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Abstract

Production of reformed rice by extrusion process revealed that addition of protein
(soy protein isolate, whey protein), resistant maize starch and Fibersol ™ resulted in a
reduction of glycemic index. Samples added 20% resistant maize starch exhibited the
lowest glycemic index of 52.5, while that of the control was 86.2. In addition, rice pasta
added protein (soy protein isolate, chicken Korat breast meat, whey protein isolate) showed
a decrease in tensile force and an increase in glycemic index as compared to the control.
Extrusion is a means to increase value of rice and produce functional rice products.

Red blood spot (RBS) in cooked chicken meat product was completely eliminated
when core temperature reached 80 °C. Marinating ingredients, including sodium chloride,
sugar, and polyphosphate, appeared to have a minimal effect on RBS formation due to
their limited absorption into the chicken breast. The cooking temperature is a major factor
governing RBSs, as it directly affects the denaturation of hemosglobin. To cope with the RBS
problem without the excessive loss in cook yield, the combined thermal process of
microwave heating followed by steaming was developed. RBS incidence was reduced when
core temperature reached 80 °C and was completely eliminated when core temperature
increased to 82 and 85 °C. The use of microwave preheating reduced the process time by
28-48% as compared to steaming alone. The combined heating process had no effect on
cooking loss, pH, water holding capacity and shear force of cooked products. The combined
process of 7-min microwave heating followed by steaming until the core temperature
reached 82 °C is the effective thermal process that can reduce the RBS and yield acceptable
cooking loss.

Collagen extraction from chicken trachea using high intensity ultrasound (HIU) at
17.87 W/cm? for 20 min followed by acid for 42 h (U-AS) resulted in 1.58% vyield. The yield
increased to 6.28% when pepsin-assisted extraction was applied for 36 h (U-PS). Purity of
extraction collagen ranged 82.84-85.70%. Based on circular dichroism spectroscopy, triple
helical structure of the extracted collagen remained. Fourier Transform Infrared (FT-IR)
spectroscopy revealed that HIU had no effect on the secondary structure of the extracted

collagen. Denaturation temperature of collagen ranged 34.3-35.1 °C. Molecular weight of



the extracted collagen showed the comparable characteristics to that of type I collagen.
Chicken trachea is an alternative source for collagen type | extraction and the HIU-assisted
extraction is a promising technique that could increase yield without damaging collagen
structure.

One means to valorize tilapia is the production of protein hydrolysate with
antioxidant activity for functional food products. After in vitro gastrointestinal (Gl) digestion,
protein hydrolysate exhibited higher antioxidant activities towards chemical free radicals
and Hep-G2 cell lines than did the tilapia flesh. The optimal condition of hydrolysis was 5%
Alcalase 2.4L based on protein content of the substrate for 10 h. Antioxidant peptides
found in the hydrolysate contained cysteine and tyrosine. The peptide, PGY, resulted from
in silico Gl digestion exhibited the highest cellular antioxidant towards Hep-G2. In addition,
it upregulated expression of genes encoding peroxidase and catalase. Thus, tilapia
hydrolysate still contained peptides after Gl digestion, which could have health- promoting
effect.

HIU technology increased solubility of tilapia actomyosin at 0.1-0.3 M NaCl. Protein
solubility increased as intensity increased up to 20.62 W/cm?. However, HIU induced
conformational changes and disruption of actomyosin, which occurred to a greater extent
at higher salt content (0.6 M) than at lower salt content (0.2 M). When HIU was applied to
induce gelation of threadfin bream surimi at 0.5, 1 and 2% NaCl, it was found that HIU
improved gel-forming ability of surimi gel at 0.5%. But, it negatively affected gelation of 1%-
and 2%-NaCl surimi gels because HIU induced greater protein conformational changes at
higher salt contents. This study suggested that HIU could improve surimi gel at low NaCl
content (0.5%), which could be used to produce low salt surimi seafood products.

Gel improvement of lizardfish and threadfin bream surimi can be achieved through
the combined addition of ascorbic and hydrogen peroxide at 0.15 and 0.1%, respectively.
This increased breaking force and breaking distance by 150 and 90%, respectively, as
compared to the control. Addition of these additives induced formation of disulfide bonds
of myosin heavy chain and promote hydrophobic interactions, contributing to enhancement

of tropical surimi gelation
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Feandsainnisifen uazinmsdnuisdedeiidmasenisingadenuns ldun nszuiunns
\Fon (slaughter process) sz8z12a17 a3 enlnasen (bleeding time) waz3snisvhliaau
(stunning methods) (Ahmed, 2003; Ali et al., 2007; Contreras and Beraquet, 2001; Gregory
and Wilkins, 1989; Veerkamp, 1988) nslnszualnirvilvaaud 45 dadueud (mA) o
TeUiaansingadenuasla (Ahmed, 2003) iesanidleldnszualniinluseiussening
nslvaau Ranssunistuvesialaazanasetnedig dwaliidenlnasenst e e
Na991nn15L8 00 (Gregory and Wilkins, 1989) aEJ'Nliﬁmm’?%m5ﬁylm'mmmﬂg'jﬁ§1uma
nsflidesanndedsduierdvatafnimdnd ngnaneanaimglsy (EU regulations)
fualildnszualuiineg1asnd 100 mA desa @iTn) wazaaud <200 1Bsad (Hz) (The
Council of the European Union, 2009) n1slénseualniirluszavassenitamsvinlvigavas
ilihlangawudunay daalmdeamdeasegluduideandnndninieuinniinisly
nsvuabiirlusziusn (Gregory and Wilkins, 1989) wenanii nsvinliaauiududeruly
Fotsfuratsnana (Halal resulations) (The Central Islamic Council, 2016) i o1& ol
anunsalvasenuilanue WienswdeAneglududen Juduanrnvenisingadenundld

Weolvanusaunbitieswenazyinianisideaninvesdlulnalu



nswaileiudiunan (marination) Wuduneufidfyy Tnemlulinsiiudiunan 1y

loiounaolsd (NaC) lawasulasindneana (STPP) uaznalaa seninanisuinniels

geyeune (Khiari et al., 2013) dhunaumaribinlidatuuaziiuanuauisalunisguiives

LR
¥

\Wle shufedaaSund usa (Dhanda et al,, 2003; Kijowski and Mast, 1988) ag1alsfinny
drunauusazvdaaruisouns (diffuse) Wrlvluileenlildunnsinady Juivauialuana
(molecular size) AMNEWNTaaEAIBUN (water solubility) AI1LANTU (concentration) Way
UJadudu angs 398U049 Li (2000) 51897971 Woaauana19iy 48m51n15unsnaiu
(penetration rates) Tuttl oln v unne19iu lasiwdveaws (tripolyphosphate) wazlnls
Woawln (pyrophosphate) Jadvualuanaiiéin aiunsaunssiulaiss vilidanududugs
nInangznIfean (hexametaphosphate) (Xiong and Kupski, 1999) aunseadagiuil
Av aee N = s & T av o
MAFEARnwANLasalunsunsiuvedlufsunaslsauazngladluiiioanliduildunin
dunaunlgIenInnIsuInaILTadwason sdsan N1IALTauTe Flulnalu ivdidna
d' = v a = A & v | Y N o 129) v o a
Neallesivdveafeniiiniesveglududaavdanlasuanuiou laswadesssuvnves
= A O aa A A A ~ o 8 Y a a % Y
glulnaduiudduns luvaenalulnadungnmienilminanisgaidsaninaiganuiouay
Wasududuena Jeustaielitugnegnwiaiia (Suman et al, 2016) 1wl a.a. 2017 Jeong
e0u ledoueaslsaduduy 2% anadesnmueuiindsindngdu (heme pigment) da
Igaumginvilgyideanindlasias nMsinwiravesdiunaniugulunisuinnenisandy
annmennuseuresdlulnadu Jadudseifuinisine Wesanagyilidnlateunuinves
a al a 1 a = Y (3 a v dyd =

nsdvaninvesdlulnadusianisiingadenuasls Ingussasdvesideiae dumnaves
drunauiuguildseninniswnialn laun Tonsunaslsn luneulnsindvoas was
nalag saudsaudntunly denisaqidsaninvesdlulnaduainlavaznisiinyaiionuns

wenanil fefnwrgaumiinimngalunsviligniveannisiingaifenuns

2.3 Myanyadenuasiuiiiaanlivingnlneaiusauainmaialulasiansauiunisidleun

yaLianukAs (red blood spots, RBSs) Lﬂuﬂa,;m‘ﬁ'é’amwﬂuwamﬁ’m%ﬁaaﬂldqﬂ 1oy
wuidugaunmdsanndaniuvng Wesinmadeanmueadeniivdessegiinegdlianysal
adonunslundnfuriusanmamsinivliduiiveusulunyfuilon esanqaunsily
L%Jjﬂﬁ]’jﬁlﬁaﬁjﬂlﬁﬁbﬁﬂ (Bae et al., 2018; Smith and Northcutt, 2003)

nszvaunslianufeuiivssgndldlugnamnsauiola Idun nisldlex (steaming)
N15A7 (roasting) N158719 (grilling) wen15Men (frying) Tnearuseuazaaufanans

(heating medium) n3auunadliAINSeu (heating source) lUdauiloanla Tngardanisnininu



39U (convection) N1TWHSIE (radiation) waz/13e N15UIAMNTOU (conduction) (Rinconet
al., 2015) matemanudouldriaiu Wuamgildmadeaninveadondvdeddudu
HemAntuoghdldauysal Tnsanzidenileguinunananduniloan (Sturkie, 2015) ognslsf
a nslienufeudigunnilias wez/mie sreznainisinnmiouiiui siliAnnisde
anmaedlUsAulududenliogauysal usvziluamsbiAanisanunniiuld (overcooking)
wazilvnandn (yield) anawognaditfudifay (Pathare and Roskilly, 2016) faifu nszuaums
Tianusoudivilsilaindesfiviedsedlundundesniinnindeanin taeliiansgade
duninvewandnegraiifedfyInasinisfinm

n1stiauseulaglulasian (microwave, MW) tinana1useunteluaInnsvyu
vosasUsznauiidva (dipole rotation) wazmstnaudeuvedlossy (ionic conduction)
wilghlsluanafinnisduasiiieu (molecular friction) wastinarudoutunielundndus
e aneldaunuusing nlvin (alternating electromagnetic field) (Hebbar and Rastogi,
2012) Tugnaimnssy IMemans wazn1suiumg (industrial, scientific, and medical (ISM))
¥29nd uanud veaveslulasi dszgndldlunislinnnudouds 915 uay 2,450 MHz
(Piyasena et al., 2003) mﬂﬁmm%@uéﬁaluimnw%’%’umwﬁwLﬁm%uﬁluqmamﬂﬁummﬁ
Hesarndunislimuseui ouazldndsusn (Jouquand et al,, 2015; McKenna et al.,
2006) agslsfmunisliausoudaelulastnansaviliinninedoudliadwausluile
windunay (marinated meat) tiosannduiiefaulaiduiieiontu (heterogeneity) il
ANNRUILAZIUNTI (geometry) WRNA19NU (Vadivambal and Jayas, 2010) 9 Goksoy way
Ay (1999) 31891137 Msbinudeusaglulasineslines (whole chicken carcass) 71
AR 2,450 MHz fdsluiin 500 e (W) 1381 5 undt daalgamgiildunnsinafusglurag
15-5 °g sewingsiiediueniasen wena1ni Jeong wazAmy (2007) LLﬁmIﬁLﬁuj’]LﬁJ@MyJUﬂ
(ground pork patties) 7 viuind ewdalianuseudiglulasiand 2,450 MHz Iﬁ’qquﬁﬁ

WANANNAUUSENI 13 °8 SENI 19U U ILAEATINAN9TBIR188e BEnelsAnu N5l
Lulasialvimnudousunuisaaaa (conventional method) dis1891uinyreusulsdliiiia
nslimnudoudiasiiane Wi NUsEANS A MYeINTEUIUNTNARUALANGUNY (Datta and
Rakesh, 2013; Hebber and Rastogi, 2012; Geedipalli et al.,, 2008) Tnawalunszurunisle
mudounmsivesioenlildnszuiunisnlem fufeddszeznandeudiouud 30-50
U9 Lﬁ@imﬁqquﬁmumw (core temperature)ﬁ 80-82 °% (Pathare and Roskilly, 2016)
nsliaruseumelilasnnsufunmsidledfaesiinnsedeuisaudululdlunisdae

anNSINYALTOALAS



nszvaunslvimnfeuinaog1sBedensasuuadassaiiavedusiu Taodanals
Wsfiudns (unfolding) wazsausi (aggregation) (Bertram et al., 2006) Faau1saesune
¥1nnsiasuntadlasiairamiendl (secondary structure) woslusau 1iun o-helix, B-
sheet, waz B-tumn yWiFesnsudrosudunsusaaiuninsalnd (Fourier Transform Infrared
(FTIR) spectroscopy) Tnsialuldlun1sfnunlassadimisgiveslusiy yidosnsudwosy
Sunsnsnauninsalnlannunasuasdulasnou (Synchrotron radiation based-FTIR (SR-
FTIR)) tulduaedulasnseud dinnudainamnnnitumasudsain conventional globar source
U 100-1000 1 vhllanzasuinaiiasalusietaldmeuamunnidnds 3 um (Pascolo
et al,, 2014; Yu, 2006) G3n15TnesdUsznaulusegrsves FTIR Al ludailaiiy 10 um
(Petibois et al., 2010). Tud A.@. 2010 Ellis wagane LUaWgI1aUnns1989 SR-FTIR 4
AN IINE S LdrlefuBurTsnannsalnTuuudaiy (conventional FTIR) fitos
\Un (aperture) Bunaidniiies 3 x 3 um?2 Tag SRFTIR @1u15an539alnensafilusiuludu
duideniiflvunnogiaies 8 pm (Sturkie, 2015) wagliarnasifidinunmgani FTIR wuy
Fada fatu SRFTIR thazanansathu e iadedsfifiiuiivuadniaularulududen
¥ Sogusvasdresideifoannininadesunduluieentiunan Tnenislianuion
dhelulasinsiuiunsliledh nuisssdiunaunmveaisenliuingnildannseuaunsl
arwdou vennifinuinisideanmusadeniiviedseglududonvent sanliungn

lngldnSeivaudresudunsusnaninsalnlanunasiasgdulasneu (SR-FTIR)

2.4 M3afinAaaIaLIINTaRnaNlifIBEnIITIINLATAMAN BN TLAT]

Jagtuuslaaviunnusiaaiiolniiuuiniu tnedlyarinsnaianilandssuna 23.7

WUA1UUIN (https://www.statista.com) L 890 28NTEUIUNITTILUAZA LA N DULT 14

&

nsrUIUNISKUT VLY Iandananasela (Byproduct) Wusnuuuin 1wy wselu U ey
lAsansean nseaneeY wavdu ° Feasnaunidunillundananasslnainnistiunazieie
ImEJLmeaﬂﬁﬁﬁmmqmammimzﬂ’maamamaafL‘UmémLi‘]%ﬁ%ﬁé’@i WAaaRaUL T ULAAS
] a 9 ~ ) ! & ' A A
avauvasneaaay reaaululusiuduleinauiusguenas TnglunsegndeuiliuTuiu
ABAALAU 60% et niinuiis (Eyre, 2001) AeunisainApaaauaInaenatazidunisiia
waAmlifunandaxanassla
[ [~ a & a I3 [~ I (Y] <

ARAANIUTAIUNBALUDSTINN TasrUsenauluatamulng 3 ae snsiunudu

\nAeaaNane (triple helix) dnsnerdly 3 @1 Aelnden 1 seu ddvunsaezdluduuuu Gly-

X-Y @alnsaududiufivililaseadi triple helix w@figs (Shoulders & Raines, 2009) UJagUu


https://www.statista.com/statistics/263961
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wupeaanIuegiey 29 yila udazvdiadsiadiy laseadawazunadeinuunna1eiy Aeaan
RundAey laun aeaaauda |, 11, 11l V Fereaaauvile | gnihunUszendldlugaainnssy

v A

varnvangleun Snaideuuems omsiaty ussasusienns ldnsen wedesdiens msdan
818N19N154NNY waz YA (Martinez-Ortiz et al,, 2015) Asaanauilnuaud@iduned
westnmitdnduldtudedelusame Biocompatible) Vililufiuieniouaznssdulst
Lﬁmmsa%qgﬁﬁ’uﬁiaéfmﬁﬂ (Ruszczak, 2003; Zou et al., 2020)

uriufinunaneaaiay iuuiuAvhinnTngwadweimadanim welddmsuau
uwa Usznoudeansfidudanisadne matrix metalloproteinases Taeifisnsuanseanvasiu
AoaalaY warthedasiudeainaeuen (Moura et al., 2014; Wahab et al., 2014) wxuUn
wran1en1sAnatnivg ddrulsenouiiduneaanaueia | Ussana 55-60% FenEAN1910
AamianTerdureads d1 ny wazlania (Pallaske et al., 2018; Wiegand et al., 2016) i
nsfnwnisuwdnnanaseliunuunasaeaanaurial lawn wenzngy nislaranesidou
LagnsERNuNg (Khong et al, 2018; Wang et al,, 2013) n1safinuazAnw1ABaaIUINN
nasaaududulsduiinsinviiloussgndvasnaslnidefdundawanaosldunfuingiu
nauwnulunsaineeaanaulugnavnssy

I@EJﬁ’ﬁiJﬂﬂiaﬁ’maamLﬁ]u%ﬁ‘i%azawasﬁ% fio nInezdanLaviouladinudu lag
nsnezdfnagluifinusmdnnslniinsenineans ohelix vliAnn1sneduazaats uwinse
aneusglanaudseningluianalaenn nisanameeulsdnudu lnoioulydagiddin
Wusgludrnvesilamulng JsasilildusinamandnfiuinninnisatngiensnesiRalaedi
Fanelassadnanaenamaievesnaaaiiau (Hong et al, 2017) M3afnABAATLIULUUAIRY
ﬁ'aEJﬂimLLazLaul%ﬁLWU%ulﬁmawﬁmaamLﬂuaq'ﬁ 0.1-6.4% Way 0.3-36.2 % ANa1AU
(Abdollahi et al., 2018; Cheng et al.,, 2017; Jeevithan et al., 2015; Munasinghe & Schwarz,
2017; Jiacheng Wu et al, 2019) Fan1safnreaaiaunuusaiuiide defoldszozinan 2-¢
$u uarldndnnaneaanautos fujusndudeimsinmnmsateildssosnaiosuayld
NARNaLRLTY

dudanswdgniuUssgndldlugamnssumanesuiiefiunands anadmidy
fiv waznszvaunsndeidudinsdedwindau (Chemat et al, 2017) Adudansigimidu
Wé’fmumﬂmsé"usuaaﬂ?{uﬁmﬁmmmﬁﬂﬁumé’uuazqmmﬁqﬁu (Ashokkumar, 2015;
Chandrapala et al,, 2012) #51891u31nsTdpdusanswaitefialsinandnraneaaay
17 (Al et al., 2018; Kim et al., 2012; Li et al., 2009; Song et al., 2018)

ALY IRA USANTIIR LA ST EZAI T NaReUS UaNEANE T9189u1 nsld

T Y] I3 Y = o i a a a
ARUBARNITIYIIAN 150 3168 5 U IUﬂqiﬂﬂﬂﬂ@aaqLﬂuzﬂqﬂﬂﬂﬂlﬂ FANUITAUNNUTUIUNA RS
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aoaaauld 31.25% (Zou et al,, 2020) Mslénaudans1gm 2,990 Sadaonsusuiuns
Wuian 36 uni mmiaLﬁmﬂ%mmwammaﬂaamLﬁ]umﬂﬂszaﬂé’uaﬂiﬁiﬁqqqm 84.14%
(Akram & Zhane, 2020) aMns1eeusanawansliiiuinnsldndusansignadaunsetiediv
USunauananmoaaaulazanssazanlunsanala
lassasiendeiauaevesneaanauiiunumdidglunsinimunduingnm
190715 Ng (Oropallo, 2019; Wiegand et al., 2016) fisneuinnislasura udansienas
100% 1futnan 10 und finavinlvireaaaulusiusiyudiinnisiuasundas (Palumbo et al.,
2011) Mmsldrdusanssnamdunal 24 Flusdinaluvaielaseadrs O-chain vesnoaaIY
FuisUannen (Kosaka, 2012) uenanillassadnemionivesneanaunszgnseudueniign

Matedlelasurdusansieimidulal 36 U (Akram & Zhang, 2020) N15ANEIATLY

'
A U [

AaudansITInRenIsiUdsunlaclasiasisvesnoaanaudavndu duluinguszasAves

[
=]

NWITBLABANYINS AR UDANIIT1IN MUNITANAADARILIUNADAAU LNLALANYIAINUT UV
AAUTANTITNIN AL TLULIARDN5 UAUWUALASIAS1ILALANEUENIITILA HVDIADAANIUY

yanaunannmeITALRLLazNTaNAReLU YU TU

2.5 wavaInslinaudanstgnnanudugadanuandanisaiinnenmvaslusiuuanlaly

Te@uannuaniia (Oreochromis niloticus) Tugan1aziinnududuvanaalsneunaalse

1
o

M1

Tsfululoliusaans lulUsiuiiazanaldfluansazatsindelafeunaslsd (NaCl) 9

fpududuninndt 0.3 e dntundelaieunaslsadadiunuimdidglunisiiaaves
a o d 1% & 9 a a Yo [N

gmsmihanlusiunauile JagdunsandSinalusesluemnsiasuaiuaulaainguilaa
[ o = Vo a a 4:1' a 1 Y a 1
Juduann esannnisiasulaiesludiinanuniulvaunsansiiiinlaymdeguain
1o wiu Yspanuauladings Lsavilauasvasndon Wusu (Kloss et al, 2015) N1snaRIMIS
navedlUsiunauiandindeludsuiaiiddasumsiauntuuuiugiuvesnsiinagns
wagIsmsnvanuateiielvildnfisanudeinsresiuslan lne3snsalunlddu A enisld
indestinduiionawnunisldlafenluuisdiu 8938nsilasdmaldsausesanfvaviloduda
¥8443a (Tahergorabi & Jaczynski, 2012) JagUuiinis@nwiigaiunisusulsquanda
avedlusiululolnusaanfidleldindeluusunasilaensiitansusausiang 9 wu laweulnls
WoaLnn (sodium pyrophosphate (Chang et al., 2001), N51UNQ AT LUAIINL A UNT &
(microbial transglutaminase) (Uresti et al., 2004), warnsnazdly (W ety Fawndu wasda

LY

) (Cando et al,, 2016) wananddanuindnslanszuiun1sdu 9 loun nstalulasim
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'
Y A v 1%

(Fu et al,, 2012) warAINAUAITINAMEY (Cando et al., 2015) Jagtunmisussyndlinaudans
¥171AUYNGS (High intensity ultrasound; HIU) Tunsyuiunisudnemisgnuiunideedi
e illesnnifunszuaunsiivasade Lififie wanifumaluladiiduiingseduinden
pdusanTesmutugadurdudaiidanuden (16 - 100 kHz) waimdsnugs (nevhly
wagd 10 - 1,000 W/em?) (Soria & Villamiel, 2010)

N3EUIUNIAINTY (cavitation) \inann1saegy (formation) vadlothilfivuiaidn
unfvoyyadaseifianulidedfAsenas TnetiluasiAnd useninanszurunsledindu
(sonication) FsneliAnnsavanvesndsny, Mainaaudeunindanugs FERVSTRREIAVER
o dululs (Soria & Villamiel, 2010) ﬂszmumﬁméwﬁﬁqmadwaGia@mauﬂ’ﬁmaLﬂﬁ
mMenmweses Tasamizlusiundunie dufunislindudansmmdnnuidugeenatieia
mnuasnsalunsazareveslusivluloludaasluanneilfindenududusii Jso1adana
sonsusuUsauauiRvesaald msfnwreuntni wuih nsldedudansiem et
wanNANdINA blUTAWAANITHENM tagaunsauTulssanuaansalunisazatevadlusiu
luTolwusaansfirranuussveslonaugauds (Saleem & Ahmad, 2016) widsildugieluns
nszdumMalad maineinazmainjitensendinduveamnyilsiduvedusiulilelniuia
a15 vy nylalasivida (hydrophobic group) kaenydalansa (sulfhydryl group) (Liu et al,,
2017) wonanil n1sldadusansendmamdugeiuaunsoisanssuiunmstiemmaasves
TwAvunaslsdluilo (McDonnell et al, 2014) uagtaglunisusussnaaudRveaaaiiin
mnlusiulaleliusaans (Zhane et al, 2017) msanwrfinanuddutuasldindeinau
g 1w 0.6 Tand wagandeyavrsdruiidnwnieiunisuszgndlindusansien dany
dagedenaidadiveddusiu - luleliuTaansflannsanududurendosdu Sanamy
Fosralusuauanansolunisazarsvestusiu dadu nmsdnladesdungfinssuvediusiu
Tuannzdifindedudusnieldnsldnau Sansendanuidugedssniuegisde Wesan
annsodanldiiewduiumislumsiauinas Sueiiaaanlusauidindeluuiununilee
Usmanmsldarsmaunuladion uaglaeialumaimaaveslsiuduaziuanmsgande
ANINTTTUTIALNEIUNNAIU (partial denaturation) YaslUsAU MNMBNITTINAINUTEIUTAY
wuuldanunsadaunduls (irreversible aggregation) (Lanier et al., 2000) oy msldndusa
AR NFMNuugIdio1adsHaien AUl dsanin wagnssudvedlusiuds

21NARBAN YL LDEUNAYDIDINTIIUM Y
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2.6 nsuannUnandlauiiniusandntuseauwaaainyUaniia

nsuanlusiulalaslaaniielifimdlnafdigniniedianin (bioactive peptide) 1Uu
wwanslunisldusgloriuagiiuganivesiusivandanfamdlnaiiinannssuiunisgee
aaotoulgineldaniigd ivunzan awisanansandinisiduaiseongminisdanin

(bicactive) 7l na1n¥a1e YU aAA1UuA W (antihypertensive) ann13ANBONT LATY

[
Y a

(antioxidative) IusxﬁUL%aéLﬁ'mqﬁﬁuﬁu (immunomodulatory) §ugaaumn3el (antimicrobial)
FUuT579 (mineral binding) 1 o1 1N13AATNVDILT 51 AANITINEAIVIA LA BN
(antithrombotic) s1udvanmAsLadinesoa (hypocholesterolemic effects) (Arihara, 2006)
lelnslaamiinand uanunsnilundssuifusdadasionafiogunn (functional food) 11
TUsAuge egalsfnulusivlelaslaaniivualduiiosusudsuianssusueyyadaszan
ulvdlussuumaiue1nis (gastrointestinal; GI) FarnuduRussymInasEiunNsepeves

wulwilunszuirunisuanlalaslaianwazeulesiannssuunaaueIrmsdinedlasun1sAne

[
[y

a -Qy v g a =2 ! [ - a ! 14 L3 a dl' a
WNINNTY AIUULATINIGD YU Gllu']LWE]LWlIﬂ;Jlaﬂ’]LLﬁSﬂ’]iieﬁﬂigiﬁlsﬁusUﬁNUaWUﬁLW@Nﬁ(ﬂ

a s

lshulalaslaanifignadveuyadasenislaannisvangay nsAnuliiiingUssasdiiie
Uszillugnsiueuyadaszvesnisdes Gl luvaeanaassvedlusiulalaslaanandaniiame
STAUAN 9 U89N15808@a18 (degrees of hydrolysis, DH) 3taT1z% Arusandiaduluszau

wad swdaleseianuduiusseninmsedisazianssuiueuyadastluwadlasunis

1
(4

TR ITUAIUNITILATIZROIAUTENOUNE N (principal component analysis; PCA) Lagn1s

a 6 £ Y 6 a 6 o . L
IATIZNANAUNUSVDINYTAY (Pearson correlation analysis)

2.7 aruanwazvawndlnaanlarlauazmstgeslussuumafiuamisinassdsalusunsy
ABNNILNDIADNISATUDDNTLATUTLAULYAA

AUASENBBNTATY (Oxidative stress) 48293 UNTLUIUNIITNINENT S TINEN
(pathophysiology) #a189819L8UAINYS) (aging) N9 ALEY (inflammation) TsALUINRIU
(diabetes mellitus) kazueisa (cancers) (Nwachukwu & Aluko, 2019; Sies & Jones, 2020) &
senumMITesydandlndfigns fusuyadassduiuanniindnainumasineg (Fan, He,
Zhuang, & Sun, 2012; Huang, Lin, & Chang, 2015; Kangsanant, Thongraung, Jansakul,
Murkovic, & Seechamnanturakit, 2015) asJ'NliﬁmmﬁmiiwmuﬂdndwLwﬂlmﬁﬁqwéﬁﬂu
oyyadasziuunliufiazgndnutasnieldssuumaiuems (sastrointestinal (GI) 118991
nsviauveseulydlussuunaAue ns (Gallego, Mora, & Toldra, 2018; Ren, Liang,

Zhang, Hou, Li, & Ma, 2018; Zhang, Noisa, & Yongsawatdigul, 2020) msszmwﬂlmﬂ“ﬁﬁjaa
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n&a Gl fanmdsadostugunmundudosniunliuiiggafunazdndee Ty
gl wamUlnafindalindannnnisges 6l Tunasanaassdadiunuediofu (pancreatin)
ﬁwuauwﬁﬁaLLamqwﬁséfmawaSaisaa'wﬁﬂ’aﬁ’ﬂﬁ’iy (Zhang, Noisa, & Yongsawatdigul,
2020) FatiunsUudieuveunilndiuasldaneylellussuumaiuewns Gl Tnonsaanssn
nlusiRns o/ uarnsgsvaaeveuauledlussuumaiue1s Gl vilmananuiinielunis

biusgvsuasseumdlnandgnadueuyadassindnlaainlalaslaaniiiiuniseesly Gl

) A A

A3 o9l oTransaumAAIans (Bioinformatics tools) L4 BIOPEP http://www.uwm.edu.pl
/biochemia/index.php/en/biopep Wag Peptide cutter https://web. expasy.org/peptide
cutter/ Fnagiluldlunnsgesemssiassiaelusunsuneufiames (in silico GI) Wieyiune
fwntafi eraiansiaiuszvenUlndlumnafiuemis Gl (Aeyei, Tsopm, & Udenigwe,
2018; Gallego, Mora, & Toldra, 2018) Fetredaniondnidesinissuniuveaeuleilussuy
H891M5§188UUY in vitro Gl feiulunisdesemsTiassdislusunsuneuiames (n
silico G) \iudsmanilafivaglsiviunsuaznsunananvesngundlndvdanisgeslusyuy
9113 Gl veslushulalaslalan
usnanadeuUlnAidigusiusyyadaszaaiudimsaaeugvsiuoyyaaTY
Tusgfuwad (cellular antioxidant activity, CAA) @sagliinanisida/fusyyadassindifos
FURUTLUUNI9T I NLNE 97 U (Lopez-Alarcon & Denicola, 2013; Wolfe & Liu, 2007) &
srvaunaniandlndi igns fueyyadasedieds ABTS™ leun NTVPAKSCQAQPTTM,
FLKKISQRYQKF, ALPQYLKTVYQHQOK tag IQPKTKVIPYVRYL Taedl Ad1udusius 4§ 9uaniu
Auatusalunisnidneyyadase ROS lutgaa (Tonolo et al, 2020) tnulng
NTVPAKSCQAQPTTM §avilitAan1suaniaonveidu superoxide dismutase (SOD) d7u
YLEELHRLNAGY LLamﬂ%mmmmsﬂumsﬁﬁﬂa%aﬁaﬁzLLazmsLLamaaﬂsuaﬂguﬁ%’ﬂﬁﬂﬁ
L1AR SOD Way catalase (CAT) (Homayouni-Tabrizi, Asoodeh, & Soltani, 2017) ag19lsAny
wUlng FNDRLRQGQLL Waz DVNNNANQLEPR fiauaiunsatunisiidneusyadass ROO.

[ a

maadmniundlng GLVYIL kaz YHNAPGLVYIL uafimnuenunsalunisidneyyadass ROS
lusziwaalnatAssiu (Du, Esfandi, Willmore, & Tsopmo, 2016) wennd Fallseanuinmy
IndanansausuBudueuyadasy laun SOD, glutathione peroxidase (GPx) way CAT toulas]
waniidesuneinuisitestunalaiuguvenndlndfidqnifueyyadasedilidaiay
(Homayouni-Tabrizi, Asoodeh, & Soltani, 2017; Tonolo et al., 2020; Wang, Ding, Xue, Ma,
Du, Zhang, & Liu, 2018)
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2.8 Mmsldadudansennanuduguialiuliinisiianavesysivamneunsiiilyney

AavlsAnn

nszuIuNIsAnaa (Gelation) lunsdwesidrdglunisivunnuainve s

1%
% (Y 1 v A

HosanduladendniiinanenudnvurvenlodudauasUssamduiavowmandueiysd lay

q

v '
aa o a

mMsiAneavesyiituAndedlasasaiulilelniuiaaslusiu Inevhlunsazarsvedusiuly
Tolnusaansdnduazdasllanaunaslsmdudu 2-3% (Lanier et al,, 2000) N15aAUSUNMUD4
TnAeueaelsdfinarinlinuannsolunnineavesiimas iesanlusfulianunsnazane
Idodnaiismenazilagnoanldlid (Lanier et al, 2000) fatiu {jmwmﬁﬁqﬁﬂﬁlﬁmmmﬁmm

'
aa sl

nwaluladndumasgulunisndneaysinldusunalassuaaslsdm

(%

AAUSANIIMIIRAIITNES (High intensity ultrasound; HIU) Savdwmaluladiiie

deandeuninduaiuden lusenitanssurunislatinduiuazinnisnefkagn1syuiives

Woso1nAd sdanaliiinnisavauvesmnasnuuazlulasansuds (microstreaming) A5A1Y

'
a a o aaa VL?-I a

D339 (Soria & Villamiel, 2010) Tuvauzifieiu euyadsefivhufiseldgeanusaialaan
Tuianavesi Tnsfleyyamariuoisnsyhufisensuluanaduniongudu o Avhuiisenls
U naudai-lansaveslusiu (Soria & Villamiel, 2010) Yaqtiufinsihadudansiendaiu
Wuganuszgndldii ousudssnaandamaninnennvealdsaululeliuiaans leun
ANaINsatunisazate wudy (Liu et al.,, 2017; Zhang et al,, 2017) mﬁ%’adawﬁﬂfﬁ
78971731 mﬂ%@%é’mm%nﬁszhEJmwﬁ:umiﬂmEJéﬁaaﬂ%ﬂlﬂ@lﬁ/\lu%amﬂﬂiﬁu, A9
Lﬁuﬁu%mgﬁlmauﬁmeyj%mm‘%a (Wang et al, 2017; Zou et al,, 2018) ms1zaziiu
nsiuauansalunsazatsvedusin  luleliuIaauaznisaaesiveslsiuieenad
drutaglunsiinufduiugseninsanelusiunarlasaiieveaaa (gel network) uanainil
iAderouvthvesnmzdite wuih msldrdusansimndaiandugaddneanlunisainuen
TnlaTedui nelaiivunaslsdpinududusn (Tang & Yongsawatdigul, 2020) farfy 34
anunsaduiugulainnsldedusansendenudugenadsadsuindetaasiineldanig
fifingem esmnanuannsolumsaragvestusiuiifuesiusznouiuguvdnlunisda
198

J230u nsfnwuneriunmislidmalulagveseiudansizninaiudugdlunisiiaig

9

aa v IS

vy gafidsnsdivion adimsldSanmenidanudugeiuioldindumaluladiannsoldlu
msUfudsaaagiilasnannsldansaiivay/vie ules] nuiterounthivesnmedide
wandliiiuinnsldadudanmendendugianmnsonsedunmaiuasuutamiaainignim
vosuaalaluloduaniievarfiannzanududuvededounaslsdiuananaty (Tang &

Yongsawatdigul, 2020) 8¢14l3An1u HaveINstindUSansITaANNIdLgIsenuaLTRTeT
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Wwadnlusiulovafaududuveduivunastsnng q dendilagniuneduie deiu
nsAnwuferivanaudivensadlloldsunisiiadudansigniadaduiten arsiiun

Anwideiuiy WWesnanulanefunginssuvesnisiiaaiinislaaniizniinigly

Y

' 1
(% Al

paudans1wnty ludsdAgildduiugiudmsunisimaluladnisldaiudansienna

ANULgsldiNendanandaianng3anTindeaudutunm

2.9 nansawaanasunwazlalasiauwmasaanlannanisiiaaanazaininsalnUvasnisay
vasHNUalunIau

Uamsauns (Nemipterus spp.; TB) wag Yauinau (Saurida spp.; LZ) 1uiugian

'
A o w o

N Agdmsuldlunsndngsiwnfeuluungiiniae@enyiuesnideslsd (Guenneugues &
lanelli, 2014) Tnevhluagiinnuanssiouszdamunminigiinnvaivam tlesan
Arauana1slumsdansingAva1ndsn1sdu (postharvest handling) uazamamansluiilo
Uan(intrinsic properties) fytu MsdumIsmsusulsnmunmavasysinnUataniouded
anuddny Wuiflaemluineulednsudnganiiiua (transglutaminase, TGase) daiaiunis
Anvavesrdi TneviliiAansidentuweaiusy (non-disulfide cross-linking) TulaTeguany
nin (myosin heavy chain, MHC) $£%#3140154A0Laa (setting) %qé’aqmﬁ’mwznaﬂumiﬁu
dmiunmsisalisendevaiieda (acyltransfer reaction) seninengmisiutagladu (Folk,
1983) laiuuanil Senuinddrnannsalfasmaiamsaaslnanaveddusiuaneulsd
TUsALoa (proteolysis) wagUuugananmuaaals uddmudedidailesiniinduiuedu
(sulfurous odor) uagAeliAnnsule msiiinvesiuseladalwddunisluislunisiaae
Ysulsamsinalnauesysdl nsAWREABsUN (ascorbic acid, AsA) tu nauudussaaaald
Lﬁaqmﬂﬁﬂﬁlﬁmmsaaﬂ%msi'fuﬁuawy}ﬁ’amgﬂ?a (sulfhydryl (SH) groups) (Miyamoto, &
Nishimura, 2006) n3Auaanas g natusaiiaeandiatud uies (auto-oxidized) LAn
monodehydro-L-ascorbic acid wa gL f v u dehydro-L-ascorbic acid (DHA) 1a e sn1y
sysuvfegtliiludndiu nsiineuyadassvesyivasoanlen woulesoau (superoxide
anion) ﬁ/ﬁqmaiﬁLﬁmmsaaﬂ%m%’mmmﬂwaaa (SH groups) kaziinn1sas1enuseladalng
senindluatanavesbuladuatenin (MHO) (Nishimura, Goto, & Mano, 1996) uenandl
lalasiauineseanles (hydrogen peroxide, H,0,) i ua1seendlad (oxidizing agent) i
anmnsowdeniliinnseendinduresmlnesafiniusyladalidiuld (Banlue, Morioka, &
ltoh, 2010) US FDA (2004) szyliinaiuisaidy H,0, Tundafueflad 0.04-1.25% n1suAu

lalasiaunesoanlensiuiunsaneanasindeunsmienilviinnseendintuvesmylness
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1o auﬂszﬁq{]wﬂ’u A9ANE1T3A9  (reducing agents) Wag/m3oa159nTLad (oxidizing
agents) il eduasuliiAnnsidsudmvostustladalidlunszuiunmsiAneagss dslad
N15ANYININTIN

sswiamsldenudeuiievnliiinee Wsivluiovareziinnsdeaninuazdusa
fiu (aggregation) NﬂuLLiﬂﬁﬂ@mwd’lﬂuLaqamaj%auﬁ’l (hydrophobic interactions) k33A4AA

nslniin(electrostatic interactions) wagwuseladalua (disulfide bonds) awnnsalnsUues

a o

A3 (vibrational spectroscopy) Humedafitunldusslonilunisesuienmsudsuulas
laseas1eveslusiu (Wei et al, 2018) WiTesnsudnasudunsusaalninsalnd (FT-R)
anunsaldfnnunsudsuadassaiamiondld venaind suuaningalnd seldoya
voslassasmiend (tertiary structure) vodlusiu saudalaseguvesiuseladalng (disulfide
conformation) Wus#lalnsiau (hydrogen bonds) wagussfsgaszninsluianal luwouii
(hydrophobic interactions) (Li-Chan, Nakai, & Hirotsuka, 1994) Sty ﬂ(jL%EJ%VlimﬁWa%m
Sunsusanazsmuawnlnsalnl adumedanduaduiu Ssannsaussgndiitelfosuiens
Wasuwasislulassaimiegivagaiogivedusiufignnienilasnsaueanesdnuas

lalasiauwasannlan
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uni 3
BANUUNITIAY
3.1 91vugUieEulushu Ikuesuaslusiunaulviues

3.1.1 IngAuuazaISLAll

& o

wlsd11 (Rice flour) agdllaagaan Uem wwwuesa fin lusdnd 91rin, Soy protein
isolate (Profarm 974) , Whey protein Isolate (WPI 9030) 910 U3t 3a7 Loumeslnsd $1in
, Hi maize-260 uag Fiber sol-2 9710 Archer Daniels Midland Company
3.1.2 NMseseuA20819ud99190EY ingredients

gn3711: control (100% RF) tw3esutadng (rice floun) USumudulsiiu 25% ifu
ﬁaa&imm?aw‘f’fugﬂ Tnglidesetradu control

qm‘ﬁlZ way 3: 10% Soy protein Isolate Wag 20% Soy protein Isolate lagLn3 vu
w9917 (rice flour) W@y Soy protein Isolate 8M51@1U 9:1 uazdnIIEIU 8:2 MATUUTY
auguvesutainanliidu 25 % LﬁUGT’;@EhQLm%EJw?TugU Tneliidasogradu 10SPI uas
20SPl @ua16u

qmﬁ 4 wag 5: 10% Whey protein Isolate way 20% Whey protein Isolate 1n3u
utlst7 (rice flour) wauiu Whey protein Isolate .8057@U 9:1 uagdnsIaIU 8:2 NS
auguvesutadnadlidy 25% Lﬁuéhasmm‘%su%ugﬂ Tnelidoogiady 10WPl way
20WPI sua1nu

an3?l 6 WAz 7: 20% Hi maize Wag 40% Hi maize Wwenuilain (ice flour) wawAy
Hi maize §as1d 8:2 Wazdnsd 6:4 MntTuUTUAET Ul s anaulfdy 25% i
fhoghasiontugy Tnglsibososnadiu 20HM way 40HM mudy

an3?l 8 WAz 9: 10% Fiber sol wag 20% Fiber sol Wwsnutladn (rice flour) wamAy
Fiber sol §a51d7u 9:1 wagdns1d 8:2 MntuUSuaudureudlnaulidu 25% v
éhasj’mm%swﬁugﬂ Tnglidosetiadu 10FS uway 20FS mugdsu

qmﬁl 10: 10% Fiber sol + 20% Hi maize Ww3auwUU17 (rice flour) N@uAU Fiber
sol way Hi maize §as1d7u 7:1:2 antuusuautuveadlsduadlmdu 25% Wiufedis

wenTugy Taelitedetnadu 10FS20HM
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qmﬁ 11: 20% Whey protein Isolate + 20% Hi maize + 10% Fiber sol tn3eats
211 (rice flour) W@NAU Whey protein Isolate, Hi maize wag Fiber sol 8 ns1d9u 5:2:2:1
ndulsuruturewtsinanliidu 25% wudegrunIendugl iedegradu

20WPI20HM10FS

3.1.3 mswﬁmﬁfaadwﬁnﬁugﬂ

wAndnTugUanudadnanuaniusiu vislued warlusfunayliued tneld
Lﬂ?laﬁl,aﬂeszgL(ﬂai‘(co—rotating intermeshing twin screw extruder: APV MPF19:25, APV
Baker, Inc., Grand Rapid,MI, USA) wilagnsanyuniuny ﬁgﬂqumﬁm%mﬂgﬂmwu
wAnsauatlainessia (non-expanded product) fintlsunsasivinelianuioufiaunsowinis

muANgnilla 4 9 Tneauaugumgivesunsaluiel, 2, 3 uag 4 131 70, 90, 90 uae

v

60 pemnwaldua muawy warleundsinnaudidinsosendniinesiiunisicdounlaned

nderangedudideu lnedeuingfvvesansi 1, 2,3,4,5,6,7, 8,9, 10 uag 11 sedns

'
=% o

Uz 3, 3,3, 2.5, 2.5, 6, 7, 3, 30, 7 waw 2.7 audny deingaundeuidndiniesendns

[%
o

westuinsusuauuliiusia 25% nseannusiseuang 30 seuseunit wiulau
(die) MdTugUdusunsauandty Werwsmesani tiudeyaanniaetendngnes iwu

gaungivedendniinm (product temperature) gaungilunsiagy9veuisa AUsmesa (%

torque) WagiuiegeNdNIMAIWIFIE e TIgang e inusnwiievinslins ety

falu

<

3.1.4 psuAAEuEUNRAR

nanEuaUAnRnud sl nenauTUsAudmEee (SPI), Tusiuus (WPY) wayTusiu
anlA (CK) TuUSans 20 way 40% Tevwtin antuusuanutuvewesailsile 30% warnily
siudngiedosondnsineslagldaniisduieatunssdndniugd Tneldutiudau (die) 3

aa

wnaufdvwingde 2 dadwns dewduaUninfnuntdwdaueenuiwd i bluninuiei

a v =

QNN INIelY 1 AU UTUNTENWAMNYUAINTT 10% InUudadulviaiiues 30

LYURALLUG
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3.1.5 NSVAFDUDIENTNY

W3ENAI8E19gAsT 11: 20WPI20HM10FS wiufiusnwfigamndl 4 esmaaided,

a v IS IS < A [3 v 1 ~ [

gaunilvies (27 asrwaded) uay 45 sarwallea Wuian 6 ey lneiiuiieg1auiiieih
NTIATIEnsasuLUawuE wasilladuda vn q 15 Ty
3.1.6 MIAATIENAE

nldaslunsyuenldfegauuaduriugudnats 5 wuiuns wdauildia L,
a* way b* AIeLAIeYInd HunterLab u ColorQuestXE lage1duvannisinnisnnnsenunas

nsasvouvLadladnwiusiage Tneld D65 10° Iuwrasniinuaa

3.1.7 N1531A3AENUANI9N599AY (Cooking properties)

AnLUaI91nI5n159049 Singh et al. (2005) Fet1fuiudn 10 nsu lalunszdes

a a

paflilley WNWINAY 20 Haddns diluawlugraiiniunuaangil 100 semgaldd Juian
W08 1998NUNATIUAIBUNLNTZAN NN 9 1 W L3UNWIT9 10 sunseislinuadiunded
117 Mndwnldnzunss Nalingumgivesuseunn 10 u1d Jedmidn uaaildauuriam

9

I
KNENIN

v A v A = vy a | & v a |
-5888L98 1M1 = NateeNanN M it1AnRaNINNd 90% veuudnd1ansely
NUANUYUATIAIUNATY (Bhattacharya, 1978)

wming1ign - Wmiind1agnuis

“USunaudildng = - —
WIUNVIIATIAS

¥
'3 s K

3.1.8 Mmynneniileduiavasinign

Fat7 10 s lansedeseqiilen Wuhndumiifuuimasndldvaadefinld
rasu arliadn dilunduginimuaugungdl 100 ssrwaidea THalunisgady
wihfunailunsysiuinilddeiu anduidiiSutonmgiives iiulilunivuzda udn
ilUSnautinmaidedudasoniesinieduda (The TAXTplus texture analyzer, Stable
Micro Systems, USA) $28n15nad1tantien 149aiauuy cylinder probe (AuneLdun1u
AUGNA1T 25 fadluns) NARleA1us3 0.5 dadiunsreiuni (Hanawazaaui) 7 90% strain
FaA1993U53nT2YI (Force Compression) Tngusinagsand 1dlun1sin Aed1anuuds

(Hardness) hazisenegegainldlun1sin feriaiuwmiles (Stickiness)
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3.1.9 Kinetic digestion

o a

FIi198190 s duliaziden 0.25 N5 laluviasngaeaun 50 Jadans LAu

arsazastoulysl porcine pancreatic Q-amylase aslu 0.5 fiadans mmfuidqmlﬁaaﬂu
naontos 4 su waznanliidrTudae vortex mixture uru 20 Junit Mnduliuansavans
wulasl pepsin adlu 2.5 3adans Unlu shaking water bath iiawwenfinanuisaseu 170 rpm
flgunndl 37 ssmiwaldoa u 30 unil Wnansazaneleeslensenles anududu 0.02 T
an$ adl 2.5 Taddns wWieusu pH Wilunans Wuansazatsesdimatnimes wieusu pH 1du
6 inansavaseulvsinauves pancreatin uay amyloglucosidase adlu 2.5 fiadans antiu
dudiagausuna 100 lulasins mmmmﬂ%mmﬁwmaﬂqiﬂaéﬁam’%"aa slucose meter a3
FLYLLIAN ﬁx‘iﬁi@lﬂﬁj 0, 10, 20, 30, 45, 60, 90, 120, 150, 180, 210, 240 U7 Imnmﬁ 0 Wil
AoNTsduieL 1N NaunasazangoulYika
Lm%mmsazmwmsgmﬂqiﬂaﬁmwwﬁwﬁu 0.2,0.4,0.6,0.8 way 1 dadnsu/
fiadans wognsrainuiuasinianglaadieinios slucose meter finuidudusing q iite
W MaNNsANNFUTUS ST INAMUTLTNYRE SATAEN IR SN lAAR UAT AT NTY
maﬂﬁfﬂmaﬂqhaﬁlfmlﬁmmﬁ‘%m slucose meter ﬁﬂﬂ'm‘%mmﬁmWaﬂqiﬂaﬁlﬁﬁlﬂﬂLﬂ?'aq
slucose meter MNTEELAAIA 1 idaAILEITueaIanglaadasaun s Ld
INEANTALAYUINTFIUNG LA
ﬁ'whmmLﬁé’fwﬁwaaﬁﬁmang‘lﬂﬁluwiamsammﬁlﬁmﬁﬂmmm digested starch

[

(%) Tuwsazinan TnewloufuuSua total starch il fisil
Usuneu starch (mg) = UaninA28819 (mg db) x total starch (%) /100
Digested starch (%) = Avudutuyanimanglaa x 20.5 mL / U3uas starch (mg) x 100

11A1 digested starch (%) 11 plot N30 digestion curve WIBUAULIAT ATUIUNY

dnsmsgndes (k)uazenududuveshnanglaaiivian o (C..) anaunisdeluil

(n(dc, /dt)=tn(C_k)-kt
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il C, = Anuduturanimanglaaniian t
Coo = ANUHTUVRIANANGLAATILIAT oo

k = 9m35In15Qnees (/100 ¢ dry starch per min)

1y plot 319921319 Ln((CHl-Ci)/(tM-ti)) waz(t,,+t)/2 Fafuen k e

Amdureens il waze CMwaldangadaunu y (n(C..k))

3.1.9.1 sfaiithna (Glycemic index: GI)

1A k wagAn C AlaunAuaumiunlansin (AUC) anaunsaalull

D= D+D.. o (1-exp(kt) )

Deo= Dy+D.

Deo-
AUC= [Dmt+ TO exp(—kt)] EZ
1

1A AUC unfAuaunian Hydrolysis index (HI) Tngdaa1 AUC vadsiiagnaiisudual AUC

284 reference food MaduvuNTw17 AuaLn1elUl

AUCsampLe
Hl=———— x 100

AUthite bread

11A1 HI AlaunAmiaial Glycemic index (GI) muaunsaoluil

GI=39.514+0.570H|

3.1.10 NMINAFIUNINUIZEMANRE scoring test

Usiiuspduazuunyasioenaimiusuandaeds 9-point scoring test Tngfnnaay
§1uu 30 AT slaiiumsTindy Uszidiuseiuasiuusiug, anwaurUsng, navusd, \iodurta
LATNA ULAYTATIR T AIAIIUSI9INATNEY lnglviinaaeududieg1auarliseiuaziuy
MuUAAIAZLUY 1-9 lagmunli

= = = = =
d NUYON dU-dbniany



anwarsng nuneds susslimieudnan-susiamileudnan
ndusa vanefe nausalimiloutman-nausamiloudngn
oduita maneds gouN-uIwN

aftertaste aneds Lifindunazsavfuts-finaunagsaniuts

3.1.11 N1snAdaUNIUsEaNFUNd hedonic scale test

23

Uszidluauveuredfiieg 19911AU3UgNA3875 9-point hedonic scalelneinaaau

91U 30 Audliniun1siney Usziliuanuseusiud dnvasdsing ndusa Weduda nau

LAZIAYIRNAIANMAIRINNIINEY kazAuvaulnesin Ussiliulaglviinaaeududiiegisuiay

WinzuuunuauYey lag 1 Azwuu fie ldyeauniniiagn uas 9 azlul Ao YauNINgn

3.1.12 NM5VAgaUNIUszanduia scoring test Ussifiuangnisiiu

Uszidlusgauaziuureaiegetndugudnas wasdnign lnggnageudnuig 12

AUTINIUNITARLEDN UTEIlUTsAUAZILUUAIUE, NAUTAL/SU AI935 5-point scoring test uag

nMsuausU Tutn1a1s LarUsziluszauAzLUUATUNAURL/BU 838 5-point scoring test, N1T

gouTUITaed, NsuaNuTeIndu kavnseausulaesiy lnglvivegeunesazauiiogauay

TiseAuALUY AMNUARIAZLUL 1-5 taei1ruald
& wu1889 Beige-Sepia

naw viuneds nauUNA-nAunY/dulinign

Msuausua/naw/lnesiy vunene aunsasausula-llauisageusula

tan beige macaroon hazel wood
MY £ N\
granola oat egg nog |a?wn
sugar cookie  sand sepia latte
oyster biscotti ~ parmesan = hazelnut

sandcastle buttermilk sand dollar shortbread
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g‘ﬂﬁ 3.1 LaUAD 1989 (Nu": https://digitalsynopsis.com/design/color-thesaurus-correct-

names-of-shades/)

3.1.13 AaanuAnieAuiou

AnnzimaAneanilueduvomosanivinue Tsduss q wendngeameinies
Differential Scanning Calorimeter (DSC) (DSC1, Mettler Toledo, Switzerland) Ima%&ﬁaaeﬁa
7 fiaandu aslu stainless steel DSC pan MilU3ans 60 lulasans wazidunnnaulusasaau
1:3 (w/w) Induhlulsieudeudiemios DSCL instrument (Mettler Toledo, Switzerland)

3

lngaalusunsulunsinsizvinigamiiaaus 25-140 sarwaidua 19931 3 s @aldya/uni

U ¥ a

19 stainless steel pan 1andus261989 (reference) wazly Indium 1duarsuinsgiu
(standard) lun1saeuiiisugamgil Aautinisineailueduiviinsinuiided gungd
SusilumsiAaaaniiluldy (onset gelatinization temperature, T,) 9uMgiiNgngeantuns
Aneaftuiedy (peak gelatinization temperature, T,) wag ATNENIWBUNIATTBINISLAR
Lan?butaty (AH) Iaeldluswnsy STARe software version 10.0 (Mettler Toledo,

Switzerland)

3.1.14 AMUATUNIUADUTIAY
nageuAuaNUANIE Nyl adulaan18LAT 09 Texture analyzer lngnaaay
AENURAUAUNIURRTIAY IneinMmagiuduiniiaueiussaa 25-30 LuRwATHUToU

FIAUTZUN 2-3 59U TRgAIUUANITYINaUYDLATEIRIse b

Mode: Measure Force in Tension
Option: Return to Start

Pre-Test Speed: 3.0 adwns/Au

Test Speed: 3.0 Haduns/Aui
Post-Test Speed: 5.0 fiadLuns/Aui
Distance: 100 daaiung

Trigger Type: Auto 5 ¢

Data Acquisition Rate: 200 pps

Accessory: Spaghetti Tensile Rig (A/SPR)


https://digitalsynopsis.com/design/color-thesaurus-correct-names-of-shades/
https://digitalsynopsis.com/design/color-thesaurus-correct-names-of-shades/
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ANUAUNUABLTIAMILAIINAEIEATRINT T mnefauseasanilyfedeg9lvivineen

N IAIELEUEUAUINa1IveIiiegnd

3.1.15 Ainw1lAsea3ne secondary structural vaslusiu wndnganuaziduaUnnnfdusn

ANw1dnwaEn19lATIA319904 secondary structural ¥aslUsiu LONGNLARULAL

v Y v

Fuaunfnfsuan Seiegrnendnganizdeniliualiidunstou drudualindsuan
dlUuRedenssuaunisyiutsuundionudanou anndutndegsiitiunanianis
AAndulasiIBLA3 89 FTIR Spectrometer (Tensor 27, Bruker, UK) uazisad Snfeg1aviin
attenuated total reflectance (ATR) fimueIAa L 400 719 4000 et TnediAn resolution

-1

WINAU 4 cm! Lag 64 scans lUNNSTALAAaYATY wazldAl resolution enhancement factor

Windu 1.5 Aesizviaansunieluswnsy OPUS

3.1.16 N1SAATIZHHANEDR
FINBNUNITNAADILUULUYU Completely Randomized Design (CRD) "3meﬁ%’aaﬂa
Ineldlusunsunouiames SPSS version 14 LagnAgoUAIULANA1AI875 Duncan’s New

Multiple Range Test (DMRT)

3.2 wavasdrunaulunisulniananisgayidsaninnisainusauvesdlulnaduuas

anuduwusiunisiingadenuadluiliaantagn

9

3.2.1 dundunazansiad

Tmisunaslse (NaC) Feannussm indofisne $1in (Wassvdun, Ussndlne) ua
nglaa Ta3unnU3sn nslne St (31903, Ussinalne) ledoulasTndneanin (STPP) Fo97n
U3¥m oAnen lwesdl llAad (Usenalneg) 91ia (@unsuiinis, dsewelng) nsaluain
(HNO5) waznsalalasaaasn (HCL) &edp91nUsEn Carlo Erba Reagents S.A.S. Inc. (Val-de-
Reuil, France) @n1uoadeainu3em Merck KGaA Inc. (Darmstadt, Germany) nsalalulase
&ledn (DNS) Teieudinsn (Sodium citrate) wazn3a-u1aien (Tris-maleate) ea1nusHv

Sigma-Aldrich Co. (St Louis, MO, USA)
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3.2.2 NM5MsgNAlag1laantiuln

idloduan (Pectoralis major) vasiilenamsén (Wug Ross; g 919 48 + 2 Yu
thwinga 3.0 = 0.2 Alandy) angnszpnuasyils Seldsuanlssnuuussidel U3Hn Wiy
1nASU9911T M (WIww), UATSIVELN, Useinelne) Immmm&hasmLﬁaaﬂlﬁiﬁﬁmm@
sewing 250-280 nusiptu warvuliliiu 4-5 lwufuns dnnsden usinegnslugibu
gamndl 4 ssmwadea Uszana 15 9alus niuutsfedraiu 4 nau Nauay 5.0-5.5
Alansu (Usganas 20 3u) udatiaog1e 3 nguusn TWuananeldanainad 80 kPa Ly
sxeziaen 65 W7l gamafinindi 8 esmneaiiea 19ie3esuanidleqyainie (vacuum
tumbler) (DVTS-50, Davison’s Butcher Supply, Los Angeles, CA, USA) Tneunfudunaud
Buansazans feil lefonaaslsdidudu 5% nglaadudu 3% waslndoslnsindveauin
ity 20 Tldanandutu 16.5% (ww) vesiegaioanls dusednangudl 4 1418y
e muauAsliiinsuananiuaisagats vinsuindaegaieanla 3 41 dua

Wesduin1sgaduaiunay (marinade uptake) #AIN15WIA NAUNTT

UIMUNAIDYNNAINTUIN —UULNAI8E19AUNITUIN

n1sangudIunNgl (marinated uptake,%) = — W
“ ihwiinfedienaunisuin

x 100

a

wasnwInthfeg 1 iungamngll 4 esrmwalded Wusseziia 20 Talus uay

Y

] 13 Y !

AUNUAIBEN 3 TU INNLAALYILIAT AB 0, 0, 2, 6, 12, 16, WAy 20 TS UIAARINVING

q

USnadiunnunianvesiu iweanlivunuseana 2 gu. Ladsdausaisnianizuinnand

(%
a o o

Fuitlelviflvun 2 x 2 cm? (5U7 3.2) dhduiilendnlduuauenusazdy dwsuliasigiuiun

loipiey Weanesa uaznglaa
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JUN 3.2 Fullendnanileanlavanisun (A) uazuinaduilenlddmiuiiase (B)
3.2.3 mydensivsnalafsauaznaanea

¥hfeghaiioun (300 n3u) wndessensalunsndudu 65% Usuns 5 fadans
waznsalelasnasnidudy Usues 1 fieddns neldaiasdosaanafatisieszuululasiom
(microwave digestion oven) (Multiwave 3000, Anton Paar, Ashland, VA, USA) firds 1,200
T 30 U1S way 200 esrwalded [Wuszeziian 15 W1 m1u3Sves Bou, Guardiola, Padro,
Pelfortb, ag Codonya (2004) U5UUSHIAAI0E1NVAERYINAY 50 fadanssetiusidann
looau Tasgilelfunuazreanasalaslainaiia inductively coupled plasma-optical
emission spectroscopy (ICP-OES, Optima 8000, Perkin-Elmer, Waltham, MA, USA) aiuAu
ms‘v‘mmmaaLﬂ%‘laﬁ’wmm?{ﬂgu%qﬁﬁﬁé’a 1,300 0@ 8n3171511a289 plasma i 15 ans/
U9 9RI1A15Lnaves nebulizer gas il 0.55 AAS/U7 BRTIN1TLNAVD auxiliary gas i 0.2
s/t wazdnsimsivavesty 1.5 faddns/und Snswilafouuazrloaneaiinnue
A& 589.592 har 213.617 w1 lulunT LA8SZULNDINATAULUULLINEY (axial mode)
ANanu Idasuinsgiu ICP vedlainsunavaanasa (SCP Science, Baie D’Urf e, QC,

Canada) wagynsimszivianua 3 ngusedsiiiudaserony

3.2.4 msasedununglag

nsvapuAaIsalunsunsurenglaaludeanliuin andiunaiana
Sindluilonuizves Jayasena wavamy (2014) Inewaushogadoun (1 n$) Auteniuea
Zoududu 80% (50 srnwaided) Usums 5 faddns mnvuihsedeiatnldundusniod
2,000 x g (Sorvall Legend MACH 1.6R, Thermo Electron LED GmbH, Lengensellbold,

1% (%

Germany) WUual 10 undl 91 4 esrwalea sinsanag1dnaesnss idmasanaInlaun
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NI9INIUNTTATBATOILUDS 1 (a Whatman filter paper no.1) wazszineliuisnrouia
lulnsiau (99.999%) antuihegnusanazaeluthnduliines 2 fadans waeduiesd
10,000 x ¢ {lunan 10 Wit Ansziviuanhnasidlngliuiisenisudsudvesnsalaly
Insenaledn (a dinitrosalicylic (DNS) acid method) Wnisazfeg1eunalivaisazaty DNS
U3uns 1 faddns Wanudeufigumnd 90 esrueaidea lugrsiaiuaugungf WWuie 5
undt Asliidu udnhludadinisgandunasi 550 unlumns seoedesauninslnladines
(spectrophotometer) (Jenway, Bibby Scientific Ltd., Staffordshire, UK) au2aaU5 u1ad
ﬁwma‘%ﬁasﬂmL‘U%EJ‘ULﬁauﬁ’umiazmaﬂqiﬂammgm wazuansandu un/metade 100
n3u vhmsliasziianun 3 naushesnaiiduasereriu

3.2.5 nmsanaslulnaduainiaanln

@ % 1 A 1 1 dg‘, 1% [ PN a ) 1
udsgiudenlnainliiienianismeny 48 + 2 Tu Nanenisnanlulsudenlnng
¥ a o a [ 6 o w £ ] A U a a v Al ¥
N19A1 (U39 15y lnadauainnmis 9100 (Unew) nauiiegraudoniulensudmsnyiuilale
Aududugaiewintiu 3.8% elesiunisudedivenden afnglulnatuaindieginden
A1NIBU84 Lueangsakulthai uagaaly (2017) lasduiries@iegnadsnyl 2,500 x ¢ (Thermo
Electron LED GmbH) 1Tutian 15 wil 71 4 esdwaded Wefdnunden (plasma) waviwad
(=] P~ < Y | § & = a H
WiALaBAW17 (leukocytes) tNUAIBYIBTAALLALADALAS (red blood cells) LANUIUIIAINN

lopaulsunng 5 Wiveediag19 waulididusg e atdonduial 5 Ui viiazaie

' (%
a A (%

8lulnadu (hemolysate) LUt esdl 4,500 x ¢ W8uiaan 40 Uil 7 4 esrwaldeoa fndu
lustuainid evfuiad v nesoy duvueen LAvd uveuad s slulnadueyuiviiuis
(lyophilized) (Lyovac GT2-S, GEA Lyophil GmbH, Huerth, Germany) w@aeeauiefilaiLiu
147 5 esmwaldva dwiviieseiell arwuiansvesslilnaduiinmeidonsueniusiu
laud5taadianlnslnida (sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)) 13a@uuiu (stacking gel) 4% waglaagdiuans (running gel) 12.5% a1u35994

Laemmli (1970)

3.2.6 N1SLEYENINANNAINSaUVRITIUINaTY

ireg98lulnaduwis (lyophilized Hb) s tAunia-undten Yulies iWudu 50

fadluans (pH 7) Felilufounaslsnnauagidudunneiu (500, 1000, wag 1500 fadluans,
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pH 7), nalaa (150, 350 Hadluans, pH 7) waglapeulasindneamn (10, 55, way 100 Tadly
81%) 7 pH 7 waw pH 9 Feshetramundlsfiuvindufie 20 fadnfu/Aadans swuddne
HATINVRdAIUNANAD tRuNnaalIniuty 1 luans nglaaidudu 350 Tadluans uay laifoy
Tastndneawadudu 55 dadluatd 7 pH 7 waz pH 9 drewuiu Tinszidiegidlagld
microdifferential scanning calorimetry ( Micro DSC7 evo, Setaram Instrumentation,
Caluire, France) Inglddaaene (250 lulasans) ludreuanuaa wazldvia-undion Trives
(pH 7) Wuan38198 mntuarudeuiied1ain 20 i1 90 ssmwalded isnsnisliaina

b4 = = a L3 aa Y a = 1 =
$9U 1 eAwadya/uni AsIadinsiziaumninyiliiiansideanin (T,) uagaAleunial

(enthalpy values) 3 8

3.2.7 wavasaunniinislianuiaudenisiingaiaanuns

wisadegaieanliuin auAsfiosuslude 2.2.1 lnedvdunaude Tndounae
lsiidutu 5% nanglaa 3% uasludeulnslndneamndudu 20% dausedrailoonlndlals
wwldifuedenuan Mnduussamedslugeaganna (1 Ju/n9) waglianudoulugns
ﬁwmuamqmmﬁwmz%qmmﬁLmuﬂmq (core temperature) winfiu 50, 70, 80, uag 85
psmwadoa adlfiduszozinan 1 unil aunszvagamgiiununansdia 85 ssrmwaldoa Jeadly
Duszeviaan 5 wiil anafanueamgiununanineldinesiuduila (thermocouple type K)
(54 11, 80PT-5A, Fluke Corp., Moorpark, CA, USA) af2861991121 20 FusansAnuIusiay
PUNYAUNUNAY LATENAIBY1ITIUIN 3 FrdmsuTiaseyt didiegnefiiuauoundn
Fommndamurnaiiennaaeuaaidonuasingldaem uenani asaianisgydetimiin

[

INMIVIIAEN (cooking loss) Nusiazammaiununans IneAIuInAsl

Wwmiindaegnenewinlvign —umindaegnswdavinlian

nsaeydstinaInnsvilven (cooking loss,%) = e ST
v ! wmindregenewvinlian

x 100
3.2.8 N138830MNINNED9RaNTIAL (Microscopy)
N & A A v Y oA & i v
ﬂqiLUafJULLUaQSU@QLa@ﬂVILWa@ﬂWQIULﬁULa@@T@QLu@@ﬂlﬂUUWQﬂ G\i'ﬂ"ﬂﬁ@‘UI@lﬂI‘U

wadanendesganssa lngileanlignundaniurnausnainunngaveuilolilaaiy

MUTEII 1.5 89 2.5 LUAnS A593a0Ualianwndlufiag 1aAnLa N U eangn
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Mniuigadenkasinuadanuealiivuiauszain 1.5 x 1.5 cm? 2198208190y
specimen chucks YUIA 3.5 LYUALUAT w&ifed wil olu ocT® (Bio-optica, Milano, Italy)
ndusaded19d wieldiaunun 8 luaseu d181A3e cryostat microtome (AST500,
AMOS Scientific, Clayton South Victoria, Australia) wdauraaeg19lnsuunaualan (glass
slide) daudn e hematoxylin kae eosin (H&E) mu’?%mmgm (Cardiff, Miller, & Munn,
2014) nsraaeuideni mded1veglududonnieldindesganssmivuulduas (a light
microscope) fefigaeveneLaud g (objective lens) 40 win (SMZ-U, Nikon Corp., Tokyo,
Japan)

3.2.9 N15ATITANINEDA

yhmslenegidegaioontd 3 nduiadudasesedu senuaniu Aueds + dw
Jeauunnsgiu AeseinnuunUsusau (ANOVA) vesnadukauiliuinaienuannsoly
N1SUNIHUkazNITaYdgan I MneAnTauvesdlulnadulaglyd SPSS 23.0 (SPSS Inc.,
Chicago, IL, USA) 1W3suifisupnuuansnsvasaeaslngldisvesiuuay (Duncan's multiple

range test) i p < 0.05

3.3 Mmsanyaiaanuadiuiieantiuingnlnenislianuiaudlswmaialulasiansuiunis

Talaun

3.3.1 N5MsEUAQag1laantAuln

I\lleduan (Pectoralis major) ¥oan19N13AT Maznszanuagnida Usuna 10
Alansu @alasuannlssnuudsiidela (UF¥n wiglandmgieanis 91da (Wn1gu),
UATIIVANN, Useinalne) Juu1nsening 250-280 NTumety tavdanunuilyiy 4-5

wuAns Ineiuiegeiuiingeainnslen wiudlugiuigumgd 4 esrwadua 1ian

'
o

24 $la ntuthdegadeanliluuanneliayainiafigumgisingt 8 ssrueadea
Wuszezian 65 uni Ium?mmmﬁyaqmﬁgmm (vacuum tumbler) (DVTS-50, Davison’s
Butcher Supply, Los Angeles, CA, USA) drunauiilduinusznousie Tudeunaslss (Nacl)
WNTY 5% (USEM indefiuny 911n, uasswdun, Usemndlve) nglaadudu 3% (usen nilve

3119, 31943, Useinealne) wazlodsulnsindneamns (sodium tripolyphosphate, STPP)
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a v

WNTY 2% (UTEM ofinen Luesan wnilAad (Uszmdlne) 911, aunsusinis, Ussmelne) lag
Wulrlaaududu 16.5% (w/w) vasiag1aidanntn vinn1suindlagaileanln 3 91 viu
@ | |\ 1% v 2 o a ~ & & W | &

Aegelnfiviawadlugiiungamall 4 ssrwaldua 1ian 20 Falue 3ntukusitedralu 3

nau Welvinuiounuisnisnesuielude 3.3.2

3.3.2 N3WiAu5aU (cooking)

nstirnuiousiegdldwmlulasinlusedugnamnssy (NE 1756, 18L, Panasonic
Corp., Osaka, Japan) 1Au8 2,450 MHz wag power output of 1.7 Aladnd 31nn15@nw
::911 L% 1 14 14 | . I 1% o b4 a
esdunuinnistimnudeuneu (pre-heating) lunatunusmelulasiinligunginielu
) | & A &£ 1 & a v = a A A4 o & v
fegislniintueg 1951157 LAnnsiud waz/Mie nsszidaveailods Ay N5t
Founaudsldilnian 6 uaz 7 Wil Foililaagamginigludlegrsusyuia 50-70 a9
waea Wngldiintaunnsamnegunin Tianuseulaeussydiediaileanliuin 3 3u
(300+20 n¥u/9w) lundedluly (polypropylene box) kaurlUa1euTiasunansg lulasian
(microwave chamber) waglimiuseudussezinal 6 uag 7w wislilanislianuiou
sgaaue sveansiimiudeuselulasaniluszesyn 2, 4, 5, uaz 6 Wil dwiums
TAAIUSaUT LA 6 U waE 2,4, 5,6, WAy 7 WYl @19SUNISHIANUSDUT LA 7 U

Y] a v A | | a v v v % v | a

nsiadagungdununarsviuiluwsazyruiaringalvainuseu lagldinesluduila
(thermocouple type K) (54 II, 80PT-5A, Fluke Corp., Moorpark, CA, USA) 31n1uiinfiagng
Anumsliausounasumelulasavdiuiu 2 u 1slueisuleun (steam oven) (Model
101, Rational, Landsberg am Lech, Bavaria, Germany) ﬁﬁﬂqmwgﬁl’?ﬁ 92 paALwALTud 9
Loundud (dew point) 100% warAI1L5IVRINAANTZAU 3 As19RanILgaundniely

981958 UININSAANLSa Ul e eraliadlnensidmesiufUlanfndalueitle way

Ianufoumelaunaunsenigamigiiununalawiniu 80, 82 uay 85 s gallea

3.3.3 YieinsudnasudunsusaaUninsalnlanunasuasdulasnsou (SR-FTIR

Spectroscopy)

(%
1 v oa ] v v

WS UUAIDYNVIAULALANAINSUTA IR Ingfnf10819m1uY9kazialy OCT® (Bio-

9

@ o a

optica, Milano, Italy) wiudsviuiselulasiaumar uwasiiufioamgdl -80 esrwadea nou

Y

a

iludn n1sindregtwifigamgi -20 ssrwalded lnadnaiagnamun 8 lulasumsiie

Y
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Lﬂ%‘aacryostat microtome (AST500, AMOS Scientific, Clayton South Victoria, Australia) LA
¥sheeafifalénnsuusualad (Barium fluoride (BaF,)) 7ild (infrared transparent) wagyun
2 fladians ilvmegawisduaululawiiagaine (vacuum chamber) A5333n8unsLsna
Wnasdeia3ed Vortex 70 FTIR spectrometer (Bruker Optics, Ettlingen, Germany) Feuste
ﬁuné’aa@awiiﬂﬁﬁ'ﬁLauﬁ’i’mqﬁ'ﬂﬁé’wma 36 111 (Hyperion 2000, Bruker, Ettlingen,

Germany) Kazha389n3795U (MCT D315 detector) Fevinlwifudaelulasiawman (liquid

¥
o

nitrogen) $143485%1N1995393 SR-FTIR 1 bearnline BL4.1 fidaduidouasdulasnsou
(the Synchrotron Light Research Institute (SLRI)) (UASSIBAUT, USELndbne) 7 eldunas
wuananduuadulasaseuddumesinelsiwes (interferometer) W1un14LA3 oadle
(instrument port) floanwuudnsuldosAdunaadunsnsndmsuimget vnsnsain
1neld mapping mode figa9aAA USEWING 4000600 cm finaswen (resolution) 6 cm't
uay 64 aunu nsidsunladassainaegiildannnisyi curve fitting fivsaunasives
amide | 71 1avAd 14 1700-1600 cm! Tneld1Uswnsy OPUS software (version 7.0, Bruker
optics Inc, Billerica, MA, USA).

3.3.4 puaIwvadLileanlasgn

AN NvBLiBanliwIngnIngI13dn Ao nyraiamisaqideuminainnisvinlvan
(cooking loss) USHT1aUA2IU% U A1 pH mmawmmiumaafuﬁwaqL‘ﬁ'a (water holding

capacity, WHC) uazAnllodurawasd damsennielu 24 daluamaawian

ATIvInnsgeadedminaInmMsvilign (cooking loss) 8198991nUmTNYDIFIBENS

(%
=1

NAIAINUIN ANUIDIANGL

uwnindregnmaain—imtindegamdwilinan

nsgayidetimiinainnsvilign (cooking loss,%) = x

dhminshegrmdan
100

N13M32979A1 pH Tneihdegraiieanliuualhdudadierfufuirvsaen
loaufisnsndu 1:5 wAa) Wunan 1wl tnelde3estunay (homogenizer) (T25 digital
Ultra-Turrax, IKA Works Inc., Wilmington, NC, USA) #529-aA1 pH Tusegalagldindos a
glass electrode pH meter (Mettler Toledo™ S220 SevenCompact, Schwerzenbach,

Switzerland) @eiinsUsumieuiuinesunsgIun pH 4.00 wag pH 7.00 newiunin
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ATITIAUTUIUANNTUVBIRIDE19MAWINENAINTTVB the Association of Official

Analytical Chemists (AOAC, 2010)

mni’mﬁhmmmm5511%'13'5;’3113’1 (WHC) maﬂufaaﬂifimmqﬂ Tnemstlunise 39
fnuUasaniayainiswes Laycock, Piyasena, uay Mittal (2003) Tnethsegaioun (2 ndu)
TNUVUNTEANYNTDY (Whatman no.1) W& wnd o (Sorvall Legend MACH 1.6R, Thermo
Electron LED GmbH, Lengensellbold, Germany)‘ﬁ 6,000 x g 1381 15 Y9 ﬁ 4 pIATRLY A
ntudaimiingaedeiilandanistumies wazAuiudt WHC 81983991nUsunmnnuiy
Guduvesshegnadeln mugnadedl

dutindhethanoutiumiss—thwindegrmdstiumies

n1sggdeiln (water loss,%) = ——————— x 100
“ UninAInganaudUIAI

o ¥ & Uiinaenuiu (%) —msgapden (%)
AMuELTalunsoNveile (WHC %) = - < x 100
: Usinaanuzu (%)

as1afnAusudouveile (Warner-Bratzler shear force) Ingldiadasiiaszsiiile
dura (Texture Analyzer) (TAXT. Plus, Stable Micro Systems, Surrey, UK) Tadaagnslngly
load cell v 25 Alansu innsiniswedoudivesaiung (crosshead speed) 10 fiadwns/
AU vnsdafegeiinaunisiiauseundaliiuunn 1.9 x 2.5 x 2.0 lwuiuns (1379 x

817 X W) AUSUTAAILTBROU 5 DIF0dN1IZAITHIAINUSOU

Uszdluadvenioanligndaniuuanslagldinies Hunter lab/Color Quest XE
(Hunter Associates Laboratory Inc., Reston, VA., USA) TuiinA1a1s&@374 (lightness, L*) A1
dung (redness, a*) A@LNRADY (vellowness, b*) Taprdansoeaidosnln 53y (strips)
dmsuunazan1ien1shianuseu
3.3.5 NSAATITINNEDR

ynsiesesinandaegaioonliun 3 ndudadudasedetu n1smsaaiad

nanuatunismaasiuenandseyly ann1simsiedt 3 Prsiengudiegne IAsieiaing

LUsUTIU (ANOVA) vo9¥ oy alagld SPSS (Version 23.0, SPSS Inc., Chicago, IL, USA)
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Wisuisuanuuenasvesaaaslagldisvesiulau (Duncan's multiple range test) 1 p <

0.05 wazseuALTY Anade + drlesuuinsgu

3.4 nMsainARaaauINUaanaNlifedanTgdLaAzANAN BN AL

3.4.1 @153

AoaaauTindl | (Budesmneth) wulvinldu (EC no. 3.4.23.1) lensendlnsdu
Aaasliu-i lawnsnnedudlonnay fusa FonUs Y Sigma-Aldrich Co. (St Louis, MO,
UsA) fiulan3u Feanu3Th Biohrom (Cambridge, UK) Tusiuansmnaduazansaiiiildlunis
S1A51e919a81aalnsINS T4 4 991NUSEM Bio-Rad Laboratories (Hercules, CA, USA) kay

a5 % ¥o1197n Carlo Erba (Valde Reuil, France)

3.4.2 MSAULAZAZENINGAY

waenaulnldsunnanuisn azuneEnsuiln Swdauasugy Megrgnusspiull
TugeussuuuaINe vaentuiidieguludvihauasenuazutiulinaamgl -20

DIALYALTYE

3.4.3 A15ATITIVIUSUIUAMUTUY 107 wag TUsAUY

iegrsrasnanlnuiutazdulviasiden ddlegreluiasivivnusununnuiuy
USunaudn wasUsunaldseiu Tneadun1sniuisnisues AOAC (2016) 925.10, 923.03 Lay

990.03 (AOAQ), 2016) Auawmesiiunldlunisiuausuialusiuiniu 6.25

3.4.4 Rps1zRUSualvsiu

IRz idaLUamnuisues Folch (Folch et al, 1957) 0819 6 ¥ vin1s
aftntusulasnislénaslsrlesurewmiuon Sna1du 2:1 deidestiunanmiuiags (Nissei
AM-8, Nihonseiki Kaisha Ltd., Tokyo, Japan) #1A313:5358U 10,000 rpm +dwi3a1 2 wnil
ntuthiegsludumig (Sorvall ST16R, Thermo Fisher Scientific Inc., Langenselbold,
Germany) 1A213153 10,000 x ¢ tdutaan 5 Uit ivdiuvesamionznounaznsoINu
nsEANuNIENUeY 4 Mntuhmsaingilagldfvhazarenaslswedy 12 fadans thusiaann

1aaou (Distilled water: DI water) 12 iadanswazansazarslanounaslsa (NaCl) LUy
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0.58% 2 fiadAns insadadeniswgudanaiisly 2 42lus nduarsararedudnsgnuen
sonuazyNsrdasnazanelag i lsdeudamn (Na,50,) USunas 2 nda nseanIunseay
AseAUeY 4 uazadasvhazarsaaslsnesumensldanusoussineosndiunssugnsei
gaunndl 100 esmwaldea Wusseziial 15 wiil uanhlvevlugeuansouaamal 60 asen

= Y % A o Ay v o a < v O
bALYYE IUUINRUNAIN mmvﬂmmmmmmﬂﬁnmmasvﬁuﬁlmuuwwm

3.4.5 nM5As1zRdsunalansandInsaunasAnaaay

AMSATITIRRLUAIRNNITYB9 da Silva (da Silva et al., 2015) Fasvg1vaanauln
10 Jadn5y wafvansazansladeulansanlosidudu 7 Tuans Usuins 0.5 Haddns vinnns

a

lelnsladiegnedevsiotuindofignmgl 120 ssrwadoa Wunan 40 il Wnansazany
nsadaisnudy 3.5 Jwand uazvhnisnsesfiegedienszatunseaves 4 nuuliue
faeg19 50 lulasdnsaddurasannasy LaANAaes 1wy (Chloramine-T) Usuims 450
lalasdns vhnswadlidniude deidliflgamgiivies 25 it lufide wdnfuouSuuearled
F1o1aud (Ehrlich's aldehyde reagent) Usu1m3s 500 lulasans ﬁwlﬂﬂuﬁqmwgﬁ 65 91
walded Wwnal 20 uil LLﬁaﬁﬂUi’mmi@mﬂﬁuﬂﬁuumﬁ 550 wiluains tngldindesaalng
Iladimes (Genesys 10S UV-VIS, Thermo Fisher Scientific, Madison, W1, USA) 41A1n13
aandurduuasiinldiieufunsvliinsgiu wdduiamuiinunoaaaulasldiunanes

8.0 (Venn & Maroudas, 1977)

3.4.6 N1SANAADAANIULUUAIAY

Wiornisvdndiudsznevdu 4 Alildreaanauseniain Tnenrsniudiesnsly
asazaelofou loasonloddudu 0.1 Tuas Tushsdiudioganeasazatewindu 1: 10
(wAv) egdaiilondunan 6 dalus vmsdsumsazansladoslensonladnn o 2 ol
dlensuszezanivun vhnsdrefieteeihumaanleseu ausaegeiien pH Wunan
(pH = 7.00)

[

Y181981991nn15U5van munuluasazatensneasd A ned Uty 0.5 luais hu
Sns1dusiegameansarateiniu 1:15 (wA) Wwian 48 Falus vinnsuenansazatensney
FRmeonanmvemensUumles (CR22G-Il, Hitachi Ltd., Tokyo, Japan) #1A31at32 15,000

x ¢ tJua1 20 w1 weniendlnuLaTRua1Taraendeladsuaaslsa 4.0 luans lae
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ansazanginfegavnewiniu 2.6 Tais MntuhnsiiuRInznounsaaLaufensuwIes
7 17,000 x ¢ \Juian 30 Wi azanwaumznauRRaaILLasNMSLEnNolnfauraslse
LarnInezdfneandeiinsunsuiowausy (dialysis) fiawnveseadontiu (MWCO)
(Thermo Fisher Scientific Inc., Rockford, IL, USA) 111U 3.5 kDa AMTUNIRLYluEN 1IN

Usraanlesaudunan 48 47lue 20T urinnianoaaaunana laeen1syinwiawuuLgLEon

w4 (GT2-S, GEA Lyophil GmbH, Hurth, Germany)

Y1F29819U1aN AR AIYAITATANENIABSTAALTY 0.5 Tuais A daulasmudy
FEAUALEINNTAVRINNTAYANUAIBENS 50 gilnransy Tgonsarusiingsmeansazaewiniu
1:15 (w/v) tWutan 48 92lud ntuLAufiiI9819a815a2a78ARaa b ULaLYIINSANALNDY

(%

U‘%u’lmmamﬁmamaamLﬁ]uﬁﬁmmmmqmé’qﬁ
%USUEUNARKE = [ nADaa A uraYINLYe)/(UNvdneieeg19)] x 100

%ABAANAUTLAULNYILA = [(U'%mmﬂaamL'«awé’aﬁmﬁa)/(U%mmaaammuﬁaasm)]

x 100

3.4.7 msafianaaaaualenszuunsldraualngs

thdogafinIunIsUSuanIN 35 ndunauuinUsidainlessy 100 Tadans uda
ussalugslndiefidu thidegranliludninesfiussgn 300 daddns uway 1uds 200 ndu
m’mgﬂﬁ 3.3 mmjjuﬁ’]ﬁ'aaemﬁwﬁsmsﬁwéfumshumﬂﬁﬁ?{umm?{qa (Q500, Qsonica LLC.,
Newtown, CT, USA) ¥Mn15AIUAY pulse mode 1u'gmwﬁlﬁﬂ§'mﬁm (acting) 5 U9l Lazin

(resting) 5 AU

ynslrauadudes 10.93, 17.87 wag 31.27 Tadsomsasuiwnsiduna
10, 20 waz 30 wnit Inefieg1sazgnndumn 10 ud ilensuszazianiiimun Wuasazane
nsnedRANTY 0.5 luarsuazainsiagremensanaztioulatimugudunan 18, 24, 30, 36,
42 waz 48 Flus amazﬁmmzamsgﬂﬂimﬁumﬂmﬁmmaLLamJ%mmmaamu laen15inAN
NAMUYBIBANTIH1 (Ultrasound power) Inaeiduding Aiulaaingns Margulis way

Margulis 2003 (Margulis & Margulis, 2003)
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Convertor

Booster

Cylindrical
_probe: 025 mm

Thermocouple — Immersed distance

of 5 cm.

Generator

- Bag filled with samples
4

_ Elevator
.

JUN 3.3 LHUAINKAAINITI99UNTAlSan 1910

3.4.8 ndasganssAUDaNATaULUUADINGIA

TassadusziuganiavesneaallauiitnunsyUuNsRouaindesLaziog1ld
rdudansied gnitaszrilneldndesanssmizdadeinsin JSM-6010LV, Japan Electron
Optics Laboratory Technics Co. Ltd., Tokyo, Japan) éhashw3gﬂ§®ﬁuuuciualaﬁé’aamU
A1 UBLLAZLAA DUA BRI laLA3 89LAA BUS0819 (JFC-1100E, Japan Electron Optics
Laboratory Technics Co. Ltd., Tokyo, Japan) dosganuazlasiasnauesnaaniaunigniny

AN9FNELSa 15 kV Ainasene 500 i

3.4.9 N159LA1ZIAUTENBUNSABLALY

a aa

avanefaegeneaanay 0.1 nfu drelalaseaesnidudy 6 Tuais 1 faddns 1
gamndl 115 earnaalduaidunan 24 92lus thdaegnsildunifvanzliidunatse
ansazaneluionlonsenlomdudu 3.5 Tuarduaznsensesrunsyaunsenues 4 aantur
N3Tseivsanansnesdiludieiad osliasizvinsnasiily (Biochrom 30 plus, Biochrom
Ltd., Cambridge, UK) l9aaausiaiin cation exchange (u-3183 High resolution, 200 mm of
bed length and 4.6 mm of diameter, Biochrom Ltd., Cambridge, UK) 1a g aLad aud
Usznounie dsudinsndwines (pH 2.80-3.55) uaz disulansonlaniwines (pH 14.0)

N33As189A1G Ninhydrin 18U post-column derivatization fag8nsINTiva 20 fadansne

U9 wanaUsuunsaerilulumiisdnuiunsaezdluse 1,000 Nnovily
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3.4.10 msaasznlgmatialulasfninaisuldsagdunuiisnaass Anas(uDSC)

N13ELELANINTTTUYIRAILAIINTDUTATIENNINITN15VBS Carsote Uag Badea

(Carsote & Badea, 2019) ¥inn1599628819 5 daansulda1nfiag19 WuU1U3ansnosdhna

(%
Y 1

Wutu 0.5 lwans antuasiegliludaivauaamal 4 ssmwadea Wunan 24 93109
nseneinsaydsanmineldinsedinivasudvaawnuiluaaeiiivwes (uDSC) (7
evo micro calorimetry, Setaram Instrumentation, Caluire-et-Cuire, France) Taius sy

Y 1

Megafgauunll 20-70 BaAYAEE ATUANERIINTSIINEUNAN 1 Beraldeanaund
3.4.11 MyBAseianyazaUnasy

3.4.11.1 ATILVINITRANAUUEIET

1% ¥ a

11§79819A98aL9U 5 1aan5U aranslunsnasdfedudy 0.5 1uas 5 Jaaans

a

1819151500 150 rpm Aigangdl 4 eseealda unan 12 Falus andfutily
Juwdesfirnudiseu 10,000 x ¢ W¥unan 10 Wit ivdwiiduvenaunilonsnauuas
ldazane 0.5 Jaansu lUsAumeiadaans MN3SN1S Biuret method (Gornall et al., 1949)
f\]’mﬁ?uﬁﬁ?ashﬂﬂfmmmLLEN@T’JEJLﬂ’%I’aﬂ UV spectrophotometer (Libra S22, Biochrom Ltd.,
Cambridge, UK) fimnueniadu 200 uag 400 wiluling mmﬁﬂumﬁmag’ﬁ 4 Y TULATHD

a )
IUMN

3.4.11.2 Aas1zviaesmaiaivasparsialasdaduainlnsalnt

MegAsaanugnwtELmlounTian saandulae tnetdegrsluavanelle
0.1 fadnfudefiadansuazTnlaeldinsos NanoDrop UV-vis spectrophotometer (OneC,
Thermo Fisher Scientific, Madison, Wi, USA) #iaa1ue12adu 205 ulwans a1u3sn1sves
Anthis uaz Clore arnsuidaeg1sldsnsewmiss €D spectrophotometer (Jasco J-815,
Jasco International Co., Ltd., Tokyo, Japan) SufinaiUnasuiininueniadusening 260 uay

190 w1luns ﬁ’smﬁﬂuﬂ'ﬁ’j’@a&ﬁ 50 WlUATHOUIT
3.4.11.3 Wisgsnsuanasudunsusaaiunlnsalnd
ifegsreaaaulinsuunanasasa (Pike Technology Inc., Madison, WI, USA)

P39 TBUNTUIAALUNATIAIBLATDY FT-IR spectrometer (Tensor 27, Bruker Co., Ettlingen,

Germany) lHnAlAdlATIEALUY Attenuated Total Reflectance (ATR) nsUufiniduaiunasu
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Tug29 4,000 83 900 cmin1suen (resolution) 4 crm! waw 64 @wnu N154UE suLUaS
TassaframAsniildainnisvi curve fitting idsaunnsuves amide | filavadu 1700-1600
et gsaunasuves B-sheet random coil Qi-helix waz B-tumn MitavAdy 1,626-1639
1,640-1,649 1,650-1,663 uag 1,675-1,696 cm FasaUnaduiiiavadu 1,415-1,485 cmuae
F29aUna U89 amide Il 7 tauAd u 1,200-1,300 cm ' Ineldlusunsy OPUS software

(version 7.2, Bruker optics Inc, Billerica, MA, USA)

3.4.12 N159ASIzanUnsaazlluvaelusiu

avalgflngARaalumaTazalslafuulal@adae (SDS) LlWNTW 10% wen
drupznausendisnsiumisinanmga 10,000 x ¢ Wuan 10 wiit endunaudaoged
avansudndniuinmes arsazanevsalelasnassa (Tris-HCY wWudu 0.5 Twand 7 pH 6.8 lu
d1sazarslofoulandadatnadudy 4% a15azatunateesea (Glycerol) LTNTU 20%
arsazarglusluflueaya (bromophenol blue) LYUTU 0.02% waralsiuniuauadln
lons1uea (B-mercaptoethanol) 10% vinrswenlUsAuNIUlIannlazlaaten WNdW 4.0%
uay 7.5% lngauituduanvhefildlunsuonlusiude 20 lulasniu viinsmuTunadusiu
Au3sves Lowry et al. (1951) y1 suenlusiulaelaanus1sfnglailn 80 Taas tHuaan
Usganas 2 $alus vinsdeuuaulusiiusedden Tauuatug 8135-250 (Coomassie Blue R-
250) Tuluns1uealdudu10% (vAv)  Lagnsaazdandudy 25% (vv) 1duiian 30 uni
Juiinnmiaalagly gel document system system (Fire reader V4, Uvitec Ltd., Cambridge,
UK) wagdiasagviuminlaianalagld UVI-ID software, version 16.0 (Uvitec Ltd.,
Cambridge, UK)

3.4.13 nsszyvialusauy

YHUAADAAIUNITIZYMINITNITV09 Sharma (Sharma et al., 2014) ¥IN15LENLD1
protein band i l#a1nn15WeNA78 SDS-PAGE w1d1saaeandiewesluidonluaiduaiun
Fudu 20 fadluanssosrdlalulnsdlusnsidiu 1:1 anduinealuldansazanelnlslesss
voa Wudu 10 fadluarsluasazansuonludouluasvewun Wudu 20 Sadluand 7 56
pamwalfud LWuian 45 ui wazihldldansazarelelelneviawiin Wudy 55 Jadluanslu

wauluideuluAisuaiun Wudyu 20 dadluans Tuesdiaduia 30 w1l wazdlaaanie
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worlanflealumsueiun Wty 20 Sadluarsneerdlalulnsdlusnsidiu 1:1 Wuan 10 uil
nsdesaamenenluiouluasueiun Wudu 20 fadlua1sAdniudu 20 wlunduse
lusTasdnsd 4 ssruwadea WWunan 30 uf vmsadmndludene arsavateedn 1% Tu
nooxdlalulasd WUy 50% wazarsazarensanesin 1% lu neasdlalulnsa WUy 85% v
WiiIF0E19ELATBq refrigerated centrifugal vacuum concentrator (CentriVap, Labconco
Corp., Kansas City, MO, USA) luman 2 $alus snntinhdedranldansavaronsamesn 1%
Tu Tuesdlalulnsd Wty 2% usnazneusendienistumiseiinnuia 10,000 rom 1Ju
a1 10 ufiTias1zia08 199 g esudia81A3 09 nano-liquid chromatosraphy system
(EASY-nLC Il, Bruker Daltonik GmbH, Bremen, Germany) &g ion trap mass spectrometer
(Amazon Speed ETD, Bruker) #9819 3 lulasans amadlu EASY-Column (10 cm, ID 75 pm,
3 um, C18-A2, Thermo Fisher Scientific, Madison, Wi, USA) Tneiaindsuiiusznausie A
a1sazarensanesn 0.1% uag B a@1sazarensanesn 0.1% lu Tuesdlnlulnsd arednsinis
wia 500 wiludnsrewnit selusunsunsvesaeEesad linear gradient 5-35% B 50 w1t uax
80% B 10 w19l IAs1ziaLnnsu LC-MS/MS spectra 928 Compass Data Analysis version

4.0 i%‘tﬂﬁ@ﬂ@aaﬁL%UI@EJI???TEJH@GUEN NCBI’s protein database on Metozoa (animals)

(http://www.matrixscience.com)

3.4.14 A15IAIITANIEDR

MNTHATIERTININGIVRINTTNAGDY 3 ¥ ARdisasAUsENaURiiveingAuLaY

fipg1anaunsrulIuNsanmUSeuLneulaaldas student’s t-test NszAUAINULT DN U 95%

TaYaN15IATIENB UL NUINITATIEATIEYIAIANLUTUTIU (Analysis of variance;

Y

ANOVA) kazA1uuAne199esAadssie Duncan’s multiple range test (DMRT) fisgfuainy

Fasu 95% Tagldlusunsu SPSS package (SPSS 1es$du 14.0, SPSS Inc., Chicago, IL, USA)


http://www.matrixscience.com/
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3.5 navasn1sldndudansignidanudugedenuaudanisainienmvasiusiuianlala
TaguanUanila (Oreochromis niloticus) Tuanmgndianududuvasndelufvunaalsn

1
o

M1

3.5.1 dnuaza1sLAll

Yanfaan (Oreochromis niloticus) Uvdn 1-1.5 Alansunof191nAaIALluIInIn
= ¥ ) 1 1 dy @
uATIEN Usemdlne Svhanuagoindatwasuaionanzdiuvaaievanivlilugaussg

wuugaanadmsuanalusiuenlnlulegu

a1siad i ldd1msun158Y8a1nusEn Sigma-Aldrich (St. Louis, MO, USA) Taun
phenylmethanesulfonylfluoride (PMSF), adenosine 5’-triphosphate disodium salt
hydrate (ATP) ag 8-anilino-1-naphthalenesulfonic acid (ANS) @15LAH1nUT ¥ Fluka
(Buchs, Switzerland) lawA Bovine serum albumin (BSA) kag 5,5 -dithiobis (2-nitrobenzoic
acid) (DTNB) astasidnusulalunisiiasiziniamaila gel electrophoresis 91nUSEW Bio-
Rad (Hercules, CA, USA) LLazamﬂﬁﬁm ﬁiﬁé’flumﬁaﬁ’aLi‘]uﬂmmwm%ﬁm%’mmﬁLﬂsw‘vﬂu

WoUURN"5 (analytical grade)

3.5.2 mMsanalusauanlaluladu

nsanalusAuuealalulodumiidunisinenniiuainiuisnisees Yongsawatdigul
way Park (Yongsawatdigul & Park, 2003) Y evatua 100 nfuuntunaudlsansazane
Twesafinnudulossusn (sodium phosphate wudu 20 fiadluarsniddrunauveslaieoy
AaslsAldutdy 50 dadluans way PMSF Wty 0.05 Jadluans, pH 7.0) Wunan 2 wil neld
Lﬂ?laﬂ Homogenizer (T25 digital ULTRA-TURRAX, IKA Works, Inc., Wilmington, NC, USA)
Mntuhaunaimasiumissiiniuga 5,000 x ¢ ﬁqmmﬁ 4 pafwadua Wuaan
10 ¥ iulamzauinnaznoutaztundunauuansazanetrlosimuaniudumiosn
adq ﬁmzﬂauﬁle’fﬁumam’hamiazmaﬁ’wLWai‘ﬁﬁmm%’mlaaauqq (sodium phosphate
Wutu 20 Sedluansiddiunauveslafounaslsmdudu 0.6 luans, pH 7.0) USu1as 1 803
ndudumisefianuiga 10,000 x ¢ aaundl 4 esradea Lwan 10 uil iudaeg
anzdla hawlailfuiduindugumnd 4 ssmisaiBuadiinms 3 wwesTunsiy

ennagnaulusiusealaluledulagldnisiumieiaiuia 10,000 x ¢ gl 4 oeraq



a2

Fea 10 il Winznaunnlumisadnasenanmsa 12,500 x ¢ gl 4 sarwaidea Ju

a1 15 uiiielaineenaindieglusiu umnizdIuremznauiiat i ws1eisne

3.5.3 msl¥aaudanirgnduanudugs

mﬂ%ﬂﬁué’am%ﬁmﬂmmLﬁﬁuqﬂﬁwLﬁumﬂmﬁm%a ultrasonic (Q500 sonicator,
Qsonica L.L.C, Newtown, CT, USA) a1glnynideaulusu (titanium probe) 3uaLd un 1u
Fudnans 12 fiadiuns ATl 20 kHz szvriunszurunslefindu dogsasgnudlugieiude
dlemunugmgivedliedil 4 - 8 ssmuwailen Juseunislirdudanirenituiedis
Tusfusantaluledusiiunisiae dhlusAuserlaluleduiiadaldsiuiu 5 n$y avanely

asazaeUnines (sodium phosphate WWudu 20 Aadluans, pH 7.0) Ainnududuvoslsiaes

Y 1 o

Aaolsfeen (0.1, 0.2, 0.3, 0.6 wae 1.2 luand) Usuns 30 faddns segngninlulvieduda

3
m%’wnﬁﬁuamﬁgm 40, 70, waz 100% lasld33n1slindy 2 Furfiuasin 53ud (pulse
mode) aunszrtaianisiipauasy 3 wifl Mnusegsluusnissiinanuisa 8,000 x ¢ 7
gaumall 4 ssrwaduailunal 20 il Jinseivsinalusiuludiula (extractable protein)
M85 Bradford lngld BSA Wuansazaneninsgiu (Bradford, 1976)

Nnnsvnaesineiu mslisanirendiusieddusiuiuesnaga 40 uaz 70% Tu
anmgifiindedudu 0.2 uaz 0.6 Tuand gnidentiiduannzdmsumsvaaeunavessoziian
Tunsliadu TnetlusAunenlaluledusiuiu 5 nfu avansluaisazanetnived (sodium
phosphate 1udu 20 fadluang, pH 7.0) fieududuredediounaslsd 0.2 way 0.6 Tuans
U3unns 30 fadans fegeaslssundudanironifiuenndge 40 uaz 70% 1Junan 3, 6,
4a% 9 WITWUU pulse mode antudumissiinnuds 8,000 x ¢ QUNNE 4 BIANTALTER
Junan 20 wivt ivanlawavinandesigriusunalusiu, Ca?-ATPase activity, Usunamy
Falensa way surface hydrophobicity 3meﬁsuufwuaaaqmﬂ, zeta potential, LLazmwmju
sudsnmaneaaulngldmaia SDS-PAGE uae light microscopy dwsusegnafildsundusan
Srgidiuoundgn 40 wag 70% \uan 6 Wit Megreiililldsundusanirmidasgnliidy
Frogmuau MIfuamduresndusanitenldiuniseiels calorimetry Tngld
thermocouple Tne¥nosnuilunmitevesindsenthenuil (Tdsemsaauiuns; Wem?)
M350 Jambrak wazamy (Jambrak et al., 2009) #wiunsitel rdudaniraridiluen

WAYA 40, 70, wag 100% LeuMnlAfuAIAUTY 7.04, 13.37, kag 20.62 TnARBATS

LURALLAS MIUAIAU
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3.5.4 N1sVAdaUNANTINVDY Ca®*-ATPase

Asnedaufanssuves  Ca?-ATPase  wedlUshuuanlalulefuaniunisinenis
FauUasa1nisaes Benjakul wazmaz (Benjakul et al., 1997) fhogefiwseusiean1izfidingds
it 0.2 waz 0.6 lumdgnideansheasavanetvimlesiflufennaslss Tiilauduves
Wshu 4 Hadndu/fadans tifmegefidonudivsuing 500 lulasans Wuaisazane Tris-
maleate (pH 7.0) LWudu 0.6 Tans Usuns 250 Wilasdns, ansazansunaifounaslsa (CaCly)
dud 0.1 Tuand USums 250 Talasans waziusiaannlosey USuas 3.75 fadans 1h

a

dhunansuaUniigungfl 25 ssmiwadoa Wuna 5 unit 9niudn ATP Wity 20 fadlu
a1 Yums 250 lulasansviufl wavuuiedwmeilunal 8 undl wasminasu 8 unfiuduis
ansazany trichloroacetic acid (TCA) Wi 15% (w/Av) Usunas 2.5 fiadans Lilevgnufisen
a'auwa:uﬁgw:umgnﬁwmﬂumﬁ‘mﬁmmL%ﬁ 3,500 x g tWuan 5 Wil Uunaedunidneninsg
(inorganic phosphate; Pi) Baszludlagnipsigvisiginalin UV/Vis spectrophotometer
(GENESYS 10S, Thermo Scientific, Waltham, MA, USA) Tagld KH,PO, iluasuinsgiu @

nMIpANuLALInANEIAAY 640 UNlUMAS AaNTIUTeY Ca*-ATPase gQnuanslumie

pumol of Pi/mg protein/min

3.5.5 Apszvivsinamydalanianauun (total sulfhydryl group) uasnydalansainyin

U381 (reactive sulfhydryl group)

USunauvy dalansan avuauazny daszaidun1siaudaulasainisees

Yongsawatdigul ag Park (Yongsawatdigul & Park, 2003) N153tA5 189 UTuuns Talania

(%
Y

HanuAaIRuNstaeldfiaeg19 0.5 adans waunvaisazateUwes Qeuneuraslsaiduty

a Y Y

0.2 ¥38 0.6 Wa3, sodium phosphate buffer [wugu 50 Hadluans, pH 7.0) ﬁﬁgmwmu 8
luaisuay ethylenediaminetetraacetic acid (EDTA) Ll9u9u 10 daaluais L@y Ellman’s

reagent (@158¥a18 DTNB 1WUU 0.1% Nazargluaisazaretwines NaH,PO, \udu 50 dad

'
a =

Tuans, pH 7.0) Y3u19s 2 Haddns vnufiserfiguuad 40 ssmwadea duian 25 uid

9 Y

aaa Y 1

dvfumsliesgviusinamydalansanyiuiten degrazgnualudviesiusaangsen

a = I Y [ ! A P =
RILAZEARY 4 peAgaldea LJuan 1 Falug mmms@mﬂauuawmma’nﬂau 412 U luLuns
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USunuvemy dalansaruialasldarduysedninsganduuas (molar extinction

coefficient) 7 13,600 Mlcm™ wazuandlunule mol/10° g protein (Ellman, 1959)

3.5.6 N15AT1HUSU surface hydrophobicity

USu1al surface hydrophobicity Atliun1slaeanuuasainidves Yongsawatdigul
way Park (Yongsawatdigul & Park, 2003) lagideanslusAunealaluladunisaisazans
Uiles (sodium phosphate wudu 20 fadluaansfifiansararsindelaiounaslsdidudu
0.2 w38 0.6 lwa1sedndlaagemils, pH 7.0) ielilalusAuffaududusingg Iiun 0.1,
0.15, 0.2, 0.25, waz 0.3 Haansu/daaans) viansazarelusaudsunns 2 Jadansuiiy ANS
dudu 8 fadluans Usums 10 lulasdns uavvuded1eiigumgiivedufidauiu 10 i
nvuTan fluorescent intensity vosdaag13lngldias og spectrofluorometer (FP-8300,
JASCO, Easton, MD, USA) fianss1inau excitation 375 uluiuns wag emission 485 unlu
RS AIWIRY surface hydrophobicity (SO-ANS) U898881931nANANTY (slope) VoensINg
NAansEN114 relative fluorescence (R) wag dAaIUAMUUTUVBILUSAY (Monahan et al,,
1995) AIANNTT
F —FO

FO

Ine?l F Ao A1 fluorescent intensity Uo9618819918 ANS Wag FO Aoan fluorescent intensity

R =

299 ANS DlulaLRuf987

3.5.7 3Lﬂ5’131§°umﬂmémﬂ (particle size) way zeta potential

a o

Wordlusaunealaluledullaminududu 0.2 daansu/dadans aqe
ansazanstnives (sodium phosphate udu 20 fadluaaisiifiansazareindelefiounae
lsdidudu 0.2 w3e 0.6 luariegslaogranils, pH 7.0) TiAT1evivuIneynAuas zeta
potential vatuaalaluloduls g141a5 09 Zetasizer Nano ZS (Malvarn Instruments Ltd.,

Worcestershire, UK)

3.5.8 WATILAAINYY (turbidity)

N153AT1E ALY uATUNTlneAALUa991NIT Y09 Yongsawatdigul kag Park

(Yongsawatdigul & Park, 1999) 13e319lUsAukealaluledulilaninududu 0.2 Jadnsu/



a5

1ad88n3 MearsazansUvines (sodium phosphate LNt 20 Jadluaridasazatoinae
lgifounaslsnidutu 0.2 w3e 0.6 luansetslaegrmils, pH 7.0) lddreg1sasludavein

a

ARd (quartz cuvette) waglinusaufigumall 40 uas 60 asrwai@ea \Wuiad 30 Wil
Tansiasunlasaugulagld UV Vis spectrophotometer M ausaiuiasaavinaanudu
WUUTEUNERINA (air cooled single cell Peltier cooler) imnugaau 320 uilumnas lagin

AINSAANTULEIMNNY 1 U

3.5.9 MsAAsIEfEwmAlla Sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE)

Freg19lUsAuT R uwar i unslind udand1einaudvaisazatetries
(@5a8aUNANTENING Tris-HCL WNTU 0.125 Tuans, SDS W uty 4% wag glycerol LYty
20%, pH 6.8) Tugnsdau 1:1 (V) Uué’aaaﬁﬂﬁ'qquﬁ 95 peFwaLdeaLduIan 5wl
wdsantulwaalusiusiuau 20 lulasnsuadluealndeza3azlus (polyacrylamide gel) &4
Usznausie running gel 10% waz stacking gel 4% (dususiegnsiiavarelundadudu 0.2
Tuandlaeildrnunmsliedusaniranndldvsmasedsdmsulnananaa 2.25 lulasndu) e
Ardmsunmsuenarsiagldussduluiiaed 100 Taad 9nduaaildazgninungouddae
Coomassie Brilliant Blue R-250 11U 0.125% Laza NEEIUAUMIYENTAYANUNALTE NI
MUBALTNTY 25% LarnInozIAALTY 10% ﬁWLaaﬁlé’mdwgﬂé”mm%q UVITEC imaging

system (Fire reader V4, Uvitec Ltd., Cambridge, UK)

3.5.10 M3wAsilaensldndesganssauduuuliues (Light microscopy)

lA59a3199801A (microstructure) Yaslusiuuanlalulofuvasitogenniuuarlyl
H1un1siiadudansrnnignitasigilaglindewanssmiiuulduas (Eclipse Ts2, Nikon
Instruments Inc., Tokyo, Japan) lagu1d19819U311035 50 lulATanTuInenaIuULEuLAD

dlanuardosnanuaizlasiaiiavedusiiuiunaeanssauiinawey 400 wih

3.5.11 nM5ATendayan1eata

v av v ° a ¢ a & 1 . .
Yoy ai baazgninundngeningeria1nuklsUsIu (Analysis of variance;

Y

ANOVA) kazaukans1awasAadesie Duncan’s multiple range test (DMRT) fisgduainy

et 95% Taegldlusunsu SPSS (version 23.0; SPSS Inc., Chicago, IL, USA)
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LY

3.6 n1suannUlnanlauvifussndntussauwaaainvanila

3.6.1 Januaza1sLAll

wulwsl Alcalase® 2.4 L FG (2.4 Anson Unit/g; AU/g) 270 21nU3E" Novozymes
(Bagsvaerd, Denmark) @15.A3a1nu3EM Sigma-Aldrich (St. Louis, Mo, USA) lenieulagingd
fu (@0 porcine gastric mucosa), oul®sl pancreatin (310 porcine pancreas), 3-
morpholinosydnonimine hydrochloride (SIN-1), dihydrorhodamine 123 (DHR 123, =
95.0%), fluorescein sodium salt (FL, BioReagent), 2,4,6-trinitrobenzenesulfonic acid
solution (TNBS, 5.0%, w/v, BioReagent), reduced L-glutathione (GSH, > 98.0%),
cytochrome C, aprotinin, hippuryl-His-Leu acetate salt (Hip-His-Leu), 2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS, > 98.0%), 3-(2-pyridyl)-
5,6-diphenyl-1,2,4-triazine-p,p’-disulfonic acid monosodium salt hydrate (ferrozine,
97.0%), (+)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox, 97.0%),
2,4,6-tris(2-pyridyl)-s-triazine (TPTZ, > 99.0%), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT), wag 2 7-dichlorodihydro-fluorescein diacetate (DCFH-DA)
a15iadiannusen ACROS Organics™ (Morris Plains, NJ, USA) leun 2,2-Azobis (2-
methylpropionamidine) dihydrochloride (AAPH, 98.0%) wag tryptophan (99.0%) &1 L(+)-
ascorbic acid 91nUSEN CARLO ERBA Reagents S.A.S (Rodano, Italy) wulvadaiasizsi
AGNQVLNLQADLPK (AK-14) wag NTFLFFK (NK-7) 21nU3¥W GL Biochem (Shanghai) Ltd.
(Shanghai, China) Dulbecco's modified eagle medium (DMEM) wag fetal bovine serum
(FBS)  a1AuS¥WM  HyClone — (HyClone,  Logan,  UT, USA)  Trypsin-EDTA
(ethylenediaminetetraacetic acid), L-Gln, kag non-essential amino acids (NEAAs) 210
US®E Gibco (CA, USA) Acetonitrile (ACN) way trifluoroacetic acid (TFA) @1SUNUIASIZA

A HPLC  uazasiedidug  Aldlunisideidununmiildluanwimsziiesujuininig

(analytical grade)
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3.6.2 msuanlusaulalaslaian

Uanila (Oreochromis niloticus) andoainaaialu Ssminuasssdun Yssmelne
indaiesufiAnsanviivinaluladewns uninerdomaluladqsuiinielu 1 42lus Tag
ussglandedlnlufifiiuds drean davi uazdndavlieen anthuiidevaludulneldiedos
Fuiile (Kenwood A920, Havant, UK) fdnlusiuainuid evandavadaelelelnsniuea
(isopropanol) ignsnausetusiefvhavated 1: 4 (wA) 7i 40 ssrwaidea Wuan 20
unit ¥ 2 sou nduidloarfaveiiidaluiudnisilugane tuuasyliuidunouay
Souflgunindl 60 samwaldeaifunat 3 4alus vdsandusegaazihluuauagsiiunzunss
YU 230-mesh axldiegnadundlusiuanuanda (P) Gsazgnussqlufisaryaniauazifud
118 peAwalded wardiaseyt proximate composition Usznauseu3unadusiiu aanuduy
lugiu wazeeds AOAC (2000)

WsfuanUaiia (P) weUSuna 2 nsuazananiy NaHCO, Wutu 0.15 luansusunms

a aa

20 Jadans WSu1alusau 10%, w/v) USU pH t0u 8.0 + 0.1 A NaOH idudu 10 Tuans

a

nuuinieuleyl Alcalase Tusgau 5% (Y0USulUsA) goufiad19igamgll 50 99e

Y

waidea Wuiian 2, 6, 10, uaz 16 43119 lWEINIBAINSITOU 160 rpm HEYANITINIUTES

a

v 1 o P = <, N o9 v & 1 <
wulzdiunishinuseuniaamgll 90 ssrwaea Wulian 10 wiil ilvidueg1esimss
Aaetude USu pH 10u 7.0 = 0.1 wazuSuusuiesidu 25 fadans daludumiss?t 10,000 x
¢ 7 4 asAnvaldod LJuan 20 Uil NSeIRIENTEAYATEY Whatman Luas 4 azlafiagi
AallAD Hy He Hip WAL Hy 9100387808 2, 6, 10, Way 16 9aluannuanau dnluimsigs
NANTTUANUBYYADATYVRIMNBYNMAIINNIUTLUUE 08D M5TNA8 (In vitro gastrointestinal
(GI) digestion) Tuta 3.6.3 dudiegearuan A0 Aslduruwnulusiulariauaviiuieuley
v = < = o 1 & a a v
Alcalase 17l 90 aerwalfioa Il 10 W1l Wagfaeg19mIuAN Pe-A, AolUsAutaniiady

7 90 asAnwaea Wunan 10 w1 wazidueulal Alcalase diu (13819 0)

3.6.3 w@ngsninnglaszsuutaeInnsatass (In vitro gastrointestinal (GI) digestion)
AnwAINTINAUBUYADATEVBIIBE1IMAIINH ST UUE 8 MNTTNa0e Gl 1aely
oulednudu (pepsin) Loy LWuATLOAY (pancreatin) AnLUaIRINITVOI Minekus et al.

(2014) Aatin1segealunseinnze1yis (gastric digestion, GD) w3 sulnenaulalaslaianUsuing

5 fadans NNUUANTDINAIlUITUUINAD9989nTENNE0111S (simulated gastric fluid, SGF)
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USums 3.2 Tadansuay CaCl, L9udu 0.075 dadluans Usu pH 10y 3.0 £ 0.1 ale HCL
Wty 6 Tuans uasuulildsinnsaavinedu 9.2 Taddns vuil 37 ssmwaiBoadunm 15
W9 Rneulediwuduy Usues 0.8 Tadansatlu SGF (Wlananssuvedeuluslanyiefie 2,000
U/Raddns) Uudl 37 esrwadeadiung 2 Sluwavwegndieninids 160 rom

PNETHENVDI SGF 119 uUIu1ns 10 Haddnsdrundeslualdidn (intestinal
digestion, ID) laeiinarsazatelusyuusiassvasarldidn (simulated intestinal fluid, SIF)
USums 5.5 fadans 1Ay NaOH Wudu 10 luansuSuins 0.20 dadans Usu pH 1w > 5.6
uazifu CaCl, delwldaudutugniine 0.3 fadluans anduusy pHdu 7.0 « 0.1 Y§u
Usinasanuelile 17.5 fadansuud 37 ewnwadeaduna 15 mildueululuuasie
fu Usunns 2.5 fadansadlu SIF (AnldAanssuveseulusigavinede 100 U/dadans) vuil 37
ssrwaluaduna 2 Hluaasiug1dieninmss 160 pm

wyan13viuveseulell gastric (GD) w39 gastric-intestinal digesta (GID) Aa8n13
Taudeudl 90 ssrnwadeaduia 10 wdl dlnduiuiidheiuds segrdlelasiaani

(%

I@annnsgosanioules] gastric (GD) §all HyeGD, He-GD, Hio-GD Way Hy-GD d@us1ogns
1elnslaaniilaannniseosanieules gastric-intestinal digesta (GID) 6135} H,-GID, He-GID,
H,0-GID wag H,x-GID Imaﬁu’qaamejuﬁaaéﬂaiaimilal,awsjaaﬁ 2.6, 10, way 16 Falusmuansiu
88199 NNEY gastric (GD) wag gastric-intestinal digesta (GID) tnlUAwserimaaiiludidu
kU daufie81991NngY gastric-intestinal digesta (GID) WnluviuieuazInsziianssud
auyadasylusziuwad

druvedlusiufiniunisdeslussuusians Gl vwudeasuiusegislalastaamls
fa0819A8 P-GD wag P-GID ﬁLﬁﬂ%’mﬂ’l'iéasﬁnﬂLauvLszjﬁ gastric (GD) wae gastric-intestinal
digesta (GID) muadu ww3ausiat1suANtauled (Enzyme blank) Tneldindudsieannd
90U (deionized water, DI) wnufioeg1a muduneudisdy eldwnauaiinguanieulss]
WARIAIFIDEIAL il pepsin (Pepy), pancreatin (Pan,) kg enzyme blank (Pep-Pan-1)

Fadegslunguilasmsengufediuiuistruwdliiulusiunselalaslaian diufaeeng

AuAN A0 thindnwinanistaslussuu Gl azladegnafie A0-GID
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3.6.4 WAT1LATEAUNTSERY (Degree of hydrolysis; DH) wazauaunsalunseon
(Digestibility)

AATIERUSIUnguLeaniasiily (Ol-amino group) vaitagelaeyinUATenfu

=

2,4.6-Trinitrobenzene sulfonic acid (TNBS) 1173584 Adler-Nissen (1979) Taglga1du
(leucine) Wuasunsgiu tieg1s 50 lulasdns (Feaweasazanslafoulnfdadava
(SDS) s uu 1% 138 U1Us1Aantasou (deionized water) LANasaza g Naa WAL LYY

0.2125 Wan$ 9 pH 8.2 Usuas 500 lulasdng weldidndu inansazats TNBS Wudu

a

0.05% V31195 500 lulasdns wenlindaiu unigamgll 50 esega@ea Wuan 1 Falus

Y

[

Nnunasazangninlalasaaesniiutu 0.1 Tuans Ysuns 2 1addns uililengaujisen

[
a

webidnAunasandlingamgiieadunan 30 wil daAnsgandunail 420 unluwns
ERGGERN Spectrophotometer (Stone, Staffordshire, ST15 OSA, UK) LansA1n1seasaans

lundredadluansvesnguuweaniosdluiguivaddu (leucine) ATUIUAITEAUNITE DY

1Y

(Degree of hydrolysis) LN (1) (Benjakul & Morrissey, 1997) ATUIUAIAIINAINITO

[

lunsgee (Digestibility) AELANSE (2)

L -L
DH (%) = (t—") % 100, (1)
Ltotat,p = |-0
. . Lag = Lbd
Digestibility (%) = | —— ) x 100, (2)
Liotalh = Lbd

Tn L, AoUSua -amino veslalaslaianiiviansn L, Aeusunn O-amino 284
dlufinaifl 0 was Liotalp ARUSHIOY OL-amino e Aildannthalauisdiudes lunse
Telasmaadnudiutu 6 Tuans 7 110 sswadeadunan 24 $3lus Ly, uas L, feuSune ol
amino va3dlalaslatanAouaznateaely Gl MUEIRU Ligw ABUINIU Ol-amino Wavund

aul? @9 Ly, ARUSUIRL Ol-amino ﬁagﬂISﬁLquﬁiﬁa Liotatn NANIIATUINNAIAINNITAY
enzyme blanks
3.6.5 "3Lﬂsqxﬁminizmaﬁmﬁn‘luLaqaﬁmﬁnimaqa (Molecular weight (MW)
distribution) lag Size exclusion chromatography (SEC)

13997190798 19A78d1588a18 mobile phase Tudnsadiuves 0.1% nnlnsnges

1s9=a#n (trifluoro acetic acid; TFA) sioaz@lnlulensd (acetonitrile) Wu 7:3 (v/v) 8afi9e19
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Usuns 100 lulasanslumeauil Superdex Peptide 10/300 GL (10x300 mm, GE Healthcare,
Piscataway, NJ, USA) 8as1n1stua 1.0 Sadans/und Qﬂ%s@@ﬂ‘ﬁﬂ%ﬂﬂ 27 188805 WaznIIIN
fiannuenadu 214 uiluwes Tasldarsmmsguiesuashuinluanadd Aprotinin
(6,512 Da), AK-14 (1,481 Da), NK-7 (916 Da), Hip-His-Leu (429 Da), wagtryptophan (204
Da) € 414 Cytochrome C (12,600 Da) @19$un15A1u38 void volume (Vo) W& onns1

mmg'mizwhﬂ LogMW wag K, (Wu, Mansy, Wu, Surerus, Foster, & Cowan, 2002)
3.6.6 AMIITWNANTTUANUDDNTLATUNILAL

3.6.6.1 Auau1salunisdveyyadase ABTS ™ (TEAC assay)
AATIVANUENNTAIUNTA U LABATEANLUAININTVR Re et al. (1999) lned
Wasiege 50 lulasansuagansagany 2, 2-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) uty 7 fadluans Usums 1950 lulasans wauliidniu Asliluiifln 15 widl
1N uIAAINITRANEULAT ANEIIAE Y 738 uIluins WsuRuaITIINTEIU Trolox
ANNEINTlUNTAUEN TR LY AdATEYRIRg 1 andlumEdadnTU Trolox AelAnTuauys
VBIRITU
3.6.6.2 Ama1u15alun15vBIanAsauny Ferric ion (FRAP assay)
AATgiaNaNnsalunIsAIueyLadasEauiaLUaIm1NITvee Benzie & Strain
(1996) ng¥nanuannsalunisifdmesadumesa Inelndula 100 lulasdnsded
Ysunaundlnaldudu 0.13 TadnSuauyavesdi@udelafing wazaisazatunay 1000
lulAsans 3eUsenausiaisazaie 2, 4, 6-tripyridyl-s-triazine (TPTZ) u9u 10 dadluans
Tunsalalasaansntudu 40 dadluans Usuns 2.5 dadans, FeCls. 6 H,O 20 dadluans
US1ng 2.5 §adans wag asfmndnimasidudu 300 fadluais Usuns 25 1aaans Wy 3.6

a

wanlvidniu duflgamnd 37 ssmngaldos i 10 it 9amiutadinisganduuasiienue

Adu 593 uilumng WeufuasunsgIu Trolox Amasnsalumsiuaseyyadassuansly

MIEANULNTUYDIETUINSFIU Trolox

3.6.6.3 aruannsalunissunvlane (FICC assay)
AaTEveNansa N sinuenyadaselaginauaunsalunsdvivlanewleTa

looau AU v99 Decker & Welch (1990) IasiUnsrog1wnulngusuins 50 lulasans

PMnduAnUInauUsIAaIntoaauyUsuIns 1000 lulasans FeCl, gy 1 Hadluais YSuins
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a v

50 lulasdns vuiigampiiviendunan 5 uniluiisle uasifiu ferrozine Wudu 5 fadluans
U3uns 50 Tulashng Unigamgiivonduna 20 unit aanduiadinsgandusasiinruem
AU 562 Wlung IWsuRUaIsnsgIu EDTA amnuansolunsduaiseyyadassves
AIDELANIUNUIBAUTNTUYBIENTUINIFIN EDTA
3.6.6.4 Aawawrsalun1sdudseyyarasaanda (ORAC assay)
Ansginnuansaluntsiuoyyadasslnenmstiudieuyaoseondalnednulas
311 Davalos, Gdmez-Cordoves, & Bartolomé (2004) N15011534AT 1M LT Unauda1 96-
wells Tindragranilnduiinms 50 lulasans adlu 96-wells anduifnrloamatnmesd
aadudu 150 fadluans (pH 7.4) waz fluorescein (FL) iamududu 280 wiluluanslu
weoalsmnesfiadudu 75 fadluans (pH 7.4) Uuflonmndl 37 esmuuaidea danaliifu
et 15wt ntdudin AAPH (aududy 48 Sadluand) U3ums 50 lulasdnslureais
Tniesfienandudu 75 fadluans (oH 7.4) amnuenirdunszsdu (excitation wavelength)
485 U TWIAT WAZAIINEIIAG UATELAT (emission wavelength) 520 UNTLLUATAIELAS B9
microplate reader ( Varioskan LUX Multimode Microplate Reader, Thermo Fisher
Scientific, Waltham, MA, USA) 9n9 1 wiiiiunaan 110 unit feg1 blanks Ao daeeefiiis
thUs1randeeu (deionized water, DI) wnumdlng fuaariiuildnswl (AUC) Tagld
Skanlt™ software 4.1 (Thermo Fisher Scientific, Waltham, MA, USA) A7 4@ 141504N"S

AuaseuLaBaTsandluMieAIUNTUYR TR Trolox

3.6.6.5 ﬂ<Jwmmmiun'zse“/’z/efiayymz/a{aansﬁaZustﬁ' (ONOO~ scavenging)
Aingianuauisolunisiueyyadaselaenisdudsouyaeseandaly
15199 (peroxynitrite scavenging ability) Taua auUasa1n Kooy & Royall (1994) 1a 5 vl
a13azane stock 109 SIN-1 uarDHR 123 Tua1savate PBS #ifl deoxygenated (1u) Usums
50 fiadluans (pH 7.4) wazidevdlmdae PBS 50 fadluans wisldsielu Dwadegranulng
U303 50 lulasans adlu 96-wells (Wuuanuvaudsi) andufunoamatmmesiianu
udu 100 fiadTuans (pH 7.4) DHR 123 avududu 10 TalasTuans SIN-1 Ainanandudu 40

a

Lulasluans vufigaumadl 37 esrgai@ea 1nAue1InauNsEu (excitation wavelength)

Y

500 W lULUAT WAZAINEIIAA UAIBLES (emission wavelength) 536 UTLULUATAIYLAT BY

microplate reader ( Varioskan LUX Multimode Microplate Reader, Thermo Fisher
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Scientific, Waltham, MA, USA) 9n9 2.5 wiiiiuiian 120 w1l #ee1a blanks Ao feg1ai
Auinusiaandeeu (deionized water, DI) wnuimlng drwraefiuiilgns (AUC) Tneld
Skanlt™ software 4.1 (Thermo Fisher Scientific, Waltham, MA, USA) A314@1315atun"s

AuaTeuLaBaTELandluMmiEANINTUYeIETHIRSE U GSH equivalents/nSulushu
3.6.7 nsAnwAuaNUA lunsilussiueyyadasslussuuas
3.6.7.1 N1SAEITATSS

wadildlunsmeaesiie waduzssiu (HepG2: Human liver cancer HepG-2 cells,
American Type Culture Collection (ATCC), Manassas, VA, USA) Lﬁymmjaﬁs[,usumsuum 75
A1T19LBUALLRT TS Dulbecco’s Modified Eagle Media (DMEM) Waunae Fetal bovine
serum (FBS) WuUuU 10%, L-Gln Wu9U1% (v/v), NEAAS LUUTU1% (v/v) ey inuigdu-ansy
Tntedu (penicillin-streptomycin, 10,000 lulpsnsusefiadans) Wudu1% (vv) aaniuta
wadlugmuauguvnlii 37 ssmwailes uazasuaulaeenludidudu 5% aunseiusadus
nszaERuiuivesndsLsadUsEana 80 fa 90% Mndurilisaduanainitufiinielag
Msinansavate Trypsin-EDTA Wudu 0.05% d1uwadildmsaisazarevoannsnines
gilan] pH 7.4 Wuwadildlunsvnass
3.6.7.2 n15anT1zvinudunviaznistasiunarutuie (cytotoxicity and
cytoprotection) luivaguz1590U HepG2

paadnToumudo 3.6.7.1 ldluuenaisusadein 96 ngu Aeududy
anvinvasead 2x10° lwadeovau luanaidsusadify (DMEM) andutueadluuly
AUANEMYIT 37 ssmiwaldua wavansusulaeenluidudu 5% iunan 18 il niata
n1350a%30 (cell viability) 1a838 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT assay) 315199 cytotoxicity Baslusiulelaslaanigesluszuy Gl fivy 24
Falua fienmdudugavihodu o -15 fadnsu/fiadans uslugmuaugumgiiidudunan 24
Fa109 AAPH fimnududu 50% lethality WiluTiasizsisaeid cytoprotection assay Inauy
wad 7l 36 921us AU uTUYBY AAPH 0 - 60 fadluand 9 24 T2lus Tiasigi
cytoprotection vaslusAulalaslalandigosluszuu Gl vy 12 Falus Amnudutuaarine
Ju 0.1 waz 2.0 fadnsu/fiadans vuludrmunuaamgivuduan 24 Falug annifu AAPH

Y

d' Y v a a s N o ¥ a = a o s &
NAMUYUYU 40 llaaiila'ﬁ'ﬂggﬂL‘WUEJTU']GL‘WLﬂ@f’n']llLﬂiﬂﬂm@ﬂ@@ﬂ“ﬁLﬂﬂu1UL%ﬁaL‘Uuna'] 12
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Flus wadignuazligninieninlng AAPH wazdieg1smuANNIIUINABIEAd A LANNTA
weanesinfinrududu 0.05 Tadndu/fiadans nqunaaeuvaniifiuasiesfidunisdesly
Gl Tuusiagnquitivua shluiiasest MTT assay lngiuansazans MTT avaidudugaying
0.5 Aadnfusedadans luarsazaretiisles PBS Annnududy 111 fU3ums 100
lulnsdns/van Uulugmuaugamaiinedn 2 ilusluriesiin uazifuansazats DMSO Wi
Uaas 100 lulasdns/mau inluiarganduuassneiaies SPECTROstar NANO system
AINBIAEY 570 UNLLLAT (BMG LABTECH GmbH, Ortenberg, Germany)

3.6.7.3 pauauvAlunniduarsdeyyadaszluszuuivas (intracellular ROS
scavenging capacity)

Apseinnuannsatunisitueyyadastluead lneldwaduziseiu (HepG2 cell)
Tnedaudamiuisves Wolfe & Liu (2007) iiuifieniwad HepG-2 sy Tissue culture
flask YUIA 75 M1T1ULUALAT Laan15LEI5 Trypsinize Wwas HepG-2 (6x10° wadsianau)
ﬁ'aqiu complete media aﬁﬂiu‘mqmsﬂaﬂ 96 well plate costar black/clear bottom L#u
Tusiulalnslaianiidesluszuu Gl way DCFHDA Aiaundudu 25 lalasluand Auemaides
wadlaiil FBS ) adluusiazvauiidvuauazuu 1 §alus 19 media senanuwadseasazans
{ied PBS fimnuitudu 1 w1 uaziAn AAPH finvendudu 600 lalasluand luansazane
Tvlled PBS fimnududu 1 1w udrvuseluifunan 1 9alus lumsmidenhlnAnoyya
daszaeluwad DCFH aggneendladidu DCF FsamnsaiFeuadls Smlnddivinnsmaaey
fewanunsalunsduiveyyadaszAazvinlinisieuaswes DCF anasdsinnusieLn3os
SPECTROstar NANO system ﬁm’mmm?{umw’ju (excitation wavelength) 485 unluLuns
LATANENIAAUAIBILAY (emission wavelength) 538 Wluluns AwaNsalunsFueYya
sasvluwadvesinegrauansluviize DCF fluorescerice intensity Faiwadiigniniioatilag

DCFH-DA ifigsaeaifiendy cell blank druwadfianmilentilag DCFH-DA wag APPH @avi

Y

& &

Teadilu oxidative stress ABLYARAIUANTIAY UALLYAEAIUANMNIVINADITAGTILANNTA
waarpsdnfirudutu 0.05 fadniu/dedins ndunaaeunaranfufosaiiiunsdosly
Gl luusiaznauiiimua anuanunsalunisiduarsdueyyadassluszuuiad (cellular
antioxidant activity, CAA) A1U28dA1875U84 Kellett, Greenspan, & Pegg (2018) A4duN1T

(3)
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Fluorescence in’censi‘tyst_moL

CAAunit= | 1- ° % 100 (3)
Fluorescence intensity

oxidative stress control

3.6.8 M3AATIEVTILANINEAR

¥msneaes 3 Suazuanafuanade£sD wWisuieumuuansiswes 2 Aade
%8 independent sample t-tests @uNan1snaaesfiduinnin 2 Yasedinsziaiainy
WUSUT7U (Analysis of variance; ANOVA) wagAnuuansnsuesAaiesie Tukey HSD fiszsu
A asiy 95% (IBM SPSS Statistics for Windows, version 23.0. Armonk, NY: IBM Corp)
AATziesAUsEnoUNan PCA Lag Pearson correlation analysis Iaglalusiunsu OriginPro

2018 (OriginLab Corporation, Northampton, MA, USA).

3.7 auanwazvaundlndanlarliauasnisdegluszuumainainsdnassnlglusun sy

ADNNILADIADNISAIUDDNTLATUTLAULYAA

3.7.1 Taquazasiall

g5ANAINUIEN  Sigma-Aldrich  (St. Louis, Mo, USA) laun 2,46
trinitrobenzenesulfonic  acid  solution  (TNBS,  5.0%, w/v) 2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS, > 98.0%), 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), &g 27-dichlorodihydro-
fluorescein diacetate (DCFH-DA) @15tAa1AUSEN ACROS Organics™ (Morris Plains, NJ,
USA) laun 2,2-Azobis (2-methylpropionamidine) dihydrochloride (AAPH, 98.0%) uag
tryptophan (99.0%) & L(+)-ascorbic acid 91nuU5# CARLO ERBA Reagents S.A.S (Rodano,
ltaly) Dulbecco's modified eagle medium (DMEM) Wag fetal bovine serum (FBS)a1nu3en
HyClone (HyClone, Logan, UT, USA)uagTrypsin-EDTA (ethylenediaminetetraacetic acid)
MNUT Gibco (CA, USA) wazansiaidug Alilunmsisoifuganmiltlusmiingei
WoUURN"3 (analytical grade)

nsweulusivanidetanianuuuie (9 wazndsivsivlelaslawnnionanis

299 Zhang, Noisa & Yongsawatdigul (2020) maalusiulaslusiuainilelardansusuie 2
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nSuavaneee NaHCO; [Wudu 0.15 tansusunns 20 Haddns (USuallusau 10%, w/v) Usu
pH 194 8.0 + 0.1 Aae NaOH wWudu 10 Tuans andugesnleioulesl Alcalase Tuszau 5%

a

(vosU3unalushiu) geadiagfigamgl 50 asrnaadea 1Wunan 10 Falus wewenus?

Y

a

58U 160 rpm vgansyiaueaeuluinenisiiauieuiigaumall 90 esmwaldea 1u
nan 10 und vldBusgnesanidadeniuds USu pH W 7.0 + 0.1 wasuSuusunmsifu 25
fiadans thludusiesd 10,000 x g 7 4 ssmwadea WWunan 20 17 nsesienseaYnTes
Whatman wed 4 druluiildidulusiulalaslaananilevarfiafiuil - 80 esrwaidoa
dusviiasgiinely
3.7.2 msv‘l"m%qwéﬁ"aﬂLMﬂﬁﬂIﬂsmImnsﬂ (Chromatography)
3.7.2.1 mﬁ‘iff?U?’qwngﬁ)Eﬂ?ﬂfmaﬁﬂ Size exclusion chromatography (SEC)

Tsfulalaslaanysning 100 lulasans Aaluasauil Superdex Peptide 10/300
GL (10x300 mm, GE Healthcare, Piscataway, NJ, USA) moruLAS B4 Fast protein liquid
chromatography (FPLC; AKTA pure 25, Version 1.8.0.6, GE Healthcare Bioscience Co.,
Uppsala, Sweden) 1% mobile phase A @8 DI water uag mobile phase B fie 0.1% nsalns
szuaaiiaz%aﬂ (trifluoro acetic acid; TFA) Tu 30% ae@lnlulasa (acetonitrile, ACN) TUswn5y
M3z (elution) wiUlng (51971 3.1) Wiushegns 1 fiaddns/fraction As19RanINT 214 uay
280 unlums dundlndann SEC fraction (SF) luvuismedsudionudsiazazatsndusie
0.19% TFA (v/v) Tu 2% ACN (v/v) dwsuiasiziisioly inszinaaudflunisduaisdu
auYadaszAEIs ABTS ‘assay veunulna (10 lulasluansiieuwindizn) dunalalaslaian
(H) 3usiu peptide yield (%) wavauduiusianssuduesnindy
3.7.22 nvsﬁ7v?gw§fﬁﬂ7?ﬁWﬂﬁﬂ Reverse-phase fast protein liquid chromatography
(RP-FPLC)

dndendruvadlelnslaianiifiianssudusendindusieds ABTS *assay gsga 270
N3¥UIUNT Size exclusion chromatography (SEC) Aia SF8 ﬁﬁU%ﬁ%éI@ﬁi%’ﬂaﬁmﬁ RPC @9
SOURCE™ 5RPC ST 4.6/ 150 (GE Healthcare Bioscience Co., Uppsala, Sweden) T4 L1
\AAOUT (mobile phase) A A9 0.1% (v/v) ﬂimlﬂi“l/\lgaaiiaz%ﬁﬂ (trifluoro acetic acid; TFA)
TutUs1ea1neau wag mobile phase B Ao 0.1% (vv) ninlasigeslsozdn (trifluoro

acetic acid; TFA) Tuozdlalulnsg (acetonitrile) TUswnsunsye (elution) tdlng (m1519di
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3.1) WAUFBEY 1 Tadans/fraction M51ARAM NN 214 way 280 uluwuns wilngain RPC

UsENaume RiFe, RiF7 RiFg hag RiFo INNTsuaueandindunigis ABTS ‘assay ggn (i

Ind910 lulastuans) wumdlndns 4 9970 RPC inluviu3gadnseulngldmaduil RPC 1ny

14 mobile phase A wag B luheiiuiy RPC sounsn 1uswnsu elution tnulnanan19199

2.1 vunUlnale 16 fraction 910 RPC savaad danUlnaninanssudiueandiatunieis

ABTS *assay addn (wilnad 1 lulasluans) dildiiesgvimadunsaesilulasamudnuuy

YaunUlnatudunausaly

M19197 3.1 Tsunsumsve (elution) mulnadmsunisinusans

Elution volume  Flow rate Elution volume  Flow rate
Segments Target %B Segments Target %B

(mL) (mL/min) (mL) (mL/min)
SEC of H
Sampling 0.00 0.30 0.80 7 100.00 0.70 0.80
1 0.00 5.00 0.80 8 2.50 0.00 0.80
2 100.00 0.00 0.80 9 2.50 1.30 0.80
3 100.00 0.80 0.80 10 100.00 0.00 0.80
4 2.50 0.00 0.80 11 100.00 7.00 0.80
5 2.50 2.20 0.80 12 0.00 0.00 0.80
6 100.00 0.00 0.80 13" 0.00 33.00 0.80
RPC, of SFg
Sampling 2.00 0.30 0.20 5 85.00 3.00 0.40
1 2.00 4.70 0.20 6 2.00 2.50 1.00
2 10.00 20.00 0.40 7 2.00 13.00 1.00
3 22.50 12.50 0.40 8 2.00 1.00 0.20
4 85.00 7.50 0.40
RPC, of R,F,
Sampling 12.00 0.60 0.20 5 90.00 5.00 0.20
1 12.00 6.00 0.20 6 12.00 0.00 1.00
2 13.50 0.00 0.20 7 12.00 10.00 1.00
3 13.50 3.00 0.20 8 12.00 1.00 0.20
4 90.00 0.00 0.20
RPC, of R,F,
Sampling 13.00 0.60 0.20 4 13.00 0.00 1.00
1 13.00 17.50 0.20 5 13.00 10.00 1.00
2 90.00 0.00 1.00 6 13.00 1.00 0.20
3 90.00 5.00 1.00
RPC, of RiFg
Sampling 16.00 0.60 0.20 4 16.00 0.00 1.00
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1 16.00 17.50 0.20 5 16.00 10.00 1.00
2 90.00 0.00 1.00 6 16.00 1.00 0.20
3 90.00 5.00 1.00

RPC, of R,F,

Sampling  22.00 0.60 0.20 4 22.00 0.00 1.00
1 29.00 14.00 0.30 5 22.00 10.00 1.00
2 90.00 0.00 0.30 6 22.00 1.00 0.20
3 90.00 5.00 0.30

" for column equilibration

¢ o

3.7.3 MIWATIZAAINUNIABEATUAEY LC-MS/MS
Aadendiuveamnulnafifiianssudueyyadassguinninsizsimafunsneyiily
ﬁaaLﬂém Ultimate 3000 LC System (Dionex Ltd., Thermo Fisher Scientific Inc., Waltham,
MA, U.S.) Vldl AOAUTZUU micrOTOF Q Il mass spectrometer (Bruker Daltonics, Bremen,
Germany) ez electrospray ionization LLE{@QEULL‘U‘U peptide mass Tulnug positive ion 1ng
14 Auto MS/MS Tusiag 50 -1500 m/z wag nanocolumn (Acclaim PepMap 100 C18, 3 mm,
100A, 75 mm i.d. x 150 mm) wenindlndlagldneduil Poroshell 120 EC-C18, 4.6 x 50
mm, 2.7-Micron column (Agilent Technologies, Santa Clara, CA, U. S.) 1% mobile phase
A f9 0.1% (v/v) nsalasngeslsesdin (trifluoro acetic acid; TFA) Tuwihdsandosuy waz
mobile phase B @ig 0.1% (v/v) nialnsgeslsesdfn (trifluoro acetic acid; TFA) lusedln

d Y L3

lulnsd (acetonitrile) Aru8ns1nsina 0.3 Haddns/wil gaumngiinedul

9

27 p9ALaLTud
TUswNIUNSTE (elution) AHIANSI9N 3.2

A1519% 3.2 TUsunsunsae (elution) tulnddmsuiA3as LC-MS/MS

Segments Retention time (min) Target %B Segments Retention time (min) Target %B

RoF12 and RyFp5z5

1 0 8 6 50 80
2 0 5 7 55 80
3 5 13 8 57 5
4 40 30 9 60 5
5 a5 40

RoFi344

1 0 5 5 45 80
2 0 5 6 55 80
3 5 14 7 57 5
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RoF3135

1 0 5 6 45 80
2 0 5 7 56 80
3 3 16 8 57 5
4 38 28 9 60 5
5 43 55

RoFss

1 0 5 6 a5 80
2 0 5 T 56 80
3 3 20 8 57 5
4 38 25 9 60 5
5 43 55

RoF4345

1 0 5 6 a5 80
2 0 5 7 56 80
3 3 20 8 57 5
4 38 32 9 60 5
5 43 55

L84 d' o W a . . 1%
AnTzidayalvematdunsnezilu (de novo amino acid sequence) AelusunTy

Y

Pepnovo (v1.2.5) (https://proteomics.ucsd.edu/ProteoSAFe/index.jsp) Ma1TUIAALA DN
Lwﬂlwﬁimmquﬂu Oreochromis niloticus (Nile tilapia, taxid: 8128) agPepNovo score

(100%) LLazizqiﬂﬁauﬁﬁ homologous proteins 31ng1UUBYa NCBI Protein Blast (BLASTP

2.9.0+ https://blast.ncbi. nlm. nih. gov/Blast. cgi?PAGE= Proteins) La% /%5 @ UniProtkB

(peptide search https://www. uniprot.org/ peptidesearch/) (May 17" - 25", 2019) gy

X =~

afunsneziiluratnllnaniinnutuvesdayaaiadly basic peak chromatograms (BPC)
W93 MS spectrum @3agUszneulimensnezdlunuadtegussmueanaiadudu W, Y, K, C, P
waz H eldlunisAndend nivitnsnznlunistoage111591a09n13auN LA (in silico

simulated Gl digestion)
3.7.4 @agsnnneldszuugaganisitasamisaaunamas (in silico simulated
gastrointestinal (GI) digestion)

NMTASIERluNISERYRIMSIaRIMIsABNNIMES (in silico simulated Gl digestion)

Tnelglusunsy PeptideCutter (https://web.expasy.org/peptide _cutter/) (May 25, 2019)



https://proteomics.ucsd.edu/ProteoSAFe/index.jsp
http://www.sciencedirect.com/science/article/pii/S1756464616303942#b0180
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins
https://www.uniprot.org/peptidesearch/
https://web.expasy.org/peptide_cutter/
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Wwonldioulaalinugu (pepsin, pH 1.3 wagpH > 2) N3UTU (trypsin) waglaluni vy
(chymotrypsin) Fsdauduwizan (C-term- [FYWMLL) w3suifisusywinandlnanounasy
nAgo8INF1UToyaRINa1IT 1R UiUgIuTeYa BIOPEP ( Minkiewicz, Iwaniak, & Darewicz,

2019) (http://www.uwm.edu.pl/biochemia/index.php/pl/biopep) (June 6, 2019) azla

wUlnevianun 15 vieu (wUlnaneugas (Sudu) 9 vieu wavunasdas Gl 6 view B luduase
wUlnAaInusEN GL Biochem (Shanghai) Ltd. (Shanghai, China) kag3lAs1eRAANTINAY

pandnduluaisusaly

3.7.5 Aps1zivsuraandlng

Usunanndlndlaedimszvinguueaniazily (O-amino group) vessiiagnelagyin
UfjAge11u 2,4,6-Trinitrobenzene sulfonic acid (TNBS) a13359049 Adler-Nissen (1979) lne
19828u (leucine) Wuasuasgiu thdegns 50 lulasdng (Feweaisazaislafoulad
Fadawln (SDS) Wudu 19% wde tdsiranlessu (deionized water) inansavaneneainn
Fudu 0.2125 Twand 7 pH 8.2 Usuas 500 llasdns weliidndu iiuaisazars TNBS

a

Wt 0.05% Usuns 500 lulasing wenlidniu uniigamgll 50 esmwaidea Wuan 1

Y

a

FIl9 nUUANasazanensalalasaaesnudy 0.1 luans Usuns 2 daddns viufiiienyn

v
a

UiRsen welidnAuudnsnslineamgiveaduna 30 wil Sasnisganduuasi 420 w
Tuns taeldias o Spectrophotometer (Stone, Staffordshire, ST15 OSA, UK) WanIAIN1g

gosaanglunmileliadluarivesnquieanesilumeuiudizu (leucine)

3.7.6 AATITRNINTIUAUDDNTLATUABIT ABTS ™
AaseiauanIalunsiueyLadaTEAnLUaInLIsues Re et al. (1999) lned
Wasege 50 lulasdasuazansazany 2, 2-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) Wudu 7 fadluans Usunas 1950 lulpsans nawlhdniu felilufidia 30 und
Mntutaainisgandunasiiainue1and u 734 unluuns v DI l9uny blank wans
ANNANNIAtUNNIANIREYYadaTE ABTS™ (ABTS™ scavenging capacity) Aeasng
Aptank Asample

ABTS™ scavenging capacity (%) = —————— x100%
Ablank

108 Apank WAE Agmple ABAINIIAANAULAIYRY blank kagfiag19muaiy


http://www.uwm.edu.pl/biochemia/index.php/pl/biopep
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3.7.7 nsAnwaautA lunsilussiueyyadasslussuuas
3.7.7.1 MsBguvaTUI
waafldlunsnaaesie wasuzSau (HepG2: Human liver cancer HepG-2 cells,
American Type Culture Collection (ATCC), Manassas, VA, USA) Lﬁymmaﬁiummm@ 75
A510URALNAS 111113 Dulbecco’s Modified Eagle Media (DMEM) wesigiag Fetal bovine
serum (FBS) 1 uUU 10%, L-Gln Wu9U1% (v/v), NEAAS LUNTU1% (v/v) hag inuikgau-ansy
Tntedu (penicillin-streptomycin, 10,000 lulpsnsusefiadans) Wudu1% (viv) aaniula
wadludimuauguvnliil 37 ssmwaldea wazansusulneenlodidudu 5% unseiavadun
nszEmuuRavesInABLTadUIzINM 80 B3 90% nduvinliadvanainiiufinaniag
Msnansazaiy Trypsin-EDTA 1Wudu 0.05% d1uwadfildsuaisazarstines PBS, pH
7.4 uwadilldlunsvases
3.7.7.2 n15AT1zvin i diuily (cytotoxicity) luivaduzi5eiu HepG2
auwadinonude 3.7.7.1 ldluaewnsideusadein 96 viqu finrundudy
aninevesead 2x10° lwadrovqu luenaidsusadifu (DMEM) ndutiieadluvalu

'
4 aa

drruAugamgliil 37 ssmwalfea uagasveulneenladidudu 5% uan 48 $alus
3237 AN155909 T 0 (cell viability) Tme 75 3-(4, 5-dimethylthiazol- 2-yl)-2, 5-
diphenyltetrazolium bromide (MTT assay) 3LA5184 cytotoxicity vounUlnafinnnududu
anvineidu 10 - 100 Tulasluand vslugmuaugampiifiudunan 24 §2lus shlulinses

L4 ¥ a a o a aa

MTT assay IngLfinasavaly MTT aududugavine 0.5 dadnsu/daddns luaisazany
Gief PBS fennandudu 1 wih AvTums 100 lulasdns/mau valugmuaugamaiinedn 2
Hlusluriesiin uazifizasazans DMSO Wadutsunns 100 lalasans/vay thluiagandy
WAIRI8LAS 09 SPECTROstar NANO systern fiaaang1apdu 570 uiluiuns (BMG LABTECH
GmbH, Ortenberg, Germany)
3.7.7.3 pauaudalunisnduarsdeyyadaszluszuuivad (Intracellular ROS
scavenging capacity)

Fuiienad HepG-2 fidsslu Tissue culture flask vwim 75 msasuiuns lag

1514735 Trypsinize Auwad HepG-2 (6x10% wwad/mau) ﬁa&ﬂu complete media aslulu

1auves 96 well plate costar black/clear bottom t@anuUlng waz DCFH-DA fimnandudu
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25 lulasluand Quonadsasadlifl FBS ) adluusasvquiidvuauasty 1 $2lug dng
media 88nNLAAFITAITATaIeUNIWeS PBS fimandudu 1 11 uaziAn AAPH findnu
it 600 lalasluans luansazaneduinles PBS finmidudu 1 wih wdausdeluilunan 1
Falus lumsmienilnAneyyadaszneluwad DCFH azgnesndladidu DCF Feaunsn
Gosuasld unulndivhmmeaeuiimnuamsalumsdvivoyyadaseAazyilinisEeuas
184 DCF anaad 4fanusa01a3 09 SPECTROstar NANO system # A2111612A3 unszfu
(excitation wavelength) 485 U1 luLUAS LAZAIILEIIAG UATBKAY (emission wavelength)
538 wiluas anuansalunisiueuyadasslulwadvesdiogsuanilunyig DCF
fluorescence intensity Faiwadiigninilentilag DCFH-DA iflesaeaiieandu cell blank dau
waddfigninileniilag DCFH-DA uay APPH avinlifiwadidu oxidative stress Aoisadaiuny
N19AU LALWAdAUANNIIUINABITASTIALNTALBaABS TNl AL TuTY 0.05 Fadndu/
fiadans nqunnaenardasfuiogandlndluudazauddmun auanasalumady
asiueuyadasyluszuuleas (cellular antioxidant activity, CAA) A1UIA113T V04
Kellett, Greenspan, & Pegg (2018) A4a1NT
Fluorescence intensitysamp[e

CAAunit= | 1- x 100
Fluorescence intensity

oxidative stress control

1n8 oxidative stress group Aowadiiviy DCFH-DA wae APPH ldfiinulng

3.7.8 NSANINSULEN@DNVR U (Gene expression)
anwaaiinioulildnuemsidsasadvia 6 van Usinms 1 Taddnsfiaududu
aninevanead 6 x 10° 1wad/mau Usiduan 24 $alus ulsngumnass 2 wuusd 1) G
Tudluwadifiesadafiead 10 - 100 lulasluars vudunan 4 $9lus 2) Wiumdndluwadd
10 - 100 lulpsluand wasifin AAPH fimnududu 600 lulasluand Tuansazanetvines PBS
faududu 1w yndunan 4 $3lug I dunguiiegne “peptide + AAPH” d19 media
gonINwadsuaIsazatstwiwed PBS finududu 1 winaziiuisiwadse 0.05%
trypsin-EDTA
Sunsata RNA fennsldyaatn NucleoSpin® RNA Plus kit 8198938n5ainain
UTYN (MACHEREY-NAGEL GmbH & Co. KG., Duren, Germany) A53988UUIHNMLaEAMAIN

284 RNA Tagld LVis plate fa81A3 09 SPECTROstar NANO system (BMG Labtech GmbH,
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Ortenberg, Baden-Wiirttemberg, Germany) RNA (USunau 1 lulasnsy) undeiasiei
complementary DNA (cDNA) aa8tnaila Real time-polymerase chain reaction (RT-PCR)
lagldyndainsieyl ReverTra Ace® gPCR RT Master Mix with gDNA Remover (FSQ-301,
Toyobo Co., Ltd., Osaka, Japan) WinUSunailag cDNA Usunas 0.5 Tulasansnaufuansnay
TuuSunw 12 lulasans (RNase-free DI Usun 5.25 lulasdns, primer iudu 100 lulasly
a15 Usunaw 0.5 lulasdns wae Vivantis 2xTag Master Mix Usuna 6.25 lulasans (PLMMO1,
Vivantis Technologies Sdn. Bhd., Selangor Darul Ehsan, Malaysia)) Glyceraldehyde 3-
phosphate dehydrogenase gene (GAPDH) 14y housekeeping gene AATIZANITUAAIDDN
99981 GPx1, SOD1 way CAT aanLuu PrimerSLﬁﬂiE]‘Uﬂ@ﬂJ‘U%L’JmLLﬁmaaﬂﬁg\mmm‘U@\igﬂﬂS
19 primer Mﬁﬂ@j fighsuruassd forward primer Wag reward primer laA GAPDH (247 bp),
forward: 5'=ACC TGA CCT GCC GTC TAG AA=3', reverse: 5=TCC ACC CTG TTG CTG TA-3;
CAT (380 bp), forward: 5-TCC GGG ATC TTT TTA ACG CCA TTG-3, reverse: 5'-TCG AGC
ACG GTA GGG ACA GTT CAC-3’; SOD1 (272 bp), forward: 5-CTA GCG AGT TAT GGC GAC-
3, reverse: 5'-CAT TGC CCA AGT CTC CAA C-3'; GPx1 (224 bp), forward: 5'-CGC CAA GAA
CGA AGA GAT TC=3', reverse: 5=CAA CAT CGT TGC GAC ACA C-3 Vloﬂﬂﬁl,ﬁlmguﬁj’m’?%
Polymerase chain reaction (PCR) kazn333BINanan PCR Aiusuuldsag Agarose gel
electrophoresis Ingle 1.5% Agarose (BIO 101, Inc.) Tuasazane ethidium bromide 14VC
100 bp Plus DNA Ladder \Ju DNA Molecular weight markers (0.1 lulasnsu/lulasdns,
NL1407, Vivantis Technologies Sdn. Bhd., Selangor Darul Ehsan, Malaysia) S¢# Un19

waRIRand Ul F 1 usaNTIATUA LIl ABUAI LU US A UTU GAPDH AT U
housekeeping gene
3.7.9 MsAATIEVtayaneein
o H I3 | = P = | ! =
MNNSNAEDY 3 azkantluA1ade+SD WIgUWguaIULANANaYaY 2 ALRAY
A28 independent sample t-tests @uNan1INAasIiduInnIn 2 JaduiAsiziAIA1L
WUSUTIU (Analysis of variance; ANOVA) WagAiLAnNA1sue3ALaasg Tukey HSD N5eAU

mmﬁaﬁu 95% (IBM SPSS Statistics for Windows, version 23.0. Armonk, NY: IBM Corp)
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3.8 Msldadudanirennianudugunauiuliinisiianavesysivamneuniiiluney
AaalIAA

3.8.1 Januaza1sLAll

a o [

g3inUamseunsutudilasunisaduayuainlsanundngsll Sminaumsains
(Uszinalny) lngidegeiinldazaasiidiunauvedlusiuanlivny andudawyag3ili

levwin 500 nsuiloussyeaINIALaziiusnvIfigamnd -40 sargadoasuniiag

9 v v 9

il

@19A837nUS ¥ Fluka (Buchs, Switzerland) tawn Bovine serum albumin (BSA)
wag 5,5’-dithiobis (2-nitrobenzoic acid) (DTNB) @15tALa1AUTEN 5’ -triphosphate disodium
salt hydrate (ATP) wag 8-anilino-1-naphthalenesulfonic acid (ANS) astaddusulalunns
AATIzaEmAla gel electrophoresis 31NUS¥N Bio-Rad (Hercules, CA, USA) Lagansiall
uq Atlunsidoduaunmilddmiunuinsesiluiosufiinng (analytical grade)

3.8.2 Msinseugsinanznilyneunaalsadudunie

¥ 2 A

azaeiieysiuyudanomvall 4 asenwaldyaltiuay wazdnlilavuingnuian 3

9

WURLLAT 9101 UUINIFUA281AT 99 Stephan vacuum cutter (UM 5 universal, Stephan

Machinery Co., Columbus, OH, USA) uu 1 Wi anuudulgifsunaslsaianuidudu 0.5,

1, WaT 2% (W/w) 999U nUNe SRV IMNaALasdUg19RamaauIy 1 U USUAIINIUYDIDE19

Y

ffunde 0.5, 1, waz 2% 1 81.5, 81, uaz 80% (w/w) AuaIAU At uds dudiagng
aavilesdn 1wl nasanduuiuanuslunsduilusedvganazdunaiiion 3 uiineld
AN1ITAYYINIA 5¥1I1INTAUA0E 9N dv033981930nAIUANLTAINTY 10 B3M1
waldualagldinsas Chiller (RTE-101, NesLab, Newington, NH, USA) Lﬁaszﬁﬁ (surimi paste)
gy ° A 9gve o
Mldaggninanussigeaganaielddmsunisnaaes

3.8.3 m3Uszendldaaudanirgnidanudugeiuiietiuiloyss

1
=1

nstdnaudansrwniiuiieginileniianiunsiagldiaies ultrasonic processor

(% '
v

(Q500 sonicator, Qsonica L.L.C, Newtown, CT, USA) fimnsifl 20 kHz 1diiley3sl 540 n$ui

a Y 1

ussgeglugeayyinaldadunsumuueiussginandiudaiionuauoumgiveiegs

Wiegsening 4 - 8 asmwaldyaseninnsyuunisleidiady (sonication) Megraaglasuaiu

dansellagldinsurunaduriiugudnans 25 fadwns Mueundyn 70, 85, uaz 100% LJu
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AU 30 uiilaevinnsiiraulusnwie pulse mode (IhAaw 5 Fu9l wagWn 5 Au19)
megnldlalindudanirvndazgnlidiluimedimuny Awnanuduvesrdudaniienil
ATuN13A875 calorimetry Inald thermocouple (54 Series Il thermometer, Fluke Corp.,

L% & 1

Everett, WA, USA) laginaonunluniiigvasinfmaviulonudl (InAsanns1auguiuing; W/em?)
ANU35ve9 Jambrak wazmme Jambrak et al., 2009) @19%5UN15798H AFUDANS1HIIUTBY
WAYA 70, 85, wag 100% LgumnlanuA1A1utu 10.01, 13.28, wag 16.45 Tnfson1314

WURLLAT MINAIAU

3.8.4 nMsnAdauANEINNTalunIsanalUTAY
\Wegsiindanuuduresnde 0.5, 1, uay 2% gnisndunauivaisazargdvines
Tris-maleate 119U 20 fadluans (pH 7.0) 16ns187U 1:9 (W) lagldiaTos homogenizer

Ly

(T25 digital ULTRA-TURRAX, IKA Works, Inc., Wilmington, NC, USA) aﬁazmwwmﬁﬁ'ﬁ

d)}
)
f2)) )
©

lgineunanlsadudu 0.1, 0.21, uway 0.43 Imm%qﬂﬁmﬂ%ﬁm%’uﬁaaﬂwLﬁjaﬁﬁﬁ'
ToAoumaolsdidudu 05, 1 way 2% audndu 9ntuidunau e Juvissianug
8,000 x g (Sorvall ST 16R Centrifuge, Thermo Scientific, Walthman, MA, USA) Wutian 20
unil figauvindl 4 esmwaldea udnla (@wwedlusiufiateld) tuinseiviualusiy

(adn3u/fadans) sreld3s Bradford (Bradford, 1976) aeld BSA iusasazansunsgu

3.8.5 NSNARDUAINTINVDY Ca2*-ATPase findinde

Fenalusiulifianududu 4 fadnsu/fadans sedesfildatnmetisluai
Wudureandedisnetu mufiosuiglilude 3.8.4 Vasegalusiuiiioanauaisuing 500
lulasdns WWuansavane Tris-maleate AUULTY 0.6 Tuans (pH 7.0) Usuaas 250 lulasang
Lazansazanuaaldeunaslse (Cacl) Wudu 0.1 Tuand Usunmes 250 lulasans arniui@an
UsiAanlessu (deionized-water) lilaUsumssauidu 4.75 §adans Tanianssuves Ca2+-

ATPase m1u78U89 Endoo wag Yongsawatdigul (Endoo & Yongsawatdigul, 2014) Aanssa

Y84 Ca?*-ATPase gnuanslunyig umol of Pi/mg protein/min A9Nssuvas Ca?*-ATPase

¥
A aa (%

= o ¥ dy
AIVRD (%) Vel Muinlaainauniseil
Nanssuvas Ca?*-ATPase N1ALMas (%) = (A x 100)/A,
109l A, Wag A Ap NaNIIUYBY Ca?*-ATPase 189i70819MlilASUATUSanS 19 IuaL NaIRIN

1AsUAAUTaN3I 1919 MUY
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3.8.6 IAszvivsanvemydanlanianavan (total sulfhydryl group) uazvydanlansa
MUnsen (reactive sulfhydryl group)
Ydamrog1alusiudsunns 0.5 Jadans luarsazaretviesnldanaluliasaniiy

Usums 4.5 faddnsiidgSordudu 8 lwand uaz ethylenediaminetetraacetic acid (EDTA)

dnsulesgvivsinamydailensanaun luvasivgdanlansanvihudiseagldinmesily

Y

farvazategiie MnuuTaUsuuvemydanlansans 2 vilalaeld Ellman’s reagent
(@saza1y DTNB Wt 0.1%azarsluaisazareUnines NaH,PO, lWndu 50 Jaaluans, pH
7.0) @138 U919 Yongsawatdigul wag Park (Yongsawatdigul & Park, 2003) Taeuansluniag

989 mol/10° g protein

3.8.7 N159LA51%H surface hydrophobicity

\Feanefegnaneansazanetiules (Sodium phosphate Wudu 20 fiadluan§7ia
ThgumaslsAdutu 0.1, 0.21 39 0.43 luang, pH 7.0) Tulaaudutuveslusiu 0.1, 0.15,
0.2, 0.25, uag 0.3 Aaansu/ladans 11AT189 surface hydrophobicity Tagldaisazais ANS
M1UT5 U89 Yongsawatdigul Wag Park (Yongsawatdigul & Park, 2003) A1uqad surface
hydrophobicity (S0-ANS) vadfaa81991AAIANTY (slope) VoI5 MTinEensewing relative

fluorescence (R) kay dndIUANUINIUVDUSAN (Monahan et al., 1995)

3.8.8 M3A38NRAYTH wazdiasvinuauUAvaLan

aad

gl oy sildaluldlndlianuaaslsa (polyvinylidene chloride) AUNALEUNTY

U

a

AUENA1Y 3 Wwufng uanhludungamgi 90 sarmwaldes Wy 30 Wil wasanliauieu

Y

(Y I

Y] | ° | v e a = 2 yyw A A a
Lbe 73 @'JQ‘EJ'N"DSQﬂUWlI"ILLSUqu’]LEJUV]UV]L‘UUL'Ja'] 20 U LLazmﬂlaﬁJﬂmﬂqum%Qu 4 93A1

¥
< LYY

walgea Ynaagslesninlinaumgiivieaduian 2 Tilus newliaseiiideduda uazd n1s

v
v [ a

Anszinadnvuzioduiaveatagiiliidunislagliiaios texture analyzer (TA. XT plus
Stable Micro Systems, Surrey, UK) Tnesnsagnslidnnuens 3 wufiuns asiziuseid
3AY19 (Breaking force) (g) Wavsz8sn1e (distance) (mm) A8 spherical plunger probe
YIALE UK UAUENA1S 5 Tadiuns 1 A3L57 (test speed) 1 mm/s (Yongsawatdigul &
Piyadhammaviboon, 2004) g1usuatduesdiedns (L*, a*, wag b*) fiiunislaelding o

Colorimeter (ColorQuest XE, HunterLab, Reston, VA, USA) A1@31uw17 Auiadleagldaunis
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L* 3b* (Park, 1994) Tnedi L* AemAduaing (ightness); a* fie AAuwAe/ATen was b* fe
APLER /Y

3.8.9 Anszivsunaledlnuulng (Olicopeptides) fiazanalu trichloroacetic acid
(TCA)

USuraloalnidulng (Oligopeptides) 7 azanelu trichloroacetic acid (TCA)
AdunsIAs1eRlagleisues Yongsawatdigul ag Piyadhammaviboon (Yongsawatdigul
& Piyadhammaviboon, 2005) Y1618814 3 Asuu LAy TCA urfuldudu 5% Usuins 27
fladans antudunanlnelinios homogenizer wardumissiinauda 8,000 x g ﬁqmwgﬁ
4 psrardeaidunan 15 il uanzdnladmsuihudesziusunaledlnuulngd
ava18ly TCA #2835 Lowry (Lowry et al,, 1951) Taaldlnls@u (tyrosine) L1duansazane

1n3g1u Usinalusiuandlumiize umol tyrosine/ ¢ sample

3.8.10 n15AAsziinrewmalla Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

azanelagIiduI 1 n3u Tuansagane SDS WUty 10% U3uns 10 daddns uay
Hunaudae homogenizer thdunaurismmnliauoufigumgi 90 ssruwadeaduna
1 $alus Mndudumissiiennuida 10,000 x g WWuan 10 wififigumniives ivdwlaunide
19078 treatment buffer (@N5aLaNNENTTNING Tris-HCL LINTU 0.125 Tuaans, SDS 4%, wa
ndwesea 20%, pH 6.8) ludhsau 1:1 (vv) anduihdrunauianunuilianudoud 95
sermwadsaiduwnan 5 uifisazseliifunsuiulvananaa wisunassasayludd
Usznoun18a@7uv89 running gel 10% wag stacking gel 4% Aulldsaulwiiusuim 20
lulasn3uitelvanasuiiea seAndmsunisuonarsingldussiulniihagi 100 Taad aanduiea
filszgminundendsneg Coomassie Brilliant Blue R-250 W 0.125% uazénedadmiuse

ansazanerauszinauusaLiudy 25% uaznsnevdndudu 10% sheaildindrezue

1389 UVITEC imaging system (Fire reader V4, Uvitec Ltd., Cambridge, UK)

3.8.11 mswnezlaeldimaiia Fourier transform infrared (FT-IR) spectroscopy
Tiseilaseadieafuiiaes (secondary structure) vaslusfiulagldinsos FTR

spectrometer (Bruker Tensor 27, Karlsruhe, Germany) #8431nU1@19819lUNIUAI TS

wuuwgEonudeuan (lyophilization) fregsazgnianawnududiuam 64 a3990 500 &9
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[y

4000 cm! fiAnuaziBen 4 cm! wauan (spectra) gninflgamaiivios 1iAs1e9i spectra
paelusunsu OPUS version 7.5 (Bruker Optics GmbH, Ettlingen, Germany)

3.8.12 mywnszilagldndesganssaidianasaukuudadnsia (Scanning electron
microscopy; SEM)

Ainsgrilassainegania (microstructure) vosaag3diliuazlildSuadusant
gianudugaiiondesgansimididnnseuuvudesniiniifianssausas (field emission
scanning electron microscope) (ZEISS Gemini, Carl Zeiss, Germany) I@am”mf\]a%?ﬁiﬁﬁ
AL 2-3 lufians wagthluudsdiensuiBenuds aanduiifednanisasuy
bronze stub lagldinuarsueau (carbon tape) waztrdourduilanuise (sputter-coating) fae
NBY IINTUFUNAGI0E197 ALTIFULT (accelerating voltage) Wiy 3 Alalaad (KV) uaw

1Y

ANS9vE1Y 200 L1

3.8.13 N15ATIEdoyaN1eaA

Yoyaiildainnismaassaziuniiasgiaade wazAdsavuninsgiu sauds
AATIEIRAIANLUSUTIU (Analysis of variance; ANOVA) LALAULANGSUDIAILAE BE7Y
Duncan’s multiple range test (DMRT) fisvumudesiu 95% Taellusunsu SPSS (version

23.0; SPSS Inc., Chicago, IL, USA)

3.9 nansauaanasinuazlalasiaunessanlannanisiinaanazaunInsalnlvasnisau

vassiNUaLunsau

a

3.9.1 INQAU

q

1Y [

Aaegeg3HanUatdinaukgud suain uien duaniliugsd dudanid 311

(@ywsanas, Usendlneg) uwaziegegsinnuaiUinauutuds 1asuain usen usen eyasal

[%
aa v a

wnde IinEynTanns, Ussmalny) lnadiog1gsie 2 via Lifldunauvesldvny anuu

v v

1 vYa Y a Y [ o £ 1A < =
fnfleg1lnduintuas 1 Alansy LLaSLﬂUiﬂ‘H’liu%LL“ULEJ@ﬂLLEZN (-20 DIALYALLTEE) MDA

1%
=

32EZLIAINITNAADY NIALDAADIUNTDIN USYN Northeast Pharmaceutical Group Co., Ltd
(Shenyang, China) lelastautwes eanlan (H,0, 50%) 4 0910 US ¥ Ecochem Ltd.

(Christchurch, New Zealand) Sodium dodecyl sulfate (SDS) § 9910 US¥N CARLO ERBA
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(%

Reagents (Val de Reuil Cedex, France) @15 5-5’-Dithiobis-(2-nitrobenzoic acid) (DTNB) Oh)
97 U3 Acros Organics (New Jersey, USA) uazansiaddudildluauidedifuansaiiings

AUSUNUIASIEA

3.9.2 NM3LATEULRAYIL

avaneieggiinnuatuneuuasUamaeuns Tnsfisl i dufulugidu andusn
Jugnuiaduwn 1 wufiuns Fuiagnanei3auAdu (Stephan chopper) (UM 5Universal,
Stephan U. Séhne GmbH & Co., Hameln, Germany) tJuia1 1 w1 ﬁ'qquﬁma’lm'ﬁ 10
gerwaled seninensduesH Wnluneunaslsd (NaCl windy 2% (w/w) wdadusgia
sorlenduszozinat 1 uni andufniudaieuiuliiinuduanisvosiogtaman
(paste) Wity 78% (w/w) wavdunaudunan 1 widl iunsaweanasdnit 0, 0.1, 0.15, 0.2%
warlalasiaumeseanlasdl 0, 0.05 0.1 way 0.15% luseninenisiiuuude vty
agmaduna 3 wit uardusesmeanuiigadunat 3 uni tedimen lfuuss
aelaaainia wasldwnly (stuff) Tuussdausidmnsuldldnsen (polyvinylidene chloride

. [V ¢ a v A . S o v
casings) (urugunans 3 wuRwng) Ineldiases vertical sausage stuffer AntuviNsl

a

ANTeU 2 35 A nslvianufeulnensa (direct heating) Mgaungil 90 asFwal@ed 1Ia1 30

Y

a

a A aad = A v 9 A @ o . a =
UIN LLAaZBNITVUIAD ﬂq§1Wﬁ3qN3@ULW@Lsﬂmﬁn (settmg) N mﬂjq]ll 40 DAL aLYd 13981 30

3

Wi sudeiigamnll 90 esrwaldea 13an 30 uil anuwrhliaaesiduiufidenisudly

a

Tz <, N v & A a vy oA ] ° a ¢
WU LJukan 20 U LLa'JLﬂ‘UV]QﬂJWﬂﬂJ 4 ENﬂ'WLG?jaLGUEJﬁvLTU'uJﬂu NBUUINNIILAINEW

Y

3.9.3 AnaNUAYRIA

AnTEleduAav01aR Fa8ITNAABULSINANYE (empirical punch test) Laeld

v v

#139 spherical probe 319 5 fadlunT sianuLAs 09IlATIE ML DFURE (Texture Analyzer)
(Stable-Micro Systems, TA-XT Plus, Surrey, UK) TdausIn1siane (penetration speed) 7
1 fiadwns/Aui Ineuuiaa (equilibrated) Nigaungiivies (25+2 ssmngaded) Wuszezian

Y

2 Falus udabvsigusaduurisuaduiuaudnans 3 lwufuns wage1d 3 WuRwes new
Uuin (Park, 2005) A1dv09aa93H n513TnlaeldiaTes HunterLab spectrophotometer
(ColorQuest XE, Hunter Associates Laboratory, Reston, VA, USA) Tusguu CIE A7

Amundlaglyaunsae L* - 3b* (Park, 1994)
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3.9.4 nmsuenlusiulneisaadianlnsini@a (sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE))

s

AATIENFULUL (Pattern) veaagsiilagly SDS-PAGE m1ui5uae Laemmli’s (1970)
Tnewaw SDS Wudu 109% Aisou (10 Aadans) ludeog1s (1 ndw) wastunaulrduiofontu
firnds 11,000 rpm Wuan 2 wift Tngldipsastunan (an IKA T25D homogenizer) (IKA

a

Works, Inc., Germany) wagliaiuseuiigamgll 90 esenwadua 1Wunan 1 99l vinis

afnsnenaduuazliiin B-mercaptoethanol (B-ME) iudu 10% wihdumissd 8,000 x ¢
(Sorvall ST-16B, Thermo Fisher Scientific, Osterode am harz, Germany) +381 20 U L‘ﬁa
MaAwaznoud Wazaty 3ias1ziusuialusiuvosdiuvesnadi lavded wini o
(supernatant) Mu35 Lowry method (Lowry et al., 1951) @wsunisitasiziidianlasinsaea
(electrophoresis) 111 #aog 97 lalifia B-ME THdhveunari adalduwaufudvies

(treatment buffer) FeUsznausie 0.125 1uans Tris-Cl, pH 6.8, 4% SDS, 20% glycerotﬁ

g 1:1 (vAv) drudieg iy B-ME drmnwauiudWiiesad 10% B-ME a1ndui

a

Fretsiinantvinlosuds unlinnueudioamall 95 ssrmisaidea a1 5 undl udrlin
faag19 (UsAu 20 lulasnsu) asuu 7.5% polyacrylamide gel Tneldiaadiuuu (stacking
gel) Wity 4% vhdianlasivEdaniesld 100 Taad wdsarnianisuenveslusiu Wiaadiliun
wrluasazanedonditutdu 0.125% (w/v) (Coomassie Brilliant Blue R-250 Tutimiusaltudu
40% uaznsnozdAndudu 109%) Wunan 1 4alus ndsndusiliangaoon (destained) u
awnuealdudy 25% uaznsnerdfndudu 10% unseisdunauuuvedlusiulddaiay

Jufinnmweaaalneldiades UVITEC Gel Documentation System (Uvitec Ltd, Cambridge,

UK)

3.9.5 Wnszvivsinamydanlansannan (Total sulfhydryl group content, TSH)

M371974A1EVY T-SH ¥89198938 m1uI5ves Ellman’s method (Elman, 1959)

Taaldans 5-5-dithiobis-(2-nitrobenzoic acid) (DTNB) ¥i1n15azalslusiu laed unau

(homogenizing) 13934 (0.5 n¥u) Tuneaiatvlivles (pH 7.0) Wudu 0.1 Tluarsusung 25

13t unaudi 11,000 rpm 1387 2 Wil #2813 0t unaw (an IKA T25D homogenizer) (IKA

Works, Inc., Germany) 31nduindiuansazaie (supernatants) (4 Jaddns) uwaunu 0.1%
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a Y Y

DTNB U31ms 0.4 fadans Turleamntviles (oH 7.0) Wiy 0.1 Tuans JefgBetudu 8 Ty

a

a13, 2% SDS waz 10 fadluans EDTA naued Uuanswauillafiaaumal 40 sareadea 1Ju
a1 15 Wil newhandaAnsganaulaialueIndy 412 wiluwes (Stone, Staffs, UK)
Ay T-SH IngldaduuseanSnsgauas (extinction coefficient) winiu 13,600 M'em™

U89 2-nitro-5-triobenzoic acid (TNB)

3.9.6 awnlasalnUvasnisdu (Vibrational spectroscopy)
A5293RBuNTLIRA NN A TInaTARUTEVING 4000 - 400 et faewAI e FT-IR
spectrometer Fousaiu an attenuated total reflectance (ATR) (FT-IR, Platinum ATR,
T27/Hyp2000, Bruker Limited, Leipzig, Germany) lag119@29819u1A9 (lyophilized samples)
Useanas 1 fadnduuuiinveaiaia ATR crystal uazBadnluluep3es FT-IR spectrometer nd

a o w

Wnns 9l 64 dunu ANuazlden 4 cm !t Neaungivied (25 asrwallies) n1dm background
. a %% Ao = .
interference uavliaszideyaaiunasnvuiinlalagldlusunsu OPUS software version 7.0
(Bruker, Leipzig, Germany) i1 curvefitting tiadiassiilesiduduedlasasramiandves
TUsAU (protein secondary structures) 1135 v89 Miller, Bourassa, & Smith, (2013) lag
aUnAIIUUNIUNNTYIN baseline correction wag normalization neutlUIATIEIINE
FIUAUNATIV0YITTLWa (surimi paste)/iaa #5199AR18LAT B9 laser Raman

spectrometer (FT-Raman spectrometer, Vertex 70-Ram I, Bruker Limited, Leipzig,

Germany) igaumgiivies Ingussyiegesiluildmiegns (sample holder) 1dlwaTes way

9 Y 9

Y ' = 3 a

ARBg1eINaIULaLDS 500 HadinA ANazLBYn (spectral resolution) 4 cm™' 64 @wnu

e

] '
| A

Y98 UAA U 400-4000 cm™ (Kobayashi, Mayer, & Park, 2017) ’?Lﬂﬁ’lzﬁsﬂjayjamﬂﬂmﬁ’lﬁ

b

Tuiinldlneldlusunsa OPUS software version 7.0 asaaiansvun 30 dlunnsinefaegn
LazyIBURUSEUAUADY (the second derivatization) Ingla Savitzky-Golay algorithm 83310
USuLduiSu (thirteen-point smoothing) kaz¥™ normalized 1l a4yl spectral resolution
(Perisic, Afseth, Ofstad, & Kohler, 2011) fudniuRvosiia (peak area) YOIAUNATITIN U
N5veYRUSSURUEDY (the second derivative) Tudiuvesasuseneulalasaisuauasnss

(aliphatic residues) flapau 2980, 2936, 2874, war 1450 cm @sUsznevlslasalsueu

LUV (aromatic residues) ﬁLﬁﬁUﬂ?}lu 1280, 757, wardns1@Iuvad 850/830 cm’!
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3.9.7 M5LATIZRIAUTENOUNAN (Principal component analysis, PCA)

Y1aUnn 31 H1un15vieuWus SufUaDa (second derivatization) Tagld the
Savitzky-Golay algorithm #a 9910 Us uLd uL5 8u (thirteen-point smoothing) ha e
normalized A28 Extended Multiplicative Signal Correlation (EMSC) (Thumanu et al., 2014)
VOUAAZFI9819 (30 spectra) 113LAT13 PCA Iagld the Unscrambler X software (version
10.5, CAMO’s software AS, Oslo, Norway) 7l @tUnns19191a9aa 4 3500-2800 cm™ uas

1700-500 cm™ 149ayaa1nn319 loading plot Tuunisidentisannsnvilideyaiinaay

a

wsUsundi an uenaind serA1msrateaninaii-ntenin (physicochemical data)
Tnssa¥amAegfiveslusiy (secondary structure) msiasuniaswesnlelnsasusuansnss
LA UUN (aliphatic and aromatic groups) 310 FT-Raman wavAnaUAAuYed FT-R Aildan
3 loading plot 3N3AT1E9i PCA $auriu iilovanuduiudsyinsnmand@mandnignimn
voalaanaztoyaananlnsalndveanisdu 4 adunaainvinvesy3fiuaznisiiunia

6 a 6 3
woanastnwazlalaslauwesaanlyn

3.9.8 N15ATITUNINEDA

Uszillunavasnnututuvensauweanastnuazlalasiaumeseonlendenuaudainisiingg
Y4133 1ngly IBM SPSS software (SPSS 20.0 for Windows, SPSS Inc., Chicage, IL, US) 14
MTIATIERAMULUTUTIUNIAEY (One-way analysis of variance, ANOVA) iial3auiieu
n19a0R warld3% Duncan’s multiple range tests wW3suifisuALLANFITwBIALREY (p <

0.05)
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uni 4
NaN152gLazaAUs1gNa

4.1 9vugUieEulusiu Ikuesuaslusiunaulviues
4.1.1 wavansiaulusiuuazleamsne

4.1.1.1 Han15NATILVAIE (L* a* b¥)
NNTUATIENAIFVIAI98190 19T UTY Wuden L (A1anading), a* (A1dun)

WAy b* (AdLa84) VIR 18819 control, 10SPI, 20SPI, 10WPI, 20WPI, 10FS, 20FS, 20HM,

] [y

40HM tag 10FS20HM Hanuuana 19U NATed Ay TeAuALAaliuN 95% AIn13197

a o

4.1 F9a1 L* 1Jup1i1Uauannand1uadng taeiaidans 0-100 F9A1 0 u1edadan wag 100

wnefsdv Jeaziiulaindaegeninisiy fiver sol inlidiag s uguiia1 L* uiniign

Y

o

= Y A = | | & | g vo aa ¢
GZNLLam’mmaEJNﬁ,Jﬂ’MWU’anm UM a* ay b* LUU?‘WV]ELGUﬂqVu@aﬂﬂigﬁ’]ﬂﬁﬂllwwﬂ U

CaNle

aa

Tnafian a Wuuin nunedsingddeanuas a1 a Wuau wuneivingidesndes diuen b1y

o [y

= aa & ! I3 = aa S a o« &
UIn Vﬂiqﬂﬂ\nmqma@@ﬂlfwa@\i LagAn b luau 'Vill']fJﬂ\ﬂfﬂQ?Jﬁ@@ﬂquﬁu FIINNNNINAADIUAN

a* uag b* TAnduuiniimuauansindve gt 1nugunomunddeenluniawauazivios

a1

Taedazfl10g19R2dAN a* way b* UInnsSetsunnnaenueanltUTusd fudlruNauAunly

U

F9639E04 control, 10FS waz 20FS 1e a* Hosiian waniinldeanivioidounan wasn1say
fiber sol lilavilWdveat T usUNlauANF1931NAI0E19AIUAN kagA70E1e control kag
A10g14 10FS didn b* smgauazliwanseiulunieada wansidesnuasiesigauasnisiiy

fiber sol U3u1ad 10% lalavin1sidveed1aTusuunnm931ndieg19nIunL win1siiy SPI

a

US1nas 20% danalvin a* wag b* aeiign Llesa1n SPI fideenmdesegudantuiiieunundy

9 Y

duusznauludniuslisdmaliindusunlaidvdeudutiusiie
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faedefl  Fegna L'Jmm%’m %’qwiaﬁ'lﬁi%'m (85/S4)
(min)

1 Control 16+1°¢ 1.8%

2 10SPI 17+0°° 1.9¢

3 20SPI 20+5¢ 1.9¢

4 10WPI 18+10¢ 1.7¢%

5 20WP| 18+1"¢ 1.7%

6 10FS 14+1% 1.4°¢

7 20FS 11+1° 1.22

8 20HM 18+10¢ 1.7¢%

9 40HM 17+1b¢ 1.6%

10 10FS20HM 15+1° 1.4%

11 20WPI20HM10FS 10+1° 1.6%

RV ARdsfinudefsnenfotumuuuniuansilifanuunndsiuesne

CY

M13199 4.2 auasUSunanihldnareatnatugy

HedRgyn1eaia (p<0.05)

9819 L* a* b*
Control 62.0+1. 2P 0.6+0.0%° 13.7+0.42
10SPI 58.3+0.3% 2.9+0.2¢ 20.9+0.1°¢f
20SPI 58.5+0.6%° 5.2+0.4 23.4+0.38
10WPI 60.5+1.9%°<d 1.7+0.8 22.2+0.417
20WPI 59.0+1.43¢ 2.7+0.4¢ 20.2+2.6%f
10FS 63.9+0.14 0.4+0.3? 15.7+0.7%
20FS 63.5+0.2¢ 0.2+0.1° 19.3+0.4%
20HM 60.5+4.12°<d 1.340.3 17.4+1.8°¢
40HM 57.6+1.3° 2.2+0.2% 17.6+0.6
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10FS20HM 58.9+2.7% 1.8+0.4% 18.020.1°
20WPI20HM10FS ~ 63.0+0.7° 2.6+0.1° 20.6+0.2°"
VUEMe: Andsfinufmeisnyaiiedfunuinuansitlsifasunnssiuegiad

CY

HedAgyn1eaia (p<0.05)
4.1.1.2 Nan’li’?m5731537&/17&77’70!‘)’751;7@5’1/ (Cooking properties)
HamITATzRauaNTRramMIsiimest gy Tnsmamazeznanildlunis
Fauan Fsnsreaeulasmsnadionszanudiliiflaudanssnanswoadiadnn wudanildly
msnedtugUaredlutng 10-20 unit fauandlunsned 4.2 Taedregns 20WPI20HM10FS 14
srognantumansliantiesiian o1aiflewnaniimsiimafndrudszneudu o Allldutisadly
fla 40% yilwiudadussdusznavegifios 60% Fdldinalunmsiliigniiesiian
masuaw'%mszwm%m WUI1 $20819 control, 10SPI, 20SPI, 10WPI, 20WPI way

20HM SBnanhlldvainiu 1.8, 1.9, 1.9, 1.7, 1.7 uag 1.7 snuady dslifiennuunnsefy
g afitudiymeedan seduaudesiu 95% Tnen1siin Soy protein isolate Ty
USunanhildlunsnednuniign fe 1.9 1lasann Soy protein anautiEmlunsduiuilas
(Buduns, 2560) Suiegenunndy Tsldduaznarlunisannningasdu 9 da hi-maize
Hu RS2 FaisinautislndiAestu control Sslvusinailldvdlndifesiu uisunanidld

1994629879 10FS, 20FS, 40HM, 10FS20HM Wag 20WPI20HM1O0FS vy 1.4, 1.2, 1.6,

1.4 uag 1.6 auaau Feliusunanhnldyatdesndt esnn Usunaudaillugasidadiuanas

14
I [

el Weleuiu control

{ o o y &

4.1.1.3 wan15 ATl doduraYaed 19Uz Ugn

INMTIeTEiiloduiavesineg i AugUandienisnawuuiudniien Takans
wanslum1se7 4.3 wud1A1 Hardness ¥83839879 control, 10SPI, 10WPI, 10FS, 20FS, uaz
20HM wirfiu 2,012, 2,002, 2,027, 2,039 uag 1,929 msaiau alsifimnuunnsineiuegne
pEANEDANSEAUANNTRTY 95% wansliliiuinnisiAu ingredients DU 9 91 10% Wl
= 1 a dy LYY ¥ dy a . a d’{ < [ M Y o b4
finasansiudsunailoduiavastniusy wuasmaidy fiber sol tiva@wdu 20% Aldlavinly
A1 Hardness ¥83913ugUuans19luandaegie control wWuriu 819Llleea1n fiber sol Wl

v

Auandfazatgunlan Jedwmalivasuiaadundalad wasan Hardness vaesiaae13 20SP,

20WPI, 4A0HM wag 10FS20HM fiawinau 1,751, 1,797, 1,580 way 1,671 auansu Femsidia
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ingredients 31 9 +Ju 20% Jufinasdonsasuulanieduiann Hardness anas iilosann
Soy protein isolate ffu Whey protein isolate tudnludnuananisiineavewds dmaliia
21939129 w3 U7 LA TAr1u0 euiai10819 control uazen Hardness 103208 19
20WPI20HM10FS fantasdian (1,219 N) uansind123ugudfaudenynuiniigaide
Wisuiflsufufiegnady o enflesninnadiy ingredients 3u 9 TuuSunaumnn (Usiu 20%
wazliues 20%) onaludprinenisiiaavesansy vilranuudseasautanas

A13797 4.3 AAULTa (Hardness) U391 augy

A19819 Hardness (N)
Control 2,012+45¢
10SPI 2,002+36°
20SPI 1,751+60°
10WPI 2,027+14°
20WPI 1,797+25¢
10FS 2,039+31°¢
20FS 1,929+74°¢
20HM 1,943+46°
40HM 1,580451°
10FS20HM 1,671+37"
20WPI20HM10FS 1,219+102°
NNBLYIR): Adsfinudefsnynstumuuniuansilifinnuwsndstuosne

Y

HodPgyn1eada (p<0.05)
4.1.1.4 ugnssnwaizUsINg et 1ITugUA e a1

Fnguguiildannuieiine ingredients augnssng q ilevnisiendngdundale
TnFusuiiidnuasiimiloundendendsiuines lngldniuaufioonuuuandusuiudn

'
[ a

917 wazlliaumanidilidnvasimilouriondeiudnmnegniduiu Avuandlunnsed 4.4

q



= v v X A & 174 £
AN 4.4 anvrUIINYUIIVUTUNTUT A TUAZUNUIEN

CPRIAR

IMUugY

control

10SPI

20SPI

10WPI

I1augUan

76
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20WP

10FS

20FS

20HM
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40HM

10FS20HM

20WPI20HM10FS

4.1.1.5 nsgagvesdravuguyegn

PNMINedaUNsEey Wewmdriiina (eGl) dudumaildlunisdnsuunemns
pudaslunisgaduarslulansn lasnsafanuuiinudinialudeaiifiad undsain
%’Uﬂiswmmmiw%’wL‘ﬁa‘uﬁ’ummimmgm (Foster-Powell and Miller, 1995) Gz“fwz
ansauvanguesiuuvamwesanslulawmsamuen Gl senldifu 3 ndu fie Low Gl Aol
A1 Gl Uegnimiawiniu 55, Medium Gl Aelln Gl agluyia 56-69 uay High GI fiailan Gl
1NNIMTEWNAY 70 Fyennsenaiesiziesiiuldindiegefidingiy incredient du ¢

dinasly vilidnUuguiian eGl anassiinda control (high GI) TWeglugrauunanadian (9

a

A15197 4.5) Feiduuiionadieswnainnsiiu ingredient 8u 9 agld il Tusuiiusunm

Y

¥
= =

. . v 1 a 1% Yl <
ulsanas uay ingredient ‘U’]\WI’JEJ\‘ivL‘UﬂI’JEJLﬁilliﬂi\‘iﬁi’]\‘iLﬂaLL{]QIWNV’YJ’]SJLL‘UQLLNN']WUU N39819
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Tunesulassasratuanisy audunalimeuledidnlugasansylaeniu nsiiuldsaunsal

LUBT98AY 10-20% ddnanan eGl lauansnaiu dieg1enguiidinisidy Hi maize dim1 eGl o1

=

1gn 1189970 hi maize ﬁﬂmauﬁalﬂu resistant starch Uselanil 2 USanas RS aguseunmn

v
v v a1

50% Bnv9gailan gelatinization temperature N1g911AN31 100 BeAmLvaLTea Aatuden
a8 o« = . . | al a & 1 v 6 1 1% X
gaungiufen e1anls hi maize visauilianiilug dwaliieuleidosldeniu waz
o | I A oa . A ~ a ~ Y | A a a
faeg1slungudi iy fiber sol 461 eGl geaatd atuFsuiovlung udeg 199 Tn15L5Y

| A4 A v = < . < a Y
druusznauduiiunll @9natdunaann fiber sol iulemsuisviinazaneuidienaazane
sanunegludiuvesdivvesasazarglussnitammaasuialdiinalunisludavienisyes

'3
299.0ulas]

M1519% 4.5 A1 eGl va3U1TUIUNEN

0t eGl

control 86.2+5.6°
10SPI 63.1+2.3¢
20SPI 55.7+1.4%°
10WPI 58.4+0.6"
20WPI 58.0+0.9°
10FS 69.7+1.2°
20FS 68.0+3.1¢
20HM 52.5+0.4°
40HM 53.2+1.3°
10FS20HM 56.9+1.3"
20WPI20HM10FS 59.1+0.2°

NNBLYIR): ARdsfimufefsnynistumuuniuansilifnnuwnndisiuosned

Y

ydAEYN9ERR (p<0.05)
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4.1.1.6 NANITNAFDUNWNUTEHIMAUNES scoring test

PNMINeFeUNIUTEamduialuUswiuieldlunisfnidendieg1et1Tusunegn

[
A v v LAY

Mlianwazusnguasiledudalndifusinmegn Wngldnsnaaeunisssdnduianuuaiuse
nqu wuindegeninguinageulinuiiuinfidnuasusinguaniiiedudandiedaanuin

ian lown f39E19 4OHM, 20FS Uag 10FS20HM 91NTUIIINGUAIBE1TINIUNISAREDNIN

=

nInagoulseamMaURELUY scoring wag hedonic scale test Tupuusyamduian 1ud,

[y

anwagUsINg, NAUTA wag aftertaste YBIFIBEIT WUIT AOHM, 20FS waz 10FS20HM Hszau

a | ) I A v o w aaa ) A O oA ) P
AZLUUTALLANANAUREN A Ay sadAnTeAuANUT NN 95% (LAAIRINITINT 4.6)
lnefifveee 40HM dazuuuegi 3.50 Aoildu1IUIUNa1e, 10FS20HM dAzwuu 5.20 dufeild
Y1IDUNADY hay 20FS NilAziuY 6.57 JAwdauantiay

M19197 4.6 NanTUsTEUMIUTEAmMANALUUTEAUAZLIL scoring test” T ugUan

ANWUZNIY R DERN

Ussdmauld  qonm 20FS 10FS20HM
Color 3.50+1.53° 6.57+1.14° 5.20+1.47°
Appearance 4.93+2.38° 6.63+1.88° 6.27+1.84°
Flavor 5.04+1.932 6.13+1.61° 6.00+1.58°
Texture 2.97+1.38° 3.03+1.63° 2.97+1.25°
Aftertaste 6.79+1.42° 5.64+1.732 5.81+1.49°

LB Aiadsfimufefsnynissumuuniuansilifanuunndsiuosne

gAY N9ana (p<0.05) *szAUAZLLUU scoring test LUU 9-point
AIUATLULAUANYAYUTING UBFI0E19 20FS Uag 10FS20HM Hazuuuvindu 6.63
LAY 6.27 LANIINFIBENY 20FS war 10FS20HM fisusramiloudngnidnies Weifisudy
40HM (4.93) TifisUs1slsimileudnanidnifos FusziunzuuLnAusaUeIfieg1s 40HM (5.04)
fszduazuuutiosiaaidofioudu 20FS uay 10FS20HM fidlAzuuL 6.13 Way 6.00 LAAYIN

A79819 40HM findusalimdoutnandnties wasszAUATLULAIY aftertaste U89670819

A0HM TALWUUWINAU 6.79 UUADINAULALTATIRLUINAINITNAULINNINL B UNUA2DE S
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Y

20FS waw 10FS20HM drunsuuuiioduda hiflanuuandnsiuegisiided uvnsadAfina
Fosiuit 95%
4.1.1.7 wan15unaaun1NUseamausa hedonic scale test
MNNTUIZEUNNUIZEAUREANTOUTUAIUANS 9 U99AI9E19 4OHM, 20FS uag
10FS20HM (Fauanslun1sedl 4.7) wuinanuveudud, Snwasusing uay ieduda 1
Auwnastuegelitudfmsadinseiuanudemiu 95% winansusaliuainuveudiu
nAusaveiieEa d0HM dazuuuanuveutesdign dsaonndesiunisUssduuuusesu
ATWUY (scoring) 1JBsanseduAzIIL VBs 4OHM aglussiuiay 9 (luns19it 4.6) Aefindusa

willoudaniisadntes

M19197 4.7 Nan13UsTEUN1NUTEIMANRARUAINYEU hedonic test” TudiPuguan

ANYAUIZNIY 79814
Uszamauila 40HM 20FS 10FS20HM
Color 4.77+1.91° 4.83+1.79° 5.27+1.53%
Appearance 5.27+2.20° 5.03+1.92° 5.40+1.79°
Flavor 4.90+1.67° 6.03+1.43° 5.80+1.63"
Texture 5.23+1.87° 6.03+1.64° 597+1.73°
Aftertaste 4.43+1.50° 5.03+1.43° 5.03+1.56%
Overall 4.90+1.85° 5.42+1.39% 5.87+1.17°
acceptability

NUNBLYIR): Apdsfimudefsnynistumuuuniuansilifianuunndstuosne

Y

Uyd1AgN19adf (0<0.05) "TAUASLULAMUBDULUY 9-point
AIUAMUTBUAY aftertaste ¥996908719 40HM, 20FS wag 10FS20HM WAy 4.43,
5.03 kag 5.03 FaN1380UTUAY aftertaste V0918819 40HM HlAzuuUtpENgA LBNN
IZAUAZLUU (scoring) UBIAIDEIT 4OHM LANVINAY 6.79 (15197 4.6) UuAIndULAz TAYRA
@ v o Y Y 1 a Ly Y v 1 a 3
wdadnides vinliidudiegsiniseeusulades drunisusziduanuseulaesiuueesis 3
19819 WU 10FS20HM Hudlaguunlyindu (5.87) ANuvaUlagTINBYTEAUNANT 9 WANIN

Vigaiilawiguiu fiog1a 40HM U 20FS
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4.1.1.8 RanIVaFaUNNUsEaMAUAE Uszsiliuargnisiiuszeziial 6 waou Tuddaeegns
il 11: 20WPI20HM10FS

eg9lugnsi 11 Ao 20WPI20HM10FS (Jusunuvesiiegengnidonuildlunis

[ (% '
S a )

2 o - I a o = a
negaumetgnIsiiusny WesindugestifinsidundusiusaglivesluuSunugaiian

9

warAnaunsiuasuLlassenInensinusnulnensuseiliunsussamduianudiagnaud
Waguwdaslu me38 scoring test LUy 5-point kavUeliiunanseeusuveainaaoy Tudieng
£ X £ I [ @ A IS

11 AuFURAzTmean ag wusnsnaaeullu 3 annemaiude 4, 27 uag 45 asraigya
FINHANITNAADUNIUTEAMFUNAG1UEVDIT1IVUIULUY scoring test (Aananslunisned
4.8) wuitAzuuuiuarelTugUTiU 4 ssrwalduanasnnisiiv 180 Tu dnswaeuy
WagsdiuTuantesiilioisuiuTuusninguuuiiiu 1 Aed Beige FedonndoaiuNaAELAY
(2*) ¥0eUMTUTUN 4 asmealdien (5UN 4.2) Aerduasliiudsunuauaeiilaiisuiuiui 0

=

AudMAUFUN 27 sarwallvanasnnisiu 180 Tu Sazuuudviiu 2.58 Waleuiuwaud

¥ '
== =

9198408781374 Beige uidatulifia Sepia Wagt1iUuUT

Y

45 IATALT AL AT LUUE 4.92

[

WERINAYRUNTUTUN 45 DemgalTaldTeau Sepia Tuuaudoneds

M15197 4.8 nan1sUsELEuMIUTTamMEUNAEIEeIE WUy scoring test” Tudaugy

a v
ALLUURAYAT1U Color

oY 4 parLaLg e 27 D3AalTyd 45 DaAaLTYE
0 1.00+0.00 1.00+0.00 1.00+0.00
15 1.00+0.00 1.00+0.00 1.08+0.29
30 1.00+0.00 1.42+0.51 3.33+0.49
45 1.92+0.51 1.58+0.51 3.67+0.65
60 2.00+0.00 2.12+0.39 3.92+0.51
75 2.00+0.43 2.25+0.45 4.17+0.39
90 1.75+0.62 2.17+£0.72 4.42+0.51
105 1.75+0.62 2.17+0.58 4.42+0.67
120 2.00+0.43 2.33+0.65 4.58+0.51

135 1.58+0.51 2.50+0.52 4.75+0.45
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150 2.00+0.74 2.58+0.67 4.67+0.49
165 2.00+0.60 2.67+0.78 4.92+0.29
180 1.83+0.58 2.58+0.51 4.92+0.29

VUGN TEAUAZUUULUY 5-point

nsUszliunsuseamduiaiseenau 1neds scoring test WUU 5-point AaBANISLAY

180 Ju (1157199 4.9) WUIFIRENTITUFUIN 3 @125 Ao 4, 27 uaz 45 aaralded

fazuuudsziduafewiniu 1.08, 1.08 way 1.25 muaau Fediegluszaunauuni

M15199 4.9 Nan1TUTHEUNNUTEaNFUNASDINEU WU scoring test” Tt @ugy

a v
ALLUURAYIATU Flavor

oY 4 peFLaLg e 27 3raldyd 45 peA LTy
0 1.00+0.00 1.00+0.00 1.00+0.00
15 1.00+0.00 1.00+0.00 1.00+0.00
30 1.08+0.29 1.08+0.29 1.08+0.29
45 1.25+0.45 1.08+0.29 1.17+0.39
60 1.08+0.29 1.08+0.29 1.17+0.58
75 1.25+0.45 1.17+0.39 1.17+0.39
90 1.17+0.39 1.17+0.39 1.17+0.39
105 1.08+0.29 1.25+0.45 1.17+0.39
120 1.17+0.39 1.08+0.29 1.08+0.29
135 1.08+0.29 1.08+0.29 1.33+0.49
150 1.08+0.29 1.08+0.29 1.08+0.29
165 1.17+0.39 1.08+0.29 1.00+0.00
180 1.08+0.29 1.08+0.29. 1.25+0.62

NUBWR: SEAUAZUUULUY 5-point

M IUsEiuneUsEamdRanun1seensulaeTInveat@usy wandlunisied

4.10) nuMsUSNYITan1IEnsNUSNYIi 4 uaz 27 esrwaidea dussdiuliniseeusy

anvazlag s 12 au diudianenisiiusnw 45 esangadealuiuil 180 duszidiu
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aunsovensulaiiies 3 au ueill 9 au wazUssulianunsovensudnuslaesuls laglv

WaNad1 119 ugudduimannndundtuindaiisuduiuusnuazanwazidadialin
Suusenu

= a v v v @ = =i
M3 4.10  HamsUszliunsszamdudamuniseeusulaeniuvestnituguiian1ienis

WUSnw 4, 27 way 45 aerwalded

Overall acceptability (Aw)

Day 4 93ANYaLTYE 27 99ALTaLTYE 45 93ANYaLTYE
accept reject accept reject accept reject
0 12 - 12 - 12 -
15 12 - 12 - 10 2
30 12 - 12 . 11 1
45 12 - 12 - 8 q
60 12 - 12 - 7 5
75 12 - 12 - 6 6
90 12 - 12 - 6 6
105 12 - 12 - a4 8
120 12 2 12 5 a4 8
135 12 7 12 - 5 7
150 12 - 12 = a 8
165 12 - 12 - 5 7
180 12 4 12 3 3 9

nansUszifiumsUszamduiaieanaulagds scoring test WUU 5-point MABANIS
Ay 180 Fu wuiwdegneimiuguis 3 anmenisfuinaan Sezuundssiduadsminy
1.00, 1.00.4az 1.17 muddu (Fauandlunised 4.11) Fadsoglusedunauuni daunns
pausuiFesdvastniusuan (Ml 4.12) fanngnafuinw 4 ssmeaibea fsuudi
anunsoseusudeddliiomn 12 au fannennfuinw 27 ssmwadea S5 wudiianns

gOUSTULT 09819 10 AU waz 2 AU ldaunsaseususeedlalaalimiunain BSulaswdud
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PIAauad LazflanznIsiiusnyl 45 asrwaldea ffuugNannsageususasdloiies 2

v

| o A avw = aa v ° o
AU LLﬁzlﬂJﬁ’]MiﬂEJ@iﬁULi@ﬂﬁl@ 10 AU LUDIAN UFLWULALAATINTINIULIANIN

M13199 4.11 wan1sUsEiunsUsramduiaiseanau Ineg3s scoring test” lutiuguan 7

a

ANNZNISAUSNEN 4, 27 waz 45 aeAwaldyd

a v
AZLUURAYIATU Flavor

oY 4 parLaLg e 27 ALy 45 DI Ty
0 1.00+0.00 1.00+0.00 1.00+0.00
15 1.08+0.29 1.08+0.29 1.33+0.65
30 1.00+0.00 1.08+0.29 1.17+0.39
45 1.08+0.29 1.17+0.58 1.33+0.78
60 1.08+0.29 1.08+0.29 1.08+0.29
75 1.08+0.29 1.08+0.29 1.17+0.65
90 1.08+0.29 1.08+0.29 1.25+0.62
105 1.08+0.29 1.08+0.29 1.17+0.58
120 1.08+0.29 1.08+0.29 1.17+0.39
135 1.08+0.29 1.08+0.29 1.17+0.78
150 1.08+0.29 1.17+0.58 1.08+0.29
165 1.00+0.00 1.08+0.29 1.42+0.67
180 1.00+0.00 1.00+0.00 1.17+0.39

VNNBLUR:  TEAUAZIULLUY 5-point
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M990 412 wansUsEliuneUssavduianuniseensusesdludnivuuanian1iens

WUSnw 4, 27 way 45 a9 walded

Color acceptability (Au)

Day 4 pIF TRl 27 ALy 45 DALYy
accept reject accept reject accept reject

0 - - - - - -

15 - - - - - -

30 - - - - - -

45 12 - 12 - 7 5
60 12 - 12 - 6 6
75 12 - 12 - 5 7
90 12 - 12 = a4 8
105 12 - 12 - a4 8
120 12 - 12 - 3 9
135 12 - 12 . 5 7
150 12 - 12 3 a4 8
165 12 - 12 = 1 11
180 12 = 10 2 2 10

PnMIUszliuranislszannduianiseensuluniuvestifugduuursanluniss

a < v =

N 4.13 WU UTEEUNG 12 AU a1unsagausuluieniuveadndugumnuinei 4 asen

= v Yy A d o A a A a a9 v o v a v
L"?Jal,"?jﬂalﬂ WAZVNINNUIAYIN 27 DA NYALFYFULNYI 1 ﬂum‘lﬂﬂ,‘wﬂqﬁﬁamiU@I']UﬂauEUENGU'n

Juzvan laglivgnadn dnduvesdiunaudaauiuninniniuwsn wagnfulidiioudiund

9 9

a1 <

duintuguiiiunadui 45 ssmwaldeanuingd 8 auflanunsaseuiuidesnduresiniy
sunsanld uay 4 authiaunsosonsudesnaurestniugunsgn Taelimanadn fndudn
st nAumilouutiaiu waedindumilouthaa Jdldannsaseusuld waranismeaeuFoanms
peusulneTuvowitegsiniuguan (s 4.10) wuldussdiui 12 Au aansageuiy

megndntuglgniivluanie 4 esmwadedls wasll 1 audiliaunsagensudnyuglan
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7 27 perwawdea Wesnandudutaznaudliwiloutund dnauuuanissaldauisa

gausuld dtdTuguand 45 esmwalvaligusediu 11 au Mliaunsoveusuls Wewnd

v
a o

Avmnanaatuvazaauiniuly dnduldunduwalalynduiiu Wudnwuznduvesdling
Faau eluidunesusu
M15199 4.13 Han1susiiiunslszamdudasiuniseeuiuiTeanauvesliuguaniianiizns

WNUShwn 4, 27 uay 45 asrwalded

Day Flavor acceptability (Au)
4 99ALTALTYE 27 DAL gaLTe 45 3ALaLTe
accept reject accept reject accept reject
0 - - - - _ _
15 - - - - - -
30 - - a - - -
45 12 - 12 - 11 1
60 12 - 12 - 12 -
75 12 Y 12 - 10 2
90 12 - 12 - 10 2
105 12 - 12 5 10 2
120 12 - 12 = 8 4
135 12 4 12 = 9 3
150 12 - 12 - 11 1
165 12 3 12 - 7 5

180 12 - 11 1 8 4
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A15199 4.14 nansUsEllumastandulanunseeNsulag SINYelNTNIUENTIan1EN1s

WUSnw 4, 27 way 45 a9 walded

Overall acceptability (Aw)

Day 4 pIF TRl 27 ALy 45 DALYy
accept reject accept reject accept reject

0 12 - 12 - 12 -

15 12 - 12 - 11 1
30 12 - 12 - 12 -

45 12 - 12 - 8 a4
60 12 - 12 - 6 6
75 12 - 12 - 7 5
90 12 - 12 = a4 8
105 12 - 12 - 3 9
120 12 - 12 - 5 7
135 12 - 12 . a4 8
150 12 - 12 2 3 9
165 12 - 12 = 1 11
180 12 = 11 1 1 11

4.1.1.9 WaA1d (L* a* b*) vaet12uzl

1 [

NAYBINSLABULUAIB AT ITUTUgNT 20WPI20HM10FS (gmsfl 1) sioe1gns

=

6 Wow nuINIsiuNeumall 4 psrwalded wag 27 ernwaided dvestUugy den L*

3

(ANEI9) anandntiey AU 4.1 usnsiAun 45 esreaided da1auadng (L) anas

d' o o d' a N Y o & v & o
UNLIBY ) YN 15 U U930 LNANTSIUAYULURINUATDIUAAV T UFUIRNALAS
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80

60 O——0=—0——0O@—0—0—0—fp———P—mP=uf—9@

40

L*

20

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Day
—o—14°C room temp (27°C) 45°C

JUN 4.1 ArmNadng (L) 20903t u3d insiiusnw Wlugamnd 4, 27 way 45 aamn

= I A
Wwakged L Uuan 6 oy

a1 A a

daurdun (@%) Tuguil 4.2 dandunaiudu (Jud 0) winiu 3.12 nefin1siufl 4 oeen

D

'
=

wadealiinisdsuwlaesduninaonaunsu 180 Tu diunsiiuigumgivies Ta1duas

9

A & & w = & i 2 A = S A PN &
Winfuinuesilesesia uIuiu uin1sinun 45 esmwalded danduaaiiuiniy (11.28)
dlosvgiannuiuguiy Msindiimawnsresintugy eninandrunauiiiy ficer sol

AnUAAZeaanse @4 fiber sol Av resistant maltodextrin &lUsUNMSD8AURIUINNGIAIA

Feoghl 8-12 vhliindunng



90

12

10

0 15 30 45 60 75 90 105 120 135 150 165 180 195
Frunutuiiviv (day)

——4°C  —@—room temp (27°C) 45°C

JUN 4.2 Arduaa (@%) 209017TugU Insivsnw Wlueamgll 4, 27 wag 45 esrnwadalu

=
1381 6 LADU

Admaes (b*) U7 4.3 N15LAUT 4 asrwaldealiinisiUasunlasuesdilaifiey

'
v v A a

) 2 A = A A = Yy A X 2 v 1 al
UIUN 0 dAUN1TLAUN 27 aﬂﬂ’]LGZIaLGUEJaﬂ']ﬁL‘Wa@QlILLU'JIUNLW‘MGUULaﬂu@EJ LLC‘]V]QZU%J']N 45

Y

= A A a &£ a A A a X
DIANYRLGYAAFLNADUNUVUAINNTLUAYULURIAF AL NUY U

30
—o— 00— 90—
25

ettt 3 o - o o o »

15

b*

10

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Frunutuiiiu (day)
——4°C —@—room temp (27°C) —@—45°C

JUR 4.3 Andindes (b*) vesdnBugd Inmaiuine Wilugamadl 4, 27 uae 45 sarwalded

Wua 6 ey
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4.1.1.10 yaasn1si/FgusUasanyaleysng vaet 1 dusuainan1n1snusn eI Ie

AINaE

¥ '
=< I

15197 4.15 mwmmaﬁfngﬁugﬂLLazﬁ'musﬂaﬂmﬂ’ﬁlﬁu%’ﬂmﬁ 4, 27 way 45 pIALYALTYE

Y 9

srevlaa/annems | 91ugy F1ugUgn

LAUSNEN

0 U

6 LHPW/4 DIALYALTA

6 LHPW/27 DIFAN

WALy
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6 LBU/45 BIAN

AL ea

F17UugUansi 11 20WPI20HM10FS fiHuNsAUSnY dn1iensiiu 4, 27 uas
45 asrngaldea fnswdsunlamnsdnuazusng Wenuiduszesial 6 Weu Aafiuans
v i .:4' & I = & 2 a 2 a
meunmaeluned 4.15 asiuladn WeasussesaINaiu 6 Weu Nnisiiufigamgll 45

= = d' A o v X & Ao Yy o a
IMYALTYEL N1SUaBULUAIAD @Y0IUNVUFULUUAUINIALANEDAARDINUNANTITUTELIUNY
Uszavduda AelldlnalAssiu @ Sepia wazaanAdaItuNaA1d@INNITIE FellA1duALnIAY

11.28

a & o o & a o a
4.1.1.11 wamsipsziideduiavastaugign ikiunsiivsne [ilugamgd 4, 27

uag 45 a9AnYalTYa

1% v
v v Y =

HaN1TIATsiledulatntusvan luiieg19gns 20WPI20HM10FS wudnAAy
w3 (Hardness) 993019u3UNAN20150U 4 wag 27 asrngadea Juuildulidunnsiai
= N 1 1 @ @ = I { J a X
FudoN15U1A1 Hardness Tusendnan s uin®Iauie 6 1au Wu3a1 Hardness Litudu
@ Y I v A A 3 = = ! [
andegAaudiun 135 uarian1ignsiiu 45 esmigaidsd IANULANeSTU 4 uay 27 a3
= A i = |
waldea uandluzun 4.4 lagnsaman Hardness 904 45 aseealfea votinie 4 uay 27
=~ < o =~ I3 = ' =
BIMYATYE LaznaBABIYNSIAUNan1IY 45 samwaleaiduiial 6 e A1 Hardness 3

wwalduiiudu o1awllesannisiiuigauniias inaly amylose wWxwiefuauUaneany

amylopectin ylilassad awanudansadedy (Hormdok and Noomhorm, 2007)
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2000
1800
1600
1400
1200
1000
800
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400
200

Hardnee (N)

0 15 30 45 60 75 90 105 120 135 150 165 180 195
Sruautuiiiu (day)

—e—14°C room temp (27°C) 45°C

JUN 4.4 n3mlAnuduiusseninedInuuds (Hardness) vasdmiuguinisiiusnulily

aamndl 4, 27 wag 45 ssmwaideaduian 6 Weu

4.1.1.12 Namsijsszﬂua')E/mﬂﬁm/a\rz?")rz‘fugt/
Mnn1sUssiliukamaUsramdudavesiiusuanideanissenudesd wudnlu

fhegrtmiugUaniianmgnafiu 45 ssriadea InsUssdiuiiliannsnsensuldda 11
au Tududl 165 (319l 4.11) Tl dunamiiouiemeainunimd efuszifiulianunsa
gausula (Qu) I‘LJﬂi’]Wﬂ'W?{LL@Q“U@WT’JQﬂﬂﬂﬁﬂﬁﬁugﬂﬁﬁﬂ’l’wﬂﬁLﬁU 45 peAYaTyd (gﬂﬁ 4.2)
fAduasviniu 11.00 LLam"wmmmmqmﬁlﬁulé’mﬂammﬁﬁugmmaq@ﬁ%mé’uﬁ’uquémm
VaNIAUAIENS
Qe = Qqp - ktg
Qe= ANAAAMNLT B1IaIgAYIN8199818N5LAY, Qo= ANAMATNLS NAY, k= A1ASTITBINTS
\AnUf 381 (Reaction rate constant) wae t,= 91gMSLAY

Tne Q, AoA1AuAIS uA Y (TUfl 0) FA1 3.12 LasNaNI99aUNAAIENS AT WaR S

ANNFNRUTIENINN A1FUAS (@%) AUTuAe 9 Wednglaumsvaunamansaglaujiseddu

Aug esnAdunsiiiudunuiundsuilas Asluaunsufisendainuaud Ao [Al= kt +

Y

) =)

[Al, FapnAdBINUALNISEUATT y = mx+b Y k mlaainauduvesnsin (SUA 4.5) And

Y

At TuUTINsuShwlugamaiivies (27 esmwaidea) T3 k = 0.0063
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© y = 0.0063x + 3.1897
R? = 0.9474

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Day

—@— room temp (27°C)  ceeeeenne Linear (room temp (27°C))

JUN 4.5 Andund (a%) voeiipgetnTuguninisiusnwilugamaivies (27 ssrwaidea) 1Uu

1281 6 LRau

v & [ 13 a = £ £ A2 o a v
GN‘Lmﬂ'ﬁ‘Vl’m’]El@?EJﬂ’]iLﬂUL’iENﬂ“UE]\‘I“U’]')"UUEUVILﬂU‘JﬂUﬂuqmﬂ{]ﬂJﬂ@ﬁ (27 DeA LR

Wea) LUANYINAU 41 10U waraInNNISUIEUNAN UL EINFUNFLT09N1S8BUSULTDINAY

<

3 = v & a Y] = = v ) )
WJuan 6 L@@‘LJFLUGU'YJGUUE'UﬂﬂVWILﬂ‘Uiﬂ‘U’ﬂ,u 45 93ALgaT YR %Q%UigLﬂJUSQa’]N"ﬁﬂﬂ@uﬁ‘U

1

Foanduls Aslunisvihngergmaiudesnduenafiengnisiulduiundy 6 weu
4.1.2 nsaneravasmadulysiuluduauiafdnsydiangi

4.1.2.1 @mﬂﬂﬁ'ﬁwvdmw?au

autAnsinaadluriurewematansst I mazlusiuyinge 9 wagiendng
waaU AR nan1 i wavam st manlUsiiu CK, WPl wag SPI fiUSunas 20-40%
(Fananslunnsnedl 4.16) wuinn1siinlusiiu CK, WP wag SPI danaliien onset temperature
(T,) uag gelatinization temperature (T,) g1 control FsmaAsuuUaswesd T, way T,

Nadunvatnvatedadesiuiu leetdadevilanianudfysenisildountas T, wag T, Ao

o w

mmmmmlumi@jm%’uﬁwmLﬁmLﬂa%aLfJu{]ﬁamﬂm (Mira, Persson and Villwock, 2007)

o

AsAlUsANaILsaTuAUL AR $9u89n151A9 interaction fusznIndlUsAudvanssiazdna

1%
[y o

fan1suinLaaTR ket dawle (Ribotta et al,, 2007) Inglusaunduiuinlananinduazld

WA UAUUILNUAASY 9daNaTAUSUIUUNE NS UNISAALIAR LU T UV DIARNSVNA DaR

=< A 1 v 1

Worasly Aatium T, wazAl T, ¥esiagiifiu CK, WPl uag SPI silA1aininiiog 199 lidl
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a

n15uANlUsAY (control) Wagn1suiy 40% SPI danalvia T, geianllowSeuiisulunguues

raw mixture tiesaniTusAuluugsduivinanniuidwilsifaseailudanfuivsunm
Youas donndesiunNan1sIdewes Yang and Chang (1999) finuindSunadusiviiiady vl
T, wae T, mamm%qﬁu ustlugognefiin WPl wuinan T, wae T, tinduain control iile
Wasuilsuiunsidalusiuda 3 vdn iesann WPl ulsauwdafiannsoazatsth dauleu
malvesnsiineaifwduresiiegeiidnsiulusiudiaidinga control waziieusuna
TsAufiduasludiuiuain 20 4 40% denalipeumatanas iesanmsiaulusavasly

PN s o v ¢ A a = Y = a ¢ s v
LLV]‘IJ‘VIﬂGI’]iGU‘VlWiﬂﬂﬁl’lisﬁﬂﬂiﬂqmﬁﬂﬁﬂ "\Nﬁﬁ&lﬁi‘lﬁ‘wa\‘N'1‘14‘1/11681‘14?1'1%'L'i]ﬁ']@llﬂ?ﬁﬁ@'ﬁ“ﬁﬁ@ﬁﬂ@?ﬂ

1%
[ o 1

lusiege extruded wunsiiulUsAwINlRN T, WisduiiosnnlusAuduiuin dma

| Y]

v = v ¢ v = a N o | a o !
s[,wuu’]m]m‘mqamﬂuaﬂaﬂ UBNINU QWUWﬂsﬂaﬂﬂqiLUaEJULLT.J@QWﬁﬂQ']u&LuGUfNVlWWﬂ’J']

gamgiwanAlugduiuduiiaivaginisinsinsnsnduresanisy e T,, T, wazounia

9 Y

Tagsaulunansneiuunin
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96

L Onset 1 (991 . Enthalpy 1 . . Enthalpy 2
anue ALY . Peak 1 (®efaaLded) Onset 2 (3ALgalged) Peak 2 (23ALYaL08E)
CRIGHEE)) (J/9) (J/9)
Raw Control nd nd nd 72.54° 78.25° 8.58"
20CK nd nd nd 74.35° 79.50" 5.56"
20WP| nd nd nd 73.58%° 79.00%° 6.81
20SP| nd nd nd 74.24° 79.75 6.18
40CK nd nd nd 75.05% 80.25° 4.85¢
40WPI nd nd nd 73.35% 79.25° 5.83"
40SPI nd nd nd 75.32° 80.42° 3.84°
Extruded  Control 50.69° 59.58" 1.14° 78.00° 82.50¢ 1.37%
20CK 52.01° 59.83° 1.09° 78.66° 84.03° 0.45%
20WP| 53.57< 60.38% 0.93° 79.38° 83.17% 1.54°
20SPI 51.16° 59.60° 1.17° 80.77¢ 84.13 0.98"
40CK 54.01° 60.04°° 0.99° 79.68" 85.59¢ 0.10°
40WPI 52.57° 60.79" 1.12° 80.91° 84.29" 0.69"
40SPI 50.64° 59.88" 1.22° 80.50° 84.00°" 0.62"

VUM ANRBETINUMIEFAIBN YR AUmUWIATEATIN lITANUWANA T ueE 19

Y

AR N19Ena (p<0.05), nd Ao not detected
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4.1.2.2 AIUAIUNIUGDHTIAG
SnvaziodudavesduaUnfinmduiuUsviefidenuduiusiunisnsraiesuay
UFduS (interaction) weslusiufiAundandlulunszuiunisiendnstu 1wu Tumadfinan
Taoutsand TWsAungmuazyiminidulasewienielulasaiiouds dadunalinuandily
msnosimvaddinutiaanas uazdidmadonuaudfisiusig o laun anuuds (hardness) Ay
wiuiila (firmness) AuBangu (elastic) wazaunLufnfm (surface stickiness) 84
wAntusiBndne 1nmsiieseidnvusdeduiavesihesnauduaUifefduaniaensvagou
AEUURBUS IR numsiTUsAulinaderAudumusoLs e sduaULinR (s
wanslunsned 4.17) TnelusaunldiduaUniefdanudiuniuseuseisanas uazidiold
Tsaud U ludsunafiunniufaydwhldduaufanamanuduniuseusiianas wiovh
Thduaunfinaundieidy esanTusiudiludaunimsiinlasiadraaaiindussesande
&4 Li, Yeh and Fan (2007) fl#s1a1u3an1mgne SEM 8a1aa com starch (CS) 1 pore size
Y9919alAT9U8 (gel network) YUIALENNT1 gel network Uee soy protein concentrate (SPC)

Y & 1 ¢ B ] ! 1 a a a
WAL IR 1SUULATIVIONLTULTININATLIalATIUELUSAY Laznsiiy CS USunu

28.6% adlulu SPC yMlilassasn9v09.9a00uLaad

4.1.2.3 Kinetic digestion

§ns1n13n138 pavesansnduiladeddnyfidemanann clycemic response vos
993 FINTUATIWALUY Log of slope (LOS) fluiafifinnnulasenisiuasunlamessnginig
g RULAYEINITOLENAINLANA I UNSEDUYRIERS YA 8819 ALan (Edwards, Warren,
Milligan, Butterworth and Ellis, 2014) lagA153tASIEAUUY LOS Tz laninsamanan
Lﬁﬁ'mﬂjumaﬂﬂqiﬂaﬁ'qmqmﬁw (end-point product concentration: C..) Laz8n31N158 D¢
(pseudo first-order digestibility rate constant: k) AAnTulushsinisdoseimsamdaludn
AIUNTEUIUNNTEBBAANY (Butterworth, Warren, Grassby, Patel and Ellis, 2012) Iummi‘ﬁ:ﬁ
amsudussAusznovasiisnsinisesfivainrats msiaszdieng LOS amnsananadunsy
1 2 99 viSeannnintu 1neANuT LT ndUATILAaY TR S RTINS DEBIUARL TS LY ks,
k, LLazmmiamﬂ'wmmLﬁﬁwﬁumaqﬂqiﬂaﬁfgmqmﬁwsﬂmmazﬁdwlﬁ 19U Coy, Conp (Edwards et
al, 2014) Fafuns3ATIELUY LOS Samunzauiazuanslifiudnnuanansagesldves

[k
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o 1

AINNTIATIZINITHREIDE LA UaUNARAGLAN NUIFIDE19TRNTUTAULARIAN YL

q

digestion curve 2 WUU A® single-phase Way two-phase pseudo-first order lagan C., uag
Snsnstosvetazyiauandluansnedl 18 #egns control wazdiegaTiinlushiu 20% uans
anwy digestion curve LUU single-phase pseudo-first order éﬁ’ﬂgﬂﬁ 4.6 a1 k Tdumnaneiu
Tuneadn Jenanalidiuinnisiiy SPL WP war CK USinal 20% ldinasenisivasunlas
§n9IN158 08v03A08719 UsiAn C.. ¥94 control ganindegwiiAnlusiu 20% Liosain
#1089 control fansuidudrunaundnifissegauien (100%) luvaefifiog1adu q i
Tsfudu q svmdeansinludiulsznevey 80% uazmsiiulusAussiadufilifinaseon
C.. ¥09710819 wagd0e197AulUAY 40% wan digestion curve LWL two-phase
pseudo-first order ﬁagﬂﬁ 4.8 Fuilimsuinnsiulusiu 40% dawaliiesafidnuaenis
goandu 2 929 Fednmnisdeslutiusnazdeuldifaniinisdeslugimds undlawSeuiiou

AN k 1995 ANTUSAUANNTRANUNUSUI 40% WUINAT k U99A28819719 2 919999A2887197

=

WAy SPI, WPl way CK laiumnsinanumnnagdi wiAn Co, U89A2887197LAY SPI dandsefidn @9

9

o1 dumsg SPI anunavlsaansatauinenisnlugasanisulaauledlaaninlusiu WP
WAy CK WazkazilamuIfA eGl nlagn1sAIUIUNUNLANTIN (AUC) 49915808 kal1in

AN AUC wa9sagnaiizuniual AUC 284 reference food WuI1A1 eGl wuinfiaegnd control 3

) a2

AN eGl ANTER (H9R15199 4.17) wetdlouAulUsANaINTUSUN 20 way 40% avdnalian eGl

9

2962081 AUTY NS HNTUSAY 40% AINALAAT eGl LT UNINNIF 198197 L AN UTAY

a

20% Fanansliiuineuludtesdiagne control latesfian d9919tdunanIanilosaInta

!
a 3 = [ a = < dl A I = ¥ P ¥

avessyUUnantiviiesegufgIlnnuulusanniagn wiileldlusiudrlulsiuenatnly
LNINBYAULIAVDIARNITVTIA AT AIUUTINTIVUTABAAY TedonAdoeAUAIAINATUNIY
' = > g A SN a v o " = o § v ¢ o
Aoussheudualninfnanailowulusiudily Wealdudausdolieulsdaunsad
lugegamsvlaiedu wasnavesvialusaunaudil wudr CK vilvan eGl gendinisiiy
TUsAuvlindunanisgdu 20 uay 40% Fee1aidunaunan CK FaduldsAunlaainnisiienta

Tavauan hllusiudeanmuazidienauivanisvuazrunssuiunisendntunaulusiu

Y

& | A o w % Hay v ¢ v aa a
ﬂ"ﬂ%ﬂﬁg(\nﬂl,ﬂ']gagﬂqfﬂuwaLlﬂjﬁ LLaSLQJ@uqLaua‘ﬂqLﬂm@]ml@l'ﬂqﬂﬂ?ﬁL@ﬂ‘fjWﬁ'sﬂu‘V]llﬂ']iLmll CK

Y

adlUludulvian wazgeameiouleifonaviliieulusiiu CK vigneanainvaansy dealiie

Y99V lmeulaiilugesansyladne 3y
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M15199 4.17 A1 eGl UarANUUIURBLIR o RduaULARARNEN

F9g eGl Tensile force (g)
control 51.0+1.3° 43.1+5.0°
20CK 63.3+0.9 18.5+4.3°
20WPI 64.1+0.7¢ 16.9+3.1°
205PI 59.2+0.4° 27.7+5.7¢
40CK 73.3+1.4° 11.8+2.4°
40WPI 68.8+0.8° 13.6+2.8°
40SPI 68.2+2.0° 12.2+2.6°
NNBLYIR): ARdsTinuiefsnyaiotumuuuniuansilifinnuunndstuosne

HodAgyn1eaia (p<0.05)

A1519% 4.18 9M51N158aYLazA Co,

fog19 k(X 1073minY)  C.. (%)
CONTROL 5.1+0.9° 422.26+94.16°
20CK 10.1+2.0° 335.39+35.76P
20WPI 10.0+3.3° 362.85+62.27%
20SP| 9.8+3.8° 371.58+75.10%
K, (X 10 3minY) k, (min™) Cooy (%)
40CK 120.3+6.1° 17.8+0.7° 212.05+9.24°
40WP| 106.3+3.8° 21.4+1.4° 197.44+4.23°
40SPI 107.8+24.0° 23.0+4.7° 161.55+19.63°
LB ARdsfimudefsnynintumuuniuanshlifanuwandsiuosned
TodAyn19adia (p<0.05)
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10 (@) 20 (b)
.. .
05 |-
e 10 | e%.e,
e 0
w00 ® ., 2 0o e @
o .. o S )
05 e 10 hary
10 20 °
0 50 100 150 200 250 0 50 100 150 200 250
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8 oo g S 00
....... °
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gﬂﬁ 4.6 digestion curve Lﬁuamlﬁmé@ﬂiuﬁ’mﬂw control (a), 20SPI (b), 20WPI (c) tkag 20CK

40SPI 40WP
4.00 4.00
200 o 200 ®
P \'.-
& 0.00 "'!.,, § 0.00 "
L] dtum“ & L1 o .
-2.00 ® v -2.00
4,00 4,00 ¢
0 100 200 300 0 100 200 300
Time (min) Time (min)
40CK
4.00
200 ®
” o
& 000 LZYY
e} “e.,
o
-2.00 e
-4.00
0 100 200 300
Time (min)

Ul 4.7 digestion curve 1uatAndgnlusnetng 40SPI (a), 40WPI (b) uaz 40CK (o)
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4.1.2.4 nvaslassasrvasaUning lUsAugs

Anwuduiusmaniivasanisvtnadn Wiy wagsenindlusiuiuansydnaiaily
GuaUifndideedes FTIR fa3ufl 4.8 anfsdnadmufiadieniugniadud 2932 cm™ fiwang
Fan15dunuudannveaiusy C-H (CH stretching) #WnLa 1077 e wanedls C-O-H
bending S 3298 LaAsENISEULUUEANATEIRUSY O-H FMUWUe 1643 crn! waneds
MsdusuUEanaveeiusy COO- Muma 1337 cm™! wanafansdnwuy twisting ¥89 CH,
AU 1150 Lag 1000 cm™! wansden150aluy stretching 983 C-0, C-C flnUe 1000
e wanafiaiuntevas C-C and C-O stretching wazfiafiuaninisdu C-O stretching

FLUAUY 930 cm ™! LAAINITAULUU skeletal mode vibrations 494 1,4 glycosidic linkage

'
= =

(C-0-0) wagiAdu 9 Tu fingerprint region fuanadan15du wuu skeletal mode vibrations
484 pyranose ring 13U FTIR spectrum vaslUsAu SPI, WPl waz CK wufinfisunis 1642
wae 1531 cmluaned s amide | wag I WAT 2924 and 2854 cm™ & 4inaan stretch
vibrations 484 —C-H(CH,) and ~C~H(CH5) 981 fatty acids Laganug 1745 cm™ Lanans

C=0 stretching v84 ester 138 carboxylic (laiwulu SPI)

FTIR spectrum vauondniianuaziduaUiinfsugnuansnsgui 4.9 waz 4.10 990
nsAnelATIE31e secondary structure URIlUSAUNAILAUS amide | KANITILATIRLEAIAS

PN ! . ¢ Y oy a v U a a v o
M1319% 4.19 wudn alpha-helix lulendnsinnuaziduiidugniiAianasanndringAuisunu 3

wansliiutesnsideaninessuyAveslusiu (protein denaturation)
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LRUKER
e | (O cK
o
- &
= T T T T T T T
3500 3000 2500 2000 1500 1000 500
= SPI
=
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&
5 M
2 e
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3
=2
= WPI
=
o
o M
= T T T T T T T
3500 3000 2500 2000 1500 1000 500
= RICE STARCH
o
=3
= T T T T T T T
3500 3000 2500 2000 1500 1000 500

4.8 FTIR spectrum ¥99an15901447 wazlushusiingng

Wavenumber cm-1

w
, B I =
o
2 L T T T T T T
@ 3500 3000 2500 2000 1500 1000 500
S 208PI
o
g T T T T T T T
o 3500 3000 2500 2000 1500 1000 500
s 200PI
o
3 g T T T T T T T
g ~ 3500 3000 2500 2000 1500 1000 500
g & 400K
c ©
£g
g =] T T T T T T T
< ~ 3500 3000 2500 2000
s ]
s
S T T T T
© 3500 3000 2500 2000
S ]
o A
g T T T T T T T
~ 3500 3000 2500 2000 1500 1000 500
S ] CONTROL
o
g T T I T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

4.9 FTIR spectrum asengnganiduainiion
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RUKER
gl >xX >~
S T T T T T T T
© 3500 3000 2500 2000 1500 1000 500
] 208PI
(=]
2 T T T T T T T
3500 3000 2500 2000 1500 1000 500
| 200P1
(=]
= T T T T T T T
5 3500 3000 2500 2000 1500 1000 500
8 /—\,mﬂ/\\ -
e
g
2 o
‘g, 2 T T T T T T T
< 3500 3000 2500 2000 1500 1000 500
i 40SPI
8
b= T T T T T T T
3500 3000 2500 2000 1500 1000 500
4ONPI
)
g T T T T T T T
© 3500 3000 2500 2000 1500 1000 500
° 7 CONTROL
o
g T T I T T T T
3500 3000 2500 2000 1500 1000 500

sUT 4.10 FTIR spectrum vaaduau L fnAsugn

Wavenumber cm-1
£

q

2V

13197 4.19 Relative secondary structural ¥89lUsAw Lendngnauazidualninfnugn

Relative secondary structural (%)

A01UL D819
B—sheet Random coil  Ql-helix B—tums

Raw material Control  54.37+3.30P 13.77+2.14°®  21.47+2.06° 10.43+3.15°
CK 53.70+0.10®  15.17+0.42°¢  20.50+1.70% 10.67+2.01°
WP 54.83+1.65°  13.70£0.95®°  18.47+1.96% 13.00+0.70%
SPI 56.13+1.44°¢  1657+1.19°9  16.57+2.15°¢  10.73+1.66°

Extruded Control  50.28+3.98° 1457+1.91b°  20.23+3.75 15.10+1.65%
20CK 56.84+2.48°%  11.92+1.04°  17.45%0.90% 13.78+2.10%
20WPI  61.62+2.63f 13.95+1.63%  12.20+0.80° 12.27+1.09%
20SPI  53.65+2.44%°  14.25+1.86%° 16.03+1.32°°%¢  16.07+1.87¢
40CK 61.00+2.15' 13.15+1.38%°  14.42+2.02%°  11.45+1.91%°
40WPI  58.12+0.95%¢F  16.98+1.209  14.27+1.73%°  10.62+1.20a
40SPI 59.22+4.29%"  14.43+2.41°  14.27+1.62%  12.07+1.88%

Cooked Control  58.28+1.52%"  14.13+1.64%°  1585+1.91°¢  11.75+2.26%
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20CK 59.28+2.34%f 151342419 14.12+1.31% 11.43+3.36%°
20WPI  58.97+1.45%"  1358+1.63% 14.72+41.28%°¢  12.75+1.72%¢
20SPI 60.25+3.86° 13.08+1.64%°  13.28+1.70%° 13.28+1.86°¢
40CK 59.85+2.36%"  11.90+0.88°  16.78+3.51% 11.43+2.43%
A0WPI  59.17+1.80%"  15.28+1.87°¢ 14.72+0.92%9  10.85+1.172

40SPI 60.38+1.23°f 14.17+0.70®®  13.87+1.51%¢ 11.58+1.58%°

UEMe): ALRRenUAEMSnesRgIiumuLLIRansi llauwanseiueg1ed

v o

HodAgyn1eaia (p<0.05)
4.1.3 a3Unan133e

AMsAulUSAY LLaz/M%ﬁLEJmmiﬁﬂﬁﬁﬁnsﬁugﬂﬁm L* lailmn@1991n control waAn
a* Way b* 11nn31 control (BnLiusegnsiiia Fiber sol) Tnonsiiulusiu way/mseloamis
10% Tiwalugnu hardness lildosunnsisain control @unisiiia 209% voslusiu uas/m3e
Townsviliian hardness #n31 control BakllesnandIunaNdy o Mudiluludnrng

ANaNy Il (integrity) Yataauds FaiiegalnUusuninsiulusiu uaz/v3eleomnmn

Y

Aaeg1elian eGl #1na1 control LipsainnIsiindlsUsenoudu o W luvinliuTun el

[
=

dndudauas uarn15LAY hi-maize MU us ULl eGl oglulunau Gl 61 wazddeg9

Y

Aa o

40HM, 20FS uaz 10FS20HM Judregnsiinquivaaeuaannuiiuindndugunegniifdnvas
Usnguaziledudalasifesiutinanunniign wazainn1sinmeg1ene 3 luneaeunasyseiiiv

91gMsAvsne nuandeviuigainnisdsuulamisniudvestnduguiiiiusneily

1%
=

gaunnivies (27 aseadea) T1avuglaganunsaduliliuiuds 41 Wew uasyminiiansan

Y

a

nnsURBuLUaIIUNEY NUITTUFUTAUNgmnT 45 asrwalduaiionanisiuliunu

Y

A1 6 LHBU

¥ v

Tudruvasduauninfd1an wunludualwAnainaveIn1sAns NN SLATUY D
6 a dy = g a = 5 a o Y v @ dyd [ & 1
AANSHARTU DNNINISLRNTUSAUNS 3 vfia Vi lmduadninRdaNLLdwsIanad #sau1ndne
N1 control Bnviadavilvien eGl gand control 8ndne Fadunaunantusiuiiadnluvinli
6 @ dy a a d' a v 1 1
ANNANYalLazANLT v svandsanas uenandusualusuiiuadludsdmadie

sUuumMstee lnensiinlusiuusunn 20% alwinanildasuansgiuuunisgesdu single-
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phase order Tuvaziifloiulusfiu 40% aunAnfd lawansguwuunisgeaidunuy two-
phase pseudo-first order wiA1ENIINTEDY (k) NAAINITRUTUTAUNS SPI, WPI ag CK L]
weNENAY WeaRiansaniszauUsznalusiunyingy 3enanlaivdavedusiuliiinanasns

n158DY

4.2 wavasdrunaulunisulaiadanisgaidsaninnisainusauvasdlulnaduuas

AanudunusiunIsiingadeauadluilioanlagn

9

4.2.1 anua1salun1sunsHIuvad UNEY
Usunaldeienfiusiufnasvesdiuinuifaavesduilsanliuiniuduiiie
< P 4 Y] [ Y] = a1 d‘ a
SrEIAIM AV UIUNTENINEI1N 12 F3lue Fadlenasil (p < 0.05, 5U# 4.11a) Tunia
asafiudnn Usinamleaminuaznglealiiuaeuudasmannszeziiainisiusng (p > 0.05, U
4.11b,c) Weanasauaznglaaunsnirudlluieanlilasininluseulossy (Na*) lng

U

seninemsuInneldgyinialu lasainnauiievetentngninaigainnistuuazeaie
% ° v g v | v & v &

@19 vilidrunan lrwinunsneudluluiiielad1sdu (Gao et al., 2015; Lee, Youm,
Owens, & Meullenet, 2011) Fawudrannsagaduld 6 - 10% uAdensuntimuiinisiy
Snwmdeannisuavinliluleduazanglauintu nisuuinnisiasundaslaseadieluseiu
agammaqaqﬁﬂszﬂaﬂmﬁa (meat matrix) (Andersen, Andersen, & Bertram, 2007; Chupaj,
Malila, Petracci, Benjakul, & Visessanguan, 2016) 21nNa398UNUINGLALNAINNITAUNT AU
Wrlvluusuianaisvesdwidelnlauinnia egalsinin arsuseneufiduialuana

(molecular weight, MW) Tnigind1 1 weams (Usvana 370 n3u/lua) wae nglea (Useunau

180 n3u/lua) vilignanAnn1sunswiu (Graiver, Pinotti, Califano, & Zaritzky, 2006; Xiong &

£ [
a 1 A

Kupski, 1999) 41u33eiiustiilaisunaelsaidudiunaundniianunsaunssiuiiausion
= S & v o e | ° Y a a a =~ a

Aanansvestuiioantn feudsaunsadmarlminnisdeaninvesulalnaluasdlulnadu
wiinseislulelnadunazslulnadunegludufenlaunnimeamnuaznglaadagngaduid

Tuluusnananaswesduioantnlatesuin
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1.6 A
1.4 4
§ 1.2 = =
[
=0
=< 1.0 be
2 .
= ] T ab
g os b J
= al
S 06 4 a
il
-4
04 4
0.2 A
00 4
NM 0 2 6 12 16 20
Storage time after tumbling (hr)
2.5 B
= 20
]
=0
= 1.5
il:
S
= 1.0
8
>
o
0.5
0.0
NM 0 2 6 12 16 0
Storage time after tumbling (hr)
90.0 C
80.0
= 700 T
S
2 60.0
= : z
5 500
S 400
Z
'_% 30.0
20.0
10.0
0.0
NM 0 2 6 12 16 20

Storage time after tumbling (hr)

g'ﬂﬁ 4.1 n131A suudasuSunuvesdrunauluviinafinarsvesiud oonliuanangld

any e U 4 ssvwaidea Tuszezinaiiietu (n=9): Usunadeiios (A); ieanesa

(B); waznglaa (C) fasnwsiwanansiulstastinuuansaiuegnaditedidey (p < 0.05) INM

(non-marinated samples) fia fhagneiiliuaniudiunan].

4.2.2 navasdruNauianIsiduan wnIeANSouvesdlulnatuy
Slulnatuitaralsanlasialuana (MW) Uszana 15.6 kDa fimnuuians 93% (5u

71 4.12) Slalnadudulusiiu tetramer (MW 64.5 kDa) Fausznaudie 4 wiiegas (subunits)

(Shi et al., 2015) waluanaveseusieivedlulnduludniUniiAegsening 12.5-16.3 kDa

(Abbasi & Lutfullah, 2002; Ahn & Maurer, 1989; Kranen et al., 1999)
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15.6 kDa

M Hb Hb S

sUM 4.12 sUuvulusiuvesdlalnadu anmsdinsigst SDS-PAGE Tngldlndezasailudiaa

12.5% (M) Marker W@ (S) a1suinsgudlailnaduainis (bovine Hb)

oaumgiifivinliAnnsideanin (T,) vesdlulnady wlefluifeunaslsdoganasain
67 0 65.8 ssmwaidva Aeududureduiounaslsdidfiuiuan 0.5 8¢ 1.5 Wwas (p <
0.05, 5149 4.20) Ustasnavesnisaniatiosanlassasdlilnaduannisiladeunaslse
Tewisunaslsdazanujaserseninaiaviagatefazarslu (aqueous solvents) fu
Blulnady Wesrnauninduléfind vharsusadagassvindluanadlivouth wagyinli
las9as199098lulnaduidnga (Mao, Sheng, & Pan, 2007). Ahn way Maurer (1989) 18971

'
ad o

wuiuilgdeunaslsadudu 2.5% angamglinviliianisdeanmuesdlulnadululiceld
firwiniu 68 esrnwaidua uenani Slulnadufinauiulmielasndveamaluszdumia
Wudusa (10 fadluand) 7 pH 7 Tudiadosnmmeanudouiinduds 72.5 ssriwaiioa
(51971 4.20) veamnlovouiinussRsinvesiihazarsuazannisazaneldvesluianaiiladl
%u’aﬁﬂﬁl,tﬁqﬁq@mwiwﬂuLaqaﬁimauﬁ"’ﬂLLazLaﬁaimwmﬁmm%mﬁ'uﬁu (Lindman et al,,

2006; Moller et al., 2012) agelsfinu A pH Inesialdvendeliuindeleioulnsing
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WoaaiiA1Uszana pH 9 Fadlrgeinailaainnisfinuiluaniizdiasudniies 7 pH 9
@desnmvedlassasnuesglulnaduszanasidon g uvoswoaWaiuty (p < 0.05,
A1999 4.20) FeaannrdesnuAaUNIalnanas (AH, #9199 4.20) 9 pH 9 TUsAuNa1uLLD

Nndszgavdadaasulifausmanngluluananaziianisdadvedasaiadlusiy dewalv

'
o o

gauniinviliamsdeanin (Ty) uaz AH dA1anas AgugidnyiliiAansideaninues

¥
14 [y 1

Flulnaduinduiieanuiduduvasnglaaiiiuiiiudy wiouiua AH MWud (p < 0.05,

15199 4.20) ﬂq‘[maﬁ?uﬁﬂﬁ%’ﬂﬁmaﬂﬂNa%fwiﬂsauﬁﬁmé’amau (hydrated radius) anasiag
duasunmsiinruselalasiauiun dewaliadosninmannudeuiiudy (Alfonso et al.,
2007; Oshima & Kinoshita, 2013) Slalndufiifudiunansiufuia 3 98n 199 pH 7 %30 pH
9 fiafvsnmnisaueutosnindetaniugu (p < 0.05, AN5199 4.20) HAYBIN1TAN

lafesnImINNIsiNdILaNsNiutuUrlaandlulnaduianisideaniniigumngiien Tu

Y

o & & a ¢ & o~ | v a a A
53UUI@3\135'NLU (meat system) UU IGUL@EJllﬂaE]‘liﬂLUULWSQ?"JUN%@JWﬁﬂ%u@l;mﬁnmaqﬂqiﬂ

'
1w

wnsneunlUlunanudaln Tnedanuutulssunu 3.1 nsu/nn. 1ie Favinduleneunas

Tsmaudulszunas 66 Haaluans NUSUIUAMNTY 80% TFINANUTUTUTTAIMINIILINEID

1 '
= =

WiguiuaImNuuTureslaisunaslsantesnannnageuludlulnatunanaladadnyiiy

9

szuuaes adudsdumnaiduidvgiulainnsdeanimeedlulnaduiivinannasees

(% 1%
= | o

a a aa ! = = & aa Y a =
Juileuaziinangaumiinuinni 69 esmiwades Falugungiinviliianisideanin
Yasseg9nIuANvedlalnaty Tunnssiuty glulnadunegusiuiivetsliuini pH

9 IANsIdgANNTNRUNIAINIIAL 65.8 BIMTALTEE (113197 4.20)
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'
[

o | g v X aa Ya o Y]
M990 4.20 Nasﬂaﬂajuwﬁﬂwé‘[’sﬁuﬂ@Lu@m@qmﬂQNWWWIWLﬂ@LaﬂaﬂWWﬂqﬂﬂqqﬂii@u (Td) LAY

wun1al (AH) vesdlulnatuniainainla

daupnay AT Ty LUNIaUVBINISIEYEN N,
@adluand)  (esAnwaldes)  AH (3a/nw)
F79819AIUAY - 69.4 + 0.35° 15.21 + 0.32"
lhvunaelsn 500 67.0 + 0.25° 11.51 + 0.17%
1000 66.3 + 0.51°° 9.78 + 0.10°
1500 65.8 + 0.74° 7.82 +0.18°
Toiheulaslndnoan (pH = 7) 10 725+ 0.31° 16.57 + 0.24*
55 69.4 + 0.14° 12.09 + 0.21%
100 69.5 + 0.39° 11.88 + 0.53¢
Taheulasinanoamn (pH ~ 9) 10 66.1 + 0.12° 12.50 + 0.40°
55 61.9 + 0.77° 11.21 + 0.20°
100 61.4 = 1.09° 8.53 = 0.60°
nglaa 150 69.6 + 0.38° 15.82 = 0.12
350 70.0 + 0.28°f 16.08 = 0.15'
600 70.6 + 0.69" 18.07 + 0.04'
glulnatu (pH ~ 7) 1000 (NaCl)  67.9 + 0.38¢ 10.21 + 0.19°
Tudhunansaniusa 3 via 55 (STPP)
350 (Glucose)
glulnatu (pH ~ 9) 1000 (NaCl) =~ 65.8 + 0.63° 10.00 + 0.15¢

TudrunausInAung 3 wie

55 (STPP)

350 (Glucose)

U v dl ! U U € a U 1 d"’d’ = ! L 1 a @ o L
n=3, fonusiuanasiulupeduillfgIfuU@RsaNLana1eiueg1elldodn 3y (p < 0.05)
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4.2.3 nsiingaLaeauaaznsgdediniinainnsvinlvign (cooking loss)

a

nsifingadenunsaansadanaiiuladaaulunndiegiilasuanusouniaungl
LAUNAIN 50 wag 70 asrwaidea Wuiian 1 undl (m15199 4.21) n1siingaidenunsanas
1.7% wag 3.3% Wegumaliununaiaiinduis 80 ssrwalea Tudeganliuinuaziiogns
d‘ o W £ ] d‘ A 1 £ 1 d' 1 U 1 QAI U %,’ 1%
IR AINEIFU AI8g1UINNUALEEARAININNTIFIRE 1N liuIn Arag1nuIngadulle
And1 dawaliuTununinud uiarndsaulunisuiniuseu (heat conduction) ganin
(Alvarado & Mckee, 2007) ag14lsfinnu gaunginvinliianisideanin (T,) vesdlulnadu
u3anaantnilddnwilussuuiasadiaussun 69 osanaaded Lazdinanugadoniad
= v Y QJ' a = = a s A v Y oA
fawdlvimnuseunioumgil 80 esrwaldua dlulnadungluwadnvdeddduiduiionszgn
Jasfulaoideriuwaddssenaunlalasasnareaead (cytoskeleton) tuduluwdesuiwad
(membrane lipids) wagns1ug tuutUsulUsA U (transmembrane proteins) (Singh,
Ponnappan, Verma, & Mittal, 2019) fislu gaungdnviliiian1sideanimvesdlulnaiu
aelugaddagendtdlulnadunlaainnisana Farahani wagane (1999) 51891301588

(% f = A a1 1A a £ o ' 1
anmanANuTeuregadladentalatganiglulnadududuaiailunisiaunang
(relaxation time) Wio31AT123IAY magnetic resonance imaging (MRI) Jso5uralainvinlunis
TinuSeuiigaumaliununans 80 e waided liawisamdngadadonundldogisauysel
| a ::4' a = v a a o

wazlinualienunsigam)iununans 85 sarealdea Adliildunian 1 vse 5 uadl visly

Megrailiuinuagiiegrsfiuin (19199 4.21) dedu mslviauseungumgiiununals 85

srwaed aunsaniUymianionuasle
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M13197 4.21 NTFIAALTDALAITNRANYTLNUNAIANY (n=60)

qungiiununans (aed1  viladaaen9 NINAYALRRALAY AN
\waLdes), (%)

szazian (U1i)

50 pafwawed, 1w luuae 100
UIR 100
70 eAwaLded, 1 U hiuan 100
UIR 100
80 asAwwAWyd, 1 W17 luwn 1.7
7R 3.3
85 DAFLYALTYE, 1 W ke 0
ol 0
85 DaFLYALTEE, 5 W9l Liuan 0
ela 0

[
1 o Y

nsagdetniinainnisviilign (cooking loss) Wudadeniisndrdgydmasieunin
vaandnsnaitnanila (vield) nsgeydetminainnisinlvanvesiieanliuintuiia1sinid
eanlnitldwin leRvuraslsnuaz/vionsaamienilvlassaielulolvuiaaslushu

WadirnlmAndesinsserinaduleonduiadivdulanniuinlulaseaselaunndu (Khan et
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v
= o o/ o a

al.,, 2016; Smith & Young, 2007) Msaaydetninanmsinlygniiuuilduisduiilioguma

v Y

N15iANToWANAY (p < 0.05) WARMVIYIWNUNAIT 80 WAy 85 DIFNYALTYE danalyiA

nsgaysdstminannsvinlignlnglAeaiu (p > 0.05, U7 4.13)

40.0 -
35.0 4 BNon-marinate
@ Marinate

30.0 4
S 250 -
2
";_h 20.0 A
2 150
o

10.0 4

5() 1 a

A
0.0 =
50°C. 1 min 70°C. | min 80°C. | min 85°C. 1 min 85°C. 5 min
Cooking condition

SUN 4.13 navesauugiununalsion1sguydsdimtnainn1svitlian (cooking loss) ¥adiile

P al . I . LYY a 6 I LYY a ¢ & o
anlAfiule (marinated) uazliiuin (non-marinated) AdnusiunlnguazfdidnysRuntani

1 (Y 1 dyd IS ! [ ! a o o w (% 1 a 1 % | Y
LLG]ﬂG]'Nﬂ‘LJUQGUiNlIﬁ'}?llLLG]ﬂG]’NﬂUEJEJ’NlIUEJﬁ’]@QJJ"UENGI']@E’J'NVIIMU'J@LL%?%@'J@EJ'NV]u’l@]

PUA9U (p < 0.05)

) av v o °

HAUITEUAAAR0INU Bae uavany (2018) F9318UdWaNGnTIlAnd N3N

a

(cooking yields) wouiieantnfidlafounaslsadudy 1% - 2% farlndAeeiud Ui 80
uay 85 asruwaldea (p > 0.05) Nuitorewnthmenuihmagyideiutnannsiilvanlu
iouan (marinated meat) 1198581319 24% - 30% (Barbantia & Pasquini, 2005; Chupaj
et al., 2016; Gamage, Mutucumarana, & Andrew, 2017; P'erez-Juan, Kondjoyan, Picouet,
& Realini, 2012) wonani msqigl,ﬁaﬁmﬁfﬂmﬂmﬁﬁﬂﬁqmmsqmmﬁﬁﬁﬁhqqmamﬁmﬁﬂ
TAnnseendintuvesiuiulundndasidean Min, Cordray, wag Ahn (2010) $181u3MS

ausowievilgn ililAanisviatelaseassvesusiugy dwalvidanuaes heme

iron &aflunumddglunisisauisennsiineendintuvesluiv lnslanvog1deseninanis
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Ausnw dainnshimnudeungunndunmsdseiuhiaunsamdanisingadenuwasld usiae

finaegndwanisaydsiminuanisiiianuasdunulonalunisiinesndnduvesludy

a

sgninamsiusnuld muddeluandiiiiuinnishinnudeudeenlnaunseisgungl

Y

LNUNaNeas 85 arwadea Wuan 1wl awnsaidnnisiiagadenuwnsldegnsauysol
Ingliifinasianisgadetwinudsnisvian
4.2.4 N1FIATIZANINIINNEDIRANTTAY
] ¢ & & a Y oA . .
nsrdeulassasganIavessadilafeniegluduienly Pectoralis major

wasldsunuseuigauugiinnunaedneiu nuingadidaidenuwns (red blood cells, RBCs)

v A

vosiilsanlilzusnauuaznizagegaeluduidon (UM 4.14a) luvagiiinnisdudaiui
gauMNIAUNUNAN 50 BaALwal@ya (FUN 4.14b) Faaonndaanun1snuni1siingalianuns
a a = = ¢ @ A & a0 a
100% igumnilununaneds 85 asrealded waalladeauwnsaznagidudidinianasiin
nMsTuTIAITuLIueg19aau (3UN 4.140) denanesiunismglivesgationnaduiy

Ausaund v lilassaselnaduiladanaziiad ulaseaseveaness slulasy

= a

(ferrihemochrome) ¥ 4dd1W1m1a (Suman et al., 2016) wadiiadonunsurugadazeylu

sUnuulassasraaundaldiinnisiufeundas (native form) wazildunsigumngil 50 o9

a

= A ) Y q' = a = | ¢ o8 v %
LAY LjJEJchlﬁﬂ?r]lﬁ@qumﬁﬂﬂi 85 DALY A ﬁ]gLﬂ@ﬂqiLaUﬁﬂqwaﬂqﬂﬁﬂiyim V]']IML“ZJ@@

A1)

dadeaunauddsududuinia aenrdesdunismelivesgaifentns 1nn1sdesndes
e o - a = aly ¢ - A v [ v oA

Janssmiguduingafoauauinnnmsideaninilianysalveufenfiiniefegluduben

aatiu Mstianuseuniiganenvilnlassassdlulnaduinn1sideanimegvauysalaninse

[

mdngnidenwndbiualuld
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= ¢ 2 A AN Ay | Y oA & i Ay vo %
sUN 4.14 waddadeaunsivdereygluduionvelioanlivinanilasuainusouluy
anmzanaiu: (A) wefy, (B) Wlegnilasuanuseunigumgiiununans 50 esensaidea (Ju

~ & M vo % =i a =~ < ~
1381 1w wag (O LUBQﬂMIG]iUﬂ%Wuiaqumﬁﬁmlﬂunmﬂ 85 paALYalged LUua 5 WU

4.2.5 d5UNaN1578

MnmsAnwsEisduRanilduanudn lefeunaslsdgngadudluludolsd
faavdsunn madulufsunaslsdegufeuazludeslnsindneaiaiian pH Sanudusing
swaniafiesnmvaslassainedlulnadu dsaligamadnviliinnsdeanmanas nglea
sgfsimaiosnwmanneieuveslassaiistlalnadu edslsAnunasiufuvesdiunay
4 3 wlintu amadssninedlassaseslilnadu dwaliguugifviliAnmadsannanas
donunsiiamgudninanniadsanmvedasaisslilnatuludwiondliauysal e
onliuamslirnufeulifeumgfiununalsil 85 esmwaldea Wunan 1 il ielkaunsn

[

MingaLienuadlaae1auy el
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4.3 msanyataaauadluiieantliuingnlaenisiiadnuioudlsmaiialulasiansauiunis

T4loun
4.3.1 sUuuuvawIa-gaungil (Time-temperature profiles)

[ ' [

gaumnTfindusganadiserinnslimudousielulasi uasAess Windude
Tglavnliaausou (U7 4.15) anuseunlulasiviinainnisvyuveduianaidtinagnis
° Y cs' e{' cs' H ° a o a a
mNFeuINMsAdeuiveslessuiazatel nlvluanainnisduasiiow wastinaay
v A X ! = & ' o v ' v Y v aa
Sourindusgasimsaneludonnliuin Tunmemssiuty nsaremanuseuainlotifnieis
AAAY YMANANITNILAL/HM3DNSUIAIINTOU FINALDATINSAAAIINSBUYTINIT (Awuah,
Ramaswamy & Tang, 2015; Li, Tang, Yan & Li, 2019) 8ns1n15kiausousislulanviies
DY1LAEINANUTTUNN 7.6-8.3 DaAwALTEa/ U Tuvauenonsinsiausounielad e
DYNLALIAD 2.4-2.7 DIFLYALTUE/ U Pérez-Juan, Kondjoyan, Picouet tay Realini (2012)
euIgasnsiiausousglulasinlulioTiuingnfe 15.6-16.8 samaaldya/uni
gnsnshinnudeuiislilasnnluliownantuivenududureslessuindussiusznouly
Wi lduan Feasdinaviliandfladiannin (dielectric properties) LANUU (Lyng, Zhang &
Brunton, 2005) agslsAnunistianusaumiglulasnniiesednievinlminnnusounly
adaue lasliaiuisaaiuauls (thermal runaway) & 9¥i1lsiiinn1sivg (burning) Tunia
AsInuTIY N5k lauigsag 1A galiauseuleanlnuinnagldiande 26.2-32.1 U

~ v a o ~ Y o 9 & o
LW@IMQNMﬂ@JLLﬂUﬂaWQLWqﬂU 80-85 93ALYALY Y LN@U?‘UI%ﬁ@Qﬂ?SU?UﬂWiu AUNU 8an

Y

SYELANAWYIINU 13.6-23.2 ¥l Feanunsaanialunssuiunsuantang 28-48% (p < 0.05,
M13997 4.22) nsaakattunsingndsanansaninuiasemshilaing Ianandags sauds

YrgUsend ana 9914 (Joseph, 2017; Yarmand & Homayouni, 2011) Yarmand ag

(%

Homayouni (2011) ienuInsiianuseumelulasian silisseznainisviandu dwal

[

SnwrUsunaiandiud 1 (thiamin) Tulngnlefis 98% TuvaenIsanfuiiaLies 77% wanaini
Jouquand wagANg (2015) $1891U3N5Ya0 T ol wAa (beef burgundy) lviane e
lulasian (4.6 kwh) fimsladndsanusniinislaisausu (6.5 kwh) Faanainisvianls 56%

nstiausauslelulasnduldunszuiunisnlgndsulaeg19iuszans namuinnin

[
v adA

Wesananuseuiniuainnngly (Pathare & Roskilly, 2016) anwaauidedaliiuii n1s
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Tanusaumelulasinsiutunisidledrtiganiainisivainusouludliegrsanlnuin i

=) = U £ 14 g‘_; = 1 a
Wisuisuiunisidanuseuainletiiiesegaien

90

80 A

70 A

(o2}
o
1

(°)

[ox)
o
1

UNNNUNUNAN
S
o
1

u
!

30 |
(D’ -
201 & /4/ —A— 580 —&— S82 —8— S85
10 5&”?4 e WESE0 W6S82 W6S85
| f cooohooos WT7S80  ceodBee- WT7S82  ------ WT7S85
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
a1 (1)

U 4.15 gUuuumaidsuuUasuesgamgi (temperature profites) Tuiileanlrideliaa
Youdslovuarldissutussvindalasnuaglinnuieudislon Agungiununais
sinarfu S80, 582, 585 An MsliAwaudeloun figamgiununais 80, 82 wa 85 a3
walded aua1Au way W6S80, W6S82, W6ES85 fis mstiaiuieusglulasiavineuduvm
6 w17 Mudagn1slieuieudeloun Hgumgiununans 80, 82 uay 85 ssrwadea
AINEIAU WAz W7S80, W7S82, W7S85 fa nisliannuseumislulasianineowduian 7 uidl

a

mumenIsinuToumelaun Naamgiununand 80, 82 uar 85 arWaAlYd MINAIAY

U

4.3.2 punwvadLileanlign

nsrvIunsinnueumelulasinsuiunisldledlifinadenisgadetmingn

n13vlian (cooking loss) Tuitieantnuan Wewsesuisuiunisldleunliausauiieses

a P

= P o a' a 3 o o v
LA qumwﬂNLLﬂUﬂa'N‘VlLV]']ﬂu (p > 0.05, $197IN 4.22) ﬂ'ﬁa{jiyLaEJU']WUﬂGU']ﬂﬂ']iw'ﬂ‘Vifjﬂ

Y

dinuilegaumgiiununansilianuiewiaudu Ieauinisiianuieumelulasin vl
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a a 3 o °o g v d' = = o van & a . ,
Lﬂﬂﬂ’]i%ﬁi‘gLﬁEJu’]MUﬂ‘-U’mﬂ’ﬁVl’ﬂ‘ViEjﬂEjﬂLILIE]LﬂiEJULVIEJUﬂUﬂ’]ﬂGU’JﬁWILmJ (Dommguez, Gomez,
Fonseca & Lorenzo, 2014; Li et al., 2019; Yarmand & Homayouni, 2009) ANSIAAIIUS DU

mglulasian dawalviddnsinistianuiounigenii Fainnmshanendulielsaunnndt Ysunu

WUragdueanuiseninanshiniiuseudawinni (Nikmaram, Yarmand, Emamjomeh &

[y

Darehabi, 2011) Nas1U38

U1 mshienusausuduszuIslulasnwaznisigloul vin

1%
L) 1 a o Ly o

Tinsdsanmuendenluiowiudu lnglifinasgedidedd sanisgydeuninainnis
Tign

a v I ' I v v v ¥ ¥ A
A15197 4.22 naveenisiienusounaumelulasiin anuaenisianusausleldlaun

AUNIRNUNA1NSTY sianunImTailoantarnsiinlaidentnvedileaniauin (n = 9)

ITYTLIANIT

BRI o szastaaInsli - nsgyidedaniin  n1siingaiden
TAausou ) o
LAUNAIN (E]\‘iﬂ’] 5 AMUIDU f\]']ﬂﬂ’]’i‘l’l'ﬂ‘i/lijﬂ (IRORN]
. anelulaan .
CRIGER)) . (W) (%) (%)
(un)
80 0 26.2 + 1.8° 26.5 + 2.0° aa.4
6 17.0+ 1.5 263 + 2.8° 33.3
7 13.6 + 1.68 26.9 + 2.3% 22.2
0 28.8 + 2.4° 28.1 + 1.8%® 33.3
82 6 17.7 + 0.8° 27.6 + 0.3% 11.1
7 15.1 + 1.6% 27.8 + 1.1% 0
0 32.1 + 2.4° 285+ 1.1 0
85 6 232 + 1.2¢ 28.4 + 0.9% 0
7 19.5 + 1.0¢ 29.7 + 0.12 0

Y

A NYINWANF1IULUADAUIAEINUUITDITLAMULANANIAUDE NS

a v

dedAgy (p < 0.05)

A1 pH AMHEINTAtENTANLIYRE (WHC) wazAwsdauvadile (shear force)
falndiAeeiu Ingludiudunsguiunsiinaudeu (p > 0.05, A15199 4.23) Alade pH U89
\Wognlunneieg1eiliA1ag5eming 6.30-6.36 (p > 0.05, 1131991 4.23) INRANTIAE 5Uele

nanudeunglulasiansiudunisldlounliyinlwausenanvesidn (water expulsion) Tu
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deanifiuty Ausadourenieduiussuaumieade Waanmadeanmainanuiou
veslusiululelnuiaans (myofibrillar proteins) (Laakkonen, Wellintong & Sherbon, 1972;
Pathare & Roskilly, 2016). Nikmaram et al. (2011) mmmdﬂﬂ'%mLaawauﬁf@qﬂi"s (veal
muscle) gnitlvmnufousaolalasim n13@a (roasting) waznseu (braising) fAlaiumnsing
fu Feansoesurelddnindeanmeeddusivluloluiaarsfifinudumiioutu (e
Wisuifisusgningismsliandanann egnslsfnu mslienieuselalasiniiingsaugs
(700 W) Tuiifoans3 (yak meat) dwwaliiausaudovuluiomniidedeiidiunisdy daines

ANINNALTLBLANNSUAFIIINANNSaUBE195IALS) (Li et al., 2019) a1n9u3dedl Uadlain

nshiruieumelulasiansiudunisidleliiinaseamnimveuiloan

alsfmuiiograieanildsunudeunnlulasiansutunisldled uanse
Usmnamnuduuazadiuanseiuninnit mslianudeulaeldlodiiosegruies (p <
0.05, 319 4.23) USunmeuduvesiegnsgnitlinrmsouselulasmidussesinaun
fesnirdegeiilaSuaufeuninledd (p < 0.05) nslwaufeusaglulasinirli
autuinnssmeandaegsldiunnniy (Datta & Rakesh, 2013) uenannil fegrailouan

gnilasuanuseumelulasiansiuiumsldleds fAanuaine (L) gandt wasiienduns @)

a

wagAdmies (b*) snddiegilianuieuainleuriigungiiununats 82 °w (p < 0.05,
=~ au & Y e = T & |
15199 4.23) Hanuldetlaenanesiu Ergonul (2017) FeUstIn A1 a* wag b* Tuileanligny
IanufoumelulasindAinindisgsiilvagninenisain dsenuiinisanvese a* lu
& a a o = £ a o Y a <
Wedn LAinanNIseandindunaznisideaninnisainuseuveslulolnadu viliiiady
lAssasrsveanessglulasy (ferrihemochrome) N18d1U M1 (Suman, Nair, Joseph & Hunt,

2016) nan1sstuansliiuIinisiiniuseumeslulasnwaznisidleurviliieenliuan

gnilgaumaiununany 82 sarmgalted IAALAIaAaY
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UUARUNUNGNS T8RN pH IEFUalaY AMUENTA  UINRRU L* a* b*
(@ernwades)  AuiaunaY AT Tumsguth  (Alandu)
Tulasian (%) vouile
(W) (%)
0 6.36 + 0.04 72.03+ 047 5345+282 318+023 826+04° 25+03%° 141 +0.3"
80 6 6.33+0.02 70.14 + 0.46° 5633+ 1.80 319+ 0.15 822+0.7® 22+029 137 +0.3°
7 6.37 +0.01  70.24 + 0.35° 56.00 + 1.08 320+ 032 824+08" 23+02° 140+ 0.2
0 6.30 + 0.07  71.35+ 0.45® 5420+ 1.60 3.03+0.09 80.8+02° 26+03" 153 +0.1°
82 6 6.31 +0.03 70.85+0.45° 5595+ 314 312+0.12 81.7+05® 20+01¢ 13.9+0.1“
7 6.35+0.08 70.17 £ 0.83¢ 5578 +3.09 317 +0.14 822+06%° 21+02<¢ 140+ 0.1°
0 6.30 +0.11 - 71.19 + 0.78° 5436 +1.33  3.02+021 820+ 1.1 22+03% 14,0+ 0.4°
85 6 6.33+0.02 71.08+029° 5568+316 310+0.15 824+0.7"* 20+0.19 143+0.3°
7 6.37 +0.01 7021 + 1.15° 5590 +3.50 3.12+0.12 81.4+0.6 20+0.1° 141+ 0.2

Y

CY

N | w v ¢ a o 1 Hee o W A o o
9 ﬂHﬁVlLLmﬂmqﬂﬂusLu@@aﬂJUL@EJ'Jﬂu‘UQ“UﬂQlIﬂT‘IlILLG\ﬂmWQﬂu@UWQNUUﬁ"I 3 (p < 0.05)
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4.3.3 N5LANYALADALAY
nsiingaienuastudiegniiilviansiglilasinsiuiunisidledlvanuiou wu
Weunitsregeildlaunlimnuseuiiesegiafed dnsunnaumgiununas (As1eh 4.22)

msliaufounewmelulasividunaiuni wandiiuiamnsaannisiingndenuadle

a

1NN31 Ngaumngiiwnunany 82 asewaidied lununisiingaidonwnd Werunisliauseu

Y

neaumglulasiiniunan 7 Wil Jantaranikomn wag Yongsawatdigul (2020) 184w lalwu

n1siingalienuasfigamgiiununals 85 asmwaldua eliauseulugrniiniuay

'
al

gaumall egnslsiony nsgaydeiminainnsvilignsznindiegnaniigamgiiununany 82

)

a

way 85 ssrmwaidea duildliunnseiu nsvinldanoaumgiununans 82 ssrwaidud Az
Hreliusendanduuinnin Inenalunssuunsiliianiaenisldlouniiesagraused 9
RUNNTUNUNANY 82 Bargaldya dn15Usegnaldudin1anisn Fensranuadenunedng

a v

Usganad 2-3% (Smith & Northcutt, 2003) 9U3Teduansliiiuin nshianusaunaunle

a IS

Talaseavl Wuan 7 wdl enusisenisldlednlienusouiioumall 82 ssrwadua awise

U

[ a a v

Mdnnsiingaidenuaslaeg1aiusednsain Inglidiianisgadenananegaidodfey N1l
Audoumelulasnasiivgamgiinieludiegraliendasinga ibiinnsdeaninves
Benfimdeseglududenlduinndt wazinnsidsugadondudinga (Datta & Rakesh,

2013; Gowen, Abu-Ghannam, Frias & Oliveira, 2006; Suman et al., 2016) ﬁﬂﬁ?u ATLUIUNT

v
ada =

Tnwdousiuiuves 2 31 Sadumadonuilsdmivanmaingadenuns uazdslingany
Ueydnme

4.3.4 WlesnsudnasudunsusaaUninsalnlanunauadulaingay (SR-FTIR
spectroscopy)

Usnawosnegnadmiulingain SRFTIR uansfaguil 4.16 fogrsanuansu3ua
a-helix #1031 w¥oududiusuins B-sheet GRORR Geld35nsliannudousiufusening
alasiavfunslfmnndouseloth (o < 0.05, n31efi 4.29). Fusasgamniununats Uiuw
O-helical wasipe9fildTunuseusonsldletedafendaganiinmslinudoudae
lulasnnsaufumsidled (o < 0.05) wansdaRansdeaninifosndn Usinames B-tumn waz

a v a v a v o v o ] Y]
aggregated B-sheet fianlndlAesiunnnannznisiinanuseu nszuaunisliimuseusiuiu
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senindllasiniunisldlewn dwaliusuna B-sheet Winduidintiey ogamgiununans

VALY U9

Winnsidgan nvedlusAu i uilogum)iununa19efileg 1YY diuns

YaaNsEUIUMIIIANTousanIsAngaaenwAiy wuamstiauseumelulasianneud

a

= 14 %; I = o w
S¥8ELIa1 7 W NS ialoun NYPUNNULNUNA 82 paALyaLYYd ﬁ’]iJ’ﬁﬂﬂ’mﬂﬂﬁyﬂ']

Y

LdenuadliEvaNysal FaesureliannaAuuanAreBuNT AN

y-axis Jpum]
o0

nanatila = 13anniuaanly

Y o
LiuLaan
v

u'nugi

winaidn

000
It

x-axis [um]

i i

=1 s s v
LaanntuaanNn

-
i lumdmaan
: duaan

@inamiaon)

xeaxis [um]

3U# 4.16 nmsEaugan1A (micrograph) veddeninaensegluidudenvedilenu (A) uag

megrallognidalasumnuseudmelulasnsiudunisldleuy 82 ssrwades (8) laain

Ao w

naeaganssAuniiaudingiidvens 36 wih Wweuseriu SR-FTIR
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A19197 4.24 USuauduiing (%) vedlassadmAsniilulusiudeenliuvinaniitunsiianusousglulasinsindunisldleun nannemsla

AUSDUANNU
) SELYTLIATINIS R AU
gauuQuuNunaY Ol-helix ﬁ-sheet B—turn Aggregated B-sheet
. Saumglulasian
(o9 AT E) - (1654, 1660 cm™) (1620, 1630 cm™) (1670, 1680 cm™) (1610, 1690 cm™)
()
AIDYNAU 0 50.94 + 1.29° 24.11 + 1.54 19.16 + 0.694 5.79 + 0.62%
0 38.74 + 0.68° 33,61 + 0.50° 22.04 + 0.60°° 5.61 + 0.25%
80 6 37.20 + 1.04° 35.75 + 0.41< 21.50 + 0.4925¢ 5.54 + 0.72°
7 35.42 + 0.32° 35.98 + 0.49° 22.35 + 0.77%° 6.25 + 0.522
0 38.87 + 0.73° 34.40 + 0.35% 21.31 + 0.97% 5.42 + 0.55%
82 6 36.31 + 0.89°% 36.18 + 1.48% 21.22 + 0.69° 6.30 + 0.53%
7 35.42 + 0.40° 36.35 + 0.82°°¢ 22.57 + 0.22° 5.66 + 0.38%
85 0 38.85 + 0.43° 35.30 + (.32 21.44 + 0.312 4.36 + 0.45°
6 36.90 + 0.69< 3751 + 1.38%° 20.71 + 0.57° 4.88 + 0.44°°
7 35.67 + 1.04% 37.76 + 0.84° 21.60 + 1.28%¢ 4.96 + 0.57°°

v o

19nusikaNAeiuluAedulRe UUTDIANUwANANI T We N 9T

gdAy (p < 0.05)
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AUNATINIUNTZUIUNTT (processed) I8N subtracting @lUnAs1vORaRANILAED
Aveglududeniiananaiunnsveddieg1eiu annaveanasiuandbiiuliswaves

Tnsianuseusiensideanimuediion (UM 4.17)

1625 /"

- Steamed sample

4

ﬂ\ MW heated (6min)

‘ | + Steamed sample
[

MW heated (7min)
1746 j \ + Steamed sample
|

|

|

|

|

|

|

|

Absorbance Units

1548

-0.04

T T T T
3500 3000 2500 2000 1500
Wavenumber cm-1

a

JUN 4.17 SR-FTIR awnasifwsnseiuvesdenlanviemduidubeniigamgiununany 82

aeAaalfea [(F20819an)-(A71981951U)] 1a931N processed A8 baseline correction Uag

vector normalization

WU (band) 7 LA uTail 1657 cm! @ennd oefuus NI O-helix (Yu, Morton,
Clerens & Dyer, 2017) LLamLmumauqaﬁqﬂiuﬁaasmﬁlé’%’umm%faumﬂlafw WATLUUANAU
dfianlusednefildfunnudeuselilasandunat 7 unit sfunsldamdeunnledhi
onumQinnunansil 82 ssrwaidea TuunyILuuil 1625 cm * wansdieUSann B-sheet weans
wuuAvIngigaluiiogailasuanusouselulasnneuduar 7 und saufunnsle
arwdoulagldlot vdifimafansdsanmueadonindumnnitlusessldsuanuiou
felalasimnowdunat 7 unit safunislianufeulasldloth snanslienufoudigs
niweslilasian dwaliiAanisdeaninveaionginit uenaind wuresnsduiiavadu
Uszunas 2925 way 2855 et duiusiunisdusuuie (bending) WUUANNNAS (symmetric)

WaZeaNUInNT (asymmetric) V8LUTIAYW (methylene) (Calabro & Magazu, 2012) %14 2 LUy
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vowmywiauiinvegrtanuluanasvesegrmaninlasuaudeumelour Tuvaeily

Y | oAy vo Y Y v & & @ w1 )
WJE]?ﬂ\‘ﬁ/llﬂi‘Uﬂ'l']lli@u@')EJINIﬂiL'JWﬂ'J']ﬂJL‘UlI’UEN'VN 2 WUUY zanadludnadiunuszesiign

v d' [ v 6

AuiaanuuigeduRusnunsineandnduadlusiy g

Y

a

N15ANTOU LUUTYDINY LT
Tanudeusielotheaiedwaliiineendwmduvesduuldunnnidionssuieusunisis
audeusuiussuinsalasviuasnstdloth duwuud 1746 cm® dutusiunisdunuuda
Y99 C=0 maw;{mi‘uaﬁa (carbonyl group) (Sinanoglou, Cavouras, Xenogiannopoulos,
Proestos & Zoumpoulakis, 2018) G?falmmmmLﬁﬁmqaﬂdﬂué’hasmﬁchumﬂﬁmm%fauﬁaEJ

lown Calabro uay Magazli (2012) $1841U31NITALAIUTLVBIUULYBIAS UBTAUAL ML

[ (%
Y Y

autuilonnufiseuaaisa (Maillard reaction) tnsgvafflandusa 2 viiadl wunalulu

1%
[

dndadidieanaainufisenuaaise (Maillard browning) uanslitiiuinnishinnudeulasld

>

(%
[ o 1

Lot dawalvindnsiailadanwardsingduimiauinnit lnevaluua guilaalinnuveuuay
1Y YN o & v oA v v 2 % J a f
Aan Tl ndusin1ansa i iaunisliaiuseulaeldlowrvudaiuatneas
(Abdulhameed, Yang & Abdulkarim, 2016) faiu n1sliauseunilulasiansiudunisle
Lounurazvlilaanwauzusingaudniduiidnesnis a1na SR-FTIR nsliaiusounae
Tulasiansununistaledunielilmianisdean nvesusiuluidenlaaniinistraing

Soulpelloufisaneaumien

4.3.5 #3Unan133de

nslimnusaumelalasnsiudunislaleun Yrsannisifingadenuns Wuisnsh
IS a a LY LY ! 9; ] 1 a 4 4 ! % ‘:l'
fiusganiamuaviuadoniinisldledniivseginies nsliauseunsumelulasiiniing

'
a a

7w mumensltlounitelnlagumniununa1ed 82 asriaaded a1u13an13nn1sAnYA
= 1% 1 '3 = 4 a a I3 [ § a al

deoaundlspganysal nmfnwmemedaiseinudiesudunsisaaninsalnlann
wraskasdulasnsau (SR-FTIR spectroscopy) Yaudanfiwidentegluidudonadantnuin
an lnanislimnudoumelulasinsiuiunisldloun wuindlaswasne o-helix anaduaz B-
sheet @39y wansdsnsagideaninvedlusiulubon nislianuieunauiglulasiivan
S3EIINNTIAMNTOUNY 28-48% LialUeulisudunsiiauseumeloiiegnie Aty

nsbiauseumelulasnsiudunisldleundadunssuiunsiitieandgmymbenunsly

Hansaeiiloantiwinante
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4.4 myainAvaalauNVaanaulifedanTgluazANaN BN AL

4.4.1 99AUSENAUNILAL

psRUsznaundninuluvasnay e TUsAY 68.0% Tneumiinuis (Ans19@t 4.25) 3
USinaneaaiau 37.6% lagAnanuTunallensendlnsdu deiluiinagnitneaaiiaudiadn
nalnee 19.9% viaenauin 32.9% nszgnesuuns 12.3% LaznIzgnoougnng 8.9%
(Blanco et al., 2019; Vidal et al., 2020; Vittayanont & Jaroenviriyapap, 2014) uaﬂﬂﬁﬂﬁu
waenauln JosrUsznouiidudfia 14.4% wazarslulawnse 14.3% nasanldnig wusidl
USinameaanauiindudy 52.3% esannsldmsaztisuenesdusznouidulusiu lushy
S wazanslulansnosn fufunisldmessududmiunisainreaaou

A15199 4.25 93AUsENaUMLATIveannaulniile

Uued (%)

aufsznay glehiatl LYmEAanauan
AT 82.6 + 0.05 83.8 +0.04
TUshu 68.0° + 0.84 89.3% + 0.27
- lonsondlnsau 4.7° + 0.05 6.5% + 0.52
- ADAALAU 37.6° + 0.39 52.3% + 3.98
fal 3.37 + 0.01 0.8° + 0.03
RI[IEPH 14.4% + 0.42 3.0° + 0.05
Aslulanse 14.3% + 0.07 7.0° + 0.09
Foyartamaduanlngiminuie sndutiinumslulensadiuanain 100 - (4 + lusy

53 + W), Anegluwanfediuniie,

CY

gdAgy (p < 0.05)

(% (%

DNWTN LANAIIAUUIT DY

[
=

R RN IR REY

4.4.2 NAPNAADARTLIU

ASEAAUDANTIT1IM (UAE) NSeAUAINUMIY 17.87 TAARDAIS 1T URLUATEINA b

d' [ [

USINQUHAANAADaANAULTILTY (FUT 4.18A) Uaslilaliunnuduinseiu 27.56 Tndsan1s1e

WURUAT IUANNNSOLRUNAANAADARLAULY  WATWUIINSIEAAUTANSILIINAAIUTL  9.80

v 6 1

PARBANTIUIURLUAT LAUSUNUREANAABAA AU B UNAUNTENALUUALAN N1SENARIY

6 1 a

n50 (AS) hazloulshwudu (PS) NP 17. 46 TRARaANSIYURLIASAIUITaTNUNTRLAR
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AswANYadlowde vin1InsaALazleulesvinauRTu waznsanmkuy UAE Auy 17. 46

[

ARFBATIURLIAT Wwan 20 ud andsaiunaananoaaauls Fan1siidsteziaay

[
Va2 1

ansateiunsuanvenieelddty uiiefiuszeznandu 30 wiit lifuaviliusuna
NAANaRBaRLLLRLTY (p >0.05) n3ldndudansiendudiatnsiensavisteuleslinudy
wunsatanesonsaduan 42 3lue Iendanansaanau 1.58% wazlinaananoaaiiay
qqqmﬁaaﬁmﬁwLaulsdﬁmﬂ%ul,ﬂuum 36 14 (gﬂﬁ' 4.18C) 9n15aA WUy UAE an
SLULIAINSEANALA 12.5% Lagn1sanakuy U-AS ansvaziiainisanale 25% taanisana
WU U-Ps Tpaiteufumsatauuusaiuiildszesiaan 48 $alu (Al et al, 2018; Liang et
al, 2014; Luo et al, 2018) uazni15ann U-AS uag U-PS dawaliudnnaneaaauifiviy 2
wih Weieufunisatnuuusain msatn UAE Tngafinoeulsindulindananeaaiioy
a9gndl 6.28% uavanszEiIa 25% dsrdudansnsazlunszdulasaadulovesaeaan
wu (Li et al, 2009) ¥lsoulwsimuduavareluneaaauldmiy

mﬂgﬂﬁ 4.19 msafauuusaiuiensaLasieulednudy Ténannanoaaau 0.7%

WaE 3.1% waz Usuiumsaaiauniiuinedld 1.3% wag 6.9% n15annsliansalanNanna

AoaalaulesnIINIsannnlstoulslnldu laenlduaziundiu telopeptide uazlooau

H30* 9MnnsAvzyilinAnnIsUILTeIneaa L W iuNIsazaTE LAz LS IMENVaslASIaE1e Ol-helix
Tnensadansavazioulesinudy lindnnanoaaautosniinoaanauiiinanmiazidy
Juan 24 F7lus (Iswariya et al., 2018; Ju et al,, 2020; Tang et al.,, 2018) ABARILIUINN
nsrandsuillasiasidudauniineaanauainui (Kittiphattanabawon et al., 2010) W39
ﬁmumwudﬂmiaﬁmﬂaammeﬂﬂiz@ﬂéauﬂmaamﬁw nsauaziaulasinUdu Wunan 48

9 LAHNAANAADAAAU 1.3% WA 9.5-10.3% ANUAFU LAANTANAADAAIIUIINATYANU

Ingheeuladmudu WHuna 96 F9lus IenErnaneaatau 5.1% (Akram & Zhang, 2020)
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5 iAo
0As l
44 mps gmmme————= = a
=0 !
b b
=
Hoa
1A A A
A A i
l:r L] T T
Control .80 17.46 2756
Ulrasound intensity (W =)
g By
0 AS 4‘
mrs - a
]
< . . 0] |
= c
=
2 4 A
B B
o -
Control 10 20 30
Expoasure time (i}
& .
—a—U-AS =t g e
i
H
i i
S 4
=
-
=+
u T T ¥ L} L] T 1
12 1% 24 30 36 4z 48
Extraction time (h)

JUN 4.18 ndnnaneaaauilindudansierafianudusisiuduna 10 wid (), Tiaduda
AIIYIAANULUTN 17.46 Tadrensagufiunsiiaiieiy (B), uagszezlanaiafiuaneig

fu TEPAUSARIIBNIRAUTUN 17.46 TnARDn1TIasURLATULIA 20 U (C)
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Iﬁ‘ N A i-."lll. B 9{]

14 - B B *
_ & # - 75
g 12 g
- - 60 T
g 10 4 =
3 =
g 81 B ) - 45 g
2 61 o &
: B .‘Jﬂ .,-‘,‘l
ﬁ 4 < [i] =
- = o
:H 2 - I) ri—- | I}

'D T T T - 0

AS U-AS Ps U-PSs

OYield ®Recovery * Collagen content

U-AS and U-PS were extracted by ultrasound mtensity of
17.46 W-cm= for exposure time 20 min.

JUN 4.19 ndananeaalauINIsaNRRUUALANLREldRRUSan1wA

4.4.3 NADIBLAANTDULUUHDINTIA
Ul 4.20 uannIna1endosganssaudiannseunuudeansia uandlsiifiugg
Tnssafradedonnonanaaedenslisansendiduszesiaa 10 wift (U 4.208) uas
dodounnnszaeaduldtaauieldsansendifiuszesna 20 und (U 4.200 1in
nsuannszsveniedeluseiufiuussundanlddanmendidussezinat 30 wii lae
nsuannszatevend e aiininusudeusinanuiu ussdusauasnisanussdudn
(1.0X10° kPa) (Soria & Villamiel, 2010) Awaviliidoidounnnszans dafunsldnsauas
wulusiinddu annsaiiusdenaldlnenslindusansiendifung 20 uni
aeaanauaiannnguilassadrediduidule (Ui 4.21) Feaonndessioauidl
nsAnwneuntnil (Song et al, 2019; Zhang et al,, 2020; Zou et al.,, 2017) AoaaLaufils
Nnadamensawaznslddansiend 20 wiil ddnvarlassaieiiauysal aoaanauilsain
anangeulylnudulazn1slddansnedn 20 wifiualadaslsioulsdinldulidnvaey
Tasvadraduusiunazdfnadostududu nns@nwdondesganssminaniifui
Tnssafrsseduganieuasnoaanuiiazatsfensauazioulsinduiidnuvazuansieiy us

nslgans1gnaliiinanelas@s19Uesneaalay Yang uagaug (2001) 518908 wME Y09
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aaa IS

warNsRNAasE I NAuduNnUIMd AU ATE M TINMVBIREaa LI takn N15EanIe
Wad N385 NMTLTIUIU LaznTas1aiiows nsldaeaalauduLNa I AulAsIasand
anwazuunuInaelay (Ge et al, 2020) FeuaasliliuiineaaauainaInasnaui L4

AFUTANTIIRTIBTAMEN YL NIMNIZANTNUUTEENARWITANENTNIINITINNE

Ultrasound intensity of 17.46 W-cm?

' “.-.—:.-" TS, el 2

PN y
) ) iy /’
ik - o~ 7L . :
Pl o ‘ > g 3 7\ A\

& L e A A RS e N ; \ A
SEHS&V\'IDZOmvr;.’»Oel so.;c-’__,L, SEI 15 KV WD 20 syn'S00X - 50 yn———_ +'$€1 18 KV WD 20 mm 800%
{ 7 L aui 8 7 e . : LN

UM 4.20 dnwarlassasiineaaaunazalgmennounsyuiunisana (A), ldadudans

97177 10 W9 (B) waz tAaUsans19nm 20 Uf (C) Ainasuens 500 win

Y

Conventional method Ultrasound intensity of 17.46 W-em™=

for exnosure time 20 min

y
SEI 18 KEWD 80 mm 900X \aﬂ\um
4 S

AN~ :
A\ TSﬁVfbgglnmw D e *r

JUN 4.21 dnvaurlasaasneneaaiiau AS; ara1emiensa PS; avatemgoulelinudu U-AS;

[

Tdmaudansiwnwalanamiensa U-PS; Tdmdudansigninuwalannmelednddu finaseny

500 11
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4.4.4 anaunsnazdly

91NA19199 4.26 nseeriilufinvlureaanaudiulvg Ao slycine (Gly) proline
(Pro) hydroxyproline (Hyp) nsmeiluiinuludSunados Taud histidine (His) hydroxylysine
(Hyl) methionine (Met) phenylalanine (Phe) wag tyrosine (Tyr) lagaisunsaezdlupaiuny
asafnaeaanauvia | Afissswimy lunszgneeularameiieuledise nszgnduen wh
1A LLazﬁﬂizaﬂﬂmﬂﬂm (Ahmed et al,, 2019; Cao et al,, 2014; Luo et al., 2018; Zhou et al.,
2016) nsAnwindedldnunsaezily Cysteine (Cys) wag tryptophan (Trp) Lﬁaamﬂgﬂ
vangluduneunisann §denndeciinedsnonuinldny Trp lupreaaniau (Gauza-
Wtodarczyk et al,, 2017) waznunsnezilu Cys 2-6 residues (Brown et al., 2000) nIzan
geuvsznavlusisneaaauvia Il 80 % Inonsaezdlufinuusinamnniiaade Hyl 18
residues wag Glu/Gln 88 residues (Aigner & Stove, 2003; Cao et al., 2014; Cumming et
al, 2019; Liang et al, 2014) peaanauaindaifunsnasiluvseninduneaanaueda | 39
flusunas Hyl was Gl/Gln ey wafluSuna Ala 11 Tnepdnetuaisunsnesilunsaanaud

anmannanvalnziieuldu nlauainsiigunas way 1vuda (Al et al, 2018; Lee et al,

2020; Jiacheng Wu et al., 2019)

Hyp +Jueuwusves Pro lae Pro gnidunylansenda (hydroxyl group) Ing
AsEUIUNTS hydroxylation nsnaxiily Pro ililassadendeauasiades neaaauiians
Tnstoulgainu@u (PS uaz U-PS) wuuSinansaesfilu Pro+Hyp 1inninaeaaaudiatage
n5A (AS hay U-AS) uansliiiudinasnandsenaun 18 intermolecular cross-linked
telopeptide YT 111N ﬁlaazqﬂaaﬁaﬂyamaul%ﬁmﬂsﬁu uen91nd 5¥AU Proline
hydroxylation suamaamLauﬂ'aﬁ’mé'f'.;sJLauiszjﬂl,wu%uqqﬂ';"maaam]uﬁ'azmaiuﬂm R
hydroxylation Hunsguaunsfiruauamuiaiosvesneaaiauriuninesiluslafiiumu
(Rappu et al, 2019) Pyrolidine ring Tu nsnezilu Hyp war Pro Wulassadieiiviilvindu
Ty vililassadrunderauansi@ios nansiseduandiiiuinnisneaanaufiazaredae
wullinuduadesninreaanaufiazaiediensa Jadenndestusenuneaalaufiainn

ﬂis@jﬂ@'auamu nlsUarmsnanes wag tnanuainenavd (Al et al,, 2018; Chuaychan et

al., 2015; Jeevithan et al., 2015)
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AoaaauTiavanesensafinsnesiilulanasanasaatauiataseeuledinudy
Tnensnexdilu Ala Asp/Asn Arg lle Leu Thr Ser uagval finulumeaanaufiatmeulviinudy
fiusinaesnifinupeaaaufiazaiesiense 019aziilsu191n telopeptide region an
fdnlutuneunisdesieieuludinidu Fsrdresenuiineiinisnuineaaauainvailua
aamﬁu%%?u LaznI19 (Elango et al,, 2018; Lodhi et al., 2018; Veeruraj et al., 2013)
uenanil resanauiiainlngldrdusansivsuazatndoeulniinsnesilumilounsaan
RuiafALUUS IRy nan1sAnwuansliiiuiinnsldrausansiemalitnadossdussnauiiy

N3ABLAlUTDIADARLIU

A15199 4.26 USuNaunsnaziiluvaineaataunanakuusLiukazliaausansiegnin

J3u1ed (residues/1,000 total residues)

nsnaviily

AS U-AS PS U-PS
Ala 116+ 1.96 1122+ 270  97° + 3.47 101° + 0.88
Arg 58% + 3.16 57% + 2.83 52° + 2.57 51° + 4.05
Asp/Asn 48® + 2.67 are + 1.20 42° + 3.46 46 + 1.62
Glu/Gln 72 +3.10 73 £ 311 74 +1.31 73 +3.25
Gly 308 + 3.23 311 + 4.89 310 + 2.26 308 + 2.30
His 6 + 2.57 10 + 1.20 11 + 0.57 8 + 0.52
Hyl 7+1.02 7+083 8 +2.81 9 + 0.65
Hyp 76 + 1.03 77° £ 1.31 105 + 0.88 104° + 3.81
le 207 + 2.60 172 + 1.00 15° + 0.19 14° + 1.11
Leu 47%+ 2.18 45% + 3.69 42° +1.61 42° + 1.19
Lys 28 + 1.08 26 + 3.12 25 + 1.59 27 +0.51
Met 11+ 1.35 9+471 9 + 0.63 8+ 1.05
Phe 11 + 1.49 10 + 0.62 15 + 0.85 13+ 1.72
Pro 112 +375 108°+0.93 115 + 410 118 + 1.27
Ser 297 + 1.53 297 + 2.42 27° + 1.27 28% + 1.82
Thr 26% + 0.92 25% + 2.52 20° + 2.25 19° + 1.56
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Tyr 6 + 0.37 7+4.62 5+ 0.57 4 +0.52
Val 322+ 1.92 30%° + 2.22 29° + 0.83 27° + 0.66

Imino acid 188° + 248  186° +0.72  220°+4.89 2227 + 1.51
PH (%) 41.0°+0.72  420°+060 47.7°+0.72  46.97 + 2.02

o

PH Aaszau proline hydroxylation A1u1aann [Hyp residue/ (Hyp residue + Pro residue)]

v o

x 100 fonusnuanaeiululautslanuuanasiueg9iidedAgy

4.4.5 lulasanwaisusadunuianass Gwmas (UDSC)

o

AgaumiiihlsiAnnsideanin (T,) wazAteuniall AOH vesasaaaufiazans
Tu 0.5 Tuand nsmezdin Aininreaanauiiazatsluiin (ms1eit 4.27) T, suileazansneaan
ufensneydiatu esnussdnmaliihaislulassaauuuindeinaznisvanewuss
lelnsiausiensn A1 T, waz AOH vesmsaaauiatnsisieulesinudugeiniinisainseg
nsn peaaLauiiatnsiy UAE A1 T, uaz AOH Foumiinisatauuunadiy wandiifiuin
gansigninlivihaelassaiunielanuaeuasnenaauaenay

wndafioguazgamniisinievesdniiinadelafiosnmmisnnuiouresreaaiay

ABaaLAuY L1 Inannresaty BieAU Lagnialandinesidsu dA1 T, 089 26.5-33.5

Y

peANgaLgua (Wei et al., 2019; Jiulin Wu et al., 2019; Zhao et al., 2018) T98A8UNLN
neugumgliivhliAnmsdsaninuesneaariauiildanviisnseine veld vonans 1ou
$1 nsegnung uazmiagnda egil 35.3-45.6 ssmwalTea (GAO et al,, 2018; Lin et al, 2011;
Martinez-Ortiz et al., 2015; Ran & Wang, 2014; Zou et al., 2020) Qmwﬂ”ﬁﬁﬁﬂﬁﬁﬂmﬂﬁﬂ
amwmamaamLf\mmﬂé’mfiumzqmdmaamLﬁlumﬂé’m’iamﬁufﬂamﬁum dniidennaiy
Lazdniin AeaanauaIndeiuniinsaesilulseunn 215-225 residues/1,000 residues LAz
91ndN55 W Uszana 155-180 residues/1,000 residues ADAANIUIINAABAAUT AR AF 28
wulesinudy SargamgiiiviliiAansideaningenin 40 esrmwailea wazilUSinunsnes
iy 220-222 amino acid residues/1,000 residues HagnMsANEHLanslfiuireaaLIy
970 PS Way U-PS ﬁLaﬁasmwmamm%fauqqmfmaamLf\mmﬂé’miﬁzjﬁmﬁu

Lys uaz Hyl cross-linking lulpssadeneaanawduduiivhlfiAnanuades

ADAANAU PS uaz U-PS fUSun Lys way Hyl azﬁf 33 wag 36 residues/1,000 residues (p
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[

> 05) wagdmgamniiiviliAnnsideanings > 42 ssrwaldeoa Luo (Luo et al,, 2018)
euI AsaaILIINNsEYnssulanawmeivuleliGe fazaememuTuaznin finsnes
fTu Lys uag Hyl 27 uaw 34 residues/1,000 residues wazdimgamifivinliAansideanm
oejil 28.3 way 30.5 ssmuwaLda s Lys was Hyl lursaaauainnszgneeulanaines
FouenysnanamensauazieulelimuduiiargumgdiviilhiAnnsideanmeg 32.9 uaz
35.7 pernalded auady (Liang et al, 2014) dajuanunsadusuldinneaaaudiatiagae
wulmimuuiiaiiosnmmeeuieuginireaanauiiadnsensa

o

6]’15’1\1‘1" 4.27 maam VHSLMLﬂﬂmiLﬂEJﬁﬂTW (Td) wazALaUNIalU AOH Y89ABARLIUY

Ty (°O) AH (J/9)
Sample

DI Water 0.5 M Acetic acid DI Water 0.5 M Acetic acid
AS 35.1° + 0.48 32.6° + 0.32 0.11° + 0.02 0.09° + 0.03
U-AS 34.3° + 0.34 31.9° + 0.41 0.13° + 0.01 0.09° + 0.01
PS 45.6* + 0.17 42.1% + 0.11 0.26% + 0.03 0.21% + 0.01
U-PS 45.0° + 0.22 41.8% + 0.28 0.23% + 0.03 0.18% + 0.06

L3 %

v v N ! U U ! Q;ljd IS ! v ! v
FonwINLANA1SA LI UABAULUIININANLANA I NBE 198 EN 3y (p < .05)

4.4.6 Ultraviolet (UV) spectroscopy

TassasnandeIauaovesneaa L ILILLARINAAIYANALIASTIAINENIAAY 230 U1
Tunsuansaify (Zhu et al, 2020) AsaaaufiaiannnguiiAnIsganduLasgeandl 231 un
Tuiwns (U 4.22) Aoaaauiiléann indnaimind1dn geautainn dagineduindu wae
milegns dA1N1sannfuuAtEgaminiy 192 224 235 way 238 uiluns (Chinh et al., 2019;
Li et al,, 2020; Tanaka et al., 2018; Vijayan et al., 2018) laglAs3d513 C=O CONH2 way -
COOH vasanegmUlndasaaiauaunsaganduuaseila (Abdollahi et al., 2018) awUnasunis
gandunaswesnoaanIuiiAruansIflusiunsnezilu His Tyr waz Phe residues 1oy
uazvansnewdily Trp Aoaalaufiainseeulslimuiuinisganduuaseimilounsaaiiay

(%
v Y U

Nanameisnudu (p > .05) Muunslddansienalimatslaseasundelanasvoinoaan

kAU
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0.300
231.2=0.12
8 &
Z 0.200 231.5%0.00
'g 231.0+0.35
2
= 231.340.52
0.100
w'*tj'
’l
l"" nl v
0.000 B2 Y e

200.0 240.0 280.0 320.0 360.0 400.0

Wavelength (nm)

sUN 4.22 glaUnasuvesneaaaunanangIsmiaiu

4.4.7 L“Ua%@’a’lﬂﬂimaa%uaLﬂﬂIVIiﬁIﬂ‘fl (Circulardichroism: CD spectroscopy)

fmﬂwamsmﬁlauuﬂaqimaa%’wma‘”mammmamaamLfﬂuqm‘”miﬂa CD
spectroscopy (E‘Uﬁ 4.23) WUI1ABARLAUNNNGUIRT a cross zero rotation agjﬁ 215 unly
LIRS AT maximum peak agjﬁ 222 U luLuAS LagA1 minimum peak agjﬁ 196-197 u1lu
RS Usuenlainneaaauillaseasne supercoil (Drzewiecki et al,, 2016) lngA negative
uag positive ellipticity agUsuananwazlassadtsweslusiu (Greenfield, 2006) N15anaIT83
A1 positive ellipticity warmIiiaTurese negative ellipticity fiaueaady 203-210 uily
WAT UiUonilasiasainagiauasiinisaatesi (Cao & Xu, 2008; Drzewiecki et al., 2016;
Silva et al., 2016) ﬂaammumﬂﬂsz@ﬂé’uaﬂiﬁﬁaﬁ’mé’w UAE fimanud 2,990 fadsanisn
wufluesiduszezriaan 36 Wil dA1 negative ellipticity QQLLa;‘mﬁLﬁIQJ“ﬁuG{JQGﬁW negative

ellipticity finaue1IAdY 202.2 Wiluiuns Siiuitreaanavgqydslasaiuniesaians

12
|

IS IARUDANSIFNINAANUTN 17.87 TRRFABMAITS

[y

(Akram & Zhang, 2020) 91U7338

il

a

wuRlasiduszezial 20 u? livinaelaseasnandenNauansvedneaallauy

ABaaNLau U-PS dlA1 negative ellipticity #ga (p < .05) Ua¥inlassasianieany

aedsllilduanin waranA1nI1@IUVON positive o negative ellipticity %138 A1 Rpn 284
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NNAI9E19dlANYIIAY 0.1 (5197 4.28) Yadianisasegvedlasaairaunieiasany (Usha &

[ [
[ 1 1

Ramasami, 2005) $1U3F8UUIT 31015 9AE U anI19130 b vinllassas1andeltaiuanely

ADARLAUNADARULEE Y

20 -
=100 -
Bl
< ® -105
E =
el et
= o
= £ =110 1
b — (¥
2 £
& Y S -5 -
|
=120 T T 1
190 195 200 205
Wavelength (iin)
-140 T y 1 y : .
190 200 210 220 230 240 250
Wavelength (nmn)
AS U-A8 =—P§ ====- U-PS =-+= 5td, typel collagen

5UN 4.23 awnn3u CD YeIneaalauynnngy

A19199 4.28 dn51dIuAIAANAULASINAUNATY FT-IR LazdnI1du Rpn NAWINAN

aUnm5u CD Y99A8aaLaUNENA70RN9NY

RN é’mwdaum@mﬂﬁmm
Rpn*
(Amide IIl/ 1,456 ecm™)

AS 1.03+0.12 0.11 £ 0.01
U-AS 1.07 £ 0.03 0.10 £ 0.20
PS 1.06 + 0.16 0.11 £ 0.00
U-PS 1.04 + 0.07 0.10 £ 0.43
Std. type | collagen 1.01 £ 0.01 0.11 £ 0.00

*Rpn AB8n31d3U CD ellipticity seninAasaauLassign

9
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4.4.8 Fourier transform infrared (FT-IR) spectroscopy
NNAINMTIATIINTEINT A TudunsaaUnnsalny (Fourier Transform
Infrared: FT-IR spectroscopy) LLamﬂﬁLﬁudmﬂﬁaaéNLLamﬁﬂﬁgwm 5 avlnasy a1unsn
wisarnasudunguielud A B 11 uaz Il (U7 4.247) Tnsnsaaiiauuanaauaunafuilan
wude wlud | Faduaunesuniiinainnisduveaiusesenineznen C=0 vasarawmdlng
waz wlud | way I adnnduiiineinnisduvesiusyseninsermay C-N waz N-H (Aboul-
Enein et al., 2014; Carbonaro & Nucara, 2010) ApaaLauvnsiag1auandaUnaiumilounu

Aongu telud | 1l uag Il ¥23i@vAdy 1,635-1,637 1,539-1,547 Uag 1,236-1,239 cm’?

'
=

AuaU dnnsuAeut19TilaunaY 1,743 cm? FuRne1nnsauveINUsYIedmnes C=0
YoIABLAALADTOA Imaiﬁuﬁuﬁﬁmmwumﬁuqﬂ TsTudifipuruinyusLazlagufidaiy
WL 2ziiennsduiliavmau 1,737-1,744 cm-1 (Krilov et al., 2009) st
TroaanauaniiesiuseneuilulaluTusiy fetunssurunsuSuanwsndudeadnlasiy
waglalulusiusannau

903U 4.248 Fiiiudlassavanvesneaanaudu o-helix Uszanns 30-32% (p

> 05) uazdllaseasne B-helix wag random coil 1ulassasieses T93iiunsladansn

a

gMAfiawd 17.87 fndremsaeuiunsiduszoziian 20 uiit Livililassaimiegd
AOARLAUMADARLLEYWIY Akram (Akram & Zhang, 2020) sreuinanalaenisldsansienia
firnud 2,990 Fadsemaaeuinmsiduszezna 36 unil viatelassaimisgfivesnoaan
aunsenduenid fufunslisansemdiaruiauasssssuuiililasadsvesaeaaau
WauLUas

Saauvedtalud Il dransduitavadn 1,237 cm? uag 1,454 cm ! Gidiuain
Sunsweslasiaiandsanats nneasdiutdos 0.59 Usuenaemiuldtunsvedasiadig
WnAgIEIENe (Guzzi Plepis et al,, 1996) Apaa1AUYNAI9819d8nTd WAy 1.01-1.07
(AN51971 4.28, p > .05) Fauandlififiudlassairandetauaevesnoaaaudnsauysal 29
donrdassnsduiiiiseauly Uaresiieunssuasanal nusnsidumiafu 1.00-1.05 (Al
et al. 2018: Liu et al., 2015) 11u3s8EUad1nslddansensinnud 17.87 Sadseni3na

wuRnsiluszeziaa 20 il ldihanelassadandeamaswaslasaimiogivesneaa

LAUNABAAN
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. Aamide 11
A Amide B . r
Amide | ——; 1,434 e
Amide A / Amide 111
T 1,743 et |/ ¥
= AS
<
3
= U-AS
£ |
= I
z [
==}
=
. uPs )
Sid, type I 1-":'I||i|-j!'.1..‘l'| __-._"_.'. Vo e
4,000 3,500 30000 2.50M) 2000 1.500 1O}

Wavenumber {em™')

337 B

30 - BAS
- mU-AS
= @Ps
T 25 - )
E ou-Ps
o oO5ud. typel collagen
E 20
&

15 -

10 -

a-Helix [-Sheet p-Tum Eandom coil

Protein secondary structure

Ul 4.24 FT-IR awlnn$u (A) warlassairanfionfiilsanielus | (8) vosaaanaudiaindie
Fosineiiu
4.4.9 Han15ATIEGIEmATIA SDS-PAGE

93U 4.25 Fiiuineoaaaunnnauiosduszneuiiuane a10), uas o20)
uaﬂaﬂﬂﬁnguaﬁaﬁﬁiuLaqaﬁummimy' 1#uf Y-chains (trimer) wag B-chains (dimer) &4

A9 v & v I3 ' aa . .
Fliuitreaanauainiesnlsznaudiulngil covalent inter-molecular cross-linkages

(%
o

Iy AL()2 wag a2() Furdnluanawindu 135 wag 116 kDa auafy Fepaieiunoaaau
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wia | 91Uty 91 1002 way o)) Huwdnluanawindu 130 waz 113 kDa Asaaauain

1
[y [ Y

wuuABALLay UAE dUsuulusiunimiloudu Inenisadawuy UAE lainulusauniuim

LY [

Tuanaves (<100 kDa) vuddeiidupiwusniifinenuiinreaaauainvasnauiduneaanany

¥1ia | Lazn1sledansIgnnaAud 17.87 Tadsanisnasuiunsiduseoziian 20 wid luvin

[y

Ann1sgesaeaananluseAuisuuse Fallsigauinistasaiclusivate ol- wag 02- 7
afnanuilslaingnannd gnihanewdelddansigidfiniud 80% weundyn Wuszeziian

24 F9Tu3 (Kim et al, 2012) n15198a0519198 91 AUE 2,990 TR ean151wuf gLy

seewlInn 36 Wil vatelaseaine B- uay Ochain vasAeaaIunsERnduDnln (Akram &

(%
YY)

Zhang, 2020) satun1slidansenananudguazsseruuiinaldinanglasainvesneaan

[y

LAY WAUIIEY

@INIPanT IR kianelAsE LNl N1 URIABAALIY

kDa M 1 2 3 4 5
-_— [ | Bl
e . 1 ! ‘-{ i _.‘J_s
2000 j—
]I
1162 qman o S et = B it — \
974 S k2 ()
——
00.0 —
A5 —
310 c—

M: molecular weight marker
LAS  2PS  3UAS 4:UPS

5 Kt tvme T enllacen

sUTl 4.25 ULUUTR SDS-PAGE Yesapaaauiiarinseisenaiu
4.4.10 NAN1TAATIZH LC-MS/MS

P15197 4.29 wansgUuuumUlndvesans oLl uay 02 Y99 ABAANIU PS Uay U-PS
Ing Gly wag Pro nunnmulng denadesiusliuunisisesveandlvdneaaiauiuy Gly-

Pro-X Ql-subunits ¥4 PS wag U-PS fidsuiiansuindlnananeiusasiianuwauzaaioindling

Aeaananyile | Tngdsumndlng GFSGLDGAK uay GOAGVMGFPGPK dadunsaanausila |
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‘17'1|W°U1u Jarda a1 uwazwng (Chenetal,2014; Zengetal,2012) YanNaIINy
SAGVAVPGPMGPAGPR thay DGEAGAQGPPGPTGPAGER Qﬂwuiu 01 Y2Inaa I uTls | Tu

Ly Tagane o2 (1) gnwy wndlng 8 Ly adeduiinululiiiie Falistenunsuntiiid

[ [
o

naonaulduLraIreaaauTn Il (Cao & Xu, 2008) 8814l5Any uddTeduadiinneaalay
vaonaudunoaaauTLa |

A15197 4.29 a1AUNTARTIIUETY Ol Way 02 U99IADARAUNANALUUITALALLaLIdAALsa

AT
Band Coverage Protein

Peptide sequence hint Taxonomy

(%) Identification

SAGVAVPGPMGPAGPR
OL1PS

GFSGLDGAK Collagen Q1 (1) Gallus
and 3.85

GOQAGVMGFPGPK chain gallus
OL1U-PS

DGEAGAQGPPGPTGPAGER

AADFGPGPMGLMGPR

GEIGPAGNYGPTGPAGPR

VGPIGPAGNR
OL2PS

GNVGLAGPR Collagen Q2 (1) Gallus
and 7.70

GEGGPAGPAGPAGAR chain gallus
OL2U-PS

GDPGPVGPVGPAGAFGPR

GLAGPQGPR

GPPGPSGPPGK

Coverage values AMUIAAITIUIUNTABTLUIIN LC-MS/MS LarsuunInesilumunves
a8 o1 wazdl (1,453 uay 1,363 residues)
4.4.11 d5UNaNI5IY

vaonavliiduuvasnoaaiiay msatauuussiulnelfouluinuduldndana 3.1%
mslédansenafimnudy 17.87 Saddommasuiwnsidussozing 20 vl wazaindae

WUlwlWUTY 36 T304 @NUSLAUNAANALS 6.28% ADAALAUNADALIADAANIY 80 % WAy
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nsanawuy UAE ldinadenisivdgundadiassasiandetanuaiguaglaseadiamiegiives
ADAANAU NSANALUULANAIENIALUUTaza8lULLaL 0.5 Tuans nsnasdRnyinlilaseasia

Aoaaaudeneg AoaaauviasnauiienUsznouiidunsaesiluguainsnezdlunidniy

188 (His Met Phe uagTrp) wazusenaumiy Ol2-chain 1usuenindureaatausia | uas

Ly 1

gudumenulng LC-MS/ MS 91133eiuatinnisoansianinkilyinatslasias1auainoaaau

wazidusreanunsnidinaeaaauvasnasuneaaauyia |

4.5 navaInsldadudanitvnianudugianuaudaniaaiinienmvaslusiuuanlaly
TaguanUanila (Oreochromis niloticus) Tuanmzndianududuvasndelufounaalsn

1
o

M1

4.5.1 Han15ATITRAMUE NS luN1saNAlUSHUY
1NAIFENUI USunauvestusaunanalavassingnaluanienilamounaalsa
AMUINTUAT (0.1, 0.2 waz 0.3 Tuans) WinAues 199 oLl oadl ot uANULIUTUUDIAA LD AN
& @ d‘ % ¥ 1 3 ‘ﬂ' % % 1 1 a
9171 Aawandlusui 4.26A uaglumanssiudnu wudn msldrdudanireiliiinaseusunmn
lUsfuvasidegsluanienillanounaslsalduduags (0.6 way 1.2 luand) (3UN 4.26A)

YoNAINTLUSAUNANALA1INFI88 19N IASUARUOANS19NUNANUTY 7.04 way 13.37 TndAe

£ '
= I

ANSIBLURLLAT TuanzndlefsuAaabsmuty 0.2 Tuarstusunaiuduidlarfiuaitunis

'
v v v A LY 14

udadupdudaningil dauanslugui 4.268 N15UA8ULUAIAUAUTFININVBING 911
Ya99anslenaluszninenszuIunsletaty dsalilinneae1nN1ATUIAENTUDE195IALE)
waziinnsvenefaluseuineiianuaiuduau (negative pressure excursion) wagsviineeng

JuussEIeTinuduuuan (positive excursion) nawatilugnsiinturesaumngiuas

' [
= =

AINAUTETY (5,000 1AATU kAL 1,000 atm) iamﬁqmnﬁm%’waqﬂﬁuLﬁauwﬁquuQaLLaz
aud udaulurnvesdnssennia (cavitation zone) (Soria & Villamiel, 2010) (Mason &
Lorimer, 1990) nMsiinAduidounazanududiuainnszuiunisadmdy (Cavitation) 819
danalunisvianeluleliusa (myofibril) waznisuendavesluledu (myosin) & svinld
auanansnlunsatalsiugetudeldannedflndounaslsdidudusi euidorounth

WU Na9ureIdans ledadnavinliian1siud suwdasgus1adan uil (spatial
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conformation) uaglassadiamaganeesuenlsluleduanideln Ssdwmarilfeuanualy
MsavanevedlUsAuRNTY (Zou et al, 2018) UenaING ALAINIDlUNTaYaTBYeslUsAY
worlalileduanileliluansavarelamounaslsidudy 0.1 Tuandiududiodiunarlunisly
PAUSan319111 (Saleem et al, 2015) ognslsAny Usunalusiufiatalsvesietnduaniog
Ailmounaslsmdudu 0.6 waslagldsuadusanientiiduna 6 uiil iududiies 22%
dewiguiuiiegranguaiugy uaznisliedusanirenniifunauiud 9 uifl dewavinli
Usinalusiuiadalsanas fauandusuil 4.26C Usinalusiuiiannsaatnesnunlsainuen
Toluleduvessiegsiiflufounaslsmdudu 0.2 lwas wazldsurdusandrmifiamudy
13.37 Sadmemsawuiuns Wunan 9 wiiiiusunadisudssiufegeied wiidladoy
paslsmdudu 0.6 lwarsudlallisunisliadusansenai Tnanisldadusansenndinaril
aanansalunisazansvenenlaliloduiisiy 16.7 wiluansfidlafounaslsaitudy
0.2 Tuans (Uit 4.268) lusauzishednaiilludenaaslsidudu 0.6 Tuasianuanunsalunis

=< =

Arans NI ULNES 1.2 Wi (SUN 4.31C) AaUdans1917Uae19daNasan1svinaietuleliusa

Y

[
a

warnshendvadluledu FevinlrenuaiuisatunisanaLealalulaTuiudy udtetuanali

& A o o o ) a a ¢ al Y v a
LAUIN ﬂau@a@3']6(]'1’31«!1]ﬁﬂElﬂ']WIUﬂ'ﬁaﬂ@IUiG]UVLlIIEJVLW‘Uiaaqimﬁﬂ']’ggﬁ']’]QJLGUNGUUGUENLﬂa@

'
o
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A 8-EET30.1 M NaCI 0.2 M NaClE=30.3 M NaCl B8 oy
0.6 M NaCI 222 1.2 M NaCl E=37.04 Wiem
;: % _—
= et o+ -é [ 313.37 Wiem®
261 .. off ;'}.{. 56
E L .{. £3 D E £
E 5 - - = £
£ 4 , , 2 44 ]
g : 2 d
g g
K= cf =
& 24 = T 2 ¢
] : B = =
& b et » > ]
i rr 1 5N = 2 2% R a a N .
9 Taba 1337 2062 =% : : :
d 3.3 T(.u_ 0 3 o 6 9
Ultrasonic intensity (W/em') Ultrasonic time (min)
Cc38 37.04 Wiem® 31337 Wiem'
z B
- be cd 4 2
=p 61 I =T b b
‘é“ 4 a a + - 1
~ 1 1 L
= 1 1
24
=
=3
“
=
'S 24
2
1
A
0 :
0 3] 6 9

Ultrasonic time (min)

JUN 4.26 navesnsldaaudanirgdseUsunulusiukealaluloguiaialilagldlefounae
Isananududuangeg (A), natlunsiinaudsldaaudanitvuianudy 7.04 uag 13.37

v 6 1

Taddonsaeufiuns dmsusieglusiufiadalulniosnaslsddudy 0.2 Tuans B) way
0.6 Tang (O lnsfianuunnansesiisnusuasdydnuaiiansdininuuaneitegaiifoddy
ysedisErinanguinegafisysuaLiBesiy 95%
4.5.2 Nan13ANEININTINVDY Ca’*-ATPase

AanTsuves Ca?-ATPase vaduamlalileduanauilofiuaiwazanuduvesndy
Sanfrenidluannereandefianududuis 2 anududu fuanddugud 4.27A uas 8
AanTsuuey Ca’*-ATPase Lﬁui%‘ﬁazﬁauiﬁl,ﬁuﬁammauymﬁ (integrity) Y9IUTLIUEIUAIVOS
lalo@u (globular head myosin) (Chan et al., 1995) Faun1sanauesianssy Ca?-ATPase

a1u15aUUenfanIsagullasgukuy (conformation) Mustindiuiivedluledundaain

H1UNTEUIUNTLETinty 3991ada AN INAMUALLALNANUYDIAAURRUNE Y TIMEY
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AFAANISTUULIUTAARINNAAUTANSIB1IY NANISANNAANSAUADUNLNTLSLUIN NAINTIUVDS

Ca®*-ATPase vaswanlalulaguanniislnluazansluaisazateladmeumaslsmdutdy 0.6 luas
anamdsnnlesuadaudanswnididuiian 5 - 30 uil (Saleem & Ahmad, 2016) uanaNilu
NUATLV09 Liu wazany (Liu et al, 2017) 518971431 Nanssuved Ca?*-ATPase vastusauly

TeduainUananiu (Silver carp) Nazarelulafounaslsaidudu 0.5 luarsanaset1ed

' (% ]
N S I

BEAYNIED AN OANA LA NS NIUTDIRA USRI 1L M3398Ha1n§UN 4.27A uag B A%
< I a 24 a o a & v v &
WUINAANISUVDY Ca?-ATPase vaanaalatuloduiazarslulameunaslsadudu 0.2 Tuans
famsganindreganazanslulaiisunaslsidudy 0.6 luans dadu wealaluleduiiaunse
azarelaauysalilaifsunaslsdiduty 0.6 luarssednisdsuwdasgiuuuladedagn

NLAUAIENTEUIUNITATINTY nTTUIUNMISIAnAImduelinadevilinsndiveslusiun

A 1204 E70.2 M NaCl 0.6 M NaCl B 120 EZjozam Dest et 71!'“ Wiear',
5 T i ] 0.2 M NaCl at 13.37 W/em'
4 ) 1 e v ... l ] . E 1 0.6 M NaCl at 7.04 Wiem
L (RN R s S R 2 1001P3Em 0.6 M NaClat 13.37 Wiom'
e o h h
= -~ 80 H— c - %0 i = r g
sl © W, L B 7 =Y [
G il - — i
O E60 35 2 604 |
e = ap >
£% 2=
E = 40- z 2 404 =¥
E | E &
S 201 s 2041 t
x X
0 e e | — 0 ' ‘ - .
0 7.04 13.37 20.62 0 3 6 Y

Ultrasonic intensity (W/em”) Ultrasonic time (min)

Wunnuluanzildlameunaslsmdudu 0.6 Tans d9dsnaliusiias active site NaIUI

2a3luTaTulaiuTIu dsnalrnanssuuas Ca2*-ATPase anad

gﬂﬁ 4.27 Aanssuved Ca*-ATPase voawanlaluleduluaisavarvlepvunaslse 0.2 way 0.6
Tuand Aldsunslvrdudanirsnddaiudy () uagoa B) deq Tnsfianuwansees
fdnusuanifenuuanieslitd Aymnaaifssrinanguinegeiisgfuanudeiu 95%
(FA9nssuves Ca-ATPase sawuonlnluloduiililisurdusandrvndluanziflefounas
Isaudy 0.2 way 0.6 luans windu 100%)

4.5.3 namsanssivsinamidalansa

USunawvesnydalansanianun AeUsunavemydalensaniieglulasiasiavadlusiiu

Y

Nanue daudsunavydalansanviujisen Aevydalansaniaiuisadiuiisenduans
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DTNB l¢f USanaumjdalasiavosinegmdanlasundudanirennifianududuvodeiey
aaslss 0.2 waz 0.6 luansanasilowfisudusedidunguaiuny fauandluui 4.28A uas B
uansnuinansliiiuin afusanieniinseduniafinoandindu (oxidation) vesvydalen
3 oyyadasrannsninduldnnluanavesilussninnssuiunislefindu Ssaunsovh
Ufisemaliuaznediluluaianaveslalasiaulesaanlan (H,0,) (Hu et al, 2013; Milne
et al,, 2013; Riesz & Kondo, 1992) lelastauasesnlusdnduaseondladitiinimusenn
JeenunsateviliiAnnsesndinduvomydalensald nmaiAneendintuveanydalasia (U
4.28A wag B) e1aldlunisusvenienisiiniuseladalne (disulfide bond) lusening
nszuiunslefindulasorafistuiuuinaduwivedliledy wararaduaivnueinsanas
¥9973n75U Ca?*-ATPase (E‘U‘ﬁ' 4.27) Ms3Surountives Zhang agAmue (Zhang et al,,
2017) 91897071 Yianamydalensarienunvedlusiulalelwuiaasandelifiazarslu
Tnifsunaslsiidudu 0.6 luarsanaadefinmnanduresndusaniiendauds 193 Tassie
prsguiung dmiunanisineil wuin msldedusaniedenudugs (1337 Tasde
MIURmT) assanszdumaineondiaduvesmydalansalsunnnindedeiilisansy
gdanuduan lumadedulsunuvesmydalansadaszsvosuenlnluloduluasazats
Tidguaaslsiidudu 0.6 Wwardmninnniwsinaindluiedsmunumdsnniiniunsli
dudaniieny uazdiaanasiloinnailunsduiandudaniionid (gUd 4.280) Tusening
nszuumsleindy mﬂ'%'alam%amwngﬂL?Jmé’haaﬂmagj‘u%L’JzuﬁuﬁwaﬂmiauLﬁaqmﬂms
Wadheenvesluloduuisdiu wazmsldsurdudanirontdifunaiiuansansefunisiia
oonfiaturesmialaniald Lavdmaliuiiamemyialeniadasvanas enainiauide
dunounin wui Ysnumydalaniafivinufasenveddsaululeduainvanndaiuly
ansarangleiounaslsd 0.5 lwaasazAseananiioifiniainasindmendudandiva
(Liu et al,, 2017) Usuaumjdalensainunlusenefildsundusansemanudigs (13.37
Taddemsawuiiung) uaglodeunaslsdidudu 0.6 Tuarsanasusyana 31% dennniy
Usinauvydalansaiiviiufazen (15%) miamawaw%mmwyj@’dam%aﬁawL{‘Jumammﬂms
nszfunsAnoendindufondusanirend Tumanduiu Usinawesydalensailvinufazen

Y99i79819luasaza1elYAsUAaBbsMUNTE 0.2 TUa1SLTUNEIINlASUNISIRA LD anS)

g1uiduszeznaiuiu (U 4.280) nansAnwdlenaustladnmydalansaiiileg el
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lassaisveslusAugnihduineguinudiuvesiiuiiiiasannnisitiadvedusiuiignnszdu
% A o v ¢ Y = 1% o g =i
meadugani1gil Tnganvguanvesnisudsusduuulasaialusfudunainainusanad
a -dy a Y 4 J (% I~ lej = dyv !
AATWANNNTEUIUNTANIMTU Tilun Adudulazisudeu wanaind #an1sA nurlldmud
Aaugand1gANuduglinadenisiineandinduveinydalaniasgunudn lngena
mamsallainsineendinduremydalansalasumsdsasunelianiieniianududuves
lgiagupaslsngs [osnnni1sduiivesuwonlalulofuiuny dalansaniseg nelulasaasi
TsfuannTu denalivSunauvemydalansaianunanawin sudenisseuiiseeendindu
vy dalan3alnvoyyadaseiiinainnszuiunisadmdu agelsnniu wealaluledud
avaneluasaranglofeunaslsandanudutud (0.2 Tais) azaglusunuuraenissius
o = o a v v = o | a a o v o oA
W waziiszavvean1silaiitey Juhlugnisiinesndindulusedun laglanigetedaly

FIAMEUNTIT 3 U

E7.04 Wem'  [J13.37 Wiem' B 147 9704 wem'  [13.37 Wiem'
C C

12- 1294 1 1
r r i 1
104== e d

ab ab a

——

b
i
&

Total SH content
(mol/10° ¢ protein)
Total SH content
(mol/10° ¢ protein)

0 — I OSSN 18 SNNN |
0 3 6 9 0 3 6 9
Ultrasonic time (min) Ultrasonic time (min)

(o]
o
-
e
o
3

=] C517.04 Wiem' 13.37 Wiem' o E97.04 Wiem' 1337 Wiem'™

104 4 4 )
¥ 2 F{—
84 be c ' C
1 :

x x abe h: abe
a- ab

]4 — 1 v{?‘"i ’T—_S}h_

—

5

Reactive SH content
(mol/lo‘ g protein)
Reactive SH content
(mol/10° g protein)

o)

‘ 0
0 3 6 9 0 3 o B . 9
Ultrasonic time (min) Ultrasonic time (min)

sUN 4.28 navesnslirdudansigiinedTunamydalanianmuauasvydalansaiivin

Uisevenenlaluleduluaisazaneluivunaslsnduty 0.2 luads (A O uag 0.6 luais

a

(B, D) ln#ima1uuane19veed9nyIseydemuLanaeg 1ulidedAgnisadfsenitengy

ADYNNTLAUANUTDLU 95%
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4.5.4 Han153LA312H surface hydrophobicity

nmsfnw wuihmsliadudansendannsonsedunsdndvesduiiliveuh
voslushuvealaluleduluasavareludeumaslsdidudu 0.2 way 0.6 lwas lneazimiuldain
9HNTLDI S-ANS Fanandlugudl 4.29 mafintuvesdudilivouthuandvidiuinasves
lleFuiinadash insglneiluudduiildveuiasgnilegmelulassadaiidunde (o
helix region) vaslule®u (Taguchi et al,, 1987) Iﬂammmé’ﬂLﬁmmﬂﬂizmumiﬂﬂm%’uﬁ
Andunadudaniienl anmgamnudugeiiiaainnszuiunisaimduannsadudalusiu
wagyiliAnmaasunlassUisedlusiuld Blunifunisnusuemeserniauaznisga
FulmanaveslusiuludusnudiudeUssauszanineiniauazresaniad wi olfauss

ReusyninszuIumsieiindu Feneliiinnisidsuudasguuuuveddusiy usamnanignn

e

waniensasrslunsuensveslaledy Wunavilddudiliveuindasauniu duiu Jade
wieniisetiduyildlusAuAnnswensaneldannyitinisldnausaniienny deeradawavinle
AuaunsalunisadalusAuiudgu (g‘dﬁ 4.26) UBNANTHANYBS So-ANS Ueaf29E 141y
ansazanslaioumaslsmdudy 0.2 Tuans sndnvesiesdluansazanslafounas lsaduduy
0.6 wand esmnluledurziiansnusmtududuleluannsidnmududurennios lny
Lf]umammmmﬁﬂ@szmﬁﬂmaqaﬁiﬁmaufﬂ (hydrophobic interaction) (Wang et al,,
2018) Fedwmalishotaluasazanslafiounaslss 0.2 Tuansian SeANS i Tunnemsatutg
amazﬁﬁmmLﬁﬁmaﬂaaaquzﬁﬂﬂajﬂmﬁm%mmehuﬁhimauﬁéw iHesnnsdasieen
vadlulodufiindy an S,-ANS Tusaunerlnlileduluaisazaneleiounaolsddudu 0.6 Ty
ansilaniuiu 236% ‘wé’aﬁ]’]ﬂlﬁ%’m?{uﬁam%’wnﬁﬁmmLﬁﬁmqa (13.37 T9AROAITIUNIURLUAT)
nsldadusansivndnnudugedwaliluanavesluledunszaiadudunirsvuinidn
(monomer) Tuansavarelalfsunaalsnitadu 0.6 la1s (Ishioroshi et al., 1983) vlulusauy
Aamsidafveneiiudy wazdierenisdasavesdiudilivoutn lunnsaiudia nsiadh
oonvadlusiuilognnsziusenaudanieiinddeddailesgluannzfifludeunaslse
Wudu 0.2 Tuans v esarninnissiudaduvesluledu 910an1530A318% surface
hydrophobic aziiuldinadusaniremiinsedumadasesnveserlalileduliauuniu
Tnenansdnwianunsoldidunidumanaiiianssuves Ca?-ATPase anas (3UTl 4.27A) ile

drunldvauivetusiulaslreanuiunniullluanneiilameunaslsmaudu 0.6 tuas
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(U7 4.298) e1aviiAnnssaudafiuveslusiuiuwsafieg aseninsluanaildvoun way
[ o 14 a [ ' v LY 14 ¢ &
Juaumweiliavaiunsalunisazatgvedusiuanaiasainiiunsiinaudansignnidy

LU (gﬂﬁ 4.26C)

A 1800+ C17.04 Wiem' B 1800, [537.04 Wiem® a
1500+ 1337 Wiem' 1500+ 1337 Wiem' _li_ +
c
1200+
% 900- Cob ¥
v
600 -
a a
3004 ETE

0

0 ? (Iv ‘I) . o o e B 9
Ultrasonic time (min) Ultrasonic time (min)

sUN 4.29 Havesnsldndudan31w1idsen surface hydrophobicity 484 actomyosin Tu

ansavanelaiounaslsm g Uty 0.2 1ua1s (A) wag 0.6 1uans (B) 1agfi AnukAnNmN9Ues

v o v o Y Ly

WnyITEuimNuLanAeg e lilyd Ay ainseninanguiieg1enseauaIeil 95%

4.5.5 Naﬂ'lial,ﬂi’]ﬁﬁ‘l]u’m‘ll’e]\‘i’e)lgﬂ"lﬂ

nveIsuNAlnedeveeala lileduvesiiegniluasazarslufeunaslse

N o Y

Wudu 0.2 wag 0.6 luasanaseglidudiAyn1sadfinasanlindudansngnail weileLi

ANMUUYDIAAUDANSIY1IUNN 7.04 10U 13.37 TRAFAAITILIURLLAT L dINafDUIAUD

o w

oynmetiltiddnmieada fuanslugui 4.30A Tusiusenlaluleduiiognelianizves
nsliirdudaniivndazgnniusesunsshendsnuideussiugs waznistutau Wusavi
TilulelnuagnvitansuasiAnnisusndieenvedluledu feunthifnuifeseanuii Aiads
yumeynemastsiulileluianisainidoliluasararelnunadounaslsfidudy 0.6 Tu
a1fanasan 2084.6 1y 271.3 wlumnsmdsanilddunslinausanirontiianudy 193
TARDAITINIURLUANT (Zhang et al., 2017) Wonni MsAnwwes Liu wazane (Liu et al,
2017) $1891u71 Aedsrneynavedhileduandanndaduluasazarelafonaaslsd
0.5 Tuansanasuszanas 32% Wlomogdldtinunslinausaniruniuidiinds 250 dad w12
undt dmsuiaegedilildliadudansrenddu nudn auineyniavesuenlaluleduly

ansazarslamounaslsmtudu 0.2 luaisdnniidiagsluaisazarodudy 0.6 luans
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wanNi N1sanavesuIneUAIAnSEd ulagafudans1wddmsudieg1aiavaeluy

lafgunanlsadutu 0.6 luansiaudanidlefisuniussgtsiazarelulefsunaslsaidudy

a A

AUN

<

0.2 lua$ tlesnnisgedenissiusveadulelusiuilunainannsidadieenvadlusiu

[
v = 1

MANTUNINNIT AetuIserenisgninatenieaiudanineil wasilunalivuinves

< = & ] 1 a a A [ 1% PN
UNTIALANEN %Qﬂ’]iﬁﬂﬁﬂ‘ﬂ@ﬂ‘ﬂﬂ?@@u‘ﬂ’]ﬂuE]’]Qﬁ\i@]@ﬂﬁﬂm%@ﬂﬂi@u%ﬁﬂ@@@ﬂil'ﬂ,ﬂ (EU‘Vl

[

4.26) \H991131N15UNY

2

interaction) AYu LU

[

Yuihlikseragase nitalusiunazdn (protein-water

'
aa L

RduriaLia
ihdanndn msvszendldadudansemisulidifsudaeyinldauin
YeseYNIAANAILE) SrannsatisUiulInNaaNvRIN15NTE LR IYEILN1ATINMY
(U 4.308 uag Q) manszaeiaveseynafiaduaneienadesnanuareanisidou

(shearing effect) MAAINNTTUIUAITATINTY

B 129 —a—0.2 M NaCl, control
A A 3 X
" f .~ —eo—(0.2 M NaCl at 7.04 W/em®
= | = —a—(.2 M NaCl at 13.37 W/em®
E 750 l [10.6 MNaCl _ 9]
e
& 600 < A
: : £ It
3450 ¢ Ry A | 1
= S ."-.l‘ \
] | b . = ¢ & 1 F ) A
2 300 ab ab E a J J
5 N~ i 3 FRICIA NN
S 120 I Liss
= 150 \ d i-_ elas J
ﬁ : 7 ‘-I eis g l
- .
0 0 IRV R ¥ -]
0 7.04 13.3:' 100 1000

Ultrasonic intensity (W/cm!)

Size (d.nm)

C 16+ —a—(.6 M NaCl, control
—e— (0.6 M NaCl at 7.04 W/em”
—u—(0.6 M NaCl at 13.37 W/em®
121
S A
= £ f
: |
E /e 1 \'.
-— y " \
44 J ./ J l
°, /
» ! l p
0 54 "'\f./ [ 1 3 L:".«\ .
10 100 1000 10000
Size (d.nm)

sUT 4.30 HaveInsldadudans191iT9TUINBUATA (A) LAZAITNTEINYAIVDIBUNIAYBS

woatn buladuluansazareloieumaslsmdudy 0.2 lwais (B) wag 0.6 luans (O) lnesiaay

Ly

LANA1909MIINYITEUTIANNLANANeE 1Ty d Ay nadfseninanguiieg e seRuAIY

Wil 95%
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4.5.6 HAN15IAIIZA Zeta potential
Tsiunealaluleduluaisazarelafsunaslsiduty 0.2 Tuais Avduysaives

zeta potential 11nninludteganazagluleiouaaslsdidudu 0.6 lwans dwanddugun

< 7

Tuauusdtansivsinaunsnesiluiifivssgauuuiuiivesianlnly

a

4.36 A1 zeta potential 7L
lofurnnninsaeriluniiuszauin NAnududuveandads (0.6 Wuans) dawavinliaduysel
Y84 zeta potential #1 19t lBwNINANUMUIVRIUTERLNT 2 FU (electrical double layer)
anasd wdunaunainnisiiud uvesaiuwsilesaurssansdinas (Salgin et al, 2012)
N1IANEINOUNLILV0Y Wu hazamy (Wu et al,, 2016) 51897177 A1 zeta potential Vo3
Tshululelnusaaranitienyn pH 7.5 anasilennudutuvedaiisunaslsdiiuguain 0
= ¢ o & - o v o = a o =
619 0.8 a3 Mallenailoswnnnsyihaemssuiinuuedusiy warnsidnfmeenveengud

£

UsggunTulagtdunainnnssuiunsaimdy nsiiiuduvesaduysal zeta potential Tu

)}

[y £ (Y a

nsidellaenndesnunanisiveneuntf slusaululelnusaansainiieln (Zhang et al,
2017) Findfuy sl zeta potential vesuenlaluloduluasazarsloisunaslsidudy 0.6
anfiidullelvindudaniigniuianudy 7.04 dnddemsaudiung (FUN 4.31) uazilaiiy

Auduvesrdudaniwtdelundunudilainalunisifiudn zeta potential (U7 4.31) 3

U
=~ = 3 |

Judurdaunain msldrdudandrenididuinaissdniiosson zeta potential 909819819
avarglulaoumnaslsmdudy 0.6 1ans $99719u09u191nN15: a0 nNvadLaA L tuladud
avanglulafsumaslsautu 0.2 Tuaisuuunnnindsgsazatelulafeunaslsniudu 0.6

Tanimdsannnsyiuiienaudganiiei (Uil 4.300)
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-10+ CJ02MNaCl [10.6 MNaCl
d
—_— 3 C L'd T
£ N
3 61
E n ] 'tr) ab
~— T L I
e 44
S 4 T
3
N -2
\_\\ :
0 | -
0 7.04 13.37

Ultrasonic intensity (W/cml)

SUN 4.31 naveanisldnaudaningniineni zeta potential vastonlalulofuluaisavany

v

loReuraalsalduty 0.2 waz 0.6 lwais Ineliedwdunal 6 W19 AULANAIIYDIRISNYS

o I W 1

= 1 1 SIS aa ! d‘ Y A Y
izqmm’mLLGmGmammu&lmﬂmmqaﬂmgmwﬂamma&mmwummmamu 95%

v 9

4.5.7 NANTATIERAUYL

nnsAne wuinslindusanirendiinayiliaueuuesuenlsluleduanasi
gaunndl 40 waw 60 psraiBavaiegtefiazansluindera 2 aududu Suandlugud
4.32 ﬂgﬂﬁﬂaﬂuﬁuﬁamaaaﬁﬂLﬁadmmmmmmaymﬂﬁamm %@Lﬁumaﬁﬂﬁtﬁmmﬂmzﬁaﬁu
yadlusaurunEn Tnonanisdnwdounting wuin nisldrdusanimnvinalunsanniny
sq'usuaﬂuiaqu‘%amﬂUﬁaumﬂLﬁaidﬁmmlﬁi’fu 193 TnARDAITIUTUALLAT (Zhang et al.,
2017) dwsuseg1afildlesunislimdudansieni wuin fegnfiazanslulaiounaslse
Wty 0.2 Twardiianurjusnnnindeesiiazanelulnfeunaslsditudiu 0.6 Tuarfideus

a

Medafguugil 40 samwallen (FUN 4.32A) udilAdinindeuuil 60 esrnsaidea (3UN

Y

4.328) loiAvunaslsaianududugs (0.6 1aid) azanuseiaganislii (electrostatic
interaction) L{ 8991NKNAYBINITAAKYA (screening effect) (Haug et al., 2004) § 99133z 1Y
atduayunsavaevadluledulazdmaliauyuanasiigamgil 4 ssmivaidea Tuvued

TUsiuaziinnsacmlanuinduluannzvedameunaslsaidutu 0.6 Tuans Favinlrdrunl

a

YoUUTINQUINTULArda i AnwsfsgasenIluanailiveuinoaumal 60 asriea

Y

Yo

Wea nainanwariinadlviranuguganitieganegluasazaslaiounaslsaiiudy
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0.2 Tuans egalsinnu nisldadudandrguiulusfuiuliiinalunsiiuauguidiodisuiu

ﬂ?iL‘WNQﬂJWQN
—— ). 2 < "
A 0.404 —o— (0.2 M NaCl, control B 0.40 DM MacCl, oopmol...
. s s —o— 0.2 M NaCl at 7.04 W/em
== (.2 M NaCl at 7.04 W/icm n 1 ot 13 37 W/
0.35+ —— 0.2 M NaClat 1337 Wiem' 0.354 —_..__ ::F :: :SE: - " 1?“ -
s 00,6 M NaCl. control IR Wl SOV o
£ 0.304 —— 0,6 M NaCl at 7.04 W/em' g 0.304 “‘“‘E': :: :“:: = T:’::‘“"“ -
2 —— 0.6 M NaCl at 13.37W/em® L . - 90 N 06 13T WACHT
S 0.251 K 0.251 e
~ o T o Lo} -_?‘_‘”_”d,,.._--__...,_'\-Hunnyi».a»nx'ﬂrﬂnrﬂ
@0.20 ouooUaToaE e O ®0204 7
.‘--'—‘-"-_‘-'-_-' a .
o s A i P S DS SO Do il
S 0,154 i ”._-:::':'E-S-‘d e O O a'-’-'-‘):}"'-‘f-:- S 0.15- e S N ETRReY S e
‘.-'— "WM“ T, kA A, o
'w:',tﬁ.‘f'—";':_-'f-'-’_-__w-_-"-“.--“‘".“." P o ]
0.104 —F 0.104
(L3 ey ot
0 3 6 9 1215 18 21 24 27 30 0 3 6 9 121518 21 24 27 30
Time (min) Time (min)

JUM 4.32 navesnisldndudanirvnddenisivasundaininuurasianlalulodun 40 (A)
uaz 60 (B) srwaidua uiian 30 wiiluansavanelufeunaalsaidudu 0.2 waz 0.6 Ty

¢ ) ) A a
a15 glmaanlunissumduuiu 6 uid

4.5.8 NaMIAATIENAEWATA SDS-PAGE
Tuanneilidnsldeiudansrwnnd Lileduwasuenfivunuaslignaialuaisazaie
lysisunaalsaiduduy 0.2 luans wilsAugnagatseenuilaundunasanlasuaiudani

YU 6 WINNANUTY 7.04 wag 13.37 Tadsensaufiuns (3UA 4.33) Fedennqeariu

(%
=) LY

Usnaulusaudiadale (Uil 4.26) Tnenansnwnilgudulsinnsldedusanirondannsald
Huisdmivainuenlalulefuiavanelulmdsunaslsdidutu 0.2 lwaf waudveslileduane
il (myosin heavy chain; MHC) vesianlalileduiilaSuna usansermiiluaniieid
TnAsuaaslsdidudu 0.2 waz 0.6 lWwarfuaufivauduvesrauamn 7.04 Wy 13.37 Sad
sonTaguRues uonandunuTusiudifiialuanades (66-200 kDa) Usinguasifisiudie
diunruduvesedu Usingnisafludnuazusiin MHC gndesaangluvisdiuneldany
vosmsldndusanirenny dsenaifiesnannavesnisideuiigs uaz/mie mafausziylng
TnvoyyadaseiAntuannszurunsdandilada (Zhang et al, 2018) M3fnwInountii
94 Liu Wazany (Liu et al, 2017) wui1 mslddudanirandaisanszdunisunndaves

MHC vaslulaguannuannanidu wanani WedunnainnisiAsizyt SDS-PAGE WUl Ay
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dansrwnvlaiiiswdazyislunisusulssanuaiunsalunisazatsvedlulofuundy Gaildu

nseAuNaaIeed MHC Tunsannududuredlsiounaslsnny 2 anududy

M A
kDa
200 F «— MHC
116 '
974
66 —
45 .- «—Actin

«Tropomyosin
«Troponin-T

31
21.5

UM 4.33 Uuuuves SDS-PAGE veauealnluladuilasunislinqudansivn

gl M fia WUsAuNnsgIU (protein markers); A fiadivegndluansavanelufounaalsnidudu

[y

0.2 Tuans (AuAw); B Ae dregtluarsazaneluiounaslsddutuy 0.2 luarsilasunau
ALY 7.04 TRARaR1S1URLAT; C Ap Aeg1sluasazaelufsunaslsaduduy 0.2 Ta
fav vo A A v Y A A v ' =
a1sAlASUAAUNANUTY 13.37 TRfsamISIURALLeS: D Aafagisluaisavaeloieunas
Lsdvdudu 0.6 luans (rauaw); E fie Metdluaisazaslasunaslsadudy 0.6 luansnlasy
A A v YR a 2 ) | = f v v
AAUN AT 7.04 TRARBANS1URALLRT; F Ao fasgrsluansazaisloieunaslsmdudy
0.6 TWASALASUAAUNAUTY 13.37 TRARDAISITURLUAT hazlAAAUsanN319UUIUY 6

Y9

4.5.9 HaN15IATILNLATIE3199001A

v

Tushegranldlaliraudandraniudu woalaluleduiazanslulameuraslss

Wudu 0.2 Twans durastuvesdulevunkuuiisuiuiuiiegrsnazarsluloneounaslss 0.6

14 [
i v & ) Y I3

Tans (JU7 4.30A uag D) nan1shaszitilundnguidbinuinedudand1vdiinasenis

o v A

WasuwUasguinuasanududulevesuorlnlulofuegiiduddy Weldadudansiyanid

AMULTY 7.04 TaRranns1euRuns nuinwerlnlilatuluaisazanslafeunaslsaiduty 0.2

| & s A

luansiianssiminuaiudulaedidulendulasidnideaissuiisuiuiiegeniunu (5UN

4.34B) waziilannutuveedansladenuduidy 13.37 Tnasnon1s1aauiiuns duloivuin
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& v Y 1 3 Y v -q" N [ A a
Fulagnisineiitsyasegruiulataiau (E‘UVI 4.34C) ARUNAINTULRDUNTULIILAS AU

=

Juthuniinansansrenuinalunisyarsdulelalalnusa vinlvagdelassasrawuurdule

Yy v

wazilauenduas 8elunindy mmé‘fuqaﬁLﬁmnﬂﬂ?{ué’amﬁ”ﬂsﬁﬁﬂmﬁ]%ﬁﬁw%dumi
duasumsusndvondulofinznguiu uealnlileduillisuadusanirenifianizves
ToReunaslsadudu 0.6 Tuand wuiildnwarveadulefidunavidnnindeioufufedais
Toisunaslsadudu 0.2 Twars Suduiivrdunain wealaliledulufegafidlefounaslse

Wty 0.6 Tuarsdunandlladraniisieg 9 dlamoumnastsmdudy 0.2 Tuans 49919

A % b4

W9I191nNSAsULUadlASIEs9NARTY NanSANETlaNaatI1Rausans19LaINs

Y

[
£

NsgAU, V818, LenfalazuandlveanguieulusAunsluaududureddafeunaalsing 2
v v a o A a Y] P & 1 W 3 e a I3
AMUIUTY HAYBIANIWMTUNLANINNAALDANS1w1IUA LT TUTuaN TN R eLAaDlsa

Wit 0.6 luans Fainanlassaienvainveadulenealaluleduishlviuuldugnsuniu

INAFUTANI 19194

UM 4.34 lassaiganiavesnenlaliledunlasunaudaniigniu (Mdswete 400 i) lagh

A fio fhegsluansavangluneunaalsaidudu 0.2 luans (aunw); B fie fistgsluaisazaiy

U A

TR ounastsmdudu 0.2 THa1sA PSS UAAUNAULTY 7.04 TRAADA1S193URLUAT; C AD
fregndluansazanglameunaalsmludy 0.2 TUa1sRtASUAAUNAINUIY 13.37 TRARN151
wuRwes; D Aemegdluasasanelufounaslsnidudu 0.6 Wa1s (Aavaw); E Ao feendluy

asaraglaneunanlsm ity 0.6 1ansNlASUARUNAINUY 7.04 TRARADAITITURUAT; F
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o

Ao fAlegraluansazanvlaisumaalsmdudy 0.6 WA ASUARUNAMULTY 13.37 TRAAD

ANSIBTURLASHALIARAUD ARSI 6 W (scale bar = 20 lulAsiuns)

4.5.10 d5UNaN15IY
muansalunsazargveslusAuuenlalileduluaningifindodudus
ansouupslddonslindusantrannd msldnaudaneniinasoninineendinduves
vyjdalansannnimsidnseenvesvydalensaiiilseglulasaivedusiuluannzifiinde
Aty 0.6 Twand msldeaudanirenidwisnszdumsiliafosnvosaislusiunagnnsg
Wasuuameslassadaiirnududureands 0.6 luadinnifedaiiinderduty 0.2 Ty

=

4 1 13 a av yvo A o k% ¢ a X = a
a173 mmmznqmumLaﬂsuaqLLaﬂimluiaszjuwimiUﬂauaamwnum AVULI DU URAU 40 way

]

60 DaFLTALTYE %amﬁ]Lﬂumammﬂmiamawawm@agmmmgmimsmaéfﬁﬁaﬁw LEUDUBY

(%
Y 1Y 1%

wealalileduininainnislddansieniu dldansrmududuannnvesnseosaaravesiy

[ )
v A &

laduangunin @m?%’&mﬁaul,ﬂuﬂ%’mmﬁL.Lamslﬁl,ﬁudﬂﬂsﬁuLLaﬂImluIa%ummmgﬂaﬁ’m
panunlaageiiusyansnnluaneniindadutu 0.2 luans dewansliiunadnaninusg
wAluladnislerausans191 8l UNSEUIUNISHAALIANTLNA DAY YI0anUSUIMINEDAY LAY

Idusssadinsfinwiiinfuiiousslunuantfveaannievarniinsldndudaniennl

4.6 n1suanmUlnandlauiinusandntuseauwaaainUania

4.6.1 NafupanmTuvaLaU lwlNnlYlun1staaLazn1sINaaIN1seas usEUU NS

91113 (gastrointestinal (GI) digestion)

foghslunguenuau (enzyme blanks) 11 AO way Pep-l iiaruniseoslunsziniz
91917 (simulated gastric fluid, SGF) WUUSH88 Al-amino group KAZAINTIUATUDDNTLATU
finswdsuulasiendadisutufesislalaslaanlusiutaiaiinaides 10 42lua (H10-
GID) dsfiUTana O-amino groupwazAanssuduesndindugsan (A15197 4.30, U7 4.35)
ogalsfinuinegslunguniuau (enzyme blanks) Pep-Pan-l iilerunisgesluannszinig
9113 (nUB) Tganldidn (wnumsiefi) (simulated intestinal fluid, SIF) wu3nU3ua a-
amino group kazianssudueandAdy (TEAC waz ORAC) fi3una 15 - 40% lewfisudy

$19879 H10-GID kanadan15t318 087 917 nvawnUdu wavdsannnisgaslualdidniinig



155

Wduetnednieu Fwanvinfansgesiussmdlndlasunuaiionu Wandnsasdunsaesd
Tundowmdlng Wesnunuasefudueulsinaufiadanfuseuusznause nsudu la
TunsuTu wavidnlenufinasieg 8nuinune (Dave, Hayes, Mora, Montoya, Moughan, &
Rutherfurd, 2016: Whitcomb & Lowe, 2007) 8 aluni1fuimulndursvidneraiinainnig
yhauveaeulsinanisddadiviuldannnsnssanedmidnliana (MW distribution) 184
fogamuax Pan0 (31971 4.31) wenaniiiegsniunu A0 asnsagneesldinylndidy
oyyadasylddsnalyl AO-GID fRanssufigandn Pep-Pand (m319l 4.30) Fadusegndlunga
AIUAL (enzyme blanks) 7ifiU31na O-amino group LLazﬁaﬂiﬁmé’ma%aéaism%ﬁLauienﬂ
THlunsgeglalaslaanyilildmdlndffinasenisiinusuna ad-amino group wazRanssu
Aueyyadase warduasunisgesluszuunisdesamsitasegeliteddny egelsiniy
NITeRRRu@nn g oS uneianisidiusiuveandlnadldaneulsilussuunisgee
9193 Sresunafisduvesianssuduoyyadaszvedlalaslaamild anlusiulund sl
Uan Rambanienanaselangiiannisgeslussuunisgeseimisinass (Ketnawa,
Martinez-Alvarez, Benjakul, & Rawdkuen, 2016; Ketnawa, Wickramathilaka, & Liceaga,
2018; Samaranayaka, Kitts, & Li-Chan, 2010; Wiriyaphan, Xiao, & Decker, 2015;Yarnpakdee,
Benjakul, Kristinsson, & Kishimura, 2015) eghdlsfianulanunisiuasuuasesaitoddaly
Aanssuiueuyadasyvenadulalaslaanmainisgdeseims (Ao & Li, 2013) i lnadilaann
n1stegseaulydunuaIiefulzanianssudiueyyadase ORAC Ua4 dipeptide SM uag

TEAC 84 tripeptide NCS (Wang, Li, Wang, & Xie, 2015) Nan13@nw1uaanuinfingelungy

AIUAY (enzyme blanks) Mw3sulidmsunsinsieninisgeslussuunisdeasemisdnasy

a A &

wpsgududsidndutazniseiuaainaaindmedislagausie enzyme blanks Woazviou

AgViTATUaULABaTE U BInsdes lalaslaiavvsamseesluszuunisdesemns
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M15199 4.30 USunauuean-azillu (Q-amino group) WagaNTIUAILOULABATEUDIRIBEY

lunguealuax (enzyme blanks)

Samples
Ao Pep-| Pep-Pan-| AyGID H,,-GID"
Parameters
o-Amino Free  0.02+0.00°  0.01+0.00° 1.05+0.01° 1.02+0.02° 2.69+0.09°
(mmol L-Leu) Total - - - 2.00+0.15° 4.73+0.12°
1004.83
TEAC (umol Trolox) 12.18+0.98° 39.02+0.00°  389.54+0.55°  487.47+0.65"
+7.35°
FRAP (umol Trolox) 0.11+0.08"  0.03+0.00° 1.94+0.04° 1.78+0.04° 4.64+0.04°
FICC (umol EDTA) 5.99+0.40° ND 7.33+0.68%° 11.59+2.11° 8.25+0.35"
ORAC (pmol Trolox) 12.39£1.09°  0.57+0.03"  235.69+58.40° 370.63+10.35° 984.54+34.18"
ONOO' (pumol GSH) ND ND 0.59+0.05° 1.06+0.16" 3.95+0.19°

e FoNWYINWANA1INUIULAILALINULEAIAINULANANIAUDE 19518

o w

o

d1Agyn1sana (p < 0.05). *

Without enzyme blank subtraction.’~’, the values were not determined; ND, the values

were not detected; A, thermally-inactivated Alcalase; Pep-1, blank of gastric (pepsin)

digestion; Pep-Pan-1, blank of Gl (pepsin and pancreatin) digestion; Ay-GID, Gl digesta of

Ao; Hi0-GID, Gl digesta of 10-h hydrolysate.
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m39ft 4.31 nsnszemtinluiana (MW distribution) vedlelaslaian mdlndannisdos
lusguunsgare1msinaes uagiiog1alunguaiuny (enzyme blanks) !
Percentage of area under chromatogram
Sample
> 1,250 Da 1,250 - 330 Da 330 -220Da < 220 Da
Protein hydrolysates
H, 12.29+1.31¢  77.49+1.67° 10.00+0.36° 0.22+0.12°
He 7.60+0.68° 75.64+1.88%° 15.59+0.57° 1.17+0.76%
Hio 4.46+0.30° 75.55+0.92% 18.73+0.70¢ 1.25+0.39%°
Hig 3.61+0.54° 73.52+0.342 21.02+0.75¢ 1.85+0.15°
Digesta of protein hydrolysates
P-GID 5.79+0.30" 37.50+0.275P 35.27+0.37%  21.44+0.36°
H,-GID 6.13+0.11% 37.74+0.38° 35.70+0.325¢  20.43+0.55°
He-GID 5.71+0.21* 38.77+0.61° 36.24+0.165 19.28+0.27"5C
H1o-GID 5.76+0.24" 37.59+0.165P 36.61+0.30¢ 20.04+0.275
Hi6-GID 6.07+0.45" 37.52+0.265P 36.59+0.46° 19.82+0.24%€
Enzyme blanks
Pany 16.47+0.34°  36.57+0.495C 28.90+0.96" 18.06+0.69"
As-Pepy-Pan,  14.96+1.08°  36.32+0.11° 29.83+1.40" 18.90+0.42"8
Ay-GID 8.99+0.43" 26.87+0.74" 34.57+0.64° 29.56+0.71F

' MW at elution volume (V.) 13.20, 18.10 and 20.77 mL were calculated by formula LogMW =

0.649\n (K,,) + 2.1656 R# = 0.988, respectively, and used to define the MW distribution of peptides.

=9 Different lowercase letters indicate differences in mean values among protein hydrolysates (p <

0.05).

A Different uppercase letters indicate differences in mean values among digesta and enzyme blanks

(p < 0.05).

Ay Pep,, and Pan, were referred to as thermally- inactivated Alcalase, pepsin and pancreatin,

respectively; A,-Pepy,-Pan,, the mixture of Ay, Pep, and Pang; A,-GID, digesta of A,.
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4.6.2 szAUN"5ERY (Degree of hydrolysis, DH) wazn1snszateunniinlaana (MW

Distribution)

Umailusiuuaslufuneuresiiegadeuaiiians (P) ity 83.87 + 0.29%
(d.b.) way 1.91 + 0.33% (dw) mud1RuTEAUN1SEDY (DH) Y89 P hydrolysate Wuduedna
saanglu 6 Falusanduiiutuegietng aunsefais 35.36 + 0.06% DH 7 16 Halus (U
ﬁ 4.35A) ﬁiﬂmmﬁuﬂ ﬁiﬁmamimﬂamﬁﬂﬁ’mﬁu (Ketnawa, Martinez-Alvarez, Benjakul, &
Rawdkuen, 2016; Raghavan, Kristinsson, & Leeuwenburgh, 2008) laimlamwﬁwmuam
sUnuumssUsuulasinlaunsy SEC findnoriu Taswmdlndudn (~ 75%) lunndetneien Mw
Fanaustaus 330 - 1250 Da (M3197i 4.31) FadunannindIndvunsluajuasgndeslisioun
nas lesnnszuiunislalasladailinangosudadiuveandlnddfiimdnluana
(MW) <330 Da axsiindundentunisanasvesndnduwelng (Mws 1250) wdlndaumdn
gnaf1stuile DH Wudulusewinenisgosaas Wsiuuarlalaslaiangneosdenddu
Entfos uigndevaaegeiitudiAnylaoununsiedu (Uil 4.350) lelaslataniildainna
wanelrang3ilvesamseuns (Nemipterus spp.) (Wirlyaphan, Xiao, & Decker, 2015) wag

ﬂizQﬂLLazﬁNﬂmmi’lﬁ (Ketnawa, Wickramathilaka, & Liceaga, 2018) dulngjgneaslng

wnuesAuLRIzgndeemenUTuantes teulwlinudulinnudunizasiensnezilulungy

a150lsuAnuIeaduNIlusEaU P1 way P1’ (Keil, 1992) @inalisesun1seaamaudnani
Tumenseiuduunuaitefuldudunauves endopeptidases Lag exopeptidases @ 93
ANTUNIZNIN & (Whitcomb & Lowe, 2007) TusAusinuanisalunistioy (digestibility)

loigaan (p <0.05, 3U11 4.35A) Tuvauzilalaslaaniiauanunsalunisdeslanmnii lnsang

a

sgdalalasladaiigngesaaiedunaiuiu (> 6 4ilu) wgngasluseuunisdes Gl ifign

q

(p> 0.05, 5U71 4.35A) inUlnaniaualngninazgndesaaieladnglagieuledleoso1msus

3
Y
o
v

J 1 a o !

widlndniduninavgndeslavesas lewiniussindlnaddndivanas inulndvasgesly

NSzl TN mLALanIgUkuUlasInlaLATY SEC finanefiu (JUA 4.35B) uagn1snszany

1% '
o Ly

wwdnluana (p> 0.05, A15199 4.31) Yseanal 55% veandlnavasgeslunssimigemisi

Wwdnluana <330 Da dwulusiuuazlalaslaianisgndeavelilandlndvuinlndidesiv

(%

wazinlnddlngfidminluiana <330 Da dslulusiunaslalaslaanluigaaliindlney
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Juumlnalreesiuniseaglussuunisesy Gl

A wu mAU B
[ JHydrolysate (/1) b
3 77z el
Q(BO' kS 5 o = 11500
.50 1 1 21
:_240' & d w1000
B oan | b
230
Q‘ZO =
T = 1500
£ 104 RO : B
A
% % | 8 .
rp 2 6 0 16 20 56

Treatment/Hydrolysis time (h)

sU#l 4.35 (A) sefunsges (DH) iemnuannsalunisges (digestibility) voslusiulalasla

L@ waz(B) lasunlawnsy size exclusion chromatograms (SECs) vasda9g19lungumIuAy

[
[ o

(enzyme blanks) mﬁmjuﬁﬁ annand (A-GID), lelaslaiangas 10 4314 (10-hydrolysate
(H,0) Noulazuasgoemanudu (H,-GID), JsAuUaliageslussuugesanms (PD), nseas

Tunsziwizeinns (GD), nsdeslualdian (GID)

4.6.3 NAINTTUAIUDBNTLATUNIWA

Wshulalasla@nvesUarfansulasnasniseeelussuunisges Gl dfanssuaiu
ouyadasEmaATiangg (U7 4.36A - F) nuinfanssuduoyyadassiieds TEAC uay ORAC
quﬁmﬁauﬁ’ﬁ% FRAP waz ONOO™ scavenging capacity fisiaauiiaenadesfuiifanssu
fueendntuveslusiulalaslainveslariiageslng Flavourzyme, Protamex Wag papain
(Yarnpakdee, Benjakul, Kristinsson, & Kishimura, 2015) 520w slslnslawand ldanneaiiu
MﬁﬂﬂaﬁLLazNawaaalﬁmﬂﬁﬁ (Ketnawa, Benjakul, Martinez-Alvarez, & Rawdkuen, 2017;
Wiriyaphan, Xiao, & Decker, 2015) WaasA1 FRAP fndnen TEAC Fenalnmsiasigvinanssy
fueandLatunly ORAC Lun1snsiaaeuianssunisidnlaseanda (ROO «) wunalnnis
aelousznonvaslalasiau (HAT) (Apak, Ozytrek, Gucld, & Capanoglu, 2016) @21 FRAP
wag ONOO' scavenging capacity Lun13n3333nsginsidnesyyadaseritunalnnisane

Toudannseu (electron transfer (ET) mechanism) (Kooy, Royall, Ischiropoulos, & Beckma,

1994; Apak, Ozyurek, Giclu, & Capanoglu, 2016) TEAC unisnedeukuunalnnay
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a ¥ a

(ET/HAT) (Apak, Ozytrek, Gucld, & Capanoglu, 2016) AYUUAINTIUATUOUNADATEAIYTD

1Y

PRy

TEAC wag ORAC nilengslulalaslaanveslarfianeunazvanisgeslussuunisgesoms
[ ~1 1 [~ o o 1 fa v = a
wandliiugn HAT eralunalndfgseauanunsaveanylnadildaniusiuresuarialy

n1sManeyyadase nsneriludiulngazgniusnoun pH3.6 (MsNAaaY FRAP) uay pHT.4

(n3NAaaU TEAC, ORAC waz ONOO™ scavenging capacity @nsfiilusmeuinaiisl

nslieznauvadlalasiautazaisloudianasauuiniune (Aluko, 2015) satiudaiiwuilaun

HAT fdhulunismdneuyadassvasndlng

[

o
v =X A

neAWly

N [ Hydrolysate (I) B I:ll'd i
= 14001 76D 4 4 21007 oy OISR () 4
£ GID 2 'S .
£ 12001 2 i u £ 1800+ I:B(xm N
a a
51000 H o 261500
= C dD '37 7 i 12 d¢ d
2 8007 1 B el | S 5 1200+ bB
=
Eo 600+ Z ; 900
E 400 £ 600/
e Al
Q 200 2 3 3004
&3
2 W LAlLAlL !
2.PD 2 Ny P,PD 2
Trcalmcnls/Hydroly31s time (h) Trcalmcnls/Hydrolys1s umc (h)
C D
\:lHydmlysate (H) [ IHydrolysate (I
= & C = B o GJyD =
3 8 Iglom CdC23 4C3 x B =30 [ lacmp
2 7] _1_57_1_ e L prld £ = Hh
e b E S 895
6 B 1 4 on 2 3
S 5 o0 20/
54— b E 15 A 2
z 50 ] bR . e
£ 37 2810
Sal, o E
Aol Q.2 4] b b b b
<< 14 Z ,
g 0 S 0+
®../ / I P NN\ 6 10 s
Treatments/Hydrolysis time (h) Treatments/Hydrolysis time (h)
E
[ JHydrolysate (/)
=120 ¢ 275
£ [ lamp
L
2 100+ %
= b
50 |
E 80
o 60
w
2 40
) 1. Ip e
& B ¢
¢ e lm [P
A ‘ :
P,PD 2 6 0 16
Treatments/Hydrolysis time (h)

UM 4.36 Aanssudueandndumaniivesialaslaanneulasndgeslussuudosomng (A)

TEAC, (B) ORAC, (C) FRAP, (D) ONOO scavenging capacity Wag (E) FICC lUsAudatladu
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(Py) Wsuvanflaluszuudesaims (PD), n1sdeslunseimizea1yns (GD), nsdeelualéian

(GID)

uonanfansUsynoudial thiol 1y Cys, GSH uae tripeptides 7idl Cys Wuansidl
UsednSaindueendindu ONOO scavenging capacity g4 (Balavoine & Geletii, 1999;
Kooy, Royall, Ischiropoulos, & Beckman, 1994) L& tripeptides ﬁﬁ His bag Tyr dnanssy
FNuBBNTLAtU ONOO scavenging capacity i (Saito, Jin, Ogawa, Muramoto, Hatakeyama,
Yasuhara, & Nokihara, 2003) dsifls1e91uilusAunesardadusuias Cys (0.95% wieta
n91) 1 (Adeyeye, 2009) sratfulUsiuveslardaseiinanssusuoandindu ONOO

scavenging capacity i (<30 pmol Lguwin GSH/g TUsAw) losaniivzuna Cys 1oy

siulelnslaandandadenii 2 $2lus (H2) dsefunisdesil 20.97% DH uanada
AANTINAT1UDONT LAT U Fe2 + chelating capacity (FICC) 1w 11"y 106.77 umol EDTA
equivalents/g Digesta (gﬂﬁ 4.36E) Ivenudenndastuinlusiulelaslaanvaiiadifar DH
Waus 109% f9 40% Ssuansdefanssudaueandiadu FICC a1 (neglig 3 umol EDTA
equivalents / g solid) (Yarnpakdee, Benjakul, Kristinsson, & Kishimura, 2015) 4®n31 ﬂ‘ﬁ
lelnslaianainianfudildainfimdalaimndneidsslunis (~ 10% DH) dAanssudin
PaNTLATY FICC wansal EDTA Wisuyin 170 lalasluanansy (Ketnawa, Martinez-Alvarez,
Benjakul, & Rawdkuen, 2016) lelaslawaniidian DH ganduazindlndndenisgeslussuy
dosamnsaruasalunsiasiaves iesniimnsdiduniuarinsnesdlufifusey
aumdeaglios Muiunaiaisddn HAT erafunalndidyuedlelaslaianuazindlndudanis
goeluszuugeemistaiigiutislunmsiuoyyadass luvneiinalnmsanemdidnaseunas

nsvhAlanveslanydanudidgytesnii 38 TEAC way ORAC a@1w1saldidunisnsiaaaud

dAglunsileseitanssunsiueuyadassveandlnanlianlusiuvesdatia

o

ANTIUAUDBNTLATU TEAC Az ORAC vadlalaslataniuduniunisiiutianty

12
v

n1sgesaany (3UN 4.36A, B) uenanilduniniiuegrannudeainnisgesvesinunaiianuly

a |

oy & saa < i ~ o o Aa P~
aldidn (p <0.05) mlndifvurmdnninaziliauanunsalunisidneyyadasyiinnii

FIVIUNANITVIAARIDY 9 Ad1eAReiU (Nwachukwu & Aluko, 2009; Raghavan, Kristinsson,
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& Leeuwenburgh, 2008) Lwﬂlwﬁﬁﬁ’uﬂdwsﬁmﬁﬁ%mﬁuawa ABTS™ way ROO - flazany

Wnlagililananssuves TEAC uaz ORAC gelumuasiu (You, Zhao, Regenstein, & Ren,

1Y

2010) AIHUAINTTUAIUDDNTLATU TEAC v09Lalaslatand WUt U196 oL odwasdase sy

ee

o
v =2

asarlulalaslaiamdon 16 Falus (H16) wazifutudnudsnnsten 6l Fafudsliduiudos
Jaruilelaslawaniifignidueyyadassgean uimsiasannisuanndlndiivanzaulag
wlydvdanmsges Gl msidsydnsamiueyyadasyas uenininislsiundsdoslu
Gl §afiAn TEAC uaz ORAC sninlalaslaianvdsgoslu GI (3U7 4.36A - B) agslsfinuia
Tusfuuaglalaslaanndedoslu 6l Svunvoandlndilndidssty (n5eft 4.30) urqnsiu

a 1 g 4‘ o g al o"d' ! U
auyadaserviveniosmndwunsaezilulundlnaniunnseiu

MMTIATIERENFURUSLUULNESEY (Pearson correlation analysis) WUINAANTIUAU
29nTATU TEAC waz ORAC vadlalaslaanilanuduiusegsiidudeyiu DH (r = 0.95 uag
0.91 mua1Rv) wonanil TEAC uag ORAC asanUlnanainisgeslu Gl danuduiusios

w1 A v a o | | v a v
nirfualaanlalaslaen (r = 0.80 - 0.85) nan153deseyinlilanunsalduaianssunsinu

auyadasznunaiivedlalaslaaniieviunefianssumusendindureundlvnandiniseesly Gl

—

# awmiiiasfennauendsrestuakazautesnnozilurenylndifionisu
oyyadasy lenmsuanlusiulelnslaamgosdinan 10 $alus (H10) AilRanssudusendindu
wunsgesdi 16 99lus (H16) Wosnfinnsanfanssudnusendnduvedlslaslaian (H10)
Ak 1uNsgeely Gl aggendn H16 fafunanssudusendnduvedlalnslaammdesuns

gaelu Gl mslddunasiiaiinyssansnnnisuanlalaslaanlsog1anazay

4.6.4 fanssusnuayyadastluszuuvag

ynsaeehanlndudaniseeslu Gl liduiviawaddeausaldlsluuunagsds 5
1aan3u/Uadans waswanangAnssunistesiuwas (cytoprotection) Fufuauazianssy
n1smdneuyadase ROS Megluwad enviulusiulu Gl (PD) ddAanssudueendinduly
ad (CAA) anaadionrududufindu Uil 4.374 - B) Teiflunndegnamdlndudanisdos
Tu Gl Aifeududu 0.1 fadndw/Aadansiinuaiunsalunistlostusad (cytoprotection) i

Wisulanunsaneanastn 0.05 Sadnsu/dadans (p> 0.05) Tuvuzlalaslaaniiges 2 42lus

waan1sdeslu Gl Tuszdnsningeadn (p <0.05, 3UN 4.37A) ag1alsinunistesiugad
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(cytoprotection) lalsinafuvemniegrandlndnasnisgeslu Gl auuty 2.0 fadnu/
fiadans (p> 0.05) efiansananidneyyadase ROS meluwadwuinlelnslawanigos 10
Halus ndan1sgeslu Gl (mnudutu 0.5 fadndu/dadans) Tqnigeiqaiiisuldiunsn
woanesdn 0.05 fadnsu/faddns (p> 0.05) wenanijlelaslawniides 10 Faluwmdarunis
doelu Gl Salfanssususendnduluiad (CAA) gegaiinundudu 5 fadnsu/dadans (5
i 4.378) fifedanainlusAuvdsnisgoslu Gl TRanssusiusendinduluad (CAA) dan (p
<0.05) wausdinlUsAuuaglelaslaianndsnisdesly 6l fauansalunisdestuisad
(cytoprotection) #iln&ifesiu uilalaslaianfiges 10 daluswdanisgeslu Gl fRanssunis

[ a

Mdneyyadasy ROS Meluwadnivszdnsnmuniian aziulsiinaves cytoprotective lal
donAaedniuianssunIsianeuyadase ROS Mmeluwad Belsiganunaiiliaenndesiuilaig
Wiy (Du, Esfandi, Willmore, & Tsopmo, 2016) MnA#aUAINAIN1TALUAITITROYYA
dase ROS meluwadagnsivdeuauauIsavesasusenavlunisindneyyadase ROS
1% = Y ¢ X o PPN st A v Y]
meluwad luraginisUesiuead (cytoprotection) inAudTInveuwadgungItesiv
ANULATEARRNTITUNNAINOUYATATY ROS FavilvilinAudeigvesdaviueaduas
ANNARUNANISTIlIaNaTINIRNNRnUnAvedliln AR AL/ Y3RAULHENNEYRIAEY
AV lmAnA1TRsugad (Du, Esfandi, Willmore, & Tsopmo, 2016) Lazdu ¢ AduuLny
InalRgIUDILEAINITROVAUDIRDAINTINN1TU0INUYAA (cytoprotection) Lazn15ANA
auyadase ROS neluwaanunndeiu lngfanssumdneuyadase ROS neluiwadnives

TUsAumnan1sgeslu Gl 9iNadanRaoINUAINANTTUNITAIUDDNTLATUNILALIN87S TEAC

waz ORAC autieniu (3UN 4.42A - B) uslusiundinisgeslu Gl nlimulnadignsanu

Y

o w

oyyadaszreavadimitlelaslaavudinistoslu 6l uenaniddunsaesilureunulndd
uanssruaz duamemdnihlsifanssuiueyyadassearadunnsnaiu nalsouandls
duanmsauuinsanmUlnddguiiueyyadaszanlusiuladaiiusavsamls
uin1sgosuuanniAuly (16 $2lu9) dswaliifanssudueendnduluad (CAA) voslalasla

@nluseuuges Gl anad
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A o ) B I 2 scorbic acid 0.05 mg'mL [ 0.1 mg/mL
[ Jaarh 40 mM [ #scorbic acid 0.05 mg/mL. 0.5 mgiml. 150 mgmL
807 0.0 mgmL [_]2.0 mg/mL 60 3
9 B <€ BC C
< . BC |
Toold & ol g o 22 o o
o = 7 BC
£ E 240 L g -b---—-ab- o - % s
= = = A AB n a a
£ 240 Eco B e
f= 5 <«
g 5
ES 20
< =20
2
8 104
0 - 0- : ‘ ‘ : :
Treatments/Hydrolysis time (h) Treatments/Hydrolysis time (h)

3U# 4.37 (A) AanssunsUesiuag (cytoprotection) 71 0.1-2.0 fladn3u/iladdns uay (B)
AanssuNIsMIneuyadasy ROS Aelueadi 0.1-5.0 dadnsuw/fadang veslusaulay
lalaslatanuaeniseaslu Gl LagAAPH A ® 2,2 -Azobis (2-methylpropionamidine)

dihydrochloride

4.6.5 N159ASITHRIAUSENOUNAN (principal component analysis; PCA) tagn1s

a '] [ [ -4 = ¢ o/ . .
AAIICHANFAUNUSVDILNYIHY (Pearson correlation analysis)

NfANsIUNIIIUBRYadasmaeliuarlusziugaivedUsiularlalaslaanmnds
nsgegly Gl AnuLUTUTIUINIA 66% aunsaeSuielanie PCL uag PC2 (3UN 4.38) lng

Y

annsonennguuedlusiuvdnisgeslu Gl sanainnguuedlslaslaanudanisgeslu Gl G
lsfunadanisgeslu Gl danuduiusaaiuianssusiiuesndindy ONOO scavenging activity
lelaslaandigos 10 Flumdmunistesly Gl uanidnvaz@mzras TEAC way CAA (11 0.5
wa 5 Jadnsu/adans) Wsiulelaslaavuesuaiflafigeslng Alcalase Wurian 10 Falusas

Lo a aaa o .
LLa@qqmﬁmquawﬂqja@aigv]ﬂmqmﬂa\?N']Uﬂqiﬂaﬂlu Gl

A1 loadings 989FLUINUIN PCL AANUFURWSNIaUINAU TEAC wag CAA (0.5 Lay

5.0 fadnsu/Aadans) vesndlnairunistesly Gl @ PC2 danudunusluldauliniunis

Josiuigad (cytoprotection) (1 0.1 wag 2 Tadnsu/Aadans) willmnuduiusnisauiungy

ORAC, FRAP waz0l-amino vasndlnaieiunisegesly Gl uenannilanudunusiuuiiasau
Y & el ' P o U & a Y] a

wanaliiLiud1 TEAC apandlnafiiunisgesly Gl danudunusidauiniu CAA fiaany

WUTE 0.5 kA 5.0 Nadn5u/4aaans Wwed r = 0.70 wag 0.74 ANUARU LUawausueI1 TEAC
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anunsaldieiweanuaunsansindneuyadase ROS muluwadveandlnafiiiunisdey

Tu Gl Tuyensetudnu TEAC o1 lalaslaanuandsidiuninuduiusvsafesduiisininiu
CAA (0.5 wag 5.0 faansu/daaans) vaunUlnanuiuniseesly Gl Tae? r = 0.62 wag 0.70

ANUAIY ﬂ‘ﬂﬂiiuﬂ’]iﬁ]’]uau&laaﬁiu‘ﬂ’mLﬂu%@ﬂlﬁiﬂﬂaL?ﬁ/lEJ\‘iLLﬁ@ﬂ‘VILWUﬁ’J’]MﬁNWU GT’] U

wilnsfsunisgeslu Gl feinanlilude 4.6.3

-1.0  -0. 0.0 0.5 1.0
9 g
Clvtpprotection (0L1) |y 4
—— . 1 B LY
\c“? 3& : -.. L\-ltupmtcctmn (2.0
= Hy G 2 H;ﬁ—GID CAAS)
g CAA (I}.l)‘..\\:r‘ ; (‘ CA (g_?
R .."-1 non
0 ] N Uy
> Ry - -y pr
(=% S N H,O—GID
-3+ _ (}Rf}c
-amino gr’ D P 1.05
-6+

SO ey B
PC1 (37.6%)

1
=)

sU#l 4.38 PCA biplots (PC1 versus PC2) vadlusiutanfiauarlelnslaianndanstesly Gl

maU3unal Ol-amino group kagAanIIuAUNTTUIIATILaEITAUas N1sUosnuleas
(cytoprotection) (71 0.1 waz 2 Jaansu/dadans) waghanssuamusendindulugad (CAA) (1

0.1, 0.5 uaz 5.0 4aansu/daaans)

s

Fefudsanunsald TEAC vounulndfiinunisdeslu Gl wansnuduiusgeanty
CAA itadnnsaamdlndfiguiduoyyadasranlusiulunduniiovaria Wiiundimsdeslu
Gl gnuvsetnadmauainlelnslaamudansgoslu Gl fien TEAC uaz CAA i1 lelaslaani
dow 10 Taluavidskuniseslu Gl Sauduiusaiu TEAC way CAA g1 dadunisdosdae
wulesifldinannnifuly (16 $alus) wwndslalaslaaniuansinonmlunisiueyyadasyge

wiilyllandmndlnandgrsdusendindugmamiugese1ms Gl Lieswnianssuvesnsdey
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919115 Gl AANUFURUS VAN MUINTUAITITITN1591909N1580801M1T Gl WUUASA LY

4

lelaslawemdunasilunisiinussavsammsnanmuindidavdiueyyadasy

4.6.5 a#3UnNan133e

AanssudueuyadaszveunUlndindnldainlusdeatmdnuudy standard
INFOGEST Tumsgeeluszuunsdosenmsdnass Gl titeusziliufanssuiiuvinssvesniseosls
fdu Anssusuouuadassredlelaslaavlilfasieudshnssuvounylndudsnistosaims
6l wenanillelnslaiandes 16 Frluwdwiunisdosemns 6l Savslunsdueyyadasee
nilelaslaianges 10 Talumdanunsesoms Gl dewiilelaslaanneudes Gl &
Aanssuiiganinfniy WsAuvdsunisgeseis Gl uansqnidueyyadasziiesiign wa
nsfnwuanslifiuinnstesifunaunuanaiuld (16 $alus) enalsididusodldinylndid
Aanssugedandsaniiunistes G msfiaisangnidusyyadaszvaslolaslalavmdsen
runstey G eusugInsifinssaviamlunisudnmulndidgns dueyyadass ol

bANNT L

47  audnvuzvaunllndannuariawaznisgesluszuuniuiue1nisdnassd g
TUsunsumauiamasfan1siuaandindussausas
4.7.1 mavuigvsmulndiifignidiusandindu

Tusfulalaslaan (H) fifsesunisges (desree of hydrolysis, DH) 35% H1un13
goeluszuy Gl Jande usyyadaszmualuazluwadgagn (Zhang, Noisa & Yongsawatdigul,
2020) inUlndiilia1nnnsviuians dasmedind SEC Ao SF1, SF2, SF3, SF4, SF5, SF6, SF7,
LagSF8 fifanssuAueusadeasy ABTS™ sdunsaailunissy (elution time) (p <0.05, 3U
i 4.39A1-2) 1ilel4TUsUNTULUY stepwise gradient (5UT 4.39A1 wazansnad 3.1) indlnd 7
wenaenlunevianeldirandeuil (mobile phase) fifdatiosninoraduivguldindum
1‘1/1éﬁ:ﬁﬂi@azﬁiuﬁﬁmmmmmiumﬁﬁuﬁw (hydrophobicity) qﬁﬁmmmﬁﬂm NNIIANY

Srunuanneandiiuinllndiidvundnuasmdlnd id finsnexdlulungy hydrophobic 3

qw%‘ﬁmauaﬂaﬁai Adnd1 (Nwachukwu & Aluko, 2019; Nimalaratne, Bandara, & Wu, 2015)
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wan1svaaesiiodiusulusiulelaslaan (H) Ay SEC wudwdlng SF8 an SEC figu?

a

Auenyadaszgindt 2.3 whlaeiinandamulnaussann 12.4% (5199 4.32)

Y

{ o/ (% s

M1399 4.32 nandnuazAanssuiueyyadaseduivssenindlalaslaeniusfiulanda uag

nsviuIavslag SEC uag RPC!

Fractions Peptide content (mol L-Leu) * Peptide yield (%) * Relative activity
H 187.87 + 6.55 100.00 + 3.49 1.00 + 0.07 "2
SFy 2321 +0.98 12.35 + 0.52 232+002"°
RiFs 0.74 + 0.028 0.40 + 0.015 569 +0.03 "¢
RiF; 0.68 + 0.012 0.36 + 0.007 5.55+0.01 "¢
RifFs 0.74 + 0.005 0.40 + 0.002 6.73+0.01 "
RiFs 1.43 + 0.052 0.76 + 0.027 6.51 +0.01 "¢
RoFis 0.24 + 0.020 0.13 + 0.010 2.80 +0.21 %P
Ry, 0.24 + 0.011 0.13 + 0.006 6.52 +0.24 *¢
From R, f

RoF 15 0.18 + 0.001 0.01 + 0.001 9.68 + 0.07 *
RoFia 0.01 + 0.000 0.01 + 0.000 8.64 + 0.25 %"
Ry, 0.22+0.006 0.12 + 0.003 4.76 + 0.18 ¢
RoFy, 0.29 + 0.001 0.16 + 0.001 9.32 +0.18 ¥
RF»s  From Rif; 0.04 + 0.003 0.02 + 0.002 9.88 + 0.12 **
RoFya 0.01 + 0.000 0.004 + 0.000 11.08 = 0.24 *'
RofF»s 0.01 + 0.001 0.004 + 0.000 9.08 + 0.25 *"
RofFs1 0.04 + 0.003 0.02 + 0.002 9.54 + 0.24 *
RofFsz 0.50 + 0.003 0.27 + 0.002 711 +0.30 "
R.fs;  From Ry 0.14 + 0.009 0.08 + 0.005 827 +0.18 "¢
RyFs4 0.06 + 0.004 0.03 + 0.002 11.86 + 0.18 #m
RofFss 0.01 + 0.002 0.01 + 0.001 15.85 + 0.18 *°
Rof s 0.28 + 0.014 0.15 + 0.007 4,55+ 0.25 "¢
RoFs, 0.58 + 0.009 0.31 + 0.005 10.38 + 0.21 **
RFss  From RiF, 0.21 +0.017 0.11 + 0.009 10.42 + 0.18
RoFaa 0.08 + 0.014 0.05 +0.007 9.74 + 0.39
RyFys 0.01 + 0.003 0.004 + 0.002 14.85 £ 0.18 #"

' For fractions possessing relatively high ABTS™ scavenging capacity. SEC, size exclusion

chromatography; RPC, reversed-phase chromatography; H, original hydrolysate.* Peptide content
(Mmol L-Leu) was calculated back based on 1 mL original hydrolysate.” Yields were calculated,
based on the peptide content relative to H. " and * Relative activities were calculated relative to
activity of H at 1 and 10 KM, respectively.’” ° The different lowercase letters indicated the differences

in the mean values (p < 0.05).
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RPC, fractions (R,F) of R\ Fy

U 4.39 Tasunlaunsuveslusiulalaslaianvesuanilalas SEC (A1), RPC (B1, wag C1, D1,

El uay F1) LLazﬁaﬂiﬁuﬁma%aﬁasz ABTS " 910 SEC (A2) way RPC (B2 way C2, D2, E2

Wz F2) 8nusfafuianiuananeiunanadisnnuwnne9edAnai g veaianssudiu oyya
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Sasz ABTS™ (p <0.05) SEC fAi® size exclusion chromatography; RPC A® reversed-phase

chromatography

widlng SF8 lasuidendmsunisvinlyusans RPC lagldlusunsunisveuuy

[
(Y

gradient (U7l 4.3981 wages19it 3.1) wudrndlnd R1F1 fifldannigeiiniuanansalunis

[ a

fdneyyadasy ABTS™ 1dntes (3UTl 4.3981-2) ﬁanssméﬁua%aSaimﬁmﬁummmiawﬁ”’a
vouandeuiinazmulndfiidadosnin (RIF6, RIF7, RIFS uay R1F9) defifanssuiigend
Tussulelaslaiam (H) Fldiunisviiuians 5.6 - 6.7 W (p <0.05 m31971 4.32) wavadlsmiiiu
Tundlndfdgvdsueyyadasyanuanfefuuiuiiesilnanafifitatiosnd

wlna R1F6, R1F7, R1F8 way R1F9 ﬁw?qméé’w RPC (seufiand) wuanduwildy
dudeafilasmulndiifidatosnisdfanssuiusuyadasygendt (SUT 4.39C-F uagnana
71 3.1) fenuuliuiiedefuilnedniseriausu 9 (Sanstitanu, Sangtanoo, Srimongkol,
Saisavoey, Reamtong, & Karnchanatat, 2020; Wen, Zhang, Feng, Duan, Ma, & Zhang, 2020)
fsrenuiunulndgnidueyyadaszasiinsnoriluilifdamieldivuszanu ¢, v, W, M, P
kae H (Nimalaratne, Bandara, & Wu, 2015; Nwachukwu & Aluko, 2019; Samaranayaka &
Li-Chan, 2011)

Aunssudusuyadassiutumudunoumsyiliuians (msned 4.32) indlngds
UsgAvBamgaan dun R2F3.5 uay R2F4.5 dAanssuigsninlusaulelaslaian (H) il
M9vuTqws 15.9 uay 14.9 whawadu lnednidon 16 wilng fe R2F1.2-1.4, R2F2.2-2.5,
R2F3.1-3.5 ua¥ R2F4.2-4.5 FafifanssuiiAeudnagedmsviiasginsssymulnsludidy
fnly
4.7.2. msszywidlnauaznisdnassnisgaaiigaaunamas (in silico Gl digestion)

wilndvianun 9 sanlusiulelaslaamvesania (3U 4.40) fnsnosiilufifgns
A1ueuNadaszidy K P, H, C n3e Y (Nimalaratne, Bandara, & Wu, 2015; Nwachukwu &
Aluko, 2019; Samaranayaka & Li-Chan, 2011) §andlnsmaniildunainldsiuveslania
saudslailoBu (myosin) wenfufiAeaiulusiu (actin-related proteins) Aeaaiau TUsAuAT
&ined (zinc finger protein) wdndu (plexin) way wuleia U3y (cathepsin) (571971 4.33)

o

Tasmdlnasnuadundinasiniilaannaudded 2ans1a9en1sgaga1mseenauiLmes
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(in silico Gl digestion) wuinwUlndsmuasniiu EKP gnees Tnsarninlnd3usu 8 wulng
Wunnseesly in silico Gl aglindasnmindinisges 7 wdlngd (191971 4.33) Fanulnadinou
NN5808 in silico Gl agdlvunmdnuuy di-/tripeptides Wanuaen3u EVPGY Tae Escudero,
Mora, & Toldra (2014) 5789711 pentapeptides 16kn IAGRP wag PTPVP @unsafuniume
n1sgey Gl lunasannasd (in vitro) iulndvuiadnsyu HL, IY, TY, PW, YPQ, PHL, VPW,
PIKK, SGGY wag AHSVGP lasunisszyainnisdeslusiunielalaslaianlunasanaaes (in
vitro GI) 15 8lud®3 (ex vivo GI) (Borawska, Darewicz, Pliszka, & Vegarud, 2016; Feng,

Peng, Wang, Li, Lei, & Xu, 2019; Ren, Liang, Zhang, Hou, Li, & Ma, 2018) aiu ASLJu

dipeptide MilgnSiusuyadaseNlfnenmmfan I51eaunsneziilu A uag S IddnenIw

q

lun1smdneuyadaseioanin (Zheng, Zhao, Dong, Su, & Zhao, 2016) inUlnavianun 15

willnagesaudanulnanldiSudunougas 9 i wasmulndndades 6 fravgndaunsiely

¥
=) 1

Sudnly Taomulndmaniuvsoonifuaungude 1) mulnsfiuszneusny K, EKL, EK, EKP,
HKPA waz KPA, 2) nulndfil C, ELSC, ALSC, SC, ASLCH, SLCH uas CH uay 3) twulnddid

Y, LPGYF, PGY, LEVPGY uay EVPGY
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(H) waz LEVPGY (1)
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M19197 4.33 druvaandlng (fraction) unaslusiuveandlnaifigraiueyyadasy wazmdlndnisdnaeanisgeslunseinnzemsmenauiimes

(in silico Gl digestion)?

Previously reported bioactive peptides

Source
Parent In silico Gl Target Protein Accession sequence D (from BIOPEP peptide database)
No. ( fraction, MS Homologous protein
peptides  digestion *  peptides database  (sequence range) ACE DPP-IV PEP
compound) Antioxidative
inhibitor inhibitor  inhibitor
I3KR57( 478- 480, 907-
Myosin Via
909)
1 Rof33 Cmpd 24 EKL EK-L UniProtkKB  13K775(402-404) Myosin IHa EK, LEK,
13J6R8(1720-1722, 1773- EKGP, 1IAEK,
Zinc finger protein 292a
K- 1775) KP,  LKP,  VKP, KL, LKLP, KP,
containing Myosin  phosphatase  Rho YAKPA and YAKP; IKP, GKP,
I3KVR4(537-539) 2 KPPI,
peptides: interacting protein K LKP, MKP, EK, KP
2 RoF55, Cmpd 9 EKP EKP UniProtkKB KPPV
EKL, EK, EKP, Actin- related protein 2/ 3 KS, KA, AKG, TKA,  VIKP, YAKP,
13J596(178-180)
HKPA, KPA complex subunit VK, MK and |K63 YAKPA,
I3KFA1(204-207), Zinc finger, MYM-type 2, VLKP, VKP,
Zinc finger and BTB domain KPVAAP
3 R,fF55, Cmpd 4 HKPA H-KPA UniProtkKB
I3K7A1(412-415) containing 12, tandem
duplicate 1
Qbscurin, cytoskeletal
R,F, 5 Cmpd c- 13JSTA(10211024, 1472- EL, ELLI, ISELGW,
calmodulin and titin- AL,
i 36, 41, 45, ELSC E-L-SC containing  UniProtkB  1475) GFGPEL,  ALSAF,
interacting RhoGEF AEL, VIPEL, ALAV,
R,F5q, Cmpd 34 peptides: Vasv and
13K427(528-531) Tyrosine-protein kinase FAL, ALEP ALP,
ELSC, ALSC, CSQAPLA;
Zinc  finger, SWIM- type ) RALP
5 Rofqz Cmpd 13 ALSC A-L-SC SC UniProtkB  13JJEA4(1358-1361) CS

containing 8



13J8Q3(708-711)

Aminopeptidase
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XP 019222017. 2( 116-

zinc finger protein 318

- 120)
6 RFi, Cmpd 28 ASLCH  AS-L-CH
containing XP 019211841. 1( 249- RING finger protein 145 CH;
NCBI
peptides: 253) isoform X1 CG, CQ, CE GC AL AS, SL
Blastp )
ASLCH, XP 025763933, 1( 434- and PC
zinc finger protein 638
7 Ryf13, Cmpd 10 SLCH S-L-CH SLCH, CH 437)
XP 013129112.2(37-40)  collagen alpha-5(IV) chain
NCBI XP_003450194. 1( 182-  mitochondrial ornithine  vg2.
8  RyFas Cmpd 39  LPGYF L-PGY-F ’
Blastp 186) transporter 1 isoform GY4; PG,
Y- XP_005451705. 1( 1393- Lappe
lexin-Ad isof X1 5 ’
containing 1398) PRI soform TY and SGGY’;
PGL, LPG, GPAG,
peptides: XP_003445054, 1( 1354- YGs®;
- plexin-Ad isoform X2 PG, IAPG,  APG, PG
LPGYF, PGY, NCBI 1359) ;
9 RoF43, Cmpd 6 LEVPGY L-EVPGY YPG'; KVLPG PPG,
LEVPGY, Blastp
EVPGY XP_005449468. 1( 512- lon protease homolog 2, ’
GPGE, PG
517) peroxisomal GFGPGL and
GPGGFI

!Excepted for the peptides was noted by the references, the previously reported near antioxidant, angiotensin |-converting enzyme (ACE), dipeptidyl peptidase

IV (DPP-IV), and prolyl endopeptidase (PEP) inhibitory peptide sequences, which were searched by BIOPEP database on June 6™, 2019.

’Zheng, Zhao, Dong, Su, & Zhao (2016) *Yang, Zhang, Ding, Chi, Wang, & Huo (2019)

“Liang et al. (2020) °Feng, Peng, Wang, Li, Lei, & Xu (2019) *Zheng, Su, Ren, Gu, You, & Zhao (2012)

'Ren, Liang, Zhang, Hou, Li, & Ma (2018)°Ohata, Uchida, Zhou, & Arihara (2016)

* the ‘~” among the peptide sequences indicated the cleavable sites upon in silico Gl digestion.
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4.7.3. fanssuduaandnduvasnding

4.7.3.1. fanssuiueyyadass ABTS™
wdlnanusenaumensaesiily K dauaiunsalunisiiueyyadassiauninmy
Inansinsnesdlu C- uag Y (3UN 4.41A-B) lngen EC5, vaundlnadilinsaaviilu C- uag Y oy

=

Turas 2 9 17 lulasluans Feidnenimuinniinsaueanssin (p <0.05, JUT 4.418)
u@ﬂmﬂﬁé’qmmsmﬁwLﬁmﬁ’umié’ma%aﬁaszﬁ'u % 111 Trolox, glutathione (GSH) %350
nsawnaan (gallic acid) Menurewnhiuansdiduinndlngivseneusensnesily Y wie
G, YG, YS, YQ, CG, CS, CQ uag PC danuanunsatunisindneysadase ABTS™ luaae 0.50 -
5.00 pmol Trolox Wiguw/ umol vesnulng (Zheng, Zhao, Dong, Su, & Zhao, 2016) 1wy
Indidinsmexiilu C uaz Y, VECYGPNRPQF faflauanunsalunisindnoyyadass ABTS™ g
§8 ECs, 7 9.8 + 0.5 lulasluang (Sheih, Wu, & Fang, 2009) agnslsfimumnulvafidnsnesd
Tu Klauwn HK, VELLVPK AGNQVLNLQADLPK, SVPQPK waz EVPKA lifianuainisalunis
nndneyyaddase ABTS (Hernandez-Ledesma, Quirds, Amigo, & Recio, 2007; Wiriyaphan,
Chitsomboon, Roytrakul, & Yongsawadigul, 2013; Zheng, Zhao, Dong, Su, & Zhao, 2016)
A ECs voamtlnaiiinsnosfilu K u 9 5239 KS, KA, AKG, TKA, VK, MK wa IKG aglug
1 §is 30 fiadluans (Yang, Zhang, Ding, Chi, Wang, & Huo, 2019) SaumUlndiiinsnezily
C vide Y FaiiszAvEnmlunisidneyyadass ABTS™ mnniwdlndfisinsaesiily K

yananiinulng EKL, HKPA, LEVPGY wag ASLCH ﬁLLuﬂﬁmﬁ%Qﬂéaam*&JWﬂﬁ

a99n15808lunIzINIzaINSABANNILADS (in silico Gl digestion) (159991 4.33) Lagtnd

£
=

Insfieengs venninazlenansueisal EK KPA, EVPGY uag CH (U7l 8.47AB, p <0.05)
agalsfinuAanssuves LPGYF ieuldsu PGY Fulundnsmainginisdes in silico GI (p>
0.05) inUlng ELSC, ALSC waz SLCH gneaglmidu SC uag CH muaeiu ‘?jﬂﬁﬁ%ﬂiimﬁq\‘m’jﬁ
wlnddisudu (p <0.05) qmééﬁuayga%aimmLwﬂlmﬁﬂmﬁaLLamgULLUUGmwé’qmﬂmi
gou in silico Gl i ufiundunaindensaesilu L P, H, F, A V, S wse E QNuENe8NIIN C-
ve N-terminus vosnulndiSudu AanssuvesnUlndndados in silico Gl llldasuuas

117 d@uUlnaniinsaaziily K #dseoe in silico Gl (EK wagkPA) HANNa11150ANANNN50

Tumsidnouyadasy ABTS o1 4% 71 250 lulasluans (5Ul 4.41A) ndlnsndsdes in
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silico Gl fiuszneusonsnexdlu C- uaz Y léuA SC, CH, PGY way EVPGY fsasiifanssudiu
ouyadaseifiussAnsamgatien ECs, Yoond1 14 lulasluans (Ul 4.41B) Zheng, Zhao,
Dong, Su, & Zhao (2016) s189uInTaezilludase loun Y way C wuinddsz@nsanlunis
mvneuyadasy ABTS 1y 1-6 umol Trolox wiguin/ umol vesnsnezdly d7u
dipeptides 71l Y war C Swansianssufilanwudaus 0.5 - 5 umol Trolox Wieuwin/ umol
vounUlng Tuvaedl dipeptides A H-, P- uaz/vde K Sansnandliiiufanssuduoyyadas
e Yang, Cai, Yan, Tian, Du, & Wan (2020) guduinsaeasdly Y lu tetrapeptide TAwn
ATVY fduddnionisdiueyyadass ABTS wan1ideimanid ifuinanudeanisves
anuaansalunisidneyyadasziigeeanulndifinsmeriilufiddnonmlunsiueyya

v

Sasvgatu C uay Y driulusfuanamsfigealludrensaesdilu C way Y oraduuvasdrdny
dmsumulndndansinueyyadaszas

anuannsalunsidneyyadass ABTS  vaandlnd EKP gendn KPA 2 i (3Uf
4.41A) ordumsiznsnesiily E Jeanunsavianadidnnseulsing (Nwachukwu & Aluko,
2019) nsmogiily H l9§unisendesiduiniesmineyyadassiiiiussansamiosninumuy
imidazole aunsaildiusiuluerneuvedlalasiaunsenisaiawdidnaseu (hydrogen atom
transport, HAT / electron transport, ET) (Nwachukwu & Aluko, 2019) pgalsAmufangsy
fusyyadaszreunulng CH 191 SC Useanal 5 i1 (3U7l 4.418) fisneeuiinisaiis
wuszlelasiau imidazole-imidazole szmansladudastsaesvosnsnezdlu H 7 pH 7.8
(Movellan, Wegstroth, Overkamp, Leonov, Becker, & Andreas, 2020) maiﬁmwmaauﬁ
pH 7.4 v9335Mdnauyadaszay ABTS™ assay la1ud19989 imidazole azgnlusnau
vndu MtuTsansaduivgiunisdedesiuselelasaunelulnanaiufaundesening
UMY imidazole Aungudalils (SH) vesnsexilu C Fsdanalvinnuanunsalunsliesnon
yoalalasiausn Wowmdlng CH fidnsaezilu A, S wio/uay L agjﬁ N-terminus AIINAINIT
Tunsmsiidneuyadass ABTS "anas 20% ves CH (U7 4.41B) daumdlnd PGY fifinsnes
flu L, F, E wag/v3e V 0gffl N-terminus awilnnuanansalunisiueyyadaszanaadntion
og19lsfimunisiiunsaosdlu Puseo Laslu Cterminus vaaunvlng EK 951 uiy

ANNEsAtUNSANUeLYABATE ABTS™ lusedunila (UN 4.41A) nmsiiiy EL vive AL 10

N-terminus vaanUlng SC vilviRanssuanasUseana 3 wih (UM 4.41B) Aanssuvesndlng
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SC way K fimnuswansnaiulagiinsaaziluf N-terminus Nan1s@ned lAuINN1siinsnayd
WA L P, Fuaz Hlunwdlnalddndudeeaiidiuglreliminnisaumddnnseu (electron

transport, ET) ﬁﬂ’s’ma’lmmqmmﬁiﬂENWIG]EJ%IU (Nwachukwu & Aluko, 2019)

RS
P,

ABTS' scavenging capacity (%) #

< 3] E= =} ==}
1 N " L L

EKL EK EKP HKPA KPA

K-containing peptides (at 250 pM)

B.
J :
" Eererm s s r=E g B 1B 55 | B L
g g h
/_\12-
z t f
7 g
2 : g
b b
4 4
L ol a do ) 4 a m [ (Sl 4L
0 | |-

Trolox  AsA GA GSH ELSC ALSC SC ASLCH SLCH CH LPGYF PGY LEVPGYEVPGY
L ] | J L |

* o "
Standard antioxidants C-containing peptides Y-containing peptides
Standard antioxidants or peptides

JUN 4.41 anuainsalunisiidneuyadase ABTS weunulndduasigiiiusznaunie

v 9

nsnezdilu K 7250 lulasluans (A) ECso UDIA13AUBUUADATEUINTFIU (Trolox, AsA, GA,

U Y 2 o

GSH), inUlneduasiginiinsnezily C- hag Y (B) A19nusAIRUNLANALANAIITULEAID

] J a o v a ot c v ¢ A v
ATULANANYDIANRAYUVDINITNNINBULADETS ABTS GU'E]QLWﬂl%@ﬁ\‘]Lﬂﬁqgﬁﬁiaaqimqu@wﬂﬂa

9aTrIInITU (p <0.05) AsA Aansaueanaslin GA AansaLNadn uazGSH Aangailslou

4.7.3.2 mM3n1dneyyadase ROS luszauivad

wulnanauadaenaisiuiianududugeda 100 lulasluans indlndnanund

nagaudl 10 lulasluans wudnmdlng LPGYF fiauaiuisalunisiidneyyadass ROS

'
I 0o

aelumadgean (p <0.05) Tuvaziwlng SLCH fledgn (p <0.05, UMt 4.42) egslsinm

9

Aanssuvewndlnanidnsnesiily C- waz Y ladeiu (p> 0.05) wadAanssugeandnndlnand
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nsnezdily Kiantey (p <0.05) inUlnailiauaiunsalunisiidneuyadass ROS luwad
Wiudunuanududu (p <0.05) wazifivianssuaudeiinududuninnia 50 lalasluans
(3U 4.42) wulnd SC, CH, LPGYF uaz PGY fimnudiadu 50 lulasluaniuanafionssudigs
n1nsaueanastn 50 lulastuand (p <0.05) luvaedmdlnddy q uansgrifiieufsdld
gnLiu EKL fiuansfanssusining (p <0.05) sadumulng SC. CH way PGY @sldunannnig

a v

8011381804 in silico Gl Tnefumulndiuduie LPGYF Sudunulnddidonss AUBUYA
Saszdeivaneyyadass ROS meluwadiiunmiiululiiiuszavsam

nandetliiuiimdndinnuannsalunsidneyyadasy ROS meluwadli
Sududosdimnuduiudiuidneyyadasy ABTS™ maadl (U 4.41 uazsUi 4.42) flesann
nalnfiuansnsfulumsiiasziluusiasds §938nmsmineyyadase ABTS™ 1unisnsivaey
UiAseeanUlndfilsie ABTS™ Tag HAT wag/vie ET (ApakOzytrek, Gucli, & Capanogly,
2016) auaunsalunisindneuyadasy ABTS™ vaunulng ALSC, ELSC, SC, LPGYF uaz
PGY firudustusidsuindunuanansalumsiidneyyadass ROS nelulwad (5Ufl 4.418
LLazgﬂﬁ 4.42) pmnuduiudidenindlasumsdanslumlngsy 9 WU NTVPAKSCQAQPTTM,
FLKKISQRYQKF, ALPQYLKTVYQHQK tiag IQPKTKVIPYVRYL (Tonolo et al., 2020) Tunng
psafutnUlng LEVPGY wag EVPGY Afignslunisiidnevyadasy ABTS™ fimiBeu il
ANanansalumsiineyyadase ROS Melulwaden (SU 4.41 uay3ui 4.42) uenaNmy
el GLVYIL uae YHNAPGLVYIL Sauanspinuansnsalunisiidneuyadasznanaiifigendi
FNDRLRQGQLL lag DVNNNANQLEPR usidiaaiuaunsalunismdneyyadass ROS a1elu
wadTlnaLAeeiy (Du, Esfandi, Willmore, & Tsopmo, 2016)

uananinulng cH ﬁﬁhumiﬂamé’ﬂu in silico Gl L@AIPLAILITALUNITANA
oyyadasz ROS nelulwadigendn ASLCH uaz SLCH (mulndiuduneudey in silico G
faudagdanuarunsalunisidneuyadasemaaiiluseauiiunai (i‘Uﬁ 4.41B LLaﬁUﬁ
4.42) wlnddidvnadnnitanunsaunsndurnudevugadlddini (Ferandez-Musoles,
Salom, Castellé-Ruiz,. Contreras, Recio, & Manzanares, 2013; Wang, Ding, Xue, Ma, Du,
Zhang, & Liu, 2018; Wang & Li, 2017) %aﬁmuﬁﬂﬁm'mmmaaiumsﬁﬁmawﬂaaaw ROS
aeluwadgs egslsAnuunulndfisiuuelyajnineu DYNNNANQLEPR uamsndsianingnly

v a

msmmaumaaas“ ROS nelulgaan ?’1 afuiundlned il Tau1aldnnaLyy GLVYIL (Du,
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(%
o

Esfandi, Willmore, & Tsopmo, 2016) fstiurunveandlnddailsidutiaduifeiiniugy
ANasatunsidneyyadase ROS aeluwwad
aeAUsTNaUvRINInRsdluardwanadnsIn s aduveundlne bulwad o9l
Tod 1A a L uUs1a09n15Uud wead i eaves Caco2 A1duUssaNS n13Tur Ui daLau
(apparent permeability coefficient, P,g,) vounUlng GLLLPH fi® 2 1vinves YFCLT (Ding,
Wang, Zhang, Yu, & Liu, 2018) twulnd RVPSL uansfn Papp ganinmdlndfidvuiaidnniy
1LY WQ, RWQ, LKP way IQW (Ding, Wang, Zhang, & Liu, 2015; Fernandez-Musoles,
Salom, Castellé-Ruiz,. Contreras, Recio, & Manzanares, 2013; Xu, Fan, Yu, Hong, & Wu,
2014) uenandmulnafiinsnezily C, Y %sa W @Jmﬁau%ﬁé’mwmi@m%mﬁ"mdw (Ding,
Wang, Zhang, & Liu, 2015; Ding, Wang, Zhang, Yu, & Liu, 2018; Ding, Zhang, Jiang, Wang,
Liu, & Liu, 2014; Fernandez- Musoles, Salom, Castelld- Ruiz, Contreras, Recio, &
Manzanares, 2013; Xu, Fan, Yu, Hong, & Wu, 2017) twilve La wn DKTEIPTINTIASGEPT,
EKDDTGTPITKIELVPSH QGPIVLNPWDQVKR, FNDRLRQGQLL, DVNNNANQLEPR a8y RDPEER
(Du, Esfandi, Willmore, & Tsopmo, 2016; Tonolo et al., 2020; Wen, Zhang, Feng, Duan,
Ma, & Zhang, 2020) lsifinsnesilufiddneanlunsdueuyadaszgudu C, Y nso W
(Zheng, Zhao, Dong, Su, & Zhao, 2016) ﬁm1mmmsa"l,umiﬁﬁﬂa%aﬁmzmqLﬂﬁ@?ﬁ Wl
mnuannsalumsmineuyadassluwads dadunnliuiindoadstumlndiinsneily

'
faa a

K inulunisfinundl o1adunaunandnsnisgaduaesndlvandnsaesilu K ge dsiudns

a

nmsgadumulndluwadilunisluameiidwadeanuaiuisalunismdnoyyadase ROS

aeluwas
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h
<

| Il Ascorbic acid at 50 ypM[__]10 M) 50 uM EZ4 100 uM lb)
D CD CD b

40+ b b b
& b B ab
< b £ b
2304 ABy, abr  ap a
g = _db. L —a - bP - _a.
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< a
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101

H]l(L EK EKP HK]"A A I‘LS( ALS( SC ASLCH SLCH CIH LP(liYF PGY LEVPGY EleGY
* " *
K-containing peptides C-containing peptides Y-containing peptides
Peptides

gﬂﬁ 4.42 Auandnsalunsidneuyadase ROS angluwad (unit CAA) vesnsakeanastn
waznUlngdaunsent SnusimfniEnfiuanseiuansisanuuanaisluaadorss CAA a9
wlndusiagsiail 10, 50, waz100 lalasluand (p <0.05) SnusiiuWlvafiunnsinsfuuansds
AULANANIYBIARAETDY CAA SeWInansaueanestnuaznUlndnaund 50 TulasTuand

(p <0.05) CAA AogVasUaYYadaseIEAULYaR

ung o o a (3 6 1
‘LJEJﬂf\]’]ﬂ‘m‘nWiJﬁ’]iJ’]iﬂiuﬂ’]iﬂ’]ﬁ]@@u%ﬁ@ﬁi% ROS Mmeluwasvoanulnaeraunnsng

a

fulumunsaesiilufimesd Iﬂﬁ\‘iﬁﬁ\‘mm‘aﬂm (secondary structure) (Wong, Xiao, Wang,
Ee, & Chai, 2020) n15tAaLua1UaTN (metabolism) vounulnaluwas (Wong, Xiao, Wang,
Ee, & Chai, 2020; Xu, Wang, Ju, Zhang, Yin, Shi, He, & Yuan, 2017) n1snsgaigvoundlng
Tulelnwaady (cytoplasm) n3alulnAauLAse (mitochondria) (MiroNczuk-Chodakowska,
Witkowska, & Zujko, 2018) LAZMSLNINI¥ANEYRs ROS Meluwadfiadnstu (Parvez, Long,
Poganik, & Aye, 2018) wulnsdunulmiviuafionss Mueyiadasyanlusaulalaslaanves
Uanflauaslnsiithntunginistosomssass in silico Gl fanannsalunismdneyya

dasy ROS meluwaaniluszaniamlagliduiusiuidneyyadase ABTS inUlnd SC CH

uay PGY \indundinisdesansdnaed in silico Gl fianuasnsalunismineyyadasy ROS
melumadgeanuasiiqrdidnoyyadass ABTS  ifiBex

4.7.4. NM13AUANNTSUEAIDBNYBEUVRIRUlYNAUaYYadETE

a

wanAINANNANNTalUNISINdReyLadasy ROS neluwadudawndlndenaauise

a

USunmsuanseanveasuiiinsiaeuledimueyyadase (Wang, Ding, Xue, Ma, Du, Zhang, &

Liu, 2018; Wu, Sun, Luo, Zhao, Zheng, Sun, Li, Sun, & Huang, 2018) Lwﬂimﬁﬁﬁaﬂli’ 3
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wlndde SC, CH way PGY Bumununsiansoanyeasiie CAT, SOD1 uax GPx1 nauimagey
Aengunaassiiindlndeg1afier uaznguinulng + AAPH (SU7 4.43 uaggud 4.49) wuin
MIUARIAMUALNITENTBIBY CAT Wiiduuay SOD1 anasdl 100 lulesTuans (p <0.05, 3Ui
4.44A-C) mMiuanseanvadu GPx1 gnéfudslnamulnsdionmn (p <0.05, Ui 4.440) SOD 139
U381 superoxide anion (O; ) Wulglasiaueseanles (H,0,) %qazgﬂéaaammdmﬂu

H,0 Tnetauley catalase (MiroNczuk-Chodakowska, Witkowska, & Zujko, 2018) H,0, 2%
anassae GSH TuufAzendlisslee GPx fafuiis 3 iUlnddFwhliAansuanseanvesdy
CAT wag SOD1 fitheifiunsaaeiinelueadues O war H,0, Ulngstemunldifinnis
ineuyadasslumad (CAA) rumsmuaumILdnseanfufifistuves GPxL v 100
lulasluand denasionismuaumsianseandudeudemilu CAT uag SOD1 mdlndaaa

=

Fudugediinaranismuguouluiiueyyadasziosasdseraduaivanisiiosuie
mnuannsalumsmidneyyadass ROS melumadiisuifesldszuing 50 fa 100 lulasTa
a13 (p> 0.05, gﬂﬁ 4.42)

nqunaaesi dinulndegadanansliiiui swavenylnd i Uusuiua sunis
MRUANDIYBIAITA BN adaTEvongad neldlgad Und n1suanseanvesdu CAT li
Waguwvasmundlng CH (p> 0.05, gﬂﬁ 4.44A) mimmummamaaﬂmaﬂ§ul,ﬁu%uiﬂa
wUlnd SC wag PGY @4 PGY Aflan (p <0.05) n1suanseanuasdu SOD1 gnarumiindulng
73 3 mUlnd (p <0.05, 3UT 4.448) Bauwulng SC uaw PGY fiusgAnBnmgsan nisuansoon
938U GPx1 gnaruAuanaslneiis 3 indlng (p <0.05, 3Uf 4.440) fsifu PGY Fadumulng
AffnenmanigaiiliAnnisuanseenvesdu CAT wag SOD1 T3zt aeliitn1sinauyes
woulenl catalase uar SOD drumdlng YLEELHRLNAGY fisinisianseenvesduyes SOD way
catalase UpLUA8 HepG2 py19ilfudrAny (Homayouni-Tabrizi, Asoodeh, & Soltani, 2017)
iwUlng NTVPAKSCQAQPTTM (e8nd@lad M), QGPIVLNPWDQVKR Wag APSFSDIPNPIGSENSE
dananen1shansvesdu GRS wag SOD1 %wzgﬂmmmmmamaaﬂLﬁ'wfu (Tonolo et al,
2020) lelnslaianan com gluten (irmiinluianatfosnda 1 kDa uag 1-3 kDa) 9zannIs

muqmmmﬁmaamaﬁu CAT LLG]IL‘ﬂllﬂ’]iﬂ’JUF’]NﬂWiLLﬂWQ@@ﬂ“UENgu GPx1 (Wang, Ding, Xue,

Ma, Du, Zhang, & Liu, 2018)
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nsuaneanvesuvedauleiiuauyadaserie danuuandreiuluwsasindlng
%uasgj Sunalnsngefiisadas Kelch-like ECH Associated-protein 1 (Keapl)/iawndes factor
erythroid 2-related factor 2 (Nrf2)/ansnauauaidoansiueyyadase (ARE) dedayanasu
pathway Fsflunumdrdglunisnevausseuvadionnuaienoaniatu (De Freitas et al,
2018; Vriend & Reiter, 2015) neldeulvunitiadevesnis transcription dwsuieulesidn
auyadase Nrf2 gnunsvatelae E3 ubiquitin ligase complex, Keap1-Cul3-Rbx1 waveae
aanelaglusftelan (proteasome) Tulalawea (cytosol) hE electrophiles 1%u Chalcones
way peptides (De Freitas et al., 2018) @ modified Keapl wag Nrf2 aguanmesnainlels
goa ity Nrf2 azgnvlealiiauazdeludedaeioa drudnadodvos Nif2 fu Maf
(Wanszdudmiu Nif-2) aznsedunisvinauues DNA Tuslunes (ARE) duilug transcription
suaaLaulezjﬁéfmawaSassLWaﬁ 2 Fadun1suensaves Keapl/Nrf2 complex lu cytosol flou
nséhesiurisiinafesuas Nif2 Jslianudfgsenisnserudinsdyaineiiu pathway ¥4
Keap1/Nrf2/ARE dmiunsnexiilu C Tu Keapl gnusuusslaslduiisen Michael Faiilug
msmﬁauwaqmmguLLUULLazmﬁUaﬂUa'asJ Nrf2 (De Freitas et al., 2018) Lwﬂiwﬁﬁqwééfm
ausadaselaun NTVPAKSCQAQPTTM, QGPIVLNPWDQVKR Wag APSFSDIPNPIGSENSE 9
Foulgeiu Keap1 wagyilimiinnsuandasy Nrf2 1Uudase (Tonolo et al., 2020)

yonmiloannssaulas Keapl waawalndu (melatonin) Safusduddusie
1911 (proteasome inhibitor) fivhlAamamierthazauves Nif2 ludaiedsa iAannsnsgdu
transcription veouluidueyyadass (Viend & Reiter, 2015) dawulns SC uag CH 919
Aerdestunisanuaeinsaesdlu C lu Keapl Wiunisadisiussladalndfiinain ROS
wUlnel PGY enauliuadudadusiielay (proteasome inhibitor) iosainannsadiudaonulasl
719 1Aa angiotensin I-converting enzyme (ACE) Wag dipeptidyl peptidase IV (DPP-IV)
§r9Baangiudoya BIOPEP Asilanaeiunsldiunalamdlng PGy Fufiunisaiuaunis

LAAIDBNVBITU CAT way SOD1 usnanndmulnanusznaumensnoziilu K azdusdiguds

' o
a vV v v

ACE wag DPP-IV MifiuszanSnmlagdnedeangiudeya BIOPEP Gsenaidudadudalusiiolay
Na1u15anseRu transcription veaeuleddueyyadase deradudnmguanilanesuiglad
ilumdlndnusenaumensaesziily K Jsansanuaiunsalunismineyyadasenisailn

watuseansamlunisidneyyadase ROS Mmeluwadia
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A. Cell blank B. Peptide only

B3. PGY
CAT 380 bp GPx1224bp
GAPDIH 247 bp SOD{ 272 bp

Ladder Genes 10 pM 50 uM 100 pM 10 pM. 50 kM. 100 pM 10 uM 50 uM 100 uM 10 uM 50 uM - 100 uM
Peptide coneentrations
D. Peptide + AAPH

DI1. SC+AAPH

C. AAPH-induced oxidative stress

D2. CH+AAPH

D3. PGY+AAPH

380bp  sopr " CAT 380 bp
& 2726p . GPxl 22
e GAPDH 247 bp = 224 bp

SOD1 272 bp

10 uM 50 uM 100 M 10 uM 50 M 100 M 10 wM 50 pM 100 uM 10 M 50 pM 100 uM

Ladder Genes Peptide concentrations

E. B el blank

L0 4 anrn a a
©
> 08
=
=]
Z E 0.6
£ 2
g E 0.4
D &

L

L =02
o]

0.0

SODI

Genes

=

5UM 4.43 5UUUU 1.5% agarose gel electrophoresis 984 CAT, SOD1 uaz GPx1 dmsulas
Maulaauund (A), wadhsimulndifissoduien (B) laua SC (B1), CH (B2), PGY (B3): 1waad
fi AAPH (0); uaziadfifimulnduas AAPH (D) ldur SC + AAPH (D1), CH + AAPH (D2), PGY
+ AAPH (D3) GAPDH @9 glyceraldehyde 3-phosphate dehydrogenase T Ju housekeeping
gene; CAT AaT#aBU catalase; SOD1 A9 @B SOD; GPx1 ARsHabU GPx, Alaun usiaiu
vauoulesifueyyadase (A-D) seyvwIandndnsivesduly RT-PCR SOD Aa superoxide

dismutase; GPx ﬁaﬂqmﬂﬁiauma%aaﬂ%ma (glutathione peroxidase)
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>

- Cell blank
N Pepide at 10 pM [ JPeptide at 50 uM D72 eptide at 100 pM

&~ 1.24 R Pepride at 10 pM + AAPH [_] Peptide at 50 uM + AAPH EZZ Peptide a1 100 uM + AAPH
N
N
“ 1.0 b
Ll b
z S 084 1 %
R ¢
8 ; 0,64 b e a Jad WE §
i3 N& N
gL \ N % -
e \ N 7
g N N 7
© ool % & é
SC CH PGY SC+AAPH CH+AAPH PGY+AAPH
Treatment
B. Bl blank
Peptide at 10 pM ] Peptide at 50 uM W/ Peptide at 100 pM

1.24 B Pepride at 10 pM + AAPH [ Peptide at 50 pM + AAPH 224 Peptide at 100 uM + AAPH

=
n

~
S
‘\”: ~
33
2 %03
g 304
- O
S 206+
£ 3044
7 2
5]
o 02
2
o 0.0

SC CH PGY SC+AAPH CH+AAPH PGY+AAPH

Treatment
C. -(.'cll blank
RN Peptide at 10 uM D Peptide at 50 pM /A Peptide at 100 pM

1 B Peptide at 10 yM + AAPH [ Peptide at 50 uM + AAPH BZZZ Peptide at 100 uM + AAPH

o = N
s e

related to GAPDH

Gene expression level of GPx/

SC CH PGY SC+AAPH CH+AAPH PGY+AAPH
Treatment

Ul 4.44 szfunisiansesnaes CAT, SOD1 uay GPx1 d1vsulwad blank waznguivadiign
nsrAulviinAuATERsaNTATUMY AAPH; TeaUNTSIAAt0BNYBY CAT (A), SOD1 (B) wag
GPx1 (Q) dwsuwad blank llndlitesegnafey wasngumulng + AAPH m1ug16u GAPDH
9 glyceraldehyde 3-phosphate dehydrogenase 19Ju housekeeping gene; CAT AoTid
81 catalase; SOD1 A %8y SOD; GPx1 Aaswadu GPx, é’ﬂmﬁaﬁuﬁlﬁﬂﬁmem'mﬁuisq
ALLANAIUBIARA BYTERUN THERBenved Ll UL YN INAABINLEIFU (p <0.05)

SOD fe superoxide dismutase; GPx ﬁanqmlﬂamﬂa%aaﬂ%ma (glutathione peroxidase)
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N1TENAIUBY Keapl/Nrf2 complex \NAINBUYAD AT ROS (Vriend & Reiter,
2015) paneseneendinduluuyiusaznssduliinnisneuauswionuelsnveuadLile
Aunsvieuresansiueyyadaszaislulasnsifiuiuresnisauaunisuanieanes
wulwsldiueysadase (Sies & Jones, 2020) g slsAmuoyyadase ROS AuniAulUaz
reliAnAudsmeanufizereendindureuadddmalinisuanseanvesduvesioule:]
Fuoyyadaszanas nuanisaassnuIlungumaaesiifinulng wag AAPH @adusadivi
TiAnoyyadasy) avannsuanseeniinuauvesiu CAT Welfisuiungumuny (p <0.05, 5
71 4.43F) unlifnasionisuantoanvesd SOD1 waz GPx1 (p> 0.05) NSuaneanvasdY CAT
uag SOD1 SagnmuANanadlulsad HepG2 iLAa H,0, uiIfiun1IAUANNITUANIDENTBA
GPx1 (Wang, Ding, Xue, Ma, Du, Zhang, & Liu, 2018)

Sowadifmdlndrouflasifiu AAPH nsuanseanvasiiu CAT asgnauaufiuty
TaewUlng PGY 710 lulastuans (p <0.05, g‘dﬁ' 4.43E Lagd.adA) Tun19ansanud1unng
uanseenveddiy SOD1 sggnmuauiistugsgalaemulng PGY 7100 lulasluans (p <0.05,
gﬂﬁ 4.44B) Nsuangeanvesdu GPx1 ipsgnizivlungu peptide + AAPH (E‘U‘ﬁ' 4.440)
Faduia 3 Ulnddsmununsifinduresnisuanieanuasdu CAT uay SOD1 Feiilugnig
iinAanssuveseulesl catalase Az SOD WloUiuUTsANansaidneyyadastluwad
(CAA) melusiomnaieneendiaduiliinan AAPH wUlndanunsaddneyyadass ROS
neluradlalnens97998ansEiuNISAUALDIADANLLATIAUBIYA] (Sies & Jones, 2020)
Fedumadiiognelinsundessesmulnddinuaunisfiutuwesnsuansoonvasdu CAT
uay SOD1 agnslafimunisuanisenuesiiu CAT uaz/via SOD1 anasiiandudugadu (su
7l 4.40A-8) oraifuimsngnaisTusean@indu (pro-oxidation) veswdIndinrundudugedu
wanlndufininnii 1 lulasluanfifiusesivouyadass ROS agluwad (Bejarano, Espino,
Barriga, Reiter, Pariente, & Rodriguez, 2011)

uaﬂﬁ]’]ﬂﬁ/ﬂﬁiﬂizéjulﬂLuﬂW@ﬁI‘W%LaM (kinases phosphorylate) Nrf2 §atilugnas
lonérefiandesues Nif2 azifiunsauaNnIs transcription veseulesidusyyadass (Joo,
Kim, Lee, Kim, Koo, & Kim, 2016; Minelli, Conte, Grottelli, Bellezza, Cacciatore, & Bolanos,

2009) cyclo (HP) Fadu dipeptide %ﬂ'izéju p38 mitogen-activated protein kinase (MAPK)

Fa1lugnsiin Nrf2-mediated tidN15AIVANNTTIAATDENYRIBUMIALITBITU ARE Uazigad
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Yo

ﬁiﬂiUﬂﬁiﬂaﬂﬁuﬁ]’lﬂ H,O,-mediated apoptotic yuaa PC12 (Minelli, Conte, Grottelli,
Bellezza, Cacciatore, & Bolafos, 2009) PHP @ a1y tripeptide 9zanAMNAUNUSVOI Nrf2
@193 Keapl UUAULATEARONT AT UIDUTAE HepG2 T14Aina1n AAPH danalifiAnnis
londnelapdasvad Nrf2 ﬁaﬂ?u?iqLﬁmmimmmmmamaaﬂmaqﬁu catalase, SOD wag GPx
(Wu et al., 2018)

a3 Teveus 3 IR nd ifigns dueyyadasgldun SC CH uaz PGY
annsamdneyyadass ROS eluwadliogiiuszansnm Preifinfanssudueyyadass
aeluwadlnenszdunisianioonvesdu CAT wag SOD1 aeldauiaioneendinduiliin
911 APPH ilnddsundeamadsenisiiunismugunisuansesnyosdu CAT wag SODI
wiullng PGY \HumlndfiAiananiisaesndunnaey wagmulnd CH Susvansnimiosiian
nalnfiRendestuianssusuoyyadassssiueadvoanulndmeardasldsumsdnsuiuiy
sl
4.7.5 @3Unan13IY

(%
o

wilndvesUardandanuaiunsalunisidneuyadase ABTS™ Asluiananiyn

saal a

Pogninfinseesiluu C waz Y inUlnaninsaezdly C-, Y- hag K M9uaLandnnuanuise

[y o a

lumsidneyyadase ROS nmeluwadedreliuss@ninmlngliduiusiunisindneyyadase
ABTS maiadl LPGYF umilndduwuu (Susunaugaslu in silico G) Aianlunisiidn

auuadasy ABTS "war ROS aeluwad iwdlnaigeeud? in silico Gl laun SC, CH wag PGY

a

wudAuanTalunsmIneyyadase ABTS™ wazlimuaiuisalunismineyyadase

I 1

ROS melueadas uenanimdlndéfinateninfiunisauaunisuantesnuesdu CAT way
soD1 wlnd PGY LHumdlndfifszansnmlunmsiidnouyadaslmead ddunulndds
liuins uwimdnouyadasy ROS meluwadiviiiu usdnsedunisuansoanues CAT wae
SOD1 weufuussemannsalunsidneyyadasznioluead wdlndisignsfueuya

a v = a = o @ [ a o ¢ a
dasgnlannlusiuvaiaonaduulilalunsianilundndueiemsiasuauain
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4.8 nsldnausanirenitianudugaiieuiulginisiineavesiivamseunsiisilefoy
aaslsda
4.8.1 wamsAaszilusaudtaiald

Uinumeslshuiiatldvendessiffindetutu 0.5% Muluediuaiiiosniug
lufumsifinauduvesrdusaniiond (1001 - 16.45 Fadsemsramufiuns) Weiflsudu

nquiegenuaulilasunislinaudansiona dwwanddusuin 4.44 lulelvuaanslusiun

arusoazarelaluindesndudecddlafoumaslsaniduduuinnia 3 luansuieliaunse

(%
LY

azanglad At Nsazatevealusaunauuduedafsunaalsnei (0.5%) Yaaf108199
Lildsundudanirgnuddidedidnduandiiuldaingui 4.45 Wskulaleliudaansaunse
gnvianglalagusina delaun wivau@euseauas (high shear energy) waznisudiu
(turbulence) MAATUTENINNTLUIUNSWTLATY (sonication) LievinlilusAuainoanulag
y LY - . v ¥
Y geluniniu usylalasiau (hydrogen bond) Wazkseegaseninaluianad ldyauin
(hydrophobic interaction) 8193ggnvianemedans1w1ulanIg (Maity et al, 2012) fatiy

Fevhbilusauazatgaanunlauiniu wenaint nsiudeundasgiuuulaseasna (spatial

conformation) seslusiululelnusaaisdudumanainusinaignnszdulaenszuiunisan?

=< o o

w9 (cavitation) & mmamﬂﬁlﬂiﬁugﬂaﬁmaaﬂmlé’mnsﬁu (Zou et al,, 2018) nsldndusan
Swriemnudugsdinavinliflustugnataeenuilduniu Ui 4.45) Fseraidonnanndsay
yassanilada nsAnwneunidisiesuil anuaansalunisazasvedusiuainian
nEdU (Liu et al, 2017) waz laloliusaaniainideld (Zhang et al, 2017) WinTwileldsy
mslindusansigntniadags

fannevedeiouraolsadudu 1 uag 2% wui Yunawedusaudianaldifiviu
AUALUAUN S 1T Lrosa Lt uesAd usand 19 1atann 10.01 f4 13.28 Tadsanis1s
WwuRlns (3UT 4.45) Tuvasfinnaduvesdanimnigs (16.45 Tadsomsasudiung) vl
Wstiuflaralsanas Wsiululelwusaansazaaias (unfold) Meairnududuvediaiounas
ladiga (1 waz 2%) vilfduflveun iy waveradwwarinliiinnissiudfues
Tassasagamearinunssisgaszarinduanadildvouih fuavinlviarwannsolumsazansves
TUsiusas siserountnives Wang wazaai (Wang et al, 2017) 51891431 AMNEILNSE

Tunsazarsvedlusiululaliusaaisanielnfivdundaannlasuaausansiwdiduian 3
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way 6 Wil usiilelindusandignadiduian 9 - 15 wifl ndunuiimuansalunisazans
voslusivanas Wufiudunad Usunameslusiufianalafimududuvedaiounaslsa
0.5% WRuT UGS 126% ndeanldsuadudandrenyd luvasiidredsiitanududuyes
ToiRvuaaalsmdudu 1 waz 2% ndunuifivsuaedusiuiianalaiies 35 uay 10%
IRy (UT 4.45) nnansidevensiluadsilannsnssylddn edusaniremianusald
Tunsaalusiululelvudaaslefirnududureandoni (0.5%) sgrslsinu nsldndusan

$rwiianadugs (16.45 ndrensnueuiiuns) dnalunisanaiuaisnsalunisanalusiu

anzvasnsliluieunaslsauiinngs (1 wag 2%)

=)

EEosw 1% [ 2%
be ab
oMo

hn
|

=
1

()
L

Protein content (mg/ml)
—_— wJ

—
~

e T N )

0 1001 13 28 16.45
Ultrasonic intensity (W/cmz)

E‘U 4 45 Na“UENﬂ'1315{1?’1ﬁ‘L!@a(5]i?“ﬂW’JUG]E]ﬂ’)’]ilﬁ']ll’ﬁﬂiﬂﬂ'ﬁﬁﬂﬁiﬂimu“\]’]ﬂ"?ﬁmﬂaﬂﬂiqEJLL@I\WI

amnudutuveandeluszduiieg lnsfinnuuansiisvesiisnusssyianuuandsesel

Y

DEGE

[ |

N NANATZNINNANFI0E19NTEAUANLTDIU 95%

4.8.2 NAN1SIAIZUNANTIU CaZ*-ATPase NIAuuaa
NAN371%89 Ca?*-ATPase NAUNABVDUTL Y3 (surimi paste) 1AITUTUVDI
loheumaalsa 0.5, 1 way 2% amaqmuﬁlﬂﬁum’uﬁummL%mmﬂﬁué’am%ﬁsmaﬂ Faan Iy

[y

i‘U‘VI 4.46 N158AAIVININTIN Ca’t-ATPase mmmaauumﬁﬂmm uaaMiﬁ%W’JUﬂiuG\‘Nﬂ’]iLU

&

a

Auuladlpseasrsvesdruinesluloduy (myosin globular head) % fiUsiaas active site @MU
Ca**-ATPase lagannananivinlinanssuves Ca?-ATPase anad 813L1091131NANAUEN

wazn1stutuiifnanusingnisaladmady visdnisidsunlatiasasravedluleduaiai
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liiian1sdasesluanalvdvesluledustuusaisgaseninalusiudulusiu (Benjakul &
Bauer, 2000) @3019ilnavinl¥Aanssuves CaZ-ATPase anad N33dereuntindisiasnuin
Aanssuwes Ca’t-ATPase vosluleduainlandatuanasiiofiuanuduvesnausaniien
911 22.81 - 55.50 Tad Aon1519t9uR LR (Liu et al, 2017) Aanssuaes Ca?*-ATPase 7i

a ) | ol a ¢ v v A Ao | A a
f"’]\‘iLWﬁ@Iu@Q@SWQW@JT"ULﬂﬂuﬂa@'lsfﬂLGUNSU‘L! 0.5% WU'J']@Jﬂ']EjQE‘j@ Iusﬂﬁu'ﬁwmﬁaﬁ'}ﬂwmi‘mﬂﬂﬂﬂﬁa

'
| o

Lsdidutu 2% faenan (Ruandugui 4.46) ndwnlvrdudanitwniliviegamanudy
16.45 W/cm? WUl Aanssuved Ca?t-ATPase Adwiaauaeslog1anillufsuaaalsaudu 0.5,
1, uaz 2% ffwiiu 89, 81, uay 72% anudu (FUN 4.46) Nenududuvedaisunaslsa
galinaviilusAuAnnseaeiuIndu Seinliusiim active site Wiinduaulualg daiuda
o Yo a o Y v e v @ A= Y % ¢ =
ililasunanssnuannaimduladne sngnisalluaaslmiulainndudansienivensasd

drlunsviatvdivesluleduludegeniinududuvedaivunaslsngs Fae1avinli

AeradsausanszuIuNIsinaveysila

Remaining Ca**-ATPase

0 _ 1001 1328 1645
Ultrasonic intensity (W/em?)

=

JUN 4.46 fanssuves Ca*-ATPase 1ALHBUBIYTIINUAIMINEUATAUTNTUYDLNGD

=

7199 N NLATUNSIRAUSaNT19UNAMLTNAAY TnETIANNLANA19TBIAIBN BT TEURS
ANLLANANeE 1l ded Ay adATEnIengudieg e sEAUAMUTRNU 95% (RANTTUves
Ca**-ATPasevassogsfilulasundudansrenvluimazaruduvesdafounaslss Andu

100%)
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4.8.3 wan15aTeiuTInunydanlansanauauazuydanlansvinugizen

U'%:mmmﬁalm%aﬁwmsuamﬂﬁ’aaEJ'Nﬂ'asJﬂammmmﬂﬂﬁ’umﬂﬁummLSE’J’maq
AAUTANIIL1ININ 0 B9 16.45 TaddonsIguRiuns Auandlugun 4.47 nan1sAnwiuand
TiWiud Adudanitgitenvsgnsziunsiineandnduvemydailansa S1uiuveseyyq
das¢ (reactive radical) lawn -H waz -OH ildanluianavenituaiunsafianissiuiuiuiuy
IndiJulalasaueseanlan (H,0,) (Hu et al., 2013; Riesz & Kondo, 1992) lalastauiuas

A a £ v & a S v < ° va & P
panlwA N AN uaILITaRANA AT UsaNTLaUkazU o8 1959a157 v lvdanuduldleiag
al & [ a 9 VY & [ o 2 a v . .

sandladnydaiilansaurmylmluiusyladalng n15398v0s Liu uazane (Liu et al., 2017)
TU578997U mﬂ'ﬁi’i’ama@%aﬁwmmaﬂﬂa%umﬂﬂmmé‘mLﬁuﬁmaﬂaqLﬁal,ﬁummvﬁmamﬁu
Y] v '3 = 2 = a (%) a = a &
AAMIIVIIUINN 22.81 89 55.50 W/cm iaumﬂimmmﬂ%mammaﬂﬂimuhﬂah\lmaa’13
nflelnunAtanaudl ol uANUdUTeInd Usan319191 (Zhang et al,, 2017; Zou et al.,
2018)

dmsuUsunavydailansanviuisenvemndiegie wudn dUTunaniuduegns
satiipailaiiunuduvedans1enit (5UN 4.47) 3013Uslanusinavemydalensai
agnglulassasisveddusiugnidaeg uuusnamuiamunIunaRnlasunaudansignil
HB9N1INAINAUEITINAWIURUTARAINAATUN sEA Ul sAUAaN8fILINTY N1TITY
fountiues Zhang wazAMe (Zhang et al., 2017) wul1 Usinaesmydanlansanviujisen

voslusAululelnusaansandeladinduain 3.67 18u 7.33 mol/10° ¢ protein leldndu

a a o

) Y ¢ v o &1 a & a Vo e
ANIIYIIUNAINULYN 193 1AM DAITIYUBLUAT UDNANNU Uill']mm@ﬂ%ll%@ﬂl@ﬂiﬁm%q

Y

Ufisevesdeganiledennaslsn 0.5, 1, 2% nasmslandudani1entiinay 21, 26, way

(%
[

27% fNERU nNanFIeAsIT LI Adudanigatinalunisnszduniseanafiives

TUsAU
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(A) (©)
=127 [JroalSH  [[]Reactive SH =127 [JTotalSH  [[]Reactive SH
2 - ab ab E 7 ab
3 al b s - b
M Mm h H £ ) f h o
=0 =0 A
“w, "E B B
— ~ C
% 6 A 2 61
E ¢ BC } £
= £
S . 2 34
E >1 =
H S
o
= =
7
7z 0 ’ . 0 10.01 13.28 1645
29 5 ! 3.2 A
0 IO'.O! I “,"’8 I6.42. Ultrasonic intensity (W/ecm®)
Ultrasonic intensity (W/em®)
(B)
2127 [CJtom s [ Reactive SH
el a
- ab ab
B
-
£ ol = T S
=L
= AB
= B
26
g
=
e 34
8
o
=
Z
0 10.01 1328 1645

Ultrasonic intensity (W/cmz)

JUN 4.47 waveanisldnaudaningnitreyunamydailensanauauayysinamydailana

MhuisevesgsivammeRuiileweunaslsaidudu 0.5 (A), 1 (8), war 2% (C) lngindy

LY

WANFNYBIFINYITEYNIAMURANANBE T TEFAAYN19ETATENINNGUAIBE 197 SEAUAIY

Bosiu 95%
4.8.4 WaN153LA3129 surface hydrophobicity

91NNITANYY WU A1 surface hydrophobicity (S-ANS) ¥89#39819914 3 NQY

oy o v
a 2 = 1 A =)

WiNAy FeuslainmyildveuihvealleysiiUneeniudunasaindiog 1 aniunisiinaudansd

4171 fauanslugun 4.48 uennilidlotiuAuluvesni udansiznid wulndnavilvian
surface hydrophobicity Wisduileifiaufiunquaiunn Fauandliliuinpdudansignaveieg

nsgdumalndeanuemyiilivouifignisegnielulassadrsvedusiu anildnanly
Praduty annawdng Avinlvuydlaiveuinfiutudy Weaunnaudguazusa doud
Aintusgwinnszuiunslefedu slfAensdeunadasiadsvedusiuasaansfves
lule%u ns3deneuniinves Liu wagaAue (Liu et al, 2017) Wua1 @1 surface hydrophobicity

vasluloduannilalanankuLiuT uloliuAuuveInd udans1911auds 55.50 Ynsse
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6 o 1

ATNEURLNAS uenaniinslardudansie1udsieliin surface hydrophobicity a8l

Toduaniiloliae (Wang et al,, 2017; Zhang et al., 2017)

Wegsanivsunavedaisuaaslsnidutugdaslilaliadudansignad wudndan

surface hydrophobicity g4 Fsanunsauanaliiuladn Annududuveandeuindnavinla
lUsAufnnsaaediudy (5Un 4.48) wenainil nanisldmdudansrwnilniddenisaaie

panvalUsAuNANUTNTUYelaRsuAanlsa 0.5% geliwudn anaviiasunainluledudiu

[

IngjeglugUiuurasmssindaiu vilinsdafvesdiunliveudntegednin Asuddiaiy

Yy A o v o !

snduiiazdodldad aamwnﬁﬁﬁwmamqq A1 surface hydrophobicity ¥83f2081974]
Toieunaolsmdudu 05, 1, uag 2% nasanlasuraudandreiuiinnudy 16.45 Tndde
ANSTURLIAT RUTURS 56, 61, UAY 63% AUEIHY (gﬂﬁ 4.48) nansAnwidenndasiuna
Y99RINTIUVRS Ca’*-ATPase (3UT1 4.46) uazUSunamavydadilensaiiuiisen (sUd 4.48)

A Y v

Faulmiunn1seanesieanvaslusiuluanneAiindautuas (1 wag 2%) uananilusaun

Y

¥

a =< I 1 ‘:l' 1 9; d‘ 0 v 1 =
ﬂa’waaﬂmmmmmmLmmmmwmwmwlmaumLwaLmwﬂ%mmmiwmﬂummmm

AnPLNaulANaI91NNISTUMIE

1000 4

i b b +
750 Y . _{_ Ll
o i:% g3
4 ef . \ €
P el
{; 500 f . EIN £
7))
250
0L—E= .

0 1001 1328 1645
Ultrasonic intensity ('W/cmz)

5UT 4.48 Havesnsldadudaningniusian surface hydrophibicity ¥83g3ianUamaeuns

Nenuntuveslsfeunanlinaeiy IneNnNuLANF1989fIgN ¥ITEYTIANULANATIBEN9

1 Y 1

N NADATZINNAUAIDENNTZAUANTDLU 95%

q

ydn
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4.8.5 nan1IagauANENUAvasLladUAE
fegesaniinilledeuaaalsnidudu 0.5% warlilasunislvindudansienind
ASIRINAAVIILAL SEEENANM TurnieiAlsIfangauInLassean1esiteg e nillefey

| [

AaalsAdudu 2% TAgadawandlugun 4.49 maiinavedlusiuiuifeitesiunssuiunms

gousdunINsITUYIAUIEIU (partial denaturation) Ausenissaudveslusiukuuliaiunse

goaunaula (irreversible aggregation) (Lanier et al., 2000) %Wﬂg‘dﬁ 4.49 WUIINNTATAVDY

'
1 [ [

TWsAululelwu3aasimmiianududuveslaiounaslss 0.5% dainannisazarsiisiia
WazNISNIEAINUYBILUSAY ﬂﬁiLﬁmﬁu%a@IﬂiﬁuﬁﬁImaammaiim“[,uﬂ%mmqa 1PgLaNIL B89
8¢ TusAulalelwuiaans (3UAl 4.49) uavszdumseaneivedlusiu (U 4.49) Wudladed
dsnaronsiinlasarioveiaa (gel network) MyAdoAounti wuin Aussfsiignuiauaz

N .:a'sLy 2 Y

Tr¥N19ve4agIIINUateatan neaaen (Alaska pollock) filtindeidudu 0.3% a6

acg v

nigRRNldnaeIduty 3% (Cando et al,, 2015, 2016) AMWIIFNTIIAVIALALTLHENNVDLIAY
aad Y v = I3 a & | oA i ) N v
SAneMududuvedlgiieunaalse 0.5% LiuTueg1eraiiasnrualuiun1siuauduves
= LY o/ L3 = a v 5 t:ill Y & 1 v A % 2/ a1 1
AAUSanI 191 (3UT 4.49) 1uddeluaseil wansliiuiinisldadudansivndiduyiely
n15USUUTINSNARATeg TN AT nduveundeluUIuIuAn LBwWINNISINTUYDS
lsAunadale waznisranedieanvedusiu maiuanutuduvedusaululolnuiaaiin
v <) & o LY a £ k4 & Y
azaelae1vaslulsslevddmsunisifinalagldainuson wenaniniseaiedioenves
LUsRugagiia wonatntinseateivedlUsiununtudmalinguaus iudy wunguill
T ISP ! a o (3 L= o dl‘ ! ! 14
yaul1 Feorvavddrutislunisiiniiuselaiaud vienuszdus sevinduanadwalingg

AnlAT9UI8raean 8l Tunensedudin nsldedudansignidiinavinlansaudan 1aile

'
=

dufaueag3ifidludonnaslsdidudu 1 uag 2% sevas (3UA 4.49) Faushinagiviunames
Tusfufinnfnu (U 4.45) deiu nsgumunaiamavesiineldangiiinislindusan
Sremisuldldtuegfuuiinauredusiufiazansldlundeifissogiaier manaioiaves
WsAufinniulundansliedusansrsniflusegsiifladeunaslsmdudu 1 uas 2% e
JFleutushegafilladieunaslsmdudu 0.5% o1edwarensildsuwladasiadrsvesluledy
wazdwavlinislaseieveueadilidosndt n15@nw1es Zhange wazamz (Zhang et al.,
2017) 1891w Wsiulalelwusaansandoliiimududurednunadounaslss 0.6

luaasgnyanendsnlasuaiiudaniigniuiianudy 173 uag 193I0ARan1519aumillns
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W 15 w9 Failnavibaianisgedelasaasnagania (microstructure) WagANa11N 5o by
N38uU7 (water-holding capacity) ¥e9as1ad fauu Jaeradululainisfnaaresan
Wrunsliraudaniteuiminduiusiuuiunaesusaunadalameinie wazlaseasneves

TUsRAU

>
E

)
P
=
S
n
e
=
()
2
>
<
[
-3
5
=
.
[
2
=

o
i
=

Breaking force (g)
@
Breaking distance (mm)

wi A el

6
100+

)

wn
=

Ei LB \ p ol 4 LB | S
0 0 10.01 1328 1645 0 10,01 1328 1645

> T saalter ’ 2
Ultrasonic intensity (W/em®) Ultrasonic intensity (W/em®)

SUT 4.49 navesmislindusansmirenmautivadeduiaveangiionUammeunsd
amnududuvesndeisiu lnsfinnuuansvesiadnysssyfannuunnsnsegrefidodify
nsedifserinanguinegaiisysuanuidiesiu 95%
4.8.6 HAN13IATILAE
AmnuInvesEiienafianuduiusiunsineivedusiuiiefndulasaisves
198 (Cando et al., 2015; Tadpitchayangkoon et al., 2012) G“haﬂﬂﬂLﬁlaﬁg%ﬁﬁﬁImaﬂmadiﬁ
Wty 0.5% uarlildliadusanirmnad nuinddnvazanuuniuazauaimfuandusy
fi 4.50A uag B mwdudureandegainavililusiuazatsesnanldann Jahlugnisiin
Tassevasaaludvuiigauarasiutadlding dnasviliteatiniueniinnndy msAnwves
Cando WwagAniy (Cando et al,, 2015) 841U AANLATveLaaysinnloUaeatad

Y v

woaneAinderdutu 0.3% Jadinineafidindeitudu 3% Annuvnwazauainwes
wagiifdindadudy 0.5% Wutustwaidedofiunruduresndudanseniifeudy
fhegnemunu (JUT 4.50A way B) Tsenauadladn edudaniremididudierlimaniein
voslusfufinnuduturennde 0.5% astusufehlfialassiisvonaaiiinndy dosn

MIANTUTeIUTINULUTHY (5UN 4.45) waznisaanedieanveslusiy (U 4.48) egnslsinny
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nsldraudansrentanudngaiinalunisanAianuivesagsindlafouaaalsaudy 1
wag 2% (3UN 4.50A) awnannisaangdiinuiniuluredusiugeainlignsin1ssiusa
furadlusfiusiniinisaanes Sedwalilassngvesealieuneusaziaund Javiliaay

30TANANUEDIAINNFN

—

>

-
—
=
-

657 EFos% [ [ 1% 851 ——0.5% —0—1% ——2%
k b b }
b by b §
~601 - ri e 2 u i 1.d 84 4
‘& ¥ | ++ _}“T_I_ T—T Hs =
"? + '~ A
~ 554 > 831 —— ab,
g ' € Jr——0 e A
g z > : -
g 504 -Et 824 ]/ d d[
> 454 81
40 v S0 v v v v
0 10.01 1328 1645 0 10.01 13.28 16.45

Ultrasonic intensity (W/em’) Ultrasonic intensity (W/cm?)
JUN 4.50 naveen1sldadudaniigniunen1Amet (A) uagA1ANadIN (B) 1049a9389N
Uamsguasiianududurenaonieiii lagiinnuuane19909 18Ny seUanuLaneng
pgityd Ay nsatAseninanguiiagseAuAUeY 95%
4.8.7 nsaangluanavadlusauainaulesl (Proteolysis)
Usunsveslodlniudlnanavarelu TCA (TCA-soluble oligopeptides) agvipulsiidfiu
fansaaiteveslusAui i unaniainnisvitaruvesieulesl (endogenous proteinase)
(Tadpitchayangkoon et al., 2012) a1An15An®1 WU Usinawesledlnilulnaiaaielu TCA
YauatIiaAsy Y wilaLiuAUITNYIRA UTanI 1w IUR AN U UT 4.51 Nan15An
A o aa a Yy A o v ¢ ¢ . .
FIuI1 nsaaeiiveiagsiianainannsliaiudansngd tetled Serine proteinases
o ¢ | oA ] | a & . .
WueuladiinuinddusinlunisgesaarslusiuveaiiaUamsiewns (Kinoshita et al.,, 1990)
HANsENUAinaNNseuIunsAimduidilunisnseiuniseanedivedusiu daildns
WNTUYBY catalytic sites vasoulad wonaind denuiteuledarunsaUdsuniadlasasig
Weduasuliiinnisisedisenlanie n15338v09 Uluko wagme (Uluko et al., 2013)

5189731 NN5EEaR5 19131 (800 TR, 1 — 8 W) AnavinlrseAun1sEa8velUTH UUNLNLUY

Feonatllesnanmsiinuseansawaeseuluiniudu (trypsin) uagezaad (Alcalase) 1ng
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Y =

Jenaunannisuendivediusiukaznisitdsundadiassasieseuluiignnszduiieniu

gan31917U wenanil Nsliraudansignaid (20 kHz, ueundga 20 - 40%) Awavinliiumi

wanlalnaydu (B-lactoglobulin) gneaesateulwliuudu (pepsin) waz n3UTu (trypsin) la

o '

$193u (Ma et al, 2018) Wuilurdunnisunaveslealnudlndfiazarsly TCA faau
Avtestios uenaniinisldrausaniwndlldmadidnaudensdsuudatmudusesly
Toduangmin wanslugud 4.52) n15@nw1ves Saleem uag Ahmad (Saleem & Ahmad,
2016) Meauilusiuuenlslulefuvesidolidsadligninanevdaaniiunisliadusansi
F1UT 120 07 wiu 30 Wit udsldnumsiuasunlamwedusivlalelusaansaildsuadu
Sand91ifi 240 Ta6 w15 WA (Wang et al, 2017) nuan AN uiinan sl

nsidndudanirvniiulinatesunndeniseesaanslusiuveaaagsil

o0
J

EJos% ]ine [ 2%

d 3

T wty X diok

N
Y

o n

-

-

-
'

o
)
v

TCA-soluble oligopeptide
(pumol tyrosine/g sample)
>
O

=
o

0 1001 1328 16.45
Ultrasonic intensity (W/em?)

JUN 4.51 wamsldndudanitendaetsinavededlnuulnanasaieluy TCA vau9ag3ian

UamM eI AuNturaundoneiu Lnefininuuan1909d18nysseuTamuLAneng
1 a o o U aa ! ! U 1 dl L d‘ Q:l

pgiltd Ay nsatifsenianguinegansERuAILaiu 95%

4.8.8 wan1silasunlaslassadieanduiass (secondary structure) wa9lushu

naUAsULUAlATIETNAIAUN 2 T1ATIZRAIN amide | region (1600 — 1700 cm™)
WUl Wwarsindenudutuvedaivunaslsnaidusuinveieaindang (Q-helix) lusedu

A1 wAUSUIYRAUATN (B-sheet), Ludnifisu (B-tum) uay random coils gslaglirilady
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nsldndudaniteny dwanddugui 4.53 Faludenldduduinuinnaveaniogeiuinai

¥
=

Tlusiunaemluseduiigedu Uiinuuidvvessagiinndevatosaratiwoaneniil
inderdudu 3% gendndhedreifiindeidudu 0.39% (Cando et al,, 2015, 2016) Msldndusan
$rgmidfinaviliuiinaueaindandluaagidanasniuglufunisifiud uwesuddng w
$ufisu uay random coil Wisuifisuiunguaiuay (U 4.53) wanisAnwiduandiisiuin
ndusaniromildiutaglunmsaansdivedusiu fedraeayiifiludounaslsdidudu 05
uay 29% wuindUsinavesueathBandanassanal 13 uag 19% mudidu Selidiui adu
SanrunifnavililsAuranednniuluanngifanududurenndegs nsfinwives
Jiang uagAmy (Jiang et al,, 2014) 91891u dnsanasestiinaueainBanduaznaifiaiy
yosuidnveslusaunndismdsandiitunislindusaniionay (150 - 450 Fad, utu 12
uay 24 117 wonand UTuames random coil vasegsiiluAeunaolsdidudu 0.5% 3

o
¥ ¥ v

ﬂWL‘WiJ"U‘LJ 18% waamﬂimauaamwnu Iummummamwui%mamaﬂwLsumumuu

Y

s

UFuuv849 random coil LiUTY 21 - 25% n1swd suilaslaseainavesieaindinduay
random coil fignnszAumeAiuganswlanu1INnIsAatedvestUsiuniuiniuly

Y =2 =g Y & Yy A o v ¢ % Y a
Ay MsAnwduanddiiuiinislndudansisnntaiunsansedunisaatgdivesiusiuly

Tolnusaansle

«— MHC

«Actin

w
—

21.5 .-

P

DY I3 L=

sUfl 4.52 5ULARs SDS-PAGE vesaag3ianUamsieunsiilésunausaniront lned A B,

C, D Aaf1ag 199 dleRsunaalsmiudy 0.5% 7195 UAA USRS 191IUA ALY 0, 10.01,

13.28, 16.45 TAARDAIS1LIURUANT ANNAGU E, F, G, H Apfiag19nidleifsunaslsaidudy
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19% NASUPAUDANS 1L 1IUTIAMULTL 0, 10.01, 13.28, 16.45 TRARANSIGTURMAST HIUEIRY
|, J, K, L Aadegandlaiieunaalsmiuty 2% Nasunaudansngniunanuy 0, 10.01,

13.28, 16.45 T9AADAITIUTURLAT AUAIAU

(A) C
100 )

Secondary structure (%)
4 *

12

,,,,,

] 1001

,,,,,,,

13.28

.........

Secondary structure (%)

o
x
3
2 e
-5 c—
ey
i

10.01

1328 1645

Ultrasonic intensity (W fem®)

) Random o
p-Turn
f-Sheet

L Jelelix

Ultrasonic intensity (W fem®)

| Randam coll
[p-Tum
P-Shee

o Ja-Helx

20 — 4

0 10.01 13.28 1645
Ultrasonic intensity (W lem®)

Secondary structure (%)
.

JUN 4.53 wanisldadiudansngnitdelasiasndiiun 2 vedusiuainaaiivamseunsi

ANuNTuvealTRauAanlsa 0.5 (A), 1 (B) wag 2% (C)
4.8.9 M3AT1ENLATIE519M1998N1AYB LAY

o 1 aada a s v v MYy A o o ¢ o o
G]']@EJ'NL"ﬂaegilmlli‘?jl,@ﬂuﬂa@'liﬂLmiﬂ]u 0.5% LLaglﬁJ'l@ﬁUﬂau@ami'Wﬂ'lu lliﬂiﬂai'm

[ |

MaanIAvieUkagnInedsiinUnAduandlugUN 4.54 1ASeU18U0 1A ANUNUILIY

° A oa I = ¢ & =
LLaﬂﬂ'J']llall']Lﬁll@GUENEWEUlI']ﬂLQJ@L‘WiJﬂ'J'uJL?JN?JUGU@QI%LWUNﬂa@Vb@L‘UU 1 1ae 2% 33UNIN1T

a

Y A a = a I3 o | Ao a ¢ v v Yo
W‘UIV"I?Q'&TN'V]@%L@EJ@GUULLaglliWiuwLaﬂa\ﬂum?aEJ']@V]@JI"UL@EJNﬂa@bLiﬂLEUiIGUu 0.5% LLaglﬂiU

Y 9

[

n1sbindudaniignid duansdugui 4.54 n1swWdsundasiiiaduiliiniuaennd oy
AuANLYBLloduNE (FUN 4.49) uavdvaaaatsd (Nl 4.50) MR ¥AEAING11813
Wasnannnisiadieenvesdiunliveuindiinavilviinu s aseninluanailiveunn

wazyiliiAnnsadalassnevedaa agelsiniu nisldadudandrenidudnalunisnszdu

nsinlATIieveRRandaNLLANAeiuLIn Ingnuinfified19resaagsiniled suaaalsd
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Wudu 1 uag 2% 1y Jvuievesgniuilvg Jeaenndeiunavesinvazilodulanaeynin

AIUUNSITAAUD ANS1T1IUIILNAABNITNALATIVIYVDUIATLL BILIINAITARIYAIDDNVD

TUshu

0.5% NaCl 1% NaCl 2% NaCl

Control

HIU at
16.45 W/em?

a3 7%
S,
100 - f-:,f'V

UM 4.54 naveansldnaudanitgniuinanudy 16.45 Indsen1T 1 wuRlLns Wl 30 uni
MolATIA3T194N199a01AY8 Y5 TUANII8UALT AULTNTuesleLAsunaelsAm 19Ty

(A1&99818 200 Wi wae scale bar = 100 lulAswng)

4.8.10 #3UNaNI5IIY

= Y v

nslindudansrwndaiunsausulinaaudfveaansaniiindeituty 0.5% oy

WinUSunveslUsiunanale sufanseatefieanvadllsiu n1sAanefiioanvaalusAunuin

=~ L2

Wulvludegaiiindetutu 1 uag 2% dnavihlvinuanuaevetlanesas yenaini nsld

AAusanswLdhgnsEAuNsamemkarnsasuLlasUsedusiulmiuunguly

o
o 1

Y | da A v oy a 1 a aay Yo v
m?@ﬂqﬂwuLﬂa@LﬁﬂﬂﬂJuqfl ENVL‘Uﬂ'Jquu ﬂ']ﬁﬂ@ﬂaa']EJGUE]\‘]ITJ5(5]‘14!LQa“giﬂl@sUNaﬂig‘VlUﬂ']ﬂﬂ']iI‘U

[V v '
L v a & a2 =

AAUFanIIgIUAILIN NM5ITeRT I TuITBBULI N SEYInsTdmalulagadudan el
anunsaUsuugneaysindanududuveaniomls sgndlstionu nsldrdudansrvnaiiuiasy

SANTAMUTUTUYDWNED 1 hay 2% Hudinshildnanasaraauinin
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4.9 nansaweanasunwazlalasiaumwmasaanlynnanisiiaaanasdiuninsalnUvasnisay

vaeyianUanuniau

4.9.1 AnaNUAY29IA

nsiulelasiaumeseanlasil 0.15% LiuA1wseiildlunisiany (breaking force)
vasUarUnamd eliaudeulnense (direct heating) InedAniiud udszanas 180% e
USudgsnszegmaiidunaneunys (breaking distance) Lilsaidnifos (~30%) WeiTeuiiiey
fusegnemunuuetiaa (U7 4.55A wag 4.558) Tumanssfudunisiiunsaueanosindma
ffon uenaniuadiuiuseninmafunsaueanasindl 0.15% uavlalasauweseanlai
0.1% anusauiuussisrussililunsinizuazssermafifunanounyquoasagiianta
Unnadlldninnisidulelasiaumneseenladifiosesauion lnodamaliifiauszana 300% uaz
550 auddu Tumansatudy niaiflelasaumesoanlefinausuyaiodutavonaayss
MMV WMTIBUA uinnfunsanoanastnd 0.2% iuaunmdeduiavesameuns (Ui

4.55C k@ D) NasIuALYeINISAuNSALeaAasUNT0.2% wazlalasiaunasaanlani 0.15%

a 1 Ql'

dealiusuusaqunmaagsuanlamneuwndlaaian laevilviausaldlunsmisuas

1

D%
vddb‘Lyd 1

JeeeANNAnouNZa iuTy 150% Wag 90% miua1iu 1uadelybiiuimasiuiuves

nsiaunsaueanesinuaglalasiauineseanlenyisysuussnmunInnsiinaavesiiainua

[
= [y a

UnnpuuazlaInsewns wianneiuanzausuerdutusiiavesUa agslsfinu Benjakul,
Thongkaew, Wag Visessanguan (2005) 51897431A15LANNTALDEADST UN LUAINS 1T UTU
0.05-0.2% FrevfiuauniuswosaaainUainaunasUameunsiisadntos wenaini
mainlalasiaumesoanledluiisninududu 0.01-0.04% WuingieUFuUIAILTT VDS
quaLLasmmmmﬁlmﬁéjmﬁéw (water holding capacity) ¥8433431AUa 14383 UNINeLa
(milkfish surimi) (Chen, Chow, & Ochiai, 1999) lalasiautneseanles tJuanseandlad
(oxidizing agent) A @unsawnil auhldiAniusyladalnad ululaleduls luvmsiinge
woamesin (Wuans3Aad (reducing agent) %ﬂﬂ'aLa'%ﬂﬁl,ﬁmamlwiaﬂﬁﬁ%m (reactivity) U949
mﬂmaaa (SH groups) (Benjakul et al., 2005; Banlue et al., 2010) 51841471 NSRRI

1

2 ¥iad duasulaianuseladalnadioldueniudnaie
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o
J
(9]
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o
o
J
=

T T T s .

0 01 015 0 01 015 02
AsA (%) AsA (%)

S 20 1 g i S 300 4 ? i
S150{ ¢ b W ¢ § eoff |
= cd £ 2004  pe dd
2104 #| b b 2 caabc
< a X |
g 50 A a g 100
o m
0 - 0 4 . L
0.2

B 11 D: 414
= ‘ € 7
E : i £ é
< - ghi e %
! /
3 8 .
c cde % %
o ) S %
< ab ° %
= : o %
0 .
%
7

0.2 0.2

|H,0, (%) 00 @005 m0.1 045 |

JUT 4.55 Arusefi b lun151912 (breaking force) (A, O) wazA1szuzN9f ITunAnoUNg

U

(breaking distance) (8, D) ¥a33danuUa1u1nau (A, B) uazUaimsiguaa (C, D) MLANNTA
weams N (AsA) wazlalasiaumnasennlan (H,0,) AAUNTUANAY waaliAuSaun 90

aarwadyaal 30 Wil 2 wanwwaidu Anade + Andesuunnsgiu mdnwsiuaned1ai

SIS

1 dyd IS ! U 1 o w
UITENHAULANA1NUDENHUEEIARY (p < 0.05)
o ‘dl

nskiruseuiiadafafigamgd 40 esrwaldea 1ad 30 Wil lufinausuuss

¥
A v

Aummilodudaues gitvesadesiiegns wardmuiaummileduiavasaavesgiiveia
aeshegsfildnmstivasifinuds udlinusauwiadasdu evhninsafiinainns
Ie5umnueulasnsa (Ul 4.56) Nishimura wag Ohtsuru (1990) wuinileiiunsaueanasin
0.05-0.5% USRI ILTITe3aa93T91n Alaska pollock Tusnsliaudouiile
Fasauarmslinudeulagnsse (direct heating) USanas TCA-soluble oligopeptide Lty

a

719 1.8-3.3 umol tyrosine/n3u wasnlipusouwdiiedndinoungll 40 esrwalda (p <

9 U

0.05) wansbiuininnisnsaareluanaveslusfuvaneuludlusfiiea (proteolysis) s¥3ng

ALEaE danalvanuaiuisalunisiinLaas
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A 250 1 C 400 1

G 200 - 2 300 -

S 150 - g

o -

< = 200 -

2 100 A g

= = }

g 50 - g 100

o (a4]

0 - 0 - T
0 0.1 015 0.2 0 0.1 015 0.2
AsA (%) AsA (%)

W
w)

Distance (mm)
Distance (mm)

0 0.1 0.15 0.2
AsA (%)

|H,0,(%): 00 ®0.05 @01 80.15 |

3UN 4.56 Aus99 L9 lun15191 (breaking force) (A, C) LazANzEENNNLTUNANDUNL ]
(breaking distance) (8, D) ¥a13danUa1UInAL (A, B) uazUaimsiguas (C, D) MLANNTA

waaRastn (AsA) waglalasiauwmaseanles (H,0,) Annudududieiu wdilinnusouiaidn

%

AaNgumMil 40 BeANYALTEE 1381 30 AUAETaUAE 90 BmlwalTea 1381 30 W7 °

9 Y

[ 1 a I PN U PN 1 [ = 1 [ 1 =
haEngNaLlu ANLRRY + AILULILUUNINTZIU AIBNYINLANANNUUITOINATTULANAIINUD YN

v o

HedAgy (p < 0.05)

At luaagsing 2 ¥ia wdwandes Weivlalasaumeseanled (lWild

wanadaya) Nilonaiosnnuavesnisendvedlalasiaumeseanled nsidunsaueanasin

[ 1% (%
(Y a a o (Y

Lidanasiarinnuvivenaysineg 2 vila Unsenisiieduinialuiaag3d Weiuianse

waarasunuwazlalnsauneseanlonaziiuTU LANUTUTUTDI ANTLANBAIN 2 YUALALTY

(3UN 4.57) iWlesnniinuiseneendinduainnsaueaneiin Weidlalasiauneseanludey

Y

mensauaanasinaziinniseandnduilu DHA uaz xylosone Winn1svitufiseniunsnezdl
TurAacdusa ATROdUIA1a (brown pigments) (Corzo-Martinezet, Corzo, Villamiel, & del

Castillo, 2012) $1uAT8dLansliiiul dawsinsiiunsawearastnuazlalasiaumesoonlen

HIUNUANUUTINTIVD18LETINUaNT 2 via wiagylinunINAUAINY1IaAaY ATy
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a

nanSudig3ddaunsaldndmdundndusionnisnzials (surimi-based seafood products)

Wownlifein1sANwmIntn Wy nandusiemen (deep-fried products)

A
{
AsA (%) 0 0.1 0.15 0.2
H,0, (%) 0 0.05 0.1 0.15

Whiteness 55.53 46.40 38.48 16.74

B
AsA (%) 0 0.1 0.15 0.2
H,0, (%) 0 0.05 0.1 0.15

Whiteness 54.94 55.61 49.86 38.94

gﬂ‘ﬁ 4.57 navpansaLeanasin (AsA) wazlalasiauneseanlan (H,0,) ABANAIIUVIIVELLIA
gaianUarinau (A) wazdannsnewns (B) Mé’ﬂr;huﬂ'lﬂﬁmm%auﬁqmmﬁ 90 BIALTALTLH
1381 30 W9l

4.9.2 n151Y SDS-PAGE Awasizvinsiianussdnululaseadralusiu (protein cross-
linking)

Tuannefiin B-ME dulsimuuvuveslulofuaenin (MHO) V9LaagININUA
UnneufiAunsausaneinuazlslnsiaumeseanladuazlviaufou (Uil 4.58A) luvaiziiaa
g3091nUaMIBUATHULULTEY MHC Aoutnsanauazmeldiflelfiunsaueanesdni 0.2%
waglelasiauwesoonluddudu 0.15% (GUA 4580 uonainid waoe 197 LAy
lelasiaumnesoanlas 0.1-0.15% waznsnueanasOnii 0.15-0.2% Wuwuwwea high molecular
weight cross-links USLIeuAUULYBs 7.5% running gel (HMC-2) fiflanuduron (‘gﬂ‘ﬁ 4.58A)

T finukuned hish molecular weight proteins USkafuuLTes stacking gel (HMC-1)
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4977 WASNULUWTDY MHC 909at3dainUaia 2 vlladlelddnwimesnil 10% B-ME (3UN
4.58B) wansliiuinnuseladalumiieatesiun1ssaudiiu (polymerization) 484 MHC @

Wwide1anmsiiunsakeanastnwas lalasunweseanles n1swWasulkuaswes MHC 999194

Y A

Algannsiianuioun 90 ssrga@eaiu wansguwuuimiisuiululaivs 2 viia (Wlawans

¥ Y

% au A Y 3 1w v A a X a N ° 5 a
%@Ha) Naﬂ']ﬁ')ﬂEJU%IWLWU'J’]WUﬁ%SUWN&Lu MHC ALY LAAAINNTILRULIUNYDINTALDAADIUN

$ o <

wazlalasaumesoonlys WlavuiuNIIGR6Y

myafalagldsriesfidiiios SDS wuwuuwaa hish molecular weight cross-links-1
(HMC-1) Uy stacking gel LLazﬁmmLG&T@JLW;J%‘IJM@%@%WU@W%@ 2 wiin nsmzdladiunse
weanestnd 0.2% wazlalasaunesoantaddi 0.15% luvaeiinsiunsaweanasdnnie
lelasiaumeseanlamifissotafsdmaliinuituanas HMC-2 dufliraluanasindy
HMC-1 3 9921a8 oufii1u 4% acrylamide gel wiai@in 10% B-ME Tutviesfildadn wuin
AUt UL HMC-2 anaslunndiegns lnslamylamssussiiiunsauoanesonil 0.2%
uazlelasiaumesoonledi 0.15% (§UT 4.588) nansideuansdiiiiuin MHC hanssiush
fudulndwesifawalva@u Taewuin HMC1 uaz HMC-2 Suindsuiildegasiiauy 4
L% 7.5% acrylamide gel MsiAnnssmdaful FuiugruinAnaniuseladalid deldann
mMasiAsevesnsaueanesdnuaslelnsaumesoanles Tnsamelugiinnuamsouad
Aunsaweaneddnil 0.2% wavlelasioumeseonlesii 0.15% 1nAMuduTeIwUY HMC-1
waE HMC-2 tu anunsadedldinmssausatuiiiiady annsuienhdledunsaueanaion
uazlalasiaumeseenladiislulamneununnninainay Jadumverafiesuiginisa
ﬂimLLaaﬂai‘ﬁmLaslaIm5Lﬁ1uLwai‘aaﬂleziﬁﬁgummsaﬂ%’w;mmmwwamawﬁﬁmﬂﬂmmw

uedldfininanunan (U7 4.55 ua 4.56)
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Without f-ME 10% f-ME
Lizardfish Threadfin bream Lizardfish Threadfin bream
AsA (%) AsA (%) AsA (%) AsA (%)
| | | v.p | | I wn | | | ') ! | | w
-y - N - - - - Ny~ - - Ny -
@ loleelgses |oladlged () loldeldse |olesless
kDa T ottt el ot ;:" o i ::::(1 kDa AR :i: ::” R [MC-1
I X 8 ib B bd A M )
voprnnnn RARARARY M ol el IREARRRN 1
205 w BN A B : n:, ,'.', MHC b 4 [tied (o R L ;
( hidl 205 w= ‘ ) ) ﬁ g MHC
.« - EIRARALY FARARAN ok ERERRRR
: "“." | | | | | 116 = 1 | ) | 1 (|
)7 - oo BBl | I [ | 0] - | I | | | |
! J 1 I I | I | | I I | |
66 = EEESE ¢ P 6 = S
] | | | | | | | | | | )
45 - ! !! -I,,. .‘.'p--:m T 45 - -|P-'F ql--- —'n--q'——-l--- AC
= o - EL.HENe . i ey apin ot e
M Clvuw! o lv=w Chvwl © v = M Clvnw o lu=w Clowvwl ol =wn
1S = IS s = = | Cae = 1= IS g = 19 = 1S g =
=XK1 - :: S :: S R =) 12 S =) c

H,0, (%) H,0, (%) H,0, (%) H,0, (%)

gﬂﬁ 4.58 sUuUUaslUTAUUY 7.5% polyacrylamide gel vaalaatiianuaiinauuazyan
nTeund Wiunstianudeulaense (direct heating) wagainlagidu (A) waglidu (B) 10%
B-mercaptoethanol (B-ME) M = Standard makers; C=Control; HMC-1=high molecular
weight cross-link-1; HMC-2= high molecular weight cross-link-2; HMC=myosin heavy
chain; AC=actin
4.9.3 U‘%mmwg%’aﬂlaﬂ%aﬁy’wm (TSH group content)

flanmngnmslimnufouia 2 wuu Usinamydadlansarimunveaaagiianuan
Unauanasdiodulalasaumedoanlenlutiuadiiutu (o < 0.05) wildnunsideunas
dodunsaueanestninty (gﬂﬁ 4.59A) Balange uag Benjakul (2009) $9891U31N1580A4
vosSinumydadilaniaionun UsidamaiAaiusyladaludiiunaineandinduvoamyin
998 (SH group) lalasiaumeseenledifuaiseentladiuse ilivylnesaiinniseandindu
nsanasveIuININ mg'%’aﬂiam%aﬁwmsummasﬁﬁmmmmswum dleifunsaueanoson
Aaduminninaidlelanaumesesanlesd (E‘Uﬁ 4.59B) Nishimura tkaiz Ohtsuru (1990)
wuiinsaueanesdnduasulifiAniuszladalud nmsifunsaueanasdnil 0.2% 3wy
lelasiaumnasonlasi 0.15% dwaliivimamydailensarmeluaagiuanuaiia 2

= | e a o o cal ! a i av v
YU Mﬂ’]qucﬂ UQ%ﬂﬂﬂqiLﬂﬂWUﬁglﬂ%a‘LW@‘mqqﬂ')q ﬂqiLUaEJULLTJaQGUENViH‘lVl@@aGUQQLﬂaw'lﬂ

31N AIINTou aLdndanansand duwildumiioudu (JUA 4.59C uaz 4.59D) N3
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WaguwUasUTinaemyineeatiu aepadesiunnautfiieduia (textural properties) (U7
4.55 way 4.56) Indun1studulinnisiiunsaweaanasinuazlalasiaumassanladvinliiie

wuseladaludluivagy

E 6 1 A g 6 - C
g 3
2 g
= o
2 g
= =
= ©
]
£ E

-
P %)
& =

0 0.1 0.15 0.2
AsA (%)
D
—_ — 6 1 h .
g _% 'gg h hi
° g
e 5 4
= g
3 3
E E 27 )
2 o = b
n »
F a z B 0 +
0 0.1 0.15 0.2 0 0.1 0.15 0.2
AsA (%) AsA (%)

|H,0,(%): 00 m0.05 ©0.1 @015 |

35U 4.59 Ysunaumydaillaniarienua (TSH) vesy3iannuariinay (A, O) uazUamsguns

(B, D) Wiatiunsauaanasin (AsA) wazlalasiaumaseanten (H,0,) NAUIUTUA1TY WA?

v A

TirnuSoufioamall 90 esriaai@ea van 30 Wil (A, B) waglirufousfieidndigamgd

]

40 sealded 1381 30 w17 (C, D) *wanwnailu Aade + AndosuuunsgIu ddnwsi

1 Y

1 L d’/d a ! L 1 = o L
BANFANAUUIYVOIUAITULLANANAUBY NN UYAIALY (p < 0.05)

4.9.3 nswasuudadlaseai1anegil (secondary structure) vaslusiy

n1swWdsundadiassasrmisgdvedusduaiunsaussunalaainiuy amide |

'
(% s v 4

(1600-1700 cm™) 910 FT-R @ Unms1 LazgInunuun @A g sdunusnun1sd unuuia
(stretching) vaeuse C=0 wag C-N n15duLUUID (bending) UoaWusy C-C-N wag N-H (in-
plane) vawsulng (Herrero, 2008) lnan3luuuu amide | itayaveslassasimaenin

Y

\unaY el o-helix (1650-1660 cm™), B-sheet (1665-1680 cm™ wag 1614-1637 cm™), B-
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turn (1680-1690 cm™) wa g random coil (1640-1642 cm™) (Cando, Herranz, Borderias, &
Moreno, 2016; Liu et al. 2019) ﬂqiLmll'laiﬂiLf\]‘NLWE]i@@ﬂl‘ﬁﬂ'ﬂ 0.15% aﬂ'ﬂilﬂm Ol-helix

wagifinU3ua B-sheet 1999389891 Ua1UINALLaEUaIMIIBUAS findnannaniienshi

arwdoushs 2 wuu Tusaisfimaifunsaueanestndudswation (p < 0.05, 3U7 4.60) N3l

[

U3uau B-sheet Tuiaae3d wandiiuinAaiuselalasiauluaaysd (Kobayashi et al.,

Y

2017) Fsanansaldesunefenisiiunsaueanesiniidmaissdniosnoilodudaveaaa n1s

WUNSAWRAADSUNT 0.2% Juiulalasiauinaseanlani 0.15% dsuarinlilasaasne a-helix

(%
a o

anaseg1edaiau Tudegraaagidne 2 ada (p < 0.05) Ysunas B-turn iiinduidntdos 1o

Y

AMUNTUYDIESRLLAIY 2 BTafinTu uenandnsdsunlasuiuna a-helix wag B-
sheet @334 fanvanria 2 wila wdeunslianusou & fiAgendnnan (paste) noulviaiy

You vstdsnslirudoudsmaiensidsuntastaseainamiogd

:

>
o

80 |
60
40 A
20

Secondary structure (%)
>
o o
Secondary structure (%)
N P (2] [o ] §
o o o o o

S G5 O3 CEEMO. o3 Of5e o cEIR KO,
o o o o o o o o o o o o &%
0 0.1 0.15 0.2 0 0.1 0.15 0.2

AsA (%) AsA (%)

B D

3 100 1 g 100

g 80 -4 ,% 80

- o

2 60 2 60

g g

£ 40 i 2 40

% 3

g 201 g 20

s o

7 5

0
°8ze °8zn °83f REgR Hzoz (%) SE32 (S8 S87T 2822 H0,(%)
== = S°cs oo o o =g =
0 0.1 0.15 0.2 0 0.1 0.15 0.2
AsA (%) AsA (%)

O g-helix ©f-sheet ®f-turn O a-helix ©f-sheet ®p-turn

SUN 4.60 N15tUAsuwUalASIas19MANTTIUSEU1N FT-IR d@nms1veeysianndan

v 9 Y Y

Uneu (A, O) wazamseund (B, D) ilelvianuseuigamail 90 asriwaided 1a1 30 U1

(A, B) waglimufouiiiodndfioamall 40 smwalded 13an 30 W1l mumefigumgd 90

3 3 U
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aemwaLded 1181 30 Wil (C, D) * uanswatdu Aade + ANdeuuuNInggIU A28nYs

1 C)

1 U é’ﬂ a 1 L2 1 = L2
LANHINAUUIYOINAMULANAWNAUBY WU UL ALY (p < 0.05)

4.9.4 laseainaniendl (tertiary structures) vaslusiy

suannTIf 2800-3000 cmt duiusfunisduwuuBn (stretching) voswuse C-
H leun msduwuulilausnns (asymmetric) 84 CH, LA NSEULUUALLNT (symmetric) U84
CH, Toglulassadrsvesansusznevlalnsnisuouaienss (aliphatic residues) dslidaya
L?]IEJ’JﬁIUﬂ’IiLﬁ@LLNﬁJ@J@izMﬂNI@JLﬁQﬁﬁiﬁ%@Uﬁf’] (hydrophobic interactions) ¥84 aliphatic
residues (Li-Chan et al.,1994) nmsiaulalasiaumnesoonlesii 0.15% uaz/Wse nsnLodnestn
7 0.2% daaluunveiusy C-H 7 2936 cm ialuwman (paste) #d<lirunufouuasiaa
y3ivemniiegila1anad (p < 0.05, AN31971 4.36 uaz 4.35) Vst lvifiuinia hydrophobic
interactions L Weiiunsaueanedtnuarlolnswunedeanles uenaniuuuvesnisdu
wUUB nvesWusy CHuansdl 2874 war 2980 cm lutans sdesyidnanas il oLiu
lelasiaumeseanlud uaz/vio niausanesdn welSouiisuiudetisaunu (p < 0.05)
nsanasesuuuavnaulndiu 2878, 2936 uaz 2980 cm fidn1znnsliaaudeuia 2
WU Ued89n134An hydrophobic interactions wufiu eiiulalasiaunesoonladuaznsn
waaAa3tn

LULYBITIUA 1450 cm! UsdBamsdunuuse (bending) voewusy C-H iy
lelasiaumeseanladil 0.15% waz/vie nInuearastni 0.2% dwaliuuuvessuiui 1450
cm™ anas ﬁgﬁmwawLLazLﬁ]azﬁ%ﬁmmUaﬂﬁgﬂ 2 %dla (p < 0.05, M3197 4.34 uaz 4.35) @130
Fuwguldmaiuansiduussdy duadulilassadslsfudad Kobayashi uagams
(2017) S1uinsaniuveULT 1450 cmt ﬂﬁ?ﬁqmaﬁJméfmaﬂmqa%’Nmaagﬁmaq

TUSAU hALNITANAIVDIN WY WUUN LAYAA U 1450 cm ™ h@m 9D 911567 # hydrophobic
yarop

interactions v tW 19U WUD Y aliphatic residues A1ANAUDINITLAUNTALDAADT U NULAY

¥
a v Al

lalastauneseantes uiTeddlitiuin nsaweanasinuaslalasiaumeseanlun baiies

duasuliiniusyladalidwiniu Soildin hydrophobic interactions iinTusndae
wonand nisiiulelasiaumedeanland 0.15% uaz/mie nsaueanesond 0.2%

vlduuuwemisUlamiy (tryptophan, Trp) 7 757cm ™ waglvlsdu (tyrosine, Tyr) i 1208

1 aa AV vo Y I a ~ = a Y |
cm ﬂ@ﬂgfﬁllLWﬁV]LLagL‘UaVll@iUﬂ'lqﬁJi@uﬂaﬁﬂa']‘VN 2 YUA ANAINBDUTYULNYUNUNIDYNY

Y
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AIUAY (p < 0.05, M5197 4.30 Uay 4.35) FeUadlddn Tyr wag Phe Aignuats (buried) aglu

a v v

laseasalusiu gnidasiaeen (Li-Chan & Nakai, 1991) :1u3deigudulain n1sidunsa

a Y

wearasing 0.2% uazlalasiauneseanluni 0.15% dualullassaielusiuvveysiidnd
2on
99918 2UV09 850/830 cm ™ wwuU Tyr (Tyr doublet ratio) LU UAIUITAAD IAS

WWanuszlalasiauves phenolic hydroxyl group sdnaulaainaisilasuutaslassasnewes

e

=

Tyr (Herrero, 2008) dlesnsdiuiddaminnia 1.0 vsias Tyr Wadieen wagviut19idu
hydrogen bond acceptor Tumnsafududlesnsduiiddesnin 1.0 Yedds Tyr gnuUAYS
(buried) Tulassas1alusiu wazvimidu hydrogen bond donor (Kobayashi et al., 2017)
SnsaInveLUL Tyr vonsaannlartinauuazaimsiewas dadesnia 1.0 Usdan Tyr
residues gnuatiangliiannedilaizeuti (hydrophobic environment) iieifisnsnueanasin
warlalasiaumedaenled madulslasaumeseanledii 0.15% waznsaueanasinil 0.2%
dawalonsdiuveswuu Tyr iu%ﬁﬁl,wawmﬂﬂaﬁﬁ’q 2 %iln anas (p < 0.05, A5 4.34 uay

4.35) upnanll 198N LANAN1IEAITIRAIINTOUN 2 LWUU WAASAIERII@IUYBILUN Tyr ¢in

a

dﬁﬁ‘%ﬁmawé’almﬁumm%’au LANUIERSIELlU YA UL UALI DL ALNTALOEADSUN WAL/
750 lalasiaumeseonlen nauideduansliiiuin Tyr residues 1A 81989 UN5LAR
hydrophobic interactions kag Tyr 3191 191 LU W hydrogen bond donors 5¢ #1714
NsEUIUNISAALIA NIsAunsaLaarstnLazlalasiauneseanleaduiunisduasunisiin
hydrophobic interaction ¥@1 Tyr lulaae3il n15ifuves hydrophobic interactions 31AN13
PN ° s a s f W 9 .
willgaivesnsateanasinuazlalasiauineseanlangudulaainnisanadves integral area

93a15UsznoulglasAIsusUInLALUUANEATS (total aliphatic residues) Lazluuas (total

[
[y

aromatic residues) 04%3191AUa%19 2 uila (15799 4.34 wag 4.35, p < 0.05) $1uIeilds
Junissienuranswsn eadunisuiulgsqanimeayidanlananseu lasldnsg
woarasUnuazlalasiauinesoonlen dsdsmaliinanuszladalneuas hydrophobic

interactions LT
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M191991 4.34 Integral area (x107) YoesuaNAsIvesEEaNUaInAY TllAnadntunIakeanasin (AsA) uwavlalasiaumeseanlun (H,0,)

AU

0% AsA 0.1% AsA 0.15% AsA 0.2% AsA
@YARY (cm™)
0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0,
Paste 0.55%" | 0.44° | 0.30° | 0.18 | 053" | 0.43°% | 0.41°% | 052 | 0.43°° | 0.56" | 0.48%" | 0.46“° | 0.35® | 0.42° | 0.46 | 0.39"¢
2980 | DCgel |1.25% |0.83° | 086 |081° |098" |1.82°° | 0887 |0.71®° |0.89° |0.84° | 084" | 065 |081° |0.62° |063° |0.59°
Setgel |0.91° | 0.86“ | 0.86“ |0.88“ |0.90% |[1.83“ |081“° |0.62° |075 |0.78 |0.78° |058 |057° |074¢ |055 |0.58
Paste 3.00° | 2.85% | 296° | 271° | 2.72°9 | 245 | 2.72°¢ | 2.57°%¢ | 277 | 2744 | 2.60° | 2.54°7 | 2.61%°¢ | 247 | 2.48% | 2.32°
2936 | DCgel |3.45° |3.42% | 339 | 3330 | 3900 | 3340 | 339bcd | 397bcd |3 9gbcd | 3 3qbcd | 3 pghed | 3 34bcd | 3 pqbc | 339¢ | 3 9130 | 3092
Setgel |3.827 |354° | 3.41° | 3629 |319° |[325° |328° |317° |[322%" |3.16° |3.06° |307° |326™ |316° |318 |3.08
Paste 0.97 0.74 0.76 0.80 073 | 0.67 0.77 0.78 0.78 | 0.76 0.69 0.75 0.69 0.84 0.70 0.74
2874 | DCgel | 0.97%° |0.95® | 0.98%™ | 1.00° | 1.07*" | 0.85° | 0.89® |0.94% | 1.02°¢ | 1.06* | 1.10° | 0.89® | 0.98® | 1.04“ | 1.07° | 1.06™
Setgel | 1.13" | 1.00° | 1.00* |1.08* | 1.0 |1.17° | 1139 | 1.13 | 1.06 |[0.79° |096° | 1.02¢ | 1.06“ |1.03° | 1.04< |0.96°




AN3197 4.34 (1) Integral area (x1073) voasmnuanmswesdiandaniinay Atlarududunsaueaneitn (AsA) uarlelasiaumeseenlas

(H,0,) i1y
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0% AsA 0.1% AsA 0.15% AsA 0.2% AsA
@vARY (cm™)
0% 0.05% | 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ
Paste | 1.91" | 1.78% | 1.72%" | 1.65° | 1.55° | 1.48°°° | 1.8 | 1.40°™ | 1.41%° | 1.47%¢ | 134 | 1.34%° | 1.24° | 1.43°" | 1.35%® | 1.44°°
1450 DCgel [204 |205 |204 2.09 1.84 2.00 1.96 1.82 1.89 1.91 1.95 1.81 1.87 1.81 2.05 1.96
Set gel | 2.00 193 | 1.92 1.92 1.72 1.60 1.77 1.78 1.85 1.93 1.88 1.78 1.72 1.78 1.95 1.85
Paste | 7.29" | 6.50° | 63157 | 5.67™ | 6.13°% | 577%™ | 5.95%¢ | 589" | 5897 | 6.06°° | 5.60° | 5.66° | 5.49° | 563 | 557 | 551%®
Total
DCgel |868 |797° | 7.69°¢ | 7.98° |7.84 |7.727 | 7.78% | 7.51° | 7.72°% | 7.75%% | 7.95° |7.18 | 7.44° | 7.60°7 | 7.63°¢ | 7.30%
aliphatic
Set gel | 8.64° | 821% | 8.03“ |829% | 755" |7.63* |763c |7.45 |578* |534®° |731®° |684° |729% |7.47° |7.45 |7.10°

Total aliphatic AD WATINVDY bands area ?Jaﬂiﬁmuamﬂmﬂﬁ 2980, 2936, 2874, lLaz 1450 cm'l,C = control sample, wae DC = directly cooked

wansnanlu Anade + Andosuunnnsgiu Aveglulanfediuid

Y

IBNYIN

'
o/ =

LANMI9AL

U

FNILAIULANAINUBDE 19T

Y

35k

1Y

2 (p < 0.05)




AN3197 4.34 (1) Integral area (x1073) voasmnuanmswesdiandaniinay Atlarududunsaueaneitn (AsA) uarlelasiaumeseenlas

(H,0,) i1y

211

0% AsA 0.1% AsA 0.15% AsA 0.2% AsA

Lamﬂﬁu (Cm—l) 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
H,0, H,0, H,0, H,0, H,0O, H,0O, H,0, H,0, H,0O, H,0, H,0, H,0, H,0, H,0, H,0, H,0,
Paste | 021 | 0.17 0.19 0.07 0.13 0.17 0.25 0.19 0.18 0.17 0.10 0.13 0.21 0.14 0.20 0.16
1208 DCgel |0.18 | 0.08 0.15 0.06 0.13 0.16 0.15 0.10 0.14 0.17 0.17 0.18 0.16 0.11 0.10 0.12
Setgel | 022 |0.16 0.19 0.19 0.20 0.23 0.12 0.17 0.13 0.15 0.16 0.17 0.12 0.24 0.17 0.14

Paste | 0.22° | 0.14°% | 0.09% | 0.06™ | 0.08™ | 0.10° | 0.11% | 0.06™ | 0.04* | 0.06™ |0.11%° | 0.08°° | 0.06®° | 0.17% | 0.14°¢ | 0.11%*
757 DCgel | 019 |0.14 0.15 0.16 0.16 0.20 0.18 0.17 0.15 0.17 0.09 0.09 0.10 0.13 0.16 0.14
Setgel | 0.31° | 028 |023% |[015° |0.23% |024% |028 |0.18 |0.18" [0.16™ | 015 | 0.12° |0.14® |0.12° ]0.14® |0.12°

Paste | 0.98° | 0.63°“ | 0.94% | 0.41% [0.33% | 0.48°° | 0.53° | 0.42°™ | 0.56*™ | 0.27° | 0.43%™ | 0.66“ | 0.53° | 0.54° | 0.30°° | 0.54%F

850/830 | DCgel | 0.74° | 0.32° |0.30° |[0.37° |074 |080° |035 |039° |061™ |[043° |064° |080° |044® |066“ |043° |043°
Setgel | 0.54 | 0.53 0.67 0.63 0.55 0.48 0.37 0.47 0.37 0.41 0.46 0.45 0.59 0.29 0.63 0.47
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Set gel | 2.81 2.63 2.45 267 2.60 2.80 2.67 2.49 251 2.06 2.10 2.06 2.28 2.37 2.40

Paste 2.36 1.91 1.86 1.82 2.20 2.00 2.19 1.81 1.67 2.03 2.20 1.76 1.83 1.81 2.09 1.86
Total d b b b bed d bcd bcd b b bcd b
DC gel | 2.50° 2.22° 2.18° 2.12° 2.34%¢ | 2.87¢ 2.41% 2.88° 2.63% 2.46™ 2.46"° 2.14° 2367 | 2.23%¢ 2.42° 2.20°
aromatic
2.22

Total aromatic fi8 HA5IUY bands area V8ITWIUAUNAST 1280, 757, 2874, 8»351@7UV03 850 Way 830 cm‘l,C = control sample, wag DC =

directly cooked

'
v v a ]

a = ] a o oA a v aa ! o 1 dee o W | A o
LEAINALUU ALREs + ATLUYAUUNINTZTU ﬂ’W]agsLULLﬂ’JLWE’J']ﬂu‘WlIG]’J@ﬂU'ﬁV]LLWﬂWq\Tﬂu‘UQGUQQNF’YJ’]NLLG]ﬂG]'Nﬂu@EJ'N@Ju‘Uﬂq Y (p < 0.05)
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A15199 4.35 Integral area (x1072) wessmnuanasiwossianUamsisunsiinnudutunsaueanesin (AsA) uavlslasiaumeseonlas (H,0,)

f190U
0% AsA 0.1% AsA 0.15% AsA 0.2% AsA
Lﬁ‘ljﬂgu (cm_l) 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0,
Paste 0.55¢ | 045 | 043" | 0419 | 037% | 036 | 036 | 020" | 0.34" | 0.37% | 0.39% | 0.33"¢ | 0.28° | 0.3 | 0.35°° | 0.26™
2980 DCgel |[1.76% |0.71% |o061° |061™ |076% |172° |084° |[076% |064° |060° |056®° |052° |055° |049° |052° |0.51°
Setgel | 1.77° | 0.66“ | 0.63° | 0.57* | 0.74% | 1.73% | 0.72°® | 0.68“¢ | 0.62°“ | 0.63° | 0.66“* | 0.58 | 0.58*° | 0.57* | 0.56® | 0.49°
Paste 2.56°9 | 2.32°¢ | 222% | 218" | 2.55% | 2.48°° | 2.47°° | 236" | 2,62 | 2.63% | 2.55°9 | 2.47°9 | 2.65° | 2.37°¢ | 2.30° | 2.28°
2936 DCgel |3.03° |296™ |274® |261° |304° |291° |306° |[3.04° |[305 |303 [305 |308 |274®° [309° |304° |300™
Setgel |3.23% | 293 |299% | 292° |308™ |[302° | 305 |307™ |3.06% |3.00° |3.01° |3.04> |305 |287° |3.03° |3.05°
Paste 0.65 | 0.60™ | 056™ |053 062 |068° |072° |067¢ [064° |0.63 |061° |0657 |063° |083 |063 |0.65“
2874 DCgel | 0.95 0.89 0.83 0.84 0.83 0.74 0.89 0.70 0.83 0.83 | 0.86 0.76 0.83 0.79 0.84 0.85
Setgel | 1.06° |084® |085° |078 |085® |084® |[087™ [0.89" |083™ |093° |080™ |078 |[081® |081® |088" |087®
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AN3197 4.35 (10) Integral area (x1073) vossmnuanasveseiiandamsounsidenandudunsaueanasin (AsA) uazlalasiaumesoonls

(H,0,) i1y

0% AsA 0.1% AsA 0.15% AsA 0.2% AsA
wweAdy (cm™)
0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ HZOZ
Paste | 1.66 1.63 1.63 1.64 1.64 1.79 1.85 1.80 1.80 1.60 1.66 1.70 1.78 1.79 1.70 1.63
1450 DCgel |218% |226° |21a° |176° |211% |208% |205% |212% | 179" |174° |1.69° |1.99¢ |1.88™ |2.11% |2.10% | 2.05%
Set gel | 2.30° | 2.02°° | 2.08° | 1.98%C | 2.24% | 2.11°° | 2.13%% | 2.08 | 2.02° | 1.96° | 2.04°¢ | 1.96™ | 1.87% | 2.06° | 1.97% | 1.84°
Paste | 629" | 5.71%¢ | 5.58%¢ | 549%™ | 599%" | 592%" | 618 | 573> | 6.13%" | 580 | 578 | 577°% | 5.90%" | 5.89%" | 558% | 526"
Total h h f fgh f fgh f f
DC gel | 7.63 755 | 7.05%" | 6.52° | 7.42%" | 7.21%" | 757" | 731 6.83°° | 6.84°° | 6.80™ | 6.90°° | 6.64°° | 7.07%" | 7.12%" | 6.99°%
aliphatic
Setgel | 8.42" | 7.16°° | 7.28°° | 6.79° | 7.70° | 7.36% | 7.42% | 7329 | 7.20°° | 7.14°¢ | 7.15°¢ | 6.95"% | 6.91° | 7.10°¢ | 7.20°° | 6.95%¢

Total aliphatic Ao NAaINVDY bands area suaqmmuamﬂmwﬁ' 2980, 2936, 2874, Lay 1450 cm™

a I3 ] a o oA a v aa
LEAINaLUU ALRas + ATLUYAUUNINIZTU ﬂ’W]EJEjLULLﬂ'JLﬂEJ’JﬂUVINGI

ALY

TNWYIN

'
al

1

,C = control sample, wag DC = directly cooked

LANANNNUUITDIEAMULANANIA U195 18

]

178y (p < 0.05)




AN3197 4.35 (10) Integral area (x1073) vossmnuanasveseiiandamsounsidenandudunsaueanasin (AsA) uazlalasiaumesoonls

(H,0,) i1y
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0% AsA 0.1% AsA 0.15% AsA 0.2% AsA
Lamﬂ'ﬁ'u (Cm—l) 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%
H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0,
Paste | 0.15 0.18 0.20 0.14 0.16 0.19 0.24 0.15 0.15 0.11 0.06 0.16 0.13 0.18 0.18 0.14
1208 DCgel | 0.21°¢ | 0.26° | 0.23% |0.18™ |0.16°° | 0.15® | 0.10° | 0.16°° | 0.12°® | 0.10* | 0.17°¢ | 0.14®° | 0.18° | 0.16™ | 0.16°¢ | 0.12%°
Set gel | 0.23% | 0.15®¢ | 0.18“¢ | 0.18" | 0.19° | 0.09°® | 0.15® | 0.15® | 0.10®° | 0.14® | 0.12°*° | 0.10* | 0.13* | 0.15" | 0.25° | 0.19“*¢
Paste | 0.10°¢ | 0.10°¢ | 0.6™ | 0.13%" | 0.14%" | 0.19" | 0.13%" | 0.13%" | 007 | 0.02° | 0.12° | 0.10° | 0.05® | 0.13%" | 0.12% | 0.10°*
757 DC gel | 0.15 0.17 0.15 0.19 0.17 0.07 0.14 0.10 0.04 0.14 0.11 0.15 0.15 0.09 0.26 0.11
Setgel | 0.32¢ |0.26% |0.17° |0.14™ |017° [012* |005 |0.14™ [009® |0.12> |0.13* |0.15™ |0.12* |0.15* |[0.13> |0.15™
Paste | 0.80¢ | 038%™ | 0.51°° | 049 | 0.41°° | 048" | 0.66™ | 0.46™ | 0.407° | 0.60°“ | 0.32° | 027° | 0.30° | 0.36™ |0.62°° | 0.50%
850/830 | DC gel | 0.37 0.41 0.29 0.31 0.46 0.49 0.31 0.32 0.36 0.38 0.42 0.37 0.57 0.39 0.41 0.24
Set gel | 0.55 0.32 0.64 0.46 0.48 0.39 0.29 0.42 0.49 0.41 0.37 0.32 0.42 0.44 0.43 0.43
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Paste | 1.97 1.64 1.73 1.73 1.99 2.30 2.23 1.85 1.90 1.53 1.75 1.77 1.79 1.95 2.16 2.00
Total d bed d b d b b d
DC gel | 2.81 2.60°9 | 2.71 2.35° 264 | 2.43% | 2257 2.32° 2.28° 2.23° 2322 | 2.37° 264 | 228 | 226% | 2.22°
aromatic
246 | 2.10° 274 | 2.29%¢ | 2307 | 2.36°¢ | 2,38 | 2.30%C | 2 2pC | D15 | D 17C | pa7Pd | p3pc | pgabe

Set gel | 3.26" | 2.59%

Total aromatic A® NaSINVBY bands area “UEJ\‘i’i’]iJ’maLUﬂmi’]ﬁ 1280, 757, 2874, 99151871849 850 WAy 830 cm”

directly cooked

a < { a { =~ I A [ a U Ad o o PN 1 [y | A ' [y 1 N o
bARSHAL Y ALRRY + ATLUYAUUNINTZTU ﬂ’]‘l/]aqFLULLﬂ'JL@Sﬁﬂummm?@ﬂ@iwLLWﬂWWQﬂUUQ?ﬁ@QNﬂ'J'TﬂJLL@ﬂWNﬂU@EJ'NﬂJUEI

1Ay (p < 0.05)

1,C = control sample,

ey DC =
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4.9.5 wuszladalna

sunuananilaveduameUsiiaiusylndalaideglurag 500-550 cm Idun ¢-
00, oot WA Lot T9°¢” Az “t” u18fs gauche wag trans MIUEIFU (Li-Chan et al,
1994) wWUUT 525 way 540 cmt wandN13TASEesa (conformation) Tusy g-gt way t-g-t
AUASU Xu, Han, Fei, waz Zhou (2011) 518911371 wunillndiies 530 cm! iy uay 545

cm™ anaadlelusAululanfinnisagideaninnieninuseu (thermal denaturation) N158u

WuUEn (stretching) vesuseladalndegNuszanas 525 waz 540 cm™? Fanulugsimanuay

U

waRInUarsie 2 5iin (51971 4.36) agnslsfimu wuudl 510 cm? Tuyndediedu mely
naanAnansinuas (Wilduanataya) Zhang, Li, Wang, Xue, Wag Xue (2016) 1841471
nsanawweuulng 508 cm ndamnnszurunsiinea widnanununiiulsiusafiuniy
sysurfneuliausou (native protein) (Uddin & Okazaki, 2010) MamelUvenunl Ui

1 a =] I a 6 a s [ 3
TuAnnsiEsan mvedUsiu a1nnsiiunsaueanostnuazlalasiauinasoanlen wazain

'
6 a al

NIEUIUNITLAALDA (gelation) N1SLAUNTAKBEABIUNT 0.2% wazlalasiauineseanlani

Y I

0.15% aswalinuiuuunusena 525 cn™ 909953 NnA0E79 dAALNTY (p < 0.05) Tuvny

Y 9

AlaifwadoRufiuuud 540 cm™ 91nnansased wansdiiiuiinsaueanesdn was/mie
lelasauneseonlodd aasuliiAniusyladalndlulasssneuwuy got uanaind Wusela
daludsmualug3fionam (surimi paste) MMUaninauiisdu Wodunsnuoanestngauiy
lelasaumeseonlas (p < 0.05, A15197 4.36) winsasuulasiuseladalislualingy

(%
Y

dndes Tumensatudy arsifuusdans 2 oiia duasuliifaiuseladalidlugsimanuazia

[
I 1

a91nUaImTIeuns (p < 0.05) NasuITBd UstansaLeanesUnuazlalasiaunesoonlys
duasuliiiawusy ladalidlulaaanuammeuns laglanizidislinusoulnenss (direct

heating) Nigauail 90 BaAlwaLG Y



A3197 4.36 Integral area (x1072) vauiuseladalidvesgiimanuazioanniannaunazdamsouns Almnududunsaueanesin (Ash) uaz

lalasiaunaseanlon (H,0,) A1eiu
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|@wYAaY (cm™)

0% AsA 0.1% AsA 0.15% AsA 0.2% AsA

0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15% 0% 0.05% 0.1% 0.15%

H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0, H,0,

Paste | 0.17 0.14 | 0.15 0.14 0.14 0.14 | 0.15 0.14 013 |011 [012 |014 |006 |[0.11 0.12 0.08

54045 | DC gel | 0.13 0.06 0.08 0.08 0.10 0.13 0.12 0.10 0.10 009 [009 |011 [0.09 |0.09 0.10 0.09
Set gel | 0.20 0.12 0.14 0.15 0.16 014 | 0.10 0.08 012 013 |013 [012 |006 |[0.11 0.12 0.11

Paste | 0.19° | 0.25“ | 026 |0.29° |0.13* | 019" | 026 |0.24° | 027 | 024" | 024> | 0.15° | 0.14* | 0.17*® |0.29° | 0.29°

LZ | 525+5 | DCgel | 0.16 0.17 0.24 0.24 | 0.15 0.21 0.19 0.22 018 022 |02t |022 |023 |017 0.17 0.24
Set gel | 0.12* | 0.14™ | 0.16°° | 0.24" | 0.17%% | 0.14° | 0.16° | 0.16° | 0.17°° | 0.22%" | 0.21%" | 0.19%" | 0.23%" | 0.19%" | 0.20%" | 0.23*

Paste | 0.35°¢ | 0.39°° | 0.41° | 0.43° | 0.27%° | 0.33° | 0.41°° | 038" | 0.40° | 0.36“* | 0.37° | 0.30°¢ | 0.20° | 0.28" | 0.41% | 0.38*

Total | DCgel |0.29 0.23 0.32 0.32 0.25 0.34 | 031 0.32 028 [031 [030 |033 [031 |026 0.27 0.33
Set gel | 0.32 0.27 0.31 0.38 0.32 0.27 0.26 0.25 030 [035 [03¢ |031 [029 |[030 0.32 0.34
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Paste | 0.10 0.08 0.11 0.18 0.14 0.10 0.14 0.11 013 |008 [009 |012 |011 |[0.14 0.13 0.13
540+5 | DCgel |0.207 | 0.2 | 017 |0.17° |0.11 |0.13* [0.09® |0.04° |0.12° |0.14>|0.12° | 013> | 0.11°% | 0.13% |0.13> |0.14
Set gel | 0.17 0.17 0.16 0.13 0.14 0.12 0.16 0.15 012 |011 [008 |011 [013 |0.16 0.10 0.14
Paste | 0.16®° | 0.14° | 026 | 0.29% | 023% | 0229 | 025 | 0.26% |0.27%% | 020 | 0.16®° | 0.21°¢ | 0.31% | 0.22°¢ | 0.27°% | 0.26°"
TB | 525+5 | DCgel | 0.14% | 0.21°°° | 0.24°* | 0.25°® | 0.18" | 0.15 | 0.25%® | 0.16™ | 0.23°¢ | 0.25%® | 0.25°® | 0.25°® | 0.30°"® | 0.31% | 0.16® | 0.32°
Set gel | 0.16™° | 0.137 | 0.19% | 0.20°¢ | 0.24%" | 0.28%" | 0.19°® | 031" | 0.15®® | 0.17° | 0.23% | 0.27¢" | 0.25%" | 0.17°¢ | 0.2a%" | 0.27*
Paste | 0.27°¢ | 0.22° | 037%" | 0.47" | 036%™ | 0.32°%¢ | 0.39%" | 0.37%" | 0.40%" | 0.27° | 0.25% | 0.33° | 0.42°" | 0.36™" | 0.40°" | 0.39%
Total | DCgel |0.34° | 0.33° | 0.41% | 0.42°® | 0.29° | 0.28° | 0.34°° | 0.20° | 0.35%" | 0.39°® | 0.38" | 0.38°® | 0.41°® | 0.44°" | 0.29° | 0.46°
Set gel | 0.33 0.30 0.35 0.33 0.38 0.40 0.35 0.45 027 028 [031 |038 |038 |[032 0.33 0.40

Total disulfide bond Y31 nasinveswuseladaludsl 540 waz 525 cm'l, C = control sample, ez DC = directly cooked

a I3 ] a o 1A a v aa
LEAINaLUU ALRas + ATLUYAUUHINIZTU ﬂ']V]@‘chNLLQ']LWEJ’JﬂUV]NG\

L

BNWYIN

'
a

LANANNUUITDIL A ULANANIAUDE 19311

Y

ggn

Aty (p < 0.05)
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4.9.5 M3AATIEWRIAUTENUNAN (PCA)

91031 score plot wandliliiuan PC-1 uag PC-2 a5uisanuulsusiuvesdoya
A 46% uay 18% ARy (g‘dﬁ 4.61A) wa@%ﬁafmﬂmmﬂﬂmLazUmmmLLmﬁu Wwen
mnuuansseenaniulddaiause PC-1 uandlsiannsiw score plot (U 4.61A) wagann
n31% score waz loading plots @y PC-1 Tug3iandamseuns dadunsaueanason
sufulelasiaumeseanled vilvilawssililunisionzuazssoemeiidunaneunsage 3
FuiudiBauandunisdunuuin (stretching) vesiuse O-H 7 3340 wag 3228 cm™® wazusy
C-H 71 2922 uay 2852 cm' (U 4.61A wag 4.618) agndlsimu msiislelnsiaumeseenlas
Weegafen dwaliiaaainvaruinaudiuuuaes B-sheet (1645, 1625, uag 1539 cm™)

310 FT-IR Uagnyvetasusenaulalasaisusuanensaiavan (total aliphatic groups) 310

[ '
=2 = L v [ 1

Raman Livgadu JsduiusiuAanautivouiodudadisn PC-2 uandliifuin waainuan
Uinau fiiunsaueanesdnsudulalasiaumneseenled duiudidauiniuuuures B- sheet
7 1235 cm 983 amide lIl ka2 158 LWLV (bending) oaWusy C-H 7 1425 cm™ way
Usuau B-sheet

A a & Y J a . Y @ { | Al
WoTingviteyavesuausiazuiln 910 loading plots wanslviliuinaAwsanlely

'
a Y Y s 1 a (%

miwwmqLLazmuﬂﬁsugﬂiwwmﬂmﬁq 2 ¥ila duiusednsdaiuuTuna B-sheet
AN FT-IR (3UT1 4.61D way 4.61F) Lﬁaé’uﬁamama%ﬁﬁﬂmﬂamﬁq 2 %iln 9gnTetIy
AU TSH, O-helix, total aliphatic, &z aromatic responses (SWEJazLSEJﬂIumiNﬁ 4.34 ey
4.35) Msfunsausanesinsaudulalasiaumneseonles duasuliinnussladald an
USnaumydadilendanomun uazdsdnaialiifn hydrophobic interactions 7a9a13UsEN0Y
lelasansuouasnsawazuuyas uenanianauifvesdoduia (textural properties) vadiaa
ﬁg%ﬁﬁ]’]ﬂﬂﬁ’]ﬂgﬂ 2 wiaduduiutudlouanfuus FuAnainnisanaos a-helix wagns
Wintu B-sheet agndlsfinumavesnislianudeuiianmedeiu duliaasosenlddaay
1l score plot (qjﬂ‘ﬁ 4.61C way 4.61F) PCA W amweliiiud i wuseladale uay
hydrophobic interactions 1uwssiiddaluasanadosnmlulasesinea Insanunsadaaduly

<

Wnlarlenisiunsawaarasinsuiulalasiaumeseanlan



221

~—VSH 2050
otwtx © °
e x02
° °
Totsl
aromatc Dtise
dart oo
— il e
3 °
¥ P Totst paen
= - mlc- 1
- & . - 300 [Ostance
X S Px) S
e & - [
X 145 tnom
5% o
°
e
L
1
e
o
PC-1 (46%) PC-1 (46%)
. S [ ]
c — — D
/ ovso-\ | :
. .
/ '\\ |
- f \ | Froanrg brie
[ | | P
01501 | | »
. l A o10s J B stoet 21
® \ - " [ 2 ° °
.c.w\‘.nu 015008 1300 { e
3 \e<.-.ov' «0 15015 3 rasce 8
g . : - 2 —
b 01008 oSO~ -
e 01018 0108 el 158 -
o~ e - o ® e sotd
L o accmatc
o 0015 02013 2 ° %
o : B0 630 % 80201 Yorat \ o matx
© 01008 b 0201 ot e
oto PEET R = bow
\ 02005 SM
00 o / 20 = 2
- e o -
/ oo
0008 // - . 120 151
—h, - .
0200 | ° ©
001 529 . | f;!fv"
.
PC-1 (42%) PC-1 (42%)
sy i
E 01015 ﬁ R F
°0
0150501015 / \ -
- " / -
o801 {
* |
02005 \ 005 ° o tokn
015005 401008 \ o/ hao akphatc SE
. . £ aromate:
3o0s s, 0.005 S a1
~ N
F o <z . = —_ e - 2087
& 01 2008 % . g / ° (T
= 0201 o . 01 L 3
o - O21 01000 ps o~
00t force
&£ s1s01s \ 530 . 4 \ c S pam
. 0015 Destance.
Drstcse
\' 620 N \ rocs
0201 “ ° °
- SN
| A
/
s 201 /
3 7 T 7 : - W T R R R R o=
PC-1 (44%) PC-1(44%)

3‘1]17'; 4.61 PCA score plot (A) uag loading plot (B) veideyanimuaveaatzianvariinay
(L2) uagUamsnguns (TB), score plot way loading plot vpsgsiannuaruinau (C, D) uawsys

v @

fnUamsewns (€, F); dydnuallu A o 1ag38ian LZ Alvanudoulaenss, m 198958910
LZ Alanusouiiowdndq, a 1aag3dann T8 iliausoulaenss, ¢ way3fiain T8 Al
AMNSewiiaidndn; dydnwallu C way E:e Thaauseulnonse, aldanuiouiiowdnd;

FlaY x, y AD AMILUNTUTDS AsA Lag H,0, auaiau; daaalu loading ploat Av ALAY



222

AAUAIN FT-IR; Total aliphatic Wag Total aromatic A® NATIUVBIU aliphatic ay aromatic

groups 31N Raman spectroscopy

4.9.6 #5UNaN1338
AuautAeduaveuvagIdanuarvnauiazamsguns Funseulagnisiv

AUTaulAeATe (direct heating) a1unsadsudsela lagnisiiunsaneanasdngiuiu

v A

lalasiauinaseantes a819lsAn1y A1AILVNIVDNIATUY FzanaIRg19TlTd AL

o

9931041
ssnfnnduinnaainufisereendindureansaueanesin nsiiunsauaanesingauiu
lelasiaumeseenladirsduaiunnuannsaluniaiiaea lassefasenmadenduves
TUsAunuiuseladalniuazn1siia hydrophobic interactions n1stiunsaLaanastnsIUAU
lelasiaumedoonlediuazanu3una O-helix wazifia B-sheet uonanil PCA \Wawelsiviu

1 MsvTuugsnuaudvesileduiaves WwariianUauinauuazUamineuwasinduiloi

'
& =€ o U [

nsanearestnsuiulalasiaunesesnlyn Fsduusidsuaniuuiuna B-sheet 113484
&J Y @ 1 a &a | [y 4 3 Y v a
Fruinsiunsakeanesiniuiulalasaumweseanlynaunsaldusuuanseuiunisiia
WwaveysinUarvinauuazlamseundlarunishiniuieulnenss wenandnanse
& a s [ A ] a a U % & @ 1 Y a
weamesUnuazlalasiaumeseanled liNssdnasunisiianuseladalne deaqeliiin

hydrophobic interactions 8n¢ae



223

UIIUIUNIN

o

NUAITIN UM, (2541). NMsUUsIUR MR BIendn Ty, gramnssinuns. U9 9. adudl

Y T

2. vt 4-8.
NSUIVINTNYAT, NTENTIGNYATUALANNTAL (2547). 273, NTUNNUMIUAS.

NASIA ATTOA Uag inena Uszaawviny. (2546). maluladvawds. iningrdeinunsenans:

ATIVNNUATUAT.

U 6

AUTUNT  uAS. (2560) navedlusiuuazleamsden1sgosvad1itIusuaINNTEUIUNTT

Y a a s 1a a a a

NENITU. InerdnusUsynIneimansaud dude. arvdvinalulageinis.

U

WIngaemalulagguns.

UANG 7153, (2550). N1TUTIFOIWNT. UNINYIFUINYATANANT ALTEAAINNTIUNYAT

A IWALLLAENITUTTUAL AN NTHNNUNIUAS.

35U YA (2553). Resistant Starch wdsndunumsegunin. 1sa1smalulagniseinis

UNINYIB8ANL. UN 6. aUUN 1. i1 1-8.

TBen Tauruun. (2551). 1alie1ms. ANiasen 3. lowngualns: NJeuNnumuAs.

Use91 yayeydsna. (2537). unuImveengninesnilsegnamnssuemsiulssinalne.
219113, UN 24. avu? 1. min 1-12.
5UNT ASAYNT. (2558). AauAelaruINskazselerinanmsunmgvesiglusiu. neundy

AANT ULAEINYINITAVAIN N8 Ty aeuasNwIngd 15ang1u1ad3sny

LAIneNasuiea. U 10. aUuil 2. Wi 75-80.

YIuIg) NSy (2549). msayulnsenssuie : leomns. nandyaiansuazinginis

aunn, U901 adudl 2. widl 153-158.

N 233501, (2561). anunisaldudrdnlnaluanigawsn. nsuaLasunIsA1EnINg

UFZNA NTENTNNIWYY @ 1UNIIUABATUNITAUAIUTENA Q UASRIBBSN.
(https://www.ditp.go.th/ditp_pdf.php?filename=contents_attach/241166/24116
6.pdf&title=241166).

la Ssananes. (2547). wmalulagnisudszueims. Auiassn 4. aalvunaluladanaivnssy

WNYAT AngINgIansUseend aardumalulagwszasuindnssuasiuie:

NIWNWHIATUAT.



224

v o

931550 QT Tauuwn war g3aaa autln. (2556). wwhausdndu nglusiu. nuaelayul

Anedukarinain1In1sunng 11A3%1918A1a0S SW.I1UFUR WRAa 315813

MeEansnNsin. U9 13. atudl 153. vt 1513-2867.

938U WA, (2547). 113 Inenmansuazmalulad. IN1INYIGENYATAIENT INSNUN

UNLYY ANEAAAINNTIUNEAT A1ATYITNENAIERS wavimaluladniso1vis:
NFANNUMIUAS.

qUNT LASQYNS. (2555), Gi’h’a%ugﬂiﬂaﬂizmumnaﬂ%wgsﬁ’u. IWeINUSUS Y IneAans
wnUndin. a1vivimaluladge s, ininedewmalulagasuns.

Auditendnslne. (2561). nanAnsinszudn uipnssudeengnisainsyadiiuuaglona

NN130810. KSME Analysis ﬁuqﬂﬂiﬂaﬂﬂﬂﬂ. ni 1-9.

(https://www.kasikornbank.com/th/business/sme/KSMEKnowledge/article/KSME
Analysis/Documents/Thai-Rice Innovation FullPage.pdf).
Abbasi, A., & Lutfullah, G. (2002). Molecular basis of bird respiration: Primary hemoglobin

structure component from tufted duck )Aythya fuligula, Anseriformes)- Role of

a99Arg in formation of a complex salt bridge network. Biochemical and Biophysical

Research Communications. Vol 291. 176-184.

Abdollahi, M., Rezaei, M., Jafarpour, A., & Undeland, I. (2018). Sequential extraction of
gel-forming proteins, collagen and collagen hydrolysate from gutted silver carp

(Hypophthalmichthys molitrix), a biorefinery approach. Food Chemistry. Vol 242.

568-578.
Abdulhameed, A. A., Yang, A. T., & Abdulkarim, A. A. (2016). Kinetics of texture and
colour changes in chicken sausage during superheated steam cooking. Polish

Journal of Food and Nutrition Sciences. Vol 66. 199-209.

Aboul-Enein, Y., BUNACIU, A. A, & FLESCHIN, S. (2014). Evaluation of the protein
secondary structures using Fourier Transform Infrared Spectroscopy. Gazi

University Journal of Science. Vol 27. Issue 1. 637-644.




225

Adeyeye, E.I. (2009). Amino acid composition of three species of Nigerian fish: Clarias
anguillaris, Oreochromis niloticus and Cynoglossus senegalensis.  Food
Chemistry. Vol 113. 43-46.

Adler- Nissen, J. (1979). Determination of the degree of hydrolysis of food protein

hydrolysates by trinitrobenzenesulfonic acid. Journal of Agricultural and Food

Chemistry. Vol 27. 1256-1262.
Agyei, D., Tsopmo, A., & Udenigwe, C. C. (2018). Bioinformatics and peptidomics
approaches to the discovery and analysis of food-derived bioactive peptides.

Analytical and Bioanalytical Chemistry. Vol 410. 3463-3472.

Ahmed, M. M. F. (2003). Effect of electrical stunning on broilers carcasses quality.
Master’s Thesis. University of Khartoum, Khartoum, Sudan.

Ahmed, R., Hag, M., & Chun, B.-S. (2019). Characterization of marine derived collagen

extracted from the by-products of bigeye tuna (Thunnus obesus). International

Journal of Biological Macromolecules. Vol 135. 668-676.

Ahn, U. D., & Maurer, J. A. (1989). Effects of sodium chloride, phosphate and dextrose
on the heat stability of purified myoglobin, hemoglobin and cytochrome c. Poultry

Science. Vol 68. 1218-1225.

Aigner, T., & Stéve, J. (2003). Collagens—major component of the physiological cartilage
matrix, major target of cartilage degeneration, major tool in cartilage repair.

Advanced Drug Delivery Reviews. Vol 55. Issue 12. 1569-1593.

Akram, A. N., & Zhang, C. (2020). Effect of ultrasonication on the yield, functional and
physicochemical characteristics of collagen-Il from chicken sternal cartilage. Food
Chemistry. Vol 307. 125544.

Alfonso, D. L., Collini, M., Cannone, F., Chirico, G., Campanini, B., Cottone, G., & Cordone,

L. (2007). GFP-mut2 Proteins in Trehalose-water matrixes: Spatially heterogeneous

protein-water-sugar structures. Biophysical Journal. Vol 93. 284-293.



226

Ali, A. M. M., Kishimura, H., & Benjakul, S. (2018). Extraction efficiency and characteristics
of acid and pepsin soluble collagens from the skin of golden carp (Probarbus

Jullieni) as affected by ultrasonication. Process Biochemistry. Vol 66. 237-244.

Ali, S. A, Lawson, A. M., Tauson, H. A., Jensen, F. J., & Chwalibog, A. (2007). Influence of
electrical stunning voltages on bleed out and carcass quality in slaughtered broiler

chickens. Archiv f'ur Gefl'ugelkunde. Vol 71. Issue 1. 35-40.

Aluko, R.E. (2015). Amino acids, peptides, and proteins as antioxidants for food

preservation. In Handbook of Antioxidants for Food Preservation. Shahidi, F., Ed.
Woodhead Publishing: Sawston, Cambridge, UK.
Alvarado, C., & McKee, S. (2007). Marination to improve functional properties and safety

of poultry meat. Journal of Applied Poultry Research. Vol 16. 113-120.

American Association of Cereal Chemists (AAC). (2001). The Definition of Dietary Fiber.

Report of the Dietary Fiber Definition Committee to the Board of Directors of the

AAC. Vol 46. 112-126.
Andersen, H. R., Andersen, J. H., & Bertram, C. H. (2007). Curing-induced water mobility
and distribution within intra- and extra-myofibrillar spaces of three pork qualities.

International Journal of Food Science and Technoloey. Vol 42. 1059-1066.

Ao, J. & Li, B. (2013). Stability and antioxidative activities of casein peptide fractions
during simulated gastrointestinal digestion in vitro: Charge properties of peptides

affect digestive stability. Food Research International. Vol 52. 334-341.

AOAC. (2010). Official methods of analysis. (18" ed). Washington DC: Association of

Official Analytical Chemists.

AOAC. (2016). Official methods of analysis of AOAC international. (20" ed). Rockville.

Maryland.

AOAC. (2000.). Official methods of analysis. (17T ed). Association of Official Chemists:

Gaithersburg. MD. USA.
Apak, R., Ozyurek, M., Gucly, K. & Capanoglu, E. (2016). Antioxidant activity/ capacity

measurement. 2. Hydrogen atom transfer (HAT)-based, mixed-mode (electron



227

transfer (ET)/HAT), and lipid peroxidation assays. Journal of Agricultural and Food

Chemistry. Vol 64. 1028-1045.

Arihara, K. (2006). Strategies for designing novel functional meat products. Meat Science.
Vol 74. 219-229.

Ashokkumar, M. (2015). Applications of ultrasound in food and bioprocessing. Ultrasonics
Sonochemistry. Vol 25. 17-23.

Awuah, B. G., Ramaswamy, S. H., & Tang, J. (2015). Radio-frequency heating in food

processing. New York: CRC Press.
Bae, M. S., Cho, G. M., Hong, T. G., & Jeong, Y. J. (2018). Effect of NaCl concentration and
cooking temperature on the color and pigment characteristics of pre salted

ground chicken breasts. Korean Journal for Food Science of Animal Resources.

Vol 8. 417-430.

Balange, A.,, & Benjakul, S. (2009). Enhancement of gel strength of bigeye snapper
(Priacanthus tayenus) surimi using oxidized phenolic compounds. Food
Chemistry. Vol 113. 61-70.

Balavoine, G.G.A. & Geletii, Y.V. (1999). Peroxynitrite scavenging by different antioxidants

Part I: Convenient assay. Nitric Oxide. Vol 3. 40-54.

Banlue, K., Morioka, K., & Itoh, Y. (2010). Effect of inorganic oxidizing reagents on gel-

forming properties of walleye pollack surimi througsh low temperature

setting. Journal of Biological Sciences. Vol 10. Issue 1. 18-24.

Barbantia, D., & Pasquini, M. (2005). Influence of cooking conditions on cooking loss and

tenderness of raw and marinated chicken breast meat. Food Science and

Technology. Vol 38. 895-901.
Bejarano, I., Espino, J., Barriga, C., Reiter, R. J., Pariente, J. A., & Rodriguez, A. B. (2011).

Pro-oxidant effect of melatonin in tumour leucocytes: relation with its cytotoxic

and pro-apoptotic effects. Basic Clin Pharmacol Toxicol. Vol 108. 14-20.



228

Benjakul, S., Thongkaew, C., & Visessanguan, W. (2005). Effect of reducing agents
on physicochemical properties and gel-forming ability of surimi produced from

frozen fish. European Food Research and Technology. Vol 220. 316-321.

Benjakul, S. & Morrissey, M. T. (1997). Protein hydrolysates from Pacific whiting solid

wastes. Journal of Aericultural and Food Chemistry. Vol 45. 3423-3430.

Benjakul, S., & Bauer, F. (2000). Physicochemical and enzymatic changes of cod muscle

proteins subjected to different freeze-thaw cycles. Journal of the Science of

Food and Aericulture. Vol 80. Issue 8. 1143-1150.

Benjakul, S., Seymour, T. A., Morrissey, M. T., & AN, H. (1997). Physicochemical changes

in Pacific whiting muscle proteins during iced storage. Journal of Food Science.

Vol 62. Issue 4. 729-733.
Benzie, I.F.F. & Strain, J.J. (1996). The ferric reducing ability of plasma (FRAP) as a measure

of “antioxidant power”: The FRAP assay. Analytical Biochemistry. Vol 239. 70-76.

Bertram, C. H., Kohler, A., Bocker, U., Ofstad, R., & Andersen, J. A. (2006). Heat- induced
changes in myofibrillar protein structures and myowater of two pork qualities: A
combined FT-IR spectroscopy and low-field NMR relaxometry study. Journal of

Agricultural and Food Chemistry. Vol 54. 1740-1746.

Blanco, M., G Sotelo, C., & | Pérez-Martin, R. (2019). New Strategy to Cope with Common
Fishery Policy Landing Obligation: Collagen Extraction from Skins and Bones of
Undersized Hake (Merluccius merluccius). Polymers. Vol 11. Issue 9. 1485.

Borawska, J., Darewicz, M., Pliszka, M., & Vegarud, G. E. (2016). Antioxidant properties of
salmon (Salmo salar L.) protein fraction hydrolysates revealed following their ex

vivo digestion and in vitro hydrolysis. Journal of the Science of Food and

Agriculture. Vol 96. 2764-2772.
Bou, R., Guardiola, F., Padro, A., Pelfortb, E., & Codonya, R. (2004). Validation of
mineralization procedures for the determination of selenium, zinc, iron and copper
in chicken meat and feed samples by ICP-AES and ICP-MS. Journal of Analytical

Atomic Spectrometry. Vol 19. 1361-1369.



229

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry. Vol 72. Issue 1-2. 248-254.

Brown, E. M., Farrell, H. M., & Wildermuth, R. J. (2000). Influence of neutral salts on the

hydrothermal stability of acid-soluble collagen. Journal of Protein Chemistry. Vol

19. Issue 2. 85-92.
Calabro, E., & Magazu, S. (2012). Comparison between conventional convective heating
and microwave heating: An FTIR spectroscopy study of the effects of microwave

oven cooking of bovine breast meat. Journal of Electromagnetic Analysis and

Applications. Vol 4. 433-439.
Cando, D., Herranz, B., Borderias, A. J., & Moreno, H. M. (2015). Effect of high pressure on

reduced sodium chloride surimi gels. Food Hydrocolloids. Vol 51. 176-187.

Cando, D., Herranz, B., Borderias, A. J., & Moreno, H. M. (2016). Different additives to
enhance the gelation of surimi gel with reduced sodium content. Food
Chemistry. Vol 196. 791-799.

Cao, H., & Xu, S. Y. (2008). Purification and characterization of type Il collagen from chick

sternal cartilage. Food Chemistry. Vol 108. Issue 2. 439-445.
Cao, H., Xu, S., Ge, H., & Xu, F. (2014). Molecular characterisation of type Il collagen from
chick sternal cartilage and its anti-rheumatoid arthritis activity. Food and

Agricultural Immunology. Vol 25. Issue 1. 119-136.

Carbonaro, M., & Nucara, A. (2010). Secondary structure of food proteins by Fourier
transform spectroscopy in the mid-infrared region. Amino acids. Vol 38. Issue 3.
679-690.

Cardiff, D. R., Miller, H. C., & Munn, J. R. (2014). Manual hematoxylin and eosin staining

of mouse tissue sections. Cold Spring Harbor protocols. Vol 6. 654-658.

Carsote, C., & Badea, E. (2019). Micro differential scanning calorimetry and micro hot
table method for quantifying deterioration of historical leather. Heritage Science.

Vol 7. Issue 1. 48.



230

Chan, J. K, Gill, T. A,, Thompson, J. W. & Singer, D. S. (1995). Herring surimi during low

temperature setting, physicochemical and textural properties. Journal of Food

Science. Vol 60. Issue 6. 1248-1253.
Chandrapala, J., Oliver, C., Kentish, S., & Ashokkumar, M. (2012). Ultrasonics in food

processing. Ultrasonics Sonochemistry. Vol 19. Issue 5. 975-983.

Chang, H. S., Hultin, H. O., & Dagher, S. M. (2001). Effect of MgCl2/sodium pyrophosphate

on chicken breast muscle myosin solubilization and gelation. Journal of Food

Biochemistry. Vol 25. Issue 5. 459-474.
Chang, V. K., & El-Dash, A. A. (2003). Effects of acid concentration and extrusion variables
on some physical characteristics and energy requirements of cassava starch.

Brazilian Journal of Chemical Engineering. Vol 20. 129-137.

Chemat, F., Rombaut, N., Sicaire, A.-G., Meullemiestre, A., Fabiano-Tixier, A.-S., & Abert-
Vian, M. (2017). Ultrasound assisted extraction of food and natural products.

Mechanisms, techniques, combinations, protocols and applications. A review.

Ultrasonics Sonochemistry. Vol 34. 540-560.

Chen, J. C, Hsiang, C. Y., Lin, Y. C., & Ho, T. Y. (2014). Deer antler extract improves fatigue
effect through altering the expression of genes related to muscle strength in

skeletal muscle of mice. Evidence-Based Complementary and Alternative

Medicine. Vol 2014.

Chen, W. L., Chow, C. J., & Ochiai, Y. (1999). Effects of some food additives on the gel-
forming ability and  color of Milkfishmeat - paste. Fisheries
Science. Vol 65. Issue 5. 777-783.

Cheng, X., Shao, Z., Li, C., Yu, L., Raja, M. A,, & Liu, C. (2017). lIsolation, characterization
and evaluation of collagen from jellyfish Rhopilema esculentum Kishinouye for
use in hemostatic applications. PLoS One. Vol 12. Issue 1. e0169731.

Chichester: John Wiley & Sons, Ltd.United States Food and Drug Administration (US FDA).

(2004). Code of federal regulations. Title 21, Food and drugs. Chapter |, Food



231

and drug administration. Part 184-direct food substances affirmed as generally

recognized as safe. Section 184.1366 Hydrogen peroxide.
Chinh, N. T., Manh, V. Q., Trung, V. Q., Lam, T. D., Huynh, M. D., Tung, N. Q., Trinh, N. D.,
& Hoang, T. (2019). Characterization of collagen derived from tropical freshwater

carp fish scale wastes and its amino acid sequence. Natural Product

Communications. Vol 14. Issue 7. 1934578X19866288.

Chuaychan, S., Benjakul, S., & Kishimura, H. (2015). Characteristics of acid-and pepsin-

soluble collagens from scale of seabass (Lates calcarifer). LWT-Food Science and

Technology. Vol 63. Issue 1. 71-76.
Chupaj, J., Malila, Y., Petracci, M., Benjakul, S., & Visessanguan, W. (2016). Effect of
tumbling marination on marinade uptake of chicken carcass and parts quality.

Brazilian Journal of Poultry Science. Vol 19. 061-068.

Contreras, C. C., & Beraquet, J. N. (2001). Electrical stunning, hot boning, and quality of

chicken. Poultry Science. Vol 80. 501-507.

Cornforth, D., Calkins, C. R., & Faustman, C. (2001).Methods for identification and

prevention of pink color in cooked meat. 44" Reciprocal Meat Conference

Proceedings (pp. 53-58). Savoy, IL: American Meat Science Association.
Corzo-Martinez, M., Corzo, N., Villamiel, M., & del Castillo, M. D. (2012). Browning

Reactions. In B. K. Simpson (Ed.). Food biochemistry and food processing (2™

ed.) (pp. 56-83). USA: Wiley-Blackwell.

Cumming, M. H., Hall, B., & Hofman, K. (2019). Isolation and Characterisation of Major
and Minor Collagens from Hyaline Cartilage of Hoki (Macruronus
novaezelandiae). Marine drugs. Vol 17. Issue 4. 223.

Datta, K. A., & Rakesh, V. (2013). Principles of microwave combination heating.

Comprehensive Reviews in Food Science and Food Safety. Vol 12. 24-39.

Davalos, A., Gbmez-Cordovés, C., & Bartolomé, B. (2004). Extending applicability of the

oxygen radical absorbance capacity ( ORAC- fluorescein) assay. Journal of

Agricultural and Food Chemistry. Vol 52. 48-54.



232

Dave, L.A., Hayes, M., Mora, L., Montoya, C.A., Moughan, P.J., & Rutherfurd, S.M. (2016).
Gastrointestinal endogenous protein-derived bioactive peptides: An in vitro study

of their gut modulatory potential. International Journal of Molecular Sciences.

Vol 17. 482.

De Freitas Silva, M., Pruccoli, L., Morroni, F., Sita, G., Seghetti, F., Viegas Jr, C., & Tarozzi,
A. (2018). The Keapl/ Nrf2- ARE pathway as a pharmacological target for
chalcones. Molecules. Vol 23. 1803.

Decker, E.A. & Welch, B. (1990). Role of ferritin as a lipid oxidation catalyst in muscle

food. Journal of Agricultural and Food Chemistry. Vol 38. 674-677.

Dhanda, J. S., Pegg, R. B., & Shand, P. J. (2003). Tenderness and chemical composition
of elk) Cervus elaphus) meat: Effects of muscle type, marinade composition, and

cooking method. Journal of Food Science. Vol 68. 1882-1888.

Ding, L., Wang, L., Zhang, T., Yu, Z., & Liu, J. (2018). Hydrolysis and transepithelial
transport of two corn gluten derived bioactive peptides in human Caco-2 cell

monolayers. Food Research International. Vol 106. 475-480.

Ding, L., Wang, L., Zhang, Y., & Liu, J. (2015). Transport of antihypertensive peptide RVPSL,
ovotransferrin 328-332, in human intestinal Caco-2 cell monolayers. Journal of

Agricultural and Food Chemistry. Vol 63. 8143-8150.

Ding, L., Zhang, Y., Jiang, Y., Wang, L., Liu, B., & Liu, J. (2014). Transport of egg white ACE-
inhibitory - peptide, Gln- Ile- Gly- Leu- Phe, in human intestinal Caco- 2 cell

monolayers with cytoprotective effect. Journal of Aericultural and Food

Chemistry. Vol 62. 3177-3182.

Dominguez, R., Gomez, M., Fonseca, S., & Lorenzo, M. J. (2014). Effect of different
cooking methods on lipid oxidation and formation of volatile compounds in foal
meat. Meat Science. Vol 97. 223-230.

Drzewiecki, K. E., Grisham, D. R., Parmar, A. S., Nanda, V., & Shreiber, D. I. (2016). Circular
dichroism spectroscopy of collagen fibrillogenesis: a new use for an old

technique. Biophysical Journal. Vol 111. Issue 11. 2377-2386.



233

Du, Y., Esfandi, R., Willmore, W.-G., & Tsopmo, A. (2016). Antioxidant activity of oat
proteins derived peptides in stressed hepatic HepG2 cells. Antioxidants. Vol 5.
39.

Elango, J, Lee, J. W, Wang, S., Henrotin, Y., De Val, J. E. M. S., M Regenstein, J,, Lim, S.
Y., Bao, B., & Wu, W. (2018). Evaluation of differentiated bone cells proliferation
by blue shark skin collagen via biochemical for bone tissue engineering. Marine
drugs. Vol 16. Issue 10. 350.

Ellis, G., Santoro, G., Gdbmez, M. A., & Marco, C. (2010). Synchrotron IR microspectroscopy:

Opportunities in polymer science. IOP Conference Series: Materials Science and

Engineering. Vol 14. 1-9.
Ellman, G. L. (1959). Tissue sulfhydryl groups. Archives of biochemistry and biophysics.

Vol 82. Issue 1. 70-77.
Endoo, N., & Yongsawatdigul, J. (2014). Comparative study on chemical and gel-forming
properties of surimi from freshwater and marine fish during frozen storage. Food

and Applied Bioscience Journal. Vol 2. Issue 3. 192-202.

Englyst, H. N., Kingman, S. M., & Cummings, J. H. (1992). Classification and measurement

of nutritionally important starch fractions. European journal of clinical nutrition.
Vol 46. S33-50.
Ergonul, B. (2017). Influence of different cooking methods on quality attributes of

chicken breast meat. Celal Bayar University Journal of Science. Vol 13. 883-885.

Escudero, E., Mora, L., & Toldra, F. (2014). Stability of ACE inhibitory ham peptides against

heat treatment and in vitro digestion. Food Chemistry. Vol 161. 305-311.

Euresta. (1993). European Flair-concerted Action on Resistant Starch. In: Newsletter IV,

In (pp. p. 2.). Human Nutrition Department, Wageningen Agriculture University,

Wageningen, The Netherlands.

Eyre, D. (2001). Articular cartilage and changes in arthritis: collagen of articular cartilage.

Arthritis Research & Therapy. Vol 4. Issue 1. 30.



234

Fan, J., He, J., Zhuang, Y., & Sun, L. (2012). Purification and identification of antioxidant
peptides from enzymatic hydrolysates of tilapia (Oreochromis niloticus) frame
protein. Molecules. Vol 17. 12836.

Farahani, K., Saxton, E. R., Yoon, C. H., De Salles, A. F. A., Black, L. K., & Lufkin, B. R.

(1999).MRI of thermally denatured blood: Methemoglobin formation and

relaxation effects. Magnetic Resonance Imaging. Vol 17. Issue 10. 1489-1494.

Feng, L., Peng, F., Wang, X., Li, M., Lei, H., & Xu, H. (2019). Identification and
characterization of antioxidative peptides derived from simulated in vitro

gastrointestinal digestion of walnut meal proteins. Food Research International.

Vol 116. 518-526.

Fernandez-Musoles, R., Salom, J.-B., Castello-Ruiz, M., Contreras, M.-D.-M., Recio, I., &
Manzanares, P. (2013). Bioavailability of antihypertensive lactoferricin B-derived
peptides: transepithelial transport and resistance to intestinal and plasma

peptidases. International Dairy Journal. Vol 32. 169-174.

Folch, J., Lees, M., & Stanley, G. S. (1957). A simple method for the isolation and

purification of total lipides from animal tissues. Journal of biological chemistry.

Vol 226. Issue 1. 497-5009.
Folk, J. E. (1983). Mechanism and basis for specificity of transglutaminase-catalyzed €-

(Y-glutamyUlysine bond formation. In A. Meister (Ed.), Advances in Enzymology

(pp. 1-57). New York: John Wiley & Sons, Inc.

Fu, X, Hayat, K,, Li, Z., Lin, Q., Xu, S., & Wang, S. (2012). Effect of microwave heating on
the low-salt gel from silver carp (Hypophthalmichthys molitrix) surimi. Food
Hydrocolloids. Vol 27. Issue 2. 301-308.

Gallego, M., Mora, L., & Toldra, F. (2018). Characterisation of the antioxidant peptide

AEEEYPDL and its quantification in Spanish dry-cured ham. Food Chemistry. Vol

258. 8-15.



235

Gamage, H. G. C. L., Mutucumarana, R. K., & Andrew, M. S. (2017). Effect of marination
method and holding time on physicochemical and sensory characteristics of

broiler meat. Journal of Agricultural Sciences. Vol 12. Issue 3. 172-184.

Gao, L. L., Wang, Z. Y., Zheng, L., Zhang, C. X., & Zhang, D. Q. (2018). The characterization

of acid and pepsin soluble collagen from ovine bones (Ujumugin sheep). Journal

of Inteerative Agriculture. Vol 17. Issue 3. 704-711.

Gao, T, Li, J., Zhang, L., Jiang, Y., Ma, R., Song, L., Zhou, G. (2015). Effect of different
tumbling marination treatments on the quality characteristics of prepared pork

chops. Asian-Australasian Journal of Animal Sciences. Vol 28. 260-267.

Gauza-Wtodarczyk, M., Kubisz, L., & Wtodarczyk, D. (2017). Amino acid composition in
determination of collagen origin and assessment of physical factors effects.

International Journal of Biological Macromolecules. Vol 104. 987-991.

Ge, B, Wang, H., Li, J., Liu, H.,, Yin, Y., Zhang, N., & Qin, S. (2020). Comprehensive
Assessment of Nile Tilapia Skin (Oreochromis niloticus) Collagen Hydrogels for
Wound Dressings. Marine drugs. Vol 18. Issue 4. 178.

Geedipalli, S., Datta, K. A., & Rakesh, V. (2008). Heat transfer in a combination microwave—

jet impingement oven. Food and Bioproducts Processing. Vol 86. 53-63.
Goksoy, E. O., James, C., & James, S. J. (1999). Non-uniformity of surface temperatures

after microwave heating of poultry meat. Journal of Microwave Power and

Electromasnetic Enerey. Vol 34. 149-160.

Gornall, A. G., Bardawill, C. J., & David, M. M. (1949). Determination of serum proteins by

means of the biuret reaction. Journal of Biological Chemistry. Vol 17 7. Issue 2.

751-766.
Gowen, A., Abu-Ghannam, N., Frias, J., & Oliveira, J. (2006). Optimisation of dehydration

and rehydration properties of cooked chickpeas (Cicer arietinum L.) undergoing

microwave-hot air combination drying. Trends in Food Science & Technology.

Vol 17. 177-183.



236

Graiver, N., Pinotti, A., Califano, A., & Zaritzky, N. (2006). Diffusion of sodium chloride in
pork tissue. Journal of Food Engineering, 77, 910-918.
Greenfield, N. J. (2006). Using circular dichroism spectra to estimate protein secondary

structure. Nature Protocols. Vol 1. Issue 6. 2876.

Gregory, N. G., &Wilkins, L. J. (1989). Effect of stunning current on carcass quality in

chickens. Veterinary Record Open. Vol 124. 530-532.

Guenneugues, P., & lanelli, J. (2014). Surimi resources and market. In J. W. Park (3rd ed.),

Surimi and surimi seafood (pp. 25-52). Florida: Taylor & Francis Group, LLC.

Guzzi Plepis, A. M. D., Goissis, G., & Das-Gupta, D. K. (1996). Dielectric and pyroelectric

characterization of anionic and native collagen. Polymer Engineering & Science.

Vol 36. Issue 24. 2932-2938.

Harper, J.M. (1981). Biotechnology and Food process engineering. Institute of Food
Technologists. International Union of Food Science and Technology
Haug, I. J., Draget, K. I., & Smidsrad, O. (2004). Physical and rheological properties of fish

gelatin compared to mammalian gelatin. Food Hydrocolloids. Vol 18. Issue 2.

203-213.

Hebbar, U. H., & Rastogi, K. N. (2012). Novel thermal and non-thermal technologies for

fluid foods. London: Elsevier.
Hernandez-Ledesma, B., Quirds, A., Amigo, L., & Recio, I. (2007). Identification of bioactive

peptides after digestion of human milk and infant formula with pepsin and

pancreatin. International Dairy Journal. Vol 17. 42-49.
Herrero, A. M. (2008). Raman spectroscopy for monitoring protein structure in muscle

food systems. Critical Reviews in Food Science and Nutrition. Vol 48. 512-23.

Holownia, K., Chinnan, M. S., & Reynolds, A. E. (2003). Pink color defect in poultry white

meat as affected by endogenous conditions. Journal of Food Science. Vol 68. Issue

3.742-747.



237

Holownia, K., Chinnan, M. S., & Reynolds, A. E. (2004). Cooked chicken breast meat

conditions related to simulated pink defect. Journal of Food Science. Vol 69. Issue

3.194-199.
Holownia, K., Chinnan, M. S., Reynolds, A. E., & Koehler, P. E. (2003). Evaluation of
induced color changes in chicken breast meat during simulation of pink color

defect. Poultry Science. Vol 82. 1049-1059.

Homayouni- Tabrizi, M., Asoodeh, A., & Soltani, M. (2017).Cytotoxic and antioxidant
capacity of camel milk peptides: effects of isolated peptide on superoxide

dismutase and catalase gene expression. Journal of Food and Drug Analysis. Vol

25. 567-575.
Hong, H., Chaplot, S., Chalamaiah, M., Roy, B. C., Bruce, H. L., & Wu, J. (2017). Removing
cross-linked telopeptides enhances the production of low-molecular-weight

collagen peptides from spent hens. Journal of Agricultural and Food Chemistry.

Vol 65. Issue 34. 7491-7499.
Hormdok, R., & Noomhorm, A. (2007). Hydrothermal treatments of rice starch for

improvement of rice noodle quality. LWT - Food Science and Technology. Vol

40. 1723-1731.
Hu, H., Wu, J., Li-Chan, E. C,, Zhu, L., Zhang, F., Xu, X., Fan, G., Wang, L., Huang, X., & Pan,
S. (2013). Effects of ultrasound on structural and physical properties of soy

protein isolate (SPI) dispersions. Food Hydrocolloids. Vol 30. Issue 2. 647-655.

Huang, B. B., Lin, H. C., & Chang, Y. W. (2015). Analysis of proteins and potential bioactive
peptides from tilapia (Oreochromis spp.) processing co-products using proteomic

techniques coupled with BIOPEP database. Journal of Functional Foods. Vol 19.

629-640.
Ishioroshi, M., Samejima, K., & Yasui, T. (1983). Heat-induced gelation of myosin filaments

at a low salt concentration. Agricultural and Biological Chemistry. Vol 47. Issue

12. 2809-2816.



238

Iswariya, S., Velswamy, P., & Uma, T. (2018). Isolation and characterization of
biocompatible collagen from the skin of puffer fish (Lagocephalus inermis).

Journal of Polymers and the Environment. Vol 26. Issue 5. 2086-2095.

Jacobs, H., & Delcour, J. A. (1998). Hydrothermal Modifications of Granular Starch, with

Retention of the Granular Structure: A Review. Journal of Agricultural and Food

Chemistry. Vol. 46. Issue 8.
Jambrak, A. R, Lelas, V., Mason, T. J., Kresi¢, G., & Badanjak, M. (2009). Physical properties

of ultrasound treated soy proteins. Journal of Food Engineering. Vol 93. Issue 4.

386-393.
Jantaranikorn, M., & Yongsawatdigul, J. (2020). Effect of marinating ingredients on
temperature-induced denaturation of hemoglobin and its relation to red blood

spot formation in cooked chicken breast. Journal of Food Science. Vol 85. 2398-

2405.
Jayasena, D. D., Kim, H. S., Lee, J. H., Jung, S., Lee, H. J., Park, B. H., & Jo, C. (2014).
Comparison of the amounts of taste-related compounds in raw and cooked meats

from broilers and Korean native chickens. Poultry Science. Vol 93. 3163-3170.

Jeevithan, E., Jingyi, Z., Wang, N., He, L., Bao, B., & Wu, W. (2015). Physico-chemical,

antioxidant and intestinal absorption properties of whale shark type-Il collagen

based on its solubility with acid and pepsin. Process Biochemistry. Vol 50. Issue
3. 463-472.
Jeong, J. Y. (2017). Effects of short term presalting and salt level on the development

of pink color in cooked chicken breasts. Korean Journal for Food Science of Animal

Resources. Vol 37. 98-104.
Jeong, J. Y, Lee, E. S., Choi, J. H, Lee, J. Y., Kim, J. M., Min, S. G., Chae, Y. C.,, & Kim, C. J.
(2007). Variability in temperature distribution and cooking properties of ground
pork patties containing different fat level and with/ without salt cooked by

microwave energy. Meat Science. Vol 75. 415-422.



239

Jiang, L., Wang, J., Li, Y., Wang, Z,, Liang, J., Wang, R, Chen, Y., Ma, W., Qi, B., & Zhang, M.
(2014). Effects of ultrasound on the structure and physical properties of black

bean protein isolates. Food Research International. Vol 62. 595-601.

Joo, M. S., Kim, W. D., Lee, K. Y., Kim, J. H., Koo, J. H., & Kim, S. G. (2016). AMPK facilitates
nuclear accumulation of Nrf2 by phosphorylating at serine 550. Molecular and

Cellular Biology. Vol 36. 1931-1942.

Joseph, I. O. (2017). Microwave heating in food processing. BAOJ Nutrition. Vol 3. 1-9.
Jouquand, C., Frederic, J. T., Bernard, J., Marier, D., Woodward, K., Jacolot, P., Gadonna-
Widehem, P., & Laguerre, C. J. (2015). Optimization of microwave cooking of beef

burgundy in terms of nutritional and organoleptic properties. Food Science and

Technology. Vol 60. 271-276.

Ju, H., Liu, X., Zhang, G., Liu, D., & Yang, Y. (2020). Comparison of the Structural
Characteristics of Native Collagen Fibrils Derived from Bovine Tendons Using Two
Different Methods: Modified Acid-Solubilized and Pepsin-Aided Extraction.
Materials. Vol 13. Issue 2. 358.

Kangsanant, S., Thongraung, C., Jansakul, C., Murkovic, M., & Seechamnanturakit, V.
(2015). Purification and characterisation of antioxidant and nitric oxide inhibitory
peptides from tilapia (Oreochromis niloticus) protein hydrolysate. International

Journal of Food Science & Technology. Vol 50. 660-665.

Kellett, M.E. Greenspan, P., & Pegg, R.B. (2018). Modification of the cellular antioxidant
activity (CAA) assay to study phenolic antioxidants in a Caco-2 cell line. Food
Chemistry. Vol 244. 359-363.

Ketnawa, S., Benjakul, S., Martinez-Alvarez, O., & Rawdkuen, S.( 2017). Fish skin gelatin
hydrolysates produced by visceral peptidase and bovine trypsin: Bioactivity and

stability. Food Chemistry. Vol 215. 383-390.

Ketnawa, S., Martinez- Alvarez, O., Benjakul, S., & Rawdkuen, S. (2016). Gelatin

hydrolysates from farmed Giant catfish skin using alkaline proteases and its



240

antioxidative function of simulated gastro-intestinal digestion. Food Chemistry.

Vol 192. 34-42.
Ketnawa, S., Wickramathilaka, M., & Liceaga, A.M. (2018). Changes on antioxidant activity
of microwave- treated protein hydrolysates after simulated gastrointestinal

digestion: Purification and identification. Food Chemistry. Vol 254. 36-46.

Khan, I. M., Lee, J. H., Kim, J. H., Young, I. H., Lee, H., & Jo, C. (2016). Marination and

physicochemical characteristics of vacuum- aged duck breast meat. Asian-

Australasian Journal of Animal Sciences. Vol 29. Issue 11. 1639-1645.

Khiari, Z., Omana, A. D., Pietrasik, Z., & Betti, M. (2013). Evaluation of poultry protein
isolate as a food ingredient: Physicochemical properties and sensory characteristics

of marinated chicken breasts. Journal of Food Science. Vol 78. Issue 7. S1069 -

S1075.
Khong, N. M., Yusoff, F. M., Jamilah, B., Basri, M., Maznah, I., Chan, K. W., Armania, N., &
Nishikawa, J. (2018). Improved collagen extraction from jellyfish (Acromitus

hardenbergi) with increased physical-induced solubilization processes. Food

Chemistry. Vol 251. 41-50.
Kijowski, J. M., & Mast, M. G. (1988). Effect of sodium chloride and phosphates on the

thermal properties of chicken meat proteins. Journal of Food Science. Vol 53.

[ssue 2. 367-387.

Kilcast, D.and Subramaniam, P. (2000) The stability and shelf- life of food. Cambridge,

England: Wood Head Publishing. 340 p.
Kim, H. K, Kim, Y. H., Kim, Y. J., Park, H. J., & Lee, N. H. (2012). Effects of ultrasonic
treatment on collagen extraction from skins of the sea bass Lateolabrax

japonicus. Fisheries Science. Vol 78. Issue 2. 485-490.

Kinoshita, M., Toyohara, H., & Shimizu, Y. (1990). Purification and properties of a novel
latent proteinase showing myosin heavy chain-degrading activity from threadfin-

bream muscle. The Journal of Biochemistry. Vol 107. Issue 4. 587-591.



241

Kishimoto, Y., WAKABAYASHI, S., & TAKEDA, H. (1995). Hypocholesterolemic effect of
dietary fiber: relation to intestinal fermentation and bile acid excretion. Journal

of Nutritional Science and Vitaminology. Vol 41. Issue 1. 151-161.

Kittiphattanabawon, P., Benjakul, S., Visessanguan, W., & Shahidi, F. (2010). Isolation and
characterization of collagen from the cartilages of brownbanded bamboo shark
(Chiloscyllium punctatum) and blacktip shark (Carcharhinus limbatus). LWT-Food

Science and Technoloegy. Vol 43. Issue 5. 792-800.

Kloss, L., Meyer, J. D., Graeve, L., & Vetter, W. (2015). Sodium intake and its reduction by
food reformulation in the European Union-A review. NES Journal. Vol 1. 9-19.

Kobayashi, Y., Mayer, S. G., & Park, J. W. (2017). FT-IR and Raman spectroscopies
determine structural changes of tilapia fish protein isolate and surimi under

different comminution conditions. Food Chemistry. Vol 226. 156-164.

Kooy, N.W., Royall, J.A,, Ischiropoulos, H., & Beckman, J.S. (1994). Peroxynitrite-mediated

oxidation of dihydrorhodamine 123. Free Radical Biology and Medicine. Vol 16.

149-156.

Kosaka, Y. (2012). Microfloral and chemical changes during processing of heshiko
produced by aging of salted mackerel with rice bran by means of conventional
practice in Wakasa Bay area. Fish Sci. Fukui. Japan.

Kranen, W. R., Kuppevelt, V. H. T., Goedhart, A. H., Veerkamp, H. C., Lambooy, E., &

Veerkamp, H. J. (1999). Hemoglobin and myoglobin content in muscles of broiler

chickens. Poultry Science. Vol 78. 467-476.

Krilov, D., Balarin, M., Kosovi¢, M., Gamulin, O., & Brnjas-Kraljevi¢, J. (2009). FT-IR
spectroscopy of lipoproteins—a comparative study. Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy. Vol 73. Issue 4. 701-706.

Laakkonen, E., Wellintong, G. H., & Sherbon, J. W. (1972). Low temperature, long-time
heating of bovine muscle: Changes in tenderness, water-binding capacity, pH and

amount of water-soluble components. Journal of Food Science. Vol 35. 175-177.



242

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature. Vol 227. 680-685.
Lanier, T. C,, Carvajal, P., & Yongsawatdigul, J. (2000). Surimi gelation chemistry. Surimi

and Surimi Seafood. Vol 2.

Laycock, L., Piyasena, P., & Mittal, S. G. (2003). Radio frequency cooking of ground,
comminuted and muscle meat products. Meat Science. Vol 65. 959-965.

Lee, Y. S, Youm, G., Owens, C. M., & Meullenet, J. F. (2011). Optimization of consumer

acceptability and sensory characteristics for marinated broiler breast meat. Journal

of Food Science. Vol 76. Issue 8. 478-484.

Lee, Y., Lim, S., & Lee, H. (2020). Chloride Resistance of Portland Cement-Based Mortar
Incorporating High Aluminate Cement and Calcium Carbonate. Materials. Vol 13.
Issue 2. 359.

Li, D., Mu, C,, Cai, S., & Lin, W. (2009). Ultrasonic irradiation in the enzymatic extraction

of collagen. Ultrasonics Sonochemistry. Vol 16. Issue 5. 605-609.

Li, P. H., Lu, W. C,, Chan, Y. J,, Ko, W. C, Jung, C. C,, Le Huynh, D. T., & Ji, Y. X. (2020).
Extraction and characterization of collagen from sea cucumber (Holothuria
cinerascens) and its potential application in moisturizing cosmetics. Aquaculture.
Vol 515. 734590.

Li, R., Kerr, W. L., Toledo, R. T., & Carpenter, J. A. (2000). 1H NMR studies of water in

chicken breast marinated with different phosphates. Journal of Food Science. Vol

65. Issue 4. 575-580.
Li, S., Tang, S., Yan, L., & Li, R. (2019). Effects of microwave heating on physicochemical

properties, microstructure and volatile profiles of yak meat. Journal of Applied

Animal Research. Vol 47. 262-272.

Liang, L. L., Cai, S. Y., Gao, M., Chu, X. M. Pan, X. Y., Gong, K. K., Xiao, C. W., Chen, Y.,
Zhao, Y. Q., Wang, B., & Sun, K. L. (2020). Purification of antioxidant peptides of
Moringa oleifera seeds and their protective effects on H,0, oxidative damaged

Chang liver cells. Journal of Functional Foods. Vol 64. 103698.



243

Liang, Q., Wang, L., Sun, W., Wang, Z., Xu, J., & Ma, H. (2014). Isolation and characterization
of collagen from the cartilage of Amur sturgeon (Acipenser schrenckii). Process
Biochemistry. Vol 49. Issue 2. 318-323.

Li-Chan, E. C. Y., Nakai, S., & Hirotsuka, M. (1994). Raman spectroscopy as a probe of

protein structure in food system. In R. Y. Yada, R. L. Jackman, & J. L. Smith,

(Eds.), Protein structure-function relationships in foods (pp.  163-197).
Blackie Academic and Professional. Chapman and Hall. London.
Li-Chan, E., & Nakai, S. (1991). Raman spectroscopic study of thermally and/or

dithiothreitol induced gelation of lysozyme. Journal of Agricultural and Food

Chemistry. Vol 39. 1238- 1245
Lin, Y. K, Lin, T. Y., & Su, H. P. (201 1). Extraction and characterisation of telopeptide-

poor collagen from porcine lung. Food Chemistry. Vol 124. Issue 4. 1583-1588.

Lindman, S., Xue, W. F., Szczepankiewicz, O., Bauer, M. C., Nilsson, H., & Linse, S. (2006).
Salting the charged surface: PH and salt dependence of protein G Bl stability.

Biophysical Journal. Vol 90. 2911-2921.

Liu, D., Wei, G., Li, T., Hu, J., Lu, N., Regenstein, J. M., & Zhou, P. (2015). Effects of alkaline
pretreatments and acid extraction conditions on the acid-soluble collagen from

grass carp (Ctenopharyngodon idella) skin. Food Chemistry. Vol 172. 836-843.

Liu, R., Liu, Q., Xiong, S., Fu, Y., & Chen, L. (2017). Effects of high intensity unltrasound
on structural and physicochemical properties of myosin from silver carp.

Ultrasonics sonochemistry. Vol 37. 150-157.

Lodhi, G., Kim, Y. S., Kim, E. K., Hwang, J. W., Won, H. S., Kim, W., Moon, S. H., Jeon, B. T,,
& Park, P. J. (2018). Isolation and characterisation of acid-and pepsin-soluble
collagen from the skin of Cervus korean TEMMINCK var. mantchuricus Swinhoe.

Animal Production Science. Vol 58. Issue 3. 585-594.

Lopez-Alarcon, C. & Denicola, A. (2013). Evaluating the antioxidant capacity of natural
products: a review on chemical and cellular-based assays. Analytica Chimica

Acta. Vol 763. 1-10.



244

Lowry, O. H., Rosebrough, N. J,, Farr, A. L., & Randall, R. J. (1951). Protein measurement

with the Folin phenol reagent. Journal of Biological Chemistry. Vol 193. 265-275.

Lueangsakulthai, J., Jangpromma, N., Temsiripong, T., McKendrick, J. E., Khunkitti, W.,
Maddocks, S. E., & Klaynongsruang, S. (2017). A novel antibacterial peptide derived
from Crocodylus siamensis haemosglobin hydrolysate induces membrane
permeabilization causing iron dysregulation, oxidative stress and bacterial death.

Journal of Applied Microbiology. Vol 123. 819-831.

Luo, Q. B., Chi, C. F.,, Yang, F., Zhao, Y. Q., & Wang, B. (2018). Physicochemical properties
of acid-and pepsin-soluble collagens from the cartilage of Siberian sturgeon.

Environmental Science and Pollution Research. Vol 25. Issue 31. 31427-31438.

Lyng, J. G., Zhang, L., & Brunton, N. P. (2005). A survey of the dielectric properties of
meats and ingredients used in meat product manufacture. Meat Science. Vol 69.
589-602.

Ma, S., Wang, C., & Guo, M. (2018). Changes in structure and antioxidant activity of B
lactoglobulin by ultrasound and enzymatic treatment. Ultrasonics
sonochemistry. Vol 43. 227-236.

Maity, 1., Rasale, D. B., & Das, A. K. (2012). Sonication induced peptide-appended bola
amphiphile hydrogels for in situ generation and catalytic activity of Pt
nanoparticles. Soft Matter. Vol 8. Issue 19. 5301-5308.

Mao, Y. J., Sheng, R. X., & Pan, M. X. (2007). The effects of NaCl concentration and pH

on the stability of hyperthermophilic protein Ssh10b. BMC Biochemistry. Vol 28.
1-8.
Margulis, M., & Margulis, I. (2003). Calorimetric method for measurement of acoustic

power absorbed in a volume of a liquid. Ultrasonics Sonochemistry. Vol 10. Issue

6. 343-345.
Martinez-Ortiz, M. A., Hernandez-Fuentes, A. D., Pimentel-Gonzalez, D. J.,, Campos-

Montiel, R. G., Vargas-Torres, A., & Aguirre-Alvarez, G. (2015). Extraction and



245

characterization of collagen from rabbit skin: partial characterization. CyTA-

Journal of Food. Vol 13. Issue 2. 253-258.

Mason, T., & Lorimer, J. (1990). A general introduction to sonochemistry. Sonochemistry:

The Uses of Ultrasound in Chemistry. The Royal Society of Chemistry. Cambridge.

UK. 1-8.

Matsuo, T., Futsuhara.Y., Kikuchi, F. and Yamaguchi, H. (1997). Science of the Rice Plant.
Vol 3:496. Nosan Gyoson Banka Kyokai (Nobunkyo). Tokyo.

McDonnell, C., Lyng, J., & Allen, P. (2014). The use of power ultrasound for accelerating
the curing of pork. Meat science. Vol 98. Issue 2. 142-149.

McKenna, M. B., Lyng, J., Brunton, N., & Shirsat, N. (2006). Advances in radio frequency

and ohmic heating of meats. Journal of Food Engineering. Vol 77. 215-229.

Miller, L. M., Bourassa, M. W., & Smith, R. J. (2013). FTIR spectroscopic imaging of protein

aggregation in living cells. Biochimica et Biophysica Acta. Vol 1828. 2339-

2346.
Milne, L., Stewart, I., & Bremner, D. H. (2013). Comparison of hydroxyl radical formation
in aqueous solutions at different ultrasound frequencies and powers using the

salicylic acid dosimeter. Ultrasonics sonochemistry. Vol 20. Issue 3. 984-989.

Min, B., Cordray, C. J., & Ahn, U. D. (2010). Effect of NaCl, myoglobin, Fe)ll(, and Fe)lll) on
lipid oxidation of raw and cooked chicken breast and beef loin. Journal of

Agricultural and Food Chemistry. Vol 58. 600-605.

Minekus, M., Alminger, M., Alvito, P., Ballance, S., Bohn, T., Bourlieu, C., Carriere, F.,
Boutrou, R., Corredig, M., Dupont, D., et al. (2014). A standardised static in vitro
digestion method suitable for food - an international consensus. Food &
Function. Vol 5. 1113-1124

Minelli, A., Conte, C., Grottelli, S., Bellezza, I., Cacciatore, I., & Bolanos, J. P. (2009).
Cyclo( His- Pro) promotes cytoprotection by activating Nrf2- mediated up-
regulation of antioxidant defence. Journal of Cellular and Molecular Medicine.

Vol 13. 1149-1161.



246

Minkiewicz, P., lwaniak, A., & Darewicz, M. (2019). BIOPEP- UWM database of bioactive

peptides: current opportunities. International Journal of Molecular Sciences. Vol

20. 5978.
Miroﬁczuk—Chodakowska, l., Witkowska, A.-M., & Zujko, M.-E. (2018). Endogenous non-

enzymatic antioxidants in the human body. Advances in Medical Sciences. Vol

63. 68-78.
Miyamoto, Y., & Nishimura, K. (2006). Beneficial effects of ascorbic acid on heat-induced

fish gel (kamaboko) from the superoxide anion radical. Bioscience

Biotechnology, and Biochemistry. Vol 70. Issue 2. 480-488.

Moller, J., Schroer, M. A., Erlkamp,M., Grobelny, S., Paulus, M., Tiemeyer, S., Winter, R.
(2012). The effect of ionic strength, temperature, and pressure on the interaction
potential of dense protein solutions: From nonlinear pressure response to protein

crystallization. Biophysical Journal. Vol 102. 2641-2648.

Monahan, F. J., German, J. B., & Kinsella, J. E. (1995). Effect of pH and temperature on
protein unfolding and thiol/disulfide interchange reactions during heat-induced

gelation of whey proteins. Journal of Agricultural and Food Chemistry. Vol 43.

Issue 1. 46-52.
Moura, L. I, Dias, A. M., Suesca, E., Casadiegos, S., Leal, E. C.,, Fontanilla, M. R., Carvalho,
L., de Sousa, H. C., & Carvalho, E. (2014). Neurotensin-loaded collagen dressings

reduce inflammation and improve wound healing in diabetic mice. Biochimica et

Biophysica Acta (BBA)-Molecular Basis of Disease. Vol 1842. Issue 1. 32-43.
Movellan, K. T., Wegstroth, M., Overkamp, K., Leonov, A., Becker, S., & Andreas, L. B.
(2020). Imidazole-imidazole hydrogen bonding in the pH-sensing histidine side

chains of influenza A M2. Journal of the American Chemical Society. Vol 142.

2704-2708.
Munasinghe, K., & Schwarz, J. (2017). Rooster Collagen Extracts from Rooster By-Products.

Journal of Nutritional Health & Food Engineering. Vol 7. Issue 3. 00239.




247

Nikmaram, P., Yarmand, S. M., Emamjomeh, Z., & Darehabi, K. H. (2011). The effect of
cooking methods on textural and microstructure properties of veal muscle

(Longissimus dorsi). Global Veterinaria. Vol 6. 201-207.

Nimalaratne, C., Bandara, N., & Wu, J. (2015). Purification and characterization of
antioxidant peptides from enzymatically hydrolyzed chicken egg white. Food
Chemistry. Vol 188. 467-472.

Nishimura, K., & Ohtsuru, M. (1990). Mechanism of improvement effect of ascorbic acid

on the thermal gelation of fish meat. Nuppon Suisan Gakkaishi. Vol 56. Issue 6.
959-966.

Nishimura, K., Goto, M., & Mano, J. (1996). Participation of the superoxide radical in the
beneficial effect of ascorbic acid on heat-induced fish meat gel (Kamaboko).

Bioscience, Biotechnology, and Biochemistry. Vol 60. 1966-1970.

Nishinari, K., Phillips, G. O., Guo, S., & Fang, Y. (2014). Soy proteins: A review on

composition, aggregation and emulsification. Food hydrocolloids. Vol 39. 301-

318.

Nwachukwu, I. D. & Aluko, R. E. (2019). Structural and functional properties of food

protein- derived antioxidant peptide. Journal of Food Biochemistry. Vol 43.
el2761.
Ohata, M., Uchida, S., Zhou, L., & Arihara, K. (2016). Antioxidant activity of fermented

meat sauce and isolation of an associated antioxidant peptide. Food Chemistry.

Vol 194. 1034-1039.
Oropallo, A. R. (2019). Use of native type | collagen matrix plus polyhexamethylene

biguanide for chronic wound treatment. Plastic and Reconstructive Surgery

Global Open. Vol 7. Issue 1.
Oshima, H., & Kinoshita, M. (2013). Effects of sugars on the thermal stability of a protein.

The Journal of Chemical Physics. Vol 138. 1-12.




248

P’erez-Juan, M., Kondjoyan, A., Picouet, P., & Realini, E. C. (2012). Effect of marination
and microwave heating on the quality of Semimembranosus and Semitendinosus
muscles from Friesian mature cows. Meat Science. Vol 92. 107-114.

Pallaske, F., Pallaske, A., Herklotz, K., & Boese-Landgraf, J. (2018). The significance of

collagen dressings in wound management: a review. Journal of Wound Care. Vol

27. Issue 10. 692-702.

Palumbo, P., Cinque, B., Miconi, G., La Torre, C., Zoccali, G., Vrentzos, N., Vitale, A,
Leocata, P., Lombardi, D., & Lorenzo, C. (2011). Biological effects of low frequency
high intensity ultrasound application on ex vivo human adipose tissue.

International Journal of Immunopathology and Pharmacology. Vol 24. Issue 2.

411-422.

Park, J. W. (1994). Functional protein additives in surimi gels. Journal of Food Science.

Vol 59. Issue 3. 525-527.

Park, J. W. (Ed.) (2005). Surimi and surimi seafood (2nd ed.). Boca Raton: CRC Press

(Appendix).

Parvez, S., Long, M. J. C., Poganik, J. R., & Aye, Y. (2018). Redox signaling by reactive

electrophiles and oxidants. Chemical Reviews. Vol 118. 8798-8888.

Pascolo, L., Bortot, B., Benseny-Cases, N., Gianoncelli, A., Tosi, G., Ruozi, B., Rizzardj, C.,
De Martino, E., Vandelli, M. A., & Severini, G. M. (2014). Detection of PLGA-based
nanoparticles at a single- cell level by synchrotron radiation FTIR
spectromicroscopy and correlation with X- ray fluorescence microscopy.

International Journal of Nanomedicine. Vol 9. 2791-2801.

Pathare, B. P., & Roskilly, P. A. (2016). Quality and energy evaluation in meat cooking.

Food Enegineering Review. Vol 8. 435-447.

Perisic, N., Afseth, N. K., Ofstad, R., & Kohler, A. (2011). Monitoring protein structural
changes and hydration in bovine meat tissue due to salt substitutes by Fourier
transform infrared (FTIR) micro spectroscopy. Journal of Agricultural and Food
Chemistry. Vol 59. 10052-10061



249

Pérez-Juan, M., Kondjoyan, A., Picouet, P., & Realini, E. C. (2012). Effect of marination
and microwave heating on the quality of Semimembranosus and
Semitendinosus muscles from Friesian mature cows. Meat Science. Vol 92. 107-
114.

Petibois, C., Cestelli- Guidi, M., Piccinini, M., Moenner, M., & Marcelli, A. (2010).
Synchrotron radiation FTIR imaging in minutes: a first step towards real-time cell

imaging. Analytical and Bioanalytical Chemistry. Vol 397. 2123-2129.

Piyasena, P., Dussault, C., Koutchma, T., Ramaswamy, S. H., & Awuah, B. G. (2003). Radio
frequency heating of foods: principles, applications and related properties.

Critical Reviews in Food Science and Nutrition. Vol 43. 587-606.

Raghavan, S., Kristinsson, H.G., & Leeuwenburgh, C. (2008). Radical scavenging and
reducing ability of tilapia (Oreochromis niloticus) protein hydrolysates. Journal of

Agricultural and Food Chemistry. Vol 56. 10359-10367.

Ran, X. G.,, & Wang, L. Y. (2014). Use of ultrasonic and pepsin treatment in tandem for

collagen extraction from meat industry by-products. Journal of the Science of

Food and Aericulture. Vol 94. Issue 3. 585-590.

Rappu, P., Salo, A. M., Myllyharju, J., & Heino, J. (2019). Role of prolyl hydroxylation in

the molecular interactions of collagens. Essays in Biochemistry. Vol 6 3. Issue 3.

325-335.
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. (1999).
Antioxidant activity applying an improved ABTS radical cation decolorization

assay. Free Radical Biology and Medicine. Vol 26. 1231-1237.

Ren, X., Liang, Q., Zhang, X., Hou, T., Li, S., & Ma, H. (2018). Stability and antioxidant
activities of corn protein hydrolysates under simulated gastrointestinal digestion.

Cereal Chemistry. Vol 95. 760-769.

Riesz, P., & Kondo, T. (1992). Free radical formation induced by ultrasound and its
biological implications. Free Radical Biology and Medicine. Vol 13. Issue 3. 247-

270.



250

Rincon, M. A,, Singh, K. R., & Stelzleni, M. A. (2015). Effects of endpoint temperature and
thickness on quality of whole muscle non-intact steaks cooked in a radio

frequency oven. Food Science and Technology. Vol 64. 1323-1328.

Ruszczak, Z. (2003). Effect of collagen matrices on dermal wound healing. Advanced

Drug Delivery Reviews. Vol 55. Issue 12. 1595-1611.

Saito, K., Jin, D. H., Ogawa, T., Muramoto, K., Hatakeyama, E., Yasuhara, T., & Nokihara, K.
(2003). Antioxidative properties of tripeptide libraries prepared by the

combinatorial chemistry. Journal of Agricultural and Food Chemistry. Vol 51.

3668-3674.
Saleem, R., & Ahmad, R. (2016). Effect of low frequency ultrasonication on biochemical

and structural properties of chicken actomyosin. Food Chemistry. Vol 205. 43-51.

Saleem, R., Hasnain, A. U., & Ahmad, R. (2015). Solubilisation of muscle proteins from
chicken breast muscle by ultrasonic radiations in physiological ionic medium.

Cogent Food & Agriculture. Vol 1. Issue 1. 1046716.

Salgin, S., Salgin, U., & Bahadir, S. (2012). Zeta potentials and isoelectric points of

biomolecules: the effects of ion types and ionic strengths. International Journal

of Electrochemical Science. Vol 7. Issue 12. 12404-12414.

Samaranayaka, A. G. P. & Li-Chan, E. C. Y. (2011). Food-derived peptidic antioxidants: a
review of their production, assessment, and potential applications. Journal of

Functional Foods. Vol 3. 229-254.

Samaranayaka, A.G.P., Kitts, D.D., & Li-Chan, E.C.Y. (2010). Antioxidative and angiotensin-
l-converting enzyme inhibitory potential of a Pacific hake (Merluccius productus)
fish protein hydrolysate subjected to simulated gastrointestinal digestion and

Caco-2 cell permeation. Journal of Agricultural and Food Chemistry. Vol 58. 1535-

1542
Sangtitanu, T., Sangtanoo, P., Srimongkol, P., Saisavoey, T., Reamtong, O., & Karnchanatat,

A. (2020). Peptides obtained from edible mushrooms: hericium erinaceus offers



251

the ability to scavenge free radicals and induce apoptosis in lung cancer cells in

humans. Food & Function. Vol 11. 4927-4939.

Sharma, A., Wongkham, C., Prasongwattana, V., Boonnate, P., Thanan, R., Reungjui, S., &
Cha’on, U. (2014). Proteomic analysis of kidney in rats chronically exposed to
monosodium glutamate. PLoS One. Vol 9. Issue 12. e116233.

Sheih, I. C., Wu, T. K., & Fang, T. J. (2009). Antioxidant properties of a new antioxidative
peptide from algae protein waste hydrolysate in different oxidation systems.

Bioresource Technoloegy. Vol 100. 3419-3425.

Shi, J., Roos, D. A., Schouten, O., Zheng, C., Vink, C., Vonk, B., Edens, L. (2015). Properties

of hemoglobin decolorized with a histidine- specific protease. Journal of Food

Science. Vol 80. Issue 6. 1202-1208.

Shoulders, M. D., & Raines, R. T. (2009). Collagen structure and stability. Annual Review

of Biochemistry. Vol 78. 929-958.

Sies, H. & Jones, D. P. (2020). Reactive oxygen species (ROS) as pleiotropic physiological

signalling agents. Nature Reviews Molecular Cell Biology. Vol 21. 363-383.

Silva, C. M. L., Spinelli, E., & Rodrigues, S. V. (2015). Fast and sensitive collagen

quantification by alkaline hydrolysis/hydroxyproline assay. Food Chemistry. Vol
173. 619-623.

Silva, J. o. C, Barros, A. A., Aroso, |. M., Fassini, D., Silva, T. H., Reis, R. L., & Duarte, A. R.
C. (2016).Extraction of collagen/gelatin from the marine demosponge Chondrosia
reniformis (Nardo, 1847) using water acidified with carbon dioxide—process

optimization. Industrial & Engineering Chemistry Research. Vol 55. Issue 25. 6922-

6930.
Sinanoglou, J. V., Cavouras, D., Xenogiannopoulos, D., Proestos, C., & Zoumpoulakis, P.
(2018). Quality assessment of pork and turkey hams using FT-IR spectroscopy,

colorimetric, and image analysis. Foods. Vol 7. 1-16.



252

Singh, N., Kaur, L., Sodhi, N. S., & Sekhon, K. S. (2005). Physicochemical, cooking and
textural properties of milled rice from different Indian rice cultivars. Food
Chemistry. Vol 89. Issue 2. 253-259.

Singh, S., Ponnappan, N., Verma, A., & Mittal, A. (2019). Osmotic tolerance of avian

erythrocytes to complete hemolysis in solute free water. Scientific Reports. Vol 9.

1-9.

Smith, P. D., & Northcutt, K. J. (2003). Red discoloration of fully cooked chicken products.

Journal of Applied Poultry Research. Vol 12. 515-521.
Smith, P. D., & Young, L. L. (2007). Marination pressure and phosphate effects on broiler

breast fillet yield, tenderness, and color. Poultry Science. Vol 86. 2666-2670.

Song, K. M., Jung, S. K, Kim, Y. H., Kim, Y. E., & Lee, N. H. (2018). Development of
industrial ultrasound system for mass production of collagen and biochemical

characteristics of extracted collagen. Food and Bioproducts Processing. Vol 110.

96-103.

Song, W. K, Liu, D, Sun, L. L, Li, B. F., & Hou, H. (2019). Physicochemical and
biocompatibility properties of type | collagen from the skin of Nile tilapia
(Oreochromis niloticus) for biomedical applications. Marine drugs. Vol 17. Issue
3. 137.

Sopade, P. A, & Gidley, M. J. (2009). A Rapid In-vitro Digestibility Assay Based on

Glucometry for Investigating Kinetics of Starch Digestion. Starch = Starke. Vol 61.

Issue 5. 245-255.
Soria, A. C., & Villamiel, M. (2010). Effect of ultrasound on the technological properties

and bioactivity of food: a review. Trends in food science & technology. Vol 21.

Issue 7. 323-331.

Sturkie, P. D. (2015). Avian Physioloey. New York: Elsevier.

Suman, P. S., Nair, M. N., Joseph, P., & Hunt, M. C. (2016). Factors influencing internal

color of cooked meats. Meat Science. Vol 120. 133-144.



253

Tadpitchayangkoon, P., Park, J. W., & Yongsawatdigul, J. (2012). Gelation characteristics

of tropical surimi under water bath and ohmic heating. LWT-Food Science and

Technology. Vol 46. Issue 1. 97-103.
Taguchi, T., Ishizaka, H., Tanaka, M., Nagashima, Y., & Amano, K. (1987). Protein-protein

interaction of fish myosin fragments. Journal of Food Science. Vol 52. Issue 4.

1103-1104.
Tahergorabi, R., & Jaczynski, J. (2012). Physicochemical changes in surimi with salt

substitute. Food Chemistry. Vol 132. Issue 3. 1281-1286.

Tanaka, T., Takahashi, K., Tsubaki, K., Hirata, M., Yamamoto, K., Biswas, A., Moriyama, T.,
& Kawamura, Y. (2018). Isolation and characterization of acid-soluble bluefin

tuna (Thunnus orientalis) skin collagen. Fisheries and Aquatic Sciences. Vol 21.

Issue 1. 7.
Tang, L., & Yongsawatdigul, J. (2020). Physicochemical properties of tilapia (Oreochromis
niloticus) actomyosin subjected to high intensity ultrasound in low NaCl

concentrations. Ultrasonics sonochemistry. Vol 63. 104922.

Tang, Y., Jin, S, Li, X,, Li, X,, Hu, X., Chen, Y., Huang, F., Yang, Z,, Yu, F., & Ding, G. (2018).
Physicochemical properties and biocompatibility evaluation of collagen from the

skin of giant croaker (Nibea japonica). Marine Drugs. Vol 16. Issue 7. 222.

The Central Istamic Council. (2016). The requirements for certification process of Halal

products. Vol 1. 1-28.

The Council of the European Union. (2009). Council Regulation (EC) No 1099/2009 on

the protection of animals at the time of killing. Vol 303. 1-30.

Tonolo, F., Fiorese, F., Moretto, L., Folda, A., Scalcon, V., Grinzato, A., Ferro, S., Arrigoni,
G., Bindoli, A., Feller, E., Bellamio, M., Marin, O., & Rigobello, M. P. (2020).
Identification of new peptides from fermented milk showing antioxidant

properties: mechanism of action. Antioxidants. Vol 9. 117.



254

Topping, D. L., & Clifton, P. M. (2001). Short-chain fatty acids and human colonic function:

roles of resistant starch and nonstarch polysaccharides. Physiological Reveiws.

Vol 81. Issue 3. 1031-1064.
Uddin, M., & Okazaki, E. (2010). Applications of vibrational spectroscopy to the analysis

of fish and other aquatic food products. In C. Y. Li-Chan, P. R. Griffiths, & J. M.

Chalmers (Eds.), Application of vibrational spectroscopy in food science,

volume lI: Analysis of food, drink and related materials. (pp. 439-460).

Uluko, H., Zhang, S., Liu, L., Chen, J,, Sun, Y., Su, Y., Li, H., Cui, W., & Lv, J. (2013). Effects
of microwave and ultrasound pretreatments on enzymolysis of milk protein

concentrate with different enzymes. International Journal of Food Science &

Technology. Vol 48. Issue 11. 2250-2257.
Uresti, R. 0. M., Téllez-Luis, S. J., Ramirez, J. A., & Vazquez, M. (2004). Use of dairy proteins
and microbial transglutaminase to obtain low-salt fish products from filleting

waste from silver carp (Hypophthalmichthys molitrix). Food Chemistry. Vol 86.

Issue 2. 257-262.

USDA Foreign Agricultural Service. (2019). Global agricultural information network. GAIN

Report Number: TH91009.
Usha, R., & Ramasami, T. (2005). Structure and conformation of intramolecularly cross-

linked collagen. Colloids and Surfaces B: Biointerfaces. Vol 41. Issue 1. 21-24.

Vadivambal, R.; & Jayas, S. D. (2010). Non-uniform temperature distribution during

microwave heating of food materials-A review. Food Bioprocess Technology. Vol

3.161-171.

Valentas, K.J., Singh, P.R., and Rotstein,E. (1997). Handbook of food engineering practice.

Boca Raton. New York: CRC Press.

Veerkamp, C. H. (1988). What is the right current to stun and kill broilers? Poultry Misset.

Vol 4. 30-31.



255

Veeruraj, A., Arumugam, M., & Balasubramanian, T. (2013). Isolation and characterization
of thermostable collagen from the marine eel-fish (Evenchelys macrura). Process
Biochemistry. Vol 48. Issue 10. 1592-1602.

Venn, M., & Maroudas, A. (1977). Chemical composition and swelling of normal and
osteoarthrotic femoral head cartilage. |. Chemical composition. Annals of The

Rheumatic Diseases. Vol 36. Issue 2. 121-129.

Vidal, A. R,, Duarte, L. P., Schmidt, M. M., Cansian, R. L., Fernandes, I. A., de Oliveira Mello,
R., Demiate, I. M., & Dornelles, R. C. P. (2020). Extraction and characterization of

collagen from sheep slaughter by-products. Waste management. Vol 102. 838-

846.
Vijayan, D. K., Sreerekha, P., Tejpal, C., Asha, K., Mathew, S., Ravishankar, C., & Anandan,

R. (2018). Extraction and characterization of acid soluble collagen (ASC) from

airbladder of striped cat fish (Pangasius hypophthalmus). ICAR-Central Institute

of Fisheries Technology. New Delhi. India.
Vittayanont, M., & Jaroenviriyapap, T. (2014). Production of crude chondroitin sulfate

from duck trachea. International Food Research Journal. Vol 21. Issue 2. 791.

Vriend, J. & Reiter, R.-J. (2015). The Keap1-Nrf2-antioxidant response element pathway:
a review of its regulation by melatonin and the proteasome. Molecular and

Cellular Endocrinology. Vol 401. 213-220.

Wahab, N., Roman, M., Chakravarthy, D., & Luttrell, T. (2014). The use of a pure native
collagen dressing for wound bed preparation prior to use of a living bi-layered

skin substitute. Journal of the American College of Clinical Wound Specialists.

Vol 6. Issue 1-2. 2-8.
Wakabayashi, S. (1993). [The effects of indigestible dextrin on sugar tolerance: lIl.

Improvement in sugar tolerance by indigestible dextrin on the impaired glucose

tolerance model]. Nihon Naibunpi Gakkai Zasshi. Vol 69. Issue 6. 594-608.



256

Wang, B. & Li, B. (2017). Effect of molecular weight on the transepithelial transport and
peptidase degradation of casein-derived peptides by using Caco-2 cell model.

Food Chemistry. Vol 218. 1-8.

Wang, C., Li, B., Wang, B., & Xie, N. (2015). Degradation and antioxidant activities of
peptides and zinc-peptide complexes during in vitro gastrointestinal digestion.

Food Chemistry. Vol 173. 733-740.

Wang, F., Huisman, J., Stevels, A., & Baldé, C. P. (2013). Enhancing e-waste estimates:
Improving data quality by multivariate Input-Output Analysis. Waste
management. Vol 33. Issue 11. 2397-2407.

Wang, G., Liu, M., Cao, L., Yongsawatdigul, J., Xiong, S., & Liu, R. (2018). Effects of different

NaCl concentrations on self-assembly of silver carp myosin. Food Bioscience. Vol

24. 1-8.
Wang, J. Y., Yang, Y. L, Tang, X. Z, Ni;, W. X., & Zhou, L. (2017). Effects of pulsed
ultrasound on rheological and structural properties of chicken myofibrillar

protein. Ultrasonics sonochemistry. Vol 38. 225-233.

Wang, L., Ding, L., Xue, C., Ma, S., Du, Z., Zhang, T., & Liu, J. (2018). Corn gluten
hydrolysate regulates the expressions of antioxidant defense and ROS

metabolism relevant genes in H,0,-induced HepG2 cells. Journal of Functional

Foods. Vol 42. 362-370.

Wei, P., Zheng, H., Shi, Z., Li, D., & Xiang, Y. (2019). Isolation and Characterization of Acid-
soluble Collagen and Pepsin-soluble Collagen from the Skin of Hybrid Sturgeon.

Journal of Wuhan University of Technolosy-Mater. Sci. Ed. Vol 34. Issue 4. 950-

959.
Wei, W., Hu, W., Zhang, X. Y., Zhang, F. P., Sun, S. Q,, Liu, Y., & Xu, C. H. (2018). Analysis

of protein structure changes and quality regulation of surimi during gelation

based on infrared spectroscopy and microscopic imaging. Scientific Reports. Vol

8. Issue 1. 5566.



257

Wen, C., Zhang, J., Feng, Y., Duan, Y., Ma, H., & Zhang, H. (2020). Purification and
identification of novel antioxidant peptides from watermelon seed protein
hydrolysates and their cytoprotective effects on H,0,-induced oxidative stress.

Food Chemistry. Vol 327. 127059.

Whitcomb, D.C. & Lowe, M.E. (2007). Human pancreatic digestive enzymes. Digestive

Diseases and Sciences. Vol 52. 1-17.

Wiegand, C., Buhren, B., Bunemann, E., Schrumpf, H., Homey, B., Frykberg, R., Lurie, F., &
Gerber, P. (2016). A novel native collagen dressing with advantageous properties

to promote physiological wound healing. Journal of Wound Care. Vol 25. Issue

12. 713-720.
Wiriyaphan, C., Chitsomboon, B., Roytrakul, S., & Yongsawadigul, J. (2013). Isolation and
identification of antioxidative peptides from hydrolysate of threadfin bream

surimi processing byproduct. Journal of Functional Foods. Vol 5. 1654-1664.

Wiriyaphan, C., Xiao, H., Decker, E.A., & Yongsawatdigul, J. (2015). Chemical and cellular
antioxidative properties of threadfin bream (Nemipterus spp.) surimi byproduct

hydrolysates fractionated by ultrafiltration. Food Chemistry. Vol 167. 7-15.

Wolfe, K.L.& Liu, R.H. (2007). Cellular antioxidant activity (CAA) assay for assessing

antioxidants, foods, and dietary supplements. Journal of Agricultural and Food

Chemistry. Vol 55. 8896-8907
Wong, F. C, Xiao, J., Wang, S., Ee, K. Y., & Chai, T. T. (2020). Advances on the antioxidant

peptides from edible plant sources. Trends in Food Science & Technology. Vol

99. 44-57.

Wu, G., Mansy, S.S., Wu, S.-P., Surerus, K.K., Foster, M.W., & Cowan, J.A. (2002).
Characterization of an iron- sulfur cluster assembly protein (ISU1) from
Schizosaccharomyces pombe. Biochemistry. Vol 41. 5024-5032,

Wu, J., Guo, X, Liu, H., & Chen, L. (2019). Isolation and Comparative Study on the

Characterization of Guanidine Hydrochloride Soluble Collagen and Pepsin



258

Soluble Collagen from the Body of Surf Clam Shell (Coelomactra antiquata).
Foods. Vol 8. Issue 1. 11.

Wu, J., Kong, L., Zhang, J., & Chen, W. (2019). Extraction and properties of acid-soluble
collagen and pepsin-soluble collagen from silver carp (Hypophthalmichthys
molitrix) scales: prerequisite information for fishery processing waste reuse. Polish

Journal of Environmental Studies. Vol 28. Issue 4. 2923-2930.

Wu, J., Sun, B., Luo, X., Zhao, M., Zheng, F., Sun, J., Li, H., Sun, X., & Huang, M. (2018).
Cytoprotective effects of a tripeptide from Chinese Baijiu against AAPH-induced
oxidative stress in HepG2 cells via Nrf2 signaling. RSC Advances. Vol 8. 10898-
10906.

Wu, L., Wu, T., Wu, J., Chang, R, Lan, X., Wei, K., & Jia, X. (2016). Effects of cations on the

“salt in” of myofibrillar proteins. Food Hydrocolloids. Vol 58. 179-183.

Xiong, X. L., & Kupski, D. R. (1999). Monitoring phosphate marinade penetration in

tumbled chicken filets using a thin-slicing, dye tracing method. Poultry Science.

Vol 78. 1048-1052.
Xu, F., Wang, L., Ju, X., Zhang, J., Yin, S, Shi, J., He, R., & Yuan, Q. (2017). Transepithelial
transport of YWDHNNPQIR and its metabolic fate with cytoprotection against

oxidative stress in human intestinal Caco-2 cells. Journal of Aericultural and Food

Chemistry. Vol 65. 2056-2065.
Xu, Q., Fan, H., Yu, W. Hong, H., & Wu, J. (2017). Transport study of egg derived
antihypertensive peptides (LKP and IQW) using Caco-2 and HT29 co-culture

monolayers. Journal of Agricultural and Food Chemistry. Vol 65. 7406-7414.

Xu, X. L., Han, M. Y., Fei, Y., & Zhou, G. H. (2011). Raman spectroscopic study of heat
induced gelation of pork myofibrillar proteins and its relationship with textural
characteristic. Meat Science. Vol 87. Issue 3. 159-164.

Yang, Q., Cai, X, Yan, A,, Tian, Y., Du, M., & Wang, S. (2020). A specific antioxidant peptide:

its properties in controlling oxidation and possible action mechanism. Food

Chemistry. Vol 327. 126984.



259

Yang, S., Leong, K--F., Du, Z., & Chua, C.-K. (2001). The design of scaffolds for use in tissue

engineering. Part |. Traditional factors. Tissue Engineering. Vol 7. Issue 6. 679-689.

Yang, X.-R., Zhang, L., Ding, D.-G., Chi, C.-F., Wang, B., & Huo, J.-C. (2019). Preparation,
identification, and activity evaluation of eight antioxidant peptides from protein

hydrolysate of hairtail (Trichiurus japonicas) muscle. Marine Drugs. Vol 17. 23.

Yarmand, S. M., & Homayouni, A. (2011). Microwave processing of meat. Rijeka. Croatia.
Yarnpakdee, S., Benjakul, S., Kristinsson, H.G., & Bakken, H.E. (2015). Preventive effect of
Nile tilapia hydrolysate against oxidative damage of HepG2 cells and DNA

mediated by H,O, and AAPH. Journal of Food Science and Technology. Vol 52.

6194-6205.
Yarnpakdee, S., Benjakul, S., Kristinsson, H.G., & Kishimura, H. (2015). Antioxidant and
sensory properties of protein hydrolysate derived from Nile tilapia (Oreochromis

niloticus) by one-and two- step hydrolysis. Journal of Food Science and

Technology. Vol 52. 3336-3349.
Yongsawatdigul, J., & Park, J. W. (1999). Thermal aggregation and dynamic rheological
properties of Pacific whiting and cod myosins as affected by heating rate. Journal

of Food Science. Vol 64. Issue 4. 679-683.

Yongsawatdigul, J., & Park, J. W. (2003). Thermal denaturation and aggregation of

threadfin bream actomyosin. Food Chemistry. Vol 83. Issue 3. 409-416.

Yongsawatdigul, J., & Piyadhammaviboon, P. (2004). Inhibition of autolytic activity of

lizardfish surimi by proteinase inhibitors. Food Chemistry. Vol 87. Issue 3. 447-

455,
Yongsawatdigul, J., & Piyadhammaviboon, P. (2005). Effect of microbial transglutaminase

on autolysis and gelation of lizardfish surimi. Journal of the Science of Food and

Agriculture. Vol 85. Issue 9. 1453-1460.
You, L., Zhao, M., Regenstein, J.M., & Ren, J. (2010). Changes in the antioxidant activity
of loach (Misgurnus anguillicaudatus) protein hydrolysates during a simulated

gastrointestinal digestion. Food Chemistry. Vol 120. 810-816.



260

Yu, L., Ramaswamy, H. S., & Boye, J. (2013). Protein rich extruded products prepared

from soy protein isolate-corn flour blends. LWT Food Science and Technology.

Vol 50. Issue 1. 279-289.
Yu, P. (2006). Synchrotron IR microspectroscopy for protein structure analysis: Potential
and questions. Spectroscopy. Vol 20. 229-251.
Yu, T. Y., Morton, J. D., Clerens, S., & Dyer, J. M. (2017). Cooking-induced protein

modifications in meat. Comprehensive Reviews in Food Science and Food Safety.

Vol 16. 141-159.
Zeng, S, Yin, J.,, Yang, S., Zhang, C, Yang, P., & Wu, W. (2012). Structure and characteristics
of acid and pepsin-solubilized collagens from the skin of cobia (Rachycentron

canadum). Food Chemistry. Vol 135. Issue 3. 1975-1984.

Zhang, T., Li, Z.,, Wang, Y., Xue, Y., & Xue, C. (2016). Effects of konjac glucomannan on
heat-induced changes of physicochemical and structural properties of surimi

gels. Food Research International. Vol 83. 152-161.




261

Zhang, X., Noisa, P., & Yongsawatdigul, J. (2020). Chemical and cellular antioxidant activities

of in vitro digesta of tilapia protein and its hydrolysates. Foods. Vol 9. 833.

Zhang, X., Xu, S., Shen, L., & Li, G. (2020). Factors affecting thermal stability of collagen from

the aspects of extraction, processing and modification. Journal of Leather Science

and Eneineerine. Vol 2. Issue 1. 1-29.

Zhang, Z., Regenstein, J. M., Zhou, P., & Yang, Y. (2017). Effects of high intensity ultrasound
modification on physicochemical property and water in myofibrillar protein gel.

Ultrasonics sonochemistry. Vol 34. 960-967.

Zhang, Z., Zhang, X., Chen, W., & Zhou, P. (2018). Conformation stability, in vitro digestibility
and allergenicity of tropomyosin from shrimp (Exopalaemon modestus) as affected

by high intensity ultrasound. Food Chemistry. Vol 245. 997-1009.

Zhao, Y., Wang, Z., Zhang, J., & Su, T. (2018). Extraction and characterization of collagen
hydrolysates from the skin of Rana chensinensis. 3 Biotech. Vol 8. Issue 3. 181.

Zheng, L., Su, G., Ren, J., Gu, L., You, L., & Zhao, M. (2012). Isolation and characterization of
an oxygen radical absorbance activity peptide from defatted peanut meal

hydrolysate and its antioxidant properties. Journal of Agricultural and Food

Chemistry. Vol 60. 5431-5437.
Zheng, L., Zhao, M., Xiao, C., Zhao, Q., & Su, G. (2016). Practical problems when using ABTS
assay to assess the radical-scavenging activity of peptides: importance of controlling

reaction pH and time. Food Chemistry. Vol 192. 288-294.

Zheng, L., Zhao, Y., Dong, H., Su, G., & Zhao, M. (2016). Structure—activity relationship of
antioxidant dipeptides: dominant role of Tyr, Trp, Cys and Met residues. Journal of

Functional Foods. Vol 21. 485-496.

Zhou, C,, Li, Y., Yu, X, Yang, H., Ma, H., Yagoub, A. E. A, Cheng, Y., Hu, J., & Otu, P. N. Y.
(2016). Extraction and characterization of chicken feet soluble collagen. LWT. Vol

74.145-153.



262

Zhu, L., Xie, Y., Wen, B., Ye, M,, Liu, Y., Imam, K. M. S. U., Cai, H., Zhang, C., Wang, F., & Xin,

F. (2020). Porcine bone collagen peptides promote osteoblast proliferation and

differentiation by activating the PI3K/Akt signaling pathway. Journal of Functional
Foods. Vol 64. 103697.

Zhuang, H., An, H., Chen, H., Xie, Z., Zhao, J., Xu, X., & Jin, Z. (2010). Effect of extrusion
parameters on physicochemical properties of hybrid indica rice (type 9718)

extrudates. Journal of Food Processing and Preservation. Vol 34. Issue 6. 1080-

1102.

Zou, Y., Xu, P., Li, P., Cai, P., Zhang, M., Sun, Z., Sun, C., Xu, W., & Wang, D. (2017). Effect of
ultrasound pre-treatment on the characterization and properties of collagen

extracted from soft-shelled turtle (Pelodiscus sinensis). LWT-Food Science and

Technology. Vol 82. 72-81.
Zou, Y., Xu, P., Wu, H., Zhang, M., Sun, Z., Sun, C., Wang, D., Cao, J., & Xu, W. (2018). Effects

of different ultrasound power on physicochemical property and functional

performance of chicken actomyosin. International Journal of Biological

Macromolecules. Vol 113. 640-647.

Zou, Y., Yang, H., Zhang, X., Xu, P., Jiang, D., Zhang, M., Xu, W., & Wang, D. (2020). Effect of

ultrasound power on extraction kinetic model, and physicochemical and structural

characteristics of collagen from chicken lung. Food Production, Processing and

Nutrition. Vol 2. Issue 1. 3.



NTARNUIN



264

NT1ANUIN .

NSELNINAUI G TIUsElevU



265

| [

lasaNIdedinsweunsasldUselov Al

WntlATeN13338 (589Mans19138 A3.35TA0 eaadanng)

nanssu Anuil g liuselovd
Surimi school Asia AT 12 - Tsausu o0l LawiSey - {1n$U 50 AY
(29 9. 2561 - 2 W.8. 2561) NFANN

UNUMYRY Enzyme Miikadanisiinares - usEm neswduiawgnaivnssy - fid133u 50 Au

o

1A

Do

surimi %1'9 tropical fish LaEUINUINY B
ingredient n151AALaalu surimi seafood 4. INIEIAT
product (27-28 1.8, 2562)

nsuussulandaietfiuyannandanis - uminerdemaluladasun’ - {37 24 AY
mManwns  lassnnsmisiaumhiumnuasns  enmsiaiesdle 3 (F3)

lugssuumsinunsuuuutugl (Precision  2.UATIIVEIN

agriculture)/ WIS 16238y (Smart farm)

(13 &.A. 2563)

K371398 (509ANaN313758 AS.gHUNY NeI)

nanssu Anui g liuselovd
AT nwIkagLNuILIdedasenie - USEN AP Connect Co., Ltd. - AMAIENIYIY LY
Wlundngangiag NFINN 1 SuAwe

AU 9 Sale and

marketing manager




266

509MEANT19158 A3 3530 ssataina JWuinensusseneiies “unumvas Enzyme #isl

NaRBN1SLNALAAYDY surimi N9 tropical fish wazuMUIMUBY ingredient n1stAaLaalu surimi

seafood product” au U3EM Wesinduinuignannssy 9119



267

a

4 a o 4 [ I a d{' “ a 4'
TOIANAATINNGY ATATINUY B3dIEnnNa LUWINEINTUTIBIELEEY “nsuwdsgidartiaine

q

WNYAAMNAREANIINTSINEAT” B 01ANSIATesle 3 (F3) uninerdemaluladasuns



268

AMARNUIN V.

NAITUIYNLASUNISANUNSENS



269

(% 1%

TasunsiiuinazmewngluszAuUIUIYIA Nanun 7 atu fedl

Jantaranikorn, M. and Yongsawatdigul, J. (2020). Effect of marinating ingredients on
temperature-induced denaturation of hemoglobin and its relation to red blood spot
formation in cooked chicken breast. Journal of Food Science. Vol 85. Issue 8. 2398-

2405. (Q2/ Impact factor 2.90)

Jantaranikorn, M. Thumanu, K., and Yongsawatdigul, J. (2023). Reduction of red blood spots
in cooked marinated chicken breast meat by combined microwave heating and

steaming. Poultry Science. Vol 102. Article ID: 102317. (Q1/ Impact factor 3.19)

Pao, D., Thumanu, K., and Yongsawatdigul J. (2021). Gelation and vibrational spectroscopy
of tropical surimi induced by ascorbic acid and hydrogen peroxide. Journal of Food

Science. Vol 86. Issue 3. 881-891. (Q2/ Impact factor 2.90)

Tang, L. and Yongsawatdigul, J. (2020). Physicochemical properties of tilapia (Oreochromis
niloticus) actomyosin subjected to high intensity ultrasound in low NaCl

concentrations. Ultrasonic Sonochemistry. Vol 63. Article ID: 104922. (Q1/ Impact

factor 7.35)
Tang L. and Yongsawatdigul, J. (2021). High intensity ultrasound improves threadfin bream
surimi gelation at low NaCl contents. Journal of Food Science. Vol 86. Issue 3. 842-

851. (Q2/ Impact factor 3.69)

Zhang, X., Noisa, P., and Yongsawatdigul J. (2020). Chemical and cellular antioxidant
activities of in vitro digesta of tilapia protein and is hydrolysates. Foods. Vol 9. Article

ID: 833. (Q1/ Impact factor 4.12)

Zhang, X., Noisa, P., and Yongsawatdigul J. (2021). Identification and characterization of
tilapia antioxidant peptides that protect AAPH-induced HepG2 cell oxidative stress.
Journal of Functional Foods. Vol 86. Article ID 104662. (Q1/ Impact factor 5.27)




fsuuag pooy

270

") Check for updates

Effect of marinating ingredients on
temperature-induced denaturation of hemoglobin
and its relation to red blood spot formation in

cooked chicken breast

Matthanee Jantaranikorn and Jirawat Yongsawatdigul®

Abstract: Red blood spot (RBS) commonly found in cooked chicken breast has caused severe economic loss as it is
perceived as a sign of undercooked product. The objectives of this study were to investigate the cause of RBS as related
to common ingredients used in marination, based on both chicken breast and isolated chicken hemoglobin (Hb) models.
The effect of sodium chloride (NaCl), sodium tripolyphosphate (STPP), and glucose on thermal denaturation of Hb was
investigated along with the extent of RBS formation in cooked marinated chicken breast. After vacuum tumbling for
65 min and subsequent storage at 4 °C for 20 hr, STPP and glucose were not absorbed into the center of chicken breast.
However, Na™ was absorbed after 12 hr storage. The denaturation temperature (T4) of isolated chicken Hb decreased
to 65.8 °C in the presence of 1.5 M NaCl, while that of the control was 69.4 °C. STPP at pH 9 decreased Ty of Hb
to 61.4 °C. The alkaline pH induced by STPP destabilized the Hb structure. RBSs were observed at 100% incidence
when cooked to core temperatures of 50 and 70 °C for 1 min. RBSs were completely eliminated at core temperature of
85 °C. The ingredients used during marination appeared to have a minimal effect on RBS formation due to their limited
absorption into the chicken breast. The cooking temperature is a major factor governing RBSs, as it directly affects the

denaturation of Hb.

Keywords: chicken breast meat, hemoglobin, red blood spot, thermal denaturation

1. INTRODUCTION

Cooked chicken breast meat is an important food product with
significant nutritional value. It has been popular with health-
conscious customers due to irs lower far content (USDA Foreign
Agricultural Service, 2019). One of the issues that have cansed
significant economic loss in chicken meat industry 1s pink color
of cooked chicken breast products. It 1s not acceptable to most
consumers as the product 1s perceived to be undercooked and
not safe for consumption (Suman, Nair, Joseph, & Hunt, 2016).
Two commeon color defects found in cooked chicken meat include
pink meat and red blood spot (RBS). Pink meat 15 typically found
in wide area at both surface and interior of cooked meat, and
myoglobin and cytochrome ¢ are thought to be responsible for
the defect (Holownia, Chinnan, & Reynolds, 2003). Formation
and prevention of pink meat has been well characterized (Bae,
Cho, Hong, & Jeong, 2018; Cornforth, Calkins, & Faustman,
2001; Holownia, Chinnan, & Reynolds, 2004; Holownia, Chin-
nan, Reynolds, & Koehler, 2003). In contrast, RBS is described as
a red spot observed only inside cooked chicken breast meat after
transverse cutting. This defect 1s likely related to blood remaming
in blood vessels after slanghtering. Factors affecting RBS forma-
tion have been studied, including the slaughter process, bleeding
time, and stunning methods (Ahmed, 2003; A, Lawson, Tauson,
Jensen, & Chwalibog, 2007; Contreras & Beraquet, 2001; Gregory

JFDS-2020-0115 Submitted 1/21/2020, Accepted 5/3/2020. Authors ane with
School of Food Technology, Institute of Agricultural Technology, University
of Technology, Nalkhon Ratchasima, 30000, Thailand. Direct inquiries to author Tang
Hongbo (E-mail: jirmwatiasut.ac.th).
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& Wilkins, 1989; Veerkamp, 1988). Electrical stunming at 45 mA
has been reported to minimize RBSs (Ahmed, 2003). This was
because when low current levels are used during stunning, cardiac
pumping activity is slowly reduced, resulting in continued bleed-
ing after slaughtering (Gregory & Wilkins, 1989). However, this
method cannot be commercially practiced due to animal welfare
regulations. A minimum stunning current of 100 mA per bird and
a frequency <200 Hz is required by EU regulations (The Council
of the European Umnion, 2009). A high current level during stun-
ning could induce sudden cardiac arrest, leading to more blood
remaining in the vessels after death (Gregory & Wilkins, 1989). In
addition, stunning is prohibited by Halal regulations (The Central
Islamic Couneil, 2016). When complete bleeding is not achieved,
blood 1s likely to remain in vessels, causing RBS when the heating
process is insufficient to denature Hb.

Marination is an important step in which ingredients, such
as MNaCl, sodium tripolyphosphate (STPP) and glucose, are
commonly applied during vacuum tumbling (Khiari, Omana,
Pietrasik, & Betti, 2013). These ingredients are used to tenderize
the meat, increase the water holding capacity, and enhance the
flavor (Dhanda, Pegg, & Shand, 2003; Kijowsk: & Mast, 1988).
MNevertheless, each ingredient has a different ability to diffuse into
chicken breast meat, depending on its melecuolar size, water sol-
ubility, concentration, and other factors. L1, Kerr, Toledo, and
Carpenter (2000) reported that different phosphates showed dif-
ferent penetration rates in _chicken breast. Tripolyphosphate and
pyrophosphate, with smaller molecular sizes, diffused faster, and
subsequently, they presented higher concentrations than did hex-
ametaphosphate (Xiong & Kupski, 1999). Thus far, the diffusibality
of NaCl and glucose into chicken breast has not been well estab-
lished. The ingredients used during marination could also affect
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Reduction of red blood spots in cooked marinated chicken breast meat by
combined microwave heating and steaming

Matthanee Jantaranikorn,* Kanjana Thumann, and Jirawat Yongsawatdigul @'

*Sehool of Food Technology, Institute af.‘i?rirnh:ml

Technology, Suranaree University of Technology,

Nakhon Ratchastma 30000, Thailand; and 'Synchrotron Light Research stitute [Public Organisation),
Nakhon Ratchasima 30000, Thailand

ABSTRACT One of the defects commonly found in
cooked marimated chicken breast products s a ped
blood spot (RBS), which is caused by undercocked
blood in vessels. This problem was alleviated by micro-
wave (MW) pre-heating for 6 to 7 min, followed by
gteaming. RBS formation decreased when samples were
heatedd to a core temperature of S30°C and were
completely eliminated at a core temperature of 82%C
and 85°C when a MW pre-heating step was applied for
T min. Based on synchrotron-based Fourier transform
infrared spectroscopy (SR-FTIR), bloxd remaining in

the blosd vessel had a lower e-helical content wihen
samples were oooked by the combination of MW heat-
ing and steaming as compared with those prepared by
steaming alone (P < 0.05). MW pre-heating decreased
cooking time by 28 to 48% as compared with steaming
alone. Heating regimses had no effect on eooking loss,
pH, water-holding capacity, and shear foree. MW pre-
heating for 7 min followed by steaming to a core tem-
perature of 82°C appeared to be an effective heating
regime to reduce the occurrence of RBS, with accept-
ahble cooking loss.

Key words: red blood spot, microwave heating, steaming, blood denaturation, symehrotron radiation Fourber trans-
form infraved spectroscopy

INTRODUCTION

The blosd cirenlatory system in the skeletal musele
plays a vital role in the efficient provision of corgen and
nutrients required for contraction. Blood vessels are
chosely  intertwined with skeletal muscle tisswes lying
between the bundles of muscle fibers (Hoving-Bolink
et al., 200}, A chicken ks slanghtered by cutting the jug-
ular veins and carotid arteries. Bleeding out takes place
rapidly after slanghtering owing to the passive prooess of
cardiac pumping (Lawbool] et al . 1994). Blood loss
gradunally decreases with the incidence of cardiac arrest
(ALl et al, 2007). Blood retained in the blood vessels
results in the formation of red blood spots (RBS) upon
cooking (Jantaranikorn and  Yoogsawabdignl,  H00).
This inchdence is problenstic for coobed chicken heeast
prodiscta. Red spots olserved after transvesse cutting
are doe to the incomplete denaturation of blood residues.
The presence of RBS o commercial eooked products = a
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aporadic incidence, which is not acceptable by most con-
smners a8 they are deemed to be undercooked meat
lﬁﬂith and Northentt, 2000; Bae, et al., 2018).

Thermal processing applied to chicken meat in indus-
try inchudes steaming, roasting, grilling, or frying. Heat
is typically transferred from the heating medinm or the
heat souree to the chicken breast meat by convection,
radiation, and for conduction (Fincon et al, 2015). Lim-
ited heat transfer may be a reason for the incomplete
denaturation of blood residues in blood vessels, particu-
larly those located in the middle of the breast mnscle
{Sturkie, 2005). Although high beating temperatures
andfor prolonged heating time can indwce the complete
denaturation of blood in bloed vessels, it canses over-
cooking and significantly reduces wvield (Pathare and
Roskilly, 2016). Therefore, thernml prosesses that ean
asgure the denaturation of blood residues jn breast mus-
cle without a significant loss of vield must be identified.

Microwave (MW heating generates beat internally
by dipole rotation and jonic comdoetion. This indoces
mdecular friction and generates heat within meat prod-
ncts in an alternating electromagnetic feld (Hebbar and
Hastogl. 2012). For iedustrial) scientific, and medical
heating applications, the frequency range used for MW
heating is 915 to 2,450 MHz { Piyasena et al., 2003). MW
heating has attracted moch interest in food industry
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Gelation and vibrational spectroscopy of tropical
surimi induced by ascorbic acid and hydrogen
peroxide

Danou Pao, Kanjana Thumanu, and Jirawat Yongsawatdigul@

Abstract: The combined effect of ascorbic acid (AsA) and hydrogen peroxide (H20:) on gel-forming ability and struc-
tural changes of lizardfish (LZ) and threadfin bream (TB) surimi were investigated. Addition of 0.15% AsA and 0.1% H20:
greatly increased breaking force and distance of LZ surimi by 300% and 55%, respectively. Combination of 0.2% AsA and
0.15% H203 resulted in the maximum TB surimi gel improvement with 150% and 90% increase in breaking force and
distance, respectively. Browning reaction obviously occurred when combined AsA and H>O»> was added, due to ascorbic
acid oxidation. Polymerization of myosin heavy chain via disulfide bonds was promoted, and the formation of disulfide
bonds was involved through oxidation of sulfhydryl groups with increasing AsA and H>O:. Fourier-transform infrared
(FT-IR) spectroscopy revealed a decrease in a-helix and an increase in S-sheet content as AsA and H>O» increased
in both species. A decrease of band area of aliphatic (2,800 to 3,000 and 1,450 cm™"), aromatic (1,208, 757, and ratio
850/830 cm™'), and change of disulfide bonds (525 and 540 cm™') suggested an increase in hydrophobic interactions
and disulfide bonds with addition of these additives. Based on principal component analysis (PCA), textural character-
istics were positively correlated with fi-sheet content. Our study suggested that combination of AsA and H, O, greatly

enhanced gelation of LZ and TB by increasing not only disulfide bonds but also hydrophobic interactions.

Keywords: additive, FT-IR, FT-Raman, gel, principle component analysis

Practical Application:

The combined ascorbic acid and hydrogen peroxide can be used to improve gelation of two impor-

tant tropical surimi species, namely threadfin bream and lizardfish surimi, without requirement of setting. The optimum

concentration of each additive varied with fish species.

1. INTRODUCTION

Threadfin bream (Nemipterus spp.; TB) and lizardfish (Saurida
spp.; LZ) are important species of tropical surimi production in
Southeast Asia (Guenneugues & Ianelli, 2014). Gel quality of trop-
ical surimi is generally lower than cold water surimi due to differ-
ences in postharvest handlings of raw material and intrinsic proper-
ties of fish. Thus, a means to improve gel quality of tropical surimi

(DHA). The generation of superoxide anion radicals leads to oxi-
dation of SH groups and the formation of disulfide bonds among
MHC molecules (Nishimura et al., 1996). Additionally, hydrogen
peroxide (H202) is known as an oxidizing agent that can induce
the oxidation of thiol groups to form a disulfide bond (Banlue
et al., 2010). According to US FDA (2004), H205 can be added
to food products at 0.04% to 1.25%. The combination of HyO»
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2 has been sought. Transglutaminase (TGase) has been known to and AsA would likely induce oxidation of SH groups. Thus far, the

E enhance surimi gel through nondisulfide cross-linking of myosin  promotion of disulfide bridges through the addition of reducing
= heavy chain (MHC) during setting. This process requires a certain  and/or oxidizing agents has not been well systematically studied 3
E period of incubation time for catalyzing an acyl-transfer reaction in surimi gelation. =

'1;, between glutamine and lysine residues (Folk, 1983). Recently,egg ~ During heat-induced gelation, fish proteins undergo denatu-
2 white powder has been employed to minimize proteolysis and im- ration and aggreganion through the mvolvement of hydrophobic 2
prove gel properties. But its limitation includes sulfurous odor and Interactions, electrostatic interactions, and disulfide bonds. Vibra- ‘g
the allergen issue. An increase in disulfide bonds would be one tional spectroscopy is a useful technique to elucidate structural E
of the promising approaches to improve surimi gelation. Ascor- changes in proteins (Wei et al., 2018). Fourier transform infrared i
bic acid (AsA) was found to increase surimi gel strength due to (FT-IR) spectroscopy can be used to monitor secondary structural T
the oxidation of sulthydryl (SH) groups (Miyamoto & Nishimura, changes. In addition, Raman spectroscopy provided information -
as 2006). AsA can be auto-oxidized to monodehydro-L-ascorbic acid  on the tertiary structure of proteins, including disulfide confor- ;-
g and spontaneously disproportionate to dehydro-L-ascorbic acid mation, hydrogen bonds, and hydrophobic interactions (Li-Chan %
as et al., 1994). Thus, FT-IR and Raman spectroscopies are com- 3
}.3 plementary techniques that can be applied to elucidate both sec- ¥
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Keywords: Effects of high intensity ultrasound (HIU) on physicochemical properties of tilapia (Oreochromis niloticus) ac-
NaCl tomyosin in low NaCl concentrations were investigated. The protein content extracted in low NaCl concentra-
Actomyosin tions (0.1-0.3 M NaCl) increased with increasing HIU intensity up to 20.62 W/(:m2 (p < 0.05). The effect of HIU
High intensity ultrasound on actomyosin extractability in high NaCl concentrations (0.6 and 1.2 M NaCl) was less obvious. Ca®*-ATPase
Physicochemical properties activity and total sulfhydryl (SH) group content decreased in both 0.2 and 0.6 M NaCl. HIU showed more
pronounced effect on oxidation of the SH groups in 0.6 M NaCl, while the reactive SH content at 0.2 M NaCl
increased after a prolonged exposure to HIU, suggesting conformational changes induced by HIU. Surface hy-
drophobicity of actomyosin in 0.6 M NaCl increased with increasing ultrasonic intensity and exposure time to a
higher degree than that in 0.2 M NaCl. A greater absolute value of the zeta potential of actomyosin subjected to
HIU were also observed. The HIU treatments decreased the turbidity of actomyosin incubated at 40 and 60 °C. A
drastic increase in the solubility of myosin heavy chain (MHC) and actin with 0.2 M NaCl were evident when
HIU treatments were applied, but degradation of MHC occurred in both 0.2 and 0.6 M NaCl. Based on particle
size and microstructure, actomyosin in 0.6 M NaCl underwent more disruption by HIU than that in 0.2 M NaCL
HIU induced protein unfolding and protein dissociation, enabling better extraction in a lower NaCl concentra-

tion.

1. Introduction

Myofibrillar proteins are salt-soluble proteins requiring > 0.3 M
NaCl concentrations for solubilization and gelation. Hence, sodium
chloride plays a key role in the gelation of muscle foods. Currently, the
reduction of sodium in foods has been driven by more consumers since
excessive sodium intake can cause health problems, such as hyperten-
sion and cardiovascular diseases [1]. To meet consumer demand, the
production of low-salt or reduced-salt muscle food gels has been de-
veloped based on various strategies. The partial substitution of NaCl
with other salts, especially KCI, is commonly practiced, but has negative
effects on flavor and texture [2]. The addition of various additives, such
as sodium pyrophosphate [3], microbial transglutaminase [4] and
amino acids (e.g., lysine, cysteine and histidine) [5], has also been
studied to improve the gel properties of myofibrillar proteins at low-salt
or reduced-salt levels. In addition, some alternative processing techni-
ques such as microwave |6} and high pressure [7] processes have been
applied.

Recently, applications of high intensity ultrasound (HIU) have been
explored in food research, because HIU is regarded as a safe, nontoxic
and environmentally friendly technology. HIU has a low frequency
(16-100 kHz) and high power (typically 10-1,000 W/em?) [8]. Cavi-
tation, the formation of microstreaming and highly reactive free radi-
cals (H,O — -H + -OH), typically take place during sonication, leading
to energy accumulation, high shear energy waves, and possible che-
mical reactions [8]. This would eventually affect the physicochemical
properties of food components, especially myofibrillar proteins.

Based on HIU principle, it is possible to increase solubility of
myofibrillar proteins at relatively low salt concentrations. This would,
in turn, improve gel properties at low-salt or reduced-salt levels. It has
been reported that HIU not only causes protein dissociation and im-
proves the solubility of myofibrillar proteins at high ionic strength [9]
but also induces the exposure, aggregation and/or oxidation of some
functional groups of myofibrillar proteins (e.g., hydrophobic and sulf-
hydryl groups) [10]. Furthermore, HIU has been proven to accelerate
the mass transfer of NaCl in meat tissues [11]. In addition, the potential

Abbreviations: HIU, high intensity ultrasound; MHC, myosin heavy chain; So-ANS, surface hydrophobicity; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel

electrophoresis; SH, sulfhydryl
* Corresponding author.
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Lac.th (J. Y igul).
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High-intensity ultrasound improves threadfin bream

surimi gelation at low NaCl contents

Ling Tang and Jirawat Yongsawatdigul

Abstract:  Effects of high-intensity ultrasound (HIU) treatments on gelation of threadfin bream (Nemipterus spp.) surimi
at various NaCl contents (0.5, 1, and 2% NaCl) were investigated. Protein extractability at 0.5% NaCl was increased
with the ultrasonic intensity (p < 0.05). At all tested NaCl contents, reactive sulthydryl group (SH) content and surface
hydrophobicity of the surimi pastes were increased after HIU treatments and were accompanied by a decrease in the
Ca’*t-ATPase activity and total SH content, indicating a greater extent of unfolding and conformational changes induced
by HIU at higher NaCl contents. Textural properties and color of the surimi gels at 0.5% NaCl were improved concomi-
tant to an increase in ultrasonic intensity (p < 0.05), whereas HIU treatments resulted in inferior gels at 1 and 2% NaClL
Scanning electron microscopy (SEM) revealed that HIU resulted in a more orderly gel network at 0.5% NaCl. Fourier
transform infrared (FT-IR) spectroscopy indicated that the a-helix content of the surimi gels was decreased as the ultra-
sonic intensity and NaCl content increased, confirming that structural changes induced by HIU were more profound at
higher NaCl contents. The results suggested that HIU technology can be applied to improve only the 0.5% NaCl surimi

gel.

Keywords: high-intensity ultrasound, low salt, protein conformation, surimi

Practical Application:

High-intensity ultrasound (HIU) improved surimi gel containing 0.5% NaCl due to an increase

in protein extractability and protein conformational changes. It is likely to lay a theoretical foundation for utilization of
HIU technology in production of surimi-based products at low/reduced salt levels.

1. INTRODUCTION

Gelation is a critical parameter determining the quality of
surimi because it governs the textural and sensory characteris-
tics of the surimi-based products. Gelation of surimi is directly
related to the myofibrillar proteins. Sodium chloride at 2% to
3% is typically required to facilitate solubilization of the my-
ofibrillar proteins (Lanier et al., 2005). A decrease in NaCl con-
tent results in poor gel-forming ability of surimi becaue the pro-
tein is not adequately solubilized and is not properly unfolded
(Lanier et al., 2005). This poses a challenge from a technologi-
cal standpoint in production of reduced/low sodium surimi-based
gels.

High-intensity ultrasound (HIU) is a green processing technol-
ogy with low frequency (16 to 100 kHz) and high power (10 to
1,000 W/cm’)) (Soria & Villamiel, 2010). During sonication, the
formation and collapse of cavitation bubbles results in energy ac-
cumulation and strong microstreaming (Soria et al., 2010). Simul-
taneously, a quantity of highly reactive free radicals (HoO — oH
+ @OH) can be generated from the water molecules; the radicals
may react with and modify other molecules/reactive groups (e.g.,
sulthydryl groups of proteins) (Soria et al., 2010). HIU has been
recently applied to medify physicochemical properties of the ny-
ofibrillar proteins such as solubility (Liu et al., 2017; Zhang et al.,
2017). It has been reported that HU induces unfolding of my-
ofibrillar proteins, exposing additional hydrophobic and sulfhydryl

JFDS-2020-1527 Submitted 8/28/2020, Accepted 1/12/2021. Authors are with
School of Food Technology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima, 30000, Thailand. Direct inquiries to author Yong-
sawatdigul (E-mail: jirmvat @sut.ac. th).
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groups (Wang et al., 2017; Zou et al., 2018). Hence, an increase
in the soluble myofibrillar proteins and the extent of protein un-
folding are expected to lead to strong protein interactions and gel
networks. In addition, our previous study suggested a potential use
of HIU technology in extraction of actomyosin in low NaCl con-
centrations (Tang & Yongsawatdigul, 2020). Thus, it is assumed that
HIU should positively contribute to the surimi gel under reduced
salt concentration due to increased solubility of the myofibrillar
proteins, which are thought to be the base element of gel for-
mation. Nevertheless, myosin globular head might undergo severe
conformational changes in high NaCl concentration (0.6 M NaCl)
after subjected to HIU treatments (Tang et al., 2020), implying that
HIU may not be good for typical surimi gel produced with 2% to
3% NaCl.

At present, only a few studies have focused on the appli-
cation of HIU technology in surimi gelation; HIU can be a
promising technology that can improve the surimi gel without
the use of chemicals and/or enzymes. Our previous work illus-
trated HIU-induced physicochemical changes of fish actomyosin
in different NaCl concentrations (Tang et al.; 2020). However,
how HIU treatment would affect gel properties of fish pro-
teins at various NaCl contents has not yet been elucidated thus
far. Therefore, the objectives of this study were: (1) to investi-
gate the effects of HIU treatments on gel properties of threadfin
bream surimi under low/reduced salt using 2% NaCl as a con-
trol; (2) to illustrate physicochemical changes in threadfin bream
surimi as a function of NaCl contents and HIU. Understanding
of gelation behavior of surimi under HIU is expected to pro-
vide the fundamental basis for utilization of the HIU technology
in production of the surimi-based products at low/reduced salt
levels.

© 2021 Institute of Food Technologists®
doi: 10.1111,/1750-3841.15637

Further reproduction without permission is prohibited

3 PR suLia | 3 335 *[ 02 1FT] 10 AIRIGET SUITUQ) K311 “PURIRL SURHE00) Kq £EOST TFSE-0SL I/ 11101 A0PA0 Kol Smiquaunuoyy s wios papeojuso ' *1702 *I78£0SL1

Kajian

A Publication of
o S HEATRPE R PRI ey

~Journak-af ool Sei



@ foods MbPy)

Article

Chemical and Cellular Antioxidant Activities of
In Vitro Digesta of Tilapia Protein and

Its Hydrolysates
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Abstract: Production of protein hydrolysate as nutraceuticals is typically based on the activity of the
hydrolysate, which might not yield the optimal activity under physiological condition due to structural
modification of peptides upon gastrointestinal (GI) digestion. This study systematically compared the
chemical and cellular antioxidant activities of the in vitro digesta of tilapia protein and its hydrolysates
prepared with various degree of hydrolysis (DH) by Alcalase. The enzymes used in the in vitro GI
digestion analysis significantly contributed to the peptide content, Trolox equivalent antioxidant
capacity (TEAC), and oxygen radical absorbance capacity (ORAC). Proteins and all hydrolysates were
slightly digested by pepsin but hydrolyzed extensively by pancreatin. Both hydrolysate and digesta
predominantly scavenged free radicals via hydrogen atom transfer (HAT). The antioxidant activities
of the hydrolysates increased with the increasing DH up to 16 h of hydrolysis. However, the digesta
of 10-h hydrolysate displayed the highest chemical and HepG2 cellular antioxidant activities,
while the protein digesta displayed the lowest. Principal component analysis (PCA) showed that
the TEAC of the digesta was positively correlated with the cellular antioxidant activity (CAA).
Therefore, the production of protein hydrolysate should be optimized based on the activity of the
hydrolysate digesta rather than that of hydrolysates.

Keywords: antioxidant activity; protein hydrolysate; in vitro GI digestion; oxidative stress

1. Introduction

Antioxidant peptides derived from food proteins have been widely elucidated and characterized
in various food protein sources [1-4]. They have been considered as a natural antioxidant, which can
retard oxidative deterioration of food during storage [4-6]. In addition, antioxidant peptides have been
shown to protect biological systems from oxidative damages which can cause many pathophysiological
processes such as aging, inflammation, diabetes, and cancer [4,7,8]. Inclusion of the protein hydrolysate
containing antioxidant peptides in feeds has also ensured desirable rates of growth performance
and feed efficiency in pigs, calves, poultry, and fish [9-11]. The underlying mechanisms are
related to improvement in intrinsic total antioxidant capacity, immune response, among others.
However, when protein hydrolysates are applied as functional foods or an ingredient in functional feed,
the oral administration likely modifies their activities due to hydrolysis occurring during gastrointestinal
(GI) digestion by proteases [12,13]. Invitro GI digestion increased the antioxidant activities of
hydrolysates derived from fish muscle protein or skin [3,14,15]. Nevertheless, the antioxidant
activities of the positively charged fraction of casein hydrolysate and synthesized peptide, ATSHH,

Foods 2020, 9, 833; doi:10.3390/foods9060833 www.mdpi.com/journal/foods
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protect AAPH-induced HepG2 cell oxidative stress
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Keywords:

Peptide

Antioxidant
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Reactive oxygen species (ROS)
Gene expression

Nine novel peptides from tilapia hydrolysate were isolated and identified to be EKL, EKP, HKPA, ELSC, ALSC,
ASLCH, SLCH, LPGYF, and LEVPGY. In addition, six fragments from in silico gastrointestinal digestion of the
identified peptides, including EK, KPA, SC, CH, PGY, and EVPGY, were synthesized. The most effective parent
and digested peptides showing ABTS™* scavenging capacity were LPGYF and SC, respectively. All C- and Y-
containing peptides were more effective than ascorbic acid (AsA). In contrast, K-containing peptides exhibited

less antioxidant activity. All 15 peptides showed potent intracellular reactive oxygen species scavengers in the
AAPH-induced HepG2 cell oxidative stress model. In addition, the digested peptides SC, CH, and PGY up-
regulated the expression of CAT and SODI in HepG2 cells. The peptide PGY was the most effective cellular
antioxidant. Thus, tilapia peptides could be potent nutraceutical products to reduce cellular oxidative stress.

1. Introduction

Oxidative stress is related to many pathophysiological processes,
such as aging, inflammation, diabetes mellitus, and cancer (Nwachukwu
& Aluko, 2019; Sies & Jones, 2020). Numerous antioxidant peptides
have been identified from various sources (Fan, He, Zhuang, & Sun,
2012; Huang, Lin, & Chang, 2015; Kangsanant, Thongraung, Jansakul,
Murkovic, & Seechamnanturakit, 2015; Nwachukwu & Aluko, 2019).
Nile tilapia (Oreochromis niloticus) is one of the important freshwater
aquacultured fish species (Fan et al., 2012). Development of tilapia
antioxidant peptides would increase valorization of the species. How-
ever, it has been demonstrated that antioxidant peptides are likely
modified in the gastrointestinal (GI) tract due to the action of digestive
proteases (Gallego, Mora, & Toldra, 2018; Ren et al., 2018; Zhang,
Noisa, & Yongsawatdigul, 2020). The identification of digested peptides
is more relevant to health as they are likely to be absorbed and reach
target organs. However, peptides derived from in vitro GI digestion also
contain a certain amount of pancreatin, which demonstrates significant
antioxidant activity (Zhang et al., 2020). Thus, contamination of anti-
oxidant peptides derived from digestive enzymes by the autolysis and/or
hydrolysis of digestive enzymes poses challenges in the purification and
identification of antioxidant peptides from hydrolysate digesta. Bioin-
formatics tools, such as BIOPEP (http://www.uwm.edu.pl/biochemia/

* Corresponding author.

index.php/en/biopep) and PeptideCutter  (https://web.expasy.
org/peptide_cutter/) are usually applied to in silico GI digestion to pre-
dict the potential cleave sites of peptides in the GI tract (Agyei, Tsopmo,
& Udenigwe, 2018; Gallego et al., 2018). This can avoid interference
from the peptides derived from the digestive enzymes. Therefore, in
silico GI digestion could be a means to obtain a predicted pooled of
digested peptides of protein hydrolysate.

Besides synthetic free radicals, antioxidant peptides should be tested
using cellular antioxidant activity (CAA) assays, which would be more
biologically relevant (Lopez-Alarcén & Denicola, 2013; Wolfe & Liu,
2007). The ABTS*scavenging capacity of peptides, namely,
NTVPAKSCQAQPTTM, FLKKISQRYQKFE, ALPQYLKTVYQHQK and
IQPKTKVIPYVRYL, is positively correlated to their intracellular reactive
oxygen species (ROS) scavenging capacity (Tonolo et al., 2020). How-
ever, the peptides FNDRLRQGQLL and DVNNNANQLEPR show lower
ROQ' scavenging capacity than that of GLVYIL and YHNAPGLVYIL, but
they display similar intracellular ROS scavenging capacity (Du, Esfandi,
Willmore, & Tsopmo, 2016). The free radical scavenging ability of
peptides is not always consistent with their CAA. In addition, it has been
reported that antioxidant peptides modulate the expression of the genes
encoding antioxidant enzymes. The peptide NTVPAKSCQAQPTTM in-
duces the expression of the superoxide dismutase (SOD) gene (Tonolo
et al., 2020). YLEELHRLNAGY induces the expression of the SOD and

E-mail addresses: zxg2012@zmu.edu.cn (X. Zhang), p.noisa@sut.ac.th (P. Noisa), jirawat@sut.ac.th (J. Yongsawatdigul).
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Changes of antioxidant activity of tilapia (Oreochromis niloticus)

protein hydrolysates after simulated /n vitro gastrointestinal digestion
Xiaogang Zhang, Jirawat Yongsawatdigul*

School of Food Technology, Institute of Agricultural Technology, Suranaree University of Technalogy, 111 University Avenue, Nakhon Ratchasima 30000, Thailand

Abstract:

Antioxidant activities of protein hydrolysate would likely be modified after digestion. Therefore, antioxidant activity of protein hydrolysates might not truly represent activity under physiological
condition. Understandings of changes of antioxidant activities after i vitro gastiointestinal (Gl) digestion would shed ight on development of protein hydrolysates with high efficacy under physiological
condition. In this study, tilapia muscle protein was hydrolyzed by Alcalase with different times ranging from 0 to 16 h. Subsequently, hydrolysates were further digested by simulated /n vitro G digestion,
and the chemical antioxidant activities were assessed. Degree of hydrolysis (DH) increased with hydrolysis time. i activities of by various modes of action, namely Trolox equivalent
antioxidant capacity (TEAC) and cxygen radical absorbance capacity (ORAC). were increased with DH, but ferrous ion chelating capacity (FICC) declined. The in vitro pepsin digestion sfightly affected DH
and antioxidant activities. In contrast, Gi digesta obtained after pancreatin digestion, higher amount of a-amino group displayed in digesta after hydrolysis by 6 M HClwhen compared with before hydrolysis,
which demonstrated the existent peptides in digesta. GI Digesta showed an increase in DH, TEAC and ORAC when compared with the original hydrolysates. All gastric and Gl digesta of hydrolysates exhibited
lower FICC Digesta of hydroly with higher DH yed higher TEAC and ORAC values than samples with lower DH. Digesta of sample hydrolyzed for 10 h exerted the highest anticoadant activities,
suggesting that 10 h hydralysis would be optimum for production of tilapia antioxidant peptides. These results revealed that the antioxidant capacity of protein hydrolysate is modified after GI digestion,
and should be considered as one of criteria for optimizing the production process of protein hydrolysate with antioxidant activity.
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EFFECT OF INGREDIENTS ON RED BLOOD SPOT FORMATION
IN COOKED MARINATED CHICKEN BREAST

Matthanee Jantaranikorn and Jirawat Yongsawatdigul*
School of Food Technology, Institute of Agricultural Technology, Suranaree University of Technology, Nakhon Ratchasima, 30000, Thailand
*Corresponding author: e-mail address: jirawat@sut.ac.th

f Abstract 2 )
The objectives of this study were to investigate effect of ingredients [salt (NaCl), glucose and sodium tripolyphosphate (STPP)] on formation of red
blood spots (RBS) at the center of marinated chicken breast after tumbling. In addition, optimal cooking temperature for RBS reduction was
determined. Absorption of each ingredient was determined by inductively coupled plasma - optical emission spectroscopy (ICP-OES) at various
interval times after tumbling of 0, 2, 6, 12, 16 and 20h. STPP and glucose were not absorbed into the center even at 20h. In contrast, Na* was
absorbed into the center of chicken breast when incubated time > 12h. Ingredients used in marination affected denaturation temperature (T,) of
hemolyzed chicken hemoglobin (HHb). At 1.5 M Nacl, T, of HHb decreased to 66.1°C, while T, of the control HHb was at 69.7 =C. STPP at 0.1 M
(pH9) decreased T, to 61.4 °C. Alkaline pH induced by STPP appeared to destabilize Hb structure. RBS was observed at 100% incidence at core
temperatures of 50 and 70 °C for 1 min. In contrast, only 3.3% RBS incidence was found at 80 =C for 1 min. Core temperature at 85 °C completely
eliminated RBS problem. Marinated ingredients might have minimal effect on RBS formation due to slight absorption into chicken breast meat,

L

i
a{gmm
Unyreary OF

'%%”m'

. SDS-PAGE
Fig.1 Red blood spots in cooked consequently affect RBS formation. (436 stacking gel and 12.5% running ee)

i i s 200 [
&narmaled chicken breast meat J “ e
Red blood cells were
Nacl A isolated from chicken blood.
(43-27 days old chicken)

. o o
Red blood cells were | 25 [
hemolyzed with 5x 3
deionized water. 31 Mg
Sodium content A

69,693 £ -] 5 =~
®
' Ut )

@ereas cooking temperature appeared to be a major cause of RBS which was closely related to degree of Hb denaturation. J
oduction <+ Red blood spot (RBS) is a quality defect of cooked marinated Methods
53 chicken breast, which is unacceptable by consumers. % Marinated chicken breast preparation
<+ The cause of RBS is still unclear, but one of possibilities is
from incomplete denaturation of blood remaining in vessels. : esalt -
3% Glucose!|
< Common marinated ingredients [salt (NaCl), glucose and B s roe
sodium tripolyphosphate (STPP)] are expected to penetrate Sk -
260 g/piece min d
into chicken breast after vacuum tumbling and could affect Thickness 4-5 cm Jempsac Size 2222 cm
thermal denaturation of hemoglobin (Hb), which would “* HHb preparation

- 140 150408
LY . .
5w . 2 [y e ]
i ab - = froe sedae «+ Determination of sodium and phosphorus by
T s
i B ICP-OES (Vallapragada et al., 2011).
g . . .
2 o ¢ e ¥ % Determination reducing sugar by DNS

pa——— 2 s 2 Glucose . (Jayasena et al., 2014)

Gi‘mmm=mf€vm;'m"l %+ Analysis of thermal HHb denaturation by
lucose conten! . .

0070 MicroDSC (Heat rate of 1°C/min, 20-90 °C,

0.065
Foxo - protein content of 20 mg/m\ 255 pl)

00ss — e s >
£ 4050 o= By o = (Lepock, 2005)
Hooss
§ 0ot |
g 0.035
3 ::3:: o = il 0 Micro DSC7 evo, (Setaram Instrumentation, France)

0.020 - Cancentration of glucose (mM)

Unmarinztes 2 =
" Serge timeaier cambing 1) sTPP c Conclusions
Phosphorus content /,/ﬁ\\\ . )

i R _— #* NacCl, STPP and glucose were slightly

220 .65 63.01a 69483 i !
- s absorbed into chicken breast meat, then
T they might have minimal effect on RBS
& 190 . 60.00 61.85d 61.41d 3
£ 1w ] s formation.
i A L " - . “+ NaCl and STPP alone could destabilize Hb
é 150 . Concentration of STPP (mM) structure.

Unmarinated 2 B 12 i I ~+-STPPatpH? ~+-STPP at pHS

Seorage time after tumbling (1) 10 NaCl, 350 mM shscose and 55 mM STPP solution #+ Alkaline pH induced by STPP appeared to
Different letters are significantly different (P<0.05). 1 .
Fig.2 Absorption of sodium (A), glucose (B) and phosphorus - destabilize Hb structure.
(C) at center of chicken breast meat after tumbling | <+ Glucose alone had no effect on Ty of Hb.
B * Cooking temperature is a major cause of
RBS formation.
'+ Marinated chicken breast should be cooked

69.69

5.77c

1 L | [mied3 ingredents until the core temperature reaches 85 °C
aepi “eatpre

- Different letters indicate significant difference (P<0.05). for RBS reduction.

I Fig. 3 Thermal denaturation (T) of HHb after mixed \—/

L.o._._._ withingredients | _ _. _. _. Acknowledgement

Core temperature 85 °C, Holding time 5 min (n=60) i h was financially supported by CPF C

ee University of Technology.

Effect of marination ingredients and core temperatures on cooking loss
E
30

3197
28.5% 2933 29410 o .
25.74¢ 25.36C N ability and protein

ning calorimetry

17276
4.068

Caoking loss (%)

1912
-0 In Vitro Pho:

e b@ RBS = 0%
u
! -
Btimn  0Gimn  WCime 5 imin us-c,s-my

\ Fig. 4 Thermal HHb denaturation related to RBS WUnmarinated # Marinated with 3 ingredients

Journal o

281



282

> a.2 lasudaLaan TuMsUsEaivINssERuuIuIIR il

—~ S
> D

Effect of Ascorbic Acid and 1
on Gel-Forming Ability of T

¥

<
T 1 i i

P
m

o i M = [

G po—

il T :
o EEE == L
1 ST : = =i
. : = =dip

Mr. Danou Pao (Master student)

poster presentation
The 20" Food Innovation Asia Conference 2018 (FIAC 2018)

"Creative food for Future and Sustainability" at Bangkok, Thailand



Effect of Ascorbic Acid and Hydrogen Peroxide
on Gel-Forming Ability of Tropical Surimi
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Abstract

The objective of this study was fo investigate the effect of ascorbic acid (AsA) and hydrogen peroxide (H,O,) on gel-forming ability of threadfin bream
(Nemipterus spp.; TB) and lizardfish (Saurida spp.; LZ) surimi. pH of surimi paste decreased with an increase in AsA addition with pH 6.7 at 0.2% AsA.
Addition of 0.15% H,0, alone increased breaking force and distance of LZ surimi gel by 180% and 30%, respectively; while AsA showed lesser effect.
Combination of 0.15% AsA and 0.1% H,0, greatly increased breaking force and distance of LZ surimi by 300% and 55%, respectively. Addition of 0.2% AsA
and 0.15% H,0, resulted in the maximum gel improvement with 150% and 90% increase, respectively, in TB surimi. Setting at 40°C for 30 min had no effect
on gel improvement of both species. Soluble protein content of cooked gels added AsA and H,0, increased with the extraction buffer containing B-
mercaptoethanol (BME). The whiteness of surimi gels also increased with addition of either AsA or H,O, alone but decreased when combined AsA and H,0,
was added. Browning reaction obviously occurred at 0.2% AsA and 0.1% H,0, for both species. Myosin heavy chain (MHC) was not observed in the cooked
gels added 0.15% AsA and 0.1% H,0,, when extraction was made by the buffer without BME, but MHC was recovered when buffer containing BME was
applied. These results suggested the involvement of disulfide bonds in gel added both AsA and H,0,. TSH groups slightly decreased with increasing either AsA
or H,0, and drastically reduced in the presence of combined AsA and H,0,; especially, at 0.2% AsA and 0.15% H,0,. AsA or H,0, alone or their combination

enhanced gel formation of TB and LZ surimi, but the optimum use of each additive varied with fish species.

Threadfin bream (TB) and Lizardfish (LZ) are important
species of tropical surimi production. Due to post-harvest
handlings, gel quality of tropical surimi is generally lower
than cold water surimi like Alaska Pollock Thus, method
for gel improvement of tropical surimi should be sought.
An increase m disulfide bonds would be one of a
promising approach to improve surimi gelation. Ascorbic
acid (AsA) 1s auto-oxidized in presence of transition metals
(iron) to dehydro-L rbic acid, and sp \
disproportionate to AsA and Dehydro-L-ascorbic acid; the
superoxide anion radical is generated and removes
hydrogen radical from sulfhydryl (SH) groups on myosin
heavy chain (MHC), generating thiyl radicals (S-). Two S
form a disulfide (SS) bond between MHC. Hydrogen
peroxide (H,0,) is known as an oxidizing agent that can
induce the oxidation of thiol group

The objective of this study was to investigate the effect
of AsA and H,0, on textural improvement and color of
tropical surimi, namely threadfin bream and lizardfish.

1. Surimi gels preparation

2. Surimi gel measurement

o Texture of surimi gels: Punch Test (Park, 2005)

o Color: Colorimeter (L* a* and b*) (Park, 2005)

o Protein patterns: SDS-PAGE (Laemmli, 1970)

o Total SH group content: Ellman method (Ellman, 1959)

o S-S bonds: A colorimetric reaction method by using
'NTSB reagent (Thannhauser et al., 1987)
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Fig. 1. Effect of AsA and H,0; on the gel-forming of LZ surimi gels.
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Fig 2. Effect of AsA and H,0, en the gel-forming of TB surimi gels
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Fig. 3. Whiteness of surimi gels effected by AsA and H,0,.
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Fig 4. Effect of AsA and H,0, on surimi gels dusing Direct heating
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Fig. 5. Effect of BME on solubility of surimi gels added AsA and H,0,.

4 1 L. (1958). Tissue sulfliydryl groups, Arch. Biochem.

Biophys., 82: 70-77.
2. Laemmti, UK (1970). Cleavage of structusal proteins during the
assembly of the head of bacteriophage T4. Nature 227- 680685.

3. Park, JW. (Ed). (2005). Surimi and susimi seafood (2* ed.). Boca
Raton: CRC Press.

4. Thannhauser, TW., Konishi, Y. and Scheraga, HLA. (1987). Analysis for
disulfide bonds in peptides and proteins. Methods in enzymology, 143:
115-119.

MHC were not observed
in the absence of BME

LZ Surimi Gels

EEER-ER=N L
H:0; concendration |
MHC was recovered in

the presence of BME e

Fig 6. Effect of AsA and H,0, on SDS-PAGE of LZ surimi gels.
M: standard maker, MHC: Myosin Heavy Chain and AC: Actin
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ig. 8. Disulfide bonds content of surimi gels add AsA and H,0,

v LZ: 0.15% H;O, alone ‘> 180% increase in
breaking force and 30% increase in breaking
distance.

v LZ: 0.15% AsA + 0.1% H,0, > 300% breaking
force and 55% breaking distance improvement.

¥ TB: 0.2% AsA - 65% breaking force and 40%
breaking distance increased.

v TB: 02% AsA + 0.15% H,0, > 150% breaking
force and 90% breaking distance development

+ Whiteness of surimi gels increased by addition of
AsA or H,0, alone.

v of surimi gels d
of AsA + H,0,.

v Whiteness of LZ surimi gels: not higher than 0.1%
AsA+005% H,0,.

" Whitencss of TB surimi gels: not higher than 0.15%
AsA+01%H,0,.

v The determination of SS bonds content method
should be developed in term of surimi gel analysis.
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2. Collagen purity: HY&VW"W(BYP)WWMM"W ﬂgml SDS-PAGE of a ASC Figure 2. FT-IR (A) CD spectra
3. Extraction process [3] and PSC on 7.5% polyacrylamide gel. of trachea ASC and PSC.
B s olteen 0.5 Maceticacid Table 2. Yield, A content and thermal stability of trachea ASC and PSC.
Extraction yield (%)
Weight yield 0.7°£0.03 3154006
Collagen recovery 134+ 005 6.9°+0.13
Collagen purity 740°£1.79 828 %150
- e 4 AA content (residue/ 1,000 residue)
; 2 " . 5 - 1 12323 310+226
:_ZPepmsolnbleeollagem O.SMacic“ggl -ontaining pepsin (50 units/ g residue) Gw) r)‘ Y z:”s 115:410
> 4 76°+1.03 105*+0.88
4.1 Amino acid (AA) content: amino acid analyzer (Biochrom 30 plus) \
-60MHClat 115°C for 241 BIBSEE3.26 A= A8
42 Sodium dodecyl p gel electrophoresis (SDS-PAGE) .
- Solubilization'10% SDS (12 g protein loading) ;:g_: g-‘;: ;i.‘::&i}
4 er transform - infrared (FT-IR) spectroscopy [4]
'wavuumberof4000»900cm" 64 scans at a resolution of 4 cnr! K mwmmg@igmmﬂm(p<oos) "and PSC j
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45 Micro-differential calorimetry ——ENS onclusmns _—
Hdng rate of l‘CI min fmm 20—60“C — <
[ < Collagen from CT extracted by acetic acid and pepsin revealed tvpe I characteristic.
<+ Higher yield and recovery were mMpepsin-aided extraction.
' % PSC showed higher stabiliry, which to more highly ordered and compact structure.
E 5 < FT-IR and CD suggested triple heln uon of both collagens.
i SC <« Therefore, trachea is another promising raw matenial for collagen extraction.
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