o Y ao A o o v a 1 a a a 1 1 qy a [ I3 1@ =
minshewedudaliissunazdiaiuussansnnlunisdeslaniniu  Tundnduaiugudasdl
nsldeafuietesiunisifenaniiuaztesiunisiiuge  waznsueneenandulundniuain
wdupsny  Tulsueanduagyi i fiwendewnneiy  Tundadmeilnl dwald dhdu 19
a | o Y a [ & o aaa o a a = P
afuszvbindadueiilala  lngazyihufasendunan wnudy wedu wae a159uq adu
anvslAAnN1YuaY
QAEINNTINY
lugnavinssundner eldlaaduluniswdnualgasn lunisudnemaneyiaaifuazdie
Uostunsifiaufisennisiiueendiau ( Oxidation )  wazvimihiduansliauasds  (
Stabilyzer ) usnanleardudeimthiidusinansdmsuninaisuseneu aeuesnvesen Wy
zing oxide, sulphonamide , Wag penicillin
QATIMNITTUANLAN
lugeamnssuaieninagldiaaidulunisyin baryta-coated paper uagldlunisiadeu
ew esnlduazinanlasiouas Ao silver reagent vweging waAuasldidudniuny

YUIAURY silver halide Al95U uanandgelinisvinweunsasdnsulnanLaznaas

N3vUgURaULaza1SIATaY (Film Formation and Coating)

WauAnnlassas e nduesNondunss 2 use Ao wsanddu (adhesion) tUULSS

semisanseaauiuTaaniuedeudutaanuiuedou  warwsaladdu  (cohesion) tUULS

9 9

3 IS

' A = QA ' = S ' [
serinlianavesansinaeulun sBusuiluildy  mndewnnaglianugavdy,  anudugnguy

WAZMTUNSHIUYRINTLATANSATAIEanas  seRuvasaladtuduediulassaiawaznnaudn



meall YaeTaniiiay nisazangluniswSenilay, cross-linking, s3suvIRVRIMIQNATaNEULaY
N1339979 TUsendlY wavauvuvesildy
ad a ad
NITUIBHARN AL

[
ad v A

dmunssuislumsndniidy Tnevluanunsavinldvaneissail

solvent casting 1un1swdnfidusnensinarsnanvesiidufiwseuldnnduwiuusasuy
aavonuzildlunsiniesiid Tngldgamaifmnzauyinliuiudasnseniazlsidu
whildunuifesns  enafimaedeuildudehemsifinaaudflufunmsuiuusmanmues
fldu Wy mandeuiiudelinsiudnduniaierelifdudamautilunsdestunsfusiu
voa R Hudu

extrusion  Wumsndnlaslaelfiedesdlelunmsvhitduiusuifuusiuundnunzadne
MsasiduwanaRnlaeialy
calendering ifhAsmsviusisdegnnas TneshuwsiuidadlussgnnasiouiteTalifiay
ISHULAZUY mmwuwaq?\léuﬁﬁaamisﬁuagﬁuLL'Nﬂmé’maaqﬂﬂgﬂuul,wiu?\léu WAL ITELYIG
sprignnasaesgniiuiidadly adhesion and
mMafiumnufeuniesninsssivevesansazaneiliviiidy  uazanududuvosiananad
Tinaseusslumsinemiuvouuiidy JuvilidnvasvosmlduiliineimieyiliAngngy
Tufidy wenanilusdlunnimesivesfiduiivinss adhesion waw cohesion HuarioAmAMYDS
flau Tneusstazduegiilassaauavandimanivesasnedinesnanld wu Amvewnaluana

Y

ANUEiT) uarAULTaLTesTidN SdunisuanaIIvedEITHeRwes
d15199Uu (additive) Nllun1snEnaEx
a wa A 9 a s - o 1% &
nswdsuwlasaudivseusulpnunmessidunazansinaeunsuusenulamaiianise
lalaen1siuasulUaInuruIiuY AL lalagANUNLIVBETSIATOU 9198INTSLAY
wanadnlowesadluilduielilduyuiuiasinnudangus

nanainlaolwas

FuansiFevurdaniaildlunsudeiidulnedianausilunsnusududefoituty
Indwes ldvinfidy fnmssziveldesn gaifengs o19azazaslumvhazaelsd iolilviAu
nsuenvesmanamnlaeildiuovnsvateysziam leun

1. Tulu ln uazedlnusaalsd dsdnlvaiduuiviaglaa vignlna uagiii
2 ndoea loun voiinea ndwesea Indeniiau lnanea

3 luffunazeyiusvatludu laun nsmludu



dwaadnlages  wanadnluwesvinlilsssenisluanavesnedueineglndnugey

fae Javilindudianmaangula

ansliienudiu (wetting agent)

mawSeafidutnawinetasedddasazarsnszaeilioswainaue weoalddtadlvions
ioviliAnaurmuresdiaty  eglsfnuansiiaswiniiinaliansunsydnsuuiuiidud
wisllFntulunswiouilduioranauanssdasneg adllunsiiidy Wy astuiiu as

a

Uoaiugdun3d winvieriuenmsiasidenaninmieniinan Sauvedsanunsafuasiiinae
P v a A Y] a ¢ = Y
mepwnsansnidlisauavisesiaingasluilduvaznsousiy
WANSANENSIRIOUUANN U AD9ANTaieIAUTENOUTOE TR UUNEIUUAIELNT 1Y
Tilauanauaansalunsdunulesyivevsonia UBNIINUUBNINAVDIET I ULTITD
AavaNURvIauduegiuauduturesasledunld  lassadmealivedasuasseauns

Y

N52NUAIVDIET IUNAUM Y

JaduiiinadonmaudAvesildy

AnandRvesiiduFosiiiausiiifismeiagilrAnlasaiswosildn  wazn1sueniol
famsvinazangeenetnamenzal  usssnaniseniussdainiz(cohesion) Tsilnansznusio
AVGFGV I NE LSRG WU ANENUY (thickness), ANULUN (compactness), ANNTY
(porosity), ANEXNTAlUNTAINIY (permeability), AuBangy (flexibility), wazauWTy
(brittleness)  Tadtlumandniidalaevtiludal

gamgdl fhgaduly asvilvisnsnssevegee Jslinadeluianavestwdmesiliian
AUNNTBIAN) 19U N5LARSLENY (pin holes) n15aen (peeling) 1Uusiu

Tassadauazquantineluvesianiliindonfidy Wy maluwana  nsdadosi
vodlmanamelilassain  anauiBanududafavandldluh  viedesdinisldhiniu
ansUsznaudunzsdug Wudwhavans Qmauﬁ’aﬁm6]méwﬁﬁmaﬁﬂﬁﬂa‘uﬁlmumazsuﬁmmﬁ’u
I

asiuusieinddy  v3e  andounnsawineuasilauvieansiivasluiaduds

a a6 o o § v wa a s = a v & v
auUNnY E’NL‘Viﬁ']ua"lﬂllNa%qiﬂﬂmﬁNUmsUaﬂwaiJLUaEJULLﬂaQVLUQWﬂLﬂﬂJ‘U'NLaﬂuaﬂ

»2)

Yy v oA a A a a e )~ Y v o P v
ANULVUVUNTDANUNUAYDIENTATAENLATEUN AU ﬂ')ﬁllﬂ']']QJLGUlIEUUV]W@LVIﬂJWgLWEﬂM

Waunlaaundanssliisvsednuindie

YR

AauURveddazaty  dauduiusiulndwesarunsaasanglaegnaiesneodnal

asazaneiinnunie wWerduidulendunianuwdwse Tnevhludivinazsaiedldlasu I



' (% ' (%
a caa o faa v 1

Auesiiitn Toun duasienuea dulndmes?iads wu lutu lv waveuiusvesluiiuanuns
yiliogluguvasvanduld Tnevilidu ddadutuih vienvaeumailaenss

wanafnleives (plasticizers) ansildduadlvluiiduifieananusdiedia
pwidamey ammien uswhunsie dananadnlewesinaanusdamieiszindianan
auevesaelelndwe’  Inenaradnlewesfiuuvandeadlifulnduwes  wardesazany
fuiilusviazats Wensuendesnindeuivueszeznsyiidaliuis  wanadnluweifitey
Tluamslonn

Tulualse  (mono  saccharide) ledmelse  (disaccharide)  ledlngmanlsa

v ¥
=

(oligosaccharide) wunglaa  ndeuniynlng WA
Indosalpoiyols) u  wesinea (aorbito) nAwesea (glyeerol) ayiusnAweson
(glyeerol derivetives) Inalonfiaulnanea  (polyethyleneglycol)
lodfunazayiusludu wu nsaludiu Wlunfweslsd a1sanuwsefiana (surfactant)

woavleladn (phospholipids) eunusvedieames

A1971UDDNYLATUTIIUYIA (Natural antioxidant)
a1susenauiluedn (phenolic compound) wuluiias LLazm‘%'aqmmﬁﬁ@mamﬁ’ﬁLﬁu

a1siueuLadasETINANIATiueEN (phenolic acid) Wanliuees wageyius (flavonoid and
derivatives) Log-lnosvonsawnaan (ester of gallic acid) Anuuu (lignan) AIINITU
(coumarine) uagwalau (flavone) iudu anmsAnuisseansnmlumssudfisen
gonTinduved inseanviingig qiuqﬂ%ﬂdma 1 Karpinska wagpue laANEINUIFI0819
antu lnnsfifian (sage) naogfosay 1.5 wdidnasoanled sniniedrsgniulinadi
\P3RaMANANLED Winlnouns wanlnesh nszifioy uazan$aousy (marjoram) wawet $esas 1.0
sdrnmatigniulunen wasAulilugiduduna 4 5

Murcia and Martinez-Tome (2001)lﬁﬁﬂwwﬂizﬁm%ﬂww’LumiL‘iﬁ]ﬁmqﬁ’uﬁmaﬂLﬁana
smseasaduasuszneviuedniinulul wagnasdu Wisuifleududiendt (BHT) Tione
(BHA) #ueaa Tnsiaunatan lnswadnaaia(tripolyphosphate, TPP) lapniiud wazaniladu
(vanillin) wuihusgavsamlunsiduingfuiiuresansusznousin 4 indn awnsadossuld
foil flo Diome > sanesmsea >nsfiaunaian > lasneareawa >adadu > fluea > Sievil
> Tamiiud

Juan Carlos Espin et al, (2000) livinn1sAinwanuanunsalunisidneuya (Radical
Scavenger Capacity; RSC) vatwoulskeeniudsatnanualdl liun wuan lvawes (black
chokeberry) wuan-sou (black-thorn) waganseiues Wisuiisuivddunsizvineds 4 o3

LOURDDNTUAUNIUSTIUVIFAD Loar-InlaTs9a WAUFRDNTLAUNAWLATIZY AD VDTN hay



Tewe Anwilagldouya 2,2-lailia-1-lne3alansi@a (2,2-diphenyl-1-picrylhydrazyl radical;
DPPH) lun1smA1aaanunsalunsmidneyya Swan1snaaesuiiearivleilsea 1uans

LOURDBNTUAUNINATEA TRIRIUNAD LuaA LA Jiawie wuan-sou Uwui

LazanIaLue3 muddu dudduasevinedy 4 013 liianuaunsalunisimineyyadase

Kim et al, (2003) yinn1s@neauanunsalun1siueendinduvesarsilludnainuandu
(plum) wany € maﬂ’uﬁ: (Beltsville Elite B70197, Cacak Best, French Damson, Long John,
Stanley, Yugoslavian Elite T101) s3iasnzsinuaninsadanann Wisufueuanunselunis
L‘fJumiéfﬂuaaﬂ%wﬁuﬁamgaﬁ’ﬁmﬁu?j (vitamin C equivalent antioxidant capacity, VCEAC)
WU NanduusazaneRuginNaInTalunsinueangndulawnndeiu (p < 0.001) g

Beltsville Elite B70197 > Cacak Best > FrenchDamson > Yugoslavian Elite T101 > Long

[
a v A

John > Stanley y3deifaduusslevisenionuslnanandy (Judu

a aa

IS wavany leAnwansUsenauiiuednnavan audAnsdiueuyadasskagniu
Jaunsduatudonnalilay wuinUdendinn wasiUdenuzinliusunauasusenauiiuedn
avue wazaudRn1seTueuNadase 2, 2-Diphenly-1-picrylhydrazyl (DPPH) uazeusyadass2,

Y AR
2’—azobis (3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt (ABTS) q\‘iﬂd%ﬂﬁaﬂ
Haldyindu wenanlifamuinddeniinedaliansusenaunalivesngegaillewfisuiudiegng

= val o = P wa v a ¢ ] = o cs oA
WienualdiivihnsAinw WenaaeuaudAnismugdunidnuii wWiendnauaziudenussad
Usgansnmlunmssinugdunidganinfonnaliziingu wasiUdenualdilsvinimeassdilng

anunsafudainisiasyAulnuealuaiisaunsuuINaANI LN TUAY

MuAseiiAeatas

Hoque et al. (2010) lafnwnavesnisidnnuseuvesasavaeiidudeonuautfvesiidy
fivhannwanfuainmislawiin (Sepia  pharaonis) Imaisi’fqmmﬁﬁwnsmﬁu (40-90°C)
dmsuasasangildurzdsenausieg Wwaduanmtalamiln 3% waz nawesea (glycerol )
25% nMIsnTIvasUNaNTRtasdnvaluanavesiidy wuin Wdnfimdenanasazansiidy

Ngaun il 60 Uag 70 arwaldya 1AUATUNIULIIANES (TS) waziinsiudeuulasgumiinig

s A

MABUMANGIAR( T ) (p < 0.05) Wduiwsuanansazaneiidy fgaumndl 90 ssmiwaldea i
nsBadhgean  mswasuudasenmgiivesnulagsga (Te) (p <0.05) Lﬁaqquﬁtﬂmﬁu
AmsTururesloth(WYPesiiduazanas (p <0.05) ualdfiaruuansisludn L * value waz
mpnalusauas  (p> 0.05) nsld FTIR spectra Smsiinfiusylalasiausninfinuluiidud
W3euan FFS Tnanisldanudou nsdnwididnlaslnisie (Electrophoretic) fimnuduiusiv

nsAugUvesaaiu Famuldly FFS wagnaannisidmnufouduiiduiinindn7o sswadesa



£

Pulu Fafunislinnudouresasazaefidul FRS)funnsnaty avdmalnensionuautives
Haudilesy

Gomez-Estaca et al. (2009) lé@nwinisuasansadn borage fiflqudueyyadasy Tu
Hsuuslanldannmaduniaraumvdemariunisnisinantan ddddnanadluwesvedidy
u3lnn (edible film plasticized ) fiUsvneude glycerol way sorbitol d1593U  wissuaaIfu
velnvaUanaumn  wuhauURusesamesun e LagnaLadl (mﬁmmumaﬂaﬁw,

[y

Msaganen AnuAivkas ) aslianvagfindeiuaaiunialainnilauiannnienisin wel

Y [

A1 breaking force sninegeditddy (114 + 2.1 vs. 281 + 3.1 N) way breaking

o

o w wa aa

deformation fifgand1  egrsiifodidny (181 +1.0 vs. 145+ 21%)  AauaNTATTlqvdY
auYadaTYYRTlaL IATeilaglS FRAP, radical scavenging capacity 3As1elags ABTS ,
iron (Il) chelation activity ~WUIIN1SNENETSAA borage Tuﬂémdamalﬁﬂmamﬁ’ﬁmsﬁqméﬁm
ouyedasyrsiiduinty  dmadsuandniissmafunisninuasmaed ey breaking
force aganas uarAMULAaTidIniuty  auautRnafunisiueyyadaszuesiidui
NaNaTaneA borage %qqmﬁ\léuﬁwamﬁ O-tocopherol kag BHT

Yang et al  (2008) levinisAnwinaveinisldnnaaznsndenuantinieanieniniay
1A59a1932AULUTRLAaNAUANNNITR channel catfish (Ictalurus punctatus) Iaevinnisana 1a
adumarsazaty laheulansenled (0-1 M 1381 0-90 w1il), nsAezd@An (0.1M 1aa1 0-180
ud) waz ¥ (50ud) IINNINTIADUAMALTRANIINIEA N shuvUSnaedUsiu,AnLmiln
uaranaiRvesdodutailldinannisldannefiunndetu wudn msldnen azfinnuudouss
vosaakarUTInulUsiugean uasiinnuniefivanzan  nslid asfigauandEnienisnine
ﬁqﬂ 4 Fregnefivmsinslann nse 0.1M |, #19 0.25 wayl.0M L7n15anelASIas a5 sum
Wl 3l 4 annzlunisana Usenaumiensa 0.1M , A1 0.25 wagl.0M ¥1NSILASIZNAIEY
atomic force microscopy (AFM) AN AFM AzUansian1siansanulaan@n wuind
Snwnefimilouiosh dufumaihasnunulunislieg Selifienudutusfuduiuausnans
YosInaNINATIILATALANTAMSME WL uiinrauansiugULuy AFM e1aifieades
NUANELTRNINIENNYBLIAAY

Kolodziejska et al. (2008) Igvhns@nemaniisfiunzadluniswaneaiu 91ndu
A9 vadArUal Baltic Cod L %iaUan, Back bones (damﬁaﬁwﬁum), Yan Salmon a@nuay
Uan Salmonsuatudu uwasnilsuaruaiwasss (Herrings) nifninde wanisadaaanfiu anvan
Salmon @n %38 Cod Backbones i 45 931 1A 71-75 % way 86 % 971 nilaual Salmon
TUATY el Anuew marinated herring skins 15 W19 %30 salted herring skins 45
und Feiinavill posaauUdswdu wandu 100% wemaannsatinenn fish skins (Uatan)

7 45849f1 15-60U1T1 YusdiunisvesUal F9asvinlilaanneMvunzaulunisanaeaifiu way

Y



nan1sarineaiu mnvaely waniu Ty 70 % wiegldnmsnnaewiauds ludmuidu
backbones aganusald3s SDS-PAGE Tunisaiaaaifiu anmsiiasigiaziiuimvdslatagli
AR Yeendn widany (Pigskins)

Rattaya et al  (2009) Anwavosnsiunasliiiuansasnanamsienyiadunna
(Turbinaria omate) MinadeauaLtRs1s q vesfidulnewioufiduanaisazarsiidu (FFS) T
I¥arududu 2% (WwW) Tnethninvesldsiiusasrauivansatmanamiensiaidanududu
10 mg/ml Gsagilansusznoufiuedneglusedu 15:0.12pg  Hafildwudn An1sFumIuLsRs
(TS) e wazdnwaslusdavesiidy  Mdunarlifnansatnainanienzalifiany
UANFEAU (p=0.05) AINSEARINDUAITVINDDNAINAY (EAB) 28dANLANAI9AU (p<0.05) 1oy
lumsinansatnanamsenzariiliien EAB windu amseeuldlothsiin (WP) waznms
araneveslUsiuesiidufodioiens dmuuansieiy (p<0.05) lneazilmanaduiiduiipa
ansafnanamsenzaindunsiiveuanunsoveiidy dlosaniinisadraiusesening
awaﬂizﬂau?\luaﬁﬂiuaﬁaﬁ’mLLazT,aJLaqa%aw«]mamﬁmﬁﬁu Afeduandvidiuin  naiduans
afnnamengialidmadele 9 denuautRvesiidy uindutisduaiunuauiRidanadaild
NAIUN

Jongjareonrak et al.  (2010) l@@Anwnisatmaarfuanmilslandnnuineanfufiatnein
wifsandn (Pangasianodon gigas) fUSunar 20.1 /100 ¢ vewlegrdaetminden
peRUsENoUMAAliLazANaNTRRNIEYeuIaAY WaIAULillUsAuge (89.1 g / 100 ¢) WAl
Uswadlasiush (075 ¢ / 100 9) wazduinawesiidunsnesilugs ( Proline and
hydroxyproline ) ( 211 residues per 1000 residues ) taaifuainuiaUaitn Jarsusznau
nsmedluwanansiudnteefuaiduanuiet  anuwdawsswesaafivainmialaidn (153 o)
2ANINNTNAARUIINNTITY (135 ¢) (P< 0.05) Aunin,AuEIIsalunIsAnliy wagAm
assvedlny veusanuanUardnuunalnglaeirluagiinnnineanfunnmishh  fiveadeu
SDS-PAGEwaafuanuilsUanUnvunalvguandiiiuindidnlszneuvedusiueggs

lPulaw1zeg1989 a-, b- and g-components Wag HanwazinilouAunuABALIUIINNTT

typel



una 3

ad o a

A5AUNI5IY

1. afinansaialungsunaziuaanienn

afnansanawWdeniennmie  HCl-ethanol LugwnelpIas water bath shaker
gauniivies 3wAuNSlY Sonicator villUNTUIEIATETEMElTANT (Rotary evaporator,
BUCHI R-114) ihluviliuismeiasasinuianuuseiin (Freeze dryer) Wusnwnansaianlalu
griuANenuail 4 - 5  esmwwaldva  aneansadalunzieiyg ethanol 70% A1NI5VRY
Perumal Siddhuraju and Klaus Becker (2003)

whansanialvimszimUsunaaseongvstinin loun a1susznouiluedn (Anndasain
7589 Bae and Suh. 2006)  Usunadeulslweiud (Aallasainisves Wrolstad and Giusti.
2001) AATIERNINTIUIUeLLABaTElRedT 1-1, diphenyl-2-picrylhydrazyl (DPPH)
2. Anensiessuiauanfuanutelan waznsly additives slinnge

1) MsmseNiay

W3EULANAULALAALUAIEINSIMIBNAIN Rattaya Lazaug (2009) lnglddadiuues
wiaUan : ansaraty NaOH lute 1:8 fis 1:12  Anwigaumiinisdaiivingay  viwiaiaaiaun
IamuiAsesvuiiwuuseitn (Freeze drier) PNUANYINSTUFULHLTIAIAAFY 7

£

9aunQie19 IugUusiuilau 77e silicone resin plate lngaruauAAMU LAY 0.2 Tadiuns

I aj s A a il IS
BULNUTANIRaUMIYIT 50 ernyaTa
nlaaianiansasen
v & & vay a a
aoluiudn o Widlvwin 3 Taduns

wyluasazaney NaOH Anuudy 0.2 %um% 1 97149 30 U7 8ms1au 1:10

N999 NaOH Solution @8n

|



L lUNIARLTRIA LUUTY 0.05 Tuans 1381 3 Tkad 9rs1aIu 1:10

Aameinnauludaniizidunans

|

wrlushndudl 55°C 65°C wa 75°C Wunan 6 uay 12 dalus
yilvidudulng Evaporator figaumandl 40°C 1Hunan 1 dalas

LRARULTUVY

WlUAinsnzsinueauds

a

AN 4.1 TJunaunsanalaIfuvINutslaInng unnil 55°C 65°C wag 75°C

9

Y1A158LANULARU NYINNNSTLMEUDNKA USUIRS 30 Ladans

NAUAUNADIIALUDNTIEIU 1 % GZJEN“UENLL%QﬁE)gﬂuﬁTiaga’]EILf\]mau f9 8.33 % VINAYDTOA

wsgLansazaneWanlaeun? 60,70,80 A wawliuad 1381 15 kag 30 Ui

y !

TugUiduwnuildn Tngld FFS 30 mlinasuuusu@iviaen win 15x18 @wumung
Whawliuislugeuanfou(Hot air oven) figamgil 45 ssmiwadea Wuian 12 4alus

|

USuan1izlu desicator 713 NaNo,

ANUTUTNINS 65 % Vgaun il 28 srnwaloa a1 2 Ju
lUAeseinuaudivesilay

ANA 4.2 JUNDUNSHSEUNANINNLIANFUY
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2) TinszvinauaniRdathfive sildy
AUATINANUNUIVBMHUTEY (ARLUa9n Bulter and other, 1996) AauaudfnIs

Frumuussiauasnsting (Texture analyzer model TA-XT2)  AaansRnIsduuvedlo

(Water vapour transmission rate, WVTR) WUU Dish method (ASTM)  AsuasUin1saus1u

lasiu (Grease resistant) sinwdasisyas TAPPI-T454 wazArAula (Color meter)

3. Anwwansznuvesansainlusssukazarsainiufandenn

1) Anwdinanisidansanalunsuiay

Bonflduiifnmaudifogson 2 fogns undusundoniulilammaumsataden

fenn ngdsnaulnunssluasagateilay vinnsuavansaiaUiondann wazansainluuegulag
wusszRuANuluduvesansatadu 3 seau Tugae 750-2250 ppm

2) TnevinuantRdmihiivesiidy

3) Tinseinruanansolunsoengrsn1sTanim ne In vitro test 1435 1-1,
diphenyl-2-picrylhydrazyl (DPPH)

1) fndenilduiiinuautRdmihiiguarannsooongimedanmldd Tuldmy

a o '3
NanNUNUaINen

4. nagaulszAnsnmvaseiudduiunanfusiUaman

1) nadoulsEAnEnmeswkuiiduildtunansusivamen Tnenstusuisiuiiduugy
09 wdussgedsiildasluussaiam ifudnwdedaigamgiviesuiu 14 Ju

2) Uszifiumnuansalunisiluiidutosiunsifinujisereendndu wioannismdu
#u Taedias1esiAn Peroxide value (Titration) way TBA (Spectrophotometer) Wazn1s

LS AUlAURIRAUNIE
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uni 4

WNANISANLHUIIY

1. a1saialunzsunazilaondenn
asafmdentgansiinumsviuiauuseiin fudinamsUssneuituednuas
Unameulsleeniiudiadowintu 18.92 + 1.31 uag 4.84 = 0.10 Fan3uniu/ nfuansadn
puay vnziasatnludsunaUTinumsUseneuiluedn 3.23+ 0.76 Tansuniu/ niuas
arfin Asnssudueyyadaszvesasaindentiinauaslunzuuanafannil 4.1 wuiAanssw
fusyyadaszveaudeniinaiidnginitansadnluuzgudaay defuiman IC50 wuiransadin

Waengdaan Te1 1C50 winiu 0.0247 d8n3u/Aiadans vagansainluuzuien 1IC50 winfu

0.0571 4anSu/4aaass
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70.00 M
60.00 4 Y= 27.834Ln(x) + 155.64

50.00 R®=0.884]

40.00

30.00
20.00 y=22.411Ln(x) + 114.16

10.00 R%=0.9626
0.00 o T T
0 0.01 0.02 0.03 0.04

mg extract powder/ml

% lInhibitior

A9 4.1 AanssudueuLadase (% Inhibition) vesansanawiendann (M) uazluuzgu (P)

2. Anensiessuiauanfuanutelan waznsly additives slinnge
NanAEideyamaaiAnulinudvinadinssinseamgiivarnanitldadase

anuididuvedusiy uazUsinalusiudild (% yield of protein) (P>0.05) langgungiiviniu

ffutiadoddidlelfnanatinuiu 6 way 12 9lus (P<0.05) lunsiausdeyanisveaaes 39

\uedviTnavesgunidmiuusagunniinty

M15197 4.1 navesuuiinazaNilnareUIunsve LAY

Treatment Temperature Time Volume

(°C) (h) (ml)
1 55 6 178
2 55 12 176
3 65 6 205
q 65 12 240
5 75 6 220
6 75 12 244
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AN599 4.2 Kavesgaumiluazianinarennutuvedlusiy (/ml) warUSunalusiunla

(% yield of protein)

Treatment  Temperature Time Protein concentration Yield of protein
(C) (h) (g/ml) (%)
1 55 6 0.023+0.0005° 4.238+0.0926°
2 55 12 0.022+0.0002" 3.946+0.0431*
3 65 6 0.034+0.0002¢ 7.019+0.0545P
4 65 12 0.030+0.0043¢ 7.419+1.0382"
5 75 6 0.028+0.0018° 6.207+0.4046°
6 75 12 0.029+0.0009° 7.100+0.22818

a,b,c BNYIMAULANANAUEINSUNITIOIAN 6 TILUS ARASLANA9Y (P<0.05)

A,B,C 8n9sSAAUBANAAIUEIMSUNSIEIAT 12 F7LUd ARasLAnNAnany (P<0.05)

nansatmanAulaemsldgamail 55°C,65°C uar75°C Uty 6 uaz 12 Falus nudile
Jhinmsaniuvdannnisssmetheandasiaies Evaporator ut 1 dalus aglutag 176-244
fioddns TnomsligamnigusldUnnsnaiunniy Tnemuduresaafududuogluris
92.99 - 95.27 %

NnMsnaaesnUIalusufeds Biuret Test wui Vinalusuiinulueandusl
Uinaunnsrsiusenty Taefigamgdl 65°C aziiuSinailusiuvesamdusnniian wazUsunm
TusAufimuaziinnuusnesiulunsazgaumgdl uiezlifimuunnsailodanalunsadn
Fad gamniFainanszmuseUiinalusiulunaiu fisedu 65°C fUmaulushulndifei
WanAufiadnléainuan Ranbow trout (Onchorhhynchus mykiss) (Tabarestani et al., 2010)
FafiUsanawiiu 8.1% msldgumgil 75°C TUmailusiushag ietoradunamainiinns

deoanmsssunnvedlusiu lngnsidganinazinnnusuusanndesegnalsiuasiuegiu

gaunniuazialasu g luivinlilusAudeaninsssusnfuseann 65°C

A1517 4.3 HavesuuiinazainanaUTIaa (%Ash) wazuTunuluiu (%Fat)

Treatment Temperature Time Ash Fat

(“C) (h) (%) (%)
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1 55 6 0.057+0.015° 0.065+0.0485°

2 55 12 0.035+0.009° 0.165+0.0390°
3 65 6 0.030+0.010° 0.103+0.0095°
4 65 12 0.026+0.015° 0.189+0.0222°
5 75 6 0.023+0.011° 0.111+0.0225°
6 75 12 0.022+0.003° 0.17+0.0459°

a onwsmiulduaneatudmsunsianal 6 waz 12 $lus Anedsluwnnsnaiy (P>0.05)

ab dnwsmiuuandsiudmiuseiuguuniiagItu Anadeunns1aii (P<0.05)

NnMsnaassUInaivesemAuTiaiaseguvaiinaznaniiang 4 fu wuin lainy
Svdnasimvesgampinaziia Usinaivesatduiiadn dusinasdedlutag 0.022-0.057 %
TndiAsstuanfuiiainldannuan Cuttlefish (Balti et al,, 2010) eiiUSmnaiduviiiu 0.046 %
wazUSnandluaniuarilianasdos 4 deriugamgiiuaznatlumsadn e1aidlesnainile
Wanauazgumgilumsadaaziliudinaussigeng 4 lulmanfussimeesn udusinainils
laiflnaumnenefunnsadin Assduanuibesiu 95%

'
a =

nnnsnaaeUsnaluiulueanfuiiaiamessAuaamgiuasia1iunneneiuain
asnUIgunnil iiiBvsnadeUTinaluiy Belausunaludiueglugig 0.065-0.189 % lndlAes
fulanAutianalaainya Cuttlefish (Balti et al.,2010) fUuailudiuwiniu 0.28 % 3N

a 1 a

Usunaulvdunlaliwanseiu WemeuiulusessesiamidvenadeUsunaluduasnuiiusunm
o Al i o & a1 W I A v o w aa o Y 4 o
vosludunlaluusaseaunatudiifnuanseiuegadiduddgmieada Aseauanudetiu 95%

NeTlTeufiguANIMuITeLIRIANTaN N nlngULasaza e WaNT
gounni 60,70 Uay 80 BaFwAEd WavsyEsiIan 15 wag 30 Wl MuEIRU WudnEnaves
gaumgiidmiuusazdiaanildreonnumunvesiiau( p<0.05) wilinunswasiuvesgumgiluas
a1 ( p>0.05) WielSpuliisuanuruveaafuiauivunaumaliunnssiupe 60,70 way
80 By gALTYd N5revlIa1n1suu 15 Ui wudh lesnaiiuildunuuansasaieiauigamall

60 Bamalled sevlian 15 Ui danumunuiniian ( 0.062+0.0017 mm ) WaIAURENIUY
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A o a as o A =
19199 4.4 LERINaNITINAIINMUN (Mmm) TBQLQﬁqmuwaNﬂqﬂWUQﬂaqﬂﬂ NEKIYUIN

¢

asazangildunigaumgil 60,70 uaz 80 BIMLYALTYE ANUEIAU UALTEYLIIAN 15 Uag 30 U

Temperature Time Thickness

(°C) (h) (mm)
Control 15 0.054+0.0003 ®
60 15 0.062+0.0017 ©
70 15 0.058+0.0015°
80 15 0.056+0.0015°
Control 30 0.054+0.0005°
60 30 0.058+0.0010°
70 30 0.058+0.0002 °
80 30 0.054+0.0007 @

a,b,c... snwsMiuuanAniudmsuLAazAuaudR(TS, EAB)  Alafgunnm1eiu (p<0.05)

als A a ~ a o Ql'
a’]iﬁg'ﬁ’mwaﬂﬂqmﬁﬁu 80 DNALYALIYE S22 30 U Nﬂ’;’m%u’luaawqm

s al

(0.054+0.0007) wsiliuanarsiuiaunluiinisunansazaieflay (Control)

dnsuarumuesaapuiigunnuinagnilldanmuited SelndiAssiuiidy
Uslaald Useinn Wheat gluten and glycerol , Wheat gluten and oleic acid, Wheat gluten
and carnauba wax (Rooney, M.L., 1995) uazidloilSeudisufumarfuilduainvilslandn
(Sepia pharaonis) ﬁﬂmmiazmaﬂa‘ﬂ@aisﬁqmmﬁﬁumsmﬁu A9 40,50, 60,70,80 Way 90
asrwaLded natnsuNasazateldy 30 Uil ( Hoque et al,2010) Fawudn nsunansazane
Tl&ud 7T0osrwaidea 1nan 30 Wi Wennuiamiindenavuanndigade 0.041 +
0.001mm KA YUNNIMALIEELIAINTUNANTaraeTALINAADAUNUNIYDLIR ALY
agnslsfinny USnnsvesansazaneflduild uazdhegraaaniu Tumis?]{ugﬂﬂémama’laumﬂ
wilalamdin (Sepia pharaonis) wagaaifuatnvtislann danuwansneiu Fofupumuves
AduildFafiannuunnenei

NNMsTansFumuLses (TS ) wazn1siad (EABesanAuiiduanviisUainndi

a ae a a o ! ! i a a
Lmﬂmnﬂmiazmwﬂaqumw ULLAZLIAANAINAU WU A1 TS LhazA1 EAB U939a161U

Y

AMLANANNA LYl AN szAUALERIU 95 % (p <0.05) Tng lafudduilidnisus



25

=

a1sazangildu (Control ) HA1 TS #fian wag aIALauIUNasazaneldunaamgil 80

psrmwaIdea soziaa 15 uay 30 Uil ile TS geaae 13.3623+0.553 MPa ian 15 U1l

A15190 4.5 LEAINANTITIANISANUNIULTIR (TS Jarn158aA7 (EAB)UB1IaIAUNALINNMLY

Uaanimseuainansavaneiiduiioamail 60,70 uaz 80 adrwaldya warszeziial 15 uax

30 U7

Temperature Time Strength EAB
) () (MPa) (%)
Control 15 6.105 +0.128° 20.66+10.00°
60 15 7.885+0.034° 43.88+3.84.°
70 15 10.797+0.503¢ 46.33+12.01¢
80 15 13.362+0.553 47.22+13.87%
Control 30 6.100+0.616° 20.33+6.66 2
60 30 8.996+0.271°¢ 45.11+1.92°¢
70 30 11.801+0.702¢ 48.22+10.18%"
80 30 13.730+0.150" 49.33+8.82f

a,b,c... snwsMiuuanAiudmiukAaeAuaudR(TS, EAB)  Alafgunnm1eiu (p<0.05)

LAz 13.7307+0.150 MPa 7131 30 ¥ sudeu  nsinAnnstnda (FAB) vasaanauilsy

' '
a I

wud WwanAuilauilainisunansazaneldu (Control ) A1 EAB #inan dmsuiaanfAuilauiiuy
ansazaneTdufionsigll 70 uaz 80 asrnwalded 1181 30 Wil TA1 EAB asdn fie agaslsh
P13 AN EAB v09 WandAufldunUnansazaefiauiionmall 70 ssrwai@iva 1aan 30 w1t lidl

| U a a6 a0 ale A a ) Ql o [
ANHLANARAURARUTIRITIUNESara1edaugamgil 80 ssrwalBed 13an 15 ufl dmsy
N530A1 TS wag EAB lndlnuwidendnwiferiunavesmslininuiouniswiouansazangildui

HsonuauURveaAulauIntlsUaImiin( Hoque et al,,2010) wuin nsUNEsaza1eay

q

a

flgaumndl 60uay 70 samiwallua  1an 30 W1l de TS gafian Ae 9.6 +0.87 MPa WAz 8.90

Y

+1.02 MPa uawiu uin1sudansazangilduigamgil 90 asmiaaiea 1ia1 30 Wi e

EAB gugn Ao 51.89 = 1.91 %  ms@nwinuaudRvesaarfuanvtialam nIu (Priacanthus
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(3 a

tayenus) fiNa@NaNsannINaImI18NzLa (Rattaya et al.,2009)lnaunalsazalaiauanmnil 60

9 Y

Y 1

I gadEd 1981 30 w1l fhedrmuAuliiinsanasainanamsensia Ie1 TS
WU 10.04 + 0.78 MPa uagiidn EAB winiu 12.51 +2.04 % 91n011338fanana aguiulaan
weaNIN gumiiuaziiaINIsnselaTaraneildulzdasion TS uay EAB udd ¥ilaves

watfuINLsUangsdsnanafwaniln e

A15NN 4.6 AuENTRBINaYeIaNAINRaRUALY plasticizer wiinsinge

Plasticizers Thickness  Strength  Extensibility WVP
mm (N) (%) 10 1% . mm.cm? kL. Pa’!

Glycerol 0.2 0.0980 8.81 22.00 1.5250
Glycerol 0.3 0.0970 7.46 23.67 2.3032
Glycerol+Sorbitol 0.2 0.0997 7.56 21.75 1.2126
Glycerol+Sorbitol 0.3 0.0963 7.48 17.15 1.0893
Malic acid 0.2 0.0963 0.42 15.05 0.1485
Malic acid 0.3 0.0977 1.64 17.28 0.2064

HaN15NAaBdluANsen 4.6 WunsAnwrviinues plasticizer Muanzaudmsuiay
WAL wundaunltnawesea wazld plasticizer nausznINNAwOIOALATERIUNDA HAY
I3 Y [N o A = = ‘:1' Y a6 Y a Y] v
udaussazadlalndifssiudsiisuiisuiseauanunuvesilaulndifssiu nsly
wesdnvannTurliildudadlatdesasanios  n1sld plasticizer nausEwitandwosoauas
w95inea troiuANansalunsUesn1snsduriuesleunlafdu  nsldnaeseauiuia

wnzhliaugaveuionadmadesonisdoinisnisduiiuvedlon
3. wansznuvesasanadandinauazlunsuniidenuanifvasiauaaiiu

A & a a Y & o o < als
Han1sveaedlunisei 4.7 1 JudninavesansanaUdondenasennundeussvasiiay
1 [y A % [ 1% I a6 4 a Y 1d
wuasanadendaneiinlinnnuudawssvesilduanannindesas 50 Weldndwesea 1lu
plasticizer uailaiUdsu plasticizer unduansuansynINNAweTea+we3090a WUINITWE
(% A Y [ Y v o 14 < a6 =]
asanadeniigauazansanaluue sy LNty 1,500 ppm Y AMULTIusvasidauanadiiies

'
=

Sowaz 27 uay 34 pua1eu Feflauifidiunauvesansaiaioniiinaiinanuudeusigeninflay
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nildunanvosansaialunzsuantes  arsadadendinauazansadaluuzsuiiliainseen

Tilotrugeliusesay 39 uay 34 auadu

A5 4.7 auaudRnavesildu neaniuild ansadnudendne

Mangosteen extract Thickness Strength Extensibility
(ppm) (mm) (N) (%)

0 (control) 0.0980 8.8134 22.0013
750 0.0987 4.0333 225733
1,250 0.0983 3.3667 21.0867
1,500 0.0973 3.3667 21.7767
2,250 0.0970 3.2667 21.0733

|4 ndwesoa \Uu plasticizer

M15NN 4.8 AuaudRlnalarfanTsuiueyyadaszvasla nmaRuldansainUden

fapauavansanaluteguudy 1,500 ppm

Films WVP Strength

10 1 ¢. mm.cm? .h. pa? (N)
Gelatin film 1.7223 14.56
Gelatin film +M™ 2.8099 10.59
Gelatin film +P™ 2.5939 9.64

14 ndwesea+we3inea 0.2 \Ju plasticizer

"M, vosansanaiUdondinm way Plunsy
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n

Bresk 1

<

in

Greatest Shopd

m

DS T L T T T T T T T T 1 T
(4] =

Time (Minutes)

T T T
45

~ < a a @ o [ ' (% ' A
gﬂ“ﬂ 4.2 ﬂ’JmmNuiWmﬂanmmfﬂamuﬂuiﬂmﬁ]ﬂ ﬁ1W5U@’)®EJ']Qﬂ'JL]JﬂN (C) Uaznve NN

daunanvesasanalaeniina (M) uaz lunzgy (P)

4. Yszansnmvasnkuiauilionagaunununaniugivainen

AN 4.9 A nARsusivavenluiidueaniiu Aduuiuui 14 Sy

ey

Samples Inhibition PV TBA AUNIINIUA
(%) Meq./ kg sample (CFU/g)
Control” 0 68.5+10.61 0.47+0.04 >250""
Gelatin film 0 47.5+3.54 0.34+0.01 >250""
Gelatin film +M™ 71.42 55.0+7.07 0.43+0.06 7.3x10°
Gelatin film +P” 42.86 60.0+10.61 0.62+0.03 2.0x10°

" feganbilaussgluilay
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"M, vesansaiaiUdondann way Plutiy

*x% = o a o 1 U ¥
fulaladduausnnauldaiusatdule

ard a ad a @ @ a d a @
Wdueaau Waumaau+rasananlaeniiina WawaAu+rasanaluuzgu

AN 4.4 nsuTsNanduauamenlugeanilduaaiiu

1NN1TIATIERUTEANTAMNISAueNYaBaTe nsiinUiTeneendindu wagnis

a L3 a

WiyiulnveRdunsd nuiniidueanAundasaiaiondinnduss@viannisiueuyadasy

9

(%
o 1

ns1euduadesarnisdudageaninfldueanfuiniiarsadalunssy Jeaenadosdunanis

Y

AATILNYNTNTA U UYADATEVDIATANANIADIYHA FININAN 4.1 (RanTsudueyyadase)

ag1alsindlodnsziuszaniamnisduufiseeendiadu iean PV uaz TBA daldny

(3 I

Jaasuidaiay willwuldudmniedidlugaiauaziian PV dndndegeilildeglugeiaud

= A 1

dul@eniauinndndedlan PV gendt vivelilenaifineandiaduaindt  diunanisiinsizien
TBA Falun1sinsgiesdusynauiilinduitu wu a1sszmedadled wie Alau Feeadesld

nanAusneuunsaAvluanzise  Tuszninensiivuny 14 du Weaneasusundulaisuy

nniegedilufinduiiuusiuisitegnasuidondeiosningdunsd laud daegnanlidliegluge

9
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Hdu wazdlegreneglugeduilafiansadn wan1swWSeuisuysednsainn1saiunis

a a a a 1 [

U
WIAulaveaunsd nunamsatafendenaiiussavinmainitansaialunesy Jaldnnu

'
CY 1 Y 1

auNIAAuNdT 10° CFU/g tudndegadeudeniaqauniduad vausidiagalugildund

afinfondanaiidnuiugaunsdiies 10 CFU/g

q

uni 5

dyunan1Inaas
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asataanidenilinaiuinuansuseneuiiuednuazarsnsdnueyyadaseganitans
afinlunesy Tun1sfnwidvsnavenamgivazialunisadaaifuainuidslainn wui
samgidutiaduddyidmarioUTinaeaniuuaslusiuils Tnewugamaifanzay Ao 65
paealiva nsUNasaraBa AR snNufeututeutusULuR ST LA d sty
ag ety Ayneadis (p<0.05)  mslenfwesealSuinamnasinluildugavgunsanadaalde
sensilosnisnisgurureslenh asanadendannmnuduty 750-2,250 ppm  Analvidud
anuudaussanashisnninfesas 50 Weldndiweseadunanadinluwes n1sld plasticizer naw
sgrandweseaunzeesinea teiiuauanasalunisdesnmsnisfuriureslednléitu ans
afadondageiivwiltulunistesiunisifaufisereendndulafnitansadaluusgy was
aunsavzaonsiaigyivlnvesgdunislundnsiasiuameniifunvidunan 14 3u Tugeiingn

IMNAAULIBRUNNAN LS

VRIGIVRINTE
nuideinudgmnfetuluseninmsiiundadasivamen fe fiduanfuiinisganinuiu
NUTIEINA Fesiinsfinwinisannisaeanudy wu nswdnduiduusenaukasfnyinis

Tdwanannlowosusesinnluvouin wienisldwanainlesiesuay 1udu



32

LONE15D19D9

1aAss Jung Aisen lwfouey uazyuns nedlu .2552. AuaudRdun1siineendintuvesans
afadoninuaznansgnuiifidenuaifvesiidundouuilaald. msduuinisins
Angrnsndmdsnsiiuieuiend adsil 7 19-20 e 2552 o.iles nsel wih
23.

Bennett, R. et al. 2003. Profiling Glucosinolates and Phenolics in Vegetative and
Reproductive Tissues of the Multi-Purpose Trees Moringa oleifera L. (Horseradish
Tree) and Moringa stenopetala L.J. Agric. Food Chem., , 51 (12), pp 3546-3553.

Chen, H. (2002) Formation and properties of casein films and coatings. Journal of
protein-based films and coatings, 181-211.

Cho, S.-H., Jahncke, M.L., Chin, K.-B., Eun, J.-B., 2006. The effect of processing conditions

on the properties of
gelatin from skate (Raja Kenojei) skins. Food Hydrocolloids 20, 810-816.

Go’mez -Estaca, J., Montero, P., Fernwndez-Martn, F., Alemun, A., Go'mez -Guilln, M.C,
2009. Physical and chemical properties of tuna-skin and bovine-hide gelatin films
with added aqueous oregano and rosemary extracts. Food Hydrocolloids 23,
1334-1341.

Gomez-Estaca, J., Monter, P., Fernandez-Martin F. and Gomez-Guillén M.C. 2008.Physico-
chemical and film forming properties of bovine-hide and tuna-skin gelatin: A
comparative. Journal of Food Engineering Volume 90, Issue 4, February 2009,
Pages 480-486.

Go'mez -Guilln, M.C., Ih(, M., Bifani, V., Silva, A., Montero, P., 2007. Edible films made

from tuna-fish gelatin with antioxidant extracts of two different murta ecotypes
leaves (Ugni molinae Turcz). Food Hydrocolloids 21, 1133-1143.

Krochta, J.M., Pavlath, AE., and Goodman, N. 1990. Edible films from casein-lipid
emulsions for light-processed fruits and vegetables. Journal of Engineering and
food, 2, 329 - 340.

Schou, M., Longares, A., Montesinos-Herrero, C., Monahan, F.J., O’Riordan, D. and
O’Sullivan,M. 2005. Properties of edible sodium  caseinate films and their
application as food wrapping. LWT. 38: 605-610.

Ledward, 1986 D.A. Ledward, Gelation of gelatin. In: J.R. Mitchell and D.A. Ledward,


http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235088%232009%23999099995%23700226%23FLA%23&_cdi=5088&_pubType=J&view=c&_auth=y&_acct=C000054427&_version=1&_urlVersion=0&_userid=1750303&md5=edcdb8542a98d2839d56b0d2e131b812
http://www.sciencedirect.com/science/article/B6VP9-4TKPVG4-1/2/0668c43f1aa82f3f66ab57c54f508e68#bbib17#bbib17

33

Editors, Functional properties of food macromolecules, Elsevier Applied Science
Publishers, London (1986), pp. 171-201.

Menegalli et al,, 1999 F.C. Menegalli, P.J.A. Sobral, M.A. Roques and S. Laurent,
Characteristics of gelatin biofilms in relation to drying process conditions near
melting, Drying Technology 17 (1999), pp. 1697-1706.

Norland, 1990 R.E. Norland, Fish gelatin. In: M.N. Voight and J.K. Botta, Editors, Advances
in fisheries technology and biotechnology for increased profitability, Technomic
Publishing Co, Lancaster, PA (1990), pp. 325-333.

Perumal Siddhuraju and Klaus Becker. 2003 . Antioxidant Properties of Various Solvent
Extracts of Total Phenolic constituents from Three Different Agroclimatic Origins
of Drumstick Tree (Moringa oleifera Lam.) leavesJ. Agric. Food Chem., 51 (8), pp
2144-2155.

Rattaya, S., Benjakul, S., Prodpran, T., 2009. Properties of fish skin gelatin film
incorporated with seaweed extract. Journal of Food Engineering 95, 151-157.

Siddhuraju P, Becker K. 2003. Antioxidant properties of various solvent extracts of total
phenolic constituents from  three different agro-climatic origins of drumstick
tree (Moringa oleifera Lam.). J Agric Food Chem 15: 2144-2155.

Simon-Lukasik and Ludescher, 2004 K.V. Simon-Lukasik and R.D. Ludescher, Erythrosin b
phosphorescence as a probe of oxygen diffusion in amorphous gelatin films,

Food Hydrocolloids 18 (2004), pp. 621-630


http://www.sciencedirect.com/science/article/B6VP9-4TKPVG4-1/2/0668c43f1aa82f3f66ab57c54f508e68#bbib18#bbib18
http://www.sciencedirect.com/science/article/B6VP9-4TKPVG4-1/2/0668c43f1aa82f3f66ab57c54f508e68#bbib23#bbib23
http://www.sciencedirect.com/science/article/B6VP9-4TKPVG4-1/2/0668c43f1aa82f3f66ab57c54f508e68#bbib29#bbib29

NARUIN

34



35

MARUIN (Appendix) Usznausig
1 manuscript 38 reprint #3aUNANNITENLATUNIATNLNLA?

2 s19azdennetuNITEINUITenseuas1sassalUldsunalminU sy levilng1audn

4"6
he

2.1 Uselnnueanslouseloviannaudde wavauaseassa
(Winszyuszianlagld edesvng v)
H nnslduselevigaivinis
O nnslduselovilugaansisue
O nsldussleniidaulaune vesesulseme

L nnsladselomdludanndias



36

HEATING CONDITION AFFECTING GELATIN AND FILM
PROPERTIES FROM CATFISH SKINS

Pheeraya CHOTTANOM!® and Mangkorn SRISA-ARD?

! Department of Food Technology and Nutrition, Mahasarakham
University, Mahasarakham 44150, Thailand
2 Department of Chemistry, Faculty of Science, Mahasarakham University,
Mahasarakham 44150, Thailand

Corresponding author: Pheeraya CHOTTANOM:' E-mail:
pheechot@yahoo.com

ABSTRACT

The objectives of this work were to study the influence of heating
conditions in extraction and film preparation on yield and certain properties
of catfish skin gelatin, and on their film properties. The results showed that,
gelatin yield was depended on both extraction temperature and extraction
time. Extraction using high temperature increased fat residue in gelatin.
Heating improved film tensile strength and film extensibility (p<0.05).
Water permeability and color of the films were not influenced by heating.
The water resistance property of films was improved by using plasticizer
blend of glycerol and sorbitol, but the decreasing of film extensibility was
observed.
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INTRODUCTION

Biodegradable films made from renewable resources are an important
factor in reducing the environment impact of plastic waste. Gelatin industry
primarily uses mammalian skins and bones as raw materials. In Thailand,
catfish (Clarias batrachus) skin is a low market value by-product. Gelatin
from fish is in current trend designing biodegradable materials for food
packaging to meet sociocultural needs. Heating collagen in water in water
leads to the conversion of collagen onto soluble gelatin which can form gel
structure at appropriate concentration and temperature. Important
mechanisms of thermal solubilization of collagen are cleavage of a number
of intra-and intermolecular cross-linking bonds in collagen and hydrolysis of
amide bonds of collagen. The extraction yield and properties of gelatin
depend chiefly on the properties of raw material and the processing
parameters such as temperature, time, and pH. Gelatin film has been reported
as an outer film to protect food from dehydration, oxygen and light
(Arvanitoyannis, 2002). The physical and structural properties of gelatin are
influenced by the protein molecular weight distribution and amino acid
composition which plays functional properties of the film (Gimenez et al.,
2009). In addition, condition of film forming has been reported in an
important factor which specifies film properties. Heat treatment of protein
film solution increased in film strength has recently reported (Choi and Han,
2002; Hoque, Benjakul, Prodpran, 2010) The objectives of this work were to
study the influence of heating conditions in gelatin extraction, focusing on
gelatin yield and protein concentration, and those in film-solution
preparation, focusing on the mechanical, water barrier and color properties
of films.

METHODS

Catfish skin preparation

Catfish (Clarias batrachus) skin was purchased from the local fish
pound in Mahasarakham province, Thailand. The skin was washed with tap
water and cut into small piece (approximately 1x1 cm), placed in
polyethylene bags and stored at -18°C. The skin used in this study was stored
for less than 2 months. Prior to gelatin extraction, the frozen skin samples
were overnight thawed in a refrigerator at 8-12°C.

Gelatin extraction


http://th.wikipedia.org/wiki/Clarias_batrachus
http://th.wikipedia.org/wiki/Clarias_batrachus

38

Gelatin was extracted from Catfish skin according to the method of
Hoque et al. (2010) with slight modification. The skin was pretreated by
soaking in 0.2 M of NaOH and 0.03 M acetic acid solutions in order to
remove non-collagen protein part according to the method of Yang et al.
(2010) with slight modification. The skin/solution ratio was 1:10 (w/v). The
NaOH solution together with fish skin was placed in a shaking incubator at
150 rpm and 25°C for 90 min. The solution was changed every 30 min.
Pretreated skin was neutralized by using tap water and then soaked in acetic
acid for 3 h. After that, the skin was neutralized with tap water until its pH
was in the range of 6-7. The gelatin was then extracted by using distilled
water at 55-75°C for 6 and 12 h. The extract obtained was filtered through
filter paper (Whatman® No.4) and concentrated at 40°C. The extracted
gelatin was stored at -18°C until used (not longer than 1 month).

Film Preparation

Film solutions (approximately 5% total solids) prepared with glycerol
and sorbitol plasticizers (0.2g and 0.3g plasticizer/g total solids in gelatin
solution) at 25, 60, 70 and 80°C for 15 and 30 min in a temperature-
controlled water bath. Non-heated (control sample) and heated solutions
were cast onto an acrylic plate (12x12 cm) and then dried in a hot air oven at
50°C for 15 h (approximately 14% moisture content). The dried film was
placed in a desiccator with 58% relative humidity for 24 h and then manually
peeled off. The film obtained was stored at 58% relative humidity until
subjected to the analysis of film properties.

Analyses
Gelatin properties

The protein concentration (g/ml) of the extracted gelatin was
determined by using Biuret method (Yang et al., 2007). The concentration
was measured using a spectrophotometer at 540 nm (Milton Roy 1201, New
York) with bovine serum albumin as a standard. The total solids, ash and
lipids were determined according to AOAC method (1990). Yield of protein
was calculated from the following equation:

%Yield =100- [protein concentration (g/ml) -volume(ml)]lweight of sample(g).
Film properties

Tensile strength (TS) and elongation at break (EAB) of film were
determined using a texture analyzer (TA-XT2i®, Micro Stable System,
Surrey, UK). The film sample (2x5 cm) with the initial grip length of 3 cm
was tested. The TS was measured at 30 mm'min until the film was broken.
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The maximum load and the final extension at break were calculated as TS
and EAB, respectively.

Water vapor permeability

Water vapor permeability (WVP) was measured following the method
of Hoque et al. (2010).WVP expressed as g-m™-s™-Pa*was calculated as

follows:
WVP =WVTR -t/S(R, - R,)

where WVTR is water vapor transmission rate (vapor flow in unit time
through unit area of tested film area), expressed as g-m?-s™*. t is film

thickness (m). Sis saturated vapor pressure at test temperature (1.333x102
Pa). R —R,is relative humidity difference (expressed as fraction) across the

tested film.
Color and film transparency

Film color was measured by using a Minolta color meter (CR-300,
Japan) expressed as Lightness (L*) redness-greenness (a*) and yellowness-
blueness (b*). The transparency of film was measured from the percent
transmittance (T) at 600 nm (Milton Roy 1201, New York) and the
transparency value (%) was calculated as follows:

Transparercy value= I—r -100
0

where T, is the percent transmittance with the specimen in the beam and T, is
the percent transmittance with no specimen in the beam.

Results

Pretreatment conditions are an important factor in preparing collagen for
successful gelatin extraction. The degree of conversion of collagen into
gelatin is depended on both temperature and time in extraction step. In
addition, alkali and acid concentration used in the pretreatment is a main
factor influencing the gelatin and film properties. The protein yield of gelatin
from catfish skin varied by the extraction temperature and time could be
observed (Table 1). However, protein concentration was not significantly
different (p>0.05). Higher protein yield showed at 65 and 75°C for all
heating time as compared to those at 55°C which had lower volume of
extracted gelatin (data not shown), causing the lower protein yield . The
protein yield in this study was lower than that reported by Yang et al. (2008),
possibly due to using of long time soaking in NaOH solution and loss of
gelatin during neutralization step with tap water. Generally, alkali or acid
facilitates fragmentation of collagen chain. Therefore, long time soaking in
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alkali or acid solution might cause more collagen dissolved in the solution,
resulted in a corresponding loss in gelatin yield, particularly during the
neutralization step with tap water. Effect of extraction time on fat and ash
content is shown in Table 2. Extraction using 12h led to high fat content
containing in gelatin but there was not impact on ash content.

Table 1 Effect of extraction temperature and time on protein concentration
and protein yield of gelatin solutions™.

Temperature Time Protein Protein yield
(0C) (h) concentration (%)
(g/ml)

55 6 0.023£0.00052 4.23+0.09?
55 12 0.022+0.00022 3.94+0.042
65 6 0.034+0.00022 7.01+0.05P
65 12 0.030+0.00432 7.41+1.03°
75 6 0.028+0.00182 6.20+0.40P
75 12 0.029+0.00092 7.10+0.22°

“5% total solids
a,b,...Different letters within a column indicate significant difference at
p<0.05.

Table 2 Effect of extraction temperature and time on ash and lipids contents
of gelatin solutions™,

Temperature Time Ash Lipids

(oC) (min) (%) (%)

55 6 0.05+0.012 0.06+0.048?
55 12 0.03+0.012 0.16+0.039°
65 6 0.03+0.012 0.10+0.009?
65 12 0.02+0.00? 0.18+0.022°
75 6 0.02+0.012 0.11+0.022%
75 12 0.02+0.00? 0.17+0.045°

“5% total solids
a,b,...Different letters within a column indicate significant difference at
p<0.05.

Table 3 Effect of heating conditions on TS and EAB of gelatin films.

Temperature Time TS EAB
(°C) (min) (MPa) (%)

Control 0 6.10+0.12° 20.66+1.007
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60 15 7.88+0.03" 43.88+3.84°

70 15 10.79+0.50¢ 46.33+1.20¢
80 15 13.3610.55 47.22+1.38%
Control 0 6.10+0.61° 20.33+0.66%
60 30 8.99+0.27¢ 45.11+1.92¢
70 30 11.80+0.70° 48.22+1.01°
80 30 13.73+0.15 49.33+0.88

a,b,...Different letters within a column indicate significant difference at
p<0.05.

Significant effect of heating temperature and time on the mechanical
properties of films is shown in Table 3. Film tensile strength (TS) and
elongation at break (EAB) increased with increasing of heating temperature
and time used in preparation of film solutions. The lowest TS and EAB
values were observed at control films that were placed at room temperature
12 and 30 min before casting. Heating at 80°C increased a greater than 50%
TS as compared to non-heating treatment. This result agrees with the effect
of pretreatment temperature (70-100°C) on mechanical properties of films
from protein isolate (Choi and Han, 2002; Perez-Gago and Krochta, 2001).
However, the temperature above 80°C caused the decrease of TS of gelatin
film from cuttlefish skin while EAB was increased by high heating
temperature (Hoque et al., 2010). Difference in protein composition,
hydrogen bonding, hydrophobic group and extraction method are an
important factor on gelatin properties. Therefore, mechanical properties of
gelatin film could be varied by the

Table 4 Effect of heating conditions on WVP of gelatin films.

Temperature Time Thickness WVP

(°C) (min) (mm) (x10°%g-m™*.s*.Pa™)
Control” 15 0.054+0.0003%  8.38+0.122

60 15 0.062+0.0017¢  9.42+0.07°

70 15 0.058+0.0015°>  9.49+0.49°

80 15 0.056+0.001° 9.56+0.06°
Control™ 30 0.054+0.0005%  8.35%0.262

60 30 0.058+0.0010°  9.26+0.09°

70 30 0.058+0.0002° 9.42+0.39°

80 30 0.054+0.00078 9.45+0.14°

“ placed at room temperature, 15 min.

“ placed at room temperature, 30 min.

a,b,...Different letters within a column indicate significant difference at
p<0.05.
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sources of protein and processing steps. Optimal heating resulted in
unfolding protein plays strong network structure during film forming.
Heating showed slight impact on thickness of the films, ranged from 0.054-
0.062 mm (Table 4). Water vapor permeability of film shown in Table 4 was
not significantly different among heating temperature (p>0.05). A small
difference was observed for WVP. The WVP of control films seems lower
than those of preheated films (60-80°C). However, effect of heating on WVP
of protein film is still indistinct. High temperature above 80°C led to lower
WVP of gelatin film from cuttlefish skin (Hoque et al., 2010) while heating
was not affected the WVP of whey protein film (Perez-Gago et al., 1999).
Generally, heating is a main factor denaturing of protein. Using optimal
temperature could induce the short chain gelatin network and expose the
hydrophobic group, consequently compact structure of film. Either
denaturation but also renaturation (inducing helical structure) of protein
might be a key factor controlled structure of protein films.

Table 5 Effect of plasticizers on WVP of gelatin films™.

Plasticizers content TS EAB WVP
(g/g total (MPa) (%) (o g.mt.st.pat)
solids)
Glycerol +Sorbitol” 0.2 7.56+0.592 21.75+1.162% 1.21+0.312
Glycerol +Sorbitol” 0.3 7.48+0.42% 17.16 +1.26" 1.08+0.042

“The mass ratio of glycerol to sorbitol was 1:1
“Film thickness was in the range of 0.096 to 0.099 mm.
a,b,...Different letters within a column indicate significant difference at

p<0.05.

In this work, the WVP values were quite higher than those in certain
reports. The water resistant property was then improved by using plasticizer
blend of glycerol and sorbitol as shown in Table 5. The WVP value of film
with plasticizer blend was approximately decreased 693 to 776 times as
compared to the control film in Table 4. However, The EAB value of film
with plasticizer blend of 0.3 g/g total solids was approximately decreased
from 20.66% to 17.16%.

Table 5 Effect of heating conditions on color and transparency of gelatin
films.

Temperature Time L*"s a*" p*ns Transparency
(°C) (min) value (%)"



http://dict.longdo.com/search/indistinct

Control” 15 70.70£0.51  -1.27+0.24 4.94+0.17 71.25+2.04
60 15 71.08+0.15 -1.12+0.13 4.68+0.60 72.35+1.20
70 15 70.76+0.40  -1.10+0.25 4.77+0.86 70.38+2.28
80 15 70.88+0.36  -1.33+0.27 5.23+0.42 74.55+2.84
Control™ 30 71.73+£1.39  -1.17+0.19 4.77+0.23 72.05+2.24
60 30 70.69+0.88  -1.13+0.18 4.94+0.75 72.54+1.34
70 30 70.88+0.66  -1.38+0.53 5.51+0.50 72.35%2.21
80 30 70.78+0.77  -1.36%1.00 5.09+0.11 71.51+2.00
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“placed at room temperature, 15 min.
“ placed at room temperature, 30 min.
" Not significantly different at p<0.05.

Table 5 shows color parameters and transparency of gelatin films.
There was no impact of heating on film color and transparency as well as the
report of Choi and Han (2002). The lightness (L") values of films were in the
range of 70.69 to 71.73 as well as the transparency values that in the range of
70.38% to 74.55%. High b* value, minus (-) of a* and moderate L*
indicating slightly dark film could be found because of dark skin color of the
fish was not removed.

Conclusion

Thus, heating treatment in gelatin extraction and film-solution forming
was directly influenced the properties of resulting gelatin and film. The
appropriate plasticizer for gelatin film was required. The results obtained in
this work are the basis for future study to develop the gelatin film with good
properties.

References

Arvanitoyannis 1. Formation and properties of collagen and gelatin films
and coatings, A. Gennadios, Editor, Protein-based films and coatings,
CRC Press, Boca Raton, FL (2002), pp. 275-304.

Choi W.S. and. Han J.H. Film-forming mechanism and <heat denaturation
effects on the physical and chemical properties of pea-protein-isolate
edible films. Journal of Food Science, 67, 1399-1406 (2002).

Giménez, B., GOmez-Estaca, J., Aleman, A., Gomez-Guillén,

M.C., Montero M.P. Physico-chemical and film forming properties of
giant squid (Dosidicus gigas) gelatin. Food Hydrocolloids 23, 3, 585-
592 (2009).

Hoque Md. S., Benjakul,S., Prodpran, T. Effect of heat reatment of film-
forming solution on the properties of film from cuttlefish (Sepia
pharaonis) skin gelatin. Journal of Food Engineering 96, 1, 66-73
(2010).

Perez-Gago,M.B. and Krochta, J.M. Denaturation time and temperature


http://www.sciencedirect.com/science/article/pii/S0268005X06001809#bbib1
http://www.sciencedirect.com/science/article/pii/S0260877409003446#hit13
http://www.sciencedirect.com/science/journal/0268005X
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0268005X08X00086&_cid=271995&_pubType=JL&view=c&_auth=y&_acct=C000054427&_version=1&_urlVersion=0&_userid=1750303&md5=3bf088c06680457a8ff1ef428fd307eb
http://www.sciencedirect.com/science/article/pii/S0260877409003446#hit2
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0260877409X00178&_cid=271146&_pubType=JL&view=c&_auth=y&_acct=C000054427&_version=1&_urlVersion=0&_userid=1750303&md5=e971bf0fc3fc3253615db7770ec38e80

44

effects on solubility, tensile properties, and oxygen permeability of
whey protein edible films. Journal of Food Science 66, 705-710
(2001).

Perez-Gago, M.B. Nadaud P. and Krochta, J.M. Water vapor permeability,
solubility, and tensile properties of heat-denatured versus native whey
protein films. Journal of Food Science, 64, 1034-1037 (1999).

Yang, H., Wang, Y., Regenstein J.M., and Rouse, D.B., Nanostructural

characterization of catfish skin gelatin using atomic force microscopy.
Journal of Food Science 72, C430-C440 (2007).

Yang H., Wang Y., Zhou, P., Regenstein J. M . Effects of alkaline and acid

pretreatment on the physical properties and nanostructures of the

gelatin: from channel catfish skins. Food Hydrocolloids 22, 8, 1541-
1550(2008).

= ay ¢ tg 1 ay ¢
nITRsBUaITazaNgNaNLATNITVUFULNUNAY

1. 11a1saratgafiu MYn1ssevietneankal Usuins 30 1adans Nauiundluaseaty

gngd 1 % veswedefiegluansazaneiaalfu fo 8.33 % vaindwesea

2. wwsgnansavaneaulaeun 60,70,80 eeFuwalyd  LIa1 15 way 30 w19

Anf 10 NsuNansazaneway

s Jugthduuiuiidy WnewansasareflduasuuunuosAdandndey wun 15x18 wufwns v

Twalu Hot air oven gaumigil 45 semigaided  11a1 12 43l


http://www.sciencedirect.com/science/article/pii/S0268005X07002299#hit2
http://www.sciencedirect.com/science/journal/0268005X
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0268005X08X00050&_cid=271995&_pubType=JL&view=c&_auth=y&_acct=C000054427&_version=1&_urlVersion=0&_userid=1750303&md5=299181947696123ee9e116c9e3c5e9d4

45



46

AT 11 FURDUNTVUTUUHUTIAY

o

4. spnuiulaueenuaziiaunlaluuiuanniglulanaauay (desicator) Nflansagany

a

nNFedudy  NaNo, AINNYUEUTNS 65 % Neamal 22 ssrwaded 3a1 2 Tu

Y

AouthlUAmsevnaaudinisnienn




47

il MW 12 Srdunsaenuiuiay

N13AATINAMENTANITAIUNIULIIAUAZNTEARINNAT TAPPI-T494 (1988)
arundausdumsialn (19) WHuddddd¥anmannsalumanumaussidldgegalnodn

whaldgdrierwnhe 2 wufms 915 wufies diluneaeulaeldiedesile Instron

Universal Machinc  fusaigpeannsiidususelifauildumnoonandu  wansfennny

I a6
LU TIUBIN AU

[
LY A

1 = LY} Ly} < = 1 @ a6 [ I 6 @

AINsER o 99N (E) Luduwanuavguuazanuulausosiay Toedndudosidu

a a o A a | ° I3
A5UABULUAIAINETY NHIUNTSANERBDN (3 LWURLIAT ) NEUILYIINISNAFDUAINULTILIILY
N398R UazAEAR o4 AN
A5n1snagau

gavUanednanilevasusiegaiuinaaauliniy  walednvatednaiunids  luasduTu
) ' a ' PRy 4 . . ) . . A . o = a ¢
Mae1aT1g5eninaNEn Asszee Grip separation warUSu load weighing Wle grip fuufaey
1M 9¥51891UA1 load (@391) warAmIAudn (Tadass) AUINAINITATULSIANIALAYSDEAY

YDINSEAR



a 4 < ad 14 =
N15ATIENAMULVILTIVDINAN A8LATDY Texture analyzer

N1SATUI
ANNITATUNIULTIAIVIA = Aeule (Hasw)
(TP UADAITILUAT)
AMUNINIEAAAT)X AMUNAU (TaALUAT)VNAY
ANNISEAG = S2eznAIvLNUTAY x 100

ILYLYNTENIN Grip NOURINAL

AaszguandRn1sPuruleun ASTM E 96-80 (ASTM,1980)

1L.gunsnluazansiail

48



49

- Frevadeunisdurnuleth
- edesdmaien ¢ fums
- sy

- FEANUIABULAS

2.M19A38UA0E14

megeildudetliisesynda dadegnsiiauduinauduiuguinay 7 wufiuwns newi
nsnageuResuanniidulnenuaueumnd 28+2 ssmiadeanarautudiivdiosay 65
+ 2 10unan 24 Hlus

1. /mMsnedeu

o w I

ifegawiuiiduunUandnuudivezglifoniussg@aniaa (0% RH) udnhliud

a

gaunQil 28 asrwaldea lulagaauduuszana 8 1ilue wndawminues@dn1vaiie

Y

USunanhfnganiaagadily shmmeassianue 3 Ase

ANSANUIE

1%

WVTR (water vapor transmission rate) = uuniniiideuly

nanasuwladly x Nun

WVP( water vapor permeability) WVTR X AIU%UY (NFU X 1U./05.4 X TU X
yu.Usen)

S(Ri-Ry)

- ' Y Y a A =
We S = aranusuletndudeindsd 27 ssrwaldod



50

ANPNUTDEUNNS U USTLINANDINAADS

Ry

ANPNUTUFUNNG Q4 UTTEINFADILNAAD

X
N>
1l

nsAATERUSUE1eNgN5

1. Fnsann@ing s ( AnnUasanisves Longo wag Vasapollo.2005)
Hahegneinedteuszan 50.0000 n¥u vinsvuududng udiduauszana
1.0000 n34 ievhnnsadalu 0.1 % HCL — Methanol (vAv) U319 50 ml (1 wa. Sifregnema
yalou 1 nfw) 1hluiuewheieies water bath shaker figaumgiivipsiiinum 20 92lus vdsan
tuannsesdienszaenseauns 4 uaziues 1 audu dulaildiluinseirusin
weulsleeniiud ansuseneuiluedin uasfanssumueyyadase
2. MyATEIUsSIIaaIsUseneuiiuedn ( AnwUasanIsvee Bae uag Suh.
2006)
MTBATERMUSIaEsUsEnoUueanldds Folin-Ciocalteu fifaulasannds
849 Bae uay Suh. (2006) IneThuntinnduysunns 3.95 ml ldlunasanaass 91ntdnans
afpfifaududy 0.02 o/ml U3ues 0.1 ml Tdlunasaveaas Wiy Folin-Ciocalteu solution
U33m3 0.25 ml nanlidnfudsiislitonmafivies 1 unit ndsanifudiu sodium carbonate
it 20 ¢/100 ml wandlsidrAudsiisliTigamgd wos wiu 2 $2lus whluiadinisgandunac
aueTAaY 750 wiluwes Tnsanududuvesastssneuiiueanlusiogesmunmainng v

WIMsg1Uved gallic acid LUTY 0.03125-0.5 meg/ml R? = 0.9980

B3NN
43 gallic acid 11 40 fadnsu Usuusuaslila 50 ml smesiinduazla
ansavany gallic acid Wudu 800 mg/l vinsideansanuiduduasdu 400, 200, 100 uag 50
mg/l ImEJwf%smmﬁauﬁuﬁaaéwmﬂ%’umau ‘L‘hé’haammsazmsjmmgmlﬂi’ﬂmms@mﬂﬁuumﬁ
ANNTIARY 750 Ulns Y1AflaueunsImunnsgu
aa a 'S a a s
3. AMsIATIEINUS U ULeULs ke Tud
a s a a o o a Y
nmsaaTeimUTuaueulslaedudluaisadininnisinseilagleis pH
differential 91135989 Wrolstad and Giusti. (200D)Inegtansanailausuns 1 ml ldluvaan
NAADY LAU potassium chloride buffer (KCL, 0.2 M, pH 1.0)lunaen® 1 waztiy sodium
acetate (CH;COONa, 1 M, pH 4.5)luvtaenyl 2 Usung 24 ml ivaendl Luaz 2 lUinaA1nIs

AANAULANNAINETIAGY 510 WAz700 WIlwwns Y1lUAIMAINIAANAULAII NGNS
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A = (Asig — AzgelpH 1.0 - (Asio— Aggo)pH 4.5

AwraUsinauweulsleenfivdaingns
Anthocyanin contents (mg/l) = A x MW x DF x 1000

Ex1

dlo MW = 4492 (5mﬁﬂimaqamm cyaniding-3- glucoside)

g = 26,900

DF = epsfiveanisidenns

A = AIMIRANAULAS

L = AMNYMVRNTAIATIETRIRE9(cell path length)

WNswIBNaITaans pH buffer
1. pH buffer 1.0
1 potassium chloride (KCU) 14.9 n¥u Tuih 1 dns 2¥ldansazans
potassium chloride 1 Wadu 0.2 M TtUpan 125 ml saudvansazaiy Hydrochloric Wity 0.2

M U3U1035 335 ml
2. pH buffer 4.5
#3 sodium acetate (CH,COONa) 135 ¥y luth 1 Ansazldansavane
sodium acetate [WuTU 1 M Yiawn 400 ml saudvansazate Hydrochloric Wudu 1 M

Yums 240 ml FtnauUsINeS 360 ml

e : pH buffer msinSeslvsineuldnnass

U529
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