wHTINgINYIIUNTIY

N

s891ugaTUENY I

HINFTANUAINTEAUNIILENgMELUEINUAD
ianauAunwYasldnsandliaduainuan
Fish bone powders activated fish transglutaminase

to improve qualities of fish emulsion sausage

Tng

UN9a12U99S LA

31 AaAu 2557



JruyLauil MRG5380082

51891UIaTUFNY TRl

mnizﬂn‘dmn%zé’ummﬁngmﬁLuamﬂ‘da'l
WanaIuIAuAINYadldnsandliatuainuan
Fish bone powders activated fish transglutaminase

to improve qualities of fish emulsion sausage
g

U19d12U995 LAL9

AMZINYIANEATUITENALALIAINTTUANEAS
UNIINYIAYVDULAU INYNVANUDIATY

aluayulagdInaUNa WUETUAYUNITIY

(Anusiulusieauililiuvesdide and. lisndudeaiudlaaualy)



uNg3UN15998 (Executive summary)
SWALATINTG MRG5380082

Yolasenis HINTEANUAINTEAUNTIUANGNIUAINUAY
ieNawAu nvedldnsenddaduainua

Fish bone powders activated fish transglutaminase

to improve qualities of fish emulsion sausage

voundReuazandy  wieaUies wmdls anginetmaniuszgnduariainssumans
W INFIVOULAU INYNYANUBIANY

Miss Bung-Orn  Hemung, Faculty of Applied Science and
Engineering, Khon Kaen University, Nong Khai Campus

E-mail address bunhem@nkc.kku.ac.th, hemung3@gmail.com

ITYTLIAN fanAy 2553 - nanAy 2557

msfiufeanszgnuandaduianfivdonnnszuiunisulssuuaiteduundsweunalden
sssumAiofinanAmslnvunsuazduauansiidamhilunandsiomadunddunumisns
fan1sveadsaingnainnsnuiieaiayaaiuuazfunislivselovininensdaiinegisdue
fatunisudssunszgnuanliidnennlunnduaisidevuomsidelifnau i Rdminfidufs
UszasArendndaelusiiuaanniaideasiasunisdng

nszgnuatndaiunazlardaiignindoalieglusunsannsaduundsvosussinsssuei
Tnslamzunailenldinninisidndunidasesnstramunzandwildlnenisudnsegnuaily
a1sazangaafeu Fdinanisidnludunarlusiueanainnseanlaegelissaniamdmali
Uhinaduiuturilinansegnilléfdnenmiuuvasesuisinldiduogned asazarsdisdidieda
nsouuinvessinsegnlidaunuiaziuiufifdudalfuntuldfuinashlfaansanudes
wealsuazagldeenuuiiensliinyseloviiddavuinisuardaauanifiBmiiivestusauld
nsutnszgnualuasarareanseililinnsgniitdimdesenimaiindurilfidneninluns
Juasdeduomaiieduandmislasunisuazduaiuandfdamih Asuia seasdlunde st
TusAuiiadu 1wy lénsondiaduainian


mailto:bunhem@nkc.kku.ac.th
mailto:hemung3@gmail.com

Usinaunadosioualunnsegniimdeudnageiiviosay 32 wiknaloumaituegluzuves
wnadeniliazanadedudiilng ewmnnuueaiouazansldifivsiosas 0.5-0.6 lnonanszgnan
UandaiuagiimnuannsalumsazarsinnnintaniadsenailUlivselovdlalnense Tuvaeiing
nszgnuandiaenafiesrunszuIumsainfensnozdinidenoulnan neimnzasonisainog
Arandutu 0.25 Tuaidaenian 48 dalus Fuhlildamsaranefifunadouazaglfifinduda 13 wi
nmsaradaei

wnaideuazasldannszgnlanndniuiiatadetudivinalisndnuafddigmslunms
nsdumshnuveseulesisinsdendiuvedlusiu (nsuangmiiua) Tasnisvhanuveseylss]
fanandsmaliAansidondrulsiuiundinsusulsadeduiavemansusibtatuaaanlusiu
Yanlsl msiedamanszgnuanluldnsenddatuanuariinrunduduiesas 1 3aldsunisuszidiuni
Juldlaleeiinsananuansenuseladonmunin audinidasuinis wagniseeusuvesuilan na
MnmsAnednandliifuininaiumanszgnualulénsenliidmansenuse ssdUsenoundnnis
wilusoendla wenandudiliueaiBouiomaifinduie 15 wh dwalildnsenddaduillddadu
wandusinaadougaiesniviinuueadoudoniomheuilaaunnnindesay 20 vesUTunwud
wuziliulnasiotu venandudeduiavesldnsendlisunsduaiuliftulasaneauuiuay
Ay wadsnanideiingiinannisdouduilusiunduiefisdaoouleimuangmiiua
filssunsnszdusounaienarasldfiannuanszgnuanndniu nandnsildnsentanadunsnsygn
Jaldsunmssensvlunmemiumniudeussdiulaefuilnaidesanldsumssensufuiloduda
Auarsavifiinty

annsAnyidendsiidudeyadestuiasfouliifuisdnenimmamnainvasuantasi
lénsonUaunaldougeiindslas msihiaguaeldainnszuiunisussuuaanassyaniiiu suas
rolmAnuuImslunsaisgramnssuseilesangnavnssuuUssuuadadunagnslunsianis
YadNaNaMNITUeE 1Nl UTEANSA N

ArdAsy: Uanndnidu Yalla mansegnuan nsruanamifiiua ldnsendan



UNANED

nszgnuanndaiuuarUaniialigminiidnansdunisienislierudeuluiuazasaras
draduinan 1 falusdeuliaueugenieldvdeteniiudu (121 ssmwaldoa, 15 Ueudde
p13798) Wunan 1 92l suukadefouandou undunuazsouinunzunssrun 38 lulasiuns
HAdATIEesRUsEneumaaiinuInsidansaraeanadieidaludusaslusiulauinnitdealmg
lunsnszgnainuanndaiiurietanfafidngstu msduveduananmeldSsdsunsusanuinliunnss
fudmiudanndaiu winenszgnuardanunsfauusmyiBaminiivesansdunidilowdoue
ansaraeane uenntuninsegnUatlsznoudaglensenduonnilne RufinvewmanszgnUaniild
Mnamdiefendeganssmikuvdinsailifuinsldasasaeddmalfiuiaddnvasy
nsoulurnefimsliiagilildiuifdanumudusasuduss Fvesmsnsegnilldannisinde
iasinAnuhmsliasasanedeiliauaivanasasaaududunsussmdenfintudiofoy
fumsldih weaiBouianualunsnszgnuaisaessiinidnfosay 32 winaBeuavanslddaios
Yoray 0.52-0.6 iieafnuansegnaotidedndiu 1:4 wadsuazansldnuanseanUanndaduiian
snnianiatliiiuitansagninlldusslendldlnense

nsafauAadsLIINRInsEanUattiamensa 5 via (nsaiuzdu nsande nsalunsa nInewd
Reuaznindnia) JaldTunsfine wasnuinuannsolunisadaunasdeuvesnsntiduaioyd
PnvIzaLReNsatauAaIdeNInnsEgnUaiieldUstlovilugmamnssuens anaduduuay
nafiunzausensatinde 0.25 luansuas 48 Halus WeadauaaiBoufianizdnanfodndiu
1:20 wuinflenududuneadendy 2,372 faansuredns dwunnninnsldhaiags 13 wih

wnaidouazarsldanuanszgnuanindnduiiatndiethasansgdunisinuremsuang
ywalddusinazlffonssufidesniinisléunaidonnanlsd nsidendmvedusiuiignisasiae
nswangmiiualuanneiiunadenazareldligniigatlaeuvuunuvestusauiiléannisuen
aeldaunalslindhomadndiaalnliada nsnsegnuanndniuldgniasaluldnsenvarirududy
$ovay 1 (lndindetnin) nasnnisinnesiesduszneumaainuinaifunsnsegnlinszmude
Usinaauiy lusunaslsiuuausmnandiinduegeditedfynieats dwaliusinanaaidoy
sovsluldnsenifindu 15 wih deifleufugnsmunu Avedldnsenlifieruunndrstuidiofianson
awizarama i duiindemszmarunduiunafinduogaiuléda nannnmslesgy
wwuisilodudanuimamuuduaramudusufianfisnniulufessiiaiumnsgn #aainnis
Uspifiumnuvouvesuilnanuiinsiasunensegnldfunsiuumnuvoudiud eduda savid uae
Arumaulne TNty

ArdAsy: Uandaiu Yanlla wanssgnuan nsuananifivua ldnsendan



Abstract

Silver carp and tilapia bone samples were soaked in either hot water or hot alkaline
(NaOH, 0.8%) for 1 h and were softened in an autoclave (121 C/15 lb.cm?) for 1 h. The
obtained bones were dried in an oven dryer at 100 C for 12 h, ground into powder, sieved
through the sieving mesh to collect only particle smaller than 38 um. The proximate analysis
revealed that alkaline treatment eliminated effectively the organic matters (fat and protein),
resulting in the higher ash content. The vibrational spectroscopy showed similar signal
between tilapia bones, while the modification of organic compounds by alkaline was found
in silver carp bones. This technique also indicated that the bone powder comprised of
hydroxyapatite. The microstructure showed the corrosive surface in sample treated with
alkaline but the compact structure was observed in sample treated with water. Color
measurement showed that the lightness of bone powders decreased when it is treated with
alkaline, while the redness and yellowness were increased.

Total calcium in bone powder treated with alkaline was found at 32 %, regardless fish
species. The soluble calcium was observed at only 176 and 189 mg/L for tilapia and silver
carp, when those powders were extracted by water (powder:water at 1:4). Due to higher
calcium solubility, silver carp bone powder may be applied directly in food system. Calcium
extraction from tilapia bone powder with 5 types of acid solution (sulfuric acid, hydrochloric
acid, nitric acid, acetic acid, and citric acid) was investigated. An acetic acid was considered to
be the suitable acid for calcium extraction for food applications. The suitable concentration
and extraction time were optimized to be 0.25 M and 48 h. When tilapia bone was extracted
(powder:acid at 1:20), the calcium content was observed at 2,372 mg/L. This soluble calcium
extracted by acetic acid was higher than that extracted with water for 13 fold.

The water soluble calcium from silver carp bone activated TGase. Cross-linking of
myofibrillar protein catalyzed by TGase in the presence of soluble calcium was evidenced by
the changes of protein patterns, assessed by SDS-PAGE. Silver carp bone powder was
incorporated into fish sausage at 1% (w/w) prior being compared its qualities to the control.
The addition of fish bone powder did not affect the moisture, fat, and protein contents. The
ash content increased significantly and total calcium increased for 15 fold when comparing
to the control. The color value was not changed when only lightness was considered. The
yellowness and redness values were increased significantly. Texture profile analysis showed
that the hardness and gumminess values of sample were improved by fish bone powder.
The product acceptability, evaluated by consumer test, showed that incorporation of fish
bone powder could increase the overall acceptance. This was due to an increase in the

preference regarding the color, texture and taste of the sample.

Key words: silver carp, tilapia, fish bone powder, transglutaminase, fish sausage
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unumveInsuangmialugaamnssunlssuvanladnsfnuiuneauais d5189un1s
Usuusailedudavesndnsasiusiuvaanndevaillianenamnssuiovaundaduingiundn
Tumsudnndadusiomsiudiomwsswadiu iwu aunlulng (Kamaboko) 3 (Chikuwa) Y8n
(Crab stick) w3aifioyifieu (Immitation crab) gn¥u (Fish ball) Wusu Haguuldfinisdnyinis
yureseuleivsungmiwannidevanasvgiavianiieg soutiannuazBeniiudslding
AUNUNIWENgMITUEINUnaslnlAeanwUATISY Streptoverticilium sp. vinlvlidnen1wlung
wAnAUT9gs MIfunufana1iangnsnaneuluiidinisineldansoR/nsesmanenisinyes
U3¥n a18lidgluldy 911n (Ajinomoto Co., Ltd.) Msvinuvesauluivsuangniidiuaanadunsd

¥ &

PosnnesensUszendlilugnamnssuiuegranniilssnnfueuleiivihanuldlaglidesede
wismvieloosuduinasdu daliaduieuliruangmiwannnduiovafidenisuaadenly
msnsedumsTha Tessdunnudeinisveuaaifentuegfusiivesawazuvdsileguosan n1s
nsrAuNsTuvemungmiiualalagltingfvatnsssurdlagianizuaadeuinnizgnuads
Judeideriinauls Tnessaddednvuzdandnddailfinisdnwiegianiiawanadn uaz
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nanfuafidnudiinegianizssuulusfiuaa ninudszuvemsiiueaanddadu (Emulsion
gel) Felailasunisnenulasanylundndunldnsenddatuainlan

ldnsenddaduainlan (Fish emulsion sausage) Wundnduaiussianiaavesdiaduiiia

sgrinntietauazluduiiniunissnld Tianudewiievinliign (Cook) nioufunsivaeulivaanay

o

difadunaneidua wanfuridinaninduduandsamaluovglsulagldidedn fundundnuas i
Huidnldun Tdnsonunsadidn (Frankfurter) 1dnseniouun (Vienna sausage) 1usiu Jaqiuld
nsonUanisuldsuaudemnniudesnlusfulanfulusiuiifinunminsglasshasesnede
msgngesannniilusiuandnilvgdsduldnsontandedadunidlundndusifiogunin (Healthy
food) InetanzegrsbaiiensrurumandnldfianUiinaihiuasmingasunadlflunmandeldnsen
nnifledn ity nAnsusidinanianingesdedmsuiuslnaiifanuldelsaaudunayise

ladugaduluduionuazlsaiila

v

wmaluladfiddalunisnanldnsendiatuldudnszurunisadeszuudiadusenindusivly
dodnituluulnelusiudosdamunmiaerilindoudemafnautidamhiiiflnsanznisvev
Salviuseninsifedfatudowinssiinisifamasninnisivauieu sewinisudnagsosd
nsiiundeadluiielindeluazarelusiudule (Myofibrillar proteins) Weldsiusisnanoglu
anmazasudiindouiisevuidaidulviliAansnssnefeadaidudng sgsihiaie
Huszuudiaduuuuihsiuluh (Ol in water emulsion) el#suanufeulusiiludiatuaziinnig
Foanmuaziinaudideihisnvdanis Aensiiniea Taslsiuievudinluiusgaziinnisdy
studueaiverudaluiulvhlrldldnsondeideu

Hadeiinansenusenunmvesldnsendsiaduiivarsesns 1wy sumgisewinanisnandenns
Nt 15 sarmnwaBeamszigamgigasyililsiuiansideanm A pH fmanzaulnesios
Lhdunsannidulumseagililusiudeanin venantuunanndeffdulnedosdiviund
desesemsazarelusiudule TneduannldnsenUssaniaziindeuszanadesas 2-3 adilsh
punsiindegefienavilinandusifideditadmiufuslnadiilsanudulaiings warlsaln ey
msanndedaduuuimslunmsdaaiulindnsnsildnsonvanduldnsenvaniioguawegiausiads
win1sannfelugnsidnson1admansenuseAuA NN IZAEYI AN T lUN1TAT A9
WsAuanas egnslsimudissauinisialdnsenansanyunanndedanudululdvindnisiiy
asfuussemnsivaelunsfnandsluasfuudananiuldiun wulwivsuangndiuaiBnisnn
Guiinswiudiludevanfioulesimsuangmiiuaey fdunisnssdulieulsdvhaulfasasy
UsgansnmAenaanidumadenvilslunsuiuussnssuiunsnanlaglidesiseulesinmanisd

Yanndnidu (Silver carp) f3oaniyfiiundnedrmisfavardunie Yanas lnefide
WeAansAe Hypophthalmichtys molitrix (Cuv.&Val) %’ﬂagﬂuﬂfjmsuaqﬂaﬁu%qﬁﬁwm 3 Yiin
16un Yandu Yan9s (Bighead carp) wazUanAung (Grass carp) Yanndnduduvaniinufindy
p1slaglarnzuNaInouy JUNsINAYFIuvesUaunAnRuLanldfssunl 1 Tnediushiivuiauiy
nans Uindatudndeseguatsanvesia vinsslnsdrandestuinidndes adeudradnuarerld
sefufanansddn druvifmeavionld@euatinfundudiuans flofea Super branchial ag Fnseq
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WianARReNULRiouAz LN TINLaNBIzAaI8NDIUN HuNronesld9asiols ag 4 & WunRlAnUDY
Huwvudusesazidon ASUNAEAUATUALEY 3 AU WaEAUAIULILY 7 AU ASUAUTAUASULRYY
3 AU LAZATUATULILY 11-14 AU ASUBNIATULABY 1 AU tazdl AUATULILY 17 AU ATUVIDI
i al a 1 a a 1 < [ 7 o w < o w
AMUATULRALY 1 MU UagdATUkuLd 8 AU INaAuUERTadaT 110-123 1nda aigunszaiowuy
Peduvienludueninnentiegiu adinmasden w1 dwdug Tadu
X v ¢ a a Ao = a a =
nsiziaswaglduseloriidagnainnssuainlarsiintilisgnululssmadunas Suneds
v & YA Ao ja a % I Ao & o a aa a
AU UUANUIIANUUTUIUNITRARADUYNUINNT 1L UUANULUDEUILAZUTATIRAA UTIPIUNT
nandeUluusemaduagNussunn 4.9 duawdulul a. . 2002 lnenandndenailagndadig
2RaIMNITUNTHUITTUMAINTANE JULUUTINN LT Ua g onuls n1suandenaidndudeuen
nszgneandeneliinduresdsnindudedasunisdnnisiviunzan dmsunsimisideuasld
Usglgvivarvfialiluusemalnedisignuivhsubewarlunguuaidudieyg 613 Wasusiuiiied
721.97 15 Aenunandn 200.07 fu (Audansaund, 2546) wwiliusunseainveslaidudneglu
Aa a 1 A = o, A aa | o a
an1eiivTnaaudiensusiangs Wewnniludanisaninsaildunanntdnuaseulszneu
pwnsiulanauseaudaniais egnslsinunisiaeslatdulueasd dulugdlaibesuandundn
wirzUdeeiasuivenislduselerianminensluuanilaefiliiinnnugywan iWeannvaduay
AuemsaneseAuiulaman donsinmsasuiulaiilirsenudgymilsassuin fwuvardudadu
Uanhanviianistdinainfoudaazuiuey suaziasuadaaudulaliwagides Wewwiluulunis
nanUanantudnsiiiuuniu
1 A v vo a L | &) 1 | a a
AuAMNeIMvasUavliatiilasunisiigauuasnuinduuvaiveusss WWshu nsnexdily
wazlvduinsnduiru EPA way DHA Wudu Uin and Lee, 1998) aatiunisttusylessiainuanviing
Tusgdvguamnssuddlainvulaun Yainseu (Fish chips) iiadatsu (Stewed fish) iadaiunais
- I < L. ~ 1% 2 o o A & a &
WL8onKYa (Frozen surimi) saudenisldussledluseduainiou nmsudssuvanndniudy
nanSudidenandndusesivaiuiiiunssuiunisuaieilloienidanszgnineaniznszgn
LnuNasuesdia lnensegnaenanenagniuuusguselaenisnennseulidusunvuieiluung
Wud winsldusylevinsnanidaivuailiinnweassessuivvesdeniinlu delunisAnwinislyd
Usgleriannnszgnuannaniuiadumdeniaislasunisfine lalinsneemiweluladuntigly
nsuwlsguunszgnuanndniulvedlusunslagldmalulagnisuneyniaién (Superfine grinding
technology) auvinliildnsnsegniiflouniandeyszana 7.65 lulasuns winslduselovinansegn
nlauasiuauAmsomsdlilasunisAinuisie
Uanila (Oreochromis tilapino) Wudaiurdnlursdianued vereiuglddireuaziingg
& i % &, a A ~ aa A Haad o a = a
IWNELREIABUTNNINAUNANBUUUALATEFNAUBIANUTAYIRA Uarguaulauntinanymdiensng
nuluuvanidn wu we nues aaes U9 wisuduanuiiinsesiaunsaasyls wuluuauusene
ga1u gn1uan YardagnidngussmealvelasaunansednsnssnesislasuisgUulnensdndadn
1% < 1% Y ~ v A = o % 5
WINANEINYNTEUIMALLAINTZIINBYNIEDTUN 25 Hurau w.a. 2508 71U 50 A3 NTY
WszumaRanszidegildlusanant inaasuidsslandaludenisluaiuinsan \Wunils
1A59n15TUlATINTAIUNTZDIA @IUTRTAAT HAAINNITANYINUIUAIRINa1RTYLAULRLAR faunds
Tonsgmvnmulansudssuddud we. 2509 weinluveeiuguaswandgluiunaning siunsldaee
aswnaIdInneg auiiuinmazaiie il uneiududiudnusssuy @ Matdvandaidulanddl
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Uanfiadulaifigusnmsuwuuadievamue difiianemuazuiaduiv vasdlasu d1dmddideilu
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sg = o o L% a a U a Y
11918 TaN8AINIAVINNAINATAD TANU1IUTEUIU 20-30 WURLAT tngdmduUatAunInsLay
&7 fomnsnanidu 1suh eglasin fsouduas elee wardnUs ddeveslarfiaazvyevagsiuiu
I3 = [ Y] Y v o ¥ Yy < % 1 ¥ 1
Jurla fanueanuiazanunsausudilidiiuanimwindeulas lnenuaiuule 20 dauludmdiu
Jibiasglaluiinsesld nuraulunsn-aeladlugae 6.5-8.3 nunegumngilad 40 s
= 1 a 1al v QA' I3 c': 1 a (v 3 a =2 o I~ [

waldva waaseylatuadnluiidu (And 10 ssreaded) dsdulaidadsdaluvatluluniou
(Tropical fish species) Uallalasunisvenaiuguagldlsslevieganinavnasluiazsalssine
TngUSununsnanneUiiinnneqduusununisnanlan Salmon wag Trout 20 lngUadsnarile
Lsﬁ’ngqmammim%f'sSauLLazLﬂui’mqaﬂumiLLUﬁgULﬂumamﬁmsﬁmm wu Yardauianuds n15vin
& | < ° % 2 Y oa v & a X a X | Za v a
Wauatuanddanwda N15vusd WWuau ganstauselevuanndanviaiiinduasintandenalmie
mauﬁaﬁﬁums@ﬂmmmﬁu

(v gj = ) k% I3 4‘ =1 a | a (v I3 a ¥ 1

aaiunsfnyinisdmansegnuanluldusglovdinaduansiuuimindagionnsviousdus
WUANAINIIOINITAITASUNISANYT nsrzaznelminuuinisdunisiasuiaguaeldain
nszvIunswlsguva i lundndusniiyadinuingadu msfnwdinainuenanaziduwuims
1um3ﬁ°]’mmssumLﬁsa’mmiu:digﬂﬂmLﬂﬁL‘SuﬁLﬁm%umEf[,u‘ﬂizmel,é'ﬁu?;lumuﬁwam (Model) a1
dmsugnamnssuwssyuanstinilundus ldndeuazinunduwimisdunisanvesdsain

<

guannIssumNnannisianisiivendeituaud (Zero waste)
1.2 JnguszasAvasnsine
nsfnufeluadeduvseandu 2 meu Tnsusasnouifngusvasdeoluil
121 noufl 1 nsUsElluAMENYrYRIRInTEnUA LAz SaiaLAaIBENaINNSEANUAT
12.1.1 iefnuaudnvarressinszgnuafiiunisiidndunidaisseniafui
wavasavateaslnglinszgnuanniniusasUanda
1212 iflefnvivinunaidesimunuazunadeuaraisldlunsegnuaindnii
wazUaniladriunstiasesig
1.2.1.3 Wefnwnsataunaidenainnszgniardaseansazatonsn
122 noufl 2 naveInszgnUandniusionunwyedldnsentan
1221 ieUszifiudnenmuesunadenazasldannszgnuanndniulunmsnsedu
ulwivsuangmiadiosnsdeudalusiundmiovan
1.22.2 leUsuifiunavosnsnszgnuaiindniusisnunimvesldnsondanndniusiy
sinan o esdUsznoumandl 8 Weduda uavnisussifiumeUszamauia
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Usnauassaunssy

2.1 a3AUsENaUYAINTEANUAN

ansusenauduvsdlunszanian lassadvenszanUanUszneumedriilua sBun3daad
Apaatau (Collagen) tunan uonaintuiiluaisdmindda (Lipid) wavidi aeaaaufinulu
ﬂiumﬂﬂammﬂwumm (Type | collagen) Faamduuszunadosas 20 suaqmaﬂsumﬂmaﬂmﬂuiaa
ay 30 ‘UEN‘UilI’]G]iﬂi”@ﬂ uaﬂmﬂuummaaamu%umau@]Lﬂuaaﬂﬂi‘"ﬂaumamLLaﬁ]vaimmuaa
AoAaNIUYaAT 1 mwuiuﬂiz@ﬂLLaumwuiumamuquﬂawmLLmﬂmaﬂwmiﬁmLimm (Arrangement)
Larn15¥audnu (Cross-linking) vaudulempaaiauuinninfazunnsneiuinsaesilumdy

¢ I3 a A Y a Ao A v & =

asrusEnay Aaataululusiuiusenaumivatslusauneariaiuang i anuluguinden

(OL-Helical chain) Aeaaaudinuluvaifiveuuuiiduaionay (Heterotrimer) Se%ine OLLOL20L3

W39 (0L1),002 vi3ousinsyiiaaneiienauans (Homotrimer) 94 (OL1); TneTusAutsanuansdini
unnsnsnsmexfiluiiieadntios Tneflnadu (Glycne) azidunsnesiluiinuinniandadunilsluay
veansnozilunanulunoaaau lnediurensaozdluiithnude Gly-Pro-X waz Gly-X-HyP lng
X Aonsneriilulagflé d3u HyP Ao Hydroxyproline n1sfireaanaudl Hydroxyproline aguNyibA
Tushuriinifarunsigauazenuinisazats nsilnatuiadunsnosilufidnfianogyng miied
3 Yawiteg9eu (Repeating unit) ¥lvinesenisadaiusslalnsaussniunagivesneaaiay
Gulomeaaaufanunsnassiuseulilasnisssufisemeseulsl vonandunadesdudule
fnandudaldnuiiseeendieduvenimanazludy

a1susznaveliunidlunszgnuan laund lulewennilnyi (Bioapatite) gnslassaitaniundl
Hu Cayg(POR)A(OH), Fufimanmsrindaiuveussng tnsdmntazshmihiindnidudulsenauiily
aruudausslitunsegn uenmiudsiminiideisinelaeduundsoudslituged lole
wann byt enaenldnansetng wu lensenduannilngt (Hydroxyapatite) lensenda wonnilnyi
(Hydroxyl apatite) A1SUDLUA WaNWNILNA (Carbonated apatite) 150 A% tav (Dahlite)
asuszneveiunidinanidnvarirouiraiuendnual Tneflassaradundn vunuszuin

50x25%5 wluwns dnglansenda (OH) Aeudrsdesuasiinnnuduszideulundn (Crystallinity)
Aoudna1 egslsfimamandananiunumesnadedmiunmsiauiuaznsdenueunsegn T9eau
Insinseaivemdnuenminilunszanuauaznszanaudinnuadieaisiuun wegalsini
yavesmanuenmlnsiinagiivunuandstulueg funduuesdelidin diuguitmomdnuonmlng
Tunsggnlddudufianiiesduey visseaunanimanveawennilnilunszgnidusuadiedu
(Needle-like shape) uparddediulvgnduvenitudnlunszgnilsusiseaieaiu (Plate-like shape)
5199u9 Aorawulunszgnldiduiy uidiumngnaziAnainnisunuiingaisueiunfosinduidy
woawinviemylansenda vlilunsegniivsuuemivenfndudosazszana 5-6 iy
ansUsenavedunsdludnifinssgndunaa (Vertebrate) Fnazilulauennilvidudiudszneu
Sovariszann 66 laeriniin vi3e Sovay 50 lasUiuns uidwiunsegnuanenauandeaindn il
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nsvgndundssiiaduilesanwuosazvedlulauenmlviidesndt uenainduswuirenuruiuiy
vaenszanUardsilartesnindndie dndiuvesarsedunidioarsdunid wazusadamilen
(Interactions) wmwmiaaamjuLﬂuﬁaﬁwwumﬂawuLL%@LLNGU’eNﬂWQﬂ (Strength, Stiffness,
Toughness) AudutusuarsBamierfuszwindulauenmlmivazaeaaiaudegiidonniios
fueg Tnsurseuifedimdnvasiulowonmilniazegneludulovesneaanaul uuaziivisndy
wandlifiuimdndenanazegiuusnvondulonsaanau endlsinuusidnmieseninsaosdiu
gnszyisznaufensulsiunylensenda (OH-group) Tnsmeaanaudulsfuiivydnaneg
inniilesnilleasendinsdusnnluvailulowonwmlnisinfananAeutreios

ssAUszneumaaiivesnszgnuaiiamedldsunsdnuiitedudeyalunsldvsylovidlus
#1499 1ne Toppe et al. (2007) léAnwiasdusznauvesnsegnuariinneg Adulslulsemauesiag
Tnginszgnnansvesuagiivesatviindiequilvianmuieudl 80-85 esrnwadoadunan 2 und
nndutiaidofnfseenlinensvgiuihiilnowss thasganildluiunisiutuuuuddonuds
wazuagiagsitldndoufusouiunzunseiifivundesnit 1 Sadwns ntuiieseiildly
AATgiiodUsEnousg1ameIy (Proximate analysis) nuinsegnuafiesduseneuiladuiaiiidy
lusfuagnaveuuarludfusianan Tsiu 16 fusndsfuliuegfueiavesar (msed 1) Tasdan
gfinlusfunin (Fatty fish) 1éun Salmon Trout Herring wag Mackerel fiuSunalusiufiunnnin
dHosnuaumaniasdnivleiulilunduile luveiivailasution (Lean fish) fifhazfulatuly
Tudunuhiviinaladutiesndt uenmndudmuialutuliesdedvsinalusiuandilunszgnii
wnnuantudusnge

M13199 1 BeRUsENRUYRINTEANUAYIAMI9Y

wilavesUan parUsENaU
AT TUshiu LN st

Cod 77.710.4 375.811.6 5264104  11.4%0.3
Saithe (vunaLan) 61.912.4 369.712.2 538274 141320
Saithe (vualuey) 52.140.1 3359110  56521.1 14.940.2
Blue whiting 64.110.1 418.0%0.1 4458%+03  49.1%0.7
Salmon 49.613.3 29201316  263.71204 381.2%36
Trout 53.310.1 314.014.1 2655130  343.7136
Herring (yu1pLan) 71.510.5 373.116.2 368.711.9 1525305
Herring (vu1alugy) 40.7£0.0 301.210.7 3571123  266.713.3
Mackerel 44.230.4 261.3%1.1 2124108  471.8%0.1
Horse mackerel 26.210.2 270.2%1.4 463.010.2  226.1%1.9

Fian; Toppe et al. (2007)
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Sothnszgnuanildluiiesgiseiiolimauiinvesnsnesiluiiussduseneululusiud
wulunsegnuaviinsing wunsaesilusa 20 yialunszgnuainuile (15197 2) wonantudany
nsnoziluidudiulsznavssnoaaliay (Glycine, Proline, Hydroxyproline) 8g@aud1e1n
TaglannzideIoufisuseninaanngjuagandnagnuinualngfiussguinnitadnuass
nsnoziluflidudiulszneuve srsaaauiisnnnit uenaniularildannisideduniiuasiivuy
wruransneziluiildunnseiu

= as o a
f1919N 2 LL‘U‘ULLNu%@ﬁﬂi@@%NIuVI‘WUIUﬂizﬂﬂﬂﬁ’ﬁi‘um@nﬂs]

aziilu ¥iavan

Cod Saithe Blue Salmon Trout Herring Herring  Mackerel Horse
(dn)  whiting (1&n) (lngy) Mackerel

Asp 77 74 88 78 78 82 70 78 66
Glu 112 110 126 112 112 115 103 110 103
Hypro 52 54 29 56 57 40 56 45 67
Ser 58 55 49 48 49 48 50 50 46
Gly 172 175 115 173 173 134 177 138 191
His 18 18 19 22 22 19 16 24 16
Arg 82 82 7 78 78 7 7 81 81
Thr 33 36 39 32 32 36 35 35 34
Ala 73 74 68 73 71 69 79 70 87
Pro 80 86 63 86 82 72 91 73 103
Tyr 20 22 31 19 18 27 17 23 15
Val 31 31 41 30 29 40 34 36 29
Met 24 23 30 26 26 29 25 24 22
Ile 22 22 33 22 22 27 20 27 20
Leu 43 40 59 41 39 52 a4 51 40
Phe 25 26 35 26 26 34 29 31 26
Lys 42 41 61 a4 43 50 a4 52 43
Cys 20 17 12 14 12 12 55 13 72
Trp i i 8 il 4 7 6 6 5

fin: Toppe et al. (2007)

uonNUUULHUYBInInozdluLdfsliinsimssiussnuiaieg iidussdusznevly
nszgnUanviinneg wuiinszgnuamnailalseneumenaadeusasweanesadussduszneundn
sosandusiauunilifen egrelsfiniuuaaldentaseanefanuiniviuadesluvaingy
Samonid 8ulduA Salmon way Trout Fedpdutaniifilesiuann Tnefumaueaidouegszning 8i-
87 nfuseAlaniu Tuvarivalufudesariusinauaaifenuinninlaswudid1iade 186 n3use
Alansu druvarifvinauneadeslunssgnuiniianie Mackerel Tnodl 233 nfusioflaniu Usanw
ussmusazsdalunszgnuaiuansléss a1siei 3



M13199 3 ussannulunseanuanviingineg

wis1n  viaua

Cod Saithe Blue Salmon Trout Herring Herrin  Mackerel Horse
(18n)  whiting (1&n) g (lngy) Mackerel

Ca 190 199 170 135 147 161 197 143 233
P 113 108 87 81 87 94 95 86 111
Mg 3 3 3.2 2.2 2.4 2.6 2.9 2.6 3.6
Fe 49 44 135 32 32 61 72 73 56
Zn 98 70 12 233 126 191 124 125 70
Cu 1.0 1.2 3 0.9 0.9 2.6 0.8 2.2 0.5
Cr 10.8 9.8 16.9 5.5 6.7 3.6 2.4 3.9 5.5
Na 7.7 7.1 4.6 5.7 58 3.3 7.8 6.5 7.1
K 5.2 4.9 2.6 8.2 7.7 5 7.7 6.7 4.4
Se lawu  ldwu ldwu Tiwu  Tdwu  ldwu 0.3 Tainy Tainy
| 3.7 2.6 1.4 2.7 2.5 1.2 3.6 2.2 2.1
Cl 4.8 4.1 1.9 4.4 4.2 1.4 4.5 4.1 4.0
F 019 017 0.07 0.1 0.09 0.03 Taiwu 0.26 Taiwu
As Tainy 0.3 0.6 1.0 1.2 1.0 3.8 2.4 2.7
Cd 0.01 0.02 0.13 Tlainu 0.02 0.03 0.06 0.06 0.03
Mg 0.01 0.01 0.04 0.02 0.01 0.03 0.02 0.03 0.02
Pb ldwu 0,07 0.12 Tawu  lawu 0.26 0.09 0.24 0.11

fin: Toppe et al. (2007)

2.2 mslduszlovdannszgnuan
nsafauennlnsiannszgnuaninduidesnnindafiuinnssgnuandutannielily
gaaurnssNUITaazn1swlsIlUavaneila 9’1"@5%’1&%LﬁmLmﬂiz@ﬂmmﬁumwﬁmL‘ﬂul‘uia
wowrlyidafunuamdunisanveadesuifnangaamnssy vonanbusadunaifiuyaaliiy
Fanudoliinndsmslivsglovinnuaegraduuszdnsnm nssviunsdnandadunisdaeiy
Tgmamnssuulszuuandauduiinsiudanndoudnde duuiededdeidatiunningggn
UannafnuasAnwinadnvazvesuenm lmviiiioysslowilususingg

2.2.1 MslduszlevdiBanmsunng

msafnuaznsinvinuandiveatenmnlvsiainnsegauanldsun waulaidesnuenm
Invifanandsdnduasssanesfiawazianailndidssiunsegnssmmalasnszgnuazilues
uywduarilrdndiuseninaunadouiurloanosa (Ca:P) ogf 1.67 Wofiansanaumuiuiuuas
ANUIgNTURINUIENITlniannsEanUatamnsathanyUssendldiunisiidadasnssunsean
warilulfduedied TasfinnsgndienszandietaniuinliAanafdefanssuniaduai
(Bioavailibility) n15d 961U W& 997U (Osteoconductivity) wagn1sdsntunszuwal i
(Ostecinductivity) friudsfienddaietunmsinensegnuannidutaglumsndauenwilnyiiie
Uselevtiniansunme
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Boutinguiza et al. (2012) lansggnuaiyui (Tuna) wazdain1u (Sword fish) snndnuen
WlneiLGs89n1m (Biological apatite) InannsTiaruFougs wuindlelininusougsil 600 osmn
wadeaililduennlnviudin 9 (B type apatite) uagilolvimnufouriandu 950 ssmiwaifvandy
wuinldansaessiiade Biological apatite uaw Tricalciumphosphate faedadiu 87:13 ansides
yiadausailulfduianlunisugnaienssgnuasiiuld ievansilldlunaaeuaududiveio
waddewmaia Cytotoxicity wuinanssenanlifimnundufivdowadusognila dadunsuanuennn
lyvinnveadeiiAnangnannnssudszusdsdmnmdululduazmslasumsanusiely
Piccirillo et al. (2013) l¢fuuanudnlunsiasuiagmdsldaingramnssuudssudainen
(Cod fish) WleLduunaslunsudnlulowonmilnyiiiieussleviflunisugnaiensegn (bone implant)
dwsunywd nszurunsfinanazfunuimslunsiasuvesdsangnannnssundunansiamidil
yaA1gslu MsdnwideinanlddaulsiuTonennilniannnszgnuatnenlnenisliauiougs
(Calcination) 71 900 way 1200 asmwaldea nszurunsAanarililflansenduonniln
(biphasic hydroxyapatite) Laglnsiaal@uuaisusius (Tricalcium carbonate) Aedadulua 75
sio 25 lnefandenangnldlunisugnaienseanegida uonandunislianufeuniugiuniaify
waagsunaslsn (CaCly) waslawdaungaalsd (NaF) Minlvlamaousnnilny (Chlorapatite,
Caio(POssCly) Uagngoausnwilvg (Flourapatite, Caio(POq)F,) muadu nislyianuseuniugiv
asituraendussduszneufifieuidsussduszneulunsegnuanlilddndruszninaunaidos
uageanesafianzaudmiumsldlunisugnaenszgn ledluleuenmilnilunszgnaywdass
whaeusn (Ca deficiency) Tnedndu Ca:P founin 1.67 wiaunnsenalndifesiu 1.5
waannmsanwnuIlulenownilnyinldainnszgnuainenuazeywusveawennilnyd
AnautRfzdmiumsgnaensenlasnisussdunnantfisaiuldinadedunsasfioussd
lend (X-ray diffraction) duns1isn alalnsalal (Infrared spectroscopy) NABIYaNTIAULUUHDS
n37M (Scanning electron microscopy) thandauumdlunisuszgndlivesdsaingnaivnssuiile
WAINITNITUNNg

2.2.2 msl¥aadulanzwin

usnaINMsAnwILenIlmiannszgnUatiionsunndudedinsdnvuie Uszgndld
nszgnUanlunsidavesdeingaamnssulaeanizgnamnssuvindisinesilaveninifovy
20N Imwﬁﬂwé’ﬂﬂWiﬁﬁmﬁamiﬂﬂ%’ué’aa&]’mm%’uﬁmmvamﬁu%%miﬁﬁwLﬁaamﬂﬁﬁﬂimv
ninlaogreluse@nsnin o mu‘wum LLavmiﬂgummﬁmsm ABUTI99Y m@m%umﬂumuaﬂuﬂmw
Aotugadu (Activated carbon) usifandsnanniidediinfesiaiun muumiﬂwnammwm
swmmmmﬂmumiﬂﬂwmavaaﬂmimummau%mJ wnau Tugun ol mmﬂwa Hudu
usnanagsananudinssgnianiifusudeniiiaulaideinlasaiaszneumeunaiBeuuen
lewﬁ‘ﬁ'ﬁmmmmiaiuma@m%’uimaLLiQﬁa@jmmwlaaaugq wonantudaiinnsadrsansuseneuiv
WoalaRNuR7 a’lﬁﬂizﬂﬁmL%ﬂggﬁ]uﬁlLﬁﬂ%uiwﬂaﬂu’]iﬂgﬂmﬂ@]%ﬂauLLaxLLEJﬂgf’JE]E]ﬂﬁ]’] na1savanela
Seduarudululdlumsldnssgnifiogadulanevindaldsunsnu

Lim et al. (2012) 151’137ﬂi%@jﬂﬂa’?ﬁlL‘Viﬁ@ﬁ]’]ﬂﬂ’]isg’lLL‘VI@%Lﬁ@ﬂﬂﬂ%?ﬂmaﬂﬂﬁ@Q5MIULﬁ@Q Bukit
Mertajam, Penang, Malasia mé’ué’wﬁmﬁamLﬁaﬁﬁﬂmwf‘jaaam'mﬁ?uﬁmsz@ﬂﬁ?‘iié’mauLLﬁaﬁ 80
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ssmwaduanazunduns tnedildlunauivasazatonng (NaOH 0.1 Tuan$) uazivgndl 60 aaen
wadea (unen 2 Falus nifufinsenemansegniilduazeuliuiadl 80 esmuuaifoa unan 24
s Mndufiimedldlusourunzunsssousunnsening 125 - 250 lalasns tinszgndand
lAnwnudnvauzlnglindesganssaiuuudeansin naanmsAnwmuinnsegnildfinrundusngu
AoutranndafinnudululiflossuvesdnsAazgngaduvuiiuinvaseyniansegnld @ vonaniy
msfinwlassadamueiidhomaindunssaaalnsaladnudygiunisduresiusesening N-H
stretch MinelauAdy 3,423.98 Wusy C-H stretch 71 2,922.50 sy C=0 stretch 71 1663.32 ua
N=O stretch 71 1,458.02 wonantudeifusy C-0-C stretch # 1,027.56 wag C-C stretch 7
827.57 ¢y é’iyapmﬁmdwasﬁiﬁl,ﬁu’jﬁaaﬁﬂszﬂawé’ﬂsuENﬂis@ﬂﬁ@lamaﬂ%uawwﬂwﬁ s
AnvmnAnssumsgeduivarsazanedang@lumsn (Zn (NOs),.6H,0) tieliinanszgngalessuves
HaneAlasAnwinavesimnubunsamanuimansggninannaggadudensAloseuldfdudara
Gunsasannnit 6 1usuly navesnalunsgadunuinilenainluszanm 2 $alusmsgadu
Buignnsdud drunavesnnududunuitnginssunisgaduifuiuy Psedo-second-order
Fefunsldnenszgnuanduasgadudangdlooouisdarudulldmnfiarsanldieanudunse
fne USanamansgn wagiafungay

wenIndinzdudifainisfinwnavewanszgniadenisgadulossurematiag (Cu*) an
e Lag Kizikkaya et al. (2010) tminszgnuatviineieg AnulunouglsUléun European anchovy
ﬁwmuaaqmaﬁuﬁ: Ao Engraulis encrasicolus way Sardine pilchardus Ua1 Bogue Uan Blue fish
wag Gilhead seabream mﬂﬁiﬁﬁua’ﬁam%’uLﬁaﬁﬁmiaaamawmLLmaaﬂf\]’mmiazma lngAnwIHa
yesAmLdunsaie a1 anutuduEuiuvedlessy guvgil wiavesan uazUTINaveHa
nszgnaeUszansamlunsidnlessuvemeuns naaINMsAnwIUINAAE TN aud MU
aaduldun Aanudunsasiis 5 uaznszgnaintan Bogue mnuannsalunsgadulddiian A
W8IN159ATY (Adsorption capacity) ffn 150.7 fladn3usiensuveanszgnilanneimanzauiian
waAnssun1sgadumduiuy Psedo-second-order waznalnlunisgaduilunuugaainuiou
(Endothermic adsorption) LLagﬁﬁﬂﬁiyJﬁamﬂﬂizfﬂﬂﬁflﬂﬁl’nﬁﬁﬂEJﬂ’]WELUHWiL‘ﬁugf’JQ@"?ﬁJl@@@U“IJEJQ
nowasliiluegaf

2.2.3 nsltiduetmsdngd

nszgnuaduianiiuszneumeunadennazleane fadednidunisnidanudndudmiu
fimunsvenszgnuariudmiudnintnsegndunds é’aﬁ?umiﬁmss@ﬂﬂmLﬁamﬂummsé’miﬂgﬂ
dniunuazdn fihAldsunsAnulitosduiunsfinudananinndaimsldusslovianvoadsly
gaamnssuUszusednndugusssunsaziiuldainvesdeaingaainssudinaignitmiieduy
Fgavdmsunisudsensdailiinluemsavieemsdmivans

Wei et al. (2004) la@nwfsanudulylalunisiinszgniu (Bone meal) sludiunay
dmsundnemisdiniuidesdanna (Litopenaeus vannamei) tns3suiitsufunsegnlituy
(Poultry meal) Ingvnsnaununszgnuantunaznszgnlivuiiranduduiosas 0 20 40 60 uay
80 vosUa1Uulugns lasaruauusualulnsaunasndenuainyngnsemsivinfu naain
n1sANEINUITAIINAINITalUNITERY (Digestibility) wagUszandainnisi@ula (Growth
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performance) Liifiauunndsiusgninsgnsemsilovardugnnaunuifosas 0-60 winus
widngdan arwenaialan wageuannsalunisdesazanandognyaunuiifesas 80 usin1s
nawnumensegniivuieiesay 80 linsenuseUssansamlunisasayiulnvesgnisegidle

T 2012 Suloma et al. (2012) l#Anwidsdnenmuosnislidefinnszgnu (Meat and
bone meal) lunsaanevnsidfiwidussduszneundn (Plant-based diet) dmdudaniia 1esan
pnIfanaMaziiviinuloaneareudnsiios TnsuususmanmaununssgnUudissdusigg
ndmite fevar 56 67 uay 78 uasiludssaniiaduim 8 dUani nasinmsAnwwudnimiing
Uai 9msIn19Lasytanie (Specific growth rate) nswasuemsifutvtings (Feed conversion
ratio) USu1auneanesalusdiuan (Whole body P concentration) n1sifiufinlusiy (Protein
retention) wazloanesafigninifiu (Retained P) fienfintuidofnsfunnszgninidevuly
Unandiutulasnisfiuifosas 78 silfeidananngeiian waannsiemegiandulssaninig
dstunuinduluuuudunss (Linear regression) fatunsiisnilouasnzgniuuunasveussm
weanesalifiuuailaladuesad

uenandn ithudrdmiunfldsunsinunimaresnislinssgnuailugnsevnafieduunds
vasuAaifeulaganizn1sAnuiluansing Malde et al. (2009) Anwin13n1sAunsEANIINYAN
Salmon Uan Saith wagUan Cod Tasnsrgnuandinanagninunsimunszuaunmsiidnilelasnisdy
warnsosdeiaulnilsfoanouriliuiuarunduns mndunsdsnangniuiaialuaims
dmfuidssgnafiovssiiuarmannsdlunsgeduueaionanemsurargasuisuifioutugnsi
FnAadnmiusiuANAIINsANYINUIIgIUYTlFSUBIIgRsTiRsNInsEgnUuIRIuASER B
ulwifidnansgeuuaadenldfnignuynduiildsuemnsgrnfunsnsegauufiiumsdiutiiuey
uaaldaumsuain HaarnnsAnmdanadliifuinsgnuaiasddneninlunaduudses
LAALTENEITIIA (Natural calcium) Tuensdmrivteusinssisemmsuazuanfnsiaiuomnsdmiu
uywdlanaeg

2.2.4 mildlundndauaiiatuains

mMsAnuEnwiiothnszgnuanuduumasunadudmivagudilasunsdnuludwiude
snenszgnuanduiaundsesuaadeuuasioaiada lasunfeusinldsuussgmanduain
nshuuy widmdufuslaauanguidfsusuasndn dusiunldonfonansldiAnnisuinaussig
waadeulsl aumenenulunisimuinsygnuardalidundadusiatuweadounlasunisnyilag
Techochatchawal et al. (2009) Tngnszgnuanfialdgnauiutiniung 10 i 95 sseisaifoa
Mnduurlumsazansaasiunnadudu 10 dnludud Wuna 90 wift nuudluasazans
f13 (NaOH) prundidiuiovay 0.8 luaan 90 il laelddadiuveansegnrisansavaneanau 15
mﬂuummsvmﬂmmmmamaﬂaaﬂwu%ﬂmLﬂunm 5 Ay Mndunsegnazgnindmsiatlenina
fu (Autoclave) 71 121 ssAmaidoa arudu 15 Yaussanisaia Wulian 30 60 uaz90 und
niunszgnazgniluauwiadl 50 70 uay 90 ssmuwalsa MntuinUsEliunma e U
i Avesranszgn Anundugngy AN warUinuueaden uenantuuialavemiinionane
FunsreAlssunisnsrniauiunm wu Yinunzmuazensdia (Arsenic) nasnauUiinaugdunidne
1sa lewn Clostridium spp. Escherichia coli Salmonella spp. wag Stapphylococcus aureus Wa
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MnMsAEnwImUIINsuEnszgnlua sazanesziildnnsegnifiauynkagauainamnnii
msslunaeTuuaztinUan nisliarudeufigumgigusyhlisauainwomansegnanasieusiin
wihliannsaansyeznalumaiuiiaddinninig nszuaunisfinaililsnenssgniiiusanm
uAalensesazUszanal 24.09-25.18 ansanIsAnwInUIInIsliaNTeunsgnil 71 121 e
waidea AT 15 Yaudsansnei Wunan 90 unit sudenisvinliuied 00 ssmeaiioa 1y
anmefivnzanfigaamiunsnanuanssgnainaraifielunandusiasuindousussinnuaalden
5950%1A naaNnsUsEEuRUAINNUIIensEgnld T sg T ulununausiveanTE Nl
ansnsaugy duanseandoaldly meed 3 venanduuiuuadunidielsafegluinnsguilésy
msvensufsteyaly A1s1eil 4

M19199 4 99AUTENBUNNAATYBINTEANLAY DM THATULARLTYY

ARENYE gL

WINTFIUBINTTLEIY nenseanUanila
USunauenidiarasun < 2 faandusenlansy 0.36 Jaansumenlansy
Az < 1 Saandusenlana 0.28 fadnsumenlansy
unaLdouTiannn 120-800 HadnsusanAUYa 150 fadniusounleya

ﬁﬂnz Techochatchawal et al. (2009)

a a = A o a =
MN1319N 5 ﬁ;aumﬁﬂummz@ﬂﬂmuaL‘VlEJUﬂUiJWl‘Jg’mmmiLaimmaLSUEJE.J

YlinUaIgaUNTY EFGLY

WINTFIUBINTSLEY KnseanUanila
Clostridium spp. Taiwulu 0.1 NSy Taiwulu 0.1 NSy
Escherichia coli < 3 MPN #iansu < 3 MPN #iansu
Salmonella spp. laiwuly 25 nsu Tainulu 25 NSy
Staphylococcus aureus Tawulu 0.1 5 Taiwulu 0.1 n$u

‘171'm: Techochatchawal et al. (2009)

MnmsAnwIfananthddeasuiiinnmaniausiaiuweadenannszgnianiaaiunsn
ldlnenisuinszgnuatilaluansazaeinednd 1:5 1Wunan 90 wiinewthlulianuiou
7l 121 psmiwada aneliendy 15Usuddenssiniuna 90 wifuagyiuansegnitlélnenis
Tew¥eud 90 esmisaloa unan 1 alus nszgnivgseahluualundifivnatiosnin 150
Lulaswns Aeuussluiadgaruin 600 dadnu Iy 1 waugavziivsuaunadouiovay 25.01
uazAanmvesHdnsaurvlefidulununesgiuvesizuialne

uenantumsAnwauansimaaiuaznsnmvsmminszgnUaioifuumdwesemaiy
wragudilasunisiuisuiisuiunseanlilag Phiraphinyo et al. (2006) %qmﬁwmz@jﬂﬂm Giant
seaperch (Lates calcarifer Bloch) "uuan Hoki (Macruronus novaezelandiae) 11du Hugwsn
wazutluansazaretmles pH 5 meldaniazwenit 150 seustewriilunan 3 fu arntunseen
nznszgnuazdnaieuiinszgnilldlueu 60 ssmuwalsauumieiu unfiegedildliiiounn
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ANLAZTOUNTUATUNTIUDS 60 dnwazUsIngueInsegnioukazndseuldsunsdunauasgnnuin
deruniseusogsdfiduiuasamiuaheionuemaranas nsTiesgiUinaueaden
Favilaesieds Complexotitration wuitnszgnliuazlan Hoki IA-lndiAesiuiiuszunuiovas
31.8 Wag 32.2 MaU dauan Sea perch wuinduaaideutiosiigafetosay 28.1 UTunenidia
gnwuindiddesniifesay 3 daulaveuindus wuindariosnindesay 0002 91nHusINg
Wisuifisuaudnvazvesnanszgnilldfuunaldouan fusuanuimanszgnuauaslnfidnenmly
maduunasvesaaidensssufdmiunyudl

2.3 nanszanUanuazAnAImMIelavuINIg
uinszandanagldduioinduundmeuaadousssuvfuazanansondadunsiiiuiua

LARLTENLAMINNINTTIUNEN S UILETHDIMITTININRITLARTENARIN wHNITUSLNANINTERN

Tngnsaudaneliinnmailuliusslonddounmedlignisian uasinasanudfeineeufigo

[}
S A

foufiandeiananidlunuusaesemynnasiuazveuyed eiiewunsUssidiueuansaly
nsneUszlevilleduall (Bioavailibility) veanszgnuan

Xu (1996) lauszidiudneninvessenszgnainual Black carp AaUSunaunadesludioniay
anuanansalunssnualsansegnluszuudai®in (n vitro) Tneldmymaaes naainnisdnwnun
unaldeniiinieildannsegnuatannsagnaedulfidusssinazanusaiuaaiBoululiussTomils

U A.A. 2009 (Luu and Nguyen, 2009) ladtin3dewm3eunenszgnaindan Catfish Yan
Salmon wagdan Snapper tnanisliainudounsegnluaisazansnia (NaOH, 3%) Aednaiunsan
dosng 1:4 1Wunan 30 uiiantutrludduaisazanensa (HCL 1%) wWievinlidunatsuayiin
nszanilldluaulugevanioud 100 esmwadeaduna 2 $2lus nszgnuiiedilagmirluuaduns
nagFeurumzLnsIfiflvuna 0.5 Sadwnsnouthluifslusuudsdasssuiisufvasiduuesid
wradeuduesdussnaulann Imlvueadouoans upadeudinge lnawsudilulugnsvosvuy
Yeiifenay 1.5 ndusndunuainvuuildiuesdusznauiad naannisAnyinuiinisifiung
nszgnluruutdsnaliviinaueadenistiuaniegismunuieu 5 wh lasnafvansifuud
furaidouduosddsznovrliuaadenluruiiafivanntuniinisldfunssgnuan euanusaly
nsvanvdssuaaionainvundailonunszuiunistesdiass (In vitro digestion) legnasiaaey
Tnensgosfeioulesiiuudu nmudieansadinaintnd (Bile extract) ntuidegsiiiiunsees
Tvinsidnlessusenlnenisvilaezlada (Dialysis) drudedenduiifivuindentdiu (Molecular
cut off) ‘1'7i 12,000 A"asu mﬂﬁ?uﬂsmﬁu Bioavailability Imaﬁmmﬂé’mdammaLs?iemﬁ%whuaaﬂm
uenibeideniiuseunaiouiaualuiaegnn nuiunaleniiaondiiubedentiiudmiusese
Fnnszanuandandosay 3521 lusagiimedsiifuueadoudimsnnuindafosay 31.13 viaqdl
weaidoslusodswunilaiifuuaaiosdinsniidsnnivuaieiiunsegnuan (Fevas 507.01 uaz
443,91 fiadnSusio 100 n¥u MuERU) HasnAsANKIRINaILanslfuIunalBeLTioglunsgn
ausagndesaieauledluszuunmafuemisialuseaulndifew3e0139801NNT1a7 T RLLAS
weadudsdet Wounadenannnszgnongosuasnaneluneadeuiiazars (Soluble calcium)
Aunliazgngeduiiethluldusslevflumsiaunnszgn
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Tuldnun Malde et al. (2010) la@nwu1 Bioavailibility ¥99n3zAnUan Atlantic salmon R
Fowduvanlesiuga (Oily fish) Wisuifisufudan Atlantic cod Fedmdudanlusiusi (Lean fish) Tng
Tmienaaesdumegunmidinan 10 au anduldvinisnsaiauiinmg “ca nendanisdes
91113 lnensneaedlisuiisudusaadaunisuaumduiaiuauiig #aainn1sAnwInudn
Unanisgaduuaadisnannuenszanuan Salmon a1 Cod uazupalfeuasusiuniia1seeay 21.9
+1.7 225 + 1.7 Uz 27.4 + 1.8 fausfimageduunaidouvesenaassitldiunsnsygnuatazian
tesniuAaifeun1susiunuinanIsnaasiInaazveuliiiuiinisusinaninsegnuavinli
Ununsgaduunaidenluinsnisvesausifinduoiaiulddn Tnsdnmmagaduneaifeslugy
voundevessnenusgnienuieglutiniosay 23-27 uenaniunisgadunaadonasinty
I¥aRsesleldsuunadoundongfunssuuseniueimis uenantudslimuuzihdmiun sanw
soluinnisesiinszgnuanunluuvasupadeusssunfdmsuawsasasiinseuiunsyilinssen
gaulu (Bone softening method) nsrulunIsAIna1ibalaenisliniusounaznisldngn
uenantumstinalunmsilianfiuuffdndouientu lnemsvilig nuiugazhlinsegn
duldidesandnisszienlusivruadniifuinvesnszgneanlufuiiliidedudavosnsegn
Wasuld Fafunsvinliosanumunagtemlisenmeldsuueadendistuinliifiunuanmis
Tunsgagaduvauandenldftu

2.4 Mmslduanszandaruiuugsamninlusiuiaaaindan

waNANNSANBIUNUIMvBILAaLGaNlunTEgNUAIRRAMAININE T N15tdUsElevdann
LLﬂaL%ﬂuﬂssfﬂﬂﬂmLﬁamiU%"U‘UqaﬂmﬂTwsuaﬂﬂiﬁuwa'Umﬁléf%"umsﬁﬂmﬁ’jﬂﬁLﬁaL{‘]uLmeﬂu
msﬁﬁa@mﬁaﬁmﬂqmammiuLLUigU‘UmmU%’UUqa@mmwwﬁmﬁmsﬁmﬂmfmlmﬁwm?fams{fmmi
yeudeifusansnmuazandunumstiuradedan e

Kim et al. (1998) l#@nwmavesnszgnuan Alaska Pollock lug3ifindnainual Mackerel
warnTUspifiunmuaInduAgg nuiiinaueaiBsuimundiutuandy 7.0 Wy 270.05 oy
Uhinnueadeuararsldifinduan 2.9 1u 105.0 fadnduse 100 n¥u Wefimafiuminszgnuaias
ufevaz 0.9 Wedudavasanungiilifumsusuvlsstuanidudosay 0.9 uenantdumsinenszgn
FreandnsN1sandaniiu (Histamine) ludegslae aglsinuainuudnswaaaanduiia
ammLﬁaLﬁauﬁ’Uéhasj’mﬂ‘?ivl,;iﬁﬂmﬁmmmmﬂﬂm

LiJ’e)Li’JG]‘L! Yin et al. (2014) "Lﬂﬁﬂmmasuaamsl,mmmmvmﬂﬂaﬂ,uwamm%‘iﬂammaammua
UanuafiiiunsdratiuazutiBenuds (Surimi) ImaL‘UismmEJUmasuamsvﬂﬂiuﬁvﬂuuﬂut,uml,l,av
lulasuns Imflfum £An31nUa1 Pacific whiting N UIUNITNARNINTY mmimmmmm zanlu
asazanganedifian pH 12 Wunan 2 $lus mﬂuumamLLamwmmwmaaaﬂLmeﬂsuﬂﬂﬂﬁlﬂaU
lugeuausau 105 ssrwalfuauiutiuay ﬂis@ﬂﬂlmgﬂuﬂwmmamﬁawmmziaumumLmiwm
wu1n 150 lulasiuns mﬂﬁummz@ﬂéﬁ’aﬂdniﬁgﬂﬁﬂﬂméﬁ’aaﬂizmumﬂm%ﬂ (Wet milling) 2
Funourlildnssgniifiuunadnadussiuuluns vnsussdulinaueaifssanuanssgniie
7#ann1T Inductively coupled plasma-optical spectrometry mﬂﬁ?uﬁ’miz@ﬂﬁiﬁﬁgﬂaawu’miﬂ
wasiU Surimi finan91nUaN Alaska Pollock Tuanmgiifindesosas 2 munszurunmsvinlnduia
Tnglduusnnuduturesusnssgniansuinluiiediefundosay 0 0.1 0.25 0.5 1 uag 2 91Nty
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thineehslusaluldnfvunadusiugudnans 3 1WuRwng ddegsluund 25 ssmwaldoa 10y
nan 3 Flusneudensvuaunsiseniinisdiniaegns (Setting process) wdaildldaudeud 90
psrwadeaduna 30 und ntudssdudeduiavonaaiild nuhnsfumansegniifiuundn
sedvuluwasilidussivinliaaunnuagssssmeiivinliaaunnifiumntuluvne nmsdang
nszgnazsululaswnslidmalaies n1sfidusaasssssmefanarifiuannduasy ouliifuiie
fuffavaaaaldunisuiuuse uandesdufisuiunsiuinesamdusiaasyinlild deduiad
fanuBaveuiadunndnuazidfydmivnansusiaaannlsiusazsdunasinldlunsinddu
AUAMYDNEE uenantunsAunsEanuIauTuLasSwefiunur LAzl uLadn
e LmawmimmwmawumwaaLaawmﬂﬂiu@ﬂsumwﬂuLmsmmsm’mmﬂuﬂuLﬁ]almﬂuamm
Tnglailsiaudeiiesmenduloia (Fibrillar gel) viamely dsdunisfnnenszgnluseduuly
wnsiuhandusumdunsifiveun musmansusiaannideuadetagudeldaingnamng
wusgulan

Tulldentiuil mavasesiidumstuduussannmussnansegniidaunadnseduuluamsde
AUNINTBLIINE3EALE SuNTUsnduBnadilnefnududnaveanins sgndongAnssuveslusiu
Tugiannuan Alaska Pollock Froisestan1siasunlainiedneanszua (Rheol ogical
measuremnt) #AMNNSANYINUIINMTRNEINTEANTEAULITLLATYIIALTINTEUILNMTANRETUDL
wiuldanaaudveg (G) suaamama:ummenﬂsuumamemmwmwummnsmﬂumamq
Lmammama‘mLUuLaaasmamgm”l,ﬂwqﬂumsL%amwmaﬂﬂimwﬂwmﬂmﬂﬂwuimmawwum
Toudu (Myosin) Idignidendhuseiiusslainiau (Covalent bonding) nesfusesanannlaianunse
gniinaelamieanssnag (Reducing agent) Feliunaziluiuselanauinuuladalud (Disulfide
bone) aﬂwaliﬁmmﬁuﬁﬂmwLauﬁﬁLﬁﬂ%ulﬁgﬂﬁuﬁwgmdwLﬁuﬁuﬁslaimwﬂwﬁ (Isopeptide) fiviin
Nnmsidenfusynindusiuiingmiluiulusiuidladudussduszneu msi@endnusisnanaiunse
Aeduldannisssufitelaseulesinsuangmiiuanngduvsdsldsunisdunlay Ando et al
(1996) anFensudsmdueuleiBanisi (Commerdial enzyme) oulwddenaanunsariiauly
Tnglideslosaurinlameiliinedensssgndlduasioulsivinddgnliifeuiuumamninues
Tusfumannidevalunsdflusiuiandnaaiamnm eghslsfiniunsfionieulsdniemnis
Adsudivrdiansendndasiuandmadamszasyiiiiinanudeioulunisugadunianismn
Fefunmamieuleimadenileuiuupaunmuesinsusianiusiuaainisdumeeen

ulsimsuangnfiuadueuliinulundunidoaegud uaslinidednmandnuay
vonaulwivmuangniwalunduiievamoeaunis Inseulsddnannuhiisadoamsunadey
Tunsnsgdumavhan dsdumnisannsansgdulieulelunduiovavhauldifuussavsam
fagilvlidududondueulsiannisusn ddulainuideinuinsfuweaifoulundadus
waniitheufuusadedudalddduunadeuannszgnuaniaduuvasiivauladensfauinge
Hutanndelifndntulnsgnainnssunlssuuategud fdunavesunaidoslunsegniuasions
yhanmesoulsivauangmiivaasamnminuiedudavedusiuaaialdsunisiigad
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2.5 msldmanszanuansedunisintaunsiuangmiuaainian
Yin et al. (2010) lefigaiiuaadouifeglunssgnuananunsansefunsiauvesieulesils
Tneldasiwiudueiuduaneifeliluuauianinneiudaiuansiioauas (Fluoresce) ¢ warla
wiadudadundudaudsifinnumnsanduasieiulitueulel lunnsifunadouiiiome
wulvsdazisamadendnsgninsliluwaudananeiuiulawfianduilinuaansalunmses
LasesuaudannneuAsuluindsannsaamumsidendiuldiannsinnisSouaheiaios
awnlasvigeslsineslifianuenaduresnisnszduuasmsUasnuaeendsaiuil 350 uag 480 U1
Tuns MuaU HaanmsAnyIRUIIMBANRNsEgnUa Iiasziuulunstildueadesily
sz 2 fedluandhlifenssuveseuleifutuinniigaud fonsoufieuiuneadeunaslsdfidma
TRanssudiartiosnimafuunadeuiienudadu 0.025 fadluans dedenadunszunaideouiiog
Tunanszgnuanfienuannsalunsazaneimnindlefisuiuunadeunaslsdfinieusensazans
uenantudiensuifisuaruansalumanssfunsinnuveseulesimsungmiiualnen
nszgnuInsERULTTumnskazrualulaTun NI AN sauvem s uangmiuaiui N 7.6
winorefiadans 1y 17.6 mhedefiaddnallounensegnizfuulumasfinuiduduiesay 2
Turazdinmaiuninszgnaunlilaswasildianssudutudntdendu 9.5 miedefiaddng ua
fsnandadundngrunandiifiuiueadoudiegluninszgnanunsgnazaisesnuiuaznsziunnsg
yhaureseulesimuangmiiuald uenanduanuansalumsaszatsvesuaaionainnss gn
yualngiaziifesnitnszgnuuiaidniswilivnaunadeuiiazaoldiadesuaznsedunis
vhauveseuluildtenilasulunsdivesnansygnuaaidossnasesululasiuns
Na91nN15ANINIUNT Hemung (2013) Idm3ounanszgnainvandalsdvuinssiy
lulasiwesudfnwiamiuaisnsalunisazatgnuinanuaiisalunisazatsvesunadeslunsegn
Uanflafiindeudnasii egslsAmuunaidenfiazaeldfdadauaunsalunsnsedunisvianuves
wulwinsuangyniivuale
naInnsAnuamLaagiouliuinssanUatansaduwmawe waaideuldidusd ey
mafiuifganssgnuaniienidslundndnsionnsiiduuuimsunisfiunuameimsididuseis
Flasunaduiifnasiulusuressansegniuannsngndesuazgaduitelulflunssuaunisiam
voanszgnldluddudaly vonandunafunanszgrlulsiuauenanasduuumslumaiia
aurmslavunslasnsiiuueadousssumalundndusiudiueadoudanandsdinalunmsnsedu
nsvhnuveseulnidimaliAnnsuusniedudavomanfasianlusfuaatailéie aehilsh
PUKATINTRLEINSEgnAeANdNvArTssEULBTaduannideuadulduisruuvestdnsenide
o (Emulsion gel) d9laitaglasunissioaunazaislasunisAne) HaaInAISANYININNUINS
nszgnUanansnsaiinudnuaeeiuiodudalituninsusidnanldedeliAnuaiiiu s
gnamnssuldnsenideifioulasiamsiindnanuanduegtenn uenandussagyiiliinnsiu
wanfarildnsenUafilgauluseuisiquaaideslaeildunadenssmainnszgnuarsuinainns
wUssuuanielviinn1sdnnisTanwdeldainnssuiunisulssuvategreadiuseansnm
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3.1 IngAvuazeansiadl

Uanandu auindszana 1200-1500 niusied wasdarlavuindiuseunas 600-800 n5u
(Uil 1) Tdgniernanpanelndds suneiies Smianussans lnevanasgnanuasussglundesivla
i Uarudeihudafionuaugunpivesaliliunasgniadeudneaindsios fifinisarnien
RNAMNITUNYAT AULINYIAANTUTTENALALIAINTIUAENT UMTNYITBVDULAY TNYUUA
sussme Tngldszerailumadiunaszaim 30 uid WesndsiesjiRmsuanvarduazgnia
7 fna3u atniadedlu aenvts daudonaznszgnnatsdrdaazgnuensonainiu Tnanszgnii
swsuldnnuamniezgnussglugmanainneufuutiBenudsiigamgdl -20 ssrealdeaunin
wlesun1sAinuide ehuLﬂf@%ﬂﬂmﬁ’jqaawﬁmggmam’mLLaz‘U@muLﬂ%wmﬁﬁgmLLﬂiwum 3
Taduns L‘ﬁaﬁmumiungﬂwaﬂﬁtﬂwﬁaLﬁmﬁ’uﬁamwﬂaaﬂmi@qawmaaﬂﬁ‘]ua'ausJaEJ duae
1000 n$u wagdnwlil -20 ssmwaldoasunnitagldsunmsnwise
asadinldlunsiessifanssuvemsuangniiuasuuszneumelululauianianesy
(Monodansylcadaverine) lawfiaia@u (Dimethylated casien) waglalnlenslanea (Dithiotreietol)
Qﬂggammﬂu‘%ﬁw Sigma chemical company (St. Louise, MO, USA) a’limﬁ%ﬁ@ﬁuﬁ Wudsenn
dm3uldifion15hmsneat (Analytical grade) drutsenaudus MAertestunszuiunisuanldnsend
AN MSEAUITINNSA (Commerdial grade) wagtdusziunanmitlddmiuems (Food grade)

3.2 pauil 1 MsAnwAuaNYMEYRINTEANUAT
3.21  NSANEIAMENEULYBININTEANUAT
3.2.1.1 MSATENNINTEANUAn
Y 2 a a a | < vy o § v

nsranNatsEIfvelanndniuuasyarianiunisudidonuislagnyilviazate (Thaw)
Tnansilingamgiivienduian 2 Falus ntduihuudluasasarelafeunaslsianududu
fovar 0.8 (UwitnsaU3ung) lnglddndruvesmesieansazatuanei 1: 5 anduihlulianuioun
90 eemnaaduaiiunan 1 Falus ihdegildludraeauilossningliilvariuasunssaui
ansfienudunans@sinlaglinszavdada dinszgniilalulinnuioulunietiananuaud 121 o
wadea audy 15 Youdraniseila Wunan 1 4alus andudinssgniildlueun 100 aemn

a & Y oA ° Al v Y 9 a . v

waggadunaidwdu dinsegnilaluualilunslagldiaTosuaiuudeus (Hammer mill) lngld
YINVBINZUNTI (Sieve) 38 lulasiuns dinsilavssylugenarafnuaziiuutidonudan -20 o3
waeaaunitazluAnyide nmswisunseanUaisiedsiisuuusilisuainaisazatenindu
WnlanlasunisinwiieldiuSsuieuyssansnmuesanseseunseaniigasazansnaLaz
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JUT 1 Yaundadu (n) uazdania (v)

3.2.1.2 MFAATIRENANIZANUAN
3.2.1.2.1 M5AATIZHRIAUIZNBUNIALAS]

29AUTENBUNILATIYDININTEANUATLASUNITIATIE NI ITUINTFIUT DY
American Official Analytical Chemists (AOAC) ﬁuﬁﬂ%’j\‘iﬁl 17 U A.f. 2000

memanuduluiegwildlaenseuldmnutulugeuandoudl 105 s
waldea wun 12 Saluaidesunintudndetiend Uassliieafunasdaimtingaogauis
furnmiwininfimeluuarsisanududesavvesnutuluudaziiegng Inedenanlgan
Anede 3 91 nsiwseilusiuedrmeulagldisnismilulpsiounanun (Total nitrogen) Tng™3
284 Kjeldahl ﬁﬁﬂﬂﬂiﬂ@ﬁﬁ’)@&jﬁﬂauLLﬁQﬁ?Uﬂiﬂ%ﬁWﬁ%ﬂL{Jjusaju%ﬂﬂﬁguﬁﬂL@’]l@‘U’eNLL@iJIuLﬁEJﬁ’JEJﬂiﬂ
UaiﬂLwamﬂgﬂiaﬂwﬂmEJLUuuaLim 11/1msmm‘dsmm‘uaLimimaisuﬂwmaamﬂwumuuuuau 0.1
uasila ﬁ]'1ﬂuummﬁmmﬂﬁmmiaaaumaaluimmumﬂauuaﬁuaaﬂm WasuUsinalulnsouiame
Judsunalusiulaglddann (Conversion factor) 1w 6.25 s1e91ufesazuadlusiuluuves
ANLRa89INN15IASIZY 3 91 n1sinsvatletusgrmeiurildlnenisatasegseuniadae
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o w

Vmsideudimes (Petroleam ether) WWunan 2 Filusndusvimeshavanseenuaziifog1sey
ladvinavats 30 urit daiminvesetuiildannsatauarsenunadudnadsiiinainnis
AAseh 3 91 myleneidwimuarildlaenisunfogveuuisiiussslufenssdodudunigii
gaunpfl 550 ssrieaiiva iunen12 Fluseudanadiuhiddriaty damdnidwesmea
Juriadesuinanmslnget 3 41

3.2.1.2.2 MIIATIZNE

dvosmanszanlignilasegilagliiniesing (Colorimeter, CR-10; Minolta;
Tokyo, Japan) s1euaaidu Hunter L, a, and b {@udadefiinainnisin 5 i

3.2.1.2.3 A53AT129% FT-IR

nanszpniildannnnedsulagismsfuiasdusddgninluiesmeiton
Fanthiivesiusyiaiifiegaelusemaia FT-IR Tnensuausogisiulnumaienluslududsady
1fim (Tablet) aamﬁ?uﬁuﬁnmsﬁumaﬂuLaﬂaLﬁaﬁmsmmajﬁjmﬁwﬁ (Functional group) faeiA3es
FT-IR spectroscopy (Spectrum one 60045, Perkin Elmer, England) Tneldiades 6700 Tneduiin
awnmsn (Spectra) muwmmaﬁuﬂau (Wave number) 4000-450 AoLEUALLAT InBuRay Spectra
Annn1siaderesnisda (Scan) savun 32 ade

3.2.1.2.4 Mg mEundasanssAdLuudansa

NFIATIRRAINAIBINNGRRANTIALLULdRINT I IR lAensUmensegn iy
AdeunaILdITuTinn mg1ewULdeInsIAd181A38a Scanning electron microscopy fifdsuene
5000 win IngldiASos Hitachi S-3000N (Hitachi, Japan)

3.2.1.2.5 Mylnnziuaadeunmnnuazuraidesazagld

nanszgnuanndniuinieslildgnihlunnaiiesgimuinaunadeslaensgos

frensntunsAkaInsIvTaUSuInLAal@suaruwAalla Inductively coupled plasma-optical
emission spectrometry (ICP-OES) 2 ¢ L 304 Optima 4300 DV (Perkin Elmer Instruments;
Norwalk, CT, USA) LLazU%mmu,ﬂaL%ﬂmlﬁgﬂﬁuﬁﬂﬁaaﬁmapmﬁmmmmﬁu 317.933 WNIULIAT

<& a v o o 5 v [V 17 A a )
mmz@ﬂﬂmma@Lqulmgﬂu'lmwaﬁ,muu’]mUammu 1:4 HAILVYING UL 40 DIANLYALYEH

A5 100 seuseuiiduian 2 $alue nntuthdunausndunissdiniusiseu 5,000Xg
Wuan 15 udl waulanseseiunszaiunsawuas 1 (Whatmann) waivdlulaluimsies
USunaunradeuniemaia ICP-OFS Aa518aLLd8nTINa1 U 6a "

3.2.2 nMsAnwanzivanzanfunsatauaadeuanuenssgnuaniiadaensn
3.2.2.1 msAnuvdiansaiivunzsy

HansEananiunaNiunse 5 vllalaun nsaduedu (Sulphuric acid) N5
Tum3n (Nitric acid) nsaLnde (Hydrochloric acid) nsnuN&a (Acetic acid) waznsauzua (Citric
acid) Tudndau 1:20 (Gmiin/JTune) Tasnsadananianandudu 025 wans vesnandanaiagn
hldweg1iinaugs 200 sousieudt Wunan 1 Hlusiigungiivies Mntuansildlunsesiiu
nsgmunseamnnagneulieglusUveuraidouensiian Mntuazatseansuanndudie
neafugfunazmUiinauueadouludiuiiazarsfenisinmsnslaserfeujAzenInend (Redox
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titration) Inguansnan1sania (Extractability) Tuguveanisiteuilufesvasiuaigegn (Normalized
extractability)

3.2.2.2 msAnwanududuiiunzeu
amudutuiivanganvosnsnesdanldgnanuiluzag 0.03 0.06 0.12 0.25
0.5 uay 1.0 luans lngmuauannznslunsaalimilioutunisvaasmeudiiiuiuayeauwa
nsainluzuves Normalized extractability
3.2.2.3 MsAnwIIaTiNIzE
narfvngaudenislinsnesdin aududu 0.25 luans 16§unisinw
faust 13 6 12 24 48 wag 72 Halus Tnemuauanznslumsaialimioutumsmeassmeuiiiiu
mLLawsmumamiaﬁ'@iugﬂmm Normalized extractability

3.2.2 msm'saﬁ'ﬂLmaL%&Jumnmnazgnﬂmﬁaé’qﬂnsmaz%ﬁniuam'wﬁmmzau
3.2.2.1 msanauaaldeufiensnazdin
nansegnuandalagnuaniunines@inaududu 0.25 and fmedadiu
1:20 (winadeuTuns) diluiwen il guugiiviesdasnnuda 200 souseuit iunan 48 $alus
ndunseaeasaratiilarunsEnenses (Wattman® wed 1) vansazareilaludduainy
Hunsa-edliidu 7.0 Aeuhadnssilsunauradoufiuiueu
3.2.2.2 mMsianzianududuveswaadeuluansann
AnUtutuveAaldedluaisazategnasisaeulagmaila Inductive
couple plasma optical emission spectroscopy (ICP-OES) AUTIEAZBEATINaTI A

3.3 AOUN 2 Nﬁ‘lli]\iﬂi%@ﬂﬂa'ltﬂgﬂLGNGI@ﬂﬂJﬂ’]WléIﬂiE]ﬂanLﬂgﬂl:‘m

q
a

3.3.1 MswsEaRInIzanUananity
wenszgnUanndafuiinieulasnisurluaisazaionns (NaOH) Spaandanfnitwuud
wisudetnldl desndviiudidasiouisuiiuussiauiniian venandudeduiun
Sunddanssuldun lefuuaslusiium fafuameiesennszgninisudeasas aeludeonlons
onlud Fagnidenunliussiliunansenudenmaimiiuiigeg Weoinaduldnsendiaduaindan
eazidealuniswisunanszgaidulduvuiiersuiiesuislunsmeasmeudl 1 59an5le3ouns
naggnuan
3.3.2 mywseitanssumsuangniuaiinszduilsuaaideuazatglfanlanndaiu
oulsimsuangyfiiuang ey (Crude transglutaminase) 3nndsiilaUanindniiugn
afnoenuaLiEnisiiesunglineuntihi (Hemung et al., 2008) Aanssuvesarsanneuleiogns
veugnasaaeulaginaneuannsalunsdendmeiuduasizy (MDO) Whlululassaihavean
Fudauus (OMO) uasfinmuRanssufiAntuniendanisusd 40 esmisaisaiunan 10 undt Tae
ai';uwamﬁiﬁtﬂumiﬁmﬁﬁ'%mﬂizﬂauéhmj"wwxla% (Tris-Cl, pH 7.5) Asdudu 50 Jadluans lawiia
wFU (1 TadnTuseliadans) DTT (3 dadluans) MDC (15 lulasluasedng) Usunauwaaideuaindiu
Tagniduasludiunanlilinnududuanyinedu 500 waz 1000 urluluans waswisuiiieuiu

aaa

wAageLAaalsANAUNdY 1000 ululuans Arevdanisudiieg1avinseau AT elagnsLas
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asavaneuealuidovdamalildaududuantiie 400 fadluand ndmndulfiarsazarslua
AnudweIN1sI3esuas (Fluorescence intensity) finueAdunsAuLArUanUdosndsy 350
way 480 m1ua1nU (F-2700 FL Spectrofluorometer, Hitachi, Japan) wilmieRanssuvosieules
grliimdrAnaminduuiinuues MDC ignideudnfuindudaudssuidelfioules 1 Sadanslu
aneMaseUFATend 40 ssreadoalunm 1 und

mMlssitanssufananliuieufisussrindegnailiiiuueadouleg Widuseuam
B9aU (Negative control) uazsegnsiifinuaadeunaslsnnnududuviifuiuweadotazansls
iieltidummuauiBsun (Possitve control)

3.3.3 msdnzinsidendalusiudrensuangniliusiinszduitouradouazaeld

3.3.3.1 dsafiauAaden asaniauAalleugninseufssIazdenlule 3.2.2.2.5

3.3.3.2 ansanaaulvsinsuangmiiug deeaziBeatule 3.3.2

3.3.3.3 nsaialushundunile

ﬂa”mLﬁaﬂmLﬂﬁ@ﬁugﬂummamﬁumiasmaLﬂﬁa 10 fiadlwans Tris-Cl, 50

findluan$ muauan pH 7.5 Taelidndiuvenieuadeasazarendu 1:10 mnduiwomandlaly
Humissieieiestiumisaiianug 8,000 X g uasifiviomenoundns Mntduwhdduneurou
wihiian 2 ads mntuniheeneudilaludunauiuansazanende 0.6 luansluanigi Tris-CL, pH 7.5

wihwesranilaludunien 8,000 X ¢ iiuierdiulauinsenitunivauie ndutlvazanely

nde 10 Jadluans wdhweswauiilaluduniesd 1,000 X ¢ Aungnewiieldiludfiognsves
lUshunduiloann (Myofibrillar protein) Ingaaseiusinalusiunieisnis Biuret method
3.3.3.4 mvihuisenvaudiulusaunanuiile
N v a o Y = v &
nseNdInveslusAuitlaenisatuaudadiuvesiusiunaiuiile
(Myofibrillar protein) Uanwnéaldusdeaisadaeulegdnsiuangnifwadu 9:1 lnsuanay
(Homogenize) @auUsznausananifuindeioas 2 uazuum98199 40 ssrwal@eaiduiian 30
a Aa | = Yy v ¢ S o w 1 Y]
il Tuangifinaglifivaal@ounuidudu 1,000 urluluans anndutiidiegsunuanauiu

ansazanglaifeulawm@adaa (SDS) mnudutusevas 5 Jumleswesnauilafiniauia 5000 Xg
Wuan 15 unit anduihdiula Qusiuavans, Soluble protein) lumuSualusiunieisnis
Biuret lnefidayiuainia (Bovine serum albumin, BSA) {ulusiunnnsgiu
3.3.3.5 N15IATITHLUULNULYRIUSAY

wuuknuvedlUsiunegluaisagareilaainde 2.3.3 lagniunauiy

Unilasdmsunensegismamaianisuenlusiuniglaaualnidy (Electrophoresis) luanigind
v v a a Na ¢ A o a  a ' ¢ ° a o
nshinuseukaziimsiivassidievhlilusiudean megsauysaluuy dilushudlaluuenuy
WHULIABEASAMIATIAAINNYUN 0.75 Dadiuns neeadminuiudusesay 10 Tuvaenaadiuuud
ANUNTUSBEAY 4 Bn1swenniglaauuliinnlealnuse@ndnsiifn 100 118 s89UNTENa
Y ! = A A = & ' a a ] Yo a
Aagiuafeuniieuiagaduanvedkiuieg InenluauUsualusiulunsaziad (Lane) TAdiuTunu
o oA ) o 8 w ! = a a ) c{ 1Y)

windud 20 lulasnsu tnevingndlegneay 2 wad waziUSeuiguwuuwkuuadlUsiuana eunu
WsAuainUuluanneniiuaglifiansadnuaadenainminsegnuan Weduganisuenisuiailall
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dounieddandiniiu (Coomassie brilliant blue) kagasddausannouiin1stuiinamiauves
Lshiu wWiguisurnevedlusivluimasiauiulusiuunsgiusianing (Board range standard)

3.3.4  msuaaldnsanuan

lénsonvangniniuudiognindiendsiu Bologna falABseausnuda(Chin et
al,, 1999) Inglusiulugmsldnsonazgnanastneldansvaunulusiuiinandrunauvesssynuazans
Juuu Tnwansnauilusiugnindeslagnssaumniuuuiunsyndedadiu 1:1 wdnhdmwnanils
Unaufuihdedadiuresdiunay 1:10 Tnenistuthreuudfudunauasiuduny ansitldaed
Snwarduniauarlfifuamaunuleiiu Tasgesluldnsonldnivauuimmaiiovanndaiu a1s
nounulaiiy thiudlng inde utadnlne dmanse uasinieana 1iiisosas 50 101023 3
way 2 Uy dulszneuiudeduihifdluguveniudaundaun nanszgnuaindaduldgnuiy
Tilfenududugosas 1 mawdsudiunaildnsen (Batter) Fudunnnsdunauilovanuiuinge
Frewedosdunan (Champ; Kent, UK) iuinan 2 wiit antudimiudeeimilwesgasuasdunaus
fudrunaudug i unssasdunausodunan 2 und PntuindiuaddUnasdunaudosn 2 uil
vheamianiudeiindesazdunausiedn 3 wf ﬂszmuﬂﬁﬁgwmﬁﬂmé’qmmﬁmaaa'auwa:uhjLﬁu
12 sarwaidoa drunaniildgninludnldluldreaanauiislvuinduitugudnans 25 fadiuns
(Nippi Corp.; Yokohama, Japan) fewa3esdaldnsen (Stuffer) anntusialdnsonlidurioudlngld
Fanfle (Cotton rope) lilgldnsenilanueniUszana 10 wuiwas anduldnsendidnaioudas
gminludalugsinfeuinunugangiiil 40 ssmuwaidoa iuna 30wt lugrsifeudniedesd
muqmqmmﬁﬁﬁ 80 seALgaLdad (Memmert, GmbH; Schwabach, Germany) \Jutian 30 w1
Mntugegsldnsoniiiiumsliaudoundinsgniliduiuilae maudlusranauiudady
a1 10 i Mnduthegaiiduiudluivlug Buiufutouiilufansiate

335  msaesziaunmldnsanuan
3.3.5.1 M5AATIZHRIAUTZNBUNIGLAL
29AUTENEUNIBATIYBININTEANUATLATUNITIATIENAILTTUINTFIUYOY
American Official Analytical Chemists (AOAC) insindsit 17 U a.a. 2000 fasneazidendiuandly
aowud 1 lnerilldiAnainnsedeiinanmsiesei 3 9
3.3.5.2 N13A5799AANE
é’aasmlﬁmaﬂgﬂﬁmaaﬂLﬂuﬁauﬁﬁmmmmizmm 1.5 wuRuns wazindi
U%L’Jmﬁuﬁﬁmmw (Cross-sectional area) @fwm‘%aﬁm% (Colorimeter, CR-10; Minolta; Tokyo,
Japan) 1eauandilu Hunter L, a, and b Wudnadeiinainnisia 5 91 mudanisitsneauan
Aouwnthil (Hemung and Chin, 2014)
3.3.5.3 mylansiiloduda

lﬁﬂiaﬂﬁ]zgﬂﬁuaaﬂLﬂu%uwiQﬂizuaﬂﬁﬁﬂaﬂmﬂ”m 817 wargs 1 X 1X 1.5
wuRwesiievanassnsindeduiasuinanldasaaou LL‘U‘ULLNW@@Lﬁaé’mﬁalﬁgﬂmaﬁmim
14in3osinileduia (TA-XT2, Micro Stable Systems; Godalming, UK) Tneldfasansenszuonidu
HIUANENa1S 25 Haduns m’mLéaﬁuaqﬁai’mﬁgﬂfiauuawé’qmﬁmgﬂmuauﬁﬁ 5 fadunsseIuTd
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fegszgnnnanssevesereiiioniioldsunuunisifsromsunseitinegegnnaadluify
szpymsiosay 75 iWeifleufudiugaiuduresiiedns uwuwideduiagnamaiauar ey
Aeauds mnufuatss mnuduiy ussdamzuazussdamieinolu Tagadsnariinainnis
AINMTIn 7 6

3.3.5.4 nM3UsERUNUsTa MU

mMsUszfiumaszamdndagnusziiulagldgmaaoudililésunisilneusy
(Untrained panelists) $1u21 60 AuGafiongegszning 18-44 U laon15Usziiuni1usousig
Hedonic scale T@daduluiesufoanisilédmsunisusedundnsusinisiulssamauda
fhogsldnsenasgnilifiuunaviniu (1.5 Wufiues) uddiluiufeau 1wl Tasdegns 3 Zu
wgnianuinsliiuinadeuduusazay uuunaaouiiisefumslfiazuuuiionn 9 seay (A nine-
point scale) lagniauslvignaaeulssiiuninuseuresruslaadenmuanvuzmuAMnIN (Sensory
attributes) Sulsun dnwaizdsng & eduifa ndusa uaznisseusulassiu

3.3.7 M3UTTHUANUULANAIINSEDR

ANLANATesARRsLAarfog1vazgnUsuiulagldnsiUTeufisuluy ttest wazsedy
Anuusnssegafitoddngnidaiinnaniesiudesas 95 (P < 0.05) Taeldlusunsumsadd SPSS
16.0 (SPSS Inc.; Chicago, IL, USA)
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4.1 aauf 1

4.1.1 ﬂmﬁﬂ‘ﬂm:ﬂ]ﬂﬂﬂﬂﬂi%ﬂﬂﬂaﬂ
i“(ﬂﬂﬂﬁ’]Lﬂaf”lL\‘iULLﬁ“’Uﬁ’]Uﬁﬁ’]ﬂJ’]ﬁﬂU’]ﬂJ’maGlL‘U‘NN\‘iﬂi”("Iﬂﬂl‘U’]ﬂa”LE]SJ("II(?]E]EJ']\‘]?I’]LSR]IQJ’J’]R]“I‘U
3%‘5’15@Lﬂ‘lﬂLuaE]@ﬂ‘i]']ﬂﬂ'ﬁ”ﬂﬂﬂ')ﬁ]ﬁ’]iﬂ”aqﬂﬂqﬂﬂiauqL‘an Iﬂf—JNﬂﬂﬁ‘“ﬂﬂ‘ﬂlﬂﬁﬂﬂqﬁlLLa’]f\]”llﬂﬂmuLUu
NeaZldYn WY J917U98 Vi']ﬂ‘Wﬁ]’]iiL!’]ﬂ’]?JG]']LUﬁWE)T’\]lﬂJWU"UE)LLmﬂGINi”M’J’NVI\‘IE‘!@\‘IW}E]E’JN (5‘1]1" 2)
AR REIE ‘US’Iﬂaﬂlﬂx‘iwx‘lﬂiuﬂﬂﬂlﬂﬁ]uluuﬂﬁ’mLLG]ﬂG]’NﬂULLGW]’JE]‘c’J’NV]VLQJN’]‘Llﬂ’]i‘U’TUﬂﬂ’JEJ
GREGH a’lEJﬂ’]\T"\]ullﬂau‘UaWﬂE]U“U’NiULL'Nﬂ’J']LEJE’JL‘I/I?JUﬂ‘UWJE]EI’W\WIN’]‘LlﬂTiﬂT’\]ﬂLUE)G]')EJﬂ’li(ﬂJJIu
A1592818A magamnanLLam’L‘wmu’nmsaumama’luLﬂﬂna‘lﬂ,umamwmmmmmumﬂmq

ATuNITIRissdUszneumMuaiivesninsegnisasdundnguiaduayudeduiivgiudnan

JUN 2 mansggnuandaiu (n) wazdandia (@) Nflvuiadnnda 38 lulasuasildainnsds
Uuazeng
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4.1.1.1 asAUsENAUNIALAL
dlefiansananisimsziesdusznauag1ameny (Proximate analysis) WUNY
nszgnitedoulddadautueg fautarlidnvasfunusin Viinaenutuidoglusosadian
sgwinedosay 3-0 (3l 6 waz 7) asfuldiansdulunanssgnitedeuldededianunnnd,
fhegefimFoudeinogaiiteddymeadnbidesdunnszgnantaundaiuviotaida Tnsund
u&laanaastintuusn (Monolyaer water) agdufinegivaymavesarsisussiineudnaudouseds
gindanisiidneen fafuiogamenszgnuatuiinuniseunwdiudissitiog uenaintdueied
arnandululdnensgniiiiuniseuniaudafimagminndussrinmafivinviiesnan g ildlu
mafunsnszgnldlfegludannuiu annednarvilienutulusegisiosniluusseinie i
nussneRadiluTufuiuivemnszgn ldmasoamamuanutvlusnseenls deya
fananassieuliifiuinnensgniiwiosldnarsdanuaansalunsiudildfngs i nalalums
Fuonesuieldnarsuuy ldhasduuiinabunidarsiiiuesdusnouvdousinsedaiuinvoms
nsggn MIfinansegnuaniiwouldinnududinagiliansafuinelduuidesmnuimom
liifsswesionisianuesgauniduardnageflifismeiagiliAnnisinziudufeudnde
USuaulusiuegnamenu (Crude protein) Tunsnsegnlasunisuseiiiulagnisinseying
Unallulnsiouuanads aseil 6 waz 7 dehliifiuinenssgninsdllusiunasmdesy Usuad
wuluvanflafidnuadeilndifssiuiinuluadenon (Hemung, 2013) wathilesanldisnsuay
fhegnsranandansdiadiy wivinalusiuannssgnuaiiagnuindatosndifinylussnsegn
Uan Cod, Saithe, Blue whiting, Salmon, Trout, Herring ttag Uan Mackerel ﬁwuﬂﬁﬁiﬂiauag
Tugqe¥onay 26-41 (Toppe et al, 2007) TngAuLANANRINg 17192 RAL191N T NSmTouT
LAnANaiY
Hufiindungirviunulusiuiimiesgluninszgnaindaiiassyiafiiiunisdudae
asaraneansdiatiosniiidusedifounind uansiifuindsannsazanelsiulunsenlda
TusAudsgnuzesnuniliuanszgniilatlusiud Unfudlusiuiteglunszgnineziiunoaaauds
Hulusiuiifiaumniffiavieliaraetiarenuimaiidn Tnsfinisdnidosivosneaaausiaog
JRUUBNNANYBILBN NN (Jager and Fratzl, 2000: Weiner and Traub, 1989) #sadniiesdiioy
senInadulevasneaanay (Hellmich and Ulm, 2002) Adulé Lﬁaﬁmw@ﬂlﬂé}’uﬁumiazmamq
Jailissluazansaeaaausenuandulsznouidsdourililusiugnidnoenlduniu fafy
msfunszgniutienaiialsiundruidefifafunsegnldfunfliannsosidalusiuneaaaud
unsniegiulassairanszgnld wiillonszgngnduivansazanesslunngifeusssilinoaaau
anunsoazansldfaugnareoninldfiniilerunsruiunisérenei
Unndunidanssuldunlusiuuarlutulunsnssgniidurndinnniludogefidusing ud
ndunuInm LUl esinaniiadesnin st ﬁ%uw%émméwﬁ?ﬂé’%’mwaqwu'jﬂﬁmm%wﬁwﬁ
flanansagatuniléa muumwmamqmmwmfmmmmsmumqmmiammﬂmﬂmmﬂmwmamq
mmmumﬂumavmmﬂm'ﬁmmmsuaqaum'3861'1smeavm’mﬂmimuwaqauumamimﬂfm
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M15°99 6 BadUszneUMBATivaINInIEgnUaNaARUTHIUN S uAZAURNS

a9AUsZNBU ansildlunsidaila
1 #198za19019 (NaOH, 0.8%)
ALY 3.5+ 0.19° 4.94 + 0.16°
TWshu 22.40 £ 0.11° 13.27 £ 0.15°
Tosiu 0.70 + 0.17° 0.12 + 0.07°
Lg’hﬁ”ﬁmuﬂ 64.45 + 0.10° 73.47 +0.18°

o w aa

*a-b MUuiaveniasandiiuisnuuanaisegsitoddanieana

M13199 7 83AUTENOUMAANYDIHINTEANUATTIATIUNTANLILAL AL

a9AUsENaU ansitlelunisindniie
1 d135aza19a19 (NaOH, 0.8%)
AT 1.82 +0.16° 2,67 +0.26
TUshu 21.46 + 0.20° 17.77 £ 0.20°
gt 6.96 + 011° 3.12 £ 0.04°
Eviavsn 65.00 + 0.14° 70.16 + 0.03°

o w

*a-b MUuiaveniasandiiuisnuuanaisegsiteddanieata

Usinalusfusgnmeny (Crude fat) lushegsnsegniiiiumsiushosnafduduasdesunn
TneAnidutesar 0.7 Wonszgnuanndaiuriiunisdiu ansedl 6 duvanfiaasiilofiuviont
wnninanndatudlefuduniousu (1319d 6 waz 7) ogslsAnuuImalusiufivasvdoly
nszgnuanfanuinduimaniesniiou 3 wih Teewutiinaluiuanduiesas 3.12 (A3l 6) wa
aanaradulilufiemaferiuivisunalusiutoyaninanazieuliiuiinisldniuiunszgnas
yliaefdndunidarseanannuenszgnlduinniinisl Wedunidansgnidneanuidady
osdUsznoundndunnefeiinauisiglufogisiundainaginnniogieid uifisasiniy
Uiinalasuinulunsnssgnualunsvnaesiifientiosniiinulunsnszpnuanfadoiunszuiums
w3sufiadneiu (Hemung, 2013) LLasU%mmé’ﬂﬂéniﬂa’lﬁmﬁuﬁwuiuﬂiz@ﬂﬂm Cod way Yan
Saithe (Toppe et al., 2007)

Uhinaudhiiemaiinafalnenssuiunasndmuidognaiiiunistudaededuiunand
wnndiegensggniumssnhdaiulumaiimemnedmivuaniiaesin (el 6 was 7)
ilesannnsldansagsinlianunsaidnlusiusminaeaaaunazlusiuesnainnszgnladiai 1
osrUsznovdlngfindesg Juidsasvieuliifiuuiinaussnn Tnonanssgnuandaiiusanandi
FavmmsnnnianszgnanUaindnfuisideanandndudunisaslulaindaiuiiuinn wa
MnmFeseiesdusznaumaeiagiioulifuinnssgniidenldannuafiaessiinddngnm
Duuvawaussgla
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dlofinnsannavesesrusznaumanaiasnuinsegnitiunmssuaaddnenmlunisduunas
YoaussnuaadsulauinnInisauu vibilddndiuseninudselusiuiandy 5.54 uay 2.88
dmsunszgnualnanlufiduiiuaza1e audny diuaideinand miunnsegnuaiiatian 3.03
Wag 3.95 MUAIAY AINE1I91RaEToUTNANANYTAIveINSINdnBuSdansoanannTEanLazes
wandliiuiisnnuanysalveIn1sHaLIN1In9nseen (Bone mineralization) A1FINA1IENTURS
nszanUamangytianuindia1nindd 1.00 (Toppe et al, 2007)

MtunsMInduvsdansimeansarateasdadunislunsyuiunsvilinsygnilanuusas
a - SV Y = Yo d Y & ada Y ° = A o
WNaNTY Astunsaunedeansiasunisidenlnduisnmuneiunisinluwieunansyg nivetnly
Uszgnalglususiigg

4.1.1.2 8

= Yo a v v 4 o ad A & v vy

dvesranszaniasunisussliulaeinmeiesosindnuananavesandeanulu 3 Am1dulaun
AIAI1UET1 (Lightness) 1AASLA 0-100 tag 0 nunedsadnatesian way 100 nu18eadnaun
- & I3 Saad cs i < oA
gn wananluesAUsenouvesdinnass Ao Arauluduazdindes (Blueness and

VU v =2 ! A & Y 1 = & A !

yellowness) losumsdudintugdvesdn b* Taefian b* Wuvinuansiviegsdinnududmaes @
Ansnanluausansindanuiudintiy esdusznevvesdludifnay AsAmnududunsasdiden
Ao vy ! ] [ o o < | @ i & oo A
Malaannal a* Inee a* Wuuankanadndegrslanuludvasdiumsinaniludideonson a*
Juau naarnnisiadnuimensggnianninduiwsenldainnissuadianuainsiesniingzgn
AUt (M131991 8) weAenaliianuwandafudnsularlia (15199 9) uanantudaliniig
Judunaiiownasianue a* WuuinuasArnududunswenszgnausiesilaunnnitdied iy

LY

2 a A = | @ oA & A
UWW\TELUUa"ILﬂa@ILQULLaSanua (A15179% 8 waz 9) ﬂ']ﬂ'l']llL‘UuaL‘Via@ﬂmaﬂﬂi%@]ﬂﬂ’]ﬂﬂa’]%ﬁa@ﬂ%u@ﬂ

<

Wululufiemadeitumefmesg1anlaannnisdus1eiliiuinnineieg1angugi
a

mamﬂmsi’mé’faﬂa'nazﬁmﬂ%ﬁujﬂmﬂizq}ﬂﬁ@é’asml,ﬂéﬂdwﬁ?wﬁauﬁuuﬁm JLA7TAY
f
Y

3
AAanuInNIN

LANFANAUNIIAUBIAUTENBUE 013nd3laNIsAUNTERNMEARE i lnlaNens Eanil
fadlonadonninuifsessninaarlusiufieglunszgmvinliinszgniidmluvnefidegieduh
LiiAnufAzedana?
faudmenszgnitldannisfudesansdaundininssgniiduthudauuandiadand
o1agndangmeniaulsdunmazlaenmasudminszgndslidanuainaiigailieindenis
wonuszdaula WeRinsandinudnuuedududfinuidvesanszgniinturiilvinenszgn
nszgninanldaunsathlultifeduasduudduomsussiavidvnua 1meiu viondafusin
laidosdnfisismnurnundn fafunniludsluniesustldnsondatiuliiesiifuasdsdany
Huldle wazifiumsiifedsiildannnsdudisiiasiinnumnzauninwszdaududun g

11NN
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A13197 8 AndveaninsegnUatninRuiiuduiuayag

A asildlunisinsaiie
1 d15aza19a19 (NaOH, 0.8%)
Hunter L* 89.95 + 0.06° 81.15 + 0.10°
Hunter a* 3.01 £ 0.03° 5.28 + 0.02°
Hunter b* 12.49 + 0.06° 23.26 +0.12°

o w aa

*a-b MUuiaveniasandiiuisnuuanaisegsitedifanieata

a = a a ¥ 901 1
197190 9 ﬂ’]ﬁ"U@\‘iN\‘iﬂiB@ﬂUﬁWUﬁVINWUG]MU']LLﬁSWN

And asildlunsiisaiie
141 d198¥a19m19 (NaOH, 0.8%)
Hunter L* 88.78 £ 0.15™ 89.42 £ 0.07™
Hunter a* 3.47 £ 0.00° 4.25 + 0.00°
Hunter b* 13.85 + 0.10° 16.35 £ 0.09°

*a-b Adusavenidansliiiutsnnuunnasegsited Ay neeaia

4.1.1.3 FT-IR

i3t fivesansiiiussdusznevlunanszgnitldannnamdesldiunmsnsavasy
Tngandendudunsisaiiinunadia Flurier transform spectroscopy tnewadiasinaniaziduinnis
duaziiteuvesiustluluianavesasuazirdeyadnanunianumuneliiduny Gmiiassinlg
nsulassaamaeiisuiainsiateivessinineg wassenussnundudeyaduanduy suil 3n
Fenuaruuandsesdyyniifintudi sndniosdanuiiniesnvosuuunudliisnuue
TnalAeeiuann Lﬁaﬁmimmﬂﬁagmﬂméﬁﬂa'n%wudwﬁé’qg@mﬁ%ﬁaﬂﬁﬁunWié"uéuaamﬂ'mal,m
(PO) BEUSIINMUIBLAVAAY 560.86 %aaamﬂé’aaﬁ’uﬁiﬁ%’mwmumdawﬁwﬁ (Prabakaran and
Pajeswari, 2006) Tuvaziingfanandsuluidnteslaewuil 564.03 Wedegssunsdusiiong
uaﬂmﬂuumiaua L7191 (Stretching) suawm Hydroxyl ﬂﬂimgmwmma%ﬂau 3401.35 uay
3423.71 Tushogefiduuasdudng audidu nmsusnguesmaneaueduatturiilimauitluss
nszpnUsznavienoalauasvylensondadefnsafuiiiseau tounid (Piccirillo et al,
2013) Aszyilassairsvesnszgnusznoumeansuszneuilsoussninsuaaidonrloamniifngle
maﬂ%aagﬁaw%ﬁﬁﬁﬂdw uralBuulanse ndnealnuuuwennilng (Ca-hydroxyapatite) faui3n
nsnmataussduasiiouveduananeadeuiemaieiagliannsadululdidesnueaidemndy
519 lane mu%%’aﬁm'mmmwwuié’msaawuﬁmmﬂmﬁuLﬁmaﬂﬂmiﬁwwgamsé’umLﬁausuawyj
msvatuslusenmlnsiindnanldainnsegauardenssuiunsnlndifeunaiigs (Calcination)
Uszaal 600-1000 asrigadalnsnudygyramariuiinaneauedutszanm 1451 way 1418
(Boutinguiza et al., 2012) dyayrnusfanaldgnananuluiiegennszgnillilunisinuadedl u
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[

Fyanasnanlilinzananasuaunmazie rslummaassiliilgiiunismninid ez
mslimnueugdluanneaiuauauiuin

atalsfinny wgﬁQﬂanw’%’Uﬂﬁswmu’hL‘fJué’ﬁummé’uLﬁmmmsﬁuamﬁaummﬁuw%émi
Iddufeaiu (Coman et al, 2007) lnglowzdyanauiinanmsdavavesiusyszminemiveuay
lalasiau (CH stretching) Tneitdyanafivsngivaneiavadu 1451.32 Wudyaaainmg CHs
dudyguiivaneiavadu 1418.40 1na1nuy CH, Naﬂwwsmwuammmhmamnanawau%
wiudmanseanaanalildusznauludisussigiissegiufeauniiszysenauludiedunidans
[WuULAYAU uaﬂmﬂﬁ?ué’ﬁgmﬂmmiﬁuasLﬁamaﬂmLaqamaqﬁuﬁémiﬁgﬂwuﬁwmaLamﬂﬁu
2956.04 wag 2923.07 a‘fm%’umﬂsz@ﬂé’mﬁmazﬁmmq auddu nsnudaasanaridundes
guduiludmegndiarsdunsdilussiuszneu Jayaninandigniudumenaiinsieiosdiusznay
yaedl (13197 6 wag 7) FnudlunsnsgniiBunidarsiiulusiuaslviuliinfedteduazsinn
sRuwedumefn

%agaﬁlé’ﬁ]’]ﬂé’zyfyﬁmmmﬂﬁlu%@%@um’]Lw?iaiﬁl,ﬁu’jﬂmmz@ﬂﬁﬂjmmiéfmﬁmazéfmmﬁ
Tassasamaaiifunuagliunndsfuas mssnivdesmsliilfiAamsdaudslasadmaatves
nsEgn Aatun1sFuA1suenaInaztieifaaisuseneudunidesnainnszgnuanldedied
UseAndamuagdilivhanslasadsesnszgnias fedunsiinenszgnilldanmssusisansage
aruduldinnninsgniiduiduiliuesdanvenanamisasnsolumsisuudadasaiimng
wilvesansusenaveliunidusiagnsle

wan1sUsyifiulassainedng FT-R dwsunsnszgnuaniia Ul 39 ndunumsidsuuases
Fuaunisduasiiioud 560 dewuiuns sududygiudiian [(Po)]? wananudany
Toyay1uns8anavesmy O-H (O-H stretching) 7l 3,423 siolufiuns %amiwuwyjéﬁﬂdnﬁazﬁaﬂﬁ
uindesduszneuidunenmilnmilunszen dyanavemydunidignamenuiduiuiunanszgn
MnUandaiu eglsAmudyannd 2,300 gnnsranuianzlussnsygauardafiinisiiase
sraudlinulugegreiivisagaen dogadinaiuanddiifiuinisldeanu savianeiuszvos
adunisldaTainliannsngnidneaniduinninislidh Wedunidansgnindnoanuindainle
fndmveaussnfinudueiuiinlunssgnianndni

4.1.1.4 AWE18YANTIAULUUERINTIA
AINEIHAINNABIRANTIAURUVERINTA (Scanning electron microscopy) L‘Umamamﬂm
Iamaiwmmmiﬂiwuaqmﬂimm/lLmﬂﬂ@uaﬂmﬂuummusma yensuReaiosuiiuRave s
ﬂsu@ﬂaumﬂmﬂmimﬂumiaymwLmﬂmaﬂu Luawmsmmwummaqaqmﬂmmu@ﬂasmauL@&J@
auwenefidifdwens 3000 wiwzwuiﬁagmﬂsuamsz@mlmLﬂé‘mﬁuLLazUmﬁaﬁlﬁmﬂmﬁﬁuﬁw
ﬁ]“ﬁﬁuﬁ’sﬁﬁauﬁw 1ASIAS19ADUT LU LAY LLGiLﬁaLU%EJULﬁEJUﬁ’Uﬂi“mﬂﬁlé’mﬂmsﬁmﬂw“
mewumummmmv LLamMmumﬁmﬂsaumaqwumamqmulmm (i‘lJ‘VI 4 uag 5) msmwumw
ﬂsauwuuuma‘vmmnﬂmsmﬂgﬂiwuaqmiavmamﬁvmwmmmamq Tngansazanssnamanii
srlvazarsorreaaaufivuituduaisusznoudsdousunennilniviliinnisvsdaen
ﬂaamLauaaﬂmmﬂLLaWW'ﬂmﬁﬁﬂﬁmmumm,iuéuaqdauﬂﬁzﬂaﬂluﬂss@ﬂamaqﬁuﬁﬁqLﬁmﬁugﬁ
wyu Msfiuiaveseymaiimurnseuilifiniiuiiaesuiulidadlowseudouiusetieiiinm
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Mt fuffifistunmadonadeliAnmagaemuduldunnd Suvadndnieralidusiune
famsnmanueuduluiegnamsnsegniinunisiudnafiunndmansggnishuntsduiiiag ing
artniulildfaumnuainnagaiivesassenouduniduasAldldTammnainninudsundas
lassaiamaaiiusagnale

T

3900 3400 2900 2400 1900 1400 900 400

NULAYAAY (LURLUAST™)

3900 3400 2900 2400 1900 1400 900 400

NUYLAVARY (HURALUAT )

JU# 3 FT-IR spectra vesnanszanUannanidu (n) wazdanda () Nldannisdud (819)
WazANg (L)
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PR f\ j oo o
G )T Bl S

«x : 3
-,

a | Y ¢ | & a a o Y 1]
sUn 4 mwmamﬂﬂaaqgamsﬂuLmuaamswmaqmmz@ﬂ1JmLﬂamaummsmlmmﬂﬂﬁmm
11 (n) waza1saraneag (¥) 1A1a9wee 5,000 Ll

JUN 5 amengainnaeanssAtLuudeinsinvemensegnuan daiwseuldainnisdui (n)
wazna (v) Aifdaveny 5,000 Wi

4.1.1.5 YSunauaaidey

Uinaunaideniunuariaaidouazargldinulunsegnuanfisaeslin finunssuiums
fdnilesednaldgniinseidemaia ICP-OES TnslinmeiauTunnueadouianuaiing luss
nsrgnuazliiuueadenazaneldfiararsoonuidsiniieniuauaniaglunisaiadiil
wileufudmiuninszgnita 2 via naainn1TlieTgnanddfiguil 6 Savuiuiinaueadon
favualutanindnduuasaiafien 320,200 way 321,100 fadn3usioniusegng FedarlndiAeatu
Uinaweaidouinualuiegnaisgnidudosas 32.02 uay 32.11 dwiuvarfiauazuanndniiu
iy andiuldhuinaueaidsuiiatosniimnaidiaunduegimn doyafindnasitou
T sinusgfeglunanszgnlalldfiudifisueaousisumnuiiiogsduogie Fefinsetu
seuitiifuiussnfidussduszneuveansegnuenainasiiuaaiBenud e woaresa Tnden
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Lazaao3u aglsimuUsinauweadeuiinufiionfivsunaigs dwlunensegniwseulanuiazu
LVRIYDILAATUTITUYIALAA
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fiafiniusio
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(
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Uanila Yandaidu

UM 6 Usuawaadeuiualurenszgniaiauazanndnduiwisuliainnisdudiy
GRFREIAULIER

agalsfinn matueadeululdusslovllul§ieomduailuienmenusmieusinseidly
msﬁmumﬁmﬁmsﬁﬁmmaL%&Ju%éfaaagﬂugﬂﬁumL.Lﬂav?famzmﬁl Fuulsinaueaeuviameiinuly
ﬂiz@ﬂﬁ?u%ﬂwmaL%auﬁasawumﬁaaLﬁm‘lmﬁamﬂﬁ%’umsﬁmen é’aﬁ?ul,ﬁaﬁwams@ﬂlﬂazma
Ner 9ol 40 aeAngadeud LUuIan 30 Wil Imsqum%’mdawuaamnig@ﬂLLazﬁnﬂu 1.4
WminseUsunns) mnduiarsazanefildlunsatausinaueadsdmuinfiveadoud Ui
fananenadaluneai@auaranals (Soluble calcium) danududu 178 way 189 fadnsuredns
Fanansldlugui 7
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Uaniia Uannaniiu

JUN 7 Vsaweal@euarateliannmansegniatiawazUandnduiwieulaainnisdusiy
asazaneaaliearaeimedndiu 1:4
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wa91n JUA 7 agvieuliifiuinfaiinlunszgnasiiunai@ondoudsnnudunadoudiu
Tugjazogluguvesansuseneviiliazarevinlionden s lulduselow Ausinauannsaluns
avanguaAaLiBNINIEgNardasdndunududulszanm 4 Sadluans uenanduas
Fuldiumaunadoulunssgruaininfuansagnasanglddedildfiniada fadunisi
nszgnuandnfiulugundlulivsslonilnensaiazdanudululfinnniwardailesnlariad
dndruveanaldeniiazaroonunltdesnin
ansFuNUAINa NG enslisgleninnsegnainuandatulaeasdusuiuy
yosmadumsiuudddundnfusiovnaiemislifnauiRiBmih andou s fudunsfiuyiunm
unaidesilundnsnsisanmsvaaedluneud 2
dsunansegnilldarnuandatumndosmshluldusslesimsldfunmsatawaadouonin
oglusUvosansazarsliliunniudenouiiduiuuaadoniifoglunsegnienangyauldliy
UsyAvEnn dafunsafaueaiuanuaniiafensaislésunisnuely

4.1.2 nsafiauAaBgNaINnszanUalianlensa
4.1.2.1 HAYBIYLUANTA
nsanaLAa@eNINNTEAnUatdanionsa 5 yilaldsunisdnuilaensamditu
Sadunsaunfie nsninde naafuzdu waznsalunie drunsaseuldun nsmiduuavnsanzun ua
nnnsAnwnuitnsannedadqnilunisadaueaidensenuiviaiu Tnenisadadsndneraia
deunannsaluvhanslasesainliismsuasUdesuradeudasyeonin winsaariuuaznsn
ihdumuifigrdlunsaaueadeuilndifestu @139 10) nsnfuzduudiaedussansamlunis
afunadeuliiuifenaiitesitalunsuszgndldlussuuoms lunedinsaiduiifauanunse
TunmsaalndiAssiuusansoussgndliluemsldheninselfluguvesidumeyoguda duiu

namhduaneydlasunsdeniiiunsaiafimunzaudmsunisadaunadeunnnszanuania

M1519% 10 ANuansalunmsaiawAaldeannseanUaitianiensayilamiag

wianse Awanunsalumsadadleliouifudigsga
(Normalized extractability, %)

nIANUEHU 63.1610.24

NIALNED 98.21%0.32°

nInlunsa 71.80%0.31°

nIntdLAY 100.00£0.43?

NIANTUT 60.6510.41"°

v @ [y

1ONEITNULANANAUTDILFZUOILEAIAULANANNNENANITEAUANILTDIUSDYAY 95



35
4.1.2.2 NAVBIANUTNTUVDININDLTAA
densatrduarsgldsuidentiidunsaiidanumuisaudenisanaudafld
¥nsdnwnavesmuuduiimunzanlaoudsanududusous 0.03 §v 1.00 Twans wasn
msnwnuihmafiseududurensaihduaegilimauannsolunisadaueaiBoufisiy
Bowq aunsyisiemnududu 0.25 Twans (a1 11) wdandunsiuaududuvosnsalaivi
TWanuansolunsataiuduldudedda suiuanududuiivmnzausenisatounadouain
nszqauandiadslésuident 0.25 Tuans

M13199 11 AnuansalunsaiawaadedainnseanUaitaniensayiing1ag

ANANTunIneydda (1uais) mmmmaﬂumiaﬁmLﬁal,ﬁauﬁumgaqm
(Normalized extractability, %)

0.03 51.80%0.21¢

0.06 79.1110.32°

0.12 86.9110.73°

0.25 100.00%£1.04°

0.50 79.4010.83>

1.00 91.47%0.41°

[y

AIDNYINLANANNUYDILABL LA ILEAIAIULANANNINEDANTEAUAIULY DI USDEAL 95

4.1.2.3 HAYBLIAN
mafiunalunisasafvilieuamnselunisadafiumntunusdudaasdiulei

nsafaduna 48 Fluwilildaanuanunsalunsadauiniign (mmsad 12) uideriiunanly
nsadadu 72 Hlusndunuinissansamlunsadaildlfifunniudnuandiduigeadudve
msafndundsteudnouldinalunisadadu a8 dalus fefunarfungausionisaindegnidenti
48 Falusfousihmsatnd 72 Filnssilfanuannsolumsasafistudntosfinm edsnnsare
eszozaniuuiuluiigungivieseraneliAnnisiiqivlavesgdunidnguiinunsaiiesan
Tunsnsegniidalusiuuarlodu fafunindonszarnaiiduasuddinsszaniamlunisaind
TndiAsdshanfumadendia

naINMsANwIRInavilimsuImsatauraldennasnsEgnUaniaiies suldainnsu
s ensaegdfafinuidudu 0.25 Tuand Wunan 48 dalus feduannedinandaddgninllsly
msafaunaBeslasaugudadulunsadadu 1:20 nuirdvinauea@ouludiuiiazaislads
2,376 AadnSusoans FaAndananiiAnnninnisazaneminainings 13 wh ﬂu’mﬁmﬁaﬁmé”mmﬂ
THdnauvaamsnszgniiosndngifa 5 wi

Fadumndesnmstueaideuanuanszgnuafalulisslenilidandulsslonidedued
vidousloviiensainsantBidaihiinsazyhnmsataueaiousonsnesdinidenou
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4.1.3 @9U

MNNTANYINTEUINNIRABRINSEgninsLU s sazaefldlunsduileot fmmuieuas
Suvidansduniifnogiufnsdhenisfiniuasnisdudg naannisinemuiinisldaisasanssnady
wheihinduridaseenainnszgnuanldnnnittsndinnuuiasvesdiuiiiuussinuasanan
voassmiigaty iefinsanlasaamaainuihmsdusslildvhaelasaiamaaivensegn
wiansazaneasazluaraelusiuludensegnitlfiAnmatnnsouuasiuinfsnsuanndu nisdia
fufifnvesnsegndainarsilininszgnganimdulduinnisuiiiumaiisndntios wiftuiad
Futuonadeusslsmiromrsieussinoeninlnganizueaifon uenantudvesmanszgniildan
Mawdeudeanuarimuinfienuuandstudnios lnenanszgnildannanioudaenissiia
aamnntuiiosnnanuduivdeuasiunaniy

Uinaueaduiaaiinulunszgnianndaiusasdarianuifivssunudosay 32 il
Huuvdsvesnssniia udaaldouiiazargldnuindadosuinfeyssanuiosas 0.6 udlaaldoy
avaneliannuinszgnuanndnduiiduinnitvardawanddiiiuiinisiimensegnuannndululy
Tnensaimnandulyla

mslivseloviunaidonanuanszgnianiamsliiumsatadeneu naannsdnuanigd
manzausen1safianuilsatnueaidenannszgnUatdiasmensnordin finmidudu 0.25 Tuans
Hunan 48 $9las fanmgmsadadanarnililfueadouasanslfifiutudu 13 whidedeusuns
Tdrirlunnsario
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4.2 naui 2: navaskenszanUaindnudeaunmldnsenuaniniiu

4.2.1 Aanssamuangniiiuaiinszdudeueaideuazaneld

asazatunaldouilfananszgnuanndniuvuiatesnit 38 lulasunsiiiunisig
uauuindedndiunszgnaetl 1:4 7 40 esmuaiBeaiunan 30 wift idunadouazaisldeyd
Anududulssan 4 Jadluanslagnunlunssdunisiauveaeuleinsuangiliiuasgimeu
(Crude transelutaminase) fiafalgannduiovanndaduicldsunisnsieasu neldansaadu
Fupszsinszyinliiesdonisnsaoianansausiiinty esineiluduasiest (Synthetic amine)
Aldianuaiunsalunisdeanasigosisawudls Wetefiuganangnsauid (Incorporate) 1ulu
Tusfuagilianmundonseuqluanadsuainitanniduiitaiosas dmalienanusnadud

nolmAnN15130aua9898n (A, wWasulvluiianisdindu (Blue shift) wazluszuunisnsiadn

A9NITNYes N MWANgNITUANUTIIAT (Ao 087 480 unTuimsiilelingsnunseduiininueadu
450 wlsung
mannTinfanssureseuleimruangnfwalumsatnnnndudevaandueiofiga
Tundundevasiaifieulesiduey Wefinrsunanuanisinyswuimanssfuansadaoules
meuaadeunaslsdaududugained 1000 ululuans silviananuienssuveseuludandy
25. 48 miesiodiadans (Unit/mL) (3Tl 8) Tuvarimiogaildiduuaaideuasndulinuianssy
wasanadliiiuilunduniovanndatuiuiieulsinsuangniua uenandueuleifingni
Aosn1sunaidedlensulun1InszdunisvinaIu (Ca-dependent enzyme) toulwsinsuangnidiueglu
Umgﬂmmwwmwﬁm (Binsi and Shamasundar, 2012; Hemung et al., 2005)
Lﬁaﬁf\]’lim’lﬁf\]ﬂii:ﬂﬁlLﬁﬂ%ﬂWU’i’]ﬁﬁ’]ﬁaﬁlﬂ’hﬁﬁ]ﬂiiMﬁWUﬂLU"ﬁﬁﬁNaﬁlf\]’]ﬂ‘ﬂaﬂ Alaska Pollock
(Yin and Park, 2014) uenaniudstesnitfinulundrudevardadiivsngluseaudidiun
(Worratao and Yongsawatdgiul, 2005) ﬁfﬂﬂiiu‘ﬁlumﬂﬁhﬂﬁuﬁ?‘l\!@’mLﬁ@ﬂﬂJW’]ﬂi%UUﬂ’]im‘i’mﬂaU
Aunssuildansiedunagiimsnnataildnilousu venaniuuiinauazinssuvesoulesinsy
angmiuafinudrdamudsiunuundsiinuge egrslsfauuimainulunduidevan aduf
thagifisawelunisnadeugyslunsnssfusouaaifotazanslianminszgnuanndndu
Fofinnsanfanssuvemsuangmiiualuannsfiinsiduueaidenazatslsanuanszgnls
laaudutugnving (Final concentration) 500 kag 1000 w1 luluans (nM) WuiAaNTsUVes
wulesignasianuil 9.02 uag 21.40 mitesediaddnsveseulu! uazlefisuiunisifiuatsazans
unadoumaslsafliidusiniugudeuan (Possitive control) Lilesunadsunaslsigniteauindu
uwidwweuaadeuiflilunisnsedunshauresoulesisinsqsaimsuangmiiuadie (Yasueda
et al,, 1994) LﬁaﬂmﬂLmaL%&szhlmﬁmﬁﬂﬁlﬁmﬂ15LU§&JuLLUaﬂﬂiﬁ'N6ﬂaﬂmLaqal,aulmﬁﬁﬂﬁwj
uatiadafeanisiliarsssuaunsadidoiseufisen (Catalytic residue) FaviliAnu{izen
venniuUnaeadeuiifismedensihnureseulsiviadnurazuvasidauansiulag
ulwifnulunduievarfanuidesnsuaademiios 1 fadluanslunsnsedulmeulesivhanls
pg1uAuUsEANS AN (Worratao and Yongsawadigul, 2005) %qaamﬂﬁaaﬁquaﬂiimmaal,auiszjﬁmﬂ
Fulan Treadfin bream finuinnisiiuuaaideusinndt 1 fadluaislddelhiAnnsfiutunes
Aanssuusednela (Hemung and Yongsawatdigul, 2008) 8&19l5An3 Binsi and Shamasudar
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(2012) ﬂé’uwudﬂLaul%ﬁﬁﬁﬂu%qwélé’mmﬂm Common carp way Snapper nduiifanssufisdusle
duarudutudu 10 fadluans fefuaudesnisueadouveneulsionafuegfuseiuaing
Uignssne Tnslouluiiifanuuigniguasdesnsunadeniisndndeslunsnszdulilassiiain
madsuuvadlulufiemafivanzansion1sise jisen

nanNsAnwInUIAanssveseuleiinszfuseasadiaunadenainnsegniatesniy
msldunniBounaslsdiflefinnsuniiarundudumiiu (1000 wiluluand) Medloradesunaintums
afinvosnenszgnunazdiansuseneudu wu Wsiuazlufufidsalminnsdarnmsiiny §ien
wu lufuaglusiu nmsfiansdsnannugduluasazatonssgnagiliinnuuianivesssuunis
Ipseanaananssuveteulsiluialalivudnenn

agslsfinnu doyadnauansliiiuiiuaal@euazaleldainnszgnuataiunsansequnis
yharemauangmiiualdiduedned dudunmaduanseanadlululénsenlaenssagyiiliuaaien
Tunsnszgnaraiseeniuagnsziunmsvhaureseulsimsuangmiiualundudovald fal
maﬁawﬁnmaﬂﬂsauﬁwLaulszjﬁmmaﬂgmﬁmaiuaé’mu‘fa (Indigeneus transglutaminase) 7
nszfushansaraunadeNiainanrenssgnUadsldiunsmaasy

20

)

1aaans

15

d (Wiesi
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a

NINTIUNIIUENGNIAULY
»

“« 0 0 ' 500 ' 1000 ' 1000
SN— - ~
wAALELAaB LA

IS ¥
LmaL%maga’mlmf\nﬂmg@ﬂﬂa’l

wraeuazatsla (Wiluluans)

JUN 8 AanssuvewmsiuangmiliuaedrsieruainUanndnduninssdueie uraleuazasle
MnuensEanUAazLARLTELAaelIR
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4.2.2 nMawaudmlusiudrensuangmilivauazuaaieuazansla
nswentlusaulagnamvgeulaglduaaidunaraislauinsedunisyineuvemsuangm
fwdlundutievanedlneaivauszuulilndifssiussuunagldlunisudnldnsenlvunniign A
A = a a Id 14 g o 5 [ = o 1 N
indedgnianasiunilusesay 2 Insumdn annduuanadiuuealeuuazdiluudluannegnldly
. % 1 & = [ = 5 o w 1 a [
N9 Setting A9E19AD 40 peAadalluan 30 ul antulimegsilaluazanslnguanaiv
asavanslunsulandadauafiolilusiunmunazate ulusivavaralamenistumisaudtin
arsazarslusaunlalunenmematinnisuenarstuaunlniivuuduiaaonianlua M3un90 n
dezmsarlumaadianinslwada (Poly acrylamide gel electrophoresis, PAGE) wuuvinlilusfude
anmegeanysaluu (Denatured PAGE) Tuan1ieniin1siiuanssiig (Reducing agent) uazn1slv
AuTouiuiieg e lneauauuTunalusiulumegialvivindun 20 lulasndudelulasing wau
TsAudlaannsuenazgninseimsiauazauinvedlusiuisuiulusiunnsguuuamige
navInnIsAnwinudndelusiugnuuluaniiziluinisifuwaal@eunuinlusiuidu
asrUsenavulumegramdnazidudelefuduntn (Myosin heavy chain, MHC) fiflaunauseanas 200
Alamadiu (3UN 9) sesasuiluuenfiu (Actin) fevunuszann 45 Alanadiu waslusiudue wu
Wstndleledu wazditle@uiduiun (Myosin light chains) AgnasaanuiivuaUseann 21-35 Alana
Ay wilinudndinsusingiveslusiuvuinlvgfnd1segdiuuuvesiaa (Stacking gel) waziile
Wisuifisudusegnlusauivuluannesiferiulainisiiunaa@ouazatsla naunuindlusiu
A AnAegul Stacking gel wiaugfunismelivesauisledusgraiuladn urlusfudug
1 a 9] Y] ! Y& = A a a A
uwnuliifinsiasuuUasauduvealay wadinanuaadiiiiuiuaadenidnaslulussuuiivinnm
WigeneaznsEAUNTYINUTamIuangiiuanvasvaslunduileUailminnsiwendiuiu
voslusiuluilovan uenantulusfundudmnendnvemsuangniwamiiouazlulieledu
v o A v Y v Y v & a aAa X @ a 1% R
Wuninidesanlamesaluviud wasluusingdudulushuniivualvg@umsiedeleduduninle
Wenduiy Ardusnnifiseauindelefudunidnlulusiundmnileduasisiusilaluse (Fravorite
substrate) d1vunsiuangmifiwaainuamseundlaeusnafigninujisendnaglasusisnuindu
! o & [ 1 [ a = 1 |
drumsvedlaiana (Hemung et al., 2008) Matlmsglassaiisludrumadunuuiniendsiesanis
Wrteweseulysl uenaniuddlisnenuiididunsneziluusnuniweaisleduiduninii
ANUTUNIZZNISTNT TS e uangfia WesnndeledudulsAudiulvginy
lundullelneAndudesazuszuna 40-60 aetumnnisiendruieduiulusiufananiudiiie
dnteefuragiiisanadmsunisdwmaliminnisildsunlasiloduiavedusiuaansediatuiaad
Weanlushudanla

[ Y7
v Aacga a

Turuzideriulsiukeniundulinuingnidendruudedisle sislffissnudninlas ss1ves
wondufinaunszdu (Compact) 1Aulunazeniinsuangnidiuaszidnfsdslignissu fAsen
uenantudsdinenuiwiauardidurensnozilufieglulusiuseafuflifienusingianzae
N5YauYeImIUENgMALUE

mM3dentumeslusiusisledusetoulesinsuangmiiuainariignsydusmeuaadenain
nansggnUanlasunsiuduniudilag Tao and Park (2014) wagnuinnisvinlinenseaniivwiaingy
FuulummsasyliuinaunadeugnianUdeseenunnnnindulinssdunsyieuseseulssd

loannszgnidvunelngiseaulilulasins
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kDa —— e — WUsAudeudnu
(Cross-linked protein)

200 . v s a
TR e e S uTa3u (Myosin)

116
96
66
45 e — - <+— uaAfu (Actin)
31

—

STD 1 2 3 4 5 6

U 9 wouusumedlUsiundunilouanfiusluannefifuaylifunadouazans
STD = lUsAunnsgu
1 uay 2 = WsAuarnilsisiunisuy
3 uay 4 = Wsduadafiunsudluannzilifueaien

5 uay 6 = WWsiuadamiunsuuivansasatswna@enainnszandal (1000 wiluluais)

4.2.3 aunwldnsanvan

ldnsendadatuanndalasumninmeansiinaneiululagsy (Bologna) Insaiunuu3una
dqulsznaumunszuvluund 3 MatuuuinassvestdnsenilvidutuvanUsunalusiulaeifuans
o UliuNEnI1NIAvBINIYNLATAITITLULRANTY USHnandegnaluauisoay 2 Fadu
USunauiisanasanisyinlrlusiunauiiloazatsusnlininauniulumsiznisiindeuinninfionaay
a'awaﬁm'a@m.ﬂwwsuaﬂm%mﬁm%ﬁﬁaLLm'U'%mmLﬂﬁaﬁmmﬁummadqmLﬁwiafcjéumwmaqﬁﬁimma

1 d' % a a al d' I3 (v a d‘ I~ LY
naufdesmuANUSINanTsUSIaalawisy Insanizauiidulsannudulafingauazaundulsamla
Audu n3eudnseniaumdulsala nszurunisudaldnsengnaruanliaamgildiu 12 asmn
waggantliesnwaninvedlusiunduielvegluanmaaauunigawinnaeyila n1silusiuds
Ay INTzMININSFURANTUALYNALUSAUNA1ULERazanef e AkastAnauTRB It lun1s

lﬁ-/czgolw . 1% Y o Y a Av o ada o A av o o 1
vieviudau1du (Oil droplet) Lilulassasslamilviiinssuuddatuniiiatiosan Weddatudsngtn
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suanufeufaginliAniduaaiiverudeluiulilulassades wanysahiundadedudauas
dnwazunngiduiidesnsvesuilan

ldnsendifaduanuaisldgnudnisgnsiifunaunadoudnduiosay 1 edoudiou
Aun sy fusegisitliiiu (fegrsmuam) WewSeudiunasldnsen (Sausage batten) l#udnf
hlusaldluléwaradnuazsimdureulndifssiuneuhlulivai 40 esmiwalsadunan 30 uni
FsannefinanliFunenuiimngdensiausemuangmiliuaaindailagianizaindaily
waudou (Tropical fish) nduliiaudoulasnisuslugrsidoufismuaugumnd 80 ssmusaifya
Wuian 30 wil nszuaunisdinavinlieamginsinalsewieuldnsoniid1u1nnin7s oeen
wandvatadugedviliiulailusivlundudevanfanisdeanimedwauysaivieotaizonld
Wuangldlunsviilildnsenan (Cook condition) ldnsenitlsazgriilsiustrssinisnouiu
Tugiduldnsonsilsilaldnsenss Uil 10

Fish bone
Control (38 pum)

UM 10 ldnsendfiatuanuamduiduuaglidunensegnua

nsenluguit 10 TAmdesnsuuseillefinnsanaindnvasnisusnasnuinsaesiaogalaid
AraLAnefuas Tatingzieynavesmansegniinadlufvwadnfiome venandugasly
nsudnldnsenfdinfuedounanaisegisadluvinlvinuursingvesisansgmsladauuansing
fu Gsfidulupuiduivgiuindedunenszgnlussuuldnsondarazliinlidnuvasuing
Wasuwdasly sefmmednuasnngiuisidyitnadensinauladondovesiuilng edlsh
aunun e audAniuadinienin wagnissediupuainmalssamdudanaislasunis
UsniliuogandoaiitaiSouiisunmuaaestdnsenildantisaogns
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4.2.3.1 23AUTENAUNALAY
asdUsznevatmeuvasidnsentarldsumsieseimarudu lodu Tusu uazuTua

Sdauandunised waarnmsdnsmuinisfunaunadouadugnsldviilviastu Tutu wae
Tusfuusndafuwsodisla (a1s1efl 12) Gawfagwulusiusayluhilunenszgninig deyadangn
wandlidiuinTinaiiAuadulildnnnefiesdmasionsduszneulas s

M19199 12 asdusenaumuaiivasidnsenddaduasuiayliaiunnsegnua

a9AUsENAU gnsldnsen

AUAY LEIUNINTEAN
AT 67.38 + 0.15™ 66.76 % 0.29™
TUshu 7.78 £ 0.27™ 8.18 £ 0.29™
st 13.47 + 0.05™ 13.82 £ 0.05™
Evavan 111+ 0.10° 1.77 £ 0.09°

*a-b dusavenidansiiiutsnnuunnasedsited Ay nieeia

Lﬁaﬁm3m‘d%mmé’wﬁgwumJaﬂé’ﬂsaﬂﬂﬁuwudwﬁﬂ%mmﬁu%uasiwﬁﬁaﬁﬁﬁgmqaﬁaLﬁa
fnsdunsnszgnadlufesas 1 deyadndnasviouliiuildnsenUaiviinaussmiutuaadu
Sovazifiou 60 uanviMsAININTEgnTd B LUT NS WUl dnsoneg1aiulidn egls
fnuussmsinanaziduiiduueadeunnioadodafldhmnnaiaviunueadouiouely
sethsldnsendsnuindedndldnsengnsmunuuazansiasunnsegniuradouAnduiesar (ne
wnuks) 0.079 wag 1.178 mudidy andiuldiudsnfiiuiululdnsengnaaiunenszgnlan
Husmueadouogielnounadoufifistiuandy 15 wh definsanuimaueaiBeslugogald
nseniidslisinunseuuisnuin ldnsenmunuuaglénseniadunssgnuaniiuraidoudnifuesas
0.025 uaw 0.392 auadu vsednlu 25 uay 392 fadnsusa 100 NuMBE1N Usunauaaidesly
ansldnsenddednfisfusrannuazannefiagBenlénseniiniuldnsengnsiiuaaidouge
dosnnnisuilnaldnsonaiaiifies 100 ndufsurimilmiieduilng fvlildumaunaden
unninfesay 20 vesUBinaLAadeNfisaneaslafumuiszyluiinaiuuzsdliuslnasotu
dmduaulng (Thai RDI) Ae 800 fadnsudetu Fefuninfunsnszgnluldnsendaniudnwis
wuamnslunisdaasulvldnsenvainaredundadusionmsioguawlnedadundn fausi s
uAaTeNge TaunaBeuilinnnnanszgnuamuitasagneesldmeeulsiinuluszuumaiiu
ownsdaiilafinmnaeslunaoananounnounthillaslduenszgnainuann Yareiaueu (Luu and
Nguyen, 2009) uana1niu Malde et al, (2009) galanganuaiimnenszanannian Cod uag
Salmon @ansagnaaduldidednismaasdlagldimaasnduguieTovyu (Young healthy men)
FadunsiinanszgnuasUiinuunadeunuenszgnluldnsenarfunasduundunaidenl it
fuslnaldiduagned dlildnseniinantudndundnsumiflegunmiunaidosgs
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4.23.2 8
dnsenfindnldgninunusediudindenuuandsiuvdeliiidesainasnsegniinantuasia
AoutharnileanidluldnsenazdeliiAneuasuuaswesdviels Advedldnsengmsifuuas
Liwumanszangnuandlunisng 13

a A 1 a 1 a @ a
13190 13 ﬂﬂﬁ%@ﬁlﬂﬂﬁ@ﬂﬂﬁ%ﬁm%ﬂiuLLﬁBlllLﬁﬁﬂmﬁﬂi%@]ﬂﬂa’]maﬂwu

Ad gnsldnsen

AUAY WEURINsTANUAN
Hunter L* 66.38 £ 0.26" 67.24 £0.29"
Hunter a* 3.94+0.18" 4.65 +0.09°
Hunter b* 11.49 £ 0.08° 13.33 £ 0.08°

*a-b Aifusenfduanddiduiinnuunndsesadifoddymnsada

= oA a 1 ° Y1 A o v ! =
nuan1sAnwnuidiedunansegnaslululdnsendarvilviddvinlvaiaiuadneden

NUTULANUREWANISIALTUAINAN LT AIIULANAIAUNNEDR WATIEINUTEIULINUIINITEAUN
nszaniugsiivadsiliAiaualiedlaanasiallingzeuniavesranseanUaragludnuinemis
A9 UVRILaIrinlRAIAIINEIN9anad (Tao and Park, 2014) watuszuuvadldnsandiadud
UsenoulumgeiAusenaureiATo dnALALEIUNALDUININAINTEULIRaRaT In1alANNLANAIY
Mneenuluszuuea YannLUANUTUALAILaL AR DIV E 1 ANNTU LAY 151891
' a a A a Aa v & | & & a
nsiuranszgnadulusiuianndnangsidwalimanuluduniwazanududivaedian
WNINT UL ULAETU 21nN1SNAaRIlT NI Iwii1dvedldnsenaziddsuntaslunmnnsg

a [} 1 [~ a A < a o | a g ¥ [y < a
L‘IJ@EJ“LJLLIJ@QWW@’]’JLUuVLﬂIUL‘UQU’JﬂLUEN’\HﬂﬂT]&JL‘UuaLLN“UEJW]’JEJEJ’NLW@WUWiEJNG]ﬂUﬁ’J’]?,JL‘Uuﬁ
Wiies MsnduaarAvaeIresiiegniininsegniiudutivenaliewnainniseendinduvedlusiu
LLazléuﬁuﬁagﬂummz@mﬁ@Lﬁuiq@’i’mqﬁﬁiwuﬁﬂuﬁﬁwma (Browning pigments) lng53ATng

| gj 1 I~ [ ::l' ) va a (v I3 r-:l' 6’5 in/ % a o [ r-:l'd o ]
wiatuisluannandnivinlidvewmdaduuisuld Meilldnsenddaduniinnediminegly
Viosmarndnazfidnvazusnguludiviessudinadidunisndmdewesdn dusiiiuntuiunay
JunsduadunudnvusduiisUszasddmsuiuslon

4.2.4.3 ilodua

ﬁaLLﬂdﬂé’ﬂiaﬂﬂmaml,a'%ummvmmvié’%’umﬁﬂmﬁué’adwﬁLmaL%smaﬂmmvﬁ’UﬂﬁLﬂu
mmuwaa%mw Lmﬂamwwmuammmlﬁmaﬂﬂmmlmuma’;miw MazUseiluuineany
lnglany ﬂmmwmmuaama muuLLUULLmuﬂJaaLuaammmaimumiaLmﬂmmwaﬂmimq
’msnmammwmmuaﬁmaﬂmaﬂwmzmqffmLﬂmusw’mmsmaﬂwagiugﬂmLasu LUUMHUAET
THuAA1A N LT v 920819 (Hardness) wunedsaiussfiinlidregraunn araaudualss
(Springiness) ApAuannsnlunsAusUresiaesadieldiuusing ArflaztsvanauBangulddaeg
Arauduiy (Gumminess) mansfsauarunsalunisgnandq tdnareasalasfaegieiinng
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Wasuwlaslulisnn Ausaganiziuvedduananigludiegna (Cohesiveness) wagawssdninieiu
fuituiduveedns naannsAnwlagnasulily asnei 14

M19197 14 uuusnulleduiavasldnsenddaduatunarliaiunensegnuan

audAduiloduia gnsldnsen

(Textural properties) AUAY LEIUNINTEAN

AT

(Hardness, kg) 0.425 + 0.115° 0.655 + 0.0832
anusansalunisinig Yand

(Adhesivensee,kg.s ) 0.004 + 0.003"s 0.005 + 0.003"
aMnuduayss

(Springiness, s) 0.348 + 0.132" 0.341 + 0.095"
AMuEIN1TaluN1SINEY

(Cohesiveness, ) 0.297 + 0.074rs 0.303 + 0.083"
AMuduny

(Gumminess,kg ) 0.129 + 0.057° 0.201 + 0.0892

*a-b Adusavenidansiiiutsnnuunnasedsited Ay nieeia

nannTnTshideduiaveddnsenuandiiuindeduiavedidnsonansiaiuuasliiety
nanszgnlafiinuunnaiuegaiuladalaeememanuidaasanunduiuvesdiedns Tuvuy
Adusadaniglulianavesiiegne anuaunsolunaniziuiandu uaganuduausaienly
WANAINAU mmﬁwﬁmaammLLsﬁﬂuamwﬁﬁmﬂsz@ﬂﬂmuam’tﬁﬁuimﬂaL?wuﬁagﬂu HINTEAN
vanldigmuanudeseeninluszuureliiAanisusuusaileduiavedldnson nisusuusailedudaves
nsondreunaidenlunszgnuaninsfntuldsenalnvansegig

ogausnuaalsuignuanuasseenuiazlunszduliiAinnisdsulasesraveslusiu
(Protein conformation) Tnevinlilusiiudafaeenuintusenitenisvud 40 esnaes 4
‘wqaﬂﬁuﬁaﬂéwﬂumiﬁuﬂé’mL‘ﬁamﬂﬂawﬁalé’%’umiﬁqaﬁmua”a (Yongsawatdigul and Sinsuwan,
2007) wenantunsiuaadenlessuduiliilefutazuonivannduiiovamseunadngaeon
Yandemsifinduvesituinitldyoudh (Surface hydrophobicity) 8utinainn1sida@aveslasesy
WsAu nsadsananduibingdallansaianulseujiserseninduinluiussladaludle
8nee (Hemung and Yongsawatdigul, 2005) Us1ngn1saenavinlideleduinnisinizfiisiuniu
Feuszeneg Wy Sunsiselelasindn wusylelasiau waviuseladalng WHudu dedunisd
wrawenludtatuvedusiuvardadumioususdilusiuinnsinmeimiuvesusiuseninansis
audeuindulasessanudantinnuamsalunmsinfuiasfindulgatuiiodtaduiunis
Iﬁmm%’ammﬁ@miLﬁsmwaﬂﬁaaugiaiuwﬁaw‘fﬂﬁlﬁ@ﬁaﬁuwaﬁusﬁauiaﬂ'iﬂmﬂu'Lﬁmmm%u
1oy



a5

othafiansenneiuisldannisiiueaieslunssdumshaure msuangmiualunédande
Uaundniiu (W5unsfigatiindiasennnanismaasduguil 8) silvieulesidsnanissujizonnis
Fouthwvesanslusiulusedns lasianizegrsdsieleduiduviindaldiunsfigauudiingniden
frudeeuleiFinanluanzifunadouazaslfnnnssgnianndaiiu Wuseiiiatufnanniu
fiuszudausaflesnniduiusslaauwinasduiusslaauinliannsagnvhanelfdeansiag
wusglanawililldgninaneseasiidaldgnnusenitsandnaaangsiiluaniizfifinigis
a1sUsenausAalfenluguuuunngg (Lee and Park, 1998) siusedanaruseniiiuseleladlng
(Isopeptide) G?j"’al,‘fJuLﬂﬂlwﬁﬁLﬁmmﬂmia%fwﬁuﬁzsuawaﬂszisﬁwwaqﬂi@azﬁiuﬂamﬁuuaﬂa%uﬁsmﬁ
gaingiueguuanglsiu ﬂ’]ﬁiJW‘lJﬁuG]\‘iﬂaTﬂuLﬁ]a'SUE]\‘l"US?,J“ZJ\‘iL‘UE)’NLﬂﬂﬁ]’]ﬂﬂﬁlﬁ\‘iﬂgﬂiﬂ’m@ﬂ
LauisumnimaﬂamuLualmumiwaaﬂﬂawmms’mgmimmﬂana gmoludlofinisifuarsduds
mﬂuaﬂqmmua (Transglutaminase inhibitor) (Kumazawa et al., 1995) A1SIAANUSZAINAIIFIVIN
TiluanavedldsiuRanmsdendwiunsidendudainanvililasairsveasadinnuudusenn
faludeazviousenuniiinauudsveaafifindy mafiukinszgnuan Pacific whiting Tuiaagings
fla1nuan Alaska Pollock AfalfAruudsussveaatfind uiduiiien (Tao and Park, 2014)
uenantulsrdnsnmuesmaiiunrmudusweaafituegiuuineyniavesminszgndie tng
wuireynaiifvuiaseaulilasiuns (nano scale) agiiuszansnmlumsuulailodudaveaaa
Ifunndmenszgnuuialulasisns (150 lulasng) naannisfnuluadsindunuinninfumnsegn
vanundadudifivunn 38 lalesiuns Sednidueynasziululasuasnduigvlunisnszdunisviany
vowulwivsuangniuauardmaliAnnisusulsauieduiavedldnsonamldstaudatumeay
finduuds dedaudaiinanerafaidewnaindiediannszgnilnisuldainvatauazvia
uenantunsndslunmawisufuenisiulnenisinuedsdldtnaggniiunsdudearsazans
sslulifeufeunielimndugenouiineuuarualundusaeiinsfnsdeunhilidduneud
nstiruseunielanusuetavinlilassaisvewmansegnaninatsuagyinliuSunuLaagey
annsavianoanuldinnnirmiduls veiluinaueadesaranslivesnsinuadaiugaAlaildzunis
51894

maiRunsnszpniuldnsonassliiAnnsaraisoonuiveunalfeuudunaidouazangldin
wlunsgdunmsvhauvemsungmiluauazieliiAnnsdenduvestusiuvinliduaiunisifaiaa
vosdtatuindulasssamifvesaaildiauudusafiunntu nsunanszgnuadlugis
daa3un15inadnsiatasiendninenszua (Rheology) Aldsun1ssisauauiu (Tao et al,
2014) msUuUsanTRIBsvthivesyiinalasmaiiunszgnuanilafunistuduidudiu (Kim et al,
1998) lelassaimvesaaldsumsuuusdliiaruuiusuasdiafosnmanntui el ansadn
AudhuagluiulilulnasfidueseidmaliiAnnsusulsadedudavemansoe  Fufunisidu
euanszgnluldnsonauenanasdumaiiuueaiBeslundnfusiuddsteliAnmsuivdsade
fusfavosmdnfasasmanszdudneamusseulesiffedludevatlivihauldedisdusyaninm
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4.2.4.4 MsUsziliumelseamauns
lnsendaniindnlddaudiaginunsienghidodudauasnuindodudaldsunis
Uudgadlefimaifunansegnuan uinsfisduveadediadsnanannsniudlamefuilaaviolidy
Asfisndudeddsumsusaiumuiesuiomnmamafisdusnanduilnaldannsowsnues
vonldfmiloutuiedudavemdndneilallésunisusul s msenisufulguileduiaiuiie
povauesnTIFasNIvasuilaa fufunsUssiiuarueudendnfusiinantuldldsunsussii
Tngldimaaeuiiliitunisineusu Yeyadildazasioufannufisnelavesifuslaaldunniinisld
Fuslaaiiuniseusy saanmsanwinandlddaniseil 15
pannsUssdiuauamienaaeuiiduiuilnauandiidiuinlénsenfignudnduldtunis
seusunninfesas 50 fwsiuldnnazuuuedsresmiureusonudnysuiaiiAUsTna
5 InsgFUAzIULT LA 9 uoniniuazuuuAITeUlasnfnUdiageTisedulsrana 6 Taid
lnsentfuazinisfuvdelifunaaifoy uidefinnsanudarandnuazauninagnuinnsifiung
nszgnlugnsldnseniiliazuuunuvoudodnwususng & ndusaiidnfiutudniiosdenals
azuuureulnsmiiAinty egrdlsfnusanivedtdnsenliifiniuudsuniainedanu sy
sonndnuurudiialdwnmatuliiasdnsfuvdelifurnssgnuania nafnanagiiouly
Fuinsfunsegndodfniloduiauasyilindn susildsunseeniunndeiu uenantuddues
waGmf,usmﬂwaaalm‘umsUsUUiamﬂmsmumnamnmama gituianududindowazdunden
Fusnniuisilvandasldsunssessud it
fafunsnanldnsenUangasiaduninsegnuandsdanuululddmivnmandndonded
ogslsfnumnannsaiinisyssdiuniseeusuresmansusilasldinaa ouluranfundrdfegld
Yoyafiaioudsdnanindumnainuingstu

M19197 15 Audnvazaunseeniuvesldnsenadukaslialunenseanuan

AMANEAEATUNTEINSY gnsldnsen

(Preferential attributes) AUAY LHIUNINTEAN
anuyazUng 573+ 1.43™ 597 * 1.46"™
a 5.68 + 1.65° 6.06 T 1.66°
\ilodura 574+ 1.57° 6.06 + 1.61°
SEYR 559 + 1.65™ 560 & 2.09™
n1sgausulagsy 6.02 £ 1.67° 6.21 * 1.85°

*a-b MUuiaveniasandiiuismuuanaisegnsiteddanieata
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4.3 ggu

pansggnannUanndaduldinunisiidadofnfisienstadeaisazatsns vl
fenslianudouganielinududeuhuruazumduns Woazarenensegnitldtutmying
unaldenazaisldvgaeenuinazatunsnnsefunisiiaueseuleivsuangnifiuas s
UfAzemadoutuilusiuld nsnseqndsnanlsgniduaduldnsontanfesas 1 dwaliiiodald
nsonfifunaBostioun 178 fiadnfudentheuilan JgnindundndusiiiueaiBougunnedags
n15eway 20 veslinaiuusildaulneuslaasety uenanduesiussneududuglilgsy
wansznu Avadlénsoniarududvdouaruanfiusntufsinrdmafsonissouiuesuilna
dedudavadldnsennldfunisuivsidasameannudunduasanuduiy wadsndrifaan
msfuraldesluninszgnazasoonuuaglunszduniminuveseulesinsuangmifiualundu
dovanensideniumesnduievan nsituresimaduiedudadmaliiuslnasousuly
wanfuriduAandeduiafintuiarenissouiulnssmigeuluie fafunisfumsnsegnluld
nsendardadunumslunsfinysunaueadonlundndasiuazufuussnunmudn fusilua
WAy



a8

unagl

nszgnuarimasainnisuussUasnsndwwanduninszgniitofuundaeunaiden
s33umAld Tnenstindunidanssmaniusiuuaglduoanaginlinazgniviinauisngaiu
Fedumstidadefanszgniandethuazansazansasisldsunisinu Tasnszgnitldaggnilsiy
Fulasmslianudouganislieudunouilvevuiazuadunsiidaundnnt 38 lalasiuns
HAINNANYINUIINTIaTarateaauiUansegnyiiaunsaidalusiusasludusenain
Tnssadrslfesnadivsraniamanninslidifissesiaien nefllasadonaniivesnsegnliifn
M3AsuLYas uaﬂmﬂﬁuﬁuﬁmaqmﬂiz@ﬂﬁﬁmmiﬁmﬂéauﬁmﬂﬂ'j'lﬁflms?iagwquLLaz‘ﬁuﬁﬂ';mn
P lvdnduguldiueaioulesaunisgnareonulduinniogiefiiunisidadetiies
pg19ifn dnwarnsenmYesnsEgnildmuinmsiitindeswilfdvemensegniiiianudug
T RG LRt

UhinaueadesimualuninseanianndaiuwasUadonuinfifesas 32 uivTunmueaidey
flazangldndunuindiddosunniasdndusosas 0.5-0.6 Meinszgnuanndnfuiiduaadeuaras
Iunnniwandailsiifnenmlunsihluldselevdlilaonss luvaiinenszgnanndaniadoriiy
nsafamensaneuianerliiuiinaueadomazanelfifiuntu msldnsnesdaaiduasataly
nawazaududuimngantlildusinuueadeuaraisldeanunanniulszam 13 wih

FothwenszgnuandaiuiiiunsiiinsneansazareanslliUsslovliiiodaaiuau s
st unsnsgdumaheuteseuleiruangnfuannndumiovs daufanssuveseules]
fnanluanngiifiuaghifura@onisldsumsfnwnasnuitweadonazarsld aunsanszdunis
yhawveneulsinsuangmiiuannnduniovanndaiuld tnedfanssulndifsstutunisnsedu
Foueadeunaslsiienuiduduriiy uenanduuraduazangldlunsmeassiiannodenis
Foudruvadlusiundmitovanndntuiuandldanuuuunuveddusiu minsegndanndniud
FnonmiduuvaweuaaileutarUiinuuealdouiazatgoeninAsiuiunaniismeniaznszdunns
yhuremsangmiualundudevanfiodsnadestundmidevan fafunis fuueaifeu
wazinntloduiadioninssgnuaniindnlddensldsunsinulneamslundnfsiBdaduaaan
lshiuvanegraguldnsenyan

MsAnwmavesHInszgnUarenunmuedldnsonvanldiunsAnuiiusinunszgniesay 1
(ngtiwiin) uagnansleneiesdussnaumaninuinisfussnszgnilildldnsoniidueaiden
Fusntu 15 v auvilidaldindunde fasiueadongs nadunsnsegnlivinlilasiadieves
dadunadsuudadlu venantunmunminudnuusdmnguasdedutavestdnsenilldflazunis
fimunduliiasUssdudendnnsiemedduaniieduia mavoniuvesiuslaafid ululufianis
Fenffundfeldnsengasiaiunansegnléfunisseusuintudlefinnsunmudnumelsing & nau
sa wazauvoulnesn Aafunisldunsegnumdnduaafuudiemsifieiugmuamisemis
LagiIuIAMNMTBINEAA TN 5ANTadauTululed
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1. Matfinanuasatuntsazatevesnaeueoglunanseanlilaunduagyinliaunsald
Usglovianuealeslunsegnldeginiulssdnsnm

2. prmansatunisgngesvesninszgnuafinasiuldnsenmislasunisfinviiiedudoya
vavaninisuilaaldnseniaiunansegnianasyilviguslaalasuuaadeusnnieeiieds

3. MsfAnwianuansalunsgngssveindueaiunsegnuanninlduluvasaneaes (n
vitro) Aslesun1sfinw el seiliudnensegnidinadluiifnenmlunisgninluldusslovine
T1aMesndesLiiedle

4. msgadunaziinaaiduuanuenszanUarlvldmelifinuseleviddonsyuiunts Wauives
nszgnuIan1TPeNLsNlInduinaInsFeNveInsEanaslasunsAne lussuuddidin (n vivo)
A zov s v g A o ¢ ° = Ao
ieldudeyaiiuudsdunsiudunnuselovivesnisiuaadeuantanszgnuaindseguan
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ABSTRACT

Tilapia bone powder was prepared by water and alkaline treatments, autoclaved,
dried, and ground to be powder. The results from the Fourier-transform infrared
spectroscopy indicated that tilapia bone powders consisted of inorganic matter, especially
hydroxyapatite. The proximate analysis revealed that organic compounds, protein and fat,
were presented but they could be removed more effectively alkaline treatment than that
of water. Microstructure showed the corrosive surface for sample treated with alkaline,
while the compact surface was found in another one. Therefore, the alkaline-treated bone
was selected for calcium extraction by different acids and the calcium content was
estimated by the redox titration. Based on the extractability and feasibility in food
application, an acetic acid was selected as the suitable acid. The suitable concentration
and extraction time were further evaluated and the results turned to be at 0.25 M for 48 h.
When, the tilapia bone powder was use to extract calcium at this condition, the exact
content of calcium was 2,376 mg/L, as quantified exactly by the inductively couple plasma-
optical emission spectroscopy. The obtained calcium solution could activate the activity of
calcium-dependent enzyme, crude transglutaminase, suggesting the availability for

biological reaction.

Key words: calcium; fish bone; transglutaminase, acid solutions
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INTRODUCTION

Tilapia (Oreochromis niloticus) is the fresh water fish species and it is produced
commercially through an aquaculture around the world with the annual production equal
to trout and salmon.! Tilapia is currently processed to be either food or non-food products
such as a frozen fillet or leather.? Through those processes, tilapia frame must be removed
and it is considered as waste or by-products accounting for up to 15 % of the fish weight.
Fish bone ash is the major component in such waste and consists of 34-36 %.”> However, it is
currently used to make fish bone meal for feeding although it is the g¢ood source for
important mineral, especially calcium and phosphorous.® The potential of fish bone as a
source of mineral supplement was documented.” In addition, a calcium capsule containing
tilapia bone powder has been developed for being the calcium supplementary.? Generally,
calcium in fish bone powder is mainly found in the hydroxyappatite form (HA), which is
hardly solubilized.> The bioavailability of the fish bone capsule might be limited. Thus,
extraction of calcium from fish bone powder is necessary for fulfilling the nutritional
implication.

Application of the pulsed-electric-field-assisted extraction was reported as an
effective method to solubilize calcium from the bone.® However, this technique has not yet
been applied commercially. It seems like acid extraction is more feasible since it provides
high extraction rate.” However, extraction of calcium from fish bone has not been
investigated, while that for pig bone and egg shell has been performed. Thus, extraction
process of calcium from fish bone by acid solution should be optimized. This would lead to
the strategy for calcium recovery from waste for being the mineral source. In addition, the
bioavailability of soluble calcium should also be evaluated for gaining the health benefit.
This value of calcium from fish bone has been performed in either in vitro or in vivo
systems.®” However, the potential of soluble calcium as cofactor for enzyme is also
represented the bioavailability as well. The activation ability of soluble calcium from fish
bone to activate transgltuaminase (TGase), calcium- dependent enzyme, was documented.
This breakthrough provided the simple method to evaluate the bioavailability of calcium
extracted from fish bone.

Therefore, the objectives of this study were to characterize the tilapia bone powder.
The extraction of calcium by acid solutions was optimized. Thereafter, the bioavailability of

extracted calcium was evaluated based-on the TGase assay.

EXPERIMENTS
Tilapia bone preparation and characterization

Fish bone powder was prepared according to the method described previously with

slight modification.! The main frame of tilapia was soaked in hot water and alkaline solution
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(0.8 % NaOH, w/v) at a ratio of bone to solution of 1:2 (w/w) for 1 h. The bone samples
were rinsed with distilled water, autoclaved at 121 °C (350 g.cm'Z) for 1 h, and dried
overnight in an oven at 105 °C. The dried samples were ground into powder and sieved

through a 38 Um mesh and used as water-treated bone and alkaline-treated bone

powders, respectively.

Chemical compositions were analyzed for moisture, crude protein, crude fat, and total

ash contents by the standard method from American Official Analytical Chemists."

The bone powder was mixed with KBr at the ratio of 1: 40 and pressed into discs before
determining the vibrational spectra by the Fourier-transformed infrared (FT-IR) spectroscopy
(Spectrum one 60045, Perkin Elmer, England). The spectra were recorded as the average
from 32 scans in the wave number from 4000-450 cm™.

Microstructure was analyzed by the scanning electron microscopy (SEM) after gold
coating at 5,000 magnification using S-3000N (Hitachi, Japan).

Optimization of calcium extraction

The extractability of calcium from tilapia bone powder (Alkaline-treated bone) was
evaluated using sulfuric acid, hydrochloric acid, nitric acid, acetic acid, and citric acid at 0.25
M. The bone powder was mixed with each acid solution at the ratio of 1:20 (w/v) for 1 h.
The calcium was extracted by shaking the mixture at room temperature at the speed of
200 rom. The clear solution was filtered through filter paper (Whatman® No. 1) before
precipitating into calcium oxalate. Then, the oxalate was solubilized by addition of sulfuric
acid. Finally, the soluble calcium was quantified roughly by the redox titration as described
previously.!! The extractability was normalized and the highest value was considered as 100
%.

The bone powder was mixed with an acetic acid at different concentrations (0.03, 0.06,
0.12, 0.25, 0.50, and 1.00 M). Extraction process was fixed at the same shaking speed, same
shaking time, and same ratio of powder : acetic acid at room temperature. Extractability
was recorded after quantifying the calcium content in solution by redox titration and

expressed as normalized data as described as above.

The bone powder was used to extract calcium by acetic acid at 0.25 M for different
times (1, 3, 6, 12, 24, 48, and 72 h) by fixing the extraction process as described above.
Calcium content was also quantified by redox titration method before expressing the data

and reported as normalized value as described previously.
Bioavailability of extracted calcium from tilapia bone

Tilapia bone powder (alkaline-treated bone) was used to extract calcium by an acetic

acid (0.25 M) for 48 h at room temperature. The extracted solution was adjusted to pH 7.0.
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The exact concentration was determined by the inductive couple plasma-optical emission

spectroscopy (Optima 4300 DV; Perkin Elmer Instruments; Norwalk, CT, USA). The emission

wavelength for calcium was recorded at 317.933 nm and the calcium content in the extract

was reported to be 2,376 mg/L. This solution was used to activate the crude

transglutaminase (TGase) from tilapia muscle to catalyze the incorporation of monodansyl

cadaverine (MDC) into the dimethylated casein (DMC) as described for TGase activity
determination.

The crude TGase was extracted from tilapia muscle by homogenizing the fish muscle

(10 ¢) with 90 mL of an extraction buffer (10 mM NaCl, 50 mM Tris-Cl., pH 7.5). The

homogenate was centrifuged at 10, 000 X g for 30 min. The supernatant was filtered through
the filter paper (Wattman® No. 1) and the filtrate was used as crude TGase.
The cocktail reaction for TGase activity contained DMC (2 mg/mL), Tris-Cl, pH 7.5 (70

mM), DMC (15 M) and 100 UL of crude TGase. The reaction was incubated at 37 °C for 10
min. The reaction was stopped by adding ammonium sulfate to the final concentration of
400 mM. The fluorescence intensity of reaction was monitored at excitation and emission

wavelengths of 350 and 480 nm, respectively.

Statistical analysis
The data were analyzed using multiple comparison tests with one-way ANOVA
(SPSS, 16.0). The difference was considered at P < 0.05.

Results and Discussion
Chemical compositions

The chemical composition of bone powder was affected by the different methods for
removing of the organic matters. Moisture content was still found in the bone powder
although it is appeared as the dried powder. This suggested that water molecule could be
re-absorbed water after drying process. Moisture content in tilapia bone treated with
alkaline was higher than that treated with water (Table 1). Due to the similar preparation
method, this value was comparable to that reported previously.! However, it was much
lower than that reported for cod, saithe, blue whiting, salmon, trout, herring and mackerel
because organic substances were removed by different methods from our study."? It can be
seen that sample treated with alkaline solution showed higher moisture content than
another sample. This suggested alkaline-treated powder adsorbed water to the greater
extent than that of another one. Thus, the binding sites on bone particle for chemical

reaction were more available when it is treated with alkaline.

Protein content in sample treated with alkaline was observed at the lower level when

compared with another sample. It has been established that collagen was the major
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protein found in bone matrix."* This suggested that the alkaline treatment allow collagen to
be eliminated to the greater extent than water. Softening of connective tissue from fish
bone under alkaline condition has been reported.!* However, the collagen could not be
removed completely as evidenced by presenting of protein in the sample. This might be
because the collagen may be imbedded inside of the mineral crystal as model proposed
previously.”> Application of alkaline also provided more benefit by getting rid of fat since a
reduction of crude fat was observed (Table 1). This indicated that the organic matters could
be removed more effectively by alkaline solution. Consequently, total ash content was
increased and it is observed as the major component. Therefore, tilapia bone powder

showed a potential to be the source of natural mineral, especially calcium.
FT-IR

The FT-IR spectra of fish bone powder showed the signal corresponding to the
vibration of several functional groups, which are classified as either organic or inorganic
matters (Fig. 1). The signal at wave number of 560 cm™ was reported to be the vibration of
an inorganic phosphate [(PO)]*." In addition, it was found in both bone powders. The O-H
stretching was observed at wave number of 3,423 cm™. This suggested that calcium in the
bone is in the form of calcium hydroxyapatite. The apatite from cod and sier fish (Thynnus
thynnus) has also been characterized.* ' The vibration of organic groups through the C-H
stretching at 1,451 and 1,419 cmt were generated from CHs and CH,, respectively. The
signal for organic compounds was also observed at wave number of 2,923 cm™. This is
suggested that the organic compounds were presented in the sample, corresponding to the
observation of fat and protein (Table 1). The signal at 2,340 cm™ was observed only in
sample treated with alkaline (Fig. 1). This was reported to be the N-H stretching of organic
compounds.'® This suggested that organic compounds might be modified by alkaline
treatment. The collagen in the bone was softened by alkaline treatment.” These results
suggested that alkaline may solubilize collagen from the bone resulting in a reduction of

protein content.
SEM

The microstructure of bone particle showed the smooth and compact structure when
the bone was prepared by soaking in water. However, the rough and corrosive structures
were observed when sample was treated with alkaline (Fig. 2). The alkaline solution
solubilized collagenl, imbedded at the bone surface, increasing porosity of the bone. The
corrosive surface of tilapia bone powder was also documented after alkaline treatment.?
This may explain why the alkaline-treated sample could re-adsorb water to the greater
extent than that without alkaline. Fish bone particle with high porosity could enable
calcium to be extracted easily when compare with the compact surface. Therefore, the

alkaline treatment was selected for preparation of fish bone powder for calcium extraction.
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Optimization of calcium extraction

The strong acid and weak acids were selected to evaluate the efficiency for calcium
extraction from the tilapia bone powder. The results clearly showed that all acids could be
used to extract calcium from the bone (Table 2). However, the sulfuric and acetic acids
seemed to show the highest potential. Sulfuric acid was used to digest organic compounds
prior to determine mineral components.!” However, application of sulfuric in the food
system is quite limited. In contrast, acetic acid has been applied regularly in food system in
the form of vinegar. Bone softening by curing with an acetic acid resulted in calcium
liberation.'® Therefore, acetic acid was selected to be the suitable acid for study the effect
of concentration on the extractability.

The effect of concentration of an acetic acid was investigated. An increase of acetic acid
concentration resulted in higher extractability up to 0.25 M, which was comparable to that
at 0.50 M (Table 3). However, further increasing of calcium extractability was not observed
although the concentration of an acetic acid was increased until 1.0 M. Therefore, the
suitable concentration was considered at 0.25 M. In addition, using lower acid concentration
would be benefit for further application.

The suitable time for calcium extraction was evaluated up to 72 h. Extraction of calcium
by acetic acid at 0.25 M from 1-48 h provided an increase in calcium extractability (Table 4).
An increase of extraction time resulted in an increasing of calcium liberation from fish bone
during curing with the vinegar.'® However, calcium extractability was not increased more
significantly when the time was prolonged to 72 h. Moreover, prolonging the extraction time
may promote the microbial growth due to the presenting of organic compounds. Therefore,
the suitable time for calcium extraction was selected at 48 h.

Based on this study, an acetic acid at 0.25 M was used as the extracting solvent to
extract calcium from fish bone. The calcium content in the extract was determined exactly
by ICP-OES and found the total calcium content in the solution at 2,376 mg/L. This value
could be calculated to be 59.28 mM. The bioavailability of calcium in this solution was
evaluated base on the TGase assay. This value was much higher than reported previously
when water was to extract calcium from tilapia bone.’

Bioavailability of extracted calcium from tilapia bone

Since TGase is a calcium-independent enzyme, calcium ion is needed for full
activation. In addition, calcium is required to add up in the reaction cocktail for determining
the TGase activity.”’ The activity of partially purified TGase from red sea bream was not
detected in the presence of ion chelator, EDTA.?! The ability of crude TGase from tilapia
muscle to catalyze the amine (MDC) incorporation into the dimethylated casein (DMC) was
used to evaluate TGase activity prior purification.?” Therefore, availability of soluble calcium

extracted from fish bone by acetic acid (0.25 M) for 48 h for TGase would be an indicator
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for bioavailability. The results from our study showed that TGase activity was almost not
found in sample without addition of the soluble calcium. This confirmed that TGase is the
calcium-dependent enzyme. In the presence of 500 nM of calcium, TGase activity increased
markedly (Fig. 3). This result indicated that the ability of soluble calcium extracted from
tilapia bone powder to activate TGase activity. In addition, an increase in calcium
concentration resulted in an increasing of TGase activity. The soluble calcium extracted
from tilapia bone powder by only water also activated crude TGase." Calcium ion is
reported to induce conformational changes of fish TGase. The phenomena allowed the
active site of enzyme, generally buried inside, to bind with substrate.”” This suggested that
the soluble calcium in this study is in the free form. Thus, it is hypothesized to available for

biological reaction.
Conclusion

Tilapia bone powder could be prepared by removing organic compounds by
alkaline solution. The alkaline treatment provided the porous surface, facilitating the
calcium extraction. The acetic acid was selected as the suitable acid due to the high
extractability as well as the compatible to food applications. The suitable concentration
and extraction time were optimized to be 0.25 M and 48 h. The concentration of the
extracted calcium was observed at almost 60 mM when the bone was extracted at the
suitable condition. Soluble calcium could activate crude TGase to catalyze the

incorporation of synthetic amine into modified casein, suggesting the bioavailability.
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Fig. 1. Microstructure of tilapia bone powder treated with water (a) and alkaline (b)
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Fig. 2. FT-IR spectra of tilapia bone powder treated with water (a) and alkaline (b)
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Fig. 3. TGase activity as affected by concentration of soluble calcium from tilapia bone

powder extracted by an acetic acid (0.25 M) for 48 h at room temperature.
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Table 1 Composition of tilapia bone powder treated with water and alkaline solution

Composition Treatments

(%) Water Alkaline
Moisture 1.82%0.16° 2.67%0.26°
Crude fat 6.9610.11° 3.1240.04°
Crude protein 21.46%0.20° 17.7710.20°
Total ash 65.0010.14° 70.1610.03°

Different letters in the same column indicate the statistic difference (P < 0.05) between

columns

Table 2 Calcium extraction from tilapia bone powder as affected by acid types

Acid type

Normalized extractability (%)

Sulfuric acid
Hydrochloric acid
Nitric acid

Acetic acid

Citric acid

63.1610.24>
98.2110.32°
71.8010.31°
100.00%0.43°
60.6510.41°

Different letters among rows in the same column indicate the statistic difference (P < 0.05)

Table 3 Effect of an acetic acid concentration on calcium extractability from tilapia bone

powder

Acetic acid concentration (M)

Normalized extractability (%)

0.03
0.06
0.12
0.25
0.50
1.00

51.8010.21¢
79.11£0.32"
86.9110.73°
100.00%£1.04°
79.4010.83>
91.47%0.41°

Different letters among rows in the same column indicate the statistic difference (P < 0.05)
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Table 4 Effect of the extraction time on the calcium extractability from tilapia bone powder
by an acetic acid (0.25 M)

Extraction time (h) Normalized extractability (%)
1 54.3810.29%

3 61.0510.43¢

6 54.8610.07¢

12 49.981+0.10°

24 60.5910.45°

48 94.30%0.18%

72 100.00%0.37°

Different letters among rows in the same column indicate the statistic difference (P < 0.05)
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ABSTRACT

Silver carp bone powder was prepared by soaking in the hot alkaline, autoclaved, dried, and
ground to be powder. It appeared as white powder as indicated by high lightness value at
81.15, while the redness and yellowness were observed at 5.28, and 23.26, respectively The
proximate analysis revealed that total ash was the major component (64.45 %), suggesting
the potential to be source of natural mineral particularly calcium. The total calcium
content, analyzed by the inductive coupled plasma optical emission spectroscopy, was
found at 32.02 % but the soluble calcium was observed at 0.59 %. That soluble calcium
activated transglutaminase to catalyze the cross-linking of myofibrillar protein (MP) as
evidenced by changes in MP patterns. Silver carp bone powder was incorporated into fish
sausage at 1 % (w/w) prior being compared its qualities to the control. The addition of fish
bone powder did not affect the moisture, fat, and protein contents. The ash content
increased significantly and total calcium increased for 15 fold when comparing to the
control. The color value was not changed when only lightness was considered. The
yellowness and redness values were increased significantly. Texture profile analysis showed
that the hardness and gumminess values of sample were improved by fish bone powder.
The product acceptability, evaluated by consumer test, showed that incorporation of fish

bone powder could increase the overall acceptance.

Key words: calcium; silver carp; transglutaminase, fish bone
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INTRODUCTION

Silver carp (Hypophthalmichthys molitrix) is a variety of Asian common carp found in
north and northeastern Asia. It is classified as a cyprinid fish, living in fresh water. The annual
harvest was documented as the highest value in especially China and India (Liu et al., 2008).
It is the good source of rich nutrients including protein, mineral, and lipid (Jin and Li, 1998). It
is used as the raw material for processing into several products such as frozen fillet, frozen
surimi. The bone of this fish needed to be removed during those processes, generating the
waste or by-products. The fish bone is estimated for 15 % of the fish weight. It has been
somehow processed into fried fish bone for human consumption but the production scale
seemed to be unbalance to the generated amount. This carries the bordering cost for waste
management. However, the bone is reported to be the source of natural mineral particularly
calcium and phosphorous. Therefore, processing silver carp bone to be the nutritive
ingredient is necessary to increase the value of fish bone. Chen et al (2006) reported that
silver carp bone is rich in mineral. Production of silver carp bone into the powder has been
performed using the superfine grinding technology but implication for being the source of
mineral has not been focused (Wu et al., 2002). The potential of other fish bone, tilapia, as a
source of mineral supplement was documented (Techochatchawal et al., 2009). However,
production of fish bone powder as the mineral supplement has still limited commercially
since the solubility is limited. This is because calcium in fish bone powder is mainly
complexed with phosphorous as the hydroxylappatite form (HA). The bioavailability of the
fish bone capsule might be limited.

Recently, Yin et al. (2014) produced fish bone in the nano scale and incorporated
into surimi gel. It was found that the textural properties of surimi gel were improved by
addition of fish bone. The functional properties of surimi gel were improved by addition of
fish bone (Kim et al.,, 1998). The gelation of surimi was promoted by addition of calcium in
the nano scale (Yin and Park, 2014). The improvement of textural properties was reported to
be due to the available of soluble calcium from the bone. The calcium pound improved the
textural properties has been established (Lee and Park, 1998) and believed to be the
activator for the cross-linking enzyme, tissue transgltuaminase (TGase). TGase is a calcium-
dependent enzyme, catalyze the protein cross-linking through the covalent bone as so call
‘isopeptide”. The enzyme is found normally in fish muscle. However, effect of fish bone on
the qualities of emulsion gel from fish protein has not been reported, especially in the
model of sausage. Therefore, the objectives of this study were to characterize the silver carp

bone powder and evaluate its effect on the qualities of fish emulsion sausage.
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Material and methods
Materials
The silver carp samples were obtained from a local market, Phochai market, in Nong

Khai province, Thailand. The fish were kept in a foam-box covered with ice before
transporting to the Faculty of Applied Science and Engineering, Khon Kaen University, Nong
Khai Campus within 1 h. Each fish was eviscerated manually upon arrival. The fish fillets
without skin were ground using a mincer with a screen of 3 mm perforations (TC12-C;
Champ; Kent, UK). This fish mince was used for myofibrillar protein extraction as well as
sausage preparation. The main frame containing bone were kept frozen at -20C until used
to prepare the bone powder.
Bone preparation

Silver carp bone powder was prepared according to the method described previously
with slight modification (Hemung, 2013). The main frame of silver carp was soaked in hot
alkaline solution (0.8 % NaOH, w/v) and controlled the ratio of bone to solution at 1:2

(w/w) for 1 h before sensing with water until the pH of flow through reach neutral pH. The
bone samples were autoclaved at 121 °C (350 g.cm™®) for 1 h, and dried overnight in an

oven at 105 °C. The dried samples were ground into powder and sieved through a 38 Um
mesh and used as water-aid bone and alkaline-aid bone powders, respectively.
Bone characterization

Proximate analysis
The chemical compositions in the sausage were estimated using proximate analysis
according to the methods of analysis of the Association of Official Analytical Chemists, with
the protein content based on the nitrogen content using the Kjeldahl method (Tennyson
and Winlers, 2000) using a conversion factor of 6.25. The moisture content was determined
by an oven drying at 105 °C until a constant weight of each sample was obtained (12 h).
The crude fat content was determined by the Soxhlet extraction using petroleum ether as
the solvent. Thermal combustion at 550 °C for 16 h in a muffle furnace was applied to
determine the total ash content.
Color measurement

The samples were brought to room temperature and cut into lengths of 1.5 cm. The
color of the cross-sectional area was evaluated using a colorimeter (JS555, Color Techno
System, Japan). The color values were reported as the L, a, and b values were reported
from three replications.
Total and soluble calcium content

The bone powder was digested with nitric acid (0.1 M) at 95 °C for 2 h before
atomizing them by the inductively coupled, plasma-optical emission spectrometry (ICP-OES;
Optima 4300 DV, Perkin Elmer Instruments; Norwalk, CT, USA). The emission wavelength for
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calcium was recorded at 317.933 nm and the calcium content in the extract was reported as
total calcium in fish bone.

The bone powder was mixed with distilled water at the ratio of powder:water of 1:4.

The mixture was kept shaking at 100 rpm for at 40 °C for 30 min. The obtained sample was
centrifuged at 1000 rpm for 10 min at room temperature. Thereafter, the supernatant was
filtered through the filter paper (Wattman® No. 1). The filtrate was collect for calcium
determination using nitric digestion followed by ICP-OES as described above. This value was
used as the soluble calcium content in fish bone.

Crude TGase activity determination

The silver carp (20 g) muscle was homogenized with 80 mL of an extraction buffer
(10 mM NaCl, 50 mM Tris-CL., pH 7.5). The homogenate was centrifuged at 10, 000 X g for 30

min. All processes were controlled below 4 °C. The supernatant was filtered through the
filter paper (Wattman® No. 1) and the filtrate was used as crude TGase.

In order to determine TGase activity, the cocktail reaction containing the DMC (2
mg/mL), Tris-Cl, pH 7.5 (70 mM), DMC (15 UM), and 100 uL of crude TGase, was prepared.

The reaction was controlled at 37 °C for 10 min before stopping by addition of an
ammonium sulfate to the final concentration of 400 mM. The fluorescence intensity of
reaction was monitored using (F-2700 Hitachi, Japan) at excitation and emission wavelengths
of 350 and 480 nm, respectively.
Cross-linking of myofibrillar protein

Myofibrillar protein (MP) was extracted from silver carp muscle using the previous
method (Hemung and Chin, 2013). Fish mince (100 g) were homogenized with 400 mL of the
washing buffer (10 mM NaCl, 50 mM phosphate buffer, pH 6.5). In order to eliminate the
sarcoplasmic protein, the homogenate was centrifuged at 1,000 x g for 10 min and discarded
the supernatant. The pellet was collected to further eliminate SP by repeating the previous
process twice. Finally, the residue pellet was homogenized with 100 mL of 0.6 M NaCl, pH
6.5 before being filtered through the 3 layers of cheese cloth. The filtrate was mixed with
0.1 M NaCl, pH 6.5 before being centrifuged at 1,000 x g for 15 min. The pellet was used as
fish MP. The protein content was determined by the Biuret method and the bovine serum
albumin was used as standard.

Cross-linking reaction was determined by mixing MP with crude TGase at the ratio of
MP:TGase of 1:4 in the presence and absence of 500 nM of soluble calcium from silver carp

bone powder. The NaCl in the cross-linking reaction was controlled at 2 %. The reaction

mixture was incubated at 40 °C for 30 min. Then, SDS solution was added into the cross-
linking reaction to the final concentration of 5% and the mixture was boiled for 5 min. The
supernatant obtaining from centrifugation at 1,000 x g was collected for protein

determination as well as protein patterns.
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Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
The cross-linking proteins were mixed with Laemmli buffer containing reducing agent in
order to destroy the disulfide bond before analyzing their patterns by SDS-PAGE according to
the method of Laemmli (1970) with slight modifications. The stacking and separating gels

were 4 and 10%, respectively. The protein in each sample (20 Llg) was separated under
constant voltage 100 V at room temperature. The protein bands were stained with
Coomassie brilliant blue and compared the molecular weight with the broad range standard.
Sausage preparation

The emulsion sausage was prepared using a similar recipe to the Bologna style (Chin
et al, 1999) with slight modifications. The fat content was reduced by the fat replacer,
which is the gel obtaining from konjac flour and carrageenan. The fat replacer was prepared
by mixing konjac flour (5 g) and carageenan (5 ¢). Then, the mixture was homogenized with
100 mL of water to obtain the gel. The sausage recipe was controlled the amounts of silver
carp mince, fat replacer, soy bean oil, salt, corn flour, sugar and mixed spices at 50, 10, 10,
2, 3, 3, and 2%, respectively. The fish bone was incorporated into the recipe at 1% in the
treatment, while the control was not added. To prepare the sausage, fish mince was

chopped with other ingredients using a chopper (Champ; Kent, UK) and the temperature of

the batter was below 12 °C. The batter was stuffed into a 25 mm diameter collagen casing

(Nippi Corp.; Yokohama, Japan) using sausage stuffer. The raw sausage was incubated at 40
°C for 30 min and subsequently cooked in the controlled temperature of a water bath
(Memmert, GmbH; Schwabach, Germany) at 80 °C for 30 min. Samples were then cooled

down immediately by soaking in iced water and kept in a refrigerator (4 °Q) overnight.
Analysis of sausage

Color measurement

The samples were brought to room temperature and cut into lengths of 1.5 cm. The
color of the cross-sectional area as described above. The color value (L, a, b) were reported
as average value from 3 measurements.

Proximate analysis

The chemical compositions in the sausage were estimated using proximate analysis
according to the methods of analysis of the Association of Official Analytical Chemists as the
detailed in the proximate analysis of fish bone.

Texture profile analysis (TPA)

The sausage was cut into rectangular pieces (1 X 1X 1.5 cm) to remove the collagen
casing. The TA-XT2 equipment (Micro Stable Systems; Godalming, UK) was used to perform
the TPA using the cylindrical probe with the diameter of 25 mm. The pre- and post-speeds

were both fixed at 5 mm.s™. The samples were compressed in two consecutive cycles until



73
they reached 75% of the original sample height with a 2 s interval between cycles. The TPA
parameters were calculated from nine measurements.

Sensory evaluation

The sensory evaluation was performed untrained panelists (60 panelists). The
sausage samples were cut into 1.5 cm cubes before boiling for 1 min and three pieces for
each treatment were served. The sensory attributes, consisting of appearance, color, flavor,

texture and overall acceptance, were evaluated by a nine-point scale.

Statistical analysis

The difference between means in each treatment was performed using the t-test and
the significant difference was considered at the level of 95% (P < 0.05) using the SPSS 16.0
software package (SPSS Inc.; Chicago, IL, USA).

Results and Discussion
Chemical compositions

Moisture content was found in the bone powder although it appeared as the dried
powder (Table 1). The monolayer water molecule may bind tightly to the bone structure
and they are hard to remove completely by oven drying. In addition, water molecule may
re-adsorb during storage of fish bone. This value was slightly higher to that reported
previously for tilapia bone powder when the similar procedure was applied (Hemung,
2013). However, moisture content of our bone powder was much lower than that reported
by Toppe et al. (2007).

Protein content in this sample was similar to that in tilapia bone powder (Hemung,
2013). However, it was lower than that reported previously for cod, saithe, blue whiting,
salmon, trout, herring and mackerel (Toppe et al., 2007). They found that protein in fish
bone were at the range of 26-41 %. This may be the different method for eliminating the
fish flesh in the bone. Alkaline solution was used in our study, only hot water was applied
previously. It has been establish that collagen was the major protein found in bone matrix
(Hellmich et al., 2002). Softening of connective tissue from fish bone under alkaline
condition has been reported (Ishikawa et al.,, 1988). Thus, the alkaline treatment allows
collagen to be removed more effectively than water. However, pretein residues could not
be removed completely as evidenced by presenting of protein in the sample. This might be
because the collagen may be imbedded inside of the mineral crystal as model proposed
previously (Hellmich et al., 2002). Crude fat was eliminated almost completely from the
bone as evidenced by a low fat content (Table 1).

Total ash content was increased found as the major component accounting for 73 9%,
which is comparable to that of tilapia bone powder as reported previously (Hemung, 2013).

This was higher than that found in cod, saithe, blue whiting, salmon, trout, herring and
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mackerel by Toppe et al. (2007). This was because the organic matters, protein and fat, in
our study were eliminated more perfectly than that previous work. Since the ash content
was considered as the major composition in the bone, it had a potential to be the source
of natural mineral, especially calcium.

Total and soluble calcium

Total calcium content in the bone powder was about 32 %, which is a half lower
than the total ash content (Table 1). This suggested that there is no only calcium
constituting in the bone powder. It has been reported that phosphorous is also presented
in the bone and the calcium:phosphorous ratio was at about 1.67 (Boutinguiza et al., 2012).
The calcium and phosphorous are also complex to each other in the form of calcium
hydroxyapaptite (HA) as assessed by the vibrational spectroscopy (Coman et al., 2007) and
X-ray diffraction spectroscopy (Prabakaran and Rajeswari, 2006). This HA complex is hard
and also considered as the ceramic material (Szpak, 2011). Thus, the free calcium is hard to
obtain from fish bone although it is rich in calcium content. However, water soluble
calcium was still observed when the bone was mixed with water although the low content
was observed at only 0.19 % (Table 2). The bone preparation method by alkaline solution
and softening in the autoclave condition in this study allowed the calcium in the bone to
be extracted. The tilapia bone particle was observed as corrosive surface when the alkaline
treatment is applied (Techochatchawal et al., 2009). Changes in chemical composition and
calcium liberation from fish bone were observed after cooking at high temperature
(Shimosaka, 1998). The free calcium, liberated from fish bone, would be available for

biochemical reaction as well as promote the functional properties in food system.

TGase activity

The results from our study showed that TGase activity was not found in sample
without addition of the soluble calcium (Fig. 2). The activity of partially purified TGase from
red sea bream was also not detected in the presence of ion chelator, EDTA (Hemung and
Yongsawatdigul, 2008), which is similar to the finding for the purified tilapia TGase reported
by Worratao and Yongsawatdigul (2005). In the presence of 500 nM of calcium, TGase
activity increased markedly. This suggested that TGase is the calcium-dependent enzyme.
Moreover, further increasing of activity was observed when the soluble calcium was added
up to 1000 nM. This result indicated the soluble residue of calcium from silver carp bone
powder is able to activate TGase to catalyze the amine incorporation into modified casein.
The soluble calcium extracted from tilapia bone powder by only water was enough to
activate crude tilapia TGase as indicated by TGase activity determination (Hemung, 2013). It
has been established that TGase is a calcium-independent enzyme and calcium ion is
needed for full activation (Folk, 1980). Calcium ion is reported to induce conformational

changes of fish TGase and thus allowed the active site of enzyme, generally buried inside,
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to bind with substrate (Yasueda et al., 1995). In addition, calcium is required to add up in
the reaction cocktail for determining the TGase activity (Takagi et al., 1986). This suggested
that the soluble calcium in this study is in the free form and available for biological

reaction.

Cross-linking of MP

Changes in protein pattern of silver carp MP incubated with crude TGase in the
presence and absence of soluble calcium from silver carp bone powder are shown in
Figure 3. The results indicated that the patterns of MP without incubation and MP
incubated with crude TGase without soluble calcium were not different. The major protein
component were myosin heavy chain (MHC) and action, which were found at molecular
weight of about 200 and 45 kDa, respectively. However, a decrease in MHC intensity
concomitant with the appearance of protein with higher molecular weight at stacking gel
was observed. This suggested that soluble calcium activated crude TGase to catalyze MHC
cross-linking. The cross-linking of threadfin bream MHC by the partially purified TGase from
threadfin bream liver in the presence of calcium ion of about 5 mM has been reported
(Hemung et al,, 2008). Our results indicated that soluble calcium from silver carp bone
powder was enough to activate TGase to catalyze the cross-linking of fish MP. Calcium
availability from Pacific whiting bone powder was reported to activate the TGase in Alaska
pollock surimi to catalyze its protein cross-linking (Yin and Park, 2014). Therefore, addition
of fish bone powder in to fish protein gel would likely promote the functional properties by

improving the textural properties through protein cross-linking.

Sausage quality

Proximate analysis

The addition of fish bone powder for 1 % did not affected the moisture, fat, and
protein content of the sausage as the results shown in Table 4. However, the total ash
content increased significantly up to 60 % when fish bone was added, suggesting high
mineral content upon adding fish bone powder. The total calcium content in control and
fish bone fortified sausages were found at 0.079 and 1.178 % (dried basis), respectively. This
suggested that addition of fish bone powder could increase calcium content in the product
for approximately 15 fold. These values could be calculated to be 0.025 and 0.392 % or 25
and 392 mg/ 100 ¢ sausage, based on the wet basis. Based on this value, the sausage
sample in this study could be classified as high calcium product since the calcium content
is higher than 20 % of recommended amount by the Thai Recommended Daily Intakes
(Thai RDI). The fortified calcium through the addition of fish bone powder would play a
clinical role for human. The bioavailability of calcium from bone has been reported, based

on the vitro system (Sittikulwitit et al., 2004). In addition, the calcium from salmon and cod



76
bone has been reported to be well absorbed in young healthy men (Malde et al.,, 2010).
Based on these studies, addition of fish bone powder into fish sausage provided the benefit

by promoting this sausage to be a high calcium product.

Color

The color of fish sausage was evaluated since it is considered as one of the quality
attributes. This color appearance is also important for consumer perception. The results
indicated that the sausage turned to be more colorful than the control when fish bone
powder was added. This was evidenced by an increase in redness and yellowness of the
sample (Figure. 4). An increase in redness and yellowness may from the browning pigments
in the bone powder, generating from protein and fat. The results in this study were
different from that reported by Yin et al. (2014). They reported that addition of fish bone in
protein gel (surimi gel) resulted in a reduction of whiteness. The different effects may from
different systems (protein gel and emulsion gel). The results from this study led us to
hypothesize that the products would be accepted at the higher preference level than the
control. Therefore, fish bone fortification into sausage provided not only high calcium

content but also improved the color appearance.

Texture profile analysis

The texture profile of samples was analyzed based on the chewing behavior. The
results clearly showed that the hardness and gumminess were increased significantly upon
addition of fish bone powder. However, other textural properties were not changed. This
suggested that the textural properties of fish sausage were improved by addition of fish
bone powder. The gelling properties of surimi gel from the Alaska Pollock were promoted
by the addition of fish bone powder and such improvement was found regarding to the
particle size (Yin et al., 2014). They reported only fish bone at nano-scale could improve
the texture of surimi gel. This was reported to be the action of available calcium from the
bone. In addition, fish bone at nano scale also promoted the gelation process of surimi as
assessed by the dynamic rheology (Yin and Park, 2014). The calcium compounds improved
texture of surimi gel (Lee and Park, 1998). Our results indicated that the bone at micro
scale could also be used as the additive to improve the textural properties of sausage. This
might be due to the different treatments during the bone preparation. Although the organic
matters were removed by alkaline solution, softening of the bone at high temperature
under autoclave condition was not performed in previous study. However, our bone was
treated with both alkaline and autoclave. Therefore, our bone sample would be more
feasible to liberate calcium liberation as evidenced by the presentation of soluble calcium
(Table 3) even though it is in the micro scale. The calcium from bone powder could

improve the texture of sausage by inducing the changes of fish protein conformation. Such
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changes promote protein-protein interactions via hydrophobic interactions and disulfide
bond. Calcium induced changes in myosin and action, resulting in protein aggregation
(Hemung and Yongswatdigul, 2005). In addition, thermal aggregation of an actomyosin from
tilapia muscle was induced by addition of calcium (Yongswatdigul and Sinsuwan, 2007).

It has been reported that TGase is normally presented in several fish species.
Purification and characterization of fish transglutaminase were done (Binsi and
Shamasundar, 2012). All of identified TGase from fish muscle is the calcium-dependent
enzyme. The soluble calcium, liberated from fish bone powder, may activate the TGase to
catalyze cross-linking of protein in sausage. Cross-linking of silver carp protein by the action
of crude TGase from silver carp in the present of soluble calcium form fish bone was
established (Figure 3). This would lead to improvement of textural properties. The similar
phenomenon was reported in the Alaka pollock (Yin et al., 2014). Therefore, addition of
fish bone into fish sausage provided more benefit by improving textural properties.

Sensory evaluation

The fish sausage was accepted by consumer since the sensorial score was higher
than a half of the full scale (5 of 9). Moreover, addition of fish bone powder resulted in an
increase the overall acceptance (Table 5). The color and texture were improved by addition
of fish bone powder when each quality attribute is considered. This result suggested that
the different color and texture, assessed by the instrument, correlated well with the
perception of consumer. It has been reported that incorporation of fish bone at micro scale
into surimi gel resulted in the discontinuous gel structure (Yin et al.,, 2014). However, the
present of calcium in the sausage recipe did not affect the perception of the consumer.
This suggested the possibility to launch commercially this product.

Conclusion

Silver carp bone powder showed the white powder consisting of mineral as the
highest portion, suggesting the potential to be natural mineral source, especially calcium.
Most of calcium was presented as the water insoluble and soluble calcium was observed
at low concentration. However, such soluble calcium could activate TGase to catalyze
protein cross-linking. Incorporation of fish bone powder (1 %) into sausage turned it into
high calcium sausage. The sausage was reported to be more colorful as increasing of
redness and yellowness. The textural properties of fish sausage were improved no matter

evaluated by texture profile analysis or consumer test.
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Figure 1. Color value of silver carp bone powder
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Figure 2. TGase activity as affected by soluble calcium from fish bone and CaCl,
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Figure 3. SDS-PAGE pattern of silver carp MP incubated with crude TGase in the presence
and absence of soluble calcium from silver carp bone.
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Figure 4. Color of fish sausage with and without fish bone powder (1 %).

Table 1 Chemical composition of silver carp bone powder

Composition Amount (%)
Moisture 4.94 £ 0.16
Crude protein 1327 £ 0.15
Crude fat 0.12 £ 0.07
Total ash 73.47 £ 0.18

Table2 Calcium content in silver carp bone powder

Calcium type Amount (%)

Total calcium 32.02

Soluble calcium 0.19

84



Table 3 Chemical composition of fish sausage with/without fish bone powder
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Chemical composition

Type of sausage

Control

Fish bone (1 %)

Moisture

Crude protein
Crude fat
Total ash

Total calcium

67.38 £ 0.15™

7.78 £ 027"
13.47 £ 0.05™

1.11 £ 0.10°
0.025

66.74 1 0.29™

8.18 = 0.29™
13.82 X 0.05™

1.77 £ 0.09°
0.392

*a-b difference letters indicate the statistical difference (P < 0.05)

Table 4 Texture profile analysis of fish sausage with and without fish bone powder (1 %)

Textural properties

Type of sausage

Control

Added fish bone (1 %)

Hardness (kg
Adhesivensess (kg.s )
Springiness (s(
Cohesiveness

Gumminess (kg

0.425 + 0.115°
0.004 % 0.003"™
0.348 +0.132"™
0.297 + 0.074™
0.129 £ 0.057°

0.655 1 0.083°
0.005 % 0.003"™
0.341 + 0.095™
0.303 1 0.083™
0.201 & 0.089°

*a-b difference letters indicate the statistical difference (P < 0.05)

Table 5 Sensory evaluation of fish sausage with and without fish bone powder (1 %)

Preferential attributes

Type of sausage

Control Control
Appearance 5.73 £ 1.43™ 597 + 1.46™
Color 5.68 T 1.65° 6.06 T 1.66°
Texture 5.74 = 1.57° 6.06 * 1.61°
Taste 5.59 * 1.65™ 5.60 = 2.09™
Overall acceptance 6.02 = 1.67° 6.21 + 1.85°

*a-b difference letters indicate the statistical difference (P < 0.05)



	1
	2
	3

