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Abstract

Changes in chemical parameters of tropical fish used for surimi production, namely, threadfin
bream (TB, Nemipterus spp.), lizardfish (LZ, Saurida spp.) and goatfish (GF, Upeneus spp.), during ice
storage and their respective washed mince were investigated. Total volatile base nitrogen (TVB-N),
trimethylamine (TMA), hypoxanthine (Hx) and total biogenic amine (BA) content of mince increased
with storage time. Crude proteinof fish and their respective washed mince reduced as storage time of fish
was prolonged. Principal component analysis (PCA) revealed that washed mince produced from fish
stored in ice for 7-12 d showed chemical characteristics that were distinct from those of washed mince
prepared from spoiled fish (stored in ice for 27 d). The TMA, TVB-N and Hx content of washed mince

appeared to be sufficient raw material freshness indicators in these 3 species.

Keywords: freshness, hypoxanthin, trimethylamine, tropical surimi, traceability
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(Micromesistius australis) 1/a1 hoki (Macruronus novaezealandiae), 1/ @1 Northern blue whiting
(Micromesistius poutassou) b Yanvadou 1aun darnsieuas (threadfin bream, Nemipterus spp.;
TB) Yarihnaw (lizardfish, Saurida spp.; LZ) 1oz Ya1muiag 1 (goatfish, Upeneus spp.; GF), /a1
A1M 21U (bigeye snapper, Priacanthus spp), Y8199 croaker (Pennahia and Johnius spp) Ua1nsena

(Sea bream, Evynnis spp), az1la1a1u (ribbon, Trichiurus spp) (Guenneugues and Ianelli, 2014)



Fish

Heading and gutting

Meat separation

v

Minced fish

Washing
Straining

Dewatering

Raw surimi

Mixing eryoprotectants

Freezing

Frozen surimi

Grinding with salt and

ingredients

Heat processing

Surimi-based product

! a aa a o Jd aa
i‘l.l‘ﬁ 2.1 L!WHﬂWWL!ﬁﬂQﬂWiWﬁ@Gy‘iN UHASHARNUNY TN

#31: Okada (1992)

@ d aa

143) w.a. 2553 aanandanand a3y lanmaglszuiar 2,000,000 AT NAY FIHAAN

a

[

Aaa a @ a [ d aAaan a a 9 =
%1ﬂ“§-iﬂﬂi$ﬂ1m 750,000 LU TNAU AQTANAANUNYITUY a1y Ia laanaeiovas 2-3 Aol

Tagmwiz lugiimawFonz Tusenidesld nazlszmamsusglsznsuiu ginaeimoas fuoen
= Yq Y a Aa a @ I [ a a a [ d aa
Mealdlges-Tdszua 80,000 wasndu udagavulumsndandnnunysilssuia 160,000
a (3 A = 9 a [ d aa a =
wasnau (31N 2.4) ¥9dosaz 50 vesndanmaysinaan10nlszme lne se9a901 Ao Uszima

a 4 [ o
e aan U vaz ldniu ey

aa < ' I a aa a [  aad
vindoyananavzmiuldndszma lnatuilszmaduaags i naznandusigsin

dnylugiinaeFons Jueonield 1ull w.a. 2554-2555 UszmalnediTssnugaamnssunany
9

54 navwa 15 Tseu Tagdantienldlumswaagsi Ae damsiouas danhnay darmmnu



S
o Y 4

= Y o a a a a A A
ngﬂﬁ'l?iu']ﬂf]'lkl Uszmmsovay 90 YDIINNAUNIHUA 1Jizmﬁ"lmﬂimuwaﬁwammm B3N

o 4

: 1 & ' A do . a o
90 9 Tsaam A lssnuanIvgasegluinunvan Iadynsaing (Techanitisawad, 2012) WAAAMN

v Y
siludszmeisennIdiilu 3 dszianlvajg fe Ydaanturlaidnizaniulainuniulng,

U G G

]
a ra

v 1
neauilargnyuian nazilandu FIT1GINITHAADGN 70,000, 18,000 1A 4,400 1UATNAY

v 4

A1 (Techanitisawad, 2012) Uszims Inedivonnandmaias sz 47,000 wasnau Iinae

v

%
U5 Tnamelutlszma aaagiivanved Ineg Ae Uszmagtlu deszmalnelinisdsoongili

A ~ & I 1 1 & A Y A 1 [ Aaa g’,
mﬂuiuﬂwum Lﬂugammmuwuumuum NIDNINNIT 70% VYDINTTAIDONEITUNINUA

L] u

5990911 A9 IMHATA (9%) wazimFe (7%) Taeludl w.a. 2555 Inelimsdeeeny5ii ldqiu

Q

v a Jd 1 1
Uszunm 13,220 AU AauyaaIng 12,140 A1UUM (MR8, 2556)

MT
B00,000 Mackerel and sardine
700,000 - Others
e —] 5
GOO,000 | . _g
S00,000 E:
o
400,000 - g
00,000 o
200,000
100, 0 -
|
[}
2005 2006 2007 2008 2oy 20010k 2011 2002 (™)
2005 2006 2007 2008 2009 2010 w11 20027 |
Pallock 248,000 220,000 196,000 168,000 132,000 L, 000 200,000 229,000
Other cold water 54,000 63000 49,000 52,000 A7.0M0 34,000k LT 00 33500
Tropical fish 329,000 342,000 3I6E000 411,000 395,000 465,000 SOT000 525000
Mackerel 4,000 45000 55,0000 35,000 A0,040 21,000k 110,000 10,000
Other 12,0000 13,000 13,000 14,200 13,0400 11,800 B0 | 000 |
Tatal GRGO00 AE3000 &61,000 ATE200  A12,0:00 &9, 800 Fid, 700 ROS 500

51 2.2 nua Tdumswangsives TanTugsd) w.a. 2548-2555, *Anlszum

D. &

NN : Guenneugues and Ianelli (2014)



MT -
0,000 B Other SE Asia O Vietnam 0 China
O India @ Thailand
AL O00 d
300,000
200,000
1,000
0 - - . . s . . . . "
2005 2006 2007 2008 2004 2010 011 2012 (%)
2005 2006 | 2007 | 2008 | 200% | 2000 | 2011 2012 1(°)
Thailand 145,000 | 123,000 | 110,000 | 95000 | 75000 | 85000 | 92,000 0,000
India 41,000 42,000 | 48000 | 45000 | 50,000 641,00 A3, 110K B0
China 50,000 100,000 | 120,000 | 150,000 | 160,000 | 180,000 | 200,000 | 200,000
Vietnam 45000 55,000 | 65,000 90000 | BO000 | 110000 | 132,000 | 140,000
Other 5E Asia 18,000 22,000 r 25,000 | 50,000 | 30,000 | 30,000 | 30,00 35,000
Total 329,000 | 322,000 | 368,000 | 411,000 | 395,000 465,000 SUTOH | 525,000

510 2.3 nunTdumswangEinndar luadou Turaedl wa. 2548-2555, *Alszunm

A Guenneugues and Ianelli (2014)

Korea; 150.000/\ China; 900.000

Japan; ?GEOA(%%
570.000
Other; 10.000 Jl USA; 80.000
East Europe; EU; 110.000

100.000

@ J

311 2.4 aanandanann g Taniszunal 2,000,000 wasndy Tutl w.e. 2553

D. &

NN : Guenneugues and Ianelli (2014)



2.2 asdlszneviiddvedulsaunduniieorm
Tsaunduniforaamnsautsamanialumsazaie 1&idlu 3 ngu 16un JoTo Ty
Saaf (UsAufiazareluaisazaronae) TdsaumsTanaraiin (Usdufazaroluin) uaz
TsanaTasmn(Qsauiiliazane)
2.2.1 TdsawieTle Inlusaans

Ts@AuieTe Wu3aars (myofibrillar protein) ﬁJuTﬂﬁﬁuﬁwuumﬁqﬁluﬂﬁmgif@
Janszinutesay 6677 veallsauianualuilerar dalusaunguiilszneuldreeTeduy
wondiv Ins Tuiiu uaz Ins ThdeTodu 15 udu (Mackie, 1994) Taeaie TodudluTsAundn Uszam
Yoway 45 voalusAureTelWu3aars fhminTuanaszua 480 Alanradu TdsauleTe Iy
Saanlitdnuas Tnssahailuduloveandimile aunsnasadismsazmemasaatianutudu
0410801 (ionic strength) 110731 0.15 Tasna logluyag 0.3-0.7 waz TsaudifluTdsaunsnd
ﬁﬂﬁlﬁﬂiﬂﬂﬁ%ﬁwamaGﬁﬁu,ﬁavimmﬂﬁ’mm%’au (Hall and Ahmad, 1997)

2.2.2 Tdsauans Tanaraiin

Tus@usns Tananaiin (sarcoplasmic protein) Lﬂuiﬂiau‘ﬁﬁIﬂﬂﬁ%}Nﬁaﬂgﬁﬁ}ﬂu
NauN (globular protein) Tﬂiﬁu%ﬁ@ﬁazawﬁw uazmimmmﬂﬁaﬁmmﬁm%}uﬁm (0.1 T:Jm%{)
Tosaumd Tanarainwulundniiodanlszanadosas 20-40 %uag:ﬁ’umﬁmmﬂm (Okada,
1999) Tﬂi?miuﬂfjuﬁﬂixﬂeu"lﬂﬁ"wﬁﬂiaiﬂaﬁu FluTnady lolalasy uazou laiaae 1
fu finuindessTe Tndu G?'Nagislud’;uﬂlmﬂ&mfiaum TsAusdiail lyamsafiana uaze
FauamaAanaveaTilsauluiionar (Hall and Ahmad, 1997)

2.2.3 Tdsaualasin
TusAuaTnsin (stroma protein) iu Ts@uiledenoniu tog Uszinmdooas 3-

Y
=S ! =

9
19 1 a a aa A I
5 v09TsAUNIMNA (Suzuki, 1981) TsAulunguil 1dun avaauau danadu uazisanau Wudu

4 1 [l % (% I 4
pensznovdaiuluane aeaauau FullanvasilumellsAuen Usenoudeneanliling 3 ae
Y] [l 2 o v ~ v Y o = gld' 1
Wuegsovaanuuaznuilundeinsaidreiuse laTasmunazinuse lviyenszrnaTuanaves
= [l H A A Yy 9
avaanau Tlsaualasu liazareluih asazarense wiewe uazaisazaienao Wudu 0.01-
14 1 g
0.1 Twans (Lawrie and Ledward, 2006) TUs@wmartienuisoazateldialuamsazarovuduveod

Y
nsauaziua lunszurumsnangsillsAulivzdinsdadaegiuTdsaudeTe Iiusaats uavzgn

4
3 a

9
fﬁilﬂﬂﬂﬂiuﬂmﬁﬂuﬂlﬂﬁmiﬁiﬂiﬁjﬂ‘ﬁ (refining process)



2.3 manfdsumlaspamunve s lusznnamsifuinm

= a (%

I I [ v 1 P

Hanfuormsnuindsldhesansnindomnannmsaatsaiues ldsaualeou lsiin

= ' @ a Aa A Aaan Aa ] o o Y

ogluaa1lal (endogenous enzymes) NANTTUVRIRAUNTS Azl nseroondatuve luiiusild
a A [~ A Y] g’/ 2K o q 9 < @ 1 <3 % [ = =

DANAUUTUNY A9 T udeunusny1daiegasiaEmasndsudar Fansalasunilag
Y Y

AMNINYE9UaIMaINITIV tazrasnIndaiaie Yunuanuduiuvesa1slsznouatdu uag

a o 4 a

= PR 1 @ zg
HAAN AN INNTZUIUMSNUNUDATN tou lasinliogluaar (endogenous enzymes) Mstlwdlou
a A o S o = = ' . @ '
YOIYPAUNIY HAZANILMIAVTNY BIMaasuuilainisgesaals (autolysis) TuAa131nI
< [ o A A a [ = 2 = a A =
AULFIULAAIAINII19N 2. e auRam sl ndeda s ugydonausanuaaInInNueaa (fresh
[ a 1 1% 2’, A < [l {
fish flavor) 1% AN (sweet) TAVIANAIAINTY (seaweedy) HAIAHUAAUMIT WL Az TAN
Aa ad a ] o 1 a3 1 o a [ {
Andnanazinaty lddar lidluneousuvesdus Ina awaaslumsiei 2.2
= Ad o %’ <3 1 9 I o ~
msnindevestainusne luhudsawnsoudsesn Iditlu 4 svez naasasgili 2.5
[ 9
52820 1 (phase D: Yarlianuaauin Wiedarlisaniny oses nazlisamandiolane (metallic)
< Y = dy 1 ] o o ~ dy 2 ~
1an1ioy F93z0z ULy lurI 1-2 TUKaIInla1ne 52eeh 2 (phase 2): tWplaisugadsaINan
a A A o A A < a2 A o ' s Y A )
uazsanu Unausalnd §3lulinauuduninAedu vaziieladsedlunusingus Inasonsy

Y { o S o 1o A 5] ' A {a a
Vlﬂ jgﬂgﬁ 3 (phase 3): AT FUNAURUANYUSOTIUNUTY NAUIHUULUN ﬂauﬁﬁﬁﬂﬂﬂﬂ@ LUae

[ Y
a151lsznounszie 1@ (volatile compound) @199 2gnad 1991 151 Tasuiaediu (trimethylamine,

9
a4 a A a K ¥

3 9 S o A ) 2 o A o o A 9
TMA) Lﬂu@lu ’ﬁ’lﬁi'ﬂﬂa’l‘ﬂllU]f’llllull’lﬂi]gﬁilllﬂﬁ HUIDAUU aﬂymglu@ﬁnwﬁq}ﬂﬂﬂauag LAaguU

Qy A a =Y T 1 a A [ Y Aa
By 5E8EN 4 (phase 4): ﬂanﬂﬂﬂmmmﬂamqgjmm ngl‘lmﬂuﬂﬂ’ﬂuiﬂﬂlﬂﬂﬁﬂiiﬂﬂ

2.4 ﬂmﬂ1Wﬂ]1Nﬁﬂ‘lli’N‘lJﬁ1

v

1 [ 9
BAUAIWNIUAL (chemical indicators) 1 1Faasdanislasunasnaninluiie
9
SIGREERY
@ a =) 4
2.4.1 MIaaedlveanslszneviiinglelng
a % a =) 4 9 I v A dy
suamsaatedlvesaisseneuiiiadle Inaaiuisalailudesiiyay
auninvesdaraa’la (Botta, 1995; Ocafio-Higuera et al., 2009) n1gnasa1nilainieazinanis
o a s A -
aaredivesasdsznauiiondalelng Suduainnisulasuezdludulasemmla (adenosine

triphosphate, ATP) Tifluezd-Tugulanoamls (adenosine diphosphate, ADP) sazora Tuau Tulu



v
Woaia (adenosine monophosphate, AMP) Tagn1smidanguuediia 31nuunan1sn1Tany

wou Tty (deamination) Aeadluansd Tudu Ty Tudoala (inosine monophosphate, IMP)

H { ] @ ' < 1a
M319i 2.1 agUmanldeunasmsgesaais (autolysis) Tuardarszrnunuumou

P 7w 2 R oo o T
roulasl A13AIAU mylasunlasifadu msiea/mstiugs
P a IS o vy X . R
o laningesaatelna glycogen m3tnansauanan, pH aaas, 1lsaundile YanIsHIuIezMI5ING 107 (rigor
= aa Yy 3 Y oa 3 o LA aq ¥
T g deguauialumsgui, Aunamsnid mortis) Nguuni1nd 0 ve
y & 4 A oaqu ) Y = a4 a
yoandwitongugiiguildlaenhnae HATYAHANIALINTINATIAVD
' Y
Janeuszeznsnid
Al A a
oulmigoodals ATP gudenausannuaavellal, mskansauy milousuuy
msdsgnoviiingle ADP vodlaTusuiin (luszozgaiio) msvamsi ianasiularnzis
4 a = 14
Ina AMP MIda1ouediang lo'lna
IMP

315 Fu (cathepsin)

proteins, peptides

EI
Uy

o Ay 1 ' <
ﬂﬁi]ﬂﬂ”lﬁ/l‘h]ﬂiﬁfi’l’lﬂﬂ’lim‘ﬂ

Ny

TaTun3su, n3asu,

I'4 = a
MsvenHNUnad

proteins, peptides

msgesaaelumadues (Meawan)ludain

winuluni (Pelagic fish)

a A X ' =

IDANNUUTEHINMTUBUTI-T
A < (= <

azarersornulanmduily

L3A71UU

AN (calpain)

myofibrillar

proteins

FI A o o I A
LUDYy witleninisaenasiuludadiwaen

o

o a &g v
1Al ﬂLLﬂﬁL"‘ﬁlel"‘lNL‘lJuﬁ'ﬁﬂi$§]u

Aonssuveuonlmf

foaaIua

(collagenases)

connective tissue

d’l‘ 1 ' 21‘ [
wetlawailused iloduay

A A A o &
NMITDYUDAUUDLYDINYIN UL

a

NedenuszezIa tazgungll

g1

Tumsifudnuan

a g 2 A
MdueTe AwTaae

(TMAO demethylase)

TMAO

Y ° a s I ' .
mignhmanaresunad ladluilangy gadoid

]
LEBLLUN

3 vt ay VoA
nularlingagiidesninie
WAL -30 B9 aTad
msiUfiantemenini 1ua uag

1 o 1
maugud-hazatses liisans

aa18 TMAO

NI TMAO= trimethylamine oxide, ATP = adenosine triphosphate, ADP = adenosine diphosphate,

AMP = adenosie monophosphate, IMP = inosine monophosphate

n: www.fao.org/
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=<

M99 2.2 @13lszneuine ldinanausaral nANMATUINATRS Y LAZNINTTUUDS

=

a 4 1 IS o Y A a2 . .. )
UN ﬂﬁzﬁ’JNﬂﬁLﬂﬂiﬂ‘kﬂﬂwiﬁ AN1IZNUDBNGLIU (aerobic condition) 130

< 2 <3 A & A a a
Lﬂﬂﬁluu'lllsll\‘] ﬁﬁﬂlﬂﬂﬂqmﬁﬂﬂﬂﬂﬁ

U

Laumidimlfitamsnihde asilszneviineldifanausafiauni
Shewanella putrefaciens TMA, H,S, CH,SH, (CH,),S, Hx
Photobacterium phosphoreum TMA, Hx

Pseudomonas spp. ketones, aldehydes, esters, non-H,S sulfides
Vibrionaceae TMA, H,S

Anaerobic spoilers NH,, acetic, butyric and propionic acid

1N TMA= trimethylamine, H,S=hydrogen sulfide, CH;SH=methylmercaptan,
(CH,),S=dimethylsulphide, Hx = hypoxanthine, NH,=ammonia

13071: Fraser and Sumar (1998)

Quality score

4' o v d 1 a &’ A k)
sUn 2.5 ﬂTJ”IiJﬁiJWM‘ﬁSSW’JNﬂ1iL’IJaEJ‘LJLL’IJaQﬂil!ﬂWWﬂJGQLu@ﬂaillagﬂSLLuu%qﬂmﬂﬂﬁ

Y

Usziliudronuniwnielszamdurie

3N Huss (1976)




= =~ I a 2 ] < a 2 ] J [
gamsilasuudasves ATP 11y IMP Lﬂmu@snﬁamimazmmuamqﬁuy)smmﬂclu 3-59U Iﬂfl

Y
o v Y%

o o 3 P a o { 3 a
ulyiludaniudid amiueulminingaunideznlasu iMP 1¥nateilud Tudu (inosine,
~ . ~ . a . X 1 g
Ino) wag laTausunu (hypoxanthine, Hx) Y UNU (xanthine) HAE NTAYIA (uric acid) ua luiuaou
{ I ) a YR~ ) a [ [l
mslasuin iMp TadluleTusunuiinazna lds iMp sailuasnduasusaesos ualuvas

H 1 Y 1
#1 Ino uaz Hx Junumdidgiildinasdun msideudalsuss IMP UsFgmnImaANdananal

=

J a J [
ﬂ1SE‘Tﬂ18{5]’)5UEN’EHi‘ﬂizﬂ@°]J°LJ'Jﬂ%ﬁﬂhl‘l/]ﬂﬁnlﬁﬂuﬁﬂ\‘i]lﬁ}ﬂﬂiﬂ‘ﬂ 2.6

U

NH, é OH
AN N ,J\
NZ= y - = N
W TG Y IV g
HOHH SR N H Sy N 2, N
1080202 2P WMy © .
bt i s ey HOBOC'?,O\ b—LJI;H('_,U:
HO 0OH HO OH HO OH
ATP IMP Ino
K20 Pi
5b Sa,
Ribose Rlbose ~1-py
] H 0 0
HN N\ H‘ZS! :%“ZON;‘\ N ”2’52 02-"20)1“/“\”.”
O™y N d O™y~ =N s, Ny N
M M L "
Uric Acid Xa Hx

] 9
517 2.6 MIaaefuIa1Ilsznouiiang 1o Ina lunduilola

HINYLKA ATP = adenosine triphosphate, IMP = inosine monophosphate, Ino = inosine,
Hx = hyproxanthine, Xa = xanthine

A3N: Gill (1992)

A

=~ I a o 4 ] @ a A X 9 I
wosnn leTduruiuiundasusininnszuiumsgosaaisnes tazgaunsd 39amisn lailu
v A dy Y 9 9 A 1< (=) ] ~
asiiaFgunwauda las msulsglarennuiourseanuduas lulinaneomsnlasunilas

@ 3‘1 I Y] ] g Y] A 1
you le Tusuiiu auiu Jemwnsold e Tdusuiuiudaiivsdanuaavesingaunoumsulsgl

1Y 4 1 =Y { < 1
18 (@nsi@il, 2548) Jahns and Rand (1997) 3189 1u1U5 e la Tuyuiiuluilar whiting Mduus
< a ~ A 2 < A A 2
Wuguvgil 0 o umaIBed INLAIUAINszezaIMany TaodSua laTiusuiumuiugaga uas
Y
anadluszeznaden lumsisziiuanuaavesanivlamvualia laTousuiiulinu 1.5-2

9
o

1uTas-Tuadensu (Parry, 1993) 0814 l3faualsualsTdusuiuuandaduausiaveadaduin



o Al Y S o o 1 A X 1 dy
NFZUIUMIIV HazQUnQUN 1HNUTNIYI (Botta, 1995) AariuA1mIATgILY09 8 Tauauiiuagaiiam
= 1 [ a 9) =1 I v A -dy 9 9
AnuaalanaaNuaazyiavestal ms e leTdusuimiuariivssanuaalivenserais
1 [ a ~ d%l [ a [ a’é =y 1 [

Uszms iy oasimana le Tusuiuauegiusiavesdadini uazdsuavzuanarenula

a Y & v A o o A a A 1 Y X
siavosnaiie Taglundruiodnny leTdusuiululSnanganilunduniiewn
19 4
(NI, 2548)
] I = dy o 23 I [
AuA (K-value) 1iluaesiiagguninanudavestar uazdadiilasilunisia
o 1 A A A I A A
dadrumsilasuntasvesarsdseneuiianglo Ina aeaun1sn 1 uaiiieaa1n ATP @115
o ] < I ' [ 53 2 1 X 1o &
amea0613530152 1l IMP Tugae 1 Suusn daiu Faims1daunle (K value) ¥e'lusuiudes
as9@eUlSual ATP ADP tag AMP adaumsi 2 iefSeuieuns 1505una laTduwuiiuiios
[ 1 1 [ a ] a [ a’gol
98191787 M3 1Faua lovzaanuuilslsiuaen sumannaAuLARA1IveIsiaveIda i Lay
Jadeau

(Ino + Hx)

YK — val _ x 100 —<:>
%K — value (ATP + ADP + AMP + IMP + Ino + Hx)

(Ino + Hx) - @

%Ki — value = x 100
foki — value (IMP + Ino + Hx)

9 k4
Surette, Gill, and LeBlanc (1988) 518\111&’31‘1/]\‘1fﬂifJf]EJﬁﬁNJG]’JL'E'N*UENﬂéHiJLﬁE]ﬂa1

S 1 o

s a A A Y a A a = J
l,l,agiﬂﬂl,f]ull“]fll‘l/lNﬁGlinﬂl,lfljﬂ‘l/]LiEJiJﬁ’Ju‘VIﬂ‘HLﬂ@ﬂﬁlﬂaﬂuuﬂﬁﬁﬁﬁﬂizﬂ@ﬂu’)ﬂﬁi@ll‘ﬂﬂ Burt

(1977) srienundaraansuun Inua azliaua lamu 10% waz lugieszezisng awwlimsuinydsua

Y
a = U

] g A = 2 1 < 4 a 4 '
@fﬂ\‘]slghc] {l]Tﬂu1!%2\‘1i]&WiJ‘IJiiﬂmﬁui’)fﬂ\‘]i’Jﬂli’J Lﬁi’)\?%?ﬂﬂ?ﬁl%iﬂﬁ]@\‘lﬂqﬁuﬂdﬁﬂ HASUNITANAIUDN

a a o Jd . . Loa A g dy ' a = o = 1
MslQasrHannaiilal (rejection limit) AD 60% NN maazsiavzlszaumsnlasuuilasnun

S 1

1 [ 1 d’ 9 o [ o a [ 4 a aa [N dy 1
uana 19Ny Anavesdan lgd msvmrannumnlaiau (1Y) umhlumu 20% HAZUDNIINUAUA
o 49@‘ o Aa S o 9 o A S o ~ a =
ENGUHﬂﬂqmﬁgﬂ‘luﬂ"ﬁlﬂﬂiﬂ‘lﬁl"lﬂﬁlﬂ ﬂa"ﬁNﬂﬂﬂ’ﬂNﬁﬂm@Lﬂ‘UiﬂHTVIQQ!‘H{]?J -30 adA LAl WU

o 4 ' A 2 = A 2 o 1 3 o .
2 U uazANANNAUDT 58% wornusnydanluihwdailussezina 5 1 (Uchiyama and Kato,
A 1A A Ao A Y
1974) 114611@113mmmmmﬂammmumam (Yellowfin tuna, Thunnus albacares) NI UAUNINUY
J A 3 <] { a v ' o
17+4% uazmmmu?jummzﬂznmmsm‘uﬁqm‘wqu 0 DI E Sg]}'Jfli’J@ﬁT 2.4% 193U ’1]1!5\1
v < 3 @ 1A A A d o v @
58.7% viaunudanduszezinal 17 u Iﬂﬂﬂﬁ?ﬁiﬂﬂiﬁlﬁﬁﬂ\i‘ﬂlﬂﬂiﬂ‘HTLHLl 2 JUYIANANT A

9 o o aa < @ 1 { < {
A1 FUNT (K value = 20%) tazliorgnisinu lauiu 12 Tu (K value = 50%) aauarinnuh



a

= 1 A dal 9 [ [ v A o A IS o ~
U U 8 DIAUBALFYT AUALNNUUAIYDATT 6.08% ADIU wazarduluneousuionusSAYIN

[

A ' ) 3 A o A g I v R A
QUUQUAINAIIUIU 5 I (K value = 56%) taz luilunsensulonuilaniluma 8 7u Heiiaun

a =

Voo ' T oA A Ad A A 2 ' 3 v
A 68% ANAYDIYAINUIATUHARININUNQUH A 20 D3R UF AT INUUYUDYIITIATIAY
o 1 o ] ] @ 3'.; 1 1 I <
80151 32.4% A0 TW HAZ G 90% AN 24 $2 T ALUUINHAVEIA A YA uvae Ny
@ y a <3 @ o W
SNy Ngungl 0, 8 uaz 20 0IANTATHA UO1YNITINY 12,5 1ag 1 U AWa18Y (Guizani et al.,
2005)

o a 4
2.4.2 Mmsaaealved laswiaeliuean lad (Trimethylamine oxide, TMAO)

a = J . . . I a A o

Taswnaeiuosn lad (trimethylamine oxide, TMAOQO) WuaisedunsguIa
'O 1 v da [l @ [ I 4

Twanaminuludamziauazdain ifinszandunas uaziluasdnilosmsidonaninves

= d‘ [ a =2 9 % = gol (%
Tisauiioaninanuauoea ludn (Osmoregulator) 391D 1oanumsgadertiteanaindlan

Y] ~ I a =
(water logout) (Barrett and Kwan, 1985) 184910181018 TMAO ausadasuidu laswiaeiiu
S o

4 a Aaan
(trimethylamine, TMA) dreaou'lsi lasunaeiusdnma (trimethylamine reductase) 910 51 N3

FANFUVOIUUANITY 15U Shewanella putrifaciens (Ocafio-Higuera et al., 2009) aataas lugums

Trunethylamine reductase H.C
RS

(CH),NO - N—TH

TMAO HC  TMA

A a dy 1 Y a A A < [} o g
Tas TMA Tinavune Itnanauadal taznawmiuniivestawaz dadui
[ o 4 [ o [ @
pazlianudunus lagasenuiiuaunuaiise aunmnedseamdudd tazanudavoslan
g a a % I o (Y

wannnieu sl lasmnaeiudmiamd (trimethylamine demethylase) #at3juton larai ludailan
1 Aaan { I a 4 4

(endogenous enzyme) 1591 n3emailasu TMAO lihilulamfawiiu (DMA) tazWosuoad lan

X o a zg 1 < (] o =< o’dy
(formaldehyde) Fasintnaduluserinamsnuusuda aeaas luaunms suoulaisznuuinlu
I 4 = A a 3 o =
1a1 whiting Ya1 hoki ttaz 1a pollock 1 udu Wesuead ladninavuaei v ldsdwdoann

a ~ dy v W [ Y = a a .
DITUYIN ﬂﬁWmuﬁ]ﬁNNﬁ’LHNﬂi%ﬂN uazuﬁnmiumimmﬂaaﬂm (Lanier, 2000)



Trume thylamine demethylase

(CH),NO » (CH,)NH + HCHO

TMAO DMA formaldehyde

A a da! PR v A A A o A =
T™MA “I/IWﬁWU“LA?(HJ13ﬂcl,‘lﬂﬂuﬂ‘]ﬂlﬂﬂm1W°I/INLﬂ3JLWEJ’Jﬂﬂﬁlﬁ@mﬁfﬂlﬂﬂﬂiﬂ
é o 1 d’d v A = s 9 1 a A [ 1Y 19 A
BINTHUAIN ﬂﬁﬂ‘ﬂMﬂ??%ﬁﬂllﬁ%ﬂ\‘]ﬂﬂﬂ!ﬂTWﬂ%%Nﬂ"l TMA #2831 1.5 Uaansu/100 NTY LD
= A Aa o [ 1 a3 { [ 4 A < [l
ﬂiiﬂﬂ!gﬁﬁﬂ 10-15 4aansu/100 NTN %z"lmﬂuﬁﬂamm’ga Lﬁmmﬂﬁﬂaumumumazﬂnﬂm
@fJ'N'g" U153 (Debever and Boskou, 1996, Sleat and Robinson, 1984) Ocafio-Higuera et al. (2009) 518971
A g 2 g A = o A g g A a
lotNuan Cazon “]NL’]J‘L!‘ﬂ’dﬂ/l@Q1Hﬁi$ﬂﬁlﬂﬂ%ﬂﬂﬂa1ﬂ61u SBINULBIIUNGUNYY 0 BIAN
3 [ =y A 3 < A a o
L‘*Ifﬁ!ﬁ)’ﬂﬁ Wuwmal 18 M s TMA LW?J%MGINJ§$ﬂzliﬁﬁﬂﬁlﬂﬂmﬂ 0.62 ﬁ\i 2.84 UAanNIN/100
o I . a 4 2 <] oA Y
n5u aaudarmsau (Monterey sardine) W53 TMA INUAUMINTL OIS UASINY Iﬂﬂ

o - 'd'

@ ] a a <3 { a I @
NTUNINUA 0.82 TadNTN/100 NTY aziaMUNMHN 0 perusaFed (Junal 15 71 5
A X I A a o o ¥
TMA tWpuilu 1.62 5a@n$u/100 NS4 (Pacheco-Aguilar et al., 2000) H8N1n1Ya1 hake aa
[ a a o o 4 <3 9ol < o 1 A 3 @

518 TMA 151171 0.29 Haansu/100 A5y wagonyuluinga 12 Suusn a1 TMA vy ludas

H A 3 1 < [ v o 1 = (Y A a o ]
N9 LAZINNAUDEIIIAG IMAIINTUAINa1) TasldSuia TMA 19191 19.96 Taansu/100 A5

§ g ¥ g o °
iWetnudarluiudauiu 25 7u (Ruiz-Capillas and Moral, 2001) dvia1ng 151 (EU) ldiivua
5 TMA 143 1dgaga luifu 12 Ta8n51/100 N5 (Directive 91/493/EEC)
v v
2.4.3 m3tlsznovlulasnunszme ldnamua (Total Volatile Basic Nitrogen, TVB-N)

a Y 3’4 I = A
asisznou lulasmuiszieldnawua (TVB-N) iWluariiaunimnianiin

] dyd 1 = a d a =\ =\ a =\
Ha¥dam s udeveaar Tasmsasiaiasiznlsuiaven Tuiie ey lasiunatediv
(trimethylamine, TMA) latufiatoiy (dimethylamine, DMA) taza15dszneu lulasaudua

. I a [ P Y]

seveld Fatlundasumnn ldnnmsaaredivesTisau vazaisdsznon luasau (Botta, 1995)

=Y A a dﬁf = [ v o [ @ [ dy
Tag1f5ua TVB-N ftnayuiianudunusnuganimnilssamdund auanvazilsnguouiie

9
a a 4 =Y o

Ua1 mansguazmsduiouvesgaunid saudalsuim TMA dae anang sl (EU) Taivue
aunmlaraadestidiuia TVB-N laithu 35 1aan3u/100 nu (EC, 1995) Ruiz-Capillas and Moral
(2001) 5199147311501 TVB-N v¥091/a1 hake @ HAUNINY 10.92 Ya@anFu/100 AN A1 TVB-N

A ds! @ ~ 9 = o A A da! 1 < o 3’, < A 9 1 = [ 1
MNUVRIUEATINTFIOUDIIUN 12 HALNNVNDEIITIANTINAINUY F9UuU T FUALINUA

" 3 ~ o Y Aa A 1< g <3 v R A ;A
TMA L!ﬁgﬂa'l hake Vlﬂlﬂuﬂﬂﬁﬂﬁﬂmﬁ\iﬁﬂﬁiﬂﬂ lllf)l,ﬂﬂsluu']l,l"ll\iu']u 259U G]f\ﬁJﬂﬁﬂJ'lﬂ‘l TVB-N



1T W Aa a o [ 1 [ v o [} 1 v [ k4 1
R 44.45 TAaN3U/100 AT A1 TVB-N U941)a1 hake UANUTUWUT 1AgnTI01UA1 TMA &91931
am3nlda TVB-N v3e TMA Tumsisziiiuguaimanuaavesilaifana1d Ocafio-Higuera et al.

a 4 A 9 [TR= dy = A < g oA a
(2009) A3 1zY38 TVB-N e 15 uawsiia¥nsnindsveaar Cazon MvLmEUNYUNYI 0

I o 1 1 1 1 A a o Y]
pauaIFee 11ua 0 83 18 34 w1 1Jar Cazon A1 TVB-N 05211914 40-45 5a@n3u/100 N3N

IS 1

1 d‘ %’ QU 1 a a 4 ol
daudan ray mﬁuiumu%uﬂunm 0-18 3UNA1 TVB-N 8g32 1IN 20-30 ¥aansn/100 NTu (Ocafio-

1w

1 < @ o J ' [ 3
Higuera et al., 2011) 86141500 10ANMUFUNUTITTHI19A1 TVB-N tazmsiudeveslarvuegny

U

a d’d 1 a a A [ (% 1A 1 = d’ a 9
¥iiavodal Jar1nfliar TVB-N (AU 30 1aan3u/100 A5y 8199z lumamsinde el sziiudoe
AUNINUNIY sz IMAUAE (Ocaiio-Higuera et al. (2009) Hozbor, Saiz, Yeannes, and Fritz (2006 )
s1eauNUaruyaney (salmon, Pseudopercis semifasciata) @@ 1A1 TVB-N (M10U 35 4aansu/100

@ 2 X " o A a o @ A < 3 3 o 1
ATY HAZINNAUNIND 70 Haan5u/100 n5u twanularluiudatluima 20 74 aaual cod
(Gadus morhua) I3HHNAWT 110A1 TVB-N 1110 64 Jaansu/100 NFY (McCarthy, Ellis, Silvia, and
Mills 1989) Varga, Keith, Michalik, Sims, and Reiger (1980) 51891431 Ya1 cod #NA1 TVB-N 1m0

A Aa o o v A [ =Y [ = o w
20, 60 1Az =80 Haan3iw/100 n5u Il udanda tNevinee taziuge AuaIay
2.4.4 TuTe3%inelY (Biogenic amine)
aAa = h . . = A A a aaa = J
luTedtineliu (biogenic amines) ADA1TUsZNOUONUNIAAINUZATO1AMS
a o . a 4 a = 14 a .
VINTLATY (decarboxylation) ¥odnsaecilu TaseulaieziTudnisuendias (amino

Aaaa a @ Aaan 4 a o
decarboxylase) EL) ﬂg N58UONIUFY (amination) azil ANIYINTIUNLDULUYU (transamination)

v
%

v A J A A S a = < A a é! asf A Aaaa
ﬂl@\?flaﬂllﬁﬂ ﬂi@ﬂi@lu VI,UI@ft]‘L!ﬂ!,’é]ll‘ulﬂ‘L!’dﬁ‘V]Lﬂ@51]‘L!El,Uﬂi3“lJ’JUﬂ1§L3JLLVIUE]aGB3JﬂJE]\1ﬁQSJ%’J¢] N

= =S

a J v 1 A a = = a =
aUNTY ﬁ“]f Lageaan Lmﬂﬁ’d$Z‘Tllﬂl’E'Nulf]JI’E)-i]uﬂLE]iJuslu’é)ﬂfiﬁiJﬁHW{i]%1ﬂﬂ%ﬂ‘iiiJ"llENLl“lJﬂVll ]

I o w .. S a = a o 1
FHudfy (Maijala et al., 1995) TuTedtaeiiunyluomsvateyiia Taomwizemsnen wu e

9

3 a a Jd a dal o aa =) 0o v A o Yy 1A a
LUN DU "hu lITG]i IHINUN HASDINIINSIa ll“]JT’E]ﬂuﬂ-!,'f)ﬂua'lﬂiy‘ﬂllﬂWUiu'ﬁ)WﬁWil‘lﬂllﬂ JAAINU

(histamine) Tns1fiu (tyramine) 2-WdaeFato Ny (2-phenylethylamine) A1A 147 931 (cadaverine)
a 14 da o 1 =
N3UNMAY (tryptamine) a11/o5 U (spermine) uaza)oF AU (spermidine) A29813 InFead1an1anll

voa'luTedtineliunananagii 2.7



CH,CH,NH,

N _y:HZCHzNHZ <
L Crd
H

H
Histamine Tryptamine
CH,CHNH, HACHNH,
OH
Tyramine 2-Phenylethylamine
HN ~T""NH HN -~ ~_NH,
2
Putrescine Cadaverine

H
HN \/\/\NH, HzN/\/\H/\/\/NHE

NH
Spermidine
Agmatine
H
H,N /\/\E A~ AN~ _NH,
Spermine

1 2.7 fednalassadiavesluTedineliv

o

=n. @

U1 : onal (2007)

2 = A a = v 3 Aa A 1A
JAMUU 1’I,°1/]§”I3J‘L! ag N3Umuu ‘ﬂﬂL‘]JuﬁTi‘]JiZﬂi’J‘}JVIlIL’E)Nuﬂf,jiJLﬂEJ’J (Taﬂu

=3 1 Aa a A = [ = 1 = 9
1IDUU) FIUNINTTHU tazma s uIatuaislsenoueiu 2 IGEY (“lmauu) ANAINUYININ

Aa a Aaa =y a JAaa = o w J I Jaxn
Asaozl Tudaday mlsdu n3dTauvly oostinu vaz ladu audidu arualesiunazanlosia

9 a A A aa =) < A o 1 A a ~
UYNASNINNINI AU (Onal, 2007) TnTovtneliwiluasiouasienogunnions Inao1w1sh
= [ a = =~ o Y a ﬁld'd v a a . .
UszAUV0IdaMIUG azlmam IiAaeIMsuinisend1 anow Tunen® Iada (Scombrotoxicosis)

a = A aa =\ % d' 9 1 = a = = Yy =1
Taggaaiiuaz llwinluTedtineTudious 1aun amanesu waziions adu e1msunaaaiuey
1 [} 49! [} < [y = d’ 9) % LY} dd’ [} A
uanaenu ldunuyana Taena lilineziionsaauld wielada daaia THunas anuauden
o d
i tludu
~ o 2 L

TulednineiuiudriusFaamwanuaavouilodarlasmmzdarluied

q

[ ] a J < {
Scombridae 11a Carpeidae 151 Ya1yi1 Uardunsd uazilarm iuilantinenudinsazauves
=S IS d’ a ) = \ dyd 2 a = ad d‘ a dy
gaeluienan1singe danvariilsnaunsaesiluganauge iweinanisduiensin
=} Ay /A an A 14 a a a Aan = I A =\
suafisenadrweulmizaanuaaisvendiaa nynezii ludaanuszgnilaswiludaaiiu ais

dyd = 1 9 = Y a [ S & 1 j‘ 1
FAMUUUNFDYTNINADAIINITDUGN ﬁNW‘]_I"lﬂi‘L!Naﬁﬂm“VWlN”I‘L!ﬂi%‘]J’J‘L!ﬂ”Ii‘LN“JJ”ILGIf@ LGIf‘L!Ql‘L!



a @ 4 + [ 3/ a @ 4 + AS A = = @ v A
nansmnlainszilos anumnwansaanainszileaidfsunasamiulussauge e1aduiingiu
Y1 v a ~Aq Y a A o = A a = I (N dyd A =
1aiagaudanlslumsnaaiinuninanuaad ¥ luTedtneluwiludidimadondeved
ﬂawﬁwﬁm luTeddineTunnuannlulal goldband goatfish (Upeneus moluccensis) 11 Feran
= = . =) . a ~ = 2
U 1oNUINY (agmatine) 11134 (dopamine) ttag WINTadu TudSuiw 4.37,3.88,3.38 uas
Aa a o o o w [ <3 (] o . 1
2.00 YaANTV/100 NTN AIWAIAY HAINMTINVUFIEY 8 T (Ozyurt et al., 2009) TIUUA1 red mullet
A A a oA = = Y
(Mullus barbatus) WULBANINAY %15 INHU (serotonin) Faa1ly uag lathiu lusean 7.30, 5.97,
Aa a o [ o w [ I [ o .
2.52 a2 2.31 $adNTU/100 NN MUEIAY HAINMTNULBEU 11 U (Ozyurt et al., 2009) UBNIIN
ga A A = < A a = o A .
Hnmsadu vaz maeswiuluTedtineliunaninnyuludainewe (sea bass, Dicentrarchus
labrax) Wa e a1 white grouper (Epinephelus aeneus) waludSuranly g3 A0 239 Ay
A a o [ o w o < L] [ "
0.65 HAANTN/100 NTU MUAIAY HAINITIAVLFIEU 11 U (Paleologos et al., 2004; Ozogul et al.,
liy o S A a = = = a = . = a
2008) HoNINHUEINWY 2-WHlaeTaweiy Tathiu ueniiu NTUMIY (tryptamine) taz 315 Inilu
2 g v A =} . o < [ [y N
Fuiluarianuugevesdal white grouper HAIMIAVLFIIU 22 TU (Ozogul et al., 2008) Bakar et
al. (2010) Wu e N1 1ulal barramundi (Lates calcarifer) 1us2av 27.5 Ja@n5u/100 N5H HAINS

< 1< o ' A a A oA .
WNULLYLEIU 15 U Malle et al. (1996) PeNUNUTINUNINTATY ez maesunwyluda herring

(Clupea harengus) 7® 1.01 11ag 2.30 Haan5N/100 NTU MVUAIAU Rossi et al. (2002) WLUINBATINT

A A '

é’ = 1 S o oA a 9 = =
W‘l3J61Jule@\‘lf’n@nn@3uﬂluﬁgW'J'Nﬂ']ﬁlﬂ‘llﬁﬂ‘]&l']ﬂﬁ']TI“U']VIQmﬁguﬂ@QNﬂTQQﬂQTEiﬁﬂTNu ”lwumz
A a A A A 2 @ Ay 1 v & a A K 9 3 -] g
Vleﬂﬁﬁc]fullﬂ'l'fl'l,WlIGlu@ﬁi'WlG]ﬂﬂ'ﬂ ﬂﬁuuﬂﬁﬂ’lmﬂ’]ﬂ“?ﬂﬁui]Q@Tﬂiﬂflﬂu@%uﬂﬁﬂfﬂmﬂﬂ/‘lﬂ?’lﬂ

[ (Y= =\ Y o [ % Y } A 1A o 3 A
ﬁ@ﬂlfl\‘]ﬂﬁ'lﬂuu'liﬂﬂﬂﬂaﬁﬁ'lﬂuulﬂ ﬁ"]“l’ii'ﬂsluﬂa'lﬂ$15]ﬂWL]J’J'l@]’)'t‘]EJ']\?‘I/]LU'IL'&TEJWﬁ\ﬁ]'IﬂLﬂUVI 35 93fN
= 3 o = = = = a E= =
LY aLes e Lﬂunm 16 G])"JI?JQ UNITACAUVOITAATNU ATANUIDTIU WINTHHEU Llagll‘]/li'lllu
. v & A a = 1 dy 9 I [T= dy
(Yongsawatdigul et al., 2004) a1iu luTedneliwmariasa lfduasivsFaunimanuaa
@ aa I v A dy
w091/a1nzan |8 Baixas-Nogueras et al. (2005) tduotug 1914 lu Todtinelwiluaaiitarganin
anuaarsems@euasveslar luvanung uazivaonguiay a1 mediterranean hake
Aa A 9 . aa =) 4 a I
L!‘]Jﬂ‘VI!iﬂﬂﬁ'lﬂJ'liﬂﬁi']\?L@ullcﬁllﬁﬁﬁﬂu ANITUDNKLA T !ﬂuﬁ’llﬁ@ﬁl@ﬂﬂ’]i
A X ~ ~ ' Y 1 .
INIFRINARTIRNE I | mnu“luﬂam”m”lmm Enterobacter aerogenes, Pseudomonas putrefaciens, Aeromonas
hydrophila, Proteus vulgaris, Clostridium perfringens, Vibrio alginolyticus (Middlebrooks et al., 1988),
Klebsiella pneumoniae, Morganella morganii, Wa& Hafnia alvei (Ward, 1994) Ben-Gogirey et al. (2000)

& ' t & o a
HYNLYD Stenotrophomonas maltophilia mﬂﬂmum albacore FUFOAINAITINITOHAAAIAIBT U

o 2 X =
Iqgada 1736-4821 ppm neTu 48 42 Tualuemisiaesde Kim et al. (2002) WUM AL TUVOITAA



1 2 [ Y o
Hugagaluilar mackerel, albacore tuna 4@ mahi-mahi [BIAUN 25 DAY AIToE UONIINUE

=

1 A < { a [~
wuuunlumsaruguilSinadamivaemanuilaigungl 4 oAU aITed W3 0UBUU

Q Y

' < A o g o X A ay A A A
a3 lsnauiiieriawaudswniiagaty (thawing) Ngunined (25 sarusalied) Usuaaaan

G

= A 2 ' 3 ' o aa A A '
11“5]3lW1161114!@EJ’NTJ@L?’Jiuigﬂ'JTQﬂ'ljvnaga'lﬂ LlUﬂﬂljﬂVIWUiuﬂﬂ1 albacore tuna ‘V]ﬁmmzblilﬁﬂ

=

f0 Hafnia alvei Baemnsoadredaariiulused 26.4-497 ppm uanuafiseninanuannsoadig
%ﬁﬁ1ﬁujﬁ}q\ifjﬂﬁ@ Morganella morganii GT;QETHJ 150W§ﬁ%ﬁﬁ1§ﬂ1%@ﬂaﬂ 3582-3672 ppm (Kim et
al,, 2001) anamg sl (EU) IdimuadSinaluTesdinedunanualdi 18gaga lifu 30
Haansu/100 NN (EC, 1991)

mMsuanzdlsunaluTediineiy eusai 1dna1eds 1dun msimszd
Fremaiianua-ee31a5u11an313 (thin layer chromatography, TLC) upa 1nsu11asng il (gas
chromatography, GC) uatlaais 81801035 13 & a (capillary electrophoresis, CE) itazan3alasuilnn
s Waus50Uzga (high-performance liquid chromatography, HPLC) Funain opLC 1Tu3ER 1450

ANUUININGA (6nal, 2007)



20

NN 3
B uHuUMIIY
3.1 Jaquazansadl

7151ANINUTHN Fluka (Buchs, Switzerland) 1&un Adenosine-S’-triphosphate (ATP)
SRFIGIE RIS IER A L Sigma Chemical Co. (St. Louis, Mo.) 1&1n Bovine serum albumin (BSA) tazas
1T luTetatintediu (histamine dihydrochloride, cadaverine dihydrochloride, tyramine
hydrochloride, putrescine dihydrochloride, spermidine trihydrochloride, (69 & spermine diphosphate)
wazansaiioun #1Flums3seunuamiilFuandinszifes§iRms (analytical grade)

Hude8191/a1010AY (lizardfish, Saurida spp.; LZ) 1a1M51814A4 (threadfin bream,
Nemipterus spp.; TB) t1az Ya1vu1ag1¥ (goatfish, Upeneus spp.; GF) Fathhmindundo 30-61 ndu

'
@ [ [ =

3 A = @ @ o
A WHIATYNITAIANT “])'\uﬂu‘lla']ﬂll@']fﬂﬂaﬂ 7 AUNAINTTIUY
9

MNUTENSUANTUYSH BuAamsd
Y

3 J °
wudarlunaea Tluussyriuds 91nd

1 o Y

Yudagarioal JuamsnriiImeraemalulaggsuia

=

ee

(4

o o = v a 3 o Y 13 Aa =y a
WHIAUATIIFTNINUN UTAE1Yan mﬂuwmumauﬂmﬂuqquuw 4 DIAUBALBYT (AN

=

@

¥ < Y 1 o U U @ ] a L v A @ 1
mumﬂwagiu@mw’d’m 1:1 NnnIu qu@]?flﬂ’lﬂu’]’llﬂﬁ’l?éﬂii:l'ﬂu% 0,5, 10 as 20 U W%@Lﬁfllll‘ﬂ’l
[ ] ¥ [ o [ 1Y o v A A @ ]
ﬂ‘]Jﬂ’lﬁLﬂ'Llﬂa'lcluu'luell{llﬂuﬂﬁ'l 7,12, 17 4ag 27 34 ©aiN139U M1ua1al BUNYUIRNAYVDIAIDYN

1 3 o 1w =
“lJﬁ151,1!5$°H'3Nﬂ'l‘§l,ﬂﬂiﬂ‘lelu‘lmﬂﬂ 0+ 0.5 D9F s aLHY T

= Y} i &’ Vv ::
3.2 mamsanflegatelaiuaaarh
) < v W @ Y o v & ° Y A o w
ihlawveamnaa aan adnld ianuazeia wazuaiiie Widunsesdivanszan
Y 4 [ 9/
(deboning machine) 9101 1ia1a11uad 81AI 8 UALL® (PM 500, Kenwood, Hampshire, UK)
o dy 4 ?:' 3}; 9 ?:' 90’ A A
Wntledarvaldrain 3 ase Tasldiguaiwi@uirIUNT2DIUNT reverse osmosis (RO)
' 1 4 3 a A Y A
dasidiusznaiiodaidei Ae 1: 3 nazgArugugMglveii 4 seruzaiFed n15319A5N 3
vy A g 9 v 1 g a & a kS L ¥
Tiunavudu 0.3% lumsdrandazasaazimsniuna Wunal 5w nniuuemdie taziin
[ [] 1 o a A o w %‘ 1
anlagmsnsosriuaigyaazBeaduruguIna1s 0.5 Tadwas tazdvune Mvailune

arseuveIn1sa1dlaeldinToatuimIean 4,500xg (Legend™ MACH 1.6/R, Thermo Elecron LED

[
~ a

3 a 4 4
GmbH, Langenselbold, Germany) Wunat 15 un ngUvu 4 pIIF AT WATIEHeIAlsTnoU
= ,3 9 Y 1 j} = @ Y dy dy Y 1
NNAULUDIAU U]J@L!ﬂ Usuunudu Iﬂi@]u U]ﬁUiJ'LJ LUazinn "ll’f)\‘]lu@ﬂﬁ'l wazidelaiuaaiei e

an L/ vy 3 o 9 a A !
15 AOAC (2005) %'lﬂuuu1lu@ﬂa1ﬂﬂa1\1u1u1w/ﬁﬂﬂﬂﬁ'ﬁﬂﬂﬂ’E_]\jﬂ'ﬁqq‘llﬁﬂﬁﬂ']Wlu’f]\ﬁnﬂﬂ']ﬁll(’]f
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<3 = Y 1 = = o
14U (cryoprotectants) Nsenoudie manste 6% uag ladey laswedleama 0.3% Tasduney
4 ' 1 a A 3 v QA
A01AT 09 Stephan vacuum cutter LHNTJ’:;"’:;‘i]GlﬁQQWEHﬁ’G]ﬂ ﬂﬂwﬁﬂ’q’ﬂgﬂﬁﬂ1ﬂ LA VLUBUUIN 20

= a 4 wn = dy dy Y ¥ @ @ [
DI AT IEHANLANIUAYVauan uazm@ﬂmmanmmaiu 7 I RAINTITLBLLU

a d wAa
3.3 Myrnsehandamani
a = aa 2+ . .
3.3.1 NANITULAAITFINON DA (Ca’ -ATPase activity)
Y
anauen Iniis ToFua1uITY09 Yongsawatdigul and Park (2003) Tagiiialee1aiie
] ¥ o v o o . A A 4
Yan vierilearwadian 2 nfu Junaunvaisazarernives Tris-maleate 1Wu9u 20 Tad Tuans
= S v 9 s ' < 1y ' ) A A =
waz TsReunas 15a 1WuIU 0.6 Tuans pH 7.0 (umdw) Tusasiaiu 1:9 Jumdeaid 8000xg 7 4 8371
d B e
iyatBed 1JUal 20 W19 (Legend™ MACH 1.6/R, Thermo Electron LED GmbH, Lengensellbold,
< 1 4 a A
Germany) DU 15aza1eadulaiedns1ei s a115au (Bradford, 1976) Taeld BSA (bovine
. 3 ' 2 A A A 1 a a o [
serum albumin) (e suIaIg U vaasamfsualilsaunazarelunaelunileladniu/niy
Td5au Aianziinaealalasldarsazare Tnunadonlalalasnurleaa (KH,PO,)
Yy 9 a A < as . a A 2+
WY 1 Uaa Tuas Hua1suasgIunIuITue Fiske and Subbarow (1925) AAT121NINTTY Ca -
an ) Y a = a
ATPase 1135 v049 Hemung et al. (2008) laglya1sazarouen laeTagudsuins 500 lulnsans
IANATaZa8 Tris-maleate 11T 0.6 Tua1s pH 7 U311a3 250 1ulnsans arsazarsunatounas
v ]
Tsddutu 0.1 Twars 15103 250 TuTasaas vaztinauilsifaindeou (deionized water) US 11013
v Y
3.75 Hadans UuN 25 earusardeoa 1111981 5 W1H 1IN ANE1TaZa18 ATP (Adenosine 5'-
triphosphate) 1141 20 fiad Twa1s U3was 250 lulnsdas vwilunar 8 urfi ngalfaserdas
= A . . . 9 9 L= a
#@15aza18n5A lasAae 1seFan (trichloroacetic acid; TCA) LU UU 15% (Ux18U) USu1as 2.5
Hasans ¥1ldduivnrean 3000xg (LegendTM MACH 1.6/R, Thermo Electron LED GmbH,
1 I ) v o ] 1 1]
Lengensellbold, Germany) 1 4 03srugsatded (1a1 10 W19 d1M5UAI9E19 blank 193 9UFUIRAGINY
9 Y ~ 1A 1 a 4 1
IAUNILAANEITaZa19 TCA nouaIsazats ATP aasentsunaneaaluamsazareaiula
(supernatant) freasazaledasy (Elon reagent) i8¢ Ammonium molybdate tetrahydrate SRR
A A A 1A 24 1
QANAULEINAVLIIAAY 640 U1 TUINAT HAAIAININTTY Ca” -ATPase TuniirevesluTas Tua/

a o

HaansuIdsauann
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3.3.2 laTduyuiiu (Hypoxanthine, Hx)
anamoalaosaulaniniues Bumns and Kee (1985) TUHTURI9619511U 5
N3 fuasazarensalesnassn (perchloric) uamdududu 7.5% USuas 40 dadans 1l
m% EJ\‘]‘ﬁ 10,000xg (LegendTM MACH 1.6/R, Thermo Electron LED GmbH, Lengensellbold, Germany)
i 4 psrwadoa Sluna s i nsesasazatediule (supermatant) §26n52A1H Whatman No. 1
wazaldualiuasihu so fiadans dreasazarensanloinaes nusEududa 7.5% 1@y
71522819 neutralizing buffer 1YY 0.6 Tuas (KH,PO, 5.91 NFU uaz K,HPO, 18.56 NS4 aza1y
drorhilsrandeeu 220 Hadans U5 pH Wil 7.6 dreesazareInunasonlaasen lad
s 50% U513 uasTiu 250 Tadans) Tusasidin 1:1 (vv) DR 4 ssrsadoa Punat 10
W nseeEIHaANFULALNTBUIA 0.45 TuTasuas o lSnsziarnns e HPLC (Agilent
1260 Infinity series, Agilent Technologies, Santa Clara, California, USA) Aaal0819U5u1a5 10
luTnsansidn 1 lunedusl Hypersil BDS C,, (100x4 iadmas, 3 luTasimas, Agilent Technologies,
California, USA ) ¥2@151U352noualeansaza1s KH,PO, 14y 0.02 Tuas wag K,HPO, uvY 0.03
Tyans desasimsIvad 1 Taaans i 1¥msyuuuni Gsocratic) iHhuat 10 wd asreiale
Tusuiuiinnueadu 254 wTuwes uaasanFuals T usuiulumite luTas Tuade 100
NSUAIDE
3.3.3 lnsiwiaweiiu (Trimethylamine, TMA)
Tnsidsunalaswiaeiiulasdaiain1u35uee Dyer Picrate method (AOAC,
2005) Tunausededreasazateninlainas 1502 FAnUF10U (trichloroacetic acid; TCA) 114
7.5% ludas1du 1:4 (wiw) 11113 umIeadi 8,000xg (Legend™ MACH 1.6/R, Thermo Electron
LED GmbH, Lengensellbold, Germany)“ﬁ 4 pasaFee 1511081 10 1N ana laswiaeduly
msazarediuladremsazars Ingdu uaznsanasn (picric acid) 1uTU 1% od19az 2 Tadans
wer I Sammsganauuasfinnueaaui 410 i Tuwas Taeldms lasmfaeiuduas
nasg i uaasanlsua lasmiaeliulumiteiagniuae 100 nsuA0619
3.3.4 matlsznoululasnuiiszmeldanua (Total volatile base nitrogen, TVB-N)
Snnzilsmamslsznoylulanauiiseme 1dianua lasdaulasmuisves

Botta et al. (1984) ¥3@30861991143% 10 A5¥ wazuunfiFevesn lod (Mg0) 1171 2 n3u luviaen

< a aol a =Y a Aaa g}/ a 4
nay s iAIndeaudsuIas 40 Hadans mﬂuumumsazmﬂimaﬂm”l,amaﬂ”lmmﬂ’fu%’u
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N A aa ° < 4 < H v W
20% Y311@35 10 Hadans vhlUnaudleniesnai e (Kjeltech System, Hoganas, Sweden) Answ
A J 9 a Yy Y A aan <o [ o Y A
A5NNAUDINRIIAITAZIUNTAVOI NIINTU 4% UTUaT 25 Hadans nauaeIunTENa laL5u1as
I A aa ?zl,z Aa a 4 o [} {
fjﬂ‘ﬁjmlﬂu 50 Haaaad NNUUNIABUALALADT methyl red-bromocresol green 2-3 noaluar06199
o o (2 1 a 4 a
nauld Midied1al) Inmsndronsalalasaassndudy 0.1 uesuea uazuaaslIuiw
d' 9 31,; ] a Aa (% 1 (% % 1]
a151seneu luTasnunsave lanavualuniteiiaansu luTaswuae 100 nFudie619
3.3.5 luTediineiiu (Biogenic amine)
gnaalod19lagaalainiuITuee Eerolaetal. (1993) TUNANAI08190 Y
4 a 1 3 J @ 1 ° y
d1sazarensadeinasin (perchloric) LAEUITUYY 0.4 Tuars lusasiaiu 1:4 (ww) 1111l
112897 5,000% g (Legend™ MACH 1.6/R, Thermo Electron LED GmbH, Lengensellbold, Germany) i
I o J o ]
4 ovruwaFod 1Tuna1 10 w1d Wasazateaaulavesdiedle Wiea1saza1ouIATIIN 1
iadans NUANIY MY UV IT15UIATFIUN18TU (internal standard) 1Azl Tutalinu
Y] A Aaa a 4 14
(diaminoheptane) 11T 1 luTasnsu/Aadans vuanaisazare lydenlaason lodmuvy 2 uos
a A % 14 a
woa USuas 200 luTnsans arsazareoudd Ix@en lumsvemalSuias 300 lulnsans uag uau
a 4 A Aa o Aa aa A Aaa ] {
Fanao 15 (dansyl chloride) 19uTY 10 Haansw/iiaaans USuas 2 Haaans Uuenswaui 40 99
= I A A Y a aan . ] 4 g a = FV )
warsed Huna 45 win e 1¥inaln381 Dansylation pe 19Nyl MINUMANLON TuHaTNTY
a 4 o w a s aan [
30% 1U511¢35 300 ulnsaas ilemdauauganas lsainurdennlgniet UsulSesarsazate
A aa Aa J o X ~ ~ I =
naulasy s dadans areezdlalulasa v lddwndean 2500xg 11 uia1 5 wIH (Legend™
MACH 1.6/R, Thermo Electron LED GmbH, Lengensellbold, Germany) N83&13 azarearuladie
LHUNTBIUUIA 0.45 luTRsmuag
a I a S a =\ Y A . . .
'Jminz‘mJsmmlluimumauummmm HPLC (Agilent 1260 Infinity series,
Agilent Technologies, Santa Clara, California, USA) lagfadled191/3u1as 10 luTasaasidnlylu
o 4 a a o 1
ApANY Hypersil BDS C18 (100x4 Haawas, 3 Tulasmasg, 100 A) yea151seneualea mnauved
a 4 an
Mobile phase A t1az B 1ag Mobile phase A An e13nanve0zd 1a'lulasd aznsaerdandudu
4 @ ' ' aa J Aa
0.02 Tuan5 lusns1d7u 1:9 @21 Mobile phase B ADa@1IHANUBINTABLTANTUTY 0.02 Tuar5:0vd
4 [ U [ [
Tolulasdumuea Tusasiaiu 1:4.5:4.5 1¥015¥21DY Gradient A288AT18IUYDI Mobile phase

[ J @ { aa a o P
A uaz B A5 10azi9end1uay a1eoas1ns nad 1 Jadans/uni lasarugugurgiineauiin 28

= v 1 2 a a A & .
parraiTod asaviant luTedtneiuianuennau 254 w1 Tuwas (Yongsawatdigul et al., 2004)
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21 (W) | Mobile phase A (%) | Mobile phase B (%)
0 50 50
5 50 50
10 40 60
15 30 70
20 20 80
25 10 90

a < aa
3.4 AATHNANINT DA
o ao' (2 1 o (Y } g a 4
NINTNAADITDIFULYNNUY Iﬂﬂlmﬁ%fﬂﬁ‘ﬂﬂa’ENVHﬂTi’Jﬂ’E)fﬂQﬂJEIfJ 2-3 %1 UATIEH
y < [ 1
anuuysdsau (Analysis of variance, ANOVA) Lﬁ@ﬁ?Nﬁ‘llﬂ\ﬁ%ﬂgna1ﬂ1§£ﬂﬂiﬂ‘]&ﬂ@]@ﬂ1§

= = o ' a d 1 ' = Y .
asunlaamauniivesiiode 1az NIz HANNEANA19YeIA IR As TAg 1H Duncan Multiple Range

v
A

Test (DMRT) a5 1einamslasunasmaninszeznain s usnyidse a1e35msinssy
I3 Y] . . . 9 o 14 .

29A152NOUNAN (principal Component Analysis, PCA) lagl¥wona15 XLSTAT (Addinsoft, New

York, NY, USA) uag TisunsuItasiziniaana SPSS for Windows (Version 17.0; SPSS Inc.,

9

Chicago, IL., U.S.A.) ﬁizﬁﬂﬁﬂﬁ?ﬁt‘g p=0.05
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UNN 4

Han15328

H Fl
4.1 maJasulasesnilszneumanil
= ~ g’/ a 1 < [ g I~ [
sy Tdsauvsstamiausiiaanasszrinamanusnwr luiwvadlumnar 27 Ju
=Y 4 30} % -
TaotSuaTdsauvestlamuiagil (GF) anaaniiga Uszum 25% Taginninuda (dry basis,
~ = ) < @ 1 [ @ (Y]
db) (p=0.05, 115199 4.1) U3 lviuanasmuszeznamsnusneue lueusaminunsanad
= ~ g).l dal A 1 < o g I ¢ A 1 o
youSua Tdsau fetiorniiesninlusznineamsmnusne luihuds wulainegludalan
] o a 4 = 1
(endogenous proteinases) 019¢808aa183 8 10 W15 aa15 115A1 (myofibrillar protein) damal¥3una
A 4 A A 2y = , 2 o Y I ¥
Tdsduanas vonanil Tlsaunazaiei laenduoenuiluseriamamnusnu i danalsd
a2 = = Y g 9 @ =< 1 a
15u1a11U58uanaidnale wan1INAaeIlananaodanl Reza et al. (2009) ¥451891147311/5 u19
. . o 3 o 2 3 I
Tdsauvesdan silver jewfish 1/a1 Bombay duck ttaz Yara1u anasvasnisnusne ludwvaily
a1 13 Y
9
=Y <
Pnaudweaiiedanhnau (Lz) waztlamiuiagl (GF) anasmuszeziainsny
@ ?:‘ 3 A A A 9 A = A 1 dy A
S lunde (15199 4.1) Mmsnlsunatdanatoiniieunnnmsgydemnasusnniiosolla
o Y [ S o g <3
Punaluivveuiledarthnan uvazdamuiagianaslusennemanusnu luiuds p=<0.05)
! o ¥ 1 = \ 2 o Y 3 g
TuvagniFunalviuveuiioaimsienas (tB) hinlasuvasdiemnusaw luiugailuman 27
) ' =Y A 24 2 2 o 3 3 1 A
U (p>0.05) AIUUTIUANVFUWNVIUAINTZoLIAIMSINUSTNE WYY Taamnized19a9]uy
= & -~ A N2 & a & =< 3 A
Yamuragd vazdanhnay salSuenhimwvuluielaunannisdaigaduiinnazaienn
4 < o 4 ° 4 A S 1 o 1 =
udanaun T lundandle MIvdsuannusnuiy tazanalidaaiutsualdsdu uas
2
Tuiiuanas Reza et al. (2009) 51991 NUT R NuFUYeIlan silver jewfish (Johnius argentatus),
1lan Bombay duck (Harpodon nehereus), ﬂmmhmim (big-eye tuna, Scomberomorus gottatus), /a1
< . . o A X
213210@ (Chinese pomfret, Stromateus chinensis) g 1Ja1910 (ribbon, Trichiurus haumela) STEVETAY]
o < %‘ < 3 [ A A v =\
waamanulwiwde dunar 13 3w msidsnalviuvesdarthnay uazdavuiagidanas
1 dy Y ) g’/ a dy a a ] 1 o [ Ad o
1w 14 lvgiululan 2 wiiatineeendmdugani luduludamseuassznineinuinelu
¥ 2
AL
[ 9 dy = Y] %’ o Y o ]
NAI9INAIZUIUMTAN USurannuau Talsau uaz lvaiu (hminusda) veadlod1

dy 9 ¥ g a 3 o o <3 A
maﬂamﬂ’mﬁmmﬂﬂaWﬂdﬁm%uﬂaﬂmmmzElznmmil,ﬂmﬂmﬁluumm\i (pS0.0S, M1TNN 4.1)
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=
Lo
=De

A v a4 Y gy o A y A
priteamnnlunszurumsan Tsaunazarninld lviu uazleoouneglunduiiegn
o 9 o o [] dy 9 ’é ~ I 9 A 3 o
Msavanaly Usua lviiuvesdieguiiodaruadrainlasuulaudniseadionarlumanusnm

[

A H s A 2 A A Y @ [l & 9 ¥y 2 X A
Jogauluihudanuvu (p>0.05) Tuvaznlsunadvesdiediuielaruaaaiuinyy s
dy (5 1 dy Y 2 A a dy A X
AMuFUVeIdIgIulala1uadninandntiiedanhnay uaglamssuaunsyuaiy

] o v a9 4 & A ] o Y 2 4
3281 UNUSNBIINYALAIE (p=0.05, 113199 4.1) pH vouHalarnusnu lushudaiy
A 2 1 o 1 1 ' A o 9 a 2 I
naulaAlsza 7.2 F3a1 pH AIna19119910a1 pH N 1nlszggns luTuanaveeTisauily
4 o ’é @ 3‘; 2 U = f A 2
aud (pD) M 1d IlsAugarihnduluduasunmsareIdunniu dewaldUSunaanudunuiiu wans
t;l Y I 1 o = zg Y g da! (Y] g o
naaptuaadlmriunesdlsznoumauaiiveuielarwadinivuegnuszeznal lumsnusnwn
@ a y A Y ! 12 o y o
Tagau Taemsgande Tsauluduasumsdrazinauniuielddarinusne Humluwinds
9

A:al) A a 1 =) 9 tg o a A 1 %
1/]\1‘Ll’f)1ﬁ]L‘Ll’f)QMW%TﬂLﬂﬂﬂﬁﬂﬂﬂﬁﬁWﬂIﬂiﬁuﬂa11!L‘LlfJﬂTﬂLﬂuq%uiﬂi@]mﬁﬂﬂgiu@ﬁﬂQW Hagamn

a a2 1 S o I awv dy ] Ldyl o [l dy Y A a 9
aun 51{11!3$°Vi'JNﬂT§Lﬂ‘UiﬂlﬂﬂLﬂuDa']Lﬂu mm%ﬂummmmamuaﬂmmaNuwmam"lﬂmﬂ

=

Q

1 ] ] Y "
Yanvadouniinunmanuaad Juwd Iy ldSunannusugs wag Tusaud

4.2 mandasusdasauiamanil
R
42.1 Y5 luTediinelunavua (total biogenic amines)
a2 Aa A A 9 [ a A a a A .
luTedtmeliunnuuinlutanvadouns 3 ¥iia Ao WINITaFU (putrescine) A1AT
. 13 a a g’/

17193U (cadaverine) taz 1n310U (tyramine) F9gn1oaruaniuliualuTedtinelunavualu

= dy = S a =\ gl./ dy o (] dy 9 %’ A ag
msane1il YsualuTedinediunivuaveuiiodar nazdrestuioarvad e unuvuaiy
< Y] a { I 1 @ ] [ A 3| o v 2
sreznaIMnNUIagay (p<0.05, M319% 4.1) iuanswnudegudin luTeddineliwd udaiivey
msidemdsvesdaivatresia Julediinelunnuuinluan goldband goatfish (Upeneus
moluccensis) Ao FANNY LOANINY (agmatine) TA113U (dopamine) Az WINTaFU aauan red
mullet (Mullus barbatus) NULONUINY & 15 InHu (serotonin) Faaiu uaz Iathiu (Ozyurt et al.,

a A A G I A a A A .

2009) WINT AU wazaaes iy luTedineliunnuuinluilal white grouper (Epinephelus

[ A g 2,’ < . dy [ 2 Aa a ~
aeneus) IU52 119NNV T UMY (Ozogul et al., 2008) HoNIINHIINY 2-Wilatonatedu (2-
phenylethylamine) Ia13u tonu 1Ny N5Ua Y (tryptamine) tag @15 Intiuluiar white grouper

A 1A (% a3 %,‘ [ o . a A a = o
Andude vaamsmnulnihudaiunar 22 4 (Ozogul et al., 2008) U5 luTediinteliunaviva

¥ ] o ] ¥ g 1 { v & 1 A
youilodargannlumediuilodawadiaihlszuna 7 m1 (135190 4.1) Uer lan TuTeddineliu

] '
gadelIusznieanszuaumsdis (washing process) Usua luTodineliunimuansoniyldlu
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H { o wa ¥ % [] ¥ %’ { A
M1 4.1 Mafasunlasesnilszney tazauinmaniveuiiodal tazdedraiiolaruadrniinaannamaieuas (TB) darthaaw (LZ)

Saltextractable

Ca?*-ATPase

Sample Storage t.ime of raw Protein Ash Fat (%)* Moisture | Total biogenic amine protein activity
material (day) (%)* (%)* (%)** (mg/100 g) (mglg protein) (pmqle/mg
protein/min)
Lz 7 87.70° 1.342 4.05° 82.2 3.26° 682.72 0.1370?
12 86.35° 0.68° 4.48? 81.54 5.47¢ 419.1° 0.1197°
17 69.42° 1.382 3.812 81.74 26.87° 419.9° 0.0505°
27 67.79° 0.97% 2.93° 82.29 47.70% 186.7¢ 0.0387¢
B 7 | 79.712 417 5.91 81.69° 0.68¢ 850.32 0.11172
Fish uazla AN EEGF) 5EHNNGEIB0IT N BRI 522 81.79 2.24¢ 549.4° 0.0887"
17 66.92° 4.4 5.12 81.59° 10.38° 407.9° 0.0607°
27 68.85" 3.42 5.13 83.32° 16.71° 224.8¢ 0.0384¢
GF 7 60.32° 10.09° 5.16° 78.52° 0.00¢ 840.0° 0.1138?
12 56.64° 9.25b¢ 4,77 78.76° 1.25° 536.5° 0.1021°
17 70.14? 7.48¢ 4.71%® 79.632 9.80° 346.8° 0.0468°
27 44.98° 13.36° 4.33° 79.95% 16.38% 365.1° 0.0364¢
LZ 7 60.31° 0.05¢ 2.74 79.61° 0.13° 784.12 0.1187°
12 51.53" 0.532 3.23 81.75% 3.04° 741.22 0.1001°
17 55.05° 0.642 2.75 80.73%® 8.042 549.4° 0.0680°
27 46.92° 0.22° 2.75 80.842 10.242 240.7¢ 0.0432¢
B 7 53.45° 1.69 2.93 80.60° 0.00¢ 986.22 0.1337°
Washed 12 57.61° 0.97 3.14 82.32° 0.34° 576.4° 0.1267°
mince 17 43.23° 1.99 3.12 82.30° 1.93 578.7° 0.0773¢
27 44.21° 1.28 3.13 83.95° 3.45% 298.6° 0.0470¢
GF 7 56.712 3.82¢ 2.71 79.43 0.00° 1078.72 0.1075?
12 42.01° 4,98° 2.56 79.63 0.04° 1086.22 0.0893°
17 45.52b 5.17% 2.73 80.29 1.41° 451.8° 0.0603°
27 45.23° 5.80° 2.71 79.63 2.73? 348.6° 0.0439¢

*9% dry basis; **% wet basis; Different superscripts in the same column within each fish indicate statistical difference (p=0.05). Data are mean of duplicates.

LT
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{3 o 901 3 1 ] ] A Aa o
a1 Mediterranean hake (Merluccius merluccius) MAUINHIUMAINADE 11U 1.5-2.0 Hadniw/
100 N3y TagluTediinelunnuuinie NINTaHU uazAmAIeT Y drudaaiiu uaz lnsduny

<3
TuafSuananios (Baixas-Nogueras et al., 2005)
Y
BN Veciana-Nogués et al. (1997) 5184111 vedTnadaatiu 1ns

= a A A ~ A @ U 1 2 3 o A
Hu W-nsadu wazmaesugaganoousu 1A Tula 1t (Thunnus thynnus) FUAUTHEIN 0 039N

= A 1 a A a o o awv dy 1 A a A = A S o
wraed 1A 100U 5 Jaansu/100 5y Tuawddeinuinlaisunamsdeudadismnusnuilad

’é [ o A A A Aa ~ 3’, [ 1 Aa a o @
Tuhedeilunanu 12 9u TasiilsualuTedtunelunimuasglusie 1-5 Hadniu/100 niu

493 1w a A o =2 A a A = = ° = dy
YUINUFHALaINIINSANYA (®MINNn 4.1) fﬂi‘W‘]J]l‘]JIE]i]‘L!ﬂlﬂuuiuﬂin1m@11uﬂ1§ﬁﬂ}ﬂu 919

u

4 a2 a a ~ ~ < A a =) ° %
io9nlSuansaesiTusasznarusonlaeu Tl uluTeddinediu TuariUs uiad ¥4
=Y a a d' 1 dy d' [ =Y == 43! o A 9 a
YsnansaezlTudaszinedluiewelar nagmsniudeannuuanizeyunvawadoy sHiaued
o A . { o X g ! & @ g
a1 uaznuaNiselsz319u (microflora) N3z Fuilunuanisendudlouludrdarludunou

. y .
vaamsvy danhaauiiluTeddaeiululSaguionuiamluiudaiuna 27 Tu ¥4

) = )

) o [ =" 1 a A = ~ A
AAANADINUANIICNITIUUTYDYIITULIN ”l‘uTaimm@uuwwumn“luﬂmﬂmﬂwmeﬂamq

Aa Aa o

A G a A A S X A A 1o
FJUUTI AD AIAUIBITU WINTAHU uax"lmmu FNUT MmN 23.2,12.8 118 10.5 ¥aan3iu/100
o o @ A A =y =\ A 1A o 1 == <3 Y A A Aa o
N5 mua1ay Tuvaesndsunasaamiuludaningeasnaniieaaniios Ao 1.0 Jaaniu/100
[ . ' G I aa A Aa a
A5Y Baixas-Nogueras et al (2005) 5189143101011083 111w luTedtneHuntysuauinTuan
. A g o %’ < &~ a ~ 9 [ ° A A
Mediterranean hake MAVUSABI U LT FIUTUIUVDIAUIDTUTOANADINUTIUIULLANITE

9 1 P [
Shewanella putrefaciens 1NN Enterobacter ﬁmmﬂwuIjﬁuﬂﬂ”lﬁ’mﬂﬂmummmsa an Saury

Y
A o

a1 Spanish Mackerel 1a2da1d18118n (Amberjack) @11139RAANINT aFU Laza1A1IeT Uy
= ~ Ao dy < 1 a g’; I =
Y3uuga (Kim et al., 2009) uavetuaasliiauaoinld luTedineliunwuailuawiilunms

v 2 1A dy g a 9y T < A a a e ' ) [
Uﬁ%ﬂ31hlu1lﬁﬂﬂlﬂdlu0ﬂﬁ1ﬂﬂ 3 %uﬂllﬂ me]EJNlliﬂﬁ'lllll'UIfli]uﬂl,f]lluﬂﬂ‘ﬂllﬂllﬂl‘ﬂﬂﬂg’ﬁTI’TTUﬂJu

i
[ a ~

Y
siiganmlumsasaaeudounadnnuaavesingaui I lumsnangysiveans 3 wiia

A

Y 1
iinaninluTodinwiiugnisaluduaoumsdrelurFinannn Fezmiulaintsina luleddine-

Y H
Y (2 1 a A 1

A Y ¥ A = Y 9o a '
NU‘VI\‘]WM@(’U@Q@'J@EI’Nlu’f]ﬂa']ﬂﬂa']\‘]u’lilﬂ’lgnﬂ']ﬂﬂqll,ln’lﬂgclf'lf'mlﬂﬂﬂ‘ﬂ u']lﬁfl@fl']\‘]§u1L5\3€I,Uﬂ’li

Q

2

a 3 o o ]
Hag (1M anusnrlal 17-27 1) Aaw
4.2.2 anwawyseives InseseTdsAumisToNusaas
v H Y
TulsausieTeuaasilulisduiddgaeauiadmihnlunmsifanaluiielan

uazgii aAnuanysoives TsAuieTeTluSaarsinnudunusiulSuaTsAuiada 14y
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S A

= . a 4 2+ =
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H 1 1 4 @ 1
M319N 4.2 A1 loading factor YBUAAZDIAUTENOUAYTTIAAMAIN

Parameter PC1 pPC2 PC3
Hypoxanthine 0.888 0.382 -0.117
TMA 0.951 -0.048 -0.034
ATPase -0.598 0.501 0.522
Salt
extractable protein -0.743 0.469 0.099
TVB-N 0.963 0.109 0.090
Protein 0.414 0.415 0.746
Fat 0.273 0.614 -0.687
Moisture 0.280 -0.547 0.637
Ash 0.558 0.675 0.265
Total biogenic
amine 0.723 -0.434 -0.016
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Abstract

Changes in chemical parameters of tropical fish used for surimi production, namely,
threadfin bream (TB, Nemipterus spp.), lizardfish (LZ, Saurida spp.) and goatfish (GF,
Upeneus spp.), during ice storage and their respective washed mince were investigated. Total
volatile base nitrogen (TVB-N), trimethylamine (TMA), hypoxanthine (Hx) and total
biogenic amine (BA) content of mince increased with storage time. Crude protein of fish and
their respective washed mince reduced as storage time of fish was prolonged. Principal
component analysis (PCA) revealed that washed mince produced from fish stored in ice for
7-12 d showed chemical characteristics that were distinct from those of washed mince
prepared from spoiled fish. The TMA, TVB-N and Hx content of washed mince appeared to

be sufficient raw material freshness indicators in these 3 species.

Keywords: freshness, hypoxanthin, trimethylamine, tropicalsurimi, traceability
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Introduction

Surimi production from tropical fish has continually increased in the past decade and
has been estimated to be 500,000 metric tons (MT) in recent years (Guenneugues and lanelli,
2014). The tropical fish used for the majority of surimi production include threadfin bream
(TB, Nemipterus spp.), lizardfish (LZ, Saurida spp.) and goatfish (GF, Upeneus spp.), with
the total catch of these 3 species estimated to be 775,431MT (FAO, 2013).The freshness of
fish is considered to be a key factor governing surimi quality. Cold and temperate species,
such as Alaska pollock or Pacific whiting, are typically processed into surimi within 24-48
h after catch. However, tropical fish are handled differently. Fish are stored on board with a
limited amount of ice after they are caught and are then processed to surimi within 7-14 d
(Guenneugues and lanelli, 2014).After they are caught, the fish undergo biochemical and
microbiological changes, which would inevitably affect the quality of the surimi. Despite
their large catches, biochemical changes related to the freshness quality of these 3 species
during storage have not been well elucidated.

Nucleotide degradation products including adenosine diphosphate (ADP), adenosine
monophosphate (AMP), inosine monophosphate (IMP), inosine (HXR) and hypoxanthine
(Hx) have long been used to estimate the freshness quality of fish (Ryder, 1985).
Trimethylamine (TMA), total volatile basic nitrogen (TVB-N) and biogenic amines are
quality indices correlating well with microbial deterioration (Ocafio-Higuera et al., 2009).
Changes of biochemical and freshness parameters during ice storage have been studied in
various fish species including flounder (Psettodes erumei) (Massa et al., 2005), sea bass
(Dicentrarchus labrax) (Ozogulet al., 2006), meagre (Argyrosomus regius) fillets

(Hernéandez et al., 2009), red mullet (Mullusbar batus) and goldband goatfish (Upeneus
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moluccensis) (Ozyurt et al., 2009) and wild common sole (Solea solea) (Ozogul et
al., 2011).Freshness quality of tropical Indian marine fish such as silver jewfish, Bombay
duck, big-eye tuna, Chinese pomfret and ribbon fish has also been investigated (Reza et al.,
2009). However, freshness indicators of tropical fish used as raw material for surimi
industry, particularly threadfin bream, goat fish and Lizard fish, have not been systematically
elucidated.

In surimi (washed mince) production, fish mince is extensively washed to remove
sarcoplasmic proteins. The washing process inevitably removes trimethylamine, biogenic
amines, hypoxanthine and other water-soluble compounds that resulted from freshness
deterioration. The most studied surimi quality, its gel-forming ability, greatly varies with the
freshness quality of the raw material (Yongsawatdigul and Park, 2002). However, the
textural properties of surimi could be manipulated by the addition of certain functional
proteins, such as egg white powder. Solely the gel-forming property might not be sufficient
for the complete assessment of the freshness quality of the raw material for surimi
production. Chemical parameters of surimi that allow tracing back the freshness quality of
the raw material would be critical to assure the wholesomeness of the raw material used for
surimi production. The objectives of this study were to investigate changes in the freshness
quality and the biochemical properties of TB, LZ and GF muscle proteins stored in ice as
well as their subsequent washed mince. Quality markers of these tropical fish species and

their respective washed mince were also determined.
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Materials and methods

Chemicals

Adenosine-5'-triphosphate (ATP) was purchased from Fluka Company (Buchs,
Switzerland). Bovine serum albumin (BSA) and standard biogenic amines including
histamine dihydrochloride, cadaverine dihydrochloride, tyramine hydrochloride, putrescine
dihydrochloride, spermidine trihydrochloride and spermine diphosphate were obtained from
Sigma Chemical Company (St. Louis, Missouri, USA). All other chemicals were analytical
grade.

Fish samples

TB, LZ and GF with a weight of 30-61 g/fish were obtained from Andaman Surimi
Industries Co.,Ltd. (Samutsakorn, Thailand). The fish were stored in ice on a fishing vessel
and delivered to the plant within 7 d after catch. Upon off-loading, the fish were placed in a
polystyrene box filled with ice and immediately transported to the School of Food
Technology at Suranaree University of Technology in Nakhon Ratchasima, Thailand within
5 h. Upon arrival, the melted ice was drained off and fresh ice was added. Fish samples in
polystyrene boxes filled with ice were kept in a 4°C cold room and were taken for all
analyses at 0, 5, 10 and 20 d of storage at the laboratory, which corresponded to 7, 12, 17
and 27 d after catch, respectively. The draining of melted ice and the addition of new ice
was carried out on a daily basis during the course of the study. The average temperature of
fish samples during the entire storage time was 0+0.5°C.

Washed mince preparation

The fish were manually beheaded, gutted, and filleted. The fish fillets were ground

using a meat grinder (PM 500, Kenwood, Hampshire, UK) with a screen size of 4.5-mm
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perforation. A 3- washing process was performed using a 1:3 (w/v) ratio of mince to cold
portable water (4°C). Each washing cycle was stirred for 5 min. The third washing cycle
was carried out using 0.3% NaCl (w/v). Dewatering at the final washing step was carried out
using centrifugation at 4,500 xg for 15 min at 4°C (Legend™ MACH 1.6/R, Thermo
Electron LED GmbH, Langenselbold, Germany). Proximate composition, namely moisture,
ash, crude protein and crude fat, of mince and washed mince was followed AOAC (2005).
The washed mince was mixed with cryoprotectants (6% sucrose and 0.3% sodium
tripolyphosphate), vacuum-packed and kept frozen at —20°C. The chemical analyses of
washed mince were carried out within 7 d.

Ca?*-ATPase activity

The actomyosin of mince and washed mince was prepared according to the method
of Yongsawatdigul and Park (2003) with slight modifications. The sample (2 g) was mixed
with cold 0.6 M NaC1 and 20 mM Tris-maleate (pH 7) at a ratio of 1:9 (w/w). The protein
concentrations were measured by the Bradford method (Bradford, 1976) using BSA as a
standard. The salt-soluble protein was expressed as mg/g protein.

The Ca?*-ATPase activity of actomyosin was determined according to the method of
Hemung et al. (2008). The liberated inorganic phosphate content was measured according
to the method of Fiske and Subbarow (1925). The Ca?*-ATPase activity was expressed as
pmol inorganic phosphate (Pi) released/mg protein/min. A blank was prepared by adding
chilled trichloroacetic acid prior to the addition of ATP.

Hypoxanthine (Hx)

The sample extraction was carried out according to the method of Burns and Kee

(1985) with modifications. The sample (5 g) was homogenised with 40mL of a cold 7.5%
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perchloric acid solution, and centrifuged at 10,000 xg at 4°C for 5 min. The supernatants
were filtered through Whatman No.1 filter paper and the filtrates were adjusted to a total
volume of 50 mL with cold 7.5% perchloric acid solution. Subsequently, the supernatants
were mixed with 0.6 M neutralising buffer (pH 7.6) at a ratio of 1:1 (v/v) and kept at 4°C for
10 min. The mixture was filtered with a 0.45-um membrane filter and analysed
for nucleotides using an HPLC equipped with a multi-wavelength detector (Agilent 1260
Infinity series, Agilent Technologies, Santa Clara, California, USA). Samples (10 pL) were
injected onto a Hypersil BDS Ciscolumn (100x4 mm, 3 pm, 100 A, Agilent Technologies,
Santa Clara, California, USA). The column was eluted with a mobile phase containing 0.02
M KH2PO4 and0.03 M K2HPOQ; at a flow rate of 1 mL/min. The Hx was monitored at 254
nm and is expressed as pmol Hx/100 g sample.

Trimethylamine (TMA)

The TMA was determined by the modified Dyer Picrate method (AOAC, 2005).
Samples were homogenised in cold 7.5% (wi/v) trichloroacetic acid at a ratio of 1:4 (w/w).
The homogenate was centrifuged at 8,000 xg for 10 min at 4°C and the supernatant was
collected. TMA was extracted using toluene and reacted with 1% picric acid. The absorbance
was measured at 410 nm using TMA as a standard. The TMA content was expressed as mg
TMA/100 g sample.

Total volatile base-nitrogen (TVB-N)

The TVB-N was determined by the method of Botta et al. (1984) with a slight
modification. Sample (10 g) was added to 2 g MgO and 40 mL distilled water. Steam
distillation was performed using a distillation apparatus (Kjeltech System, Hoganas,

Sweden) and 10mL of 20% NaOH were added. Distillation was continued until a final
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volume of 50mL was obtained in a 150mL conical flask containing 25mL of 4%boric
acidand methyl red-bromocresol green indicator. The distillate was titrated with 0.1 MHCI
and the TVB-N was calculated and expressed as mg TVB-N/100 g sample.

Biogenic amines

The sample extraction was carried out according to the method of Eerola et al. (1993)
with slight modifications. The samples were homogenised with 0.4 M perchloric acid at a
ratio of 1:4 and centrifuged at 5,000 xg for 10 min at 4°C. One mL of the appropriately
diluted extract was added to a 1 pg/mL 1, 7-diaminoheptane solution (internal standard) and
reacted with a dansyl chloride solution (10 mg/mL) at 40°C for 45 min. Residual dansyl
chloride was removed by the addition of 300 puL of 30% ammonia. After sitting at room
temperature for 30 min, the extracts were adjusted to 5 mL with acetonitrile. The solution
was filtered through a 0.45-um regenerated cellulose membrane filter. The biogenic amines
were separated by HPLC equipped with a Hypersil BDS reversed phase Cigcolumn (100x4
mm, 3 um, 100 A) as detailed by Yongsawatdigul et al. (2004).

Statistical analyses

Two separate lots of fish were used. All analyses were carried out in duplicate for
each replicate. An analysis of variance (ANOVA) was performed to determine the effect of
storage time. Duncan’s multiple range test (DMRT) was used to determine differences
between means at p<0.05. Principal component analysis (PCA) of the chemical parameters
at various storage times were analysed using the XLSTAT software (Addinsoft, New York,
NY, USA). Statistical analysis was performed using the SPSS package (SPSS 17.0 for

Windows, SPSS Inc., Chicago, IL, USA).
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Results and discussion

Changes of proximate composition

The crude protein content of all studied species decreased during the 27-day storage
in ice with the greatest reduction close to a 25% reduction in GF (p<0.05, Table 1). The
crude fat content also appeared to decrease with storage time but not as obvious as crude
protein. The degradation of the myofibrillar proteins caused by endogenous proteinases
during ice storage likely leads to protein reduction. In addition, leaching of water soluble
protein during ice storage probably causes protein reduction. This was in agreement with
Rezaet al. (2009), who found that the protein content of various fish species, namely silver
jewfish, Bombay duck and ribbon fish, decreased gradually during 13 d of ice storage.

The ash content of LZ and GF mince decreased with storage time. This may be
related to the loss of minerals from the fish tissues. The fat content of LZ and GF decreased
during ice storage (p<0.05), whereas only subtle changes were observed in TB mince
(p>0.05). The moisture content generally increased with storage time, especially in TB and
GF mince. Water uptake by the muscles from the melted ice could lead to an increase in
moisture content. This moisture increase, in turn, reduced the protein and fat proportion.
Reza et al. (2009) also reported that the moisture content of silver jewfish (Johnius
argentatus), Bombay duck (Harpodon nehereus), big-eye tuna (Scomberomorus gottatus),
Chinese pomfret (Stromateus chinensis) and ribbon fish (Trichiurus haumela) increased
after 13 d of ice storage. A decrease in crude fat of LZ and GF could also imply the higher
extent of lipid oxidation during ice storage of these 2 species.

After the washing process, the protein, ash and fat contents of all washed mince in

dry basis were lower than their respective mince (p<0.05, Table 1), which is attributed to the
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washing process removing soluble proteins, fat and muscular ions. Change of fat content of
washed minces with respect to storage time of raw material appeared to be subtle (p>0.05),
while ash content of washed mince increased with storage time of raw material. The moisture
content of washed LZ and TB mince also increased when the storage time of the raw material
was extended (p<0.05). The pH of mince with prolonged storage time was approximately
7.2, which is a shift further from the muscle pl, allowing a greater extent of water absorption
after being washed. These results indicate that the composition of washed mince greatly
varied with the storage time of the raw material. Protein loss during washing occurred to a
greater extent when aged fish were used. This could be because muscle protein degradation
induced by endogenous and microbial proteinases during extended storage. Our results
indicated that washed mince (surimi) produced from tropical fish with low freshness quality
tended to contain higher moisture and lower protein content.

Changes of total biogenic amines (BAS)

The major BAs found in the 3 tropical fish species were putrescine, cadaverine,
histamine and tyramine, which were presented as total biogenic amine content in this study.
The total BA content of minces and their respective washed minces increased with the
storage time of the raw material (p<0.05, Table 1). BAs have been known as a spoilage
indicator of various fish species. The dominant BAs for the goldband goatfish (Upeneus
moluccensis) are histamine, agmatine, dopamine and putrescine, while those of the red
mullet (Mullus barbatus) are agmatine, serotonin, histamine and dopamine (Ozyurtet al.,
2009). Putrescine and cadaverine are predominantly found in white grouper (Epinephelus
aeneus) stored in ice (Ozogulet al., 2008). In addition, 2-phenylethylamine, dopamine,

agmatine, tryptamine and serotonin were found in spoiled white grouper after 22 d in ice
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(Ozogulet al., 2008).The levels of total BAin mince were approximately 7 times greater than
washed mince, indicating that they were largely removed during the washing process. A total
BA index limit of acceptability of iced Mediterranean hake (Merluccius merluccius) stored
in ice was proposed to be in arangeof1.5-2.0 mg/100g with putrescine and cadaverine being
the main amines, while histamine and tyraminebeing less abundant (Baixas-Nogueras et al.,
2005).In addition, Veciana-Nogués et al.(1997) suggested that the sum of histamine,
tyramine, putrescine, and cadaverine not exceeding 5 mg/100 g could be used as an
acceptance limit for tuna(Thunnust hynnus)storedatO°C. In this study, early spoilage was
observed in after 12 day storage, corresponding to total BA content of 1-5 mg/100 g,
depending on species (Table 1). Low levels of total BA were most likely due to the limited
amount of free amino acid substrates. Free amino acids present in the tissues and exposure
to spoilage bacteria depends on the aquatic environment, fish species, and the specific
bacterial microflora, which is the number of bacteria originating from cross-contamination
postharvest. Relatively high BA content was observed in LZ stored in ice for 27 d, which
was in agreement with extreme spoilage condition. Major BAsof the extremely spoiled LZ
were cadaverine, putrescine and tyramine with the levels of 23.2, 12.8, and 10.5 mg/100 g,
respectively. Histamine was less important with the content of 1.0 mg/100 g in the spoiled
LZ. Baixas-Nogueras et al., (2005) reported that cadaverine was the main biogenic amine in
Mediterranean hake stored in ice and its content well correlated with the count of Shewanella
putrefaciens. Two different species of Enterobacter isolated from mackerel, saury, Spanish
mackerel and amberjack were also found to produce high levels of putrescine and cadaverine
(Kim et al., 2009). Our study revealed that the total BA might be applicable as one of

spoilage indicators of mince of the 3 species. However, it might not be appropriate as a
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freshness indicator of washed mince raw material for these 3 species because BAs are largely
removed by washing. Total BA contents of washed mince were very low despite of
extremely spoiled raw materials (day 17-27) were used.

Integrity of myofibrillar proteins

Myofibrillar proteins are major component responsible for gelation of mince and
washed mince. Integrity of myofibrillar proteins correlates well with salt-extractable protein
content and Ca?*-ATPase activity. At day 7, the TB mince exhibited the highest salt-soluble
protein content of 850.3mg/g protein (p<0.05, Table 1). The salt extractable protein of
minces markedly decreased during ice storage, indicating conformational changes of
myofibrillar proteins during ice storage. A drastic decrease (58.9-63.1%) in Ca®*-ATPase
activity was observed in LZ and GF mince after 17 d in ice, while a 45.7% decrease was
found in TB mince. These results suggested that the globular head of TB myosin appeared
to be the most stable among the 3 species studied. Yongsawatdigul and Park (2002) reported
that the Ca?*in TB muscle proteins decreased during ice storage, which corresponded to a
decrease of the textural properties. In addition, Benjakulet al. (2003) found that a decrease
in the Ca®*-ATPase activity of lizard fish might be associated with the proteolysis of the
myosin molecule. Therefore, conformational changes of myosin heads induced by
aggregation and/or proteolysis during ice storage resulted in a decreased of Ca?*-ATPase
activity. Washed mince produced from fish stored for a longer period of time in ice also
exhibited less salt-extractable protein and lower Ca?*-ATPase activity (p<0.05, Table 1),
indicating a higher degree of conformational changes of myosin heads. Based on this study,
both Ca?*-ATPase activity and salt extractable protein content appeared to be good

indicators of the freshness quality of mince and they reflected the quality of the surimi raw
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material. Unfortunately, these values might not be practically applied for frozen surimi.
Frozen denaturation is also a main cause of the reduction in salt extractable protein and Ca®*-
ATPase activity. When lower values of these parameters were observed in frozen surimi, it
indicated either low freshness quality of the raw material or a greater extent of frozen
denaturation.

Changes of spoilage indicators

The Hx in fish mince increased with storage time up to 17 d and decreased at day 27
(p<0.05, Figures 1a). Such a decrease was due to degradation of Hx to xanthin and other
products by microbial action. Based on the sensory characteristics of fish, the freshness
quality of 3 fish species stored for 7 d in ice was considered acceptable, early spoilage was
noticed at day 12 and those stored for 17-27 d underwent extreme deterioration. Thus, HX is
not a good indicator when fish is in the state of severe spoilage like 27-day-old fish. Hx
content of washed mince samples also increased with storage time of their respective raw
materials (Figure 1b). The Hx values of washed mince samples were approximately 6.6 times
lower than those of the mince counterparts, but they were still in the detection limit. These
results indicated that Hx is a good indicator for early spoilage, but not extremely spoiled
condition for these 3 species. In addition, it appeared to be a potential indicator for tracing
back the freshness quality of the raw material used for surimi production of these species.

TMA is related to the bacterial reduction of trimethylamine oxide (TMAO) (Ocafio-
Higuera et al., 2009). TVB-N and TMA of the 3 species and their respective washed mince
increased with storage time (p<0.05, Figure 2a-d). At 7 d in ice, all 3 species, namely GF,
TB, and LZ, exhibited acceptable quality with TMA content of 0.9, 2.9, and 10 mg/100 g,

respectively. The maximum acceptable limit of TMA appeared to be varied with species. A
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TMA value of 5 mg /100 g was proposed as the upper limit of acceptability for consumption
of Mediterranean hake (Baixas-Nogueras et al., 2003). The early spoilage of all 3 species at
day 12 resulted in relatively high TMA contents of > 25 mg/100g. The GF mince showed
the highest TMA content when stored in ice for 27d. This result confirmed that TMA could
be used as a freshness indicator of these 3 tropical species. Changes in TMA were lowest in
the washed GF mince. In general, the TVB-N and TMA contents of the washed mince were
up to 4.4 and 10.1 times lower than those of the mince counterparts, respectively, which
indicated that these compounds were also largely removed by washing. The TMA content
of washed GF, TB, and LZ mince prepared from raw material at early spoilage of 12 d was
2,5, and 2 mg/100 g, respectively (Figure 2b).Therefore, these could be the maximum TMA
limits proposed for washed mince of respective tropical species. It should be noted that TMA
contents of washed GF mince were lowest during the course of ice storage as compared to
other species. The extent of TMA removal from fish tissue is likely species-dependent.
European commission has currently established a limit of consumption acceptability
for different fish species in the range of 25 to 35 mg/100 g (European Regulation, 2008).
The early spoilage at 12-d storage in ice resulted in TVB-N of 23-27 mg/100 g in all 3 species
(Figure 2c). The respective washed mince exhibited TVB-N content of 3, 7, and 10 mg/100
g for GF, TB, and LZ, respectively. Thus, these values could be used as the maximum TVB-
N limit for respective washed mince. Higher TVB-N content than these set limits would
suggest that washed mince would likely be prepared from unwholesome raw materials. TMA
and TVB-N contents of washed mince appeared to correlate well with freshness quality of

raw materials used.



60

PCA of chemical parameters

PCA analysis of all measured parameters generated 3 principal components that
accounted for 86.23% of the total variance (Figures3a, b). TMA, TVB-N, Hx, total BA, and
salt-extractableprotein content were well classified in PC1. The ash content fell in PC2, while
crude protein and moisture were classified in PC3. Ca**-ATPase activity could be described
by both PC1 and PC2, whereas crude fat was in both PC2 and PC3. The PC plots indicated
that the measured chemical parameters of minces significantly changed with storage time
and those of washed minces greatly varied with the storage time of the raw materials (Figures
3 a, b). Mince and washed mince samples were well separated into 2 clusters that had good
correlation with the storage time of the raw material (Figures 3a, b). The LZ stored in ice for
27 d (LM27) showed distinct chemical parameters from others, particularly total BA content
(Figure 3a), while the GF stored in ice for 27 d (GM27) uniquely differentiate from others
due to its relatively low protein content (Figure 3b, Table 1).Washed mince samples were
separated by storage time of their respective raw materials (Figure 3a). The washed mince
of GF prepared immediately after off-loading (7-day-old) and that prepared from an early
spoilage stage (12-day-old) fell into the same cluster as those prepared from 7-day-old TB
and LZ (Figure 3a). It should be mentioned that washed GF mince prepared from 27-day-
old fish (GM27) showed comparable biochemical characteristics as that prepared from 17-
day-old fish. In contrast, washed minces of LZ and TB prepared from 17-day-old fish were
clearly differentiated from those prepared from 27-day-old counterparts. These results
indicated that postharvest biochemical changes and microorganisms contaminating the
muscle tissue greatly varied with species, leading to different extent of formation of

degraded products and metabolites associated with spoilage. The extent of spoilage of GF
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stored in ice for 17 and 27 days was comparable, resulting in similar washed mince
characteristics.

Salt-extractable protein and Ca?*-ATPase activity of washed mince correlated well
with freshness quality of raw materials (Figure 3a,b), suggesting that these are potential
indicators reflecting freshness quality of raw material. However, these parameters are only
applicable for fresh (unfrozen) surimi, but not frozen product since freezing also greatly
reduced these values. Based on this study, biochemical characteristics of washed mince
(surimi) greatly varied with freshness quality of raw material. TMA, TVB-N and Hx of
washed mince of the 3 species studied could be used to reflect freshness quality of their raw

material.

Conclusions

This is the first attempt to determine the quality indicators of washed mince that can
reflect the freshness quality of its raw material. This is an important measure to assure that
only wholesome fish are used for washed mince/surimi production. Among the various
parameters studied, TMA, TVB-N and Hx of washed mince were found to be good freshness
indicators of raw material with less species-specificity. A PC plot of the chemical parameters
revealed that washed mince from all 3 major tropical species can be differentiated based on

the freshness quality of the raw material.
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TABLE 1 Changes of proximate composition and biochemical parameters of fish and washed mince obtained from threadfin bream (TB), lizardfish (LZ), and
goatfish (GF) during ice storage.

Ca®*-ATPase activity

Storage time of raw Crude protein Crude fat ~ Moisture Total biogenic amine Salt extractable protein (nmole/mg
Sample material (day) (%)* Ash (%)* (%)* (%)** (mg/100 g) (mg/g protein) protein/min)
LZ 7 87.70? 1.342 4.05% 82.2 3.26° 682.7° 0.1370°
12 86.35? 0.68° 4.48? 81.54 5.47¢ 419.1° 0.1197°
17 69.42° 1.382 3.812 81.74 26.87° 419.9 0.0505¢
27 67.79° 0.97% 2.93° 82.29 47.70% 186.7¢ 0.03874
B 7 79.712 4.17 5.91 81.69° 0.68¢ 850.3? 0.11172
Fish 12 86.302 3.26 5.22 81.79° 2.24¢ 549.4° 0.0887°
17 66.92° 4.4 5.12 81.59° 10.38° 407.9° 0.0607¢
27 68.85° 3.42 5.13 83.32° 16.712 224.8¢ 0.03844
GF 7 60.32° 10.09° 5.162 78.52° 0.00¢ 840.02 0.11382
12 56.64° 9.25b¢ 4.77% 78.76° 1.25° 536.5° 0.1021°
17 70.142 7.48° 4.71%® 79.632 9.80° 346.8¢ 0.0468¢
27 44.98° 13.36° 4,33° 79.95° 16.38° 365.1° 0.0364¢
LZ 7 60.312 0.05¢ 2.74 79.61° 0.13¢ 784.18 0.11872
12 51.53° 0.532 3.23 81.752 3.04° 741.28 0.1001°
17 55.05° 0.642 2.75 80.73%® 8.042 549.4° 0.0680°
27 46.92¢ 0.22% 2.75 80.842 10.242 240.7° 0.04324
B 7 53.452 1.69 2.93 80.60° 0.00¢ 986.22 0.13372
Washed 12 57.612 0.97 3.14 82.32° 0.34¢ 576.4° 0.1267°
mince 17 43.23° 1.99 3.12 82.30° 1.93° 578.7° 0.0773¢
27 44.21° 1.28 3.13 83.952 3.45° 298.6° 0.0470¢
GF 7 56.712 3.82¢ 2.71 79.43 0.00° 1078.72 0.1075?
12 42.01° 4.98° 2.56 79.63 0.04¢ 1086.22 0.0893°
17 45,52° 5.17% 2.73 80.29 1.41° 451.8" 0.0603°¢
27 45.23° 5.802 2.71 79.63 2.732 348.6° 0.04394

* % dry basis, **% wet basis.

Different superscripts in the same column within each fish indicate statistical difference (p<0.05).
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FIGURE 1 Changes in hypoxanthine in mince (a) and washed mince (b) of lizardfish (LZ), threadfin
bream (TB), and goatfish (GF) during storage inice (7, 12, 17, and 27 d). Bars represent the

standard deviations (n= 4).



(a) 70 (b) 20
&0 18
= 3 16
‘é.sn %14
m40 'l:h12
g _E_ 10
530 .
E E
< ap ; 1]
E | 4
10 2
1] o
0 T 14 21 28 1] T 14 21 28
Storage time of raw material (d) Storage time of raw material (d)
=L mince =TB mince =GF mince #LZ washed mince -+ TB washed mince -e-GF washed mince
(c) 50 @ 2
18
Cpt) =16
& 514
LT Sq2
g g
5 = 10
o ]
E* ge
1]
g 10 g 4
F 4
1] L]
o T 14 21 28 1] T 14 21 28
Storage time of raw material (d) Storage time of raw material (d)
==L mince =TB mince ==GF mince #LZ washed mince =& TB washed mince -»GF washed mince

FIGURE 2 Changes in trimethylamine (TMA) in mince (a), TMA in washed mince (b), total volatile base nitrogen (TVVB-N) in mince (c), and TVB-N in washed mince (d) of lizardfish (LZ),
threadfin bream (TB), and goatfish (GF) during storage in ice (7, 12, 17, and 27 d). Bars represent the standard deviations (n=4).

89



69

(a) Biplot (axes F1 and F2: 68.12 %0)
3
s |
4 |
3 ® GM7
GM12
® 7 ash
= 2 ® T ;?rat,’
=3 - '\:ATPaEe / /.1 Protein .C}Il?
m Salt extractable™, . fl" /,- * @ ;;;12
oy wotsin W\ @ Ly e . HX ® G 27
- oW NN s
= i N LMz . e T™M1Y
2 o : : WP I f ; — e .
7 ———= T0
l\_j TW12 \
 § ™ .\\c;“rz \ ® a7
-1 [LwW12G6W17| TN\ @ LAy
\ e ® Lwl7 \ .
\ Twi7/ \ Total BA
2 A 1 * Moisture
. w27
® T2y ® L2y
p—_
3 1
-4
-6 -5 -4 -3 -2 -1 1] 1 2 3 4 s (33 7
F1 (46.89 %0)
® Biplot (axes F1 and F3: 64.98 %)
5
4
3 LM7 )
- l\{oist?;r’e Proteiry
. ATPase 7/ e 1anz
. @ TM™M :
— wiz O\ T ® TM™MI2
=< N L] N
— - ‘ * Ash |
= ™W7 I ecraccabie 1 T T sy Lany @ TM2T
oG ® & e potein g ——= " “eran® LM27
_ LW7 v — 8 oy U B R . ' ,
o T * @ B - ThiA T T t
= ® gw7 Twl7 LW17 [} = Hypoxanthine
* TW27
1 Y o e S ® GM17
" 7 \ 1
GWIZ o cweny | \ ® Gil2
-2 e gw27 |\
+ Fat
3 1 ® GM27
» |
-5 -4 -3 -2 -1 0 1 2 3 4 5 o 7
F1l (46.89 20)

FIGURE 3 Principal component analysis (PCA) for all chemical parameters of mince and washed
mince obtained from lizardfish (LZ), threadfin bream (TB), and goatfish (GF) during
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(n=2).
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L. Factors affecting histamine in fish sauce fermentation
2. Proteinases and transglutaminase activity in freshwater fish species

3. Reduction of biogenic amines content during fish sauce fermentation
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1. Influence of freshness quality and actomyosin denaturation on gel-forming ability of threadfin bream
(Nemipterus spp.) muscle proteins

2. Purification and characterization of transglutaminase from Tilapia (Oreochromis niloticus)

3. Covalent cross-linking of threadfin bream muscle proteins by transglutaminase(s)

4. Inhibition of proteolysis and application of microbial transglutaminase in lizardfish surimi

5. Process development of fish ball and fish sausage from freshwater fish species

6. Biogenic amine formation in anchovies and fermented fish products

10. Acceleration of fish sauce production using starter cultures and proteinases

11. Study in catalytic reaction of transglutaminase in threadfin bream surimi using MALDI-TOF

12. Conformation changes of muscle proteins from tropical fish species.
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