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ABSTRACT

Postmortem changes were studied in an aquatic animal model, Nile tilapia
(Oreochromis niloticus). Dead fish (105.83 + 1.66 g weight, 18.55 + 0.14 cm length)
were floated indoors at water temperature 29.60 + 0.15 °C, and samples (n = 4) were
collected at the time points 0, 1, 2, 4, 8, 12, 24 and 48 h after death in order to
evaluate postmortem changes of digestive system and muscle degradation enzymes.
Stomasomatic index decreased with postmortem time (P < 0.05) and correlated
positively with protein concentration, pepsin specific activity and stomach scavenging
activity (r = 0.750-0.927, P < 0.01, n = 32). Also intestosomatic index decreased
significantly and correlated positively with protein concentration, specific activity of
digestive enzymes including trypsin, chymotrypsin, amylase, lipase and intestinal
scavenging activity (r= 0.665-0.842, P < 0.01, n = 32). In their postmortem changes the
digestive enzymes exhibited earlier lipid degradation than carbohydrate or protein. The
intestinal changed more rapidly than the stomach. The positive correlations between all
observed variables show coherent changes in the stomach and the intestine, consistent
with postmortem degradation in microanatomy of both organs (lumen, wall and cells
within lamina propria). Specific activity of the three cathepsin enzymes increased
significantly with postmortem time (P < 0.05) and exhibited highly positive relationship
(r = 0.987-0.997, P < 0.01, n = 32). However, cathepsin H had the lowest specific
activity than the cathepsins B and L. Cathepsin H had the lowest specific activity at 8 h
and correlated negatively with chymotrypsin. The findings suggest that the postmortem
changes of digestive system and muscle degradation enzymes can serve as primary
data for the estimation of time of death of an aquatic animal. These data can be applied
for environmental forensics in relation to water pollutants, and in case of aquatic animal

cruelty.
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ATP = Adenosine triphosphate

AMC = Aminomethylcoumarin

Arg-MCA = L-Arginine-4-methylcoumaryl-7-amide
BANA = Benzoyt-arginine naphthylamide
BAPNA = Benzoyl-L-Arg-p-nitroanilide

BSA = Bovine serum albumin

CRD = Completely randomized design
DPPH = 2,2-Diphenylpicrylhydrazyl

EDTA = Ethylene diamine tetra-acetic acid
HSI = Hepatosomatic index

O. aureus = Oreochromis aureus

O. niloticus = Oreochromis niloticus

ISI = Intestosomatic index

SAPNA = N-Succinyl-Ala-Ala-Pro-Phe-p-nitroanilide
SSI = Stomasomatic index

TPTZ = 2,4,6-Tris(2-pyridyl)-s-triazine

Z-Arg-Arg-MCA = Z-Arg-Arg-7-amido-4-methylcoumarin
Z-Phe-Arg-MCA = Z-Phe-Arg-7-amido-4-methylcoumarin
cm = Centimeter
= Gram
g = Gravity
h = Hour
n = Number of sample
r = Correlation coefficient

r = Correlation
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1o Geoaduitelomna1nsun1IAN BN G RGN EIRAT N8 Lagaaldd 1wy
AURIBLAZFAURIBAGANUNLALITDINUMTANLUAIRA TN LW WITULRLY LAZN1TA82N
MIYAMIWNTIN (animal cruelty) 30 1TU TN T ARINITAN L U TUREIFA TN
n:i o o a Oqj o 6?; lﬂl dq’ dl a c?{’ o €:’
Ny mMatasegiansaadthniissweuilnaduaimisuazidosdusadiisssule
NIHNUNIVNUTeAUALANNLRIRIDTLRININTUWE



2. N1ATLANAT

2.1 379Ingrvasilarna

ia#ia (Oreochromis niloticus) Lﬂuﬂmﬁﬁ@ﬁﬁqmmmoLﬂmgﬁﬁl ﬁﬁ'uﬁ%ﬁ@agj
sl,ul,mmjuﬁﬂuﬁﬂuaﬁm LLWS'ﬂizﬁ]’lleﬂﬂyl’lnﬂﬁﬁﬂﬁﬂ"ﬂaﬂaﬂ foamziagaiuatng
n31927319 Lﬁaamnmmmmmﬂw”uﬂﬁﬁ Wosdne wsadulass wazdsudadaniu
snwuIasawled (Pasnik et al., 2008) SaumiaynsuImuvasladasannduunld

%

39

Kingdom Animalia
Phylum Chordata
Class Actinopterygii
Order Perciformes
Family Cichlidae
Genus Oreochromis

Species niloticus

ﬂmﬁaﬁgﬂiwa”num:ﬂﬁmﬂmﬁua fa J5uddnuneazAUINANSRNENY
o Q’ AaAa A :’ dl o o = o A = =}
81921 ax HF U wIENeNa NENAITAILNIAVING 9—10 LD AIURAINLNLY 1 @Ju
152NaUAILTIWAIULDY LAZAWAILAA LD WINWIBNIN ATUAKLTENALAILAIWATULTS
LRETNWASUS A WLTWLALIN LA8USIIWEIWN 80 UUDIATURAI ﬂ%ﬂﬁul,l,azﬂ%umoﬁﬁ;mn

v

Azl FUFMAAINS (FTWITBMIWIzIRBIFa T, 2536) JUTemauanvaslaiadag

2

wazdudodansuzadoafany udlardhgiolnigwuidadaddinaziaualngni
Waflagviiny mausniweamnIanzildlasgaitiziwanuinmlndnuteiming 49
=) v qq: 1 ~ &/ a Qo Q U L=
Uafiadasdanuonaiud 10 udinasduld lapuSmeibiziwasesdigasiiansme
a A ~ A @ e & ' . @ A
Sonendueanan 3ile 2 30a siuwazgidenuvesvisdidauszviataaniz dmaaie
a U adaA 1 U v A =S v 1 o ] 1
vinneitswaziiidandidag d3ia 3 3 fa 3iu srievildiduznasswialng uas
yietiaiz wenaniidimunndunawavaslaialdindvasdila Gisdrvesdag
afifdulasanzlunauannud unpvnssaneaiulita audgazenaniands
a U aAa lﬂl ) Qs Qo = AadaA 1 v aAa =S ~
vinmlansaziifues lusuensrarvasaioazizdanin laasldfnies vaaiuuny

%

v W v a & oA = a o @
°1J’J’]\1°]J’]\1(9’I’JVL@1°E@1L%1& LRZATIUATN 9 ﬁ]zﬁuﬂ'ﬂqLNaLﬂiﬂupﬂﬂUﬂU@na



ﬂmﬁmﬂuﬂmﬁ'muag'i’mﬂ”ul,ﬂmia pnviulugFuWug saunndiudliian
fugnmwiadeuldd iudulaldadranasiluan 19 axfimidnuszunmade
Alaniu uwazdanuondszanm 1 Wa e lenslwirsauaziinsay nudennudaldds
20 §IUIUWHBEIH LL@iﬁ):"l;\immsnﬁuw‘"’uﬂﬁmnﬁwﬁmwmﬁugaﬂ’j’] 30 &AWl WWHEIH
(Fineman-Kalio, 1988) nudan.aw laalusid 6.5-8.3 %o%’]ﬂim‘”uﬁl,a%gaﬂfh 11 #38
fn 4 i ldUsfians (Chervinski, 1982) ﬂmﬁaﬁqm%nﬂﬁﬁ'mmmumms
Lﬁ]‘%mul,ﬁﬂml,a:msﬁuw”ufﬁ 24-32 24AWTALTUR (Zhu et al., 2009) ®I1UNTONUGE
aunn i lilug9 1040 aseizaLfos Lwﬂuqm%nﬁﬁ@imiﬁ 10 admaaLGas Uaiiaas
wingLAulale L@ wazazfinemisianas (Chervinski, 1982) Miforadwnsziuiia

Lﬁwnaaﬂmﬁaagflmmmjuﬁ’mam?ﬂua%l%m%uﬂumm%”au (203, 2549)

UmiladinsFunusuuuaduine Lfiawﬁ”auﬁazﬁuﬁufaumné‘saanmﬁ)’mglla
I@ﬂﬂméfn@ﬂnaaﬂvl,ﬂa%”ﬁa%h UNATINIUAZENINNTY LRAINANTINI LY Taging
ﬁﬂl,ﬂﬁﬁ@;ﬁ'uvl,ﬂﬂ”uéﬁl,ﬁﬂ LLazl%u%Lammuﬁ”’s@;uﬁlﬁﬁawaa@T';Lﬁmﬁal,ﬂumimz@julﬁ
1sla Usaafsasinlanlasuminsuudran 13 lunuazigeanainss uddanazasy
Uhnlsinlnadheanlugesihniiesislwlufes s ldsuinfszona Usunalafudlaning
LL@ia:m&oﬁ):ifuagjﬁ'qumaLLazmm@maoLL&iﬂm Twdlan Emiliano Zapata 22415nG1n 09
Maldvasdaiiaeglutindeufiniauuazidoununwus ﬂmﬁaﬁm%agwﬁftﬁuﬁ
(mature) AANNEIUIZUDH 150 LTUALNAT Tagdanftadaifoaznslalaasiazyszanm
243-847 Wag (Pefia-Mendoza et al., 2005) dwsuludszinalng Uafiadanuiiluns
nlgalusrifendguouifaugaiay Lﬁaammﬂummgm qm%gﬁua:sm"’uﬁﬁ
Wndn uazanuguTurasssiainiavasfuanas lagaznaleldasiazyszanm 100-
700 Wa4 (Bhuje, 2000) LiladaLianslaus ﬂmﬁam""sgﬁ]:ﬂdaﬂﬁﬁl,%amvl,ﬂluvl,muﬂiﬂ
mmw”ufm%a%alﬁvamﬂsmwm 1-2 F2las TdazWawidugnilarivdeunislu 8 7u
lumaﬁgﬂﬂmﬁﬁaaﬂml,ﬂu@”ﬂmie] asimeTnanudundu eandsweguinmi
2a9uilan nasan 3 slanik @nﬂmfﬂzmﬁmaﬂﬁ ﬂﬂ@ﬂmﬁammmNauw”uﬂﬁmaa@ﬁ
lagliann 2-3 Weudasay wddhamadssnauazmanzanluizoziin 1 0 aznaung
16 5-6 39U (FinFspuaswamILszuainga, 2551)



2.2 MnIuazITUUgagaInIsvadlaina

ﬂmﬁa@i’ﬁﬁ%Lﬂugij”ﬁimﬁ’m”uﬁaaa fulngiwiTdue 1 TuasauITnNEe
Iﬂsﬁuﬁﬁﬂmmwgaﬁm%’umsuﬂmmawgmf (Bezerra et al., 2005; Zhu et al., 2009)
U Baf a1 n1IN LGN TITNTIG LR AU TRANINTLRZENT LT 13151 a2 lasin ardan
WURILAZRATLAN 9 TIUNIFIRIBUAZUAY (F1BnTTouazNawIUTTNdinTa, 2551)
msﬂs:Lﬁumiﬁummﬂuﬁsmmﬁmaaﬂmﬁaluﬁmmﬁ@Ltazf,%'@mumaaﬂg;uamﬁwuh
1 1 a A v 6 U A 6 [ 6 6 A =1
o Inguiduvadlanta fa dadnindu uwaidaaudad uazuwasiaouis Taud
ALafELiINy 38 33.5 LAz 33.1 1Wasidud amus1au (WT, 2549) ANNABINITANNNT
r=| a &/ 1 =1 %] -]
ﬂs:m‘niﬂmmaaﬂmuamuagﬂmm@ mﬂqmaaﬂm Qmmwmaﬂﬂmu LREIZAUNRIIW
a 1 L= 1 = % 1 > 1 = > a %] 6 %] =4 %]
Twa1my (@@, 2549)I@ﬂﬂmua1wﬁ’mﬂaaumm;u TIUIIBRTYNUS uaz dudndy
ﬁal,mw”uf Jaudasni1lusdn 3540 tUasiFue 28-35 1UasiFud war 20-30
wWasifud audran (3Ined, 2536) dnsuanudasmanslulaiesa nudrdanfiadinng
15Uslomiannansiulawesalad thasonsnansnssatonladaz luias Satduianlain
dasut] shnaauensle (139, 2542) LL@imsﬁi’@lq@ummiﬂs:mwmﬂﬂamm LT %
Uargt sz i wa1Uznadlaitin 35 1Uastdudlnaini1Tuaslatuuiatan wazn1Ivinle
1 QI a a 1 v &J U,
mmiqm:maquﬂizawﬁﬂﬁwluﬂﬂsﬂaUl%gamuvl,@fﬁnﬂs:mm 25-30 tdasifua

oA

(ﬂ@'mﬁ)”ﬂmmsé'@fﬁm 2534) fnsuenadasmsludn Usnfiadasnsnsaladuisudn
Tungulaiuni-6 asnnitlungulaiun-3 Lﬁaw”wms:uuﬁuw”uf Toouaiafilasulusdn
ninudmassdsduunsslawn-6 alinanfagnuangs winsaigidulaazd
e lasuawsaniisuaulandaduunssaslowni-3 (gudITBUAZ WA

Usznathiaadsnduys, 2554)

s:uuﬂaummsmaoﬂaﬂ@m“’lfsvl,ﬂﬁ]:ﬂs:nauﬁ’;Ud’mé’m”nujvl,ﬁu,ﬁ YaN1ILAKEIRIT
(digestive tract) Waza781:T880881%17 (accessory gland) lauA @l (liver) LazaL8ank
(pancreas) LLazqaﬁwﬁ (gall bladder) nM3fAn®1szUVdBBaIRITVEIUA N W NI D
WOANITUNIINUBINT T2 UZIAAENTRNATINNIZNZETWT wazlszBnEmwmsden
(ATWIF, 2536) miﬁﬂmagamﬂ’imﬂmaomam”m:lm:uuﬂaﬂmmsmaaﬂmﬁa
(O. niloticus) 1ae Morrison and Wright Jr (1999) ﬁﬂﬂﬁ:ﬁﬂ@@vﬁt



1. "aA8IN1T (esophagus)

ma@mmsﬁﬁmﬁaqﬁaﬁﬂs:ﬂaU@T’mLsﬁaa’ﬁﬁgﬂs’wuﬂumﬁw (squamous
epithelium) uazlTaaas19Lian (mucous goblet cell) 31BN lagimasasnsidanuuwa
LN (small mucous goblet cell) #3Ui19ndaugnuns (pear-shaped) aglﬂﬁﬂ”uﬁuﬁwaa
Lﬁlayﬁafuuaﬂ sammadaafiansuialng (large mucous goblet cell) azfiulyiagnu
mamﬁ'aqﬁ’;fuuan ﬁ“ﬁgunuﬁm N§AANIH (tunica muscularis) filsznaudsnduiitaans
(striated muscle) 2 7w lapTuuaniGoasadunasna (outer circular) uazEwlwEssdaana

LI (inner longitudinal)
2. NITLWIZBINT (stomach)

nvziwnzanisreslafia udveanidu 3 @3u laUA NIZLWITENRITEIUAY
(cardiac) 84Na19 (fundus) Laz&Iwlany (pyloric) Topraldnszwnzanmisdsznaudae
fanasingon (gastric gland) #NLIMAURUN (anterior surface) Faflunaruiloansdid
daufiayanT (tubular gland) fusznavludroaasaadonswalngiviusaiiaagle
(basal nuclei) @iawﬁugms{maomammmsa:%mmsmmLtmﬁuﬁ'sﬁm%ﬁwaom:mw:
luesviavasnszinzanmsamlane (tubular pyloric portion) LLazguﬁﬁia-Liﬂm”a (ileo-rectal
valve) S1TUAIWANN (ventral) TaINIZLWIZINT @iauﬁfsgaﬁaz@iam Wasuudaaly
Hudeusosindes vsmdeniaswuiaemuarmas (mucous neck cell) Bavhwinfings
\ansanyadounsziwiziiier] mﬂ”umigﬂﬂ'aﬂluguﬁagm‘%a NITLWIZIMIIRINLANY
szdsznavludmenduilomeinageduszozan g ussdinduitaioy (smooth muscle)
Arnlusesandunaunassunanieseanug u‘%nmﬂﬁmLﬁam@maamumz-
21%1I8IUUa"e (pyloric sphincter) ﬁmsmﬁ'ﬂmmmmn@iawﬁagms‘"l,ﬁLﬂuLﬁ'aqﬁ’aé'}"lféT
(intestinal epithelium) %aﬂs:ﬂauﬁamﬁaqﬁaﬂaﬁums’ (columnar epithelium) WAZLTAS

L% = =3
RINLNDNVRIALAN
3. M & (intestine)

aldvesdafiautsaanidudnlda1uniin (anterior portion) wazdInLans
(posterior portion) (Scocco et al., 1997; Gargiulo et al., 1998) FaruRlaa (mucosa)
Usznavlddriiayaaauwiiuazioadaiiaiiansuwiaian dnluduizgaiis

(muscularis) Jmadnduiteasdutuun g agetdalilas fANTUUSImAUER La-



1wnaa Usznavludrssurasnaiuiitaiounisaeaaduisnay (circular layer of smooth

muscle)
61
2.3 LanluNgagainis

ﬂﬂiLﬂﬁmuLLﬂaa%a”aﬂwsmﬁnmaaﬂm“ﬁ?uag'ﬁm"smLﬁuﬁumaamiﬁi:ﬂammz
wAATasiNRIzLIRMsIUNUeATY uasfATunvesenlmindagludadsn Fedsanad
madasnudasfanssuvasiewladdosavisiane laun wowlasduaani-ozluias
(a-amylase, E.C. 3.2.1.1) 1% (pepsin, E.C. 3.4.23.1) n3UGu (trypsin, E.C. 3.4.21.4)
lalun3udu (chymotrypsin, E.C. 3.4.21.1) uazlaila (lipase, E.C. 3.1.1.3)

1. woan-az luLas

woari-azluasiduonwlodildlun1sdssidudsziniarnaesnisdes
aslulansadiasanidwanlaszluias (endoamylase) Aiviwsiniidouanilulainsa
slﬁl,ﬂuﬁflmaﬂgiﬂml,amaalwa lapdopmonadudnenlsdvasnslulaasafidiunig
0-1,4 glycosidic bond (m;m LLazqﬁ'ﬂﬁim, 2555; Areekijseree et al., 2006;
Supannapong et al., 2008) unadvaduaan-az luiaaludaninieg waztanAnizuasiita
sulngazldmannmasvesniaild nszwizennns du duden uazldas (Fned,
2536; 3unnud, 2550) dwsululanfanuienlafilugnl§ (Tengjaroenkul et al., 2000)
Lﬁaaﬁ)’mﬂmﬁaﬁummsmulmyjﬁﬁmﬂﬂmmmgo linanssuvasan bodas luiaaly
Unilagiadnidinday (Hlophe et al., 2014) Lawlaiuaan-azluaamansnrihanuled
TugreMariuanenani imu luﬁamgﬂﬁﬁ@ (Hyriopsis (Hyriopsis) bialatus) ¥i141% b @
Tugr9Wiay 7 (Areekijseree et al., 2004) ludan Pacific bluefin tuna (Thunnus orientalis)
waarn-ozlutaadsn iz finansaudan1svinuiinies 6.9 (Parra et al., 2007) lu red
porgy (Pagrus pagrus) Wz Bogue (Boops boops) 9w ldannias 8 uas 9 aruseL
(Fernandez et al., 2001) &w3ulaiia (O. niloticus Wae O. aureus) 13zazIHEAUNLIN
¥ ldalugasfios 6-7 (Sheng et al., 2006) 1iafnAanssuvasuaani-asluag
luaitizdasa1n1sEIndd 9 laun nIziw1zannnsiien (pseudostomach) &1 FEI1AY
(upper intestine) &1 l&anUany (lower intestine) wazauwasdanfia (O. niloticus) s
WMIENENITH A0 5.7 35.8 war 921 N3N NEeL wudndansfitnanzandans
¥9uies 6 7 uaz 2 audeu lasUanfiatiinin 92.1 nsufifanssuvasuaani-

2z luLAREIFA (Klahan et al., 2009)



2. 1w

wuFwduazddnlusfios (acidic protease) wu'ldvinldluihdasvasdailinizgn
@ o ° o A a va =
FURRILATNIZINZEMTaIUa nihfidesatenmnsysaianldsaulddemaianad
1 1 [l 1 A o v & 6 A % n§/ a A ] o
neuaslddandandlfian ewlmiiufugnafrsdulustidgluaunldamninim
ldlasmibatulugazasnszimizawimainialalasaaeinaanun ilwnziwizemis
Sanmwidunse tatlfawdUdluawdwowlofidudu duniassljisomosianlod
A o | A Aa R A LY A a A
fanwduwzdansaaziilunfingladradueslandn ldun Alaazarfin Inlsdu uaz
n3Ulny tanlodiduduaunsarirawladlugaiwiidunsa (Simpson, 2000) Fadan
dnszfianuenaddiiasuazgungiinnanzaudansiinusaaddundrani u lu
N32LN1281M13U89UA" pectoral rattail (Coryphaenoides pectoralis) \UTw A ez B &
g ENAINIYNIUANLET 3.0-3.5 ganadl 45 aseniaaidos (Klomklao et al.,
2007) N3ZLN1Z01%19891Ua0 Pacific bluefin tuna wWuinduGulsniieiinuncauds
MINIUANLET 2 (Parra et al., 2007) Ltuldsdnvazdanldsdiealuian discus
(Symphysodon aequifasciata) (Chong et al, 2002) Ja1 Monterey sardine (Sardinopssagax
caerulea) (Castillo-Yanez et al., 2004) Wazian Asian bony tongue (Scleropages
formosus) (Natalia et al., 2004) &3un13AnE1 L bolti fish (Tilapia nilotica) WUINBLTAN
lihs@eafianzfivwunzandansvhuiifies 2.5 gunnd 35 aseuoalfos (Beltagy
et al., 2004) ésunmsAnenludanfia (0. niloticus Waz O. aureus) 3x8zIBBa
azdanldsfiealu niziwizemniaanInynulddlugisiies 1.6-3.3 gungil 55
a9eLalSua (Sheng et al., 2006)

3. NIUTH

n3UGwduaan lastluséies (alkaline protease) ﬁﬁmﬁﬂﬁiumimuqumsﬂam
Tusén ﬂ%ﬂsﬁm’mé’uéangﬂﬂﬁ'ﬁ"lﬂﬂ'aﬁ’]vl,ﬁl,ﬁﬂlugﬂmam%ﬂsﬁul,au S'féal,ﬂugﬂﬁ'
Tigawsarnanle wnlofiouwnalslamauazionloinsuduazi) dounsudluanld
ag’lugﬂmam‘%ﬂ%uﬁmmmﬁwm‘lﬁ uaﬂmnﬁm”aﬂizéjﬂﬂnauvlmﬁ (proenzyme) W38
Lo Tastan (zymogen) B letunt Talaun3uETuian (chymotrypsinogen) lusansuandilddias
(procarboxypeptidase) 1Us8a&La@ (proelastase) lﬁaglugﬂﬁ'mmmﬁ’mﬁﬂﬁ fa
lalun3usu asuendilUAiaa (carboxypeptidase) WazdanwLaa (elastase) FWAIILTI
UAnse1vasnTuduianusinuwizdansaazdluensatuwuazladn (Rungruangsak-

Torrissen et al., 2002; Supannapong et al., 2008) NanIINVINIUTHIANULLTHUAD



@lm%@uﬁ (Rungruangsak-Torrissen et al., 2006) angUazLW@ (Thongprajukaew et al.,
2010a) towlminsududanuidynunammvesdafinluudazio lusldvetaniia
szazI88an (O. niloticus Waz O. aureus) NIUTHENITOVINIW A6 LT 9WLaT 9.5-10.5
ﬁqm%nﬂﬁ 55 adALTALS e (Sheng et al., 2006) duludanfaszaz@l@nis (O. niloticus
ez O. aureus) n3Ududanizfnunzandanmrawlugisfies 9 ﬁqm%nﬂﬁ 60
89FLTALTR (Wang et al., 2010) agdlsnanwludlarfia (O. niloticus) WuinnIUdu
UNI¥N a6 TN 8-11 ﬁqm%nﬂﬁ 55-60 adFLTaLTaR (Unajak et al., 2012)

4. lalunsugu

lalansudwdusanladlustioad aaniawloinIugunegulaluriddluiau
Waglugufianansnisa fisnls lalunsugdurinsmwladlugrsiios 7-10 (Mym sz
qﬁ’mnm, 2555; Chong et al., 2002; Areekijseree et al., 2004; Natalia et al., 2004;
Supannapong et al., 2008; Thongprajukeaw et al., 2010a) U3t2aaL391 AT BNVaLaw ol
lalunsuduianusunizdansaazdlulnlsdu nSulninu wazifiaazariiu las
ssgugsmvnamenlsdlalunsudu de Inda-Afiaazariinasalsiwfia @lau (tosyl-
phenylalaninechloromethyl ketone) Aanssuvaslalunsguinadanisidulavasdaiein
I@m:ﬁ@hgaifwﬁaﬁ'@ﬁwLauim“ﬁw FadunmsugasaaniesanudunuienlaednsFu
(Rungruangsak-Torrissen et al., 2006) ludan Atlantic salmon (Salmo salar) NANTINVD
VLﬂIMﬂ‘%ﬂJG%uﬁnga“ﬁ?mfiamil,ﬁzyLﬁuimgﬂﬁhﬂ”@hﬂmﬂﬁﬂma@mms (Rungruangsak-
Torrissen et al, 2006) lalun3Udulutarsfiad1dg s1u170v191% 166 Lws29R LD
8-12.5 LLa:qm%Qﬁ 50-60 B9ALTALTR (Chong et al., 2002; Castillo-Yanez et al., 2006;
Parra et al., 2007; Esposito et al., 2009) I@ﬂwudwﬁl,ammzqm%nﬂﬁﬁmmmu@iams
auuadtawlod lalunsuduludariia (0. nioticus) fia 9-10 waz 60 adFLTALGEE
(Bezerra et al., 2005)

5. latla

Taarduiawladtas laiuniAaann1InadvuadntisT lauazauaaw tatlad
unumlumsissdfisenmsdesasonisziagnasazniiensa ladununaivases il
a & a & a & ) a ¢ a
Tulwnawalsd landwalsd lasnaiwalsd nIaluais LazNALTaI08 LoW L TN THA
ANV LA A lba N1 AL UNR19 D ILUR (M704 UWATAYEITIH, 2555) Tagasyinan

FIUNUENA ﬁ’mﬁﬁﬁs’wﬁ'uﬂaﬂvl,mw”ulﬁl,ﬂﬂuLaqmﬁﬂ Aansyuvadianladlacaluwlan
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ﬁmf‘:aﬁmgaﬂ’hﬂmﬁuﬁmmzé'm’f uazUaiuNT @u81aU (Thongprajukaew et al.,
2010b) lu yellowtail kingfish Gouutanfiutita wuinfanssuvasonladlaadoudn
go@ﬁi LA HTUa TS (larva) (Chen et al., 2006) ns@ns1lwian Pacific bluefin
tuna wudrlawasansnviewldainies 7.4 (Parra et al, 2007) §wsulaiila
(O. niloticus waz O. aureus) towbmallaialug e unsoveuldanies 6-9 Tugag
penil 25-35 p3FLTALToa (Sheng et al., 2006) Wadnwfanssnaaslawaluaioae
Hape1MnIEIuaN9 9 laun nsziwizemadion §1ldsuan s lasawlats uazalves
Uanfia (O. niloticus) Aifimind19ri% de 5.7 35.8 waz 92.1 n3u wuinlawadianiazd
aNzENAaNIYUARLeT 8 7 uay 8 muday Tagdanfiatiawin 35.8 n3u fAansTa

vostaulmflallagega (Kiahan et al., 2009)

2.4 M3tdfgnulasuasszuutaga1uITHAINIIAY

WRINTANHVAIRAT LTARLAZLHaLE 0L AANTZUIWNNITHUFAIYAILAIIINNNT
o & a & a a6 a ' Aa \
HwsadtawloditaslUsauluioas wazafunidrfiadreg Ndag nyzuiunisdes
ammﬁLaaluﬁzuuu'aﬂmmsﬁﬂﬁwﬁfomzL‘wwzmmm;ﬂ U wianzqidug URZNIAT L&
imIsanngavesiiailan vinlwindaganaudanaanuitas A wUIII AT WL NILAS
T 097199 LADNTLLWIZIRITUAZEN LA UL AO NIRRT ITT Lol AT L% s bW G Lib
UYSunann ssualiifaussnanaionzmelutasrias ilwnszinize1nisuan (Laczniak
etal., 2011)

a I . d' [ ‘ﬂ' o o
mafeunalnsanands (gastromalacia) iwnsidfsunlasnasnsanandan
lunsziwnzonms Mldriinszimzdanaanazuvavadwinediny nmIiiusas
Lauvlénﬁﬁag'mﬂu (O’Donnell et al., 2010; Laczniak et al., 2011; Usui et al.,, 2013)
A e oA o . A a & . = & A
ATz IRAINalasasIdanrivasaltnztasainns Geasiiatnetreniai lwdiaiie
nillewloduaziiuTunaniigs (Vass, 2001) agnslafiana Li et al. (2003) Mewiiasil
PRIGUGABUININAL (hepatosomatic index: HSI) mam&aﬂmn-@afﬁ (Sprague-Dawley)
Lo - ; . .
A ANIBAUTZHZIANMEREINTANY (0 D19 25 w17) Ty AN TSz TR IR
mimglugidiiaves Edandsson and Munro (2007) Wuansmen199an18In1AT81
& A v A & ' A [ A
Watdad ldlmaiRenaniwadilanatrdiull madfsuudasnasnisanauanainazi
=) { 1 v a ~ QI &/
swaannian iminTagaunidiagmoluud enafiaannisneeendiau naiudn
289a15uanlaoan lud wazN1IRZANVRIVEILFY (Benzie and Strain, 1996; Vass, 2001)
Rsmananafinadalysfnlunszimizamsuazn ld
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FmsumMIAnsen losdtana1mInaInIsans Murn et al. (2004) Nenwitlan Lo
lalunSugurinnsinniduainarslumsea internucleosomal DNA 2adLBa8 WEHI 231
Nen8aa (apoptotic cell)

[ a aaa a St . . c§ aaa dl A
naInIeenfialjiseneandiati (oxidation) TaidudfATenfiluanania
azaongyiFdianaseuanulaaslinuluanafivhwihnidudssudidnaseu yauminig

A A o o A v ) va & .
wo'lalasianezaaueanainluanas lavasniwmifidudili8idnasen (reducing
agent) LazA1INYNNANNTUBLANAYaU (oxidizing agent) UfA3snaandiariiinlviie
auyndaIz (free radical) FygruInialJisuneanBiaTwnuaTane Lﬂugﬂiéﬁ@ia"lﬂ
lagdffsoneanGiaTrwuasdane (lipid oxidation) szwivaandiawnulasnfiwalse
(triglyceride) Ninyalvsiuwiialidual (unsaturated fatty acid) ¥inldifinansnlwnann

AaUndldanian (luas uazame, 2555)

luFaiidiadmsdueandiatu 2 ngu de nduil asiunisiiaayysdas: laun
anlmigliaeanlodaadiag (superoxide dismutase) naanlslau iasaanfiaw
(glutathione peroxidase) AzAzLA® (catalase) \Uaseandiaa (peroxidase) lulalasud
\aseandiaa (cytochrome C peroxidase) Naduad (copper) UazdINzd (zinc) waznguf
o Aaaa [} v 1A a a . . ) a a I
rapdJAsengnls ldun 3a1dud (vitamin E) wwa1-ualsfiu (B-carotene) Taniindg
(vitamin C) nIag3n (uric acid) lusAudaydu (albumin) dwmiuluisasnionoudaazd
minAaateanloduazayyadaszaniatesudsznaudd g unizdanfiiann
mMstasvadlan lwaidaasaanan i iwd lnanyusiniiduailvdisnasewle (Lassoued
et al, 2015) athelafion iwdIndfignidesanaldiisanaiiiaTouiAsuiunnge

a A a cq( ] A J o v 6 <& A A
aunadarzuniiuld wenaninisdesaansnuiuduildldind Indaoaund

ﬂs:ﬁw%mwluﬂ’ﬁﬁ’m”@awaﬁm:a@ﬁaﬂao (Lassoued et al., 2015)

NRINTANLVDILTAR (cell death) ziinazwanlIninuad (apoptotic body) Lﬁialﬁ
wasuNalawa (macrophage) RIINsamIalTasaInalean llaiasiaisq (Katz, 2008)
nsdnmazwanlndnuadlunsziwizemisuazdr ldvesnuuazausd lao Hall et al.
(1994) usaaliinuiazwanlndnuadliladnanszasunugy LL@iwumﬂluLﬁ'aqﬁ’;LLaz
1% immediate sub-epithelial connective tissue I@sflum:wazmmiwumﬂﬁq@u‘%nm
@iam%ﬁaﬁwﬂamLmzﬁfsﬁmuaﬂmaowﬁfaﬁu‘luq@ (superficial gastric mucosa) 49119A%3
wuluuSiaok lamina propria ¢e dauludrlddnwueznanln@nuefiegassiiom

Uanpuaddala (vil) wazu3amgIwaaIasun (crypt) ameNn1s@nsnisifonulay
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waan1seelugiiadiiavas Erandsson and Munro (2007) wuitmsidasuudasnislu
o U L= L5 &/ 4 L= &’ { Q/I =
fldzFanaiugsaaunnduilanannasnIanewmwdyu lagfiiad 24 12 la9naIn1sans
DA ENENITRINFTYY 9NaN8 LazLWABd (green-brown-yellow mixture) N
WaswduFiniosuad (yellow-red) 112181 2-3 1% uaziddswduwiuasinana (red-
% =® [ 6 o [ = a n&’ d' v 1 1
brown) lulaan 7 34 aufis 3 dlav dmsunmsdnsigamsinaiiaiie ldud sdew
Bundes la dennwanla sela dmme 61'ld dewiinga1s wazAIRKINLINENE NS
a dq’ dl g 1 = dl 1 v s p.i >
Ianeiniavediitaifadindndzdunuildseaadasnumaidfsuulainainiseny
| < & A o \ A A A \ 'Y o I
agnalsnan thatfiadenandnisiFaugniwadtlanandiu lnadinisany §1Rsu
1 g c§ a Y
mIdszanmdiaanainInsresandignailud u lasldoinwy (Sus  scrofa
. @ ' o [ a ' [ 4
domestica) \IUGMUUY WUNILHZIAN 7 FRAINNAT DIMEINNBIVBITINAYNBIUU
v 1 ot a a U v Cd &’ v 1 o U
wnitas lug29a1 13 Iwna9nel uSiudwiasdsninasduianias wanus bd
> ™ Rt 1 a 1 v &, v At
Nzanaany HasNHaLd®LIaN 20 1% WUINUIIMEIBY0IANTIANINTY FoaAAeINL
AIRIINUN9aY TwIuN 27 nasanneli nuasnumilawinduiafaudani (greasy whitish
. a 1 v c§ s [l dq’ v & 1 n' a dl Qi [ v
coating) ATILIIMEIBTTEY TeonadudrtaTlrmiAwisuiiamadasnulasi ldvinla
& A o VAo & XX ) . o )
Walfasauauddanwuzinlandisuas [l (adipocere) nadannditduiian 34 14
\ia adipocere UTIIMEINYIBY UAT 40 IUNAINNIT TnwyanUnaguele adipocere

NUNIIRINAaaad b 38.6 1asiGud (Niederegger et al., 2015)
v dy
2.5 naatuwailan

nauhadadmlnnUsznausaidulunaiuiiie (muscle fiber) lasnealud

12
=1

\Wwladas (myofibril) Nusznavlddlraidwlacas (myofilament) uazitbaidaliaawu
(mycommata) T4HAaaa1LAW (collagen) duaIuisznaunan (Chéret et al, 2007)
¥ & =1 A A [ X o [% & ¥ & o .
naatavesdanil 3 via fa naNBalTaU nanNLkaas uaznauLkanala (cardiac

[ % nﬂy a A 4 a A [l
muscle) #RIN1IANEVDILA nmmuafﬂ:m@mnﬂaﬂuu,ﬂaﬂmLau"lf]mmmﬂsﬁumglu

v ,_4?( ' a o ¥ v ,_4?( ' ot
NRNULHORN ﬂﬁlzﬂi’]Uﬁﬁ’]ﬂiﬂi@lu‘ﬂ’ﬂ%ﬂa’]&lLuﬂﬂﬂu@’lﬂd

nawitemadunaruitetregervastan Taslumaadanln amuluduna
5ala (voluntary muscle) moluwdnlodaspasiduwlonduitoudasiduasfoflafos
(sarcomere) filsznavlddelaladu (myosin) Gaidusandsznavvasdulonianu
(thick filament) Lazwan@w (actin) S'i'?oLﬂud’mﬂizﬂawaaLﬁu‘lﬂ"nﬁ@ma (thin filament)

Faungaunw i 39vlwiAadwenunussunuunuldssluaasaainusiivesdwlatas
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o & A v v R ~ v dq’ a o v dq’
asnullagimendasaansieiiswaniundaubefidnsuziduas lasnduiilaaiovas
danauntnusseanidn 2 via Aa na1uLikauas (red muscle) LazNa1NLIHBUY (White

muscle)
o X
1. NRNLKALAY

nauLaLaIinTNInEaMNdaLiadlwn1Tingsinuaslan agl's:ijﬂa”ﬂmﬁa
MMLH (epaxial muscle mass) WazNa1ULHaA1BE (hypaxial musde mass) TadINa1NL48a
v o v & Aa A . o 6 v
198167 Lunaatenivaeaiiaanay (capillary) uwwann meluwaaadsznaudls
A A . =S 3 ¥ v & aa v & =}
lalnaauiase wazlulalnadu (myoglobin) F9vinlinduiitedfuas nauiitauasd
AsTuImMILnUadTuLuLlTaanGLlaw (aerobic metabolism) FIFNNITOUBEIDONTLIN

TeunuaznuinanslatdgsuaInauito eI ST WAL NUAZ LNINIINAULHATN0Y 3 17N
2. NA1NLIHDUN?

asutitaanvhaueuyldlteandian (anaerobic) lagldwasanuwainnszuiuns
lnala'lada (glycolysis) Hlulnaeuniasouazlaulalnaduiasnitnauiitouas ¥inlw
2 ,_4?( AaA U A = 6 A 1 1 3 dq’ = ~
nauthefFaeutnedaas milalosdawalrguazrnwminitnauiiauas Juaaldou
1 L v dq’ v lﬂq/ =1 v dl 1 d‘ 1
losautsluninadasndaiia naaiiernludmdwinilslunisslaumbeuaz e
munszuain nanutiievesdamnriadiuiuinninduiiauaadafisunuin
NInNavaIaan manenlulanszun (Puntius schwanenfeldi) Uan&3a8 (Labiobarbus
spiropleura) anszals (Puntius proctozysron) Uanuatainisy (Pristolepis fasciatus)
UaaztiNew (Puntus gonionotus) Uann3z@ (Trichogaster trichopterus) WazlaiTan
_ LAk . X . X o4 . & ¥ x
(Channa striata) WUINAANUBNVEINE1ULHaV1TY 7 111N VaINBANRULHBLAT NI
A X A A A A Y = A \ A
Wasnndannanit dwgdnssumsiadeunidendnaii wazaznszlaailoanta (8963 uas

TN, 2546)

A A A o & v ' & @
Wadanagaziian TRy wulasvaIna e 3 Yeue auA Tz ez nawnITNSIa
FIINAILAURIANEY Imﬂmsmudaaans‘ﬁmmmqmzﬁ'ﬂ hatdazNaaangian vinlwaniy
&319 ATP mﬂﬂgiﬂal,l,uuvl,&ﬂ"ﬁaansﬁmu WunalvilaTuadialdaand1ad Lihadanninga
a a J = L dld ~ £Z dy nﬂl = a
LARANLAAYH Jx8EN1ILNSIA LTuIzusNANIINSIvaInaNuthatitasanlusanluladu
A A ' (7 ' A o o Y a . A o
uwazuan@ufiagludulodon iiamInudanuldiduuanlaluladu (actomyosin) Tadas

AUNRIINUIN ATP DIuiwasswadnaluiiatdavadtarazisuaadias vinlwiie
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mMITuaatinIvadealalulada (automyosis) #9HalAnaNLialsNAaN1TINSIUDS
LRZIZHZRAINITINTIAT NaNLHezABe 9 daualad thasanniian1sdesaaiauas
. . X 2 - . A aed X
ewloiniolundiuiite wenantuerwiaanmsdessaisvasadunidnluidon
luiitaia lundaitoveslan sea bream (Sparus aurata) MiAuinm liNgmannd 4
aseniaaldoa lus193an 14 1% wunlwind 10 gsanansaananuldsdunludulatas
yasnanutite laun wenduuaziawdin (desmin) luamenlusdudslnsfu (dystrophin)
FINNTDATIANL LA LUT9 4 TULINRAINITALLYINTW (Caballero et al., 2009) 1AL
msAnwInsidaswudadlunaruiievesdanininiainaia (Salmo  trutta) Uan
turbot (Psetta maxima) uazUa$aw (Sardina pilchardus) TiAUTNEIgoAnDil 04
a 1 v t?l/ 6 o 1 1 a a [} Rt
asenaaldoa wunsaitadannyiasliinsdesaanslsduaodnlugig 4 Tuusn
NaIMIane IuumeNInuaaTIMstasaa1svadaTin 10-20 1Wasidudlnlan turbot §a%
v ¥ 1 ] =) J Q/I >
Tunauiitevesdarsisaunuinnsdasaansaziiaduwniely 24 2lusnasnisans
(Verrez-Bagnis et al., 1999) daunsdnmqmansmzifianuiowvaslsinlyleduuas
wendulunduiitauasvastaniia (O. niloticus) laga1Am LazAMAE (2558) HANTIANH
Taiwuldsduns 2 sfianagluanini@a (native protein) luiaan 48 Falasnainizany
v & 1 = a a ot v A a s 1 1
waasliiiwildsdululedunszuanduamommuaudimialilsduainanansazaglug

A a a
NIRURNTNDIINDTG

wlasflundauiiadasznandsanlodlululewuss 1w wwlmfaungud
(cathepsin B, E.C. 3.422.1)@ (cathepsin D, EC. 34225) a1 (cathepsinH, E.C. 3.4.22.16)
Lazuas (cathepsin L, E.C. 3.4.22.15) uaztawladiinulugrnvaszilananafin iu
aw lafaalny (calpain, E.C. 3.4.22.17) n3U4w% uazlalan3uSu (Shahidi and Kamil,
2001) Toonsuduuaslalansuduludadaiamnanzandansriamlugisiiduens
(Cao et al., 2005; Sheng et al., 2006) miﬁﬂmqmﬁ'ﬂﬂmmam%ﬂsﬁﬂunﬁmLf:amaa
s (Argyrosomus argentatus) wmﬁﬁm’ma‘hLWﬁz@ia%gms’uaﬂsﬁamaam@aziﬂu
onfaiuuazladuduideanunsuduiinulussundesanis (Cao et al, 2005) 3w
aamudaidufinialus@ias (neutral protease) %aﬁﬁﬁmﬁugaﬁﬁmmﬂuﬂma L Ll
maqugﬂﬂa'amaanmmﬁﬂunﬁwmﬁahﬂmm'aﬂmumaa Z disk miﬁm%qﬂﬁ%ﬁmwu
Bhaf 1 (type-1) wazafiad 2 (type-I1) Tunaraitetsuanlad (Engraulis japonica) W31
ANBLNUTS 2 %ﬁ@mmmﬁnmﬂﬁﬁﬁqm%nﬂﬁ 45 uaz 50 aIALTALTRTINLOY 6.8 Las
7.0-7.5 ¢us1aU (Ishida et al., 1995)
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navutharivedIdatazvinawiuylilTaangiaw G91aWRIIIBINNNITIANY

Tnalaawlinatsiduwnsauandn wdaandianainnisvnslaazaarunianandnvinle

ANNLATVBINANLIHD ML WATR EIRTURINTIOAN AL LRITIINIHAZVNADONTLAUEINA L9
v g =) QI &/ § g 1 1 o =Y

NRULHAINIALRAGNLNNT TIRMEAINGTARNIERNADNI VI DILD % by 8] Nl
v dq’ =Y o v dl ] r=| v dq/ v v ﬁq’ 1 Qo

nanuLe lasaundduwrinninndgesaaiulusdulunauhotdwnaldnaiuiisasowaaad

WRINIANY (Jiang, 2000) NM3ANENVES Chéret et al. (2007) wutaw brsiandSuuaa

o A

1%1]@77731/‘1\1"1]’]'“[,&3Lﬁaquﬁ%ﬂjjwqﬂﬂjqﬂqaqu 9 YN WaY 2 YN @lhlllanq@vll V]vﬂﬁ
A & A AA P \ o A
Lua\ﬁnﬂLﬂuvlsﬁllﬂqLV]TLI"’IT%NWLa"ﬁ‘ﬂL‘ﬁNq$ﬁﬂmaﬂqiﬂqﬂqu1%ﬁﬂq']$‘ﬂLﬂuﬂi@

WAINITONLVIRINTAN talaolouazidosiawlmimmibudadundaadwllsaios
. 0 =S ' 1 3 6 A o v A
(cysteine proteases) e b INWANRTULALTRITN9TLRINITAR FHaYINlAA 1N LaT VD9
(% ¥ ° (2N . . [ ¥ a X
nauLtaaaad wasvinlwaianuuseloaan (onic strength) luwnauiitatnadsy (Yates
et al., 1983; Verrez-Bagnis et al., 2002) Lo bsianUduinninnineitasnunseas
FAUNANLIRAINNTANLVIENT Laurinlinauihadawaaay Lawlairhanannwule
U ﬂq’ v 1 a = a = a a 1 ~
NRNLHE teuA andgud aundduwd anddwiat wazandguiaa agndlsna
= A ' A A A ' a o &g o '
MIANEINRIBIINLIIAINUTHE Jununlunitdessatslusdulunsiuiaiasnin
AuNUTwaN 3 THa thasananlsiainasninsntasaais tulalWusalaalusienNias
13zau1tu 5 (Makinodan et al., 1982; Jiang, 2000)

1. ey

A o v A

6 a ' % a o v & v '
La%vlﬁﬁ&lﬂ’]Lﬂﬂ‘ﬁuﬂﬂﬁﬂ%ﬁﬂﬂaﬂﬁﬂﬁ UIﬂiGﬁiWGIﬂi(ﬂ%ﬁﬂﬂ’ﬂﬂdﬂﬂ’]&lL‘H:E] vL(ﬂLLﬂ

Aa

AawLATIL (connectin) LWUAW (nebulin) uaelauladu (Yamashita and Konagaya, 1991)
ﬁmﬁfﬂimaqamaammﬂ%uﬁ ﬂfuagjﬂ”umﬁmamm gnsulunauiiesnsesdaiia
WUiWﬁﬁﬁﬂﬁﬂI&lLﬂQﬂ 23.5 Nlaaadi (Sherekar et al., 1988) laziaulaianidu
ﬁz\mmgﬂﬁamezﬁfulugﬂmaa pre-proenzyme G483 ldau13nvinanuld (inactive
enzyme) %ﬁ'aﬁl'mﬁ?m:L?Tﬂ;jm:mumm”@LLaJaaamﬂmauvl,smfﬁmmmﬁ'muvlﬁ (active
enzyme) (Egberts et al., 2004) tawlaianmiSudmunsasunvasasauldnansniauas
9z8auRAY  Z-Arg-Arg-7-amido-4-methylcoumarin  (Z-Arg-Arg-MCA) 18z Z-Phe-Arg-7-
amido-4-methylcoumarin (Z-Phe-Arg-MCA) n13@insfisnuanwuitawlodandGud
sluﬂﬁ’ml,ftamaaﬂmﬁﬁm%ﬁmm:au@ianﬁﬁﬁmuagﬂwﬁ’m 5.5-6.5 UAzgmnil 35-55
D9FLTALTUR T,@yama:ﬁmm:amﬁﬂmﬁfuag’ﬂ”umﬁmaaﬂm (Aranishi et al., 1997;

Jiang, 2000; Aoki et al., 2002; Kim et al., 2003; Chéret et al., 2007; Liu et al., 2008;
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Ahmed et al., 2015) NM5ANE Va4 Delbarre-Ladrat et al. (2006) wuin lalalouvasdard
Anddud ter wazuaaidunanuazdfanIsugs [BuALINUNIANBIVEY Aok et al.
(2000) AinuilunduiitanveIlangy red fresh AnUFul uazuosiifanugs du
=2 ! A A o & A oA
nmadnsludainzwezny wohanddudlunduiitesnafidngadu 20.7 viniile
wWisuisunuluiitiedd wenananddudaziduienlaU@ias (endopeptidase) L&A
HadwNE709 I UNTTLIBNTNIINEITINGT 1T% NTAANLLSS NTA8VILTAR

mMIBnNLEuNIAaLEe wazlsAdneg @28 (Gocheva et al., 2006)

2. anUsuLas

P 2

mu"[mﬁmmﬂ%mamwm%LLiﬂsLu@TwamthmﬁﬁmﬁntwLaqa 28 Alamad
(Kirschke et al., 1977) mmzdﬁumauauvlsﬁﬂmﬁ@ﬁ fa L-Arginine-4-methylcoumaryl-7-
amide (Arg-MCA) Lau"l,énﬁmmﬂs‘ﬁmamﬁ'mﬁ']ﬁamﬂw”uﬁ:La"l,u@Tmaamsmﬂﬁuﬁﬁﬂ@:u
axfiludase 11w 01555u twdfiaelud (naphthylamide) wonanfigsaansoaasansi
mﬁ”’]ﬂﬂ”ﬂﬁﬁi@%ﬁuﬁﬁmjmazﬁh (blocked 0-amino group) LTt benzoykarginine naphthylamide
(BANA) (Takahashi et al., 1988) Lawlsdauniduwas luds1fanssafinansaudanis
ﬁ’]d’mﬁﬁmﬁﬂi:mm 6.0-6.8 (Kirschke et al., 1977; Aranishi et al., 1997) NNIANEN
Wisuifsufanssuaesnindduies ludan 4 wfia laun Pacific whiting (Merluccius
productus), arrowtooth flounder (Atheresthes stomias), Alaska pollock (Theragra
chalcogramma) Waz Pacific cod (Gadus macrocephalus) WuinaunUSuias Tudan
Alaska pollock ﬁﬁﬁmﬁugaﬁ'q@ 3898987 balA Uan arrowtooth flounder Uan Pacific cod
wazlan Pacific whiting aENGL (Porter ef al., 1995) dnsunsansnlunaruiiann
209U8NEWITT UAENAINHDAUITAUNST (biceps femoris muscle) Ba4IUN WL
AanysuweseuniSues lundauiiiauedaing 2 oiia dAanssufdninemnydud uas
Loa (Chéret et al., 2007) amotumsanmlunduiloanaenuds Afanssuaas
awlsdanddwas dendudaSouiunuaunddud (Wu et al, 1985) aghalsfiany
AndSuer Sanusmunsadesaansluladuldisininanddud (Aranishi et al., 1997)
HONINAUNNL DL a:ﬁuwmwﬁm‘”ﬁuﬂumiﬂaUamﬂiﬂiﬁuuﬁum”ol,f'i'miaaﬁ'umﬁnm

TsauaznmInawuadtlaa (Che et al., 2014)
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3. AUNUTULAR

ewlsdauniduueariminfidassaslassairslsdunanvesnauite laund
lihs@unanuafin wydu lulafu asaaiiau waan-uaafiiiu (O-actinin) uazlnsluiiu
T (troponin T) wazlnslufin | (troponin 1) (Yamashita and Konagaya, 1991; Ho et al.,
2000)I@mmmﬂéﬁuuaamaoﬂmﬁi{mﬁfﬂimaqaaglfl,uﬁi’m 23-30 Alaaadu
(Visessanguan et al., 2003) Lauvl,énﬁmmﬂé‘ﬁuuaa‘luﬂmﬁqmauﬁaﬂﬁwaﬂ”uﬁusmvl,ﬁmn
é’mﬁﬁyﬂagﬂﬁ’mumazqfi wazau150lE Z-Phe-Arg-MCA (uansasdn n1sdnmnlu
ﬂmLLmauauwudwmmﬂs}?uuaaLﬁuiﬂsﬁmaﬁ'ﬂaﬂamUIﬂiﬁumaaﬂﬁwuLﬁaiﬁuﬂﬂﬁq@
(Hu et al, 2008) tduidanunmsansnlundauitovastanin (Hypophthalmichthys
molitrix) ﬁwui’lmmﬂsﬁmmaﬁﬁammﬁgomf”nmmﬂé?mﬁ (Liu et al., 2008) uazwuinlu
ﬂa””mLf:am’maaﬂmn:wwnﬁﬁﬁmﬁmaammﬂsﬁmtaaguﬂu 3.9 flanseufisy
AuaunuSuuaslundruiitahua (Cheret et al,, 2007) Tassansngoslusduwdulogas
nn&wLite (myofibrillar protein) Idadhasuysainolu 21 5219 (Ladrat et al., 2003)
nmsansfiduuinuitewlsiandduseslunduilsdmifesfimansauda
miﬁfmuaglumo 5-7 UNZQIANNL 45-60 D9ANLTAL TR wgaf:"fuag;ﬂvumﬁmmﬂm
(Kim et al., 2003; Visessanguan et al., 2003; Choi et al., 2004; Siringan et al., 2006;
Chéret et al., 2007; Liu et al., 2008; Hu et al., 2010)

3. Jnnszasn

A = A 1 v dq' [
IWaAN BN TRy BUU8IT89T UL ﬂﬂﬂﬂ’]%’ﬁLLﬂzLauvléﬁiﬂuﬂ NINULUBANINIIANY

va3Uadia (0. niloticus) Twi93282IANULANA1IN
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Unhn 2
a A
A5N1INAaaY

1. Msa3gnaagvlaia

Ususniwdantaudadiwe (O. niloticus) 0 4 o twaan 15 4 lasldanns
Aflu56n 30 wWasidud $1un 2 assdatn waslwuanduwna 12 saluadatn sirlue
Lgﬂaﬁqmﬂgﬁ 29.60 + 0.15 aIANTALTLE WaT 6.95 + 0.02 USums0anFLanazanstin
5.05 + 0.01 JadnIudaaas wazUSunmwanluiily 0.94 + 0.15 JadnIudadas

73 Y 1 a
2. nMsnuaagvdaiia

aaowsUsfaudasneduaa 48 Talusnaunisfudiadns el aanu
madfsnudasiuunuedfuiiiosarnensio aiuﬂmﬁﬁmm@lﬂaﬁﬁmﬁu (nmin
105.83 + 1.66 N3N LATAMNLMNARAARG 18.55 + 0.14 Loudiiuas) savvailasld
iuds uwaztinanaaslumausnsamnaoudud (32 x 43 x 11 [ERHLLAT) sm"’m{ﬁqa 7
LTURLIAT TONMURUIUN 14 GIRaMTUE I@ﬂﬁﬂmsmamﬁqmﬁqﬁﬁm %ﬁ'\ammfqu
Uan (n = 4) 1981 0, 1, 2, 4, 8, 12, 24 Uay 48 Talad HIGALALAIDEIINTZLNIZEINS
wazdn e WelFdnwsruugasams laun safiinmiin anududuveslysdn Aanssa
pastanladdanonwts masulisensanGiaci LLa:mSLﬂﬁ'ﬂuLLﬂaaﬁ'ﬂwm:wwﬁ;aﬂ']ﬂ
Sn1e waziiuaagrendutiternaiiednsfanssuvasewlodlunduile leud

6 a a
L ke unUEuil LT Laziaa
3. NMIANBIATHIRIWINVDIDI B DYDINRT

WEINLALAI0E1985 812 80881WNING 8 THLIAIMAINITANY Th83BIEaINET
andnseniinnein Tastoiminds swinueanssiwizemns uasdnld (n50) uaz
AU AT BIN TN TRBUMINGA (stomasomatic index: SSI) wazaafivesdnld
fatiminga (intestosomatic index: ISI) 91N (HIMBNNTHANNZEIMASANBRENGT) x 100

uae (Hnwnan l@sininel) x 100 au&1al (Thongprajukaew et al., 2015)
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¥

4. MIFNAFIIANAIINNILNIZDIMRITUAZA LA

H1AALRZLALAIBE1INTHNNIZO1WTUAZAN bEVaIUaNUBIELTS NNUUFNARIT
N3 MINaauUad81971n Rungruangsak and Utne (1981) lagUanTsimIza1nITuay
aldluntalalasaaasnanuidudu 10 uaz 1 §adluans (1: 3 dnundadSunas)
awdau lavlgiaIestuaziBuaiiiaiia (34 THP-220; Omni International, Kennesaw
GA, USA) niusinluiunies 15,000 x g figmsnnd 4 asenaaifos 1duian 30

a ! A @ ! = oA A A

wifl gaswuniduladuaan uazgassszassmlanulingunnd 20 asenaaifos
wWaltTianzdmanududusaslsfn nsduwdisoneendiadu wazfianssuves

6 1 '
L brsitasannsdaty

¥

= ¥ Y = e o
5. ﬂ’liﬁﬂ‘]sl"lﬂ')’lul,“ll&I‘ll%‘llﬂdtﬂiﬂ%i%ﬁ’liﬁﬂﬂ%"mﬂizLW"I&E]’]W’]SLL'&I&'&I’II&

WinuanIazany A lasnauaadidasoaing 0.5 nsunulaslo@ungiasn 1 nsy
waUsUUSIN@sIA LS 1,000 FafaaT duasazany B asoulasnaulaidouasuaiue
20 nsuny lmduylaasanlod 4 n3n waUsuUSIaslRle 1,000 AaddaT wazansazans
C wSunlasnguaTazaty A nu B luadasnain 1 6 50 Snsuansazans D tasoulas

W& Folin Ciocalteu reagent NUSNNAWIKEATIEIH 1 fa 2

JienzdanutuduzedlUsduluansanaauitnisves Lowry et al. (1951) law
WWugsanadsunes 25 lulasdas sdlunasanassd t@uansazaiy C USunas 750
Tulasans udnanlwidnin aniwduasazats D U5unas 75 tulasans wauliianii
NS luifiaun 30 wfi 's”@@hmig@ﬂﬁmmoﬁmmmmﬁﬂ 750 wluiuas lag

WIsuNsununIWLNAIIUV849 bovine serum albumin (BSA)
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6. n'ﬁﬁnmﬁanssmﬁnwnmaom%lmfsiaslmms

AnENAaNIIE LWz e W LRt s avnT leun wwlmdidUgun nSUsu lalunIugw

azlutas wazlatls agd
6.1 NanssNvadLawlaNtlUBw

AnsfansInvadan kil UduainnizinizenniIaInitnsues Rungruangsak
and Utne (1981) lagidniaduanuidudsu 2 iwasidud dSunas 100 lulasias aslu
waoananad nasansudiladiivined Mo 2 anuaudw 0.2 Tuand Usunas 100
laulasdas waztanlodanavsuias 200 lalasaas warnanliidnnu ﬁwiﬂﬁwﬁqmwnﬂﬁ
55 ayeniaidua win 10 wifl neadfisndrenadunialasaaalsezdan anududu
5 1WosiFud 150103 1 Tasaas nawlwiantis nasaniwinlUtinwdesd 5,000 x g 7
aANDAYEI Wi 20 wWIN g@musl,mam”aasmﬂ%mm 0.5 4adaas WaNlAdnwAy
loaaylaasanlodainududn 0.5 luars Usunas 1 Iafaas wall@u Folin Ciocalteu
reagent (t3av9rLinsuluganain 1:3) Usues 0.3 fadaas LA IRAINTQANAUEY
moasasmininilnlafined AnnusnInan 720 WIlwuas LAEAIFNAAS AT Lalas
WIsuNBuAUNIWNLNAIFIUTY L-tyrosine g (unit) vasidddudmmandnames

A a £ a o a a
L-tyrosine fitfiadu 1 lulaslua lunaan 1 wifl moldRies 2 ganmndl 55 ssenimaidos
a ¢ a a a a
6.2 NanssnvadtawlaansUsuwnazlalansldn

=S a € A a a a o v Aad
dnufanytnvedenloinsuduuazlalunsuduludlda1uisn1sved
Rungruangsak-Torrissen et al. (2006) fianstnvadianlminiUdunaseulaonantininas
WaT 9 ANNNTY 0.2 Tuais Usunas 700 laulasdaasfnil benzoyl-L-Arg-p-nitroanilide
(BAPNA) et 1.25 adluand uaziauloiana 100 lulasdiay usrvinfigunnd
50 @9eLTalTuE wink 10 Wil nasnuwngalJizendionisiduniaezdan
ANuENTY 30 Wasidud Usunas 800 lulasdas usnanliithnu Aanssuvadiawlod
a 1A was ' A v AaA 2 o A 1 ] A ¥ [ 4
lalunsusulsitnmmasauiguidinuidnasdnsdunnaiun wadasuidulsiwines
Waw 9 Anadudn 0.2 luans USunas 700 lulasias A% N-succinyl-Ala-Ala-Pro-Phe-p-
nitroanilide (SAPNA) A1uidudu 1.25 Sadluad Mansgunndnlslunisvaidu 6o

AIFLTRLT & ﬁ)’mﬁfuﬁﬂﬂf@@hmsgﬂﬂﬁmmaﬁ 410 WALHLUAT LASHIATNA AN TWNT
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a n&l a = o/ . - a Aa a
adulapilIouifisununawanaiguses pnitoaniide piiavainIduuazlala-
a1 a o a . - {a X [
N3UEU FursnyIuaaued p-nitroanilide Miiadn 1 lulaslua luan 1 uf aneld

NLaT 9 ﬁqm%nﬂﬁ 50 BIANLTALTHE LAZNLAY 9 ﬁqm%nﬂﬁ 60 BIFANLTALTE ANNEIAL
a '3
6.3 NanssNvadlawluNoz s

dnsfanstuvadiawlodes lulagauiBn1sues Areekijseree et al. (2004) lag
nansud mnuENan 5 Wesidud Usuias 25 lulashasnuiwined Aaw 7
ANNLTNT 0.2 Tuans USunas 62.5 lulasdas warladuuaaa bsaanuidudu 20 Jad-
Tuan$ 153107 37.5 laulasaas udnduiawladaiadsinay 125 lulasaas ansiwsiud
gDl 50 LoaLBua win 15 wifl uazngadjisenlasmadunialalulasafloadn
anuEuTs 1 1Wafidud Usunas 250 lulasaas udananliidnns s luduluingaa
W 5 W LLﬁaéﬁﬁﬂﬂﬁLﬁuﬁQM%nﬂﬁﬁm GutinnawlsunaT 2.5 08807 anuuNFL
I ERE ﬁﬂﬂf@@hmsg@ﬂﬁmmaﬁ 540 W lwluaT WasPIANAAA AN lela s
Lﬂ‘%’smLﬁﬂﬂﬁ'ﬂﬂﬁ%lmmg’mmaaﬁﬂmauaaIﬂa pliavatazluiaadwimainyTunm
yasinamavealnaimAedun 1 lwlaslus lwaan 1w meldRias 7 uwazgmnnd 50

AIFLTRLTLR
6.4 NaN3INVaILDW b latla

nagaufanssnvasewlodlaaauitnsfaaulasu1ain  Winkler and
Stuckmann (1979) lagW&@XN p-nitrophenyl palmitate AMALTNTH 0.01 luans USuas
200 lulasdas nudWiwashies 8 anatdudw 0.2 luans Usunas 800 lulasdias way
wulodanadsunas 20 lulasdag mmfuﬂuﬁ'qm%nuﬁ 60 BIALTALTEE W1t 30 W17
nyadfisonvesenlodlendulodonaivawannududu 1 luard Usunes
250 lulnsaas udananlwighin ldtiiwdesd 13,000 x g ﬁqm%nﬂﬁﬁao WK 15 w11l
gaaIazapEIula Lﬁaﬁw"lm”@@hmsg@ﬂﬁmmaﬁ 410 W lwuas waUSouiisy
ﬂ"]wﬁmn”msﬁﬂﬁn”umwxlmmgmmaa p-nitrophenol gitavaslaidaduinanyTunm
2949 p-nitrophenol MAadw 1 lulasTua lwan 1 wifi aneldRies 8 Lazgmnail 60

AIFLTRLTLR
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7. MmIdnwnsaul)iseeenBiasuaesszuutago1rIs

ﬁﬂmmiﬁmaaﬂsﬁmfumaas:uuﬂaﬂmmi VL@TLLﬂ' msﬁﬁ'@aggaﬁmﬂm’jﬁ
2,2-diphenylpicrylhydrazyl (DPPH) assay wazANNEINITavasnsilualAdidnasan

10833 reducing power a3%
7.1 nmsiInauyadaszlaads DPPH assay

PNRITENAIINNITLAIZDIMITUALE LFINNTD 4 NIANEIANNRINITD IUNNTATA
auNADFIZYAd DPPH @ 8251389 Thongprajukaew et al. (2015) lasa3uu stock
solution 9MNM3azane DPPH 24 daansulwuninaalsuias 100 dadaes uandulin
GRIVEERILRL g6 RIS HE LAY working solution Tant38919 stock solution §28
LUNUAR Lm”n”@mmsg@ﬂﬁml,aﬂﬁagﬂwﬁ’m 1.0 + 0.5 W28 7 517 w1 lluAT N3
maaummmmm‘lumsﬁﬁ'@awaﬁm: lauwnaa working solution 138105 3 JaRA0S
Aussanatsanes 100 lulasaas 19 luide w3 wi ﬁ’]vl,m”@mig@ﬂﬁmlmﬁ
517 WlALNAT wazAIUNANTINMIINIRaYIATas DPPH (Lﬂaisﬁuﬁmsﬂ”uﬂ%) léan
[(A—A)Ac] x 100 o A, uaz A @i @iflmsgﬂﬂﬁmmwaw”WLWﬁ LAZEITENAIN

A1 NN
v O va & aa .
7.2 anaaasatwnstiwaalidianasaulag s reducing power

PNRITENAINNITLAZDIWITUALEN LFINTD 4 IANIIANNENNIT LT
I#5L8nasananisnIfiaaulasnnain Benzie and Strain (1996) waz Wong et al.
(2006) la8nIHRN 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) anaudiadu 10 Aadluaniln
malalataaesn aNuLTNT® 40 Tadluas NU FeCly.6H,0 aMuLtNdw% 20 Jadluans
wazazdlaniWinasiiaT 5.2 nauasanualiidrulusamais 10 1: 10 nasaniuiin
RIINFNAINAIUSIN@T 2,850 hulasaas naunurisanadSunas 150 lulasaas nalilu
Afawin 30 w1 LLa:f@mmi@@ﬂﬁmmaﬁ 593 wilwuay Lafidudnseugives
reducing power (% remained) fwinslaann [(Ai-A0)/Ai] x 100 Lfia A, AT A Ao
@ifmﬁ@@ﬂﬁmmwaoﬁwmﬁ LRZRIITRNAINADEY ANNRIAL
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8. ﬂ’liﬁﬂ‘]ﬂl’l'gﬂ‘lﬂ'mz"ﬂqaﬂ’lEﬁ3']’]ﬂ?lEl\‘lﬂizLW'IZE]'I%'ISLLRZﬁ'ﬂﬁﬁé’Gﬂ'li(ﬂ'lEI

= [ il o % U 6 a U U 6 & 6
A39610819N3ZNZa1WTLeEe L E LaslTdWasunawauudw 10 1Uasigwd
W 3 2 nvuaitdaantiasliinlnaniw Getineananioaslasusluwlaanagas
[ 9 & & 6 o % - eqj %] 1 dq’ dl U U
AMNLTUTY 50 ez 70 LastFud aUE1aU KAt NBLAALAILHaLEa LR LaTWIa WTaN
nq: U 6 Y U 6 & 6 A 1 o Y o 1
NIl TaanagasA NN NTL 70 tasidud a0 lea1rM1T00NNNNILNIZLAZS 1] Bnsas
nusraiiaiiadinan laadluinTesaionduiiodalud@szuuida (ju TP1020, Leica,
Wetzlar, Germany) (a1 18 1alud annnush luel aslumnAwmarlasldiasasnda
W131A% (3% EG 1150 H, Leica, Nussloch, Germany) udavinlwimfiuudeedn laold
1A789¥INANNLEY (34 EG 1150 C, Leica, Nussloch, Germany) daudsufaniitatiialild
PaMNGaINT nasnniuldialasdaiitaida (34 R, Jung AG., Heidelberg, Germany)
aauRaatatdaliung 3-5 lulasiuas ﬁﬂﬂaaﬂuﬁnjuﬁ@uLﬁlmﬁuaovlﬂl,ﬁalﬁl,ﬁal,ﬁa
IMENURLAS LAITOWALLWLNWR LA au‘lu@auaﬁauﬁqm%nﬂﬁ 45 9IELTRLDHE LT
1981 24 Talad wasanwin ldauaieasslaslsgdunanladn wazdanlslnwaidy
A \ v AT A < o & &
LLa:mim%s:mNLsﬁaamﬂaaiamu AMNBUAFLaa015lasnea permount ULF LA

& A @ @ ' & A ¥ v 4

LuﬂLUﬂLLQZﬂ@‘YlU@’JULLN%ﬂ@]ﬁVLa@ ﬂ\‘iLﬂ(ﬂﬂ’ﬁLﬂJﬂﬂ%LLl}a{]ﬂﬂUl@maﬂdﬁga“ﬂiiﬂ%
= a 3 a A

9. ﬂ15ﬁﬂﬂ’lﬂ§]ﬂ553d?l€ldl€l%1‘ﬁ&dﬂ’lL‘Yl‘.].l‘li%‘.lj 127 LLaZllaa

=2 6 a v ' o 6 a a 13
ﬂﬂﬂ&l"TLEITLVL“HNﬂ’]LVITJGIJ% VL@LLﬂ mianmauvl,smmmﬂsﬁu LASNINITNINNISUBN
& A A A A A o X

LF’JTLVLSHN@'WLVHJSIT%U LT LLRSLLAR TINIURSLDUA A1

9.1 MIanaLawlsNaNUB®

sratanlodaunuSuanisnnsues Chéret et al. (2007) laguandruitasnany
a3 A USu1as 90 Haddas (AF Tris-HCI WMo 7.5 Anudutu 50 Sadluans
B-mercaptoethanol ANuLEUT®H 10 Tadlua1s waz EDTA anududu 1 fafluans)
lugamain 1: 3 (ﬁmﬁfﬂ@iaﬂ%mm) TagliasastiaziBoaiitalia (3% THP-220; Omni
International, Kennesaw GA, USA) %ﬁ'\immfum"lﬂﬂﬁm’imﬁ 10,000 x g ﬁqm%nﬂﬁ
4 aveoalBua 1wIan 40 Wi LLaz@m\%’mmmzmmdmlmﬁuvﬁﬁqmﬂgﬁ —20

a d' R a 6 a ]
aseLTaLTys LN lTANEIAINIINYILaw ki atnSusa b



24

9.2 anvInvadtanlaanilsnd

Anfianssuvesanddud euitnisfiaautssunain Aranishi et al. (1997)
lasnaunasnatWines Aiaw 6 anuduts 04 luars YSuas 200 lulasdas
(A3 EDTA 5 fadlusns Bri3s anududu 0.1 wesidud Usunas 490 lulasias
Taiadu anNdutn 10 Jadluais Usunas 100 lulashias uaz Z-Arg-Arg-7-amido-4-
methylcoumarin ANty 25 fulasluas Usunas 200 lulasdas) nutawlodana
YSuas 10 laulasiag mnifuﬁw"[ﬂﬂuﬁqm%nuﬁ 40 9ANTALTOR Wt 30 WIN il
Uiismnlandulmfovazfiaasined anuitutu 0.1 Tuans Usunas 1.5 faddes A4
lmdunluluanalsecdian Miad 4.3 AnuLTudw 0.1 a3 lagiadinsiSaduaavas
wﬁmﬁ'msﬁﬁ’mLﬂ%'aamﬂﬂimwQaaEﬁmm‘ (31 Jasco FP-8200, Jasco, Tokyo, Japan)
7 380 wiluiuas S‘féaLﬂummm’mﬁluﬁl,ﬁ@ms@@ﬂﬁu ez 450 wluiuas doidn
anupmaduisiAildsaanin wasntwSoufouniasmeii ldtunwanasgw
284 aminomethylcoumarin ~ (AMC) gﬁmaammﬂé‘fmﬁﬁ'}mmmnﬂ%mmmao
aminomethylcoumarin uAadu 1 lulaslus lunan 1wt meldfies 6 uazgmnadl 40

AIFLTRLTR
9.3 Aanvnvastanlasanildwios

Anfianssuasanddutarauiinisfiiaautssunain Aranishi et al. (1997)
ToongaunasnatWiWes Ay 6.8 AuTudu 0.4 Tuand Usunas 200 lulasdas (Af
EDTA 5 fiadlauans Brij35 anuiduds 0.1 iasidud Usunas 490 lulashias Saiadu
ANULTNT® 10 Taaluan U5anas 100 lulasias uae L-Arginine-4-methylcoumaryl-7-amide
anududu 25 lulasluans YSinas 200 lulasias) nutewlodanadsuias 10 lulasdas
mnifuﬁw"lﬂﬂuﬁqmﬂgﬁ 45 ayrioaifos win 30 wifl nyaufitelasdnlmdoa-
prfiaaiined audutu 0.1 Tuand USwnas 1.5 Saddas Adladsaluluassls-
pzfLan Maw 4.3 ANTuTH 0.1 Tums loeSadmas asussanian i finnuenInan
ordutenlmlimmugud usenRouisrdanninldiunswanasgiusas AMC giiaas
AN GulaTaIwIkIINUIUIMVBY aminomethylcoumarin fhadu 1 lulaslus lutaan

1 w17 muldniar 6.8 wazanand 40 AIFLTRLTR
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9.4 AanvInvastanlusanildnuaa

Ansfianssuasanddutaranuiinifiaautssunain Aranishi et al. (1997)
loonaulodovazGiaatWines Wias 6.5 ANNTNTY 0.4 a3 USunas 200 lulasdias
(3 EDTA 5 @adluss Brij35 anutudu 0.1 1asidud Usunas 490 lulasias
Taiadu aNdutn 10 Jadluais Usunas 100 lulasfias uaz Z-Phe-Arg-7-amido-4-
methylcoumarin aLTNT% 25 laulasluans Usuias 200 lulasdas) nutawlodana
USuas 10 lulasdas mn*nfuﬁﬂﬂﬂuﬁqm%nﬂﬁ 50 DIFLTALTUE WIW 30 W1 il
Uiismnlandulodovazfiaasines anuitutu 0.1 Tuans Usunas 1.5 faddes A
lmdonlaluaaalsazBian Niaw 4.3 ANEUTY 0.1 a3 lagdaansiSeduadvad
WEAS AN NEeauE s nuewlrSennUSuiussies uaslSauisunaan el
AlanuniwunaIgIuzas AMC piavasaundfunaadinimaindIuinves
aminomethylcoumarin tiadu 1'1ulaslua luaan 1 wft meldfies 6.5 Lazgnnd

50 DIALTRLTEE
a ' aaAa
10. M3AATIERVBNANWIADG

Q’IGLLNumSY\@aadLL]JﬁJij&Jﬁ&JHifﬁ: (completely randomized design: CRD) ¥i1n19
NA8as 4 1 (n = 4) swmmwa“ﬁagaslugﬂml,aﬁ'ﬂ £ ANNANALARAUNIATZIU TATIEH
toyalavlglisuniu sPss juﬁl 17 (SPSS Inc., Chicago, USA) lagdiasiziaany
uilvdviuasdayauuunaded (One Way ANOVA) wisuifisudayalasld Duncan
multiple range test fszAUNHAIAY 0.05 WIANMUTURUTITAINIM wsudazeuaz
ANUFUNUETER A MEINTa R mulshanaalasldansunniuoa Ao sau
(Pearson correlation: r2) S’IUG’MNmﬂuﬁ'&lﬂizﬁﬂ'ﬁ%%ﬁ&lﬁuf (correlation coefficient: r)
LR URAIENNNINANUITAIITER IR AT AN BT FUNIEUAT (Y = mX +c)
o Y fa daudsfidnsn, X fa awasnisme (Talud), m fa ANt uas ¢ fe 90600
W Y
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Unin 3
NAaN1IANE

1. M5t A g UaIVBIATHNIILABDINITHAINITANE

v

dldvesdaniia (4.41 £ 0.31 Wasifudiminaln 0 42lug) Guintnuinnin
NITWITAIWIT (2.22 £ 0.13 wlaidudinnindan 0 Talug) (3N 1) wansdnmn
WUIarHUaINIEINIZAIWNT (stomasomatic index: SSI) (UM 1a) uszaziivasd |
(intestosomatic index: 1SI) (FU# 1b) aaasatsdnydAYMINITZILIAMAINTANY
(P < 0.05, n = 32) lasaafivasnszimnzanmises bildsuudasluy 2 Talususn luvmen
v A ° A A o o v o =
arfivasdrldlddmadavuudainolu 8 Talus dmsutisnagariieaeinisiiy
(s ' ' @ A o ¥ A & < 6
FBENINLI ATAVBINTZNIZENNTUALEN bRAAaILAADLTZ I 42 LA 44 1o iTued

nﬂl = a o o A ‘a' v nﬂ' nal ~ s ] o [
WallIaunaunUaThiINa WU aLININLANDE1Y ANNEIAL

a [ a a o
2. ﬂ'lil,llaEl%l,l,iladﬂ')'lNL“IIN‘II%“IIE]GIﬂ?GI%Sl%‘YI'NLﬂ%ﬂ']‘ﬂ']?ﬂaﬂﬂ'li(ﬂ']ﬂ

anututwuaslUsduluniaduainisiansamzuazuwd ldusudrnuasi
YBINTLLWIZBNRITURZ R LT (gﬂﬁ' 2) Taganudutuvasldsiuiiazarsdiilelu
NILLWIZEIANT (3ﬂﬁ 2a) wazlud 1§ (31 2b) aaasatadibdrdnasnisans (P < 0.05,
n = 32) Tagldsdulunsziwizamisaaasagneth g lugaaiaan 4 1alasusn (P > 0.05)
REIMNTUAABILATAINTINTN 8 B9 12 Talug uazanasadneanniitg 48 1alus
fnsuanududuvasldsdnludr ldnuinfansaaisuazaaatatnemaiss lasinng
wiasuudasagafivddunelu 2 Falus wagldaainsnamaiannududusasllséiu
Tugldnne 48 Talusmasnsas'le
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Postmortem interval (h)

4 8 12 16 20 24 28 32 36 40 44 48 52
Postmortem interval (h)
a
ab
ab
abc be
c
d
a4 8 12 16 20 24 28 32 36 40 44 48

52

31U 1 maasuulasaaiizensziniza1ns (a) uazd b (b) vastanfianelu

48 Trluanainioe Teyausaddudnads + anuanaARauINaTIIN

(n = 4) AEUNNUANFINBUFAIDIANNUANAIN AT
WAINNIANY (P < 0.05)

o o
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Stomach protein concentration (mgmL)

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Postmortem interval (h)

Intestinal protein concentration (ngmL") T

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Postmortem interval (h)

gﬂ‘ﬁ 2 madpuudssanuitutuesldsdulunssnnzawng (a) uazdi & (b)
yosdafiamelu 48 Talusnainsans iagal,l,aml,ﬂummﬁ'ﬂ + A3
ﬂmmﬂﬁlaummgm (n = 4) SLNAUANENINULRAITINNUANGITT
VRN ITWINTIIAIMEINIINNY (P < 0.05)
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a a ¢ [
3. mardaguuidasnanssa LE]%1°I$3JEIE]EIE]’]%’]‘S%§N?’I’]SG]’IEI

c.i % % a a = v
madfssudasanuiduturasldsdnluniaduernis swnsadnsilaan
a 6 1 A o o A 1 a a A a o
fansswvevienlodtasamisnviwinndesldsdiu 3 oiia (JUN 3) Aansandumz
vodiawloiiduduldifouudlaslu 4 Falususnnainsans (JUA 3a) anuuazanas
4 a o o .1 { [
15089 wazdifanssnduwzdnga (7.24 + 1.18 mU mg protein ) NTMIANFANELBINS
Wu@ladnd Nanssusinizsaden lainsUduianalidaiainssnisaisuinnia
ewlmiiuBu (U7 3b) lavfanyinvedienloiliasuudaslugae 1 Falumasnis
a1e (P > 0.05) uazdddinindadnnavainisasiaianiia 48 T2lud émsuianTia
Fumzaasenlodlaluniudu wuihdumldanuandrsnuew losdtesldsduns 2 adia
1196 lasfianysudengegan 8 Talusnainaans luamefivaan 0 89 2 Talus uaz 12
o a o =1 v n:i v R c.i [l [~3 a o
alag fanssuduwzdumlinnadionu (U 3¢) adilsianufianssudinizsas
ulodrfiaidardinindaiinauein1insialaluszeziial 48 TaludnaInisans
v a ot e Aa A
TwlAenULen lmainIUaw

Aanssusmnzvadian lodes luiae (3ﬂﬁl 4a) waslawa (3ﬂﬁl 4b) ANRIBENT
JupfAyaNITLZIMRAINIILLTRADINUNSUSH Aanssuduwizaasianladlals
ﬁm’m"h@ial,amm”amimsmnniﬂunmau"lsﬁﬁﬁ'ﬁﬂm lasaaas 98.63 LUasidud
molu 24 3lususn wazfandinindasinavasnisasaialaiing 48 alus

RRINITANE



30

(a) 120
=
2
-t
o
©
[+
=
g
w
=
@
[=9
D
o

0

0 4 8 12 16 20 24 28 32 36 40 4 48 52
Postmortem interval (h)
b) 50
() * T
z
&
-1
Q
L]
=
&
Q
@
Q
]
£
w
a
e
r—
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Postmortem interval (h)

(C) 90

Chymotrypsin specific activity
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Postmortem interval (h)

{ S a o -1 -
311 3 maasuudasnanisudimng (mU mg protein ) vadtan bodidUgu (a)
n3UGu (b) uazlalun3udu (c) vasdafiamelu 48 Talaanasnsans
Toyausadidud1lade £ ANUANALARBWINATZIU (n = 4) drEnh

ANNWLEAITIANULANA NN ARFIATYITRINTIIINARINITAY
(P < 0.05)



31

(a) 80

Amylase specific activity
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Postmortem interval (h)

(b) 160
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-l
N
o

100

Lipase specific activity
s 8 S

[
o

o

0 4 8 12 16 20 24 28 32 36 40 44 48 52

Postmortem interval (h)

{ A a o . -1
3111 4 madasuudasnanssudunzaasionlodesluias (a, U mg protein )
-1 A Y o
uazlawa (b, mU mg protein ) aastafianely 48 Thlusnasnisans
Toyausadidud1lade £ ANUANALOADWINATZIU (n = 4) drEnh

UANGNUUEAIDINNNUANAWNT R FIA Y IZA I TR IMRIN TN
(P < 0.05)
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4. mavagunilasuaslisersandingnlnszuutdagainisnasnmaaie

MIuoaNTIaTHlwIzUUdaga1n1Iddanasad9dnedAana NIz eZII87
#AINIIY (P < 0.05) lasamumansnlun1sminauyadaszainisiniza iy (gﬂﬁ' 5a)
uwazd L (31U 5b) lusrsnmgarhaaaanie 18 uaz 24 wasfidud WaSeuisuny
Ausudwiaisuudang musey wwdsnuanusasalumadualiaianason
YBINTLINIZDIANT (gﬂﬁ' 5¢C) WATEN & (gﬂﬁ' 5d) lugrsamgarie TINARINED 4 UAz

¢ & & A = a v . a o A& A & @ ' o @
11 1a3true LWatlIsumnaunuaIINaAWBNLINLNLAIDEY dNAIAL

o o ¢ 1 o A A L2 a a 1
5. ANFANNBDITHIWLIAazanlsntngIvasnun1stdagnuldasaasszuugas

B3In9

% a g; % % %] 1 0/ 1 1 v 1 0’
mauﬂimﬂﬁaﬁauwuﬁfmaaLﬁ'ﬂ{am:mwnml,l,azml,l,ﬂil,ma:ﬂ laun aadt
2182280 89IRIIF DU RING2 AT NTWUalUTaW Law lrdtanan1®ls wazianITy
miﬁw"'@m‘waSmzlum:wazmmmazﬁﬂﬁ WUTIAUINIRNAT AU RN N T UL

1
o @ A

wlsinassnlasdvsdayGaneaiia (P < 0.01, 31990 1)

NAMREINTANY (X) anusunusiuuudsinabnumadfswulasasseuutag
21113 (Y) louA auflettnztasannnsdatiining anuduturasldsdv awlosdtas
2113 uaziansawmamdaeayyadalunszimnzamauazi ld (P < 0.01, e 2)
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20 24 28 32 36 40 44 48 b2

Postmortem interval (h)
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Postmortem interval (h)

31N 5 m‘smﬁﬂuu,ﬂaommmmmiumsﬁﬁ@a%aamﬂumuwwzmms (a) wazd L& (b) (% inhibition) wazaNNaINTA AT

£ ANUAMALARIUNIAIPIN (1 = 4) AIVNNUANANNLHUFAITIANNUANGINT Y

A ADLANATOWIUNTEINZENT (c) wadLF (d) (% remained) vasdanfianalu 48 ﬁ'aiuoﬂé‘amimm]”agal,l,amLﬂummﬁﬂ

o & '

mmyszmwmanm%é’amsm’m (P < 0.05)
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H e a A€ Rt Qs L 1 L 1 1 { { v Qs { 1 Q
A13197 1 mawﬂszawﬁaﬂauwuﬁfmaaLﬁﬁau (n 33%’]’10@]’)LLlISLL@IQ$Qﬁl,ﬁEl’]“lladﬂﬂﬂ’]iLﬂaﬂutLﬂﬂdﬂad‘SZUUElaila’]%’]‘i%ﬂdﬂ’]‘i@]’mﬁ.lad

'
o ¥ A

Uafia et sinuadenusunutuuuulidiasinuadiduadandmiee

0@ (P < 0.01)

Parameter SSI ISI PC, PC, Pepsin  Trypsin  Chymotrypsin Amylase Lipase RPg RP, DPPHg
ISI 0.835

PC; 0.886 0.791

PC, 0.948 0.841 0.889

Pepsin 0.927 0.737 0.825 0.853

Trypsin 0.834 0.790 0.914 0.892 0.887

Chymotrypsin 0.867 0.665 0.700 0.778 0.809 0.677

Amylase 0.921 0.783 0.833 0.871 0.858 0.883 0.828

Lipase 0.773 0.688 0.866 0.848 0.745 0.918 0.595 0.770

RPg 0.814 0.749 0.881 0.888 0.729 0.958 0.519 0.748 0.963

RP, 0.877 0.782 0.888 0.945 0.746 0.920 0.705 0.829 0.951 0.949

DPPHg 0.750 0.785 0.916 0.881 0.785 0.972 0.575 0.762 0.885 0.942 0.879

DPPH, 0.901 0.842 0.942 0.956 0.870 0.934 0.810 0.879 0.853 0.886 0.919 0.942

SSI, stomasomatic index;

ISI, intestosomatic index; PC,, Stomach protein; PC;, Intestinal protein; RPg, reducing power in stomach; RP,,

reducing power in intestine; DPPHg, % DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity in stomach; DPPH,, % DPPH (2,2-diphenyl-

1-picrylhydrazyl) scavenging activity in intestine.



dl 1 L Q/I =) L dl
MN1IWN 2 FUNINADDLITRINILIRTIAR/INITANY (‘ﬁ’JIZJ\‘i) PaIanita (X) ez N

%

A @ a A ' & = o o ¢
LNYVaINUM I AL WULUAIVII VUL HATANT (Y) AU INIANANANMNFUNWDTLULU

WUSNNEWNLLIAIMAINI SN BN InuEIA L BIn9sia (P < 0.01)
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Y variable Regression equation r

SSI Y =-0.0168X + 2.1068 -0.927
ISI Y =-0.0394X + 4.2644 -0.833
PC, Y =-0.1094X + 5.1970 -0.914
PC, Y =-0.1288X + 5.9358 —0.941
Pepsin Y =-1.9741X + 94.182 -0.867
Trypsin Y = -6.1441X + 251.45 -0.887
Chymotrypsin Y =-1.2607X + 65.062 —-0.883
Amylase Y =-1.2451X + 61.982 -0.947
Lipase Y = -2.6486X + 97.580 -0.788
RPg Y =-1.7790X + 68.460 -0.799
RP, Y = -1.3990X + 68.300 —-0.865
DPPHg Y =-1.0750X + 48.030 -0.874
DPPH, Y =-0.9290X + 55.240 -0.975

SSI, stomasomatic index;

ISI,

intestosomatic index; PC,, Stomach protein;

PC,,

Intestinal protein; RPg, reducing power in stomach; RP,, reducing power in intestine;

DPPHg, % DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity in stomach; DPPH,,

% DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity in intestine.
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6. M3Lda El%l,l,ilad5ﬂ1ﬂ'm3§?‘aﬂ1Eﬁﬂ’]ﬂﬂ‘5$LW’]%E]’]%’]SLLEI8§11§1/i§0ﬂ’]‘5(§]’]ﬂ
6.1 nM3Lda smu,ﬂaaé’nﬂm:qamﬂ%mﬂmaanszm‘mmms

midnmMadasuuasdnsazaameiniazasnszinizamsdailamslunm
48 TA9RAINIANG NMadENe 40 1Y wunAawdanane (0 T21a09) LAZHAIANEUIY
1 $2la9 Ut (lumen) 2a9nTziNzamIsiglInsdautInay (U7 6a uaz 6b) udiiia
nandwldlugg 2 89 8 Talug wm"]gLumaam:mw:mmsﬁgﬂiwﬂ'amj””nﬁ AU

L= I&J { 4 ] 1

VoINkIAaRd uazgiuudvmalngiiu (UN 6c-6e) uaziilalamsiwldlugag 12 04 48
o ' ' -4 A o o A AN
g wuhgswesrwalnguinds niziwizanlansmuensduguwingn b

. 1 & - ;
wiuaw walizlivendumuszoznawainiens (3UN 6f-6h)

ﬁﬁﬂgﬂﬂﬂiﬁﬂ‘]ﬂﬂﬂﬁiLﬂaEI‘LLLL‘]JESG an Hm3ﬁgaﬂ']ﬂ’3ﬂ’1ﬂ°lladﬂ5$L‘W’1$ 217%1IN

%

N8IVE1E 200 L1 WuInann1Iae (0 %;qim) N3TNNZEMTU TN AT BHITITH
mucosa, submucosa, muscularis L8z serosa WLARIWUDI lamina propria ‘ﬁlagl' TARINN
9INHIITH mucosa (gﬂﬁ' 7a) Wavanarewin 1 Talue wudnitetdensziwas
U3NauMuNIiInNg 4 T3 uas lamina propria Vl,aiLmﬂ@mﬁ'umzLwnmmﬂaaﬂmluﬁ;@
QIeMGEY (gﬂﬁ' 7b) uafforarwlylugag 2 9 8 Talus wuikaitatdatu mucosa
SURMLEIRLL AN IANLVILTARLSLI T8 lamina propria (gﬂﬁ' 7c-7e) waziilaaann
Mulugng 12 §9 48 Talag WUIIRHINTNIZOMITLIIRIMNTZHZIRRRINITANBTIUT
Ju esnniiamssseaivasilafaudazsnografuldta lagwumsssiadaves
oo uaznsmsasagU3LI04 lamina propria undu s TusnT UV IS

NILLWIZDINNT bABENITALA (3UN 76-7h)



311 6 99MeIMATEINIZINIZEIWNT (AAMNUIN) Baddarfianasnsmeniig

0 (a), 1 (b), 2 (c), 4 (d), 8 (e), 12 (f), 24 (g) uaz 48 FAlas (h) (H&E,
scale bar = 200 ym) MWiNaTWANAMaIVENE 40 1
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31f1 7 9amedimaveInizinizaIwns (Aamu9) saddarfianainmsmenig

0 (a), 1 (b), 2 (c), 4 (d), 8 (e), 12 (f), 24 (g) LL]s 48 °E'I’JT,3J0 (h) (MU = mucosa,
LP = lamina propria, SU = submucosa, ML = muscularis, SE = serosa,

B = blood vessel) (H&E, scale bar = 50) MWinatwAinAimaIe1s 200 i
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6.2 mmjﬁs_lw,njaoé’nﬂmzqan'm%mﬂmaaé’ﬂé’

=S A o a o v a
miﬂmsmmﬂﬂmmuﬂmaﬂwm:ﬁgammmﬂmaam‘laﬂmuamUIuL’aa’w

48 TA9RAINIANG NAAIVENE 40 ¥ WUIRawans (0 T1u9) auasd lddiing

v

Aautranaw (FUN 8a) ilaviaswly 1 $alas Jivvesquud lddeutroni’ Ui

8b) uaztlataianswin 2 $2lus Aunfrvasnnss ldaaadatnaiuldte uaztading
¥ 4 ¥ - - . . 2

mulwiaidavenouwalngdu (U7 8c) uazillanaruldlugia 4 fia 48 $alus

] & A vaAa @ P ! o & o
WU?WL%QLUQQWVLKN?@VL@%Q?JQG LLazﬂJzﬂiqd HAUNIVUATNITUZLINTIARINITANE

(317 8a-8h)

fwsumsdnsinindsuudasansuzganisinavasd L Afaszeng 200
win wudnneaudanany (0 Talue) é1ldUszneudlonisiitatiiath mucosa, submucosa,
muscularis L& serosa TIUNIEIBVDY lamina propria LTWLABINUNTZINIZDIRT

A A . o  a A > & A : &
(3U7 9a) WWatiarwly 1 Tlas wudSuinmsaansaivasiiatbalundazau wazwu
& a . . A A < & A
MIALVDILTARUILID lamina propria (FUN 9b) Lilatlananauwin 2 Tlas wuditaliia

1 ‘V t&l { 4 1 [} ‘VI 1 bd
AR TUIABAININAU (JUN 90) wazillanarwlylugas 4 §e 48 F2lus Wi

v
£ %

§11609 4 TusIaImwIzBzRAMAaINTINNY laoxiiialiannsunnaigarinezainig
nudetadnnuruniesige 1iasann1In1evadLsadUIIIte lamina propria WaEN13

. ¥ 4 4 ¥ . > T T
sanseavadialianundu awldsansnuontusasmiid ldle (U 9d-9h)
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sin 8 qamzﬁmﬂmaaﬁﬂﬁ (AQANVIN) yastafianasnsansfing o (a), 1 (b),
2 (c), 4 (d), 8 (e), 12 (), 24 (g) waz 48 fﬂm (h) (H&E, scale bar = 200 ym)
MwdnssuAnfimasens 40 wi



gﬂﬁ 9 qamﬂ?mﬂmaaéﬂﬁ (AQANVIN) yostmilanasnisaneiiam 0 (a),
1 (b), 2 (c), 4 (d), 8 (e), 12 (), 24 (g) waz 48 °E'I’JT,3J0 (h) (MU = mucosa,
LP = lamina propria, SU = submucosa, ML = muscularis, SE = serosa

(H&E, scale bar = 50 pm) MwangLiufinfifaswens 200 i
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7. Mm3tdagwudasnanssazasannidni 1oy uazuaa kasn1sane

o

nanssudwnzaedianloinilvnduiiedendd ldud aunddud (U 10a)

AL oA a

{ { a g q‘)’/ 1 QI a
LOT (gﬂﬁ 10b) LALAR (gﬂﬁ 10c) Iudanfiaddnmnduasudisuans lasfanssufian
A X 3 v ' Y o < a ' a & a 63
meumﬂuaﬂuma 4 ‘E’JIZJGLLSﬂ ﬁaamﬂuuummugamﬂmu mmﬁmaal,auvlémm 3

TRATANUFNABTLUUULTHUATIAW (r = 0.987-0.997, P <0.01, n = 32) lasfianssu

[
[

Fumzrasninddul uazuaadumliunasenwaaanszaziian 48 Talud tawlaaing 2
a aa o t:i [} v =3 et [ a n' J
rhafifansmndumnzgingalutunagarosasmaiiuaiedng lasddiadud sz
\ -1 A A a ~ [ o
6.26 L¥In (60.98 + 0.59 mg protein  lagiads) WallSoufisuny 0 12lag (9.74 + 0.24

. -1 n:i lﬂlﬁ o a a v lﬂl 1 o
mg protein I@]ULQ@U) 1%?]M$ﬂﬂﬁ]ﬂ§§&l"ﬂ']LW’]&"IIBGQ’]LVHJ‘]J’%LEI"E&ILL%’]I%&JY]LL@Iﬂ@]']Gﬂ]J

(7
[

AnUSul uazies TWNINAINEINIININ I@]Elﬂ’]ﬂ%ﬁhﬂ”li@l’?ﬂ 8 "ﬁ”JIN\‘i ANNUTULaD

S A

Jfanssudaa o &lﬂ’]vLﬂLL@]ﬂ@hdﬂvll"ﬁ’NL’]a’i 0142 "ﬁ”JIN\‘i ﬁﬁ]ﬂii&lﬁ’quzfﬁdq@mﬂd

9
2]

=Y Q/I 1 QI &/ 1 { 4
LW kTl TRhahNIa1 48 Taludda N NuTwdw 6.03 Ly 7.83 1¥i1 lasadutiatSuuinay

AULIAT 0 LAz 8 TAlug AuRIaU

o o ¢ 1 [ a 3 a
8. AANFNNWDIZHAILIAMAaINITMLazmMILa sutilasuas LE)%1°113J RIV BT

v dy
‘l%ﬂ aNLwad1n

% = o o ¢ v o A 6

NAMREINIMEY (X) IanusuwbsuuuudsauwasinumaUfowidasvasion Lo

annddulunsiniitary (v) lawd ennddud anndduier wazanindduuaa
(P < 0.01, M3197 3)
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Cathepsin B specific activity
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Cathepsin H specific activity
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Cathepsin L specific activity
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{ ldl a o . -1 a =
31 10 mafsuudasnanisudiniz (mU mg protein ) vadtan lwaiaunygul

(a) 187 (b) uazuaa (c) vasuanfiamelu 48 Talusnasnisans ToA

WEARTUAIARY + ANVARIALARDUNIATZIN (n = 4) AILUNNLANGIINY

= o AdaA o
LEANDNAIULLANANN NN E

° v 3

RIATYITHT

NTWININRINIANY (P < 0.05)
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A \ [ < P &
A13199 3 FNANTNADBLITZRINIAARINTANE (TALN49) vasUaia (X) uazian Lo
anddulunaruiitand (Y) aulsiianuadanusun s LuULLIHNHWALLIANAEINTT
e NnIRIAYIN9RDHa (P < 0.01)

Y variable Regression equation R
Cathepsin B Y =1.069X + 6.710 0.990
Cathepsin H Y = 0.166X + 0.983 0.983

Cathepsin L Y =1.079X + 7.259 0.987
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a I
UNIT
1. MUl aIABRILazANIT N RY 2L IAR IBNISLA WDIKITHAINITANY

paannoazifaunalnanandolunszimizamisanmainausesiewledi
agmulu Snariliktinizinizenmsdenduazusasadnaliioddny (O'Donnell and
Baker, 2010; Laczniak et al., 2011; Usui et al., 2013) ﬂizll’mmif:ﬁ’ﬂﬁwmLaua’m’li
gzyl,ﬁmimﬁfﬂ fInalasadaaTiaasaislzdana1nis (ATHUaINIZINIZTRITUAS

[

§11d) madnmludadun 1w lunyalsn-aedd lao Li et al (2003) wuasfvasay
- o @ ' a X o o o
GatNnUNGd JANNNIUANNTZOZIANRAINITANY (0 D19 25 w1f) nsun1sAnele
A0 LA RaATIBNUIN 1a8aTia0InIZNIZaIRITLa 8T TR D12 LN aTINwINuN U
msﬁﬂmeﬁﬁmaoﬁulmﬁ Fsanaduwmnzlgiiauunin 48 $2lud) uenaniuadinan
c§ a 1l 6 1 [ dl ?
mm@mﬂmmawaoLauvl,sﬁwQmjaaﬂaaﬂmmnsmﬂﬂmaalumﬂmwLﬂum

¥ a X ' ¥ 4 ' A v 4
nizuaunstaziieduatw e luiadenliawloduazdUsunainigs (Vass, 2001)

masunlasnnudunin il e sniinssiwizami g Tasnunstas
FANUNIINTZIANEREINITANY AU UNWINA 1aaaw1atinannisiasweias
Fa9I93zrinamaaiaznM I MW 1wesuaswnatnmeluuaznauanisas (Querido, 1992)
Penny (1969) 3'1mmiwﬁﬁn&ﬂunﬁwmﬁamaaqma@aaaﬂ'wsam%’maﬁmimU
Lﬁaamﬂmiammamyjm{uaﬂé‘ﬁaSm:mﬂmi"LaIQﬂQé?ms’ﬁﬂwLaqa wananing
Lﬂﬁlummamé’omﬁmﬂ@”\mdnﬂ“'omﬁ]l,ﬁmmﬂ’]m'auammaagﬁuw%ﬁ ANNNBaNTLAU
mstAndusasenfuanlasanlad uaznsszauvasuasife (Benzie and Strain, 1996;
Vass, 2001) awlumsriianarinlilysdudosnin dsnalianududusaslysiulu
nszavnTuasdn ldanad uazlismansnasiataanuitutuuesldsanlualéiie
48 T laanasnmsmeld hosandenutududinitdedinavainisasiaiasiinia
sinlningealsfiiaed SevninsanundaluluouinanisasratannutuTw e
Tu56u swﬁ%Lau"lfnﬁﬂaﬂmmwé’amimmﬁsJLﬂ‘%laaﬁaﬁﬁmmvl,wiamimam”@ga
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a a - (%
2. n9la ﬂ%ttﬂadﬂﬁlﬂ‘i‘i&l‘ﬂadLE]%I‘K&IE]E]EJE]’]W’]SW&Oﬂ’]SGI"IH

wlmiiddguidszdniamwlunisdesldsdulunzinizenns lasvinsinfaa
wusziwdInd duniaiisd jisenvesenlmifanuinwzdansaazdlunidingladng
Wuazlsundn 1w Afaszariin Inlsdu uaznSulniww (Dunn, 2001) AanTInves
€ A & ' = ' A
euladsfiaftiuivenfianisdesarsennisuszianldsdunislunssinizennis
(Thongprajukaew and Kovitvadhi, 2013) 91nM3@an®AsIHh Nanssuvadian loaidddun
=) &/ 4 =) ~ o a L g o v
aaasfiaduiasannuiiaealaladaannivinuaasafunidnanisais dwavily
danaiaindasgnyinay (Laczniak et al., 2011) awlmidanununiuuinnitawlasd
A A o A o Aa = ) A& o ' o
19 19372970 hasndiasifananauianagarofiivaiedng 48 Talus) luame
A ed Aa < A o 2 A < X
ewladaudfnsavgalszinm 4 Taluswanivinsdnsuriinu neflenaduinne

& A A v A L. 2 A a v !
awlmiidUguilassanenudunss (rgid) FaioamwssumGtinin

AanssNvedenlminsUduanadatniTiaiii waasnieas sl umIaauaIzed
Tdsdnlugldafatmsninlunsziwzanyg esannsuduiwoulsitanlusaud
e lusldan ﬁmﬁhﬁmqumm’aﬂiﬂsﬁu I@ﬂm:@:uw%ﬂe‘fml,aaLLaz"l,sﬂmauﬁsiam
TUsdusiinamw ﬁm%’uﬁﬁmﬁmaaLauvlsﬁﬂﬂiuﬂ‘%ﬂsﬁuwuiwﬁmgaq@ﬁ 8 7aluy
RRINITANE Lau"l,énﬂ"ﬁﬁ@f:sjam‘[ﬂsﬁumw‘hLmﬁ,waonma:ﬁ‘[uﬁﬁ%y}'%ﬁwuﬂu
a:lsundn (Aflaezaniin Inlsdu uaz n3ulnww) saumslalasindn Aenssuasawlod
lalunsUduiiRuduanainananuieioauaslanawans %oa:%ﬁ'ﬁmsmjm:kmﬁﬂ
% Wwudn (benzene) uazlaaandu (dioxin) aanun TnilAdfanssnaslaluniudu
\indu (Rungruangsak-Torrissen et al., 2006) wanannitawlosflalunsudusivineini
udana1sluni13ea internucleosomal DNA wadlasfianaua? (Murn et al, 2004)

1 = s 6 c?{’oz = % d' o U =
29 LIAANUNUINHRAINITANVAIL AW LTN THABE IR T 89 wtas N1 FIduTdnansd
= 1
msdneda bl lnawae

a K a = lﬂl v > nﬂl a

wanuadTuradlUTfwiaza1slulaiasadaiuiieaTaenn thagannnanIsy
FUNIZVDIL AR LW LT UAARIATNTZHZIAINAINITONY lagtaw ol riaitinning
aanusonadudnanlsdnidnunie a-1,4 glycosidic bond tNalfsuanslulaiasaidn
ihanauaalng mIaaasvadfaniusuwizsadien kndsiahisenadivadmayingdaeny
LANIUBRTNUDI INA lALIURAINITNNY TN AINTINIUNIZVDILOW Lol Lol URa A
oA 6 A d' d' [ u:' o a 6
YINNINAINTINVDILAW LeraiThaan Luaomﬂﬂmvlmwuvlwaumluﬂmmmmgﬂaaﬂéﬁvlwn
IWeuyadaszldie dsnarhlfifansdessmoluianadu 9 misaasvesanladlas
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ROAARAINUNITRANITAI MWL UWTaINBINFILNAIINNIININAA1DHI ARDAIUT U
Tusiunadaniininigda ot e a NI TLe S uNLaw L

3. matasundasaesdiTensanBiadulunszinizaimisuazal lanasnisang

[
v v ad

nsmudnseneandiatulunsziwizonisuszs 1§35 DPPH assay uas
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n1stlasunlasuasszuugasargsnianaaniIsanaaadlanida Oreochromis niloticus

Postmortem Changes of Digestive System in Nile Tilapia, Oreochromis niloticus

95105 wva' ngns nesdszqufin’ aningd semainy’ uLaAAIAM WLMHNS'

Waraporn Hahor' Karun Thongprajukaew1 Somrak Rodjaroen2 and Tulakhun Nonthaput1

UNAAED

peagaLnsAsuLLasesLLengansa09lanfia Oreochromis niloticus AEMAINNTAE
Tutdanan 0, 1, 2, 4, 8, 12, 24 uaz 48 Falad HANNIANENLIFITIa NN L e st N A dlAN
APRIANTTEIZINAN (P < 0.05) warfanudiuguunudsdunsefunisiasuutlasianssuaeailidy
(r=0.927,P < 0.01, n = 32) auiunisane luanldnuinsaii A anasnusse siaamuimea i (P <
0.05) LazRAnuduTus LU siunsefun s sl asianssuaesvidUdy (r=0.790,P<0.01,n =
32) nensilasuutlaslug e ifind wsandnlunssimnzaiuns uaslaiaunsansaaanianssuly
AEmASNNIANe 48 Falie HannsAnEuaaslfiuin s AunasedsyuUtng a1 s N0 1d

Hudiayadiasfiulunisaiuunszazinanniandinismneaesdnsin s

ABSTRACT

Postmortem intervals (0, 1, 2, 4, 8, 12, 24 and 48 h) of digestive system were investigated in
Nile tilapia, Oreochromis niloticus. Stomasomatic index decreased with postmortem interval
(P < 0.05) and had positive relationship with change of pepsin activity (r = 0.927, P < 0.01, n = 32).
Intestosomatic index was also decreased (P < 0.05) and had positive relationship with trypsin activity
(r=0.790, P < 0.01, n = 32). More rapid postmortem changes were observed in the intestine than in
the stomach, as indicated by the absence of trypsin activity after 48 h postmortem time. These
findings suggest that postmortem changes of digestive system can be used as a primary data for

identification of postmortem interval in aquatic animals.

Key Words: intestine, Nile tilapia, pepsin, postmortem, stomach, trypsin
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Figure 1 Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) of stomasomatic index in Nile tilapia.
Data were expressed as mean = SEM (n = 4). Different superscripts indicate significant

differences between postmortem intervals (P < 0.05).
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Figure 2 Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) of pepsin specific activity (mU mg
protein”') in Nile tilapia. Data were expressed as mean + SEM (n = 4). Different

superscripts indicate significant differences between postmortem intervals (P < 0.05).
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Figure 3 Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) of intestosomatic index in Nile tilapia.
Data were expressed as mean + SEM (n = 4). Different superscripts indicate significant

differences between postmortem intervals (P < 0.05).
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Figure 4 Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) of trypsin specific activity (mU mg
protein”) in Nile tilapia. Data were expressed as mean + SEM (n = 4). Different

superscripts indicate significant differences between postmortem intervals (P < 0.05).
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ABSTRACT: Postmortem changes have been previously studied in some terrestrial animal

models but no prior information is available on aquatic species. Gastrointestinal functionality
was investigated in terms of indices, protein concentration, digestive enzyme activity and
scavenging activity, in an aquatic animal model, Nile tilapia, to assess the postmortem
changes. Dead fish were floated indoors and samples were collected within 48 h after death.
Stomasomatic index decreased with postmortem time and correlated positively with protein,
pepsin specific activity and stomach scavenging activity. Also intestosomatic index decreased
significantly and correlated positively with protein, specific activity of trypsin, chymotrypsin,
amylase, lipase and intestinal scavenging activity. In their postmortem changes the digestive
enzymes exhibited earlier lipid degradation than carbohydrate or protein. The intestine
changed more rapidly than the stomach. The findings suggest that the postmortem changes of
gastrointestinal functionality can serve as primary data for the estimation of time of death of
an aquatic animal.

KEYWORDS: forensic science, forensic biology, postmortem change, digestive enzyme,

aquatic animal, intestine, stomach
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Postmortem changes have been studied in many terrestrial animal models, such as rat
(1, 2), dog (3), cattle cow (4) and pig (5). The changes are driven by endogenous enzymes and
microorganisms within the body (6, 7). Various environmental factors, namely temperature,
humidity, cooling rate, slaughter procedure, growth of microorganisms and ageing time, are
generally known to affect the rate of postmortem changes (8, 9). Observations on postmortem
changes have also been reported for aquatic animals. However, most such investigations have
focused on low temperature conditions used to preserve catch (10—13). The understanding of
postmortem changes in aquatic animals in their ambient aquatic environment is currently
lacking, and needs to be improved.

Postmortem changes develop rapidly in the gastrointestinal tract due to the presence of
endogenous enzymes (14—16). These enzymes contribute to the autolysis of digestive organs
and also of the surrounding tissue. Querido (1) reported that the electrical resistance of gastric
wall decreased with the time since death, and Erlandsson and Munro (3) reported on the
degenerative changes of intestinal anatomy as time after death progresses. These prior
observations provide some key characteristics of postmortem changes in the gastrointestinal
tract, helpful in estimating the time of death.

The aim of this study was to evaluate postmortem changes in the gastrointestinal
functionality in an aquatic animal model. The gastrointestinal index and the specific activities
of the main digestive enzymes were assessed for postmortem effects. Nile tilapia
(Oreochromis niloticus), which is among the most economically important fish in the world
(17) was used as the aquatic model. This species has a well-known histology of its digestive
tract (18), can grow and reproduce in a wide range of environmental conditions, and tolerates
stress induced by handling (19). The application of two sensitive biochemical techniques,
namely scavenging activity and reducing power assay, was also examined for assessing

digestive enzyme activity. The findings from current study might facilitate identifying the
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postmortem interval in aquatic animals, i.e. estimating the time of death from a floating

carcass.

Materials and Methods

Preparation of Fish Samples

Four-month-old sex reversed Nile tilapia was obtained from a private farm in Trang
province, Thailand. The fish were acclimatized indoors for 15 days and were fed ad libitum,
twice daily (at 7.00 and 16.00 h) under 12-h light/12-h dark cycle, with a commercial diet
containing 30% protein. The average water quality parameters during the acclimatization
were: temperature 29.60 + 0.15°C, dissolved oxygen 5.05 + 0.01 mg/L, pH 6.95 + 0.02 and

ammonia 0.94 + 0.15 mg/L.

Postmortem Change Studies

The fish were starved for 48 h prior to their necropsy, to avoid metabolic flexibility
induced by food. Subsequently, all the fish were killed by chilling in ice, according to
“Ethical Principles and Guidelines for the Use of Animals for Scientific Purposes”, National
Research Council, Thailand. Fish with similar size (105.83 + 1.66 g weight and 18.55 = 0.14
cm length) were randomly distributed into plastic rectangular containers (32 cm width x 43
cm length x 11 cm height, with 7 cm water level) at a density of 14 fish per container. The
fish carcasses were kept at ambient temperature, and samples (n = 4) were collected at various
postmortem times (1, 2, 4, 8, 12, 24 and 48 h), including also a control group of fish without
postmortem delay (0 h). The weights of body, stomach and intestine were determined and
used to calculate the stomasomatic index (SSI) and the intestosomatic index (ISI) that equal

the weight ratios of stomach and intestine to body, respectively.
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Fish Dissection and Extraction of Digestive Enzymes

The fish organs were dissected on ice and then the gastrointestinal tracts were
collected. Crude extracts were prepared according to the method described in Rungruangsak
and Utne (20), with slight modifications. The stomach and intestine were homogenized in 10
mmol/LL and 1 mmol/L HCI (1:3 w/v), respectively, by using micro-homogenizer (THP-220;
Omni International, Kennesaw GA, USA). The homogenates were centrifuged at 15,000xg
for 30 min at 4°C. The supernatants were collected after removing the lipid layer and then

kept in small portions at —20°C before analysis.

Determination of Protein in Crude Extract

Protein concentrations in the crude enzyme extracts were determined based on Lowry
et al. (21). Bovine serum albumin (BSA) was used as the standard for quantifying the protein
concentration (mg/mL). Normalization by the protein was then also used on calculating the

specific activities of digestive enzymes (U/mg protein).

Digestive Enzyme Study
Pepsin Specific Activity Assay

Pepsin (EC 3.4.23.1) activity determination was based on Rungruangsak-Torrissen
and Utne (20), with some modifications. First, 100 pL of 2% casein was mixed with 100 pL
of 0.2 mol/L buffer pH 2 and 200 pL of crude enzyme extract. The reaction mixture was then
incubated at 55°C for 10 min, and the reaction was stopped by adding 1 mL of 5%
trichloroacetic acid. Then the mixture was centrifuged at 5,000xg at room temperature for 20
min. An 0.5 mL sample of supernatant was taken and mixed with 1 mL of 0.5 mol/L NaOH
and 0.3 mL of Folin Ciocalteu reagent (three-fold diluted). The obtained solution was

measured spectrophotometrically at 720 nm against L-tyrosine standard.
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Trypsin and Chymotrypsin Specific Activity Assays

Trypsin (EC 3.4.21.4) and chymotrypsin (EC 3.4.21.1) activities were determined
based on Rungruangsak-Torrissen et al. (22). The trypsin assay was performed by mixing 700
pL of 0.2 mol/L buffer at pH 9 containing 1.25 mmol/L Benzoyl-L-Arginine-p-Nitroanilide
(BAPNA) with 100 uL of a crude enzyme extract. The mixture was incubated at 50°C for 10
min, and then the enzymatic reaction was stopped by adding 800 uL of 30% acetic acid.
Chymotrypsin was assayed as above, except with a 0.2 mol/L buffer at pH 9 containing 0.1 m
mol/L N-Succinyl-Ala-Ala-Pro-Phe-p-Nitroanilide (SAPNA), and the incubation was at 60°C.
Absorbance at 410 nm was measured to quantify products of each enzyme, and the final

results were based on a p-nitroanilide standard curve.

Amylase Specific Activity Assay

Amylase (EC 3.2.1.1) activity was determined based on Areekijseree et al. (23). The
assay was performed by mixing 25 pL of 5% soluble starch, 62.5 pL of 0.2 mol/L buffer pH
7, 37.5 uL of 20 mmol/L NaCl and 125 pL of crude enzyme extract. The mixture was
incubated at 50°C for 15 min and the reaction was stopped by adding 250 uL of 1%
dinitrosalicylic acid (DNS). Staining was performed by boiling at 100°C for 5 min, cooling to
room temperature, and mixing with 2.5 mL of distilled water. The stained reducing sugar was

measured spectrophotometrically at 540 nm against a maltose standard.

Lipase Specific Activity Assay

Lipase (EC 3.1.1.3) activity was determined based on Winkler and Stuckmann (24),
with slight modifications. The assay was performed by mixing 200 pL of 0.01 mol/L p-
nitrophenyl palmitate, 800 uL of 0.2 mol/L buffer at pH 8 and 20 pL of crude enzyme extract.

The mixture was incubated at 60°C for 30 min and then the enzymatic reaction was stopped
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by adding 250 pL of 1 mol/L Na,COs;. The mixture was centrifuged at 13,000xg at room
temperature for 15 min. The supernatant was collected and its absorbance was measured at

410 nm against a p-nitrophenol standard.

Gastrointestinal Scavenging Activity
2,2-Diphenylpicrylhydrazyl (DPPH) Radical Assay

Stomach and intestinal extracts were obtained as described in Section 2.3 above. Their
DPPH radical scavenging activities were determined according to the method of
Thongprajukaew et al. (25). The radical scavenging activity (% inhibition) was calculated as
((Ao—Ai)/A,) x 100, where A, and A; are the absorbances of the control sample (extraction

buffer in equal volume replacing the actual sample) and the extract, respectively.

Reducing Power

Stomach and intestinal extracts were obtained as described in Section 2.3. The
reducing power was assayed based on the method of Benzie and Strain (26) and Wong et al.
(27), with some modifications. Briefly, a pre-mixture was prepared by mixing 10 mmol/L of
2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) in 40 mmol/L HCIl, 20 mmol/L FeCl;.6H,O and
acetate buffer at pH 5.2 in the ratio of 1:1:10. The assay was performed by mixing 2,850 pL
of the pre-mixture with 150 pL of sample, keeping this in the dark for 30 min, and measuring
the absorbance at 593 nm. The volume of sample was replaced by extraction buffer in the
control, and the absorbances were converted to final results with a Trolox standard curve.
Percentage of remaining reducing power at each post mortem time was calculated as ((Ai—
Ao)/Ai) x 100, where A, and A; are the absorbances of the control sample (extraction buffer in

equal volume replacing the actual sample) and the actual sample, respectively.
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Statistical Analysis

Data analyses were performed using SPSS Version 20 (SPSS Inc., Chicago, USA). All
data are expressed as mean £ SEM from quadruplicate observations. Significant differences
between means were ranked using Duncan Multiple Range Test, with significance equated to
P < 0.05. Pearson correlation coefficients () are reported between each pair of variables

across the observation points of gastrointestinal changes.

Results

Postmortem Changes in Gastrointestinal Index

The intestine of Nile tilapia (4.41 £ 0.31% of body weight at 0 h) was heavier than its
stomach (2.22 £ 0.13% of body weight at 0 h) (Fig. 1). The stomasomatic index (SSI, Fig. 14)
and the intestosomatic index (ISI, Fig. 1B) decreased with postmortem interval significantly
(P <0.05, n =4). The SSI remained unchanged for up to 2 h after death, while the ISI was
unchanged up to 8 h. At the final 48 h sampling time the carcasses had about 42% and 44% of

their initial SSI and ISI, respectively.

Postmortem Changes in Gastrointestinal Protein

Gastrointestinal protein had the similar trend and characteristics as the SSI and ISI
indices (Fig. 2). Soluble protein concentration in the stomach (Fig. 24) and in the intestine
(Fig. 2B) decreased significantly with postmortem time (P < 0.05, n = 4). Stomach protein
decreased slowly for 4 h after death (insignificant change, P > 0.05), remained about constant
during 8-12 h, and then decreased dramatically until the end of observation at 48 h. The
intestinal protein was easy to lose and decreased dramatically, showing a change at 1 h after

death and having undetectable level at the final observation time.
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Postmortem Changes in the Main Digestive Enzymes

Protein dynamics in the gastrointestinal section were observed through three digestive
enzymes. The specific activity of pepsin was unchanged for the first 4 h after death (Fig. 34)
and then decreased progressively. The lowest 7.24 + 1.18 U mg protein ' specific activity of
pepsin was found at the final sampling time. Trypsin specific activity was very sensitive to
postmortem delay, more so than pepsin (Fig. 3B). Unchanged activity was observed for 1 h
after death, and was below detection limit at 48 h. Chymotrypsin specific activity showed a
different trend than the two protein-digestive enzymes above. Its highest specific activity was
observed at 8 h after death, while the activities at 0—2 and 12 h were mutually similar (Fig.
30). However, also this enzyme had undetectable activity at 48 h after death.

Amylase (Fig. 44) and lipase (Fig. 4B) specific activities decreased significantly with
postmortem time. The time-response of amylase matched well the trends in trypsin specific
activity. The lipase specific activity was the most sensitive to postmortem delay among all the
observed enzymes: it had 98.63% reduction in specific activity at 24 h after death from the

initial level, with activity below detectable at 48 h.

Postmortem Changes in Gastrointestinal Scavenging Activity

Fig. 5 illustrates the significant decreases in the scavenging activity (% inhibition) of
stomach (Fig. 54) and intestine (Fig. 5B), and in the reducing power (% remaining) of
stomach (Fig. 5C) and intestine (Fig. 5D). Both these responses decreased statistically
significantly with postmortem delay, but the reducing power was more effective in

distinguishing postmortem changes than the DPPH.
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Relationships among the Observed Variables
The Pearson correlation coefficients (» in Table 1) for each pair of variables (across
the observation time points of gastrointestinal changes) were positive and highly significant

(P<0.01).

Discussion

Gastromalacia after death is caused by endogenous enzymes and can significantly thin
and soften the gastric fundus wall (14—16). This process contributes to the rapid loss of
gastrointestinal weight, which directly affects the digestive indices (SSI and ISI). In a
terrestrial animal, namely in the Sprague-Dawley rat, Li et al. (2) reported increasing
hepatosomatic index (HSI) with postmortem time (0—25 min). Our observations of both the
SSI and the ISI in fish specimens show the opposite trend, partly because of a much longer
observation time extending to 48 h. In addition, the nutrient-rich fluid released from a fish
carcass caused by the endogenous enzymes is easily dissolved and flushed away in an aquatic
environment. This process is most rapid in those tissues that have high enzyme and water
contents (6). The electrical resistance of the gastric wall corroborates our understanding of
this degradation, and is linked to the physical intracellular size of the changing electrical
conductivity of the intracellular and extracellular fluid (1). Penny (28) reported a rapid fall
after death in the muscle pH of a pig carcass. This indicates the accumulation of carboxyl
groups liberated by hydrolytic reactions. Moreover, such postmortem changes can also be
induced by the absence of oxygen, increase of carbon dioxide, and accumulation of wastes (6,
29). These conditions lead to the denaturation of proteins, which governs the progressive
decrease of protein concentration in stomach and intestine. Khunsoongnern (7) suggested that
rapid postmortem putrefaction is observed in the intestine, followed by the whole alimentary

tract and gill. Similarly, our observations showed more rapid postmortem changes in the
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intestine than in the stomach. This might be due to the mucosa layer of stomach wall being
thicker than in the intestine. Generally, mucus cells in the tubular glands and neck cells of
gastric glands protect the stomach with mucosa from its strongly acidic contents (18). In
addition, more active endogenous digestive enzymes, namely trypsin, chymotrypsin, lipase
and amylase, are found in the intestinal section (30) than in the stomach, which mainly has
pepsin activity.

Pepsin is the most efficient digestive enzyme in the stomach, cleaving peptide bonds
of hydrophobic compounds to preferably aromatic amino acids, such as phenylalanine,
tryptophan and tyrosine (31). The activity of this enzyme indicates extracellular digestion in
the stomach (30). The decrease in pepsin activity was due to the autolysis of gastric gland
after death (15). This enzyme appears more robust than the other detected enzymes, as it
maintained its activity until the end of sampling (48 h), while others did so for only about four
hours. The rigid structure and low molecular weight may partially protect this enzyme against
denaturation. Practically, specimen collection in the field for estimating the initial pepsin
activity at death would be feasible for about four hours after death, in ambient temperature.

Trypsin is a key protein-digesting enzyme in the small intestine. It acts as an activator
controlling both itself and other proteolytic zymogens. Its rapid activity decrease indicates
fast protein breakdown, faster in the intestine than in the stomach. Interestingly, chymotrypsin
had maximal activity at 8 h after death, among the observation points. This enzyme cleaves
proteins at the carboxyl side of aromatic amino acids (phenylalanine, tyrosine and
tryptophan), and cleaves large hydrophobic residues. An increased activity of this enzyme has
been attributed to induction by toxic organic pollutants, such as benzene and dioxins, as well
as to the stress before death of the fish (22). Moreover, strong evidence supports the

mediation of internucleosomal DNA cleavage in apoptotic cells by a chymotrypsin-like
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protease (32). The role of this enzyme in relation to postmortem changes is still little known
and would warrant further research.

The association of protein and carbohydrate catabolisms caused the decreasing trend
in amylase activity with postmortem delay. This enzyme breaks down a-1,4 glycosidic bonds
of large-chain polysaccharides,to convert carbohydrates to glucose. Significantly reduced
enzyme activity might be associated with the catabolism of glycogen after death. Regarding
lipid catabolism, the specific activity of lipase decreased earlier than those of the other
observed enzymes. This is due to unsaturated fatty acids in a fish that are very easy to oxidize,
providing lots of free radicals that degrade other molecules. The dramatic decrease in lipase
activity is also in agreement with direct observations of peritoneal fats during fish dissection,
as well as of the lipid layer after homogenate centrifugation (enzyme preparation). This
finding is corroborated by the significant decrease in scavenging activity and in remaining

reducing power with postmortem delay.

Summary

The gastrointestinal functionality was significantly affected by the postmortem delay.
Based on the digestive enzyme analyses, significant changes occurred earlier in the intestine
than in the stomach, and lipid break down appeared to be more sensitive than degradation of
protein or carbohydrate to the time delay. A novel not previously reported observation was
the role of chymotrypsin after death, and this would warrant further investigation. In
continuation of this reported research, a histopathological examination of the gastrointestinal
tract (stomach an intestine) and its accessory gland (liver) for their postmortem changes is
currently underway, in this same fish species. The findings from the current study suggest that
the time of death of an aquatic animal can be estimated by sampling the gut of the carcass left

in ambient water.
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Figure Legends

FIG. 1—Postmortem changes in the SSI (4), and the ISI (B), in Nile tilapia within 48 h after
death. Data are expressed as mean = SEM (n = 4). Different superscripts indicate
significant differences between observation time points (P < 0.05).

FIG. 2—Postmortem changes in stomach (4A) and intestinal (B) protein concentrations, in Nile
tilapia within 48 h after death. Data are expressed as mean £ SEM (n = 4). Different
superscripts indicate significant differences between observation time points (P <
0.05).

FIG. 3—Postmortem changes in specific activity of pepsin (A), trypsin (B), and chymotrypsin
(C), in Nile tilapia within 48 h after death. Data are expressed as mean + SEM (n =
4). Different superscripts indicate significant differences between observation time
points (P < 0.05).

FIG. 4—Postmortem changes in specific activity of amylase (A), and lipase (B), in Nile tilapia
within 48 h after death. Data are expressed as mean = SEM (n = 4). Different
superscripts indicate significant differences between observation time points (P <
0.05).

FIG. 5—Postmortem changes in stomach (A) and intestinal (B) scavenging activities, and
stomach (C) and intestinal (D) remaining reducing powers, in Nile tilapia within 48
h after death. Data are expressed as mean £ SEM (n = 4). Different superscripts

indicate significant differences between observation time points (P < 0.05).
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TABLE 1-Pearson correlation coefficients (r) of variables that are indicative of gastrointestinal changes in post-mortem Nile tilapia across a

set of observation times. All correlations were positive and statistically significant at P < 0.01.

Parameter SSI ISI S;?g;:iih Ir;i)sttgfl Pepsin  Trypsin =~ Chymotrypsin ~ Amylase Lipase RPs RP, DPPHg
ISI 0.835

Stomach protein 0.886 0.791

Intestinal protein 0.948 0.841 0.889

Pepsin 0.927 0.737 0.825 0.853

Trypsin 0.834 0.790 0.914 0.892 0.887

Chymotrypsin 0.867 0.665 0.700 0.778 0.809 0.677

Amylase 0.921 0.783 0.833 0.871 0.858 0.883 0.828

Lipase 0.773 0.688 0.866 0.848 0.745 0.918 0.595 0.770

RPs 0.814 0.749 0.881 0.888 0.729 0.958 0.519 0.748 0.963

RP, 0.877 0.782 0.888 0.945 0.746 0.920 0.705 0.829 0.951 0.949

DPPH;g 0.750 0.785 0.916 0.881 0.785 0.972 0.575 0.762 0.885 0.942 0.879

DPPH, 0.901 0.842 0.942 0.956 0.870 0.934 0.810 0.879 0.853 0.886 0.919 0.942

SSI, stomasomatic index; ISI, intestosomatic index; RPs, % remaining reducing power in stomach; RP;, % remaining reducing power in

intestine; DPPHs, % DPPH scavenging activity in stomach; DPPH;, % DPPH scavenging activity in intestine.
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Abstract

We investigated the muscle degradation in Nile tilapia (Oreochromis niloticus)
in terms of specific activities of cathepsins (B, H and L), scavenging activities and
thermal transition properties of myosin and actin, to assess postmortem changes with
time. Specific activities of three cathepsin enzymes increased significantly with
postmortem time and exhibited highly positive relationship (» = 0.987-0.997, P < 0.01).
A novel observation, not reported previously, concerns the role of cathepsin H at 8 h
after death. The radical scavenging activity dramatically decreased with time since
death, especially within the first 1 h, while no changes occurred from 2 to 8 h, or from
12 to 24 h. The degradation of muscle proteins fluctuated with delay time, and actin was
more sensitive to postmortem delay than myosin. Overall the findings from the current

study might be used as primary data to estimate the time of death of an aquatic animal.

Keywords: actin, aquatic animal, cathepsin, muscle, myosin, postmortem
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1. Introduction

Postmortem changes of animals are influenced by various environmental factors
including temperature, humidity, cooling rate and growth of microorganisms
(Campobasso et al., 2001). Most studies of postmortem changes have investigated
terrestrial animal models, especially mammals such as rat (Kocarek, 2003), dog
(Lasseter et al., 2003), pig(Dekeirsschieter et al., 2009) and cattle (Rhee and Kim,
2001). For aquatic animals, preservation of the products is the main purpose for cold
temperatures used in transport or storage by the food industries. No prior information is
available of postmortem changes under the ambient aquatic conditions in a tropical
environment, and this study performed in Thailand addresses that knowledge gap.

After death, a crude assessment of muscles and joint stiffness allows assigning
the postmortem interval to one of three categories, namely pre-rigor mortis, rigor
mortis, and post-rigor mortis. The main processes relate to muscle degradation by
enzymes, cathepsins, causing rapid softening of muscle texture due to the degradation
of myofibrillar proteins (Jiang, 2000). Cathepsins B and L exhibit superior activity
relative to cathepsin H in the white muscle of sea bass (Chéret ef al., 2007). Also, Aoki
et al. (2000) report high activities of cathepsins B and L in white muscles of some red-
fresh fish. These findings suggest important roles of the cathepsins B, H and L in the
postmortem degradation of white fish muscle.

Actin and myosin are the main actors that make muscles contract or relax (Tyska
and Warshaw, 2002), while sarcoplasmic proteins are another component in muscles,
suspended in the cytoplasm (Matos et al., 2011). These proteins can be degraded after
death by the cathepsin enzymes (Ho et al., 2000; Ladratet al., 2003) and can be

monitored by differential scanning calorimetry (Schubring, 1999; Kuo ef al., 2005;
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Beyrer and Klaas, 2007; Matos et al., 2011; Thongprajukaew et al., 2015b). The aim of
this present study was to evaluate postmortem changes in muscles of an aquatic animal.
The economic freshwater fish Nile tilapia (Oreochromis niloticus) was chosen as a
model, as it is widely cultured around the world. The well-known fundamental biology
of this species also supported its selection for a laboratory study. The main muscle
degradation enzymes (cathepsins B, H and L) were studied concurrently with the
thermal properties of actin and myosin. The degradation products were also monitored
by a sensitive method, namely by diphenylpicrylhydrazyl (DPPH) radical scavenging
activity. The findings from this study might be used as primary data to identify
(estimate) the postmortem delay from an aquatic animal carcass in ambient tropical

waters.

2. Materials and Methods

2.1 Fish preparation and observation of postmortem changes

Four-month-old sex reversed Nile tilapia was collected from a private farm in
Trang province, Thailand. The fish were acclimatized indoor for 15 days and were fed
to satiation with a commercial diet containing 30% protein, twice daily (07.00 and
16.00 h) under 12-h light/12-h dark cycle. The water quality parameters during
acclimatization were temperature 29.60 + 0.15°C, pH 6.95 + 0.02, dissolved oxygen
5.05+0.01 mg L' and ammonia 0.94 + 0.15 mg L. Prior to sampling the fish were
starved for 48 h under the conditions described above. Subsequently, all the fish were
killed by chilling in ice. Fish with similar body weights (105.83 + 1.66 g) and total
lengths (18.55 + 0.14 cm) were randomly distributed into rectangular containers (32 cm

width x 43 cm length x 11 cm height with 7 cm water level) at a density of 14 fish per
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container. The fish were floated in their rectangular containers under ambient
temperature and 12-h light/12-h dark cycle. Four fish (n = 4) at each postmortem time
0, 1, 2, 4, 8, 12, 24 and 48 h) were dissected on ice and the white muscles were
collected. These samples were packed in polyethylene bags and kept at —20°C until

determinations.

2.2 Extraction of muscle crude extract

Crude extract of white muscle was prepared according to Chéret et al. (2007),
with slight modifications. Briefly, the muscle was homogenized in 90 mL buffer (1:3
w/v) containing 50 mM Tris-HCl pH 7.5, 10 mM p-mercaptoethanol and 1 mM
ethylenediaminetetraacetic acid using a micro-homogenizer (THP-220; Omni
International, Kennesaw GA, USA). The homogenate was centrifuged at 10,000xg, at
4°C for 40 min. The supernatant was collected after removing the lipid layer and kept in

small portions at —20°C.

2.3 Determination of muscle degradation enzyme activity
2.3.1 Protein concentration in crude extract

Determination of protein was carried out based on the method of Lowry et al.
(1951). Bovine serum albumin (BSA) was used as the protein standard. The protein
concentrations in the crude extracts were used for quantifying muscle degradation

enzyme specific activities (U mg protein ).
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2.3.2 Cathepsin B, H and L assays

Activities of the cathepsins B (EC 3.4.22.1), H (EC 3.4.22.16) and L (EC
3.4.22.15) were determined based on Aranishi et al. (1997), with slight modifications.
Cathepsin B was assayed by mixing 200 uL of 0.4 M phosphate buffer (pH 6.0,
containing 5 mM EDTA, 490 uL of 0.1% Brij35, 100 pL of 10 mM cysteine and 200
pL of 25 uM Z-Arg-Arg-MCA) and 10 pL of crude enzyme extracts. The enzymatic
reaction mixture was incubated at 40°C for 30 min, and the reaction was stopped by
adding 1.5 mL of0.1 M sodium acetate buffer containing 0.1 M sodium
monochloroacetate (pH 4.3). The cathepsins H and L were assayed as described above,
except with the 0.4 M phosphate buffer (pH 6.0) replaced by 0.4 M phosphate buffer
(pH 6.8, containing 5 mM EDTA, 0.1% Bryj35, 10 mM cysteine and 25 uM Arg-MCA)
or by 0.4 M sodium acetate buffer (pH 6.5, containing 5 mM EDTA, 0.1% Brij35, 10
mM cysteine, 25 uM Z-Phe-Arg-MCA), respectively. Reaction incubation for these
enzymes was performed at 45°C or at 50°C, in the same order. The fluorescence of
liberated aminomethylcoumarin (AMC) was measured by a spectrofluorimeter (Jasco
FP-8200, Jasco, Tokyo, Japan) at an excitation wavelength of 380 nm and an emission

wavelength of 450 nm.

2.4 Scavenging activity by 2,2-Diphenylpicrylhydrazyl (DPPH) radical assay
The crude muscle extracts were obtained as described in Section 2.2. above. The

DPPH radical scavenging activity was determined according to the method of

Thongprajukaew et al. (2015b). Radical scavenging activity (% inhibition) was

calculated from [(Ao—Ai)/A,] * 100, where A, and A; are the absorbances of the control
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sample (extraction buffer in equal volume to the actual sample) and the extract,

respectively.

2.5 Thermal transition properties

The thermal transition properties of muscle were analyzed with a differential
scanning calorimeter (DSC7, PerkinElmer, USA). A 20 mg muscle sample was placed
in an aluminum sample pan, sealed, allowed to equilibrate at room temperature, and
then heated with comparison against an empty reference pan. Thermal changes were
recorded from 25 to 120°C at a rate of 5°C min '. Myosin and actin were indentified by
denaturation temperatures, as described by Skipnes et al. (2008) and Matos et al.
(2011). Thermal parameters including onset (T,), peak (Tp) and conclusion (T.)
temperatures of protein denaturation, melting temperature range (T.—T,), and the

transition enthalpy (AH) were recorded automatically.

2.6 Statistical analysis

Data were analyzed using SPSS version 17 (SPSS Inc., Chicago, USA), and all
data are expressed as mean + SEM. Significance of differences between means was
determined by using the Duncan Multiple Range Test, with significance equated to P <
0.05. Pearson correlation coefficients (7) for each pair of measured parameters are

reported.
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3. Results

3.1 Specific activities of cathepsins B, H and L

The specific activities of cathepsins B (Figure 1a), H (Figure 1b) and L (Figure
Ic) increased with the time delay after death. Generally, a slight increase in specific
activity was observed within the first 4 h, followed by a dramatic increase. The
cathepsins B and L exhibited similar characteristics within the 48 h observation. Both
these enzymes had their highest specific activities at the end of the sampling, and the
values increased approximately 6.26 fold (60.98 + 0.59 mU mg protein ' on average)
compared to the initial activity at 0 h delay (9.74 + 0.24 mU mg protein ' on average).
Cathepsin H exhibited a different type of time profile and had lower specific activities
than the cathepsins B and L. Its lowest specific activity was observed at 8 h after death,
and this did not significantly differ from its activities at 0 to 2 h delay times. The
highest specific activity of this enzyme was 6.03 (7.83) fold increased relative to the 0 h

(8 h) sampling time.

3.2 Scavenging activity of white muscle

The radical scavenging activity of white muscle is illustrated in Figure 2. The
values dramatically decreased with the time elapsed since death, especially within the
first 1 h. No differences in the values were observed in the time delay interval 2—8 h, or
between 12 and 24 h. The lowest scavenging activity was observed at 48 h after death,

with about 40 fold decrease from the initial at O h.
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3.3 Thermal changes of myosin and actin

The thermograms of white muscle showed two endothermic characteristics
(Figure 3). In the control sample, denaturation of myosin occurred at comparatively low
temperatures as the first peak (T, = 44.45°C, T, = 46.88°C, T, = 48.62°C), while the
following peak corresponded to the denaturation of actin (T, = 68.31°C, T, = 71.04°C,
T, = 73.42°C). Fluctuations in results for both these proteins were observed within the
first 24 h postmortem (Table 1), while the protein peaks became undetectable by the end
of observations. Actin was more sensitive to the postmortem changes than myosin, as
indicated by the significantly decreased T, at 12 h after death. The main changes in T,,
Tpand T, for both proteins were observed at 24 h, and these decreased with postmortem
delay, The values TT, fluctuated and increased with postmortem delay. No significant

changes occurred in AH or ZAH for either protein within the first 24 h after death.

4. Discussion

Muscle protein degradation increased significantly with postmortem delay in
fish muscle, both when ice-stored and when super-chilled (Gaarder et al., 2012).
Available information is scarce regarding protein degradation in a fish carcass that
floats in ambient aquatic conditions of the tropics. The cathepsins B, D, H and L are
cysteine proteases, mainly presents in the lysosomes. Cathepsin D was not observed in
the current study because its role in fish protein hydrolysis should not be significant; it
hydrolyses myofibrils at an optimal pH range from 3 to 5 (Makinodan et al., 1982;
Jiang, 2000). These enzymes are released into both cytoplasm and intracellular spaces
as a consequence of lysosomal disruption, and induce the postmortem pH to fall and the

intramuscular ionic strength to increase (Yates et al., 1983). Aoki et al. (2000) and
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Chéret et al. (2007) reported that the main postmortem degradation of white muscle is
attributed to cathepsins B and L. These enzymes hydrolyze the major muscle structural
proteins: B hydrolyzes connectin, nebulin and myosin; and L hydrolyzes connectin,
nebulin, myosin, collagen, a-actinin and troponins T and I (Yamashita and Konagaya,
1991). The observed pH in muscle tissue after death is near optimal for both these
enzymes (Chéret ef al., 2007). The rapid activity increases observed in the current study
indicate that the rate of protein breakdown by cathepsins B and L was faster than that by
cathepsin H. This finding is in agreement with data for sea bass, as well as for beef
(Wang and Xiong, 1999), suggesting that cathepsin H plays a secondary role in the
postmortem proteolysis of fish (Chéret et al., 2007). A novel not previously reported
observation was the role of cathepsin H at 8 h after death. This may be due to the
postmortem pH drop from 7.0 to 6.5 during the rigor mortis period of fish, while it later
rises to values close to 7 (Chéret et al., 2007). This pH point negatively affects the
dissociation of amino acid side chains at the active site of the enzyme, affecting activity.

Based on Pearson correlation analysis, the three observed cathepsins degraded
muscle protein concurrently, as indicated by the highly positive pairwise correlation
coefficients (» = 0.987-0.997, P < 0.01, n = 32), suggesting that the three cathepsins
function synergistically on muscle proteins. In a comparison to a terrestrial animal,
cathepsins degraded fish muscle faster than bovine muscle (Chéret et al., 2007). This
may be due to the fish having less complex structure of muscle, relative to bovine. In
this study, floating the fish carcass in water also supported the hydrolysis capacity of the
enzymes. Based on a prior investigation in the same species, however, the degradation

of muscle was lesser than that of the gastrointestinal tract (Hahor ef al., 2015). Longer
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observation times than those of the current study might help better understand the roles
of these enzymes.

Postmortem changes of the physical dimensions of the intercellular space and/or
intercellular/extracellular fluids significantly decrease the electrical conductivity
(Querido, 1992). This prior finding is in agreement with the significant decrease in
scavenging activity with postmortem delay, observed in the current study. The
postmortem degradation of cells can have toxic effects through produced peroxides and
free radicals that damage all components. Although the hydrolysis by proteolytic
enzymes can release a mixture of various peptides that act as electron donors in DPPH
system (Lassoued et al., 2015), these constituents are not sufficient to compensate for
the overproduction of free radicals after death. Moreover, at longer hydrolysis times the
formed peptides have shorter chains and are less effective in scavenging DPPHe radicals
(Lassoued et al., 2015). However, based on our observations, the biochemical
determination of this scavenging activity appears to be a sensitive indicator of the time
delay since death.

Denaturation of myosin and actin can be caused by a pH drop (Tyska and
Warshaw, 2002), and is followed with degradation by the proteolytic enzymes. Kuo et
al. (2005) reported that denaturation temperature of muscle protein was lowered
postmortem, and in the current study we observed decreased T,, T, and T, and
increased T—T, with postmortem delay. These changes indicate the transformation or
partial degradation of proteins by proteolytic cleavage. Thongprajukaew et al. (2015a)
reported that a broad TT, range was due to the heterogeneity of polymer chain
lengths. Increased values in the current study might be caused by the production of

diverse polypeptide chains by enzymatic hydrolysis. This effect of the time delay after
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death has also been observed in the red muscles of the same species (Nonthaput et al.,
2015), as well as in red snapper, red mullet, and catfish (Schubring, 1999). According to
our data, actin was more sensitive to postmortem changes than myosin. This is in
agreement with the stable nature of tropical fish myosin, reported by Schubring (1999).
However, the transition peaks of the proteins were no longer detected at 48 h after
death, suggesting complete absence of native protein forms. This finding is in
agreement with our earlier investigation of the red muscles of Nile tilapia (Nonthaput et
al., 2015), and with studies of the rigor mortis phase of frozen Atlantic salmon (within
2-24 hafter death) (Roth ef al., 2006) and of frozen barramundi within 3-24 h after
death (Wilkinson et al., 2008). Therefore, the muscles become flexible again as the
proteins are completely degraded (Tyska and Warshaw, 2002). In higher animals, rigor
mortis in rat develops within 5-24 hafter death (Krompecher, 1994), while in human
during summer (12.0-46.5°C) or winter (-2.6-35.4°C) this can take 8-30 h or 7-36 h,
respectively (Dalal ef al., 2006). These differences in the time delay between aquatic
and terrestrial animals are consequences of muscle structure and configuration of blood
circulation (Gillis and Biewener, 2001). Furthermore, our current study was conducted
in ambient water environment which may cause faster degradation rates due to both
availability of water and the comparatively high temperatures in the tropics. In AH or
YAH, no significant differences within 24 h from death were observed. Both these
thermal parameters indicate the amounts of proteins in native form. Beyrer and Klaas
(2007) also reported no changes in total AH for single or double frozen cod fillets.
Similarly, while the temperature shift in the DSC thermogram can be used as an

indicator of meat freshness, AH cannot be used (Kuo et al., 2005). Therefore, prior
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studies support the conclusion that T,, T, T. and T.T, are more sensitive to the
qualitative postmortem changes in proteins than are AH or ZAH.

In conclusion, the specific activities of cathepsins, the radical scavenging
activity, and the degradation of myosin and actin were significantly affected by
postmortem delay time. Based on our observations, the degradation rate of fish muscle
in ambient aquatic environment, in the tropics, was faster than what is reported for
terrestrial animals. In continuation of this reported research, a histopathological
examination of the muscles for their postmortem changes is currently underway, in this
same fish species. The findings from the current study suggest that the time of death of
an aquatic animal, left to decay in ambient tropical waters, can be estimated from

muscle samples of the carcass.
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401  Figure captions

402

403  Figure 1. Postmortem changes in specific activity of the cathepsin B (a), H (b), and L

404 (c), in white muscles of Nile tilapia carcass within 48 h after death. The data
405 are expressed as mean = SEM (n = 4). Different superscripts indicate
406 significant differences between observation time points (P < 0.05).

407

408  Figure 2. Postmortem changes in the DPPH scavenging activity of the white muscles of

409 Nile tilapia carcass within 48 h after death. The data are expressed as mean =+
410 SEM (n = 4). Different superscripts indicate significant differences between
411 observation time points (P < 0.05).

412

413  Figure 3. Thermal transition properties of muscle from control Nile tilapia (0 h after
414 death). T, = onset temperature, T, = peak temperature, T. = conclusion

415 temperature.
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Table 1. Thermal transition characteristics of muscle proteins in sex reversed Nile tilapia in relation to postmortem time delay. The data were

calculated from duplicate determinations and are expressed as mean (SEM)

Postmortem Myosin Actin >AH
delay (h) T,(°C) T,(°C) T.(C) TeT,(°C) AH{Jg") T, (°C) T,(°C) T.(°C) T<T,(°C) AH{g") dgh
0 44.45°  46.88° 48.62° 4.18° 0.39 68.31° 71.04*  73.42° 5.12° 0.34° 0.73°
(0.22)  (0.03) (0.23) (0.44) (0.01) (0.50) (0.50) (0.37) (0.87) (0.09) (0.10)
1 43.35®  46.67 48.68° 5.33% 0.42° 66.28" 70.67*  73.22° 5.94%¢ 0.31° 0.76"
(0.38)  (0.06) (0.22) (0.16) (0.10) (0.40) (0.35)  (0.20) (0.20) (0.05) (0.13)
2 4342  46.55 48.43° 5.01% 0.37° 67.06% 70.42°  72.72° 5.66™ 0.33° 0.70°
(1.17)  (0.44) (0.39) (0.78) (0.05) (0.50) (0.12) (0.04) (0.54) (0.07) (0.02)
4 43.65°  46.21° 48.28° 4.63% 0.43 66.26" 70.29°  72.59° 6.33%¢ 0.42° 0.85°
(0.11)  (0.09) (0.12) (0.23) (0.01) (0.08) (0.03)  (0.01) (0.06) (0.03) (0.04)
8 42.87"°  46.21° 48.71° 5.84% 0.54" 67.09% 70.42°  72.79° 5.70™ 0.39° 0.92°
(0.09)  (0.09) (0.33) (0.24) (0.05) (0.02) (0.06)  (0.04) (0.06) (0.03) (0.02)
12 42.16°  47.00° 47.9° 4.56™ 0.43° 65.99" 69.92*  73.26" 7.27% 0.39° 0.81°
(1.69)  (0.29) (0.34) (0.06) (0.09) (0.06) (0.47) (0.05) (0.11) (0.03) (0.12)
24 39.72°  43.46° 45.96° 6.24° 0.32° 62.20° 66.79°  70.12° 7.92° 0.33° 0.68°
(0.03)  (0.33) (0.27) (0.29) (0.04) (0.60) (0.15) (0.27) (0.34) (0.04) (0.04)

48 nd nd nd nd nd nd nd nd nd nd nd

T,, onset temperature; T, peak temperature; T., conclusion temperature; T—T,, melting temperature range; AH, enthalpy; nd, not detected.

Different superscripts in the same column indicate significant differences between postmortem delays (P < 0.05).
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