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Abstract

Postmortem changes were studied in an aquatic animal model, Nile tilapia
(Oreochromis niloticus). Dead fish (105.83 + 1.66 ¢ weight, 18.55 + 0.14 cm length) were
floated in water, and the 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, scale elemental profile and cadaveric volatile organic compounds (VOCs).
Stomasomatic and intestosomatic indices, protein concentration, specific activity of
digestive enzymes (pepsin, trypsin, chymotrypsin, amylase and lipase) and scavenging
activity were deaeased with postmortem times. The digestive enzymes exhibited earlier lipid
degradation than carbohydrate or protein. The intestinal changed more rapidly than the
stomach. The coherent changes in the stomach and the intestine, consistent with
postmortem degradation in microanatomy of both organs (lumen, wall and cells within
lamina propria) as well as in hepatopancreas. Specific activity of the muscle cathepsins B,
H and L increased significantly with postmortem times while the scavenging activity was
decreased. These observed changes are accordant with thermal properties of myosin and
actin, and degradation in muscle microanatomy. For scale, drying was occurred due to the
dehydration and degradation of collagen. The main eight elements were detected during
investigation and all values were changed with time since death. The sixty-five VOCs were
detected; these most compounds are previously reported in some aquatic animals and
mammals in relation to attraction of insects to the carcasses. Various VOCs exhibited a
key potential for discriminating the time since death. Overall, the findings suggest that the
postmortem changes of digestive system and muscle, scale elemental profile and VOCs
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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fuflefasyiugifun (mature) fnueniUszanm 150 fadwns dwdfaziannuenuszaa
152 finduns TnsvmdadudioasndlildndsasUssana 243-847 wes (Pefa-Mendoza et al,
2005) dwiuludszmalng Yardadanuilunisnsligdludhaieuiguisuiafounainy
dosnidutiangiu sumglussssduiniuiu dadiuvasasiaividovandeanas Tngaandls
I¢in$sazusranns 100-700 ves (Bhuje, 2000) ofadisndlaind ariiasagazddosinidoasly
Tulveunimsuauiudiasa Taaussana 1-2 $alus Wagiamndugniarivsounielu 8 Ju
Tudheiignuaniinesnunduslug azimzsudirudungy enideusguinasfveusivan
199N 3 dUavt gnuanagmiuedle UnAvardlaanunsanauiuglanaent lngldiian 2-3 iwieu

HOASY WAdIIMTENBLaTMENTaNIERauiugle 5-6 ASY luszpzian 1 U (ddnideuas

WALIUSEUIUNAR, 2551)
2. IMNSUazSEUUERER1MN5YRUa A

Uanflamss@inlufuilanaiduiiaes dlngiuiinluemsuazaiunsondalusiuid

AN EIdmMTUNTUSLAveIYYE (Bezera et al., 2005; Zhu et al., 2009) Yardafiuamsi

(%
a Y

Taansssuandlavatgydaneiisuazdnd wwu 15dn aglasin feouuuas wavdadians sauma
aunelaziiy (@inidouaziauiuszasundn, 2551) nsUszliun1sAuemslusssueIAves
Uanlalusuriiauavdnadiuvesnguermsnuitemnnguiauresvaila fAe dndninnu unasn

POUFRT Lazunasnnauiiy tnedaeduwindu 38, 33.5 way 33.1 Wosidud suaisu  (Wes,



2549) ANuABINITEIMSUSEIMIUTAUYRIUa1laTuagiuuIn 91gvesan AunmadlUshu
wazszRunaanuluems (gay, 2549) lnguatalugisivdoutiedogu Joguiedinnsyiug wase

L 6

WnTetauainug deudesnislusiiu 35-40 wWasidud, 28-35 Wasidud uaz 20-30 wWosidud
auaeiu Gsmed,  2536)  dwsuanudesnisansiulainse nudanlladnisidusyleniann
arstulawsalad iesanaunsaasaeuledezluaa Jadueulwingesudslunaduaimsla
(g9, 2542) uimsiingAvomsussnvensiulawsn wu Yanediwasdudivsnaslaiiu 35

s & ¢ < o § v | a a a 1 v
Wosigud lusmsvesdarvuiadn waznisvinliemsanasdieiiuyseansnnlunisdeslv
gavulednussana 25-30 Wesidud (nguideenmsdniun, 2534) dwsuanudesnisludu van
a v v ao & ! ' ! z:l' o = v 6 '
Tadeensnsaladundndulungulawni-6 unnndntungulowni-3 iWeaussuuduiug lnsuw
Uandilasulasiunninduiumdesdadunmadomni-6 aslinandngnuaigs uinisasqiulneg
Fnduivadilasuemsnantfiuduuandaduunaedewni-3 (udifeuazimuilszuai

AUTIIUT, 2554)

syuugaemsvesUalneiiluarUseneudedddnliun vienaiuens (digestive
tract) UageiuIziugasa1ms (accessory gland) oA fu (liver) wagdugau (pancreas) uazes
1 (call bladder) nsfinwszuugesemsvesavlimsuimginssunisiuemns svezan
flomnsnuaaInnssmizems wasUssavsnmnisges (A5N9A, 2536) ﬂ’]iﬁﬂwﬂﬁ;ama‘imﬂﬁuaa
vedvigluszuugeseisvesuanila (O. niloticus) 1ne Morrison wag Wright Jr (1999) &

[

SUATLDUARNIT

1. 1a8m8111T (esophagus)

waammmiﬁu’faL?jaqﬁaﬁﬂiznauéﬁaLmaéﬁﬁgﬂﬁ'NLﬂumﬁw (squamous epithelium)
wazlwaaas1afion (mucous goblet cell) S1uaumn Inwaaasradanvuindn (small mucous
goblet cel) fsushunitougnuns (pear-shaped) aglndfuiiufinvondeyinduuen diiwad
asrallonvunlug (large mucous goblet cell) %?J'u"l,ﬂé'qgmsumLﬁaqﬂa%uuaﬂ ﬁ%’umﬁmﬁa@
a3 (tunica muscularis) fiUsznausendnanieas (striated muscle) 2 $u InetuuaniSee

& . 3 a o . . .
Wuasnau (outer circular) wazduluiSesdiniuuunen (inner longitudinal)
2. NSELNNEBIMS (stomach)

a 1 [ 1 [ 1 | o/ .
ASLLNILD1M5VIUAHaLUIaNL U 3 a1 1AnA NSZLWILeIMITAIUAY (cardiac)

drunans (fundus)  wazduuans (pyloric) Inevalunszmizemsusenaumesnouasisungae



(gastric gland) ®nLIUAIUMIN (anterior surface) %’ﬁLﬁuﬂé’wmﬁamaﬁﬁ&iauﬁaym% (tubular
sland) fiUszneulumewadasnailonuunalugjfuiudaiondle (basal nucle) sewfinyansves
MaenoIMITIEBUTEBAILIAURAF U v sz slUE meveansEnIEa N TAIY
Uae (tubular pyloric portion) wazaudale-sndia (leo-rectal valve) dmsuguans (ventral)
UYBINTLNITOINIT AUAIYA1TIEADYY WasuwaslUiluseuadaingos vsnadeuiazwy
fafmuaad (mucous neck cell) Fevimihinduiiensenuniadounsemziiiotlesfunisgnees
lutuifanania naswmngonsduaieasseneuludendunidoaeiunene fussesdus uasd
n&andlei3eu (smooth  muscle)  fituludssiadusnaunazduneniFeafinuen Vi
ﬂé’ﬂmﬁaﬂggmmﬂszwammidauﬂmﬂ (pyloric sphincter) ﬁmnﬂﬁauuﬂa«nﬂﬁiamﬁ’aymﬂﬂ
Hudoyfindnld (intestinal epithelium) FsUsznouseidoyinaeduuns (columnar epithelium)

waslwadas1ilonvuInLan
3. a4 (intestine)

anldvosanflawvsoonilualdaiunt (anterior  portion)  wazdiulane (posterior
portion) (Scocco et al., 1997; Gargiulo et al., 1998) %ﬂ%uﬁﬂﬂm (mucosa) Uszneuludeide
yrodniuasmadasrafionuundn dluduianaiia (muscularis) fwadndanioaodudy
U agegwiaLiios dmiuuinaiudale-snda UsznauludeduraandnioduiiGeeuiu
ANay (circular layer of smooth muscle)

AuvesUanilaagsiuegiudusau (hepatopancreas) druUsznoufidndny iun wadeu
(hepatocyte) agfinadllandudonin Tnaleadfuresualaidnuueadefulansegnudein
5uq (Kendall and Hawkins, 1975; Hinton and Pool, 1976; Beccaria et al., 1992) wuviaidan
(sinusoid) WNINBYTENINATARFU Uaziinguuadsiugeu (exocrine pancreas) WNINBEITENINUNYAT
fuse nenulungudouseuvieideniieglufu Feuszneumeiwadesduns (acinar cell) o
sufudungy Idedoansanauvunalvgegiguvonsad wazdlelnmandy aelulalymady
wulaluauunsya (zymogen granule) uanni sudfldmveadedeiioniu naomimaes
Bulsvam uazeid iesndudoddndsnusaumnlunisimiii Fuduetorediiluly
AouAIBaguN uazligamgiiganite eardu (Aras et al, 1994) Anvaznsaneiniavesivly
anneUniesiidnuasduleinnadunsedmden Guieweatu wasifundoanssnanvunnlng
2gn3INa seaguinalndynaudnarsvaslelnna@y seuseulumeiiipileda (nucleolus)
athaw (Figueiredo-Fernandes et al,, 2006) wadduwazinndeaaziinnisasuulas

! 1 @ Y v = Vo a N 4’4’ I gél = (%
Y8a3UTIazIUIneg1iulate Welanlasuansiivivuleusyludi lngainnisAnwdnuay



N9RANYINIATDIU WudwadduIrdenAndvun Tuvaziwadesdurivesiudoulzdouind

19 uaglaluluunsyadeufindua (Paris-Palacios et al., 2000)
3. pulyldasans

miw?{auwawé’amﬁmwaaﬂmsﬁuagﬁummL%’wﬁwuaamiﬂizﬂauLLazmémﬁm%mﬂ
NITUUMTALMUDATY uavUiiseveeulesififioglusnuan Gedserafinsudsuutasianseu
vosaulasigesarmsiidne T toulsduear-ozluaa (amylase, EC. 3.2.1.1) wWudu
(pepsin, E.C. 3.4.23.1) N5UU (trypsin, E.C. 3.4.21.4) lalunsudu (chymotrypsin, E.C. 3.4.21.1)

wazlawa (lipase, E.C. 3.1.1.3)
3.1 WUy

WuBuuerdRnlusiiea (acidic protease) wuldluluingosvesdnifinszgndund
Lasnsszasveslal vvthiidesansomnsussiamlusauliivundnas neuddludossod
$1ldAn touleiudugnaistuluzdiudluauiliaunsovhenld nendsiulugnuenssnig
omsuasnsnlelnsrasinesnun slinseimizemmsiianmidunse Weodsulldluaudy
wulesiluudu sumiassufizomeseulsifinmdimngsensnoziluiitvylsinadueslsundn
Hun flaeranfiu Wnlsdu wasv3ulnny Wuduaunsavauldaluanndilunse (Simpson,
2000) Tunszmiza1nsvedlan pectoral rattail (Coryphaenoides pectoralis) WUTu A taz B &
anmefivnzansonsiauiifitey 3.0-3.5 igumgdl 45 samiaifua (Klomklao et al., 2007)
drunssmnzenmsvestan Pacific bluefin tuna (Thunnus orientalis) wWuinwWuduflaniied
NEEaNRENSYNOIUifieY 2 (Parra et al, 2007) Wuieaivesdnnlusioaludan discus
(Symphysodon aequifasciata) (Chong et al., 2002) Uan Monterey sardine (Sardinops sagax
caerulea) (Castillo-Yanez et al., 2004) wagUan Asian bony tongue (Scleropages formosus)
(Natalia et al., 2004) @wusunisfinwlu bolti fish (Tilapia nilotica) WuIexIANIUIALOE
anmeiivnzausenIsyhenuifies 2.5 ﬁqmmﬁ 35 psAwaldied (Beltagy et al., 2004) d@uly
Uandla (O. niloticus wag O. aureus) s¥ezivenu axdnanlusAELUNILINIZE1MITENITONNU

oA lugaiey 1.6-3.3 ﬁqmwgﬁ 55 aarwaldud (Sheng et al., 2006)



3.2 n3Uau

yvBudueulnidunumudnlunmsmuaumsdeslusiu Tnsvimhiinszdulusieuls]
(proenzyme) n3elalunay (zymogen) Mieadeatunisdestusiuldvassiln T v3udluau
(trypsinogen) Talun3ualutau (chymotrypsinogen) TUsasuanduuLna
(procarboxypeptidase) wazlusdanalna (proelastase) IﬁaglugﬂﬁaﬁNWiaLi'aﬂgjﬁ’%mléf (active
enzyme) laun v3UTU  laluvsudu  Arsuendiuudega  (carboxypeptidase) uazdanaing
(elastase) puaddy feu n1sAnwianssuvemIviuddlunuindidayienisussiiiy
Usedndnmnisgoslusiu (Rungruangsak-Torrissen et al., 2002; Supannapong et al., 2008)
y3uduiusanladlsfoaiisaljiieonlddlusasfiton 7-10 (Chong et al, 2002; Natalia et
al., 2004; Thongprajukaew et al., 2010a) lngassadanussioluil (amidase activity) Laglod
was (esterase  activity) ndsnsnesdlufiledredidauazuszauan Wud lafu uazersddu ans

Fuaszvdellanldiiednwinisdudinanssuvewsudu Ae tosyl lysine chloromethyl ketone

(%
1Y a

(TLCK) uag leupeptin d@ua15dudiaInsssusn® lawn soybean trypsin inhibitor (SBTI) fianssu
ﬁuaaw‘%ﬂ%uﬁmiﬁﬂmﬁumaL‘ﬁaqmﬂw‘%ﬂ%uﬁwmwﬁﬂé’@ﬁiaﬁwmmmmé’m’iﬁwLLGiazﬁzj'Ni’zJ
nanssuvemIUBuliauiuwUsivaum)ll (Rungruangsak-Torrissen et al., 2006) B1YWALLNA
(Thongprajukaew et al., 2010a; Thongprajukaew and Kovitvadhi, 2013) #Seanniindenly
syuuilnAianet (Rungruangsak-Torrissen et al, 1998) nsuanseenvov3uduludn g
ansnann1a1nTadennee lauwn Aunmeesems (Sunde et al., 2004) uas (Sunde et al., 2001)
NSLERIBaNYoIBULazN15IASUTDSINY (Rungruangsak-Torrissen and Sundby, 2000) WagszUU

[y

AiiAuAY (Andrés et al, 2010) M3An®1ves Sunde et al. (2001, 2004) WUIIBATINAT

Wwaivlnvesdniuindianuduiusiuianssuewivdu nneziluduiu nsnesdludiun uay

Usnnaonsiduelundnuile Inefanssurewiuduaslegalutniidddindnisdiulng,
3.3 lalun3uduy

laluvdududueulnifiAaanmsnsedurowiviu annsassufizonlddndey 7-10
(Chong et al., 2002; Natalia et al., 2004; Thongprajukaew et al,, 2010a) lalun3ugud
s zsevlinvetE ey Lazansafatuszolul wazeamesldiuiioatursuiy Tne
Fauszulndudnsaesiluifladraduramu 1oud fdasvardy vIulnvy nlsdu ues
nsnoziluiiedradulslasindn wu wwlsledu asdudinsiauveslaluvaudy Ae tosyl
phenyl alanine chloromethyl ketone (TPCK) wag chymostatin nseneludnitmuinns

waneantalunsuuiinasoni1sulalunaniemsaiuduiuns Uy Inefanssuvealalunsuduas



fiangeluteanddifiadulntvmsegndtialaedadesie (Rungruangsak-Torrissen et al., 2006;
Chan et al., 2008) vaugNinsAn¥n1suanseanvedlalunsvduluyuusy (Maja brachydactyla)

v ! d‘

wuIfanssudnmzveveulwilivudliuiuduniueiy wasliAigeanidioyitndssesninis

Y

a v 6

Wasuwlaaumnuesin@a (Andrés et al., 2010) egslsinn msfinwiludardndesaiugnui
A5 UETRYAINB ML lnanssuvedlalunsuTuliaanas wuhenueulelgesa1ns

%ﬁ@ﬁuﬂ (Thongprajukaew et al., 2013a)
3.4 waan-azluag

woan-ezlaafuieulesiildlunisuszifiudszansanvesnistesnisiulawnse
(Thongprajukaew et al., 2013b) dosnidueulnerluaa (endoamylase) fivhwihfudeu
anslulawaselifutihmanglnauazuoaing Tnsgesansweduinalsdvosanslulewmsaiisumia
a-1,4 glycosidic bond (Areekijseree et al., 2006; Supannapong et al., 2008; N30 WaY
o330, 2555) uvdswesnoan-ezluadlulafufiy uazarAufisuazile dnilvajagldnan
nIVaevo NI ld nTvimzems fu susou wazldne (Gned, 2536 dunnius, 2550) dwsu
Tudanflanueulesiiilugld (Tengjaroenkul et al, 2000) wilesanUandanuemsdilnefiidl
aslulawmsng ihlvinanssuveseuluiesluaaluuanilageedeiidudday (Hophe et al., 2014)
wulvduoan-erluaaaunsavinuldiludisiesiuandieiu Wy lumesyntihia (Hyriopsis
(Hyriopsis) bialatus) Yneulanluteiiies 7 (neutral amylase) (Areekijseree et al., 2004) Tu
Uan Pacific bluefin tuna weavh-ezlueaiianefimunzausenisvhauiifies 6.9 (Parra et al.,
2007) Tu red porgy (Pagrus pagrus) waz Bogue (Boops boops) auldanfies 8 wie 9 Mdu
L (alkaline amylase) auanu (Fernandez et al., 2001) dusulaniia (O. niloticus Wag O.
aureus) TuszzSugaunuiviauldilugisiies 6-7 (Sheng et al., 2006) Wefnwfanssuves
weav-aglutaalueToizdesomsdiuniee laun nsziwizemisiion (pseudostomach) ald
duAU (upper intestine) aild@d@ulany (lower intestine) wazdu (liver) voslarta (O
niloticus) Tltminsnaiu fe 5.7, 35.8 uay 92.1 ndu Wuindlanefimnzaudensnuia
WY 6, 7 WAL 2 MUAIGU Tnevandatmiin 92.1 nuilfianssuvesueani-ezluaagan (Klahan

et al., 2009)
3.5 lawd

TawadueulsideslvsiuiAinannisudsvesntsdnldiazdueau tawaiunuimlunis

saUfAseIn1sdesaareiuszeanesszninnsaluiulianasndundwesealiululund
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wesea landwelsd lnsndwelsd nsnledy wavndwesea oulwivilailanunsarauldaiu
anmeidunansiaua (M3as wazevienssns, 2555) Tngagvhausanfuihi shwehiiswtuges
lugulinaeduluiuluenadn  Aanssuweseuluilawalulaiudofdganiafufivuas
&3 wazUanAufia audiu (Thongprajukaew et al, 2010b) lu yellowtail kingfish Fadulan
Auile W‘Udﬁf\miimaqLaulézjﬁlaLﬂaﬁauﬁwqqaﬁu’uwﬁmL?imé’usuméhéau (larva) (Chen et al.,
2006) wavluvan Pacific bluefin tuna lawaaunsaviraulgafifiies 7.4 (Parra et al., 2007)
dwsutanda (O niloticus uaz O. aureus) wulesllawaludldannsavhaulddifes 6-9
Tutsgaumndl 25-35 ssanwaldea (Sheng et al,, 2006) leAnwAanssuvesladluoioavdes
21M5EUA19Y Taun nsziwizemsiisy anlddiusu anlddiulane wagduueslailia (0.
niloticus) Tidihmineneiu e 5.7, 35.8 uay 92.1 n3u wuitlawadanisfivanyaudenisvhau
fifuen 8, 7 uaz 8 muddu Tnevandatuiin 35.8 n3u fRanssuveneulssilaagen (Klahan

et al., 2009)
4. NMM5UANURUAIYRITZUVEIYDINITUAINITANY

WEIN5ANE098N ] waduaziheleaiAinnsruiunistosaaneile9InNnYnIuYes
wulwsigoslsiuluiad wazqduniduiaciieg Afey nszurunisdesaasdiedluszuudes
omsilirisnszimnzemsge vna wonzqdug wazntlidldinsaonvianvoudeiiion vinlst
dhdesannsusausoningeslusiuuinausuuenuarludesies Wonsuimzemsuazdldiinee
Annsavauvesinglelasiaudalisluliunann dmalmfausanafietoizaslutesios vl

ATTLNIERIRTAN (Laczniak et al., 2011)

nsAaunalnsIade (gastromalacia) Wunisidsuudamdsnismediddalunszimng
913 v linanszmngseusnazusaseglifodidn annsianuveseulusifiegansly
(O’Donnell and Baker, 2010; Laczniak et al., 2011; Usui et al., 2013) mzmumﬁﬁﬁma
Tnemsasedviveseturzdosoims faasfintussrmniiluiodeiifioulsiuazivinanig
(Vass, 2001) egslsiimu Liet al. (2003) yesuirdwivessusetming (hepatosomatic
index: HSI) vawyaUsIn-nada (Sprague-Dawley) At unussesnamaansaie (0 fe 25
wih) Turaefimsuszanadisnamdnismeluadufifaves Erlandsson uaz Munro (2007)
wuhdnunenmaniginmevenieadedldfinndevanmandonariul maAsuuamds

n1smguendNziavguianeulydvsegdunidnegaiglund 9191innNN15vReNTLaY

Y

AsuiiuIuYesrsuaulneanlen waznsarauvaavadds (Benzie and Strain, 1996; Vass, 2001)

Jaduwmanoaiinasalusiulunssimizanmiswazanld
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ndansneenainUfizeneendindu  (oxidation) duduufizenfiluananieszaey
aydedidnasouanilaasliiuluanaiivhmihilfussudidneseu suiinindelelnsiau
9¥AONDNINLULANA Tngansfivimnidusalididnaseu (reducing agent) uagansivinuiiisy
Bidnmeu (oxidizing  agent) UfATeneendinduvinliiAnoyyadasy (free  radical) Faanunsa
\Anuieneendintuiivansdug Wugnldsely Tneujizensendinduvesdfia (lipid oxidation)
semineendauiulnsndiwelsa (riglyceride) Aifinsalutuwfinlidus (unsaturated fatty acid)
ylAnasilvinduiRaundluanidu (wd uazans, 2555)

TudsdiFAnilarsinusondiadu 2 ndu fe nguilostunisifineyyadass Thud ol
gUilasoanlennaiingg (superoxide dismutase) naelsleu  LWeseandina (glutathione
peroxidase) Azmzlad (catalase) Ueseandina (peroxidase) lelalasudileseandina
(cytochrome C peroxidase) M103uns (copper) kazdinzd (zinc) LLazﬂdmﬁﬁwmﬂUﬁﬁ%mqﬂM
oA Fm18ud (vitamin E) wuan-walsiiy (B-carotene) 3n18ud (vitamin C) nsng3n (uric acid)
TWsfusayiiu (albumin) dwivluwadinoudiazinsandeseenladiazeyyadaszumians
drulsznausneg sumasilansiiinannisesveeuluivdessenun wu idlndiivimiii
Huslibidnaseuls (Lassoued et al, 2015) agndlsfiniu mulndignudesenalsiifisaneiile
WIsuifisuunssdneyyadassfiunnifuly wenaninisdesameftumguiilildnlndansdy

niiusgansanlunismineuyadaszaniesas (Lassoued et al., 2015)

wdansmereusad (cell death) asiinazwenlnfinued (apoptotic body) wieliiwad
wuAlAla (macrophage)  @mnsamdnwaaninalteantlognssinda (Katz,  2008) n1sAne
avnannAnuaflunszimizemsuazaildvemulasuyue loe Hall et al. (1994) wandlviiiu
TognenlnAnuedliliinisnszaeuuudy winumnludeyiuazlu immediate sub-epithelial
connective tissue laglunszimzammanunniigauinasonasinirgosuariduuenvoss
%guiuqm (superficial gastric mucosa) %amm%uiuu’%nm lamina propria 18 dludlaan
wuerwonlnAnueegassuinalaesvediala (vill)  uazUInAIFIUYEIATUY (crypt) vauzdl
miﬁmanmiLU"SsmmJawé’mwmstuqﬁmﬁLﬁamaq Erlandsson wag Munro (2007) wu3Ing
Wasuuwasmeludlfsdunadiudaunntuionamdanmsmeuutu laefina 24 $alumds
n1sne Qe Aiidkausgninediden dinna uasndes (green-brown-yellow mixture)
Tntudsududindonuns (yellow-red) Turan 2-3 fu uazidsududunstingia (red-brown)
Tunan 7 $u audls 3 §Uai dmsunisinwnganeiniaidieide Wun dewiindes ln deumann
1n 3318 Sy §114 douthane wasfmilimuidnuuznsganieinaveniobesanaind

= ' 1% [y a [ 1 < & A o ! =] &
E‘U LLUUVII@Jﬁ@@ﬂa@Qﬂ‘Uﬂ?iL‘UaEJ‘LlLL‘Uaﬂ‘Viaﬂﬂ’]iﬁ]’]EJ E]EJ'NliﬂﬁHll LUBLYDANNANIUNTTLADUTFNTNAN
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Sonariulundsnisme dvdumsussanatisamdamamevesandegnililuiu Tagldenmy
(Sus scrofa domestica) Wusiuwuu wuiiszezian 7 Jundsannils Ushaduviewesminiynes
Fudntos Tutrana 13 Sundeanils Unuduiesdinmestudntos urnudldnzdnaonin
wdniladunan 20 Ju nuiusnaduiesdnununiy aenndesfuivtifiunes Tusuil 27
n§nianunstumsieutinsfundoudun (ereasy whitish coating) nssusiadIuTios Feoraidu
FruaRliiuisminmsasunlasilivinlnide feaanosusiidnvusmioudiwaglusiv
(adipocere) wdsaniladuiian 34 Ju \in adipocere UStaudLyi0d Lag 40 Tunasainide 1n

mgnUnAaueae adipocere sauvismindlanasly 38.6 LWesius (Niederegger et al., 2015)

5. nanutliavalan

nduifledudodofinuldvndimvesinne Wenduievafinazaaies aviiliiae
nswdeulmdusine dnsnnnduitieluimessiidulsramnauaumehauiisaduien
windudlefleguinudmasidulsrammaunumaiadu (McArdle et al,, 1996; Marieb et
al., 2013) néaiedulnausznousedulendaile (muscle fiber) meluilidulonduiiodes
fiusznaudioduledes (myofilament) waziiefusenineda (myosepta) deilnoaanawiu
a9AUIENBUNAN (Chéret et al., 2007)

¥
a A 14 =

nanutlenuseanle 3 ¥in Ao NauLilaseU (smooth  muscle) WUAUKNTIv899 83y

A & ] & ! N o a [ 1 I o a 1% &
aeluiidussuuvieludnlvg ddnwaeteu liiduate wavldeglugunvesdnla ndnaile

o

il (cardiac  muscle) wuldnutsvesidlawinguy farsusiviinueguendiuiavesdnla way

v A

vududamnzaiiaue wazndanileans (skeletal muscle) nuldalumugnsd Saneauans
MaBAAIINEN INNEAnfuNsEAN vieuegnelagu1adnla waslinnuduiusiunisiianues
lasansezan ﬂizﬂa‘uéﬁaLé’u‘laﬂé’mL‘ﬁ@ﬁi’ﬁmumﬂa@jsauﬁulfﬂuﬁmﬂé’mLﬂf@ (muscle  bundle)
meludulenesvondulondrunilovsivnsliades (sarcomere) douaduiiu Fudulovianuniu

drulsznavvedlusiululedu wazidulesiauraduadiudsenovveadsiuleniiu Oy, 2534)

néoaeutsoendu 2 wla Ao ndnilewns (red muscle) wavndanilows (white
muscle) Tagnduiiounsoguiinudiudrsdrdialdfmdsznirnduiofuuu (expaxial
muscle) wazndunieduans (hypaxial muscle) Sdnvasfuuiuuns dudonunanndeides
warfiduidendassiuiuann nduidounsiionfladosmanninndudovnds 3 wh (Furiu
Audnasszanas 18-75 lulasiuns) udviunsvesdonfiumdeidsannndt uaglulnaouinie

vaandulownsagluguarnuiniundt naulewadldndinuainnisaatearstailuanawuuld
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90N (aerobic catabolism) ¥t finwanuseidoslunsieivesan daundanilevn
nuushudfmsurdarnelvandsye fdnvausdudelvguaznun (Fuugudnansenniis 300
Tulpsiuns) Wulondranidolddesiidudenundes lulnaoumdeilvuiadnun vilinganideid
0 ndrnilornieuuuulalldesndiau (anaerobic)  Tneldwduainnszuiunislnalalada
(glycolysis) funadenlonoutislumsmasivesndnie Jaildndunidevndundnlunisiieth

Tugaaandug Wy nseniunseual wagnisglaumie (gnms, 2542)

= v a 12 dy o Y | [~3 =

n1sfnwanuueniIaganieIninvesnauiladidiveslardiulugidunisfinuly
v & Y &~ v a v U & a ! a € = a
nanuiloany leenanuilelinisinsssinuduneu o 5ena lulewles (myomere) Gangluil
wlondanllenldunnuuus gnvieviueglubieiudulenaiuiiiounsy (sarcolemma membrane)
vounainmeludulonanuiileUsenaumeduludesndiuiile (longitudinal myofibril) 5 l@uiuan
wauslum weaziduledeandruileUsenaumelisiunvinniilunisues fenauileluaniie
UnAavanuisanasiudanusyninadnseninguledesiaegnsdnau ndrudounsasiiuSun
loffugandiluna1uiilord (Ramesh and Nagarajan, 2013) waigaldansnsaugnaduuansiala

) al v Y o Y Y vad a a . . <
Fotau esandanwaglndifssiu uaaildisnisniediuadl (histochemistry) ag@1u15aLAu

asrUsznavvasludukazlnalaulunduiiiownsgeniinduiievn (Carani et al., 2013)

Tsiulalefunarueniiu Wulpsiadavdnvesnduiodnifivhniilaeasaieatunis
nakavAanei Wednine wadnduiorandanuainnismels weniiufulalefuasduiuuiu
swdhiuduueninluledu (actomyosin) ndiiiosmas uiliinaned Weswnvineriluiy
Insweoas (adenosine triphosphate:  ATP) vTﬂﬁsmﬂﬁmiLL%aﬁaag:izazwﬁQﬂwwé“qmima
(Tyska and  Warshaw, 2002) Tuvaugiienanarainlusiu (sarcoplasmic  protein) Lag
osAUsEneUdu wauassegludiuvedlalynandy (Matos et al, 2011) Fsdawasionis

WarUKUAIUD9519NENAINNNITASLTUN U

Msdsunaswesndsnienendinseaned 3 szer Suainszezdouniainiaialaein
nszurunsinalaladasausiumeaunsestetessozisuusnii ATP Tundraniloanas Tnefinisdes
aarelUsiudainainnisiauresseulesilusiea laun euledanunidu woulesiniaim
(calpain) uaztouluinoaaniua (collagenase) vilndnuiiedeuas Sseerdertn wasilnnny
e (Shahidi and Botta, 1994; Dent et al., 2004) sisunluszaznisin3s Tnefiuoniulay
TuTedususatuegrsansifuseninluledy Weswnvandsuain ATP  Tunisaanasves
nduilawlonsuaznduiievineendiau tnalauaziinnisidsuntasluaneildiionnie

Inevinglaaasivaeuldidunsavaninuasndsnulugy ATP  Welnalawuvuald ndauilovsiia
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Man3ein ulsie uaglifinuBaneu (Bayliss, 1996; Manzano-Mazorra et al., 2000) karszey
aavineidunisdugavesnisinieia WWusveziigdunidadiveulydiunndosasnuszneuaed

nannile vhlvinauudeuluannia (Fraser and Sumar, 1998; Chytiri et al., 2004)

mitfd?ﬂlwuﬂaamwé’amam&Jﬁluﬁ'miﬂfﬂﬁ’guslmgL*‘ﬁJumiﬁﬂwﬂuﬁaaejwﬁgﬂLﬁu%’ﬂm
msiéfqquﬁﬁ?ﬂ nsAnwlulalugansu (Salmo salar) (Roth et al., 2006) LazUaingnivn
(Lates calcarifer) (Wilkinson et al., 2008) wuiiszezinTafegsening 2-24 uag 3-24 lus
PEIU waendeain 24 dalusluuda andigsreriuganianiein vilindudeseuty uazl
faveu osnlusiulilefuiadulasaimdnuesndunilofinisgapdoaninsssuni (Tyska
and Warshaw, 2002) lngnisaansdivedlisauaiuisannadeulalagldfnvaisuivaannuds
uAaeslwes (differential scanning calorimeter) Faduadesdlefifnwnisuasuulasaudid
arufeuiiuansdinindoanimsssunivedusiuld esngamgiifindmiilodsaninsssumi
ranaINEndsNneg (Kuo et al, 2005) lnstasgumgiifinins lunasnainAnauansinsves
ANEIVRIAENOAIDS (Thongprajukaew et al, 2015a) Famsdsunlassiaszeziian
AMendensmeasanuiguiuluvaiune (Mullus barbatus) Janngwiwms (Lutjanus
campechanus) wazdainn (Ictalurus punctatus) (Schubring, 1999) uaﬂmﬂﬁiué’mﬁgﬂaqﬂé’w
wil (Krompecher, 1994; Dalal et al, 2006) wunisiUasuulaaniendanismedinitlulan
dosnanndandeiianuiudou uariivasndenuasandanidoinnnit (Gilis and Biewener,

2001; Smith, 2011)
6. woulaifidsnalinduiiosousa

ulgdinulundanievardsznoudoeuledlulalelnusa wu teulsdannddud
(cathepsin B, E.C. 3.4.22.1) f (cathepsin D, E.C. 3.4.22.5) 1o% (cathepsin H, E.C. 3.4.22.16)
Wwarkea (cathepsin L, EC. 3.4.22.15) uagtoulesifinuludinvessnslanatadin wu teulwsina
W (calpain, E.C. 3.4.22.17) v5U3u wazlalunsudu (Shahidi and Kamil, 2001) lnensuduas
Taluv3uduludanfienfievmnsausonisvhaulugiefiidusng (Cao et al., 2005; Sheng et al.,
2006) miﬁﬂw]@mé’ﬂwmmaw%%ﬂuﬂé’mLifasuawmmmn (Argyrosomus  argentatus)
WudﬁﬁmmﬁwL‘wwgsia‘wyjm%*uaﬂ%amaﬂmmazﬁium%ﬁﬁuLLazlae?JuL?iuLamﬁ'w%ﬂ%uﬁwuimzw
888919115 (Cao et al., 2005) d@rwmanuiniluimialusited (neutral protease) FeflRanssu
avifhendunans tulsdmamugnudessennidulendunielnenistendauues Z disk mavh

Y

USgvisAamuaiindl 1 (type-) uazuitiai 2 (type-ll) Tunaruiiavawoulyd (Engraulis japonica)
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WU 2 vlaansavinanulafngamgil 45 uar 50 esrnaldea ey 6.8 Lay 7.0-
7.5 enua1au (Ishida et al., 1995)

w&In1smevesdsditin lalelvurzUaesieulsinmuiudadudamsulusiioa (cysteine
oroteases) luglalnmanadunazdorinssywinamad Srnavildafovvesnduiiioanas uavyinle
AANLssleaau (onic strength) Tundaniiefiniy (Yates et al., 1983; Verrez-Bagnis et al.,
2002) oulwinnudurimindiigidesiunisdosaarendiuiendenisaevesdn’ Tnevinli
nésiiiesausias wulvdvlandninulunduiie Toun aAunudut AumUdul aunUue uay
AnUduLea agslsiniy AsanefiduLInuIAwmUduR SunuivlunistesaansTusiuly
néwidletesnitaumususn 3 wia esneuleddinananunsadesaanglilelnusaldamlugag
AevUszun 5 (Makinodan et al., 1982; Jiang, 2000)

6.1 ANUIUU

uledpmududviminidesaanelaseadrslusiundnvesndanie 1w rouluniiu
(connectin) Lugéu (nebulin) wazlula®u (Yamashita and Konagaya, 1991) 13mﬁﬂimaqaﬁuaa
AT Fuegifuriinvasuan dwsulundmioasvesuananuiddminluana 235 Ala
p1adiu (Sherekar et al, 1988) lnsloulesimnyudusiammegninaseituluzuyes pre-
proenzyme Fadslalanunsavieuld (inactive enzyme) Mé’amﬂﬁ?u%L%’wgiﬂszuauﬂﬁé’]’mLLUaaﬁ]u
Dueulesifianunsariauld (active enzyme) (Egberts et al., 2004) oulssiannududanunse
Futuanseaduldvansvinuazazdesdans  Z-Arg-Arg-T-amido-4-methylcoumarin  (Z-Arg-Arg-
MCA) uae Z-Phe-Arg-7-amido-4-methylcoumarin  (Z-Phe-Arg-MCA) n1s@nenfisinuannuin
wulwdanudud lunduniovesuaiiforfunzaudensvinnueglutag 55-6.5 wargumnd
35-55 D9ANLGALYE I@EJamazﬁmmzaméﬁﬂdnﬁuagjﬁwﬁmaqmﬁ (Aranishi et al., 1997;
Jiang, 2000; Aoki et al., 2002; Kim et al., 2003; Chéret et al., 2007; Liu et al., 2008; Ahmed
et al., 2015) N13AN®19049 Delbarre-Ladrat et al. (2006) wulalglenvesariinnidul 1o
uazueadundnuaziifansugs Wueatumsfing1ves Aok et al. (2000b) iwuiilundsiile
veIUaNgY red fresh ANnUTUT uazuoalfanssugs diunmsdnwludaingnarnd nuinm
wivduTlundruidevndagadu 297 wdewisudsuiuluiot uenanaumudutosdu
wulaURag (endopeptidase)  wén SefldruAsitoslunszuiunsnaneidinen wu nsiin

UzL59 MTANLVBUTAR NTENLEUNTAATE warlsAdus Me (Gocheva et al., 2006)
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6.2 ANUDBULDY

wulzdamuBuesnuaswsnluduveamudaiivdnluana 28 Alanadiu (Kirschke et
al., 1977) essnuvesouledviini Ae L-Arg-d-methylcoumaryl-7-amide (Arg-MCA) toulassinn

wUTuewi v Naauuseielunveta s uninguesiiludase Wy 913531y wuniatelud

(% '
1

(naphthylamide) uananiifsannsnameasiiedofuasduiifinduesilu (blocked  O-
amino group) LU benzoyl-Arg-naphthylamide (BANA) (Takahashi et al., 1988) toulasinmnd
Fuerlulaninanssufimunzaurenisviauiiiesusyaia 6.0-6.8 (Kirschke et al, 1977
Aranishi et al., 1997) msfnwileiUieuiuianssuvesnmuduerlulan 4 vl Leun Pacific
whiting (Merluccius productus), arrowtooth flounder (Atheresthes stomias), Alaska pollock
(Theragra chalcogramma) wag Pacific cod (Gadus macrocephalus) Wunamugues Tutan
Alaska pollock ﬁﬁﬁmﬁmqjﬂﬁqm 5990331 Laln Uan arrowtooth flounder Uan Pacific cod wag
Uan Pacific whiting @ua19u (Porter et al., 1995) dvdumsanunlundanievnvesaingng
9711 uaznaniladuudunds (biceps femoris muscle) vosaua wuindanssuvesnnUdues
Tundwiilovesdnine 2 vila fAanssudidniamududuazuen (Cheret et al, 2007) Adneiu
msanwlundruniletiineuudiinenssuveevledamudueviiddiienIsudieuiuamy
Fuld (Wu et al., 1985) agalsimu awmuueviianuauisadasaaaluladulaiiininany
Fud (Aranishi et al, 1997) usnanawnugulevaziiunumaAylunisdesaaislushulaids

WNE789nUNISSAYIlsALaNISHAWIveIUsn (Che et al., 2014)
6.3 AnnUauLaa

wulwinunyFusoarmindidosaatslnssadrslusiundnueandiuile 1eun Tusiuney
A wyau luledu reaaiau uean-weaiiilu (Q-actinin) uaglnsluiu T (toponin T) uay
Insludiu | (troponin 1) (Yamashita and Konagaya, 1991; Ho et al., 2000) lngannuduleaves
Umﬁﬁmﬁfﬂimaqaagﬂuma 23-30 Alamanu (Visessanguan et al., 2003) ouladaniduuea
luuanfinuaudfadesuiuenldndaidssgnieunarld wazannsold Z-Phe-Arg-MCA 1Ty
ansmady nsAnelulauranounuitamuduneadulusieafidesaaslusiuenduile
I¢annilan (Hu et al, 2008) wuatunsinulundriiovasandu (Hypophthalmichthys
molitrix) AnuinemuBuueaiitanssufiganitaumudud (Liu et al., 2008) waznudilundunile
y1vesUaIngmeuiinanssuvesnwduneagadu 3.9 wihdlowSsudlsusuainudunealy
néandleun (Chéret et al, 2007) Tnsannsageslusaumdulogosanndanie (myofibrillar

protein) loegsauysainiglu 21 93lus (Ladrat et al.,, 2003) INMsAnwIAiILaNUINeulesl
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AnUguLealunduleUaniifioyivanzausanisvinaueglugie 5-7 uazaumgil 45-60 aeen

walgya vialtuegiuvlinveslal (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)

7. wnanvaslan

nanUaTIAN UL WU LAl Lﬁuaqﬁﬂizﬂawaqmz@ﬂﬁﬂﬂﬂquLLazﬁmﬁwﬁUﬂﬂm
Rvestanld msteuiiuiuvesndntiesinliiAnmnudaneuiiioliuaransavdusianielu
sULUUAn leindewman (Yang et al., 2013) IngUanfiafiindnuuudaiauess (elasmoid scale)
yianaufiaiFou (cycloid) Usznoude 2 4u e duuen fduloaaauiiiiduinugudnang
Usgana 20-30 wnlwuns dnsesdnuuguuaszileiteglulusilolnawau (proteoglycan) uay
1l (@ugn) duloneaauiiduinugudnansszan 70-100 wluans ogdafaduuasSos
Faoumdeniiu (Khemiri et al, 2001; lkoma et al,, 2003a) Fudulemoaanaufinulunds Ao

[ i 4 ]

AoaaauYlnd 1 (type 1) Wulloidoineaiundnindidglunisaqulassais wasinliingn

W33 (Okuda et al., 2009) avaaauluninvedmividulngdvenmnglnilnsudeann

0l 26-29 samiwaidva widmiuluvandaiidisgamgdiilfidsanmedi 36 esmivaidoa
Snilunnzaimiezdmadelasadiesnoaanaulunde Wewninsadotussmdlndiiia
wazdimatdalinanat vilindnliBaveu (koma et al, 2003b) wenani indadssznaude
g159uN3Y LU WsAUATIAY waza1selunsd Wy Amsuelum Lazasnlng (Perga and
Gerdeaux, 2003; Sinnatamby et al., 2007) Fadwlngidulansendezmlndiifiuaadeutos
(calcium-deficient  hydroxyapatite) InaUsgneumelainou wunii@en uazasusiunlossy

[ [

3 a ! a = a 1 1 1 a <3
Lﬂﬁﬂﬂﬁ’]U’N‘UU@lMﬁq@lﬁ?ﬂ UNIURYARALUU YUBYNUIIAUINTIVDILNGR (Torres et al., 2012)

wisglundatanfinsassedeseiiiesmanntin Inandatunoniwadiudulunisadhs
Wuyunarussnn (Schonbsmer et al, 1979) dundaduluduuinaiahuasazaunssg
(Onozato and Watabe, 1979; Zylberberg and Nicolas, 1982) ag1dlsfinu QREGERNIEIgly
ansangalamnuanlilasuemsuazegluneieienaiuuse (Campana and  Neilson, 1985)
uen9ntl Uandiamnsngadunisnndanndenlildlaeiumarionuasiiadoogluiin
wazannsiueadiosglutindy faussninnuddysoquamusinszgn ftu uazinde ussm
fdnduluvan lud unaiBen veaveda uuniley luidou man Faden nosuas uazleledy
uaﬂmﬂﬁé’aﬁﬁmﬁﬁwL‘flwiaﬂmﬁmﬂﬁﬁ%mmﬂumé‘mﬂm laun ean@iau wazlulasiau uageia
wulangursviinavasluindauan wu dangd nei duedu wezuasnila Wusu (Abdullah et

al., 1976; Sauer and Watanabe, 1989; lkoma et al., 2003a) ImamaazammLLﬁfﬁmLﬁuﬂ'?uwﬁd
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£
=

Aevinlrreaataulunanininuldwse vnlmndaudatasvinninidestunnniweslarlenvu
(Meunier, 1984)

nsAnwlulanana Pagrus wulwisy wunfidey uazasusiunlossu lunszuiuns
asslansandernnlnduaanan (Ikoma et al., 2003a) Tunanlamas (Carassius auratus) WU
indeduludmuuninuiietuindaduuen Snsarauussmunnnimsinauasdiuguveande
Fuly (Zylberberg et al., 1992) Wuiefularveudnvesuseu (Arapaima gigas) Aiflnsaza

} a % & P Y & < ! 2 o o X
Llﬁﬁ'W!“UiL?mLﬂamsUuu@ﬂll']ﬂﬂ’J’] aﬂNaiMLﬂa@llﬂ’J’]llLLSUQﬂ'J']Lﬂaﬂsﬂu(lu (Yang et O(., 2013) upau

a

fostuegiurliawazangvasUaiie lneseaunisagauussgiuandsiuluisiasusinuveunin

e

Juegiumsusuasulassadeszauwluveandnlal uazUfiserssninseeaaiauiuin 9lid

Y

sULUUTLiueY (Torres et al., 2012) lundavandanunisnszanevesussinogludilonsaanay
uriazidy wazarauegneluindvaiioglugasing (hole zone) (Okuda et al., 2009) Tnspeaan
AunnindataansasssiumelfgaunglidldRniresatalunszanuesdaifssgniisu
(Williams et al., 1978; Kadler et al., 1996)

=

8. a1sdunsdnszmelalusn

asdunIdszmedng (volatile organic compounds: VOCs) e nauvesansUsznoudiil
audulesnnndn 1 fadlunsuson annsassmedulonszanesluluenaldiefigamniuas
anuduUnd Banadulngussnoueezneuvesnnsueuuaglalnsnau uenainiionafieandian
w3ealala LU Aae3U karlusiiy s3uegmiey (Paczkowski and Schitz, 2011)

luAsdTinfineud: maameimesesdtszneudunidlasiluanistunieusunisddon
asBunidesmeiiindusulifsussasdiflofigaunasniuein Judundndusitunaisvosnis
dovaans waztdunsyuiumsiidudeu (Vass et al, 2002) asduvddszmsieiinandesaans
Tngqaun3d uagnsuAuuedTuvesanstaluanandnludei®ia liud a1dlulanse lusu nee
1nddn wazlushu (Vass et al., 2002; Statheropoulos et al., 2005, 2007) Insaslulainsnaiu
Tvgazdosaaefiuansusznouiifieandiausgnieluluiana (oxygenated compounds) e
NINBUNI—UNvila Loaanesgea (alcohol) Alau (ketone) Loadlan (aldehyde) wagloaines
(ester) (Gill-King, 1997; Dent et al., 2004; Statheropoulos et al., 2005) Toekoanagaddu

a

Hanfuanfiinannisdesaanslnegaunidnainisaevesdalitin wienisdesaanglnalaudu

’6’ = a 49{ U o (% o 14 A ) L Y a v d‘
uwmangleadaintuludu dusudimasznsyaedilulunaendenneglndidesnielian1iey

Y

IdeenTiau waziinasgninnangyegsanysaiiluasveulneanleduazii Tuvaenneldaniagls
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2anTLAU AglanandugUssinnudn Wy nsakandn (lactic acid) nsadamiludn (butanoic acid)
LALASALBTRN (acetic acid) (Gill-King, 1997; Dent et al., 2004; Boumba et al., 2008) @u
ueanageaillena (branched alcohols) siaziAnannnsnoziiluiigngosrunszuiunsiuunued
T uagnsaaefaueINIAASUBNTAN (carboxylic  acids) BeUfATeNsEMININTAASUBNTANAY
uoanegedilvAna1snduieaines (Paczkowski and Schiitz, 2011) ansnauueanasedfid iy
A9 1-hexanol finanisfnwinountisesauininanuinalye1visvenies (fungal

metabolism) (Korpi et al., 1998; Paczkowski and Schutz, 2011)

nsgesaauluiiuseteuladwealnlawa (phospholipase)  Taevilunuludiuves
nandLile M19LAuIMT Lardu dunumdiAgrenistesaatsnedlndfia (phospholipid) waz

wuledlaadueulvifiawisadesaaelnsnaiwelse (triglyceride) Wiadunsaladududuay

Y

19idush (Cabirol et al, 1998; Vass et al., 2002) dwsunseevaasnsadandsnazlaiululas

AaLUa (nitrogenous base) Woalne Lavinana (Vass et al., 2002) vennidaiinsamsuend
anfiAnainnisdesaanglusiu aslulewnsn uaznsneziiluseqdunid (Paczkowski and Schiitz,
2011) Tnsnsnezdly 1wy lolwdadu (soleucine) uansiifegauuasiuned Piophilidae uay
Calliphoridae  #afufe  Bnviedsanunsofsgauuasnaidon (bloodsucking insects) Fsyadn’
(dung beetles) LAEEUALALTIN (necrophagous grasshoppers) (Wolff et al., 2001; Barrozo
and Lazzari, 2004; Dormont et al., 2010; Whitman and Richardson, 2010) d@wSunsaludu

[ I

anggfanisafagasaeiag 1undnfusianufaTereineudiliadu (saponification)
Usznausie nsnluiu wazeawmes (Levinson et al, 1981) Jsnsalutuaziinnszuiunisaansle
nandusJuueanoges AlAW WeaRlan Lavleanes WulAglnun1sdesdalgn1slulawnse
(Cabirol et al., 1998; Vass et al., 2002) dwsuneadlanuazAlay o1alunaunangdunsdnse
Ug‘jﬁ%mmiamaﬁwaﬂmﬁuﬁLﬁmﬁﬁmﬁuaaﬂ%muﬁlu%’jumammﬂ (Whitfield and ~ Mottram,
1992; Dent et al, 2004) darsussnaveslsunfnduanssememluildunainnisdosaas
nsnezdluridnezlsundn loun Inlsdu (tyrosine) Wdlaweaiu (phenylalanine) waznsulninu

(tryptophan) (Vass et al., 1992; Dent et al., 2004; Paczkowski and Schutz, 2011)
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AN 1 NSANwLAgINUENTBUNIINTTme lenaan1sene

Organism Key VOCs Postmortem Organ References
interval (h)

Whiting Acetaldehyde, ethanol, 336 Muscle Duflos et al.

(Merlangius merlangus) acetone, ethyl acetate, (2005)
acetic acid and 1-hexanol

Tench (Tinca tinca) Hexanal, ethylbenzene, 0 Muscle Turchini et al.
benzaldheyde, octanal and (2005)
nonanol

Atlantic horse mackerel 1-Penten-3-ol, 2,3- 0 Muscle Iglesias and Medina

(Trachurus trachurus) pentanedione, 2,3-octanedione (2008)
3,5-octadien-2-one and

Gilthead seabream pentanal 0 Muscle Islesias et al.

(Sparus aurata) 2-Pentylfuran, 2,3-pentandione, (2009)
3,5-octadien-3-ol and
hexadecane

Domestic pig Formic acid, butyl acetate, 4 Whole body  Dekeirsschieter

(Sus scrofa domesticus) acetone, aldehydes, ethanol, et al. (2009)
butanal, benzaldehyde and
acetamide

Pig (Sus domesticus) 1-Octen-3-ol, 2-phenylethanol, 600 Whole body  von Hoermann et
hexnoic acid, butyric acid and al. (2011)
isoamyl butyrate

Mice (Mus musculus) Acetic acid, butanoic acid, 24,240 and  Whole body  Kasper et al.
butanol, octanol, phenol and 720 (2012)
1-hexanol

Pig (S. domesticus) Benzaldehyde, phenol, 240 Whole body  Brasseura et al.
dimethyltrisulfide, indole (2012)
and undecan-2-one

Pig (S. domesticus) Butanoic acid, 1-hexanol, 39 Bone, Cablk et al.
1-pentanol, 3-methyl-2-hexanol muscle (2012)
and octanol and skin

Cow (Bos primigenius) 1-Pentanol and hexanal, 39 Bone, Cablk et al.
heptanal, octanal, nonanal muscle (2012)
and toluene and skin

Human (Homo sapiens) 1-Pentanol, hexanal, 39 Bone, Cablk et al.
benzaldehyde, octanal, muscle (2012)
nonanol and toluene and skin

Greenshell™ mussels Dimethyl sulfide, 2,3-octanedi- 0 Muscle Tuckey et al.

(Perna canaliculus) one, 3-undecen-2-one and (2013)
(52)-octa-1,5-dien-3-ol

Malpura ewes (Ovis aries) — Acetic acid, propionic acid and 24 Whole body  Bhatt et al.
butyric acid (2013)
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AN 1 NSANWILAEINUAITRUNI ENSEmelaraInIsane (fa)

Organism Key VOCs Postmortem Organ References
interval (h)
Domestic pig Dimethy! trisulfide, dimethyl 1,536 Whole body  Paczkowski et al.
(S. scrofa domesticus) disulfide, nonanal and (autumn) (2014)
hexan-1-ol
Domestic pig 1-Hexanol, 1-octen-3-ol, 1,320 Whole body  Armstrong et al.
(S. scrofa domesticus) 1-pentanol, carbon disulfide, (summer) (2016)

dimethyl sulfide and hexanal ~ 0-72

lUsfuazgesaatailuarsniiluianadnasniniy wu nsnesdlu wazlndmdlng

a

(polypeptide) Ingtauleslnunaindiaiwazaingaunsd vilmanniseeusivesndiuiile lng
oulesiiddny Taun oulesiamidu wulsdaamy tazeulbinsaaidiua (Shahidi and Botta,
1994; Dent et al, 2004) nszUiunIsgpeaaalUsANILAS9@NTITLMETULN LTU @15USENBU

Muzau (sulphur compound) o3l (amine) Lazdulaa (indole) Wio01ALAAIINNITAIBUDITL

v oa

TauwuaiilSen (fusobacterium) Tuanziluiiannia IneaisusenaunuzduinaNnISeosaae

v A

nsnerdiluffimusdudussausenaulnouuaiitse arsuseneunusdund Ay Ao Inadalia
(polysuphides) @s518auansaRagaktaslinfueInla sauiawiasiuiilden (blow flies)

waza9dULnse (burying beetles) (Stensmyr et al., 2002; Kalinova et al., 2009) dmsutodiu

a

Ainanufisena1suandiatu (decarboxylation)  wesnsaesiilulunauiile Ingfanssuves

a a 6

9aund dulnalinainnistevaansvesvsdlamu InseulwiviUlaiug (tryptophanase) 4

o

as1slasluniiise (Vass et al., 1992, 2002; Statheropoulo et al., 2005) ’i?mﬁ’jﬂmim?ﬂ'auwaﬂ
vosseiiszmeld wu lnswfiaefiusenled (trimethylamine  oxide)  «Julnsiufiaiediu
(trimethylamine) waslawfiatefiueonlus (dimethylamine oxide) waznmsiasunvasveses
sanlanlagiouladlnsmiaediueonlunfuiiiag (timethylamine oxide demethylase) (Shahidi

&

and Botta, 1994) a@158un3dnsevelalugn@ne ludn U9 RnLkanIfamis1en 1
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1. nMswssuRlag1sUanila

Usuanmuandaulasne (O. niloticus) 1 ¢ wew Wunan 15 Ju legliermnsid
TUsAiu 30 Wesidud 31w 2 asweu uaslivandunan 12 Hilusietu tiluvsdsdoumgl
29.60 = 0.15 deAwaLdEa Wley 6.95 + 0.02 USueandiauavangin 5.05 + 0.01 dadnsuse

ans wazUSunauwaulaiie 0.94 + 0.15 TadnSusaans
=3 %) 1 a
2. NM5NURQ8g19UaNa

onemsUafaudasmafung 48 Hlusdeunisifiuiieds iiletestumauasuuvas
wunuedfiesanomnsiiiu duuafifuunelndifestu (hvin 10583 + 1.66 N uazAIw
g1omoonda 1855 + 014 wufwns) aauUailagliiuds wasdinasslunivusnss
Audoniiuii (32 x 43 x 11 Wwuiune) seduigs 7 wuflues faumuiuu 14 fdemuus
Imaﬁwmswmaaqﬁqmmﬁﬁm Mé’ﬂmﬂﬁ?uzﬁmﬂmﬁnm 0,1,2 4 8 12, 24 wag 48 Flus trdi
Audegenssmzemauarald eldfnussuudesons 1hud suihindn arududures
TUsu Anssuveaeulmidesenmns msfuufzeteendindu uagnsudsuulasdnumgmaga
Medne (0 = 4) iusegenddermuinandmidesuuuldeiunds (Fueiunded 3 F
10) uagndnudleunsuiniuinildfmilseviendadefuuunazndaiiosudr e
Anwmadsuulamesjideeendindu maudsuulasandidnudou waznmsdsunla
Snwagnaganeinig (h = 4) dwsuAanssueseuleflundundefnuiamslundmidern
i s e uiuuInatee el dinyinisiudsuutasdnuugmaganigiaie Liu
fegnandn (Uinaldfuaiunded 3 e 7) iileldinuwieduszneuvessiy uaziiueesuan

[ '
v o oA

NasdinltAnwalsdunsgnssmelaluenn (n = 4)
3. N15ANEINISIUASULUAIVBISLUUEBYINNS
3.1 AYUUIVLNVDIDIYILLIYDINNS

NFIDINAUFDE190T8I128080IMNITIE 8 AAINEINITANY Yo Tezsanaiuifnen

v a v v

gaduinin Inedsuiiningiuan UindnueInsEiniee1nis wazaitd (NSY) wasAIUIUNAYRUDS

ASZNIEDINNSHOUNNTINGD (stomasomatic  index:  SSI)  wassuivesanld@natining?
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(intestosomatic index: ISI) 9717 (UNNINNTELNIZDIMNS/UIUNNG) x 100 waz (Wndnaila/

YINUNFI) x 100 MIUAINU
3.2 A1SANAENTANAINNTLINIZDIMSHAZ AT bE

NARLAZLAUAIDE19NTEINIE NS haz A ldveIUa 1 uuLLDe A ntuadnansn1uIsnash
AnLUaIN191n Rungruangsak waz Utne (1981) Tapuanszinizamnsuazaildlunsalalnsaassn

ANMUNTY 10 way 1 Jadluais (1 : 3 untnsausuing) auaieu legldasestiuasiduniiiolie

=

(THP-220; Omni International, Kennesaw GA, USA) a1nnuilutumesit 15,000 x ¢ 7
gaunnd 4 esewaided WWuan 30wl gedwduladiueen wazgeasavanedlanulin
gaunil —20 esmwaldea Weldiagimanududuredlusiu nsiulfiseeentiadu uay

Aanssuvaaeulvidayainisealy
3.3 n1sAn¥IAMUINTUYedUsAUTuESENAINNSLINIZRISHaT A b

Aneranututureslusiuluansainnuisnisues Lowry et al. (1951) lag

WIsuguAuNIMUINSg11Yes bovine serum albumin (BSA)
3.4 N1SANYINANTIUINWILVR U UL aya1MNS
3.4.1 fanssuvawaulusiiludu

AnwrnanssuvetoulsliuuBuIINATLINIEDINITNILIBA1IY0S Rungruangsak tag Utne
(1981) TagisAduanuitudy 2 Wesi@ud Usuims 100 lulasans asdluraeannass wasan
FutUedred few 2 Anududu 0.2 Tuand Usinas 100 lulasans wazsieulwiainusuns
200 lailasang wémasiliiidniu dnluusiionmgdl 55 ssmisaiua uiu 10 il ngaufisese
msiunsalasaaelsesdin mnududu 5 Wesdud Usuns 1 fiadans waulvidniu wdaanniu
thludusiesd 5,000 x ¢ figamgiivies um 20 uil gadnlavessnednaiuins 0.5 faddns
panlmvnunuleinenlensenlonaudutu 0.5 Tuars USums 1 Hadans waiy Folin
Ciocalteu reagent (Fpasfuthnduludnsndiu 1:3) Ysunms 03 faddns wasTnansgandu
wasmsasesanlnsinladmesfinnueiedu 720 ulwuns wasmaudndueilalag
Wiguiguiunsmannsgiuves Ltyrosine glla (unit) vaadudumuinainu3unames L-

tyrosine MfnTu 1 lulaslua luvian 1wl angldiivey 2 gaumgil 55 serwaldya



24

3.4.2 fanssuvawaulvsinsuBunazlalunsudu

Anwnanssuvesoulesinivdunaslalunivdulualdnuisnisves Rungruangsak-
Torrissen et al. (2006) AvnTsuvedeulesinIUTunaaeulnenautviosiey 9 AUTNTY 0.2
Tuan$ Usums 700 lulasansiid benzoyl-L-Arg-p-nitroanilide (BAPNA) aandudiu 1.25 fadly
1§ uazioulesiatn 100 lulasans udwuilgumgf 50 ssmusaiBea u 10 uil wdsindu
neaUfAsedensiiunsnesdinaududy 30 Wosidud Usuins 800 lulasing wawaulidn
fu AanssuveseulwilaluvivduliiBnsmedeuuioafuitnmstreduing1onn udasuiu
THSvesfies 9 anududu 0.2 Tuans Usues 700 lulasans ATl N-succinyl-Ala-Ala-Pro-Phe-
p-nitroanilide (SAPNA) arundudu 1.25 fedluand sauvisgumndfildlunsvaudu 60 o
waldoa 9ndutluiadinisganduuasd 410 wiluwes uasmawdafusifiiatulng
Wigumeuiuns nunsguves p-nitroanilide gllnvewsuguuazlalunivdu Auinaindsuim
99 p-nitroanilide iAntu 1 lalaslua Tunan 1 wift neléfiey 9 figuund 50 esaivaidya

Wagiiley 9 Meaunil 60 aerLYALTYd AUAY
3.4.3 fanssuvasaulvdiezluas

AnwrRanssuveevludeyluaaniiisnisves Areekiseree et al. (2004) Tnonautiulls
AUty 5 Weasidud Usuns 25 lulasansiutvlines Mo 7 anududy 0.2 Tuais Usunms
62.5 lulasans wazlalfounaslsanuidndy 20 Jaaluais Usuing 37.5  lulasdns wdadu
uluiainuiinng 125 lulasang ndutuiigumnd 50 waldea wiu 15 il wasvgaURAzen
Tnemsiiunsalalulasyndlendinanududu 1 wWesidus Ysums 250 lulasans udwauldniu
iludulutdifen uin 5wt wdwiedisliliBuiigamgiivies inthnduuiung 25 fiaddns
Mntiunanliidity dnlufnainisganduuasi 500 wiluwns wazaanSueildlag
LU'%&JULﬁemﬁ’uﬂi'lw:i,nmg’]uﬁuamfwmauafﬂlm qﬁmﬁuaqaﬂuLaaﬁmammﬂﬂ%mmmaﬂﬁﬂma

wealnaniindu 1 lulastua Twnan 1wt aeldfiey 7 uaveumall 50 asrnaalded
3.4.4 fanssuvasaulwullas

naaaunanssuvawaulylaan1uisnsneawlaunain  Winkler wag  Stuckmann
(1979) lawuay p-nitrophenyl palmitate ALY 0.01 Tuars Usuims 200 lulasdas fu
PWNasNey 8 ANUuYY 0.2 Twans Usuims 800 lulasams  wazsaulesiadausuins 20

Lulasdns 9 nuuuniigamall 60 esrwalea u1u 30 w19 ngauisenveeuledlaeiy
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Tufsunsvaumanududy 1 wans Usums 250 lulasans udmanlidiiu diludumiesd
13,000 x ¢ flgaumaiivies w1 15 unit gaansazansaula iothluindnisganduuasil 410 1
Tulns uduUFeuiisuAnandnesifldfunsmunsguues p-nitrophenol glinvaslaiUanuin
27nU3ana w04 p-nitrophenol fiiatu 1 Tulastua Tunan 1 it meléfies 8 wavenmadl 60

IR
3.5 M3AN¥INIAMUUAe10anTATUYRITEULERER NS
3.5.1 N13M13naYYadaselagds DPPH assay

asannannszimzamsiagaldandes 3.2 idnwianuauisalunisindneyya
da32v09 DPPH »1135n15989 Thongprajukaew et al. (2015) lnain3es stock solution 91AA1S
azany DPPH 24 fiadniululumiueat3anns 100 fadans uduiulifigumnd 20 esmiwaides
9ntue3en working solution Tnetdeans stock solution $ewmnuea wainFNTsRANGUILES
Tifeglutas 1.0 = 0.5 nhe 7 517 wiluiues ndunadeuarmanunsolunishineyyadasy
Taemay working solution U3unas 3 faddnsiuansatnuiuss 100 lilasdas Malilufifinuy
30 wnit thlufanisganduuasil 517 wilumns uazAuauianssumsidneyyaves  DPPH
(Wesdudnsdudy Tdan [(A,-A)ACl x 100 e A, uaz A Ao AINTAANAULAIYRIUNINeS

LAZAITENAAINFIDEN AIUAINU
3.5.2 auauisalunisiludalidiannseulneds reducing power

dasainannszinngeomsuazanldainde 3.2 wnd@nwianuanunsalunisiudla
3i8nnsounLASNTIFALUawIaIN Benzie way Strain (1996) waz Wong et al. (2006) laen13
e 2,4,6-tris(2-pyridyl)-s-triazine  (TPTZ) @ty 10 fadluarslunsalalasaasinainu
WUTU 40 Taaluans Ay FeCls.6H,0 AMUWNTY 20 Taaluans wavezdwmauninesies 5.2 nay
ansmanualidrfulusnsidau 1: 1 10 ndeantduthansnaudnannd3uins 2,850 lulasans
wanfuansatinyUIuag 150 lalasdns neiludifinuny 30 unil waziarinisgandunasil 593 un
Tuns WedGudnsiudilags reducing power (% remaining) Auwaaildan [(A-AGYA] x

100 e A, Uag A fia AMsaanduuawastnivles wazansainaindieg s muasu
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4. n15ANEINSUABULUAURINANLLD
4.1 n1sanaansannannauLie

afmoulminmUTunu3inisues Chéret et al. (2007) Tnsuandnilevnfutvimies A
U33915 90 Taddns (AT Tris-HCL fey 7.5 Anandudu 50 fiadluan$ p-mercaptoethanol A
Wty 10 fadluand waz EDTA audady 1 faaluand) lushsndu 1 - 3 Ghwmdhseusinns)
Ima‘l%’m‘%'aq{']uamé‘amﬁa@a (THP-220; Omni International, Kennesaw GA, USA) Vé’ﬁmﬂﬁu
iludumiesdi 10,000 x ¢ ﬁqm‘mgﬁ 4 sarwaed Wunan 40 Wil uwasgadiuansazanediu

Taiulinenmgi -20 esmwadea Welifnwiianssuveseuluinmudusioly
4.2 MsAnernanssuvaeulalamuIuy
4.2.1 fanssuvasaulvinnudud

AneAanTsuvesnnUIudnuiinisfidauuaunann Aranishi et al. (1997) Taenay
WoaaTwies ey 6 Aududy 0.4 Tuars USues 200 lulasdns (if EDTA 5 fadluans
Brij35  Auudu 0.1 Wasidud Usuns 490 lulasans amdu mnududu 10 Jadluans
USums 100 lulasans wag Z-Arg-Arg-7-amido-a-methylcoumarin aaandudu 25 lulasluans
U3ams 200 lulasdng)  futeulwsdadnUiunes 10 llasdns anduiliafigamgd 40 o
walled U1 30 Ui ngauiselesdulanenesdiaatviles anudutdy 0.1 Tuans Usung
1.5 Naddns fidlodeululunaelsosdian Meow 4.3 anududu 0.1 Tuans Tnefarnisideuas
maﬂwamﬁmsﬁéf’aamémawﬂimwQadiﬁma% (3 Jasco FP-8200, Jasco, Tokyo, Japan) 7 380
RIS e'i'falﬂummmmﬁuﬁLﬁmﬂﬂiamﬂﬁu waz 450 wiluuns daduanueaduisdivas
poni i NEuUIeuTisurEnfaialatunsnlinnsgYes aminomethylcoumarin (AMO) g
JnvenmUTUT AU NUSINawes aminomethylcoumarin Fiatu 1 lulasiua lunan 1

W Anelafiey 6 uargaumail 40 asrwalgya
4.2.2 fanssuvaaaulwdlnnniduey
ANYINANTTUVBIANNUTULDTRNNITNISNAALUAINI91A Aranishi et al. (1997) laaway

Woaatwes Mo 6.8 Anududy 0.4 Tuas Usums 200 lalasans (s EDTA 5 Saaluans

Brij35  Auudu 0.1 Wasidud Usuns 490 lulasans famdu mnududu 10 Jadluans
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USums 100 lulasdes wag  L-Arg-d-methylcoumaryl-7-amide Anuidudu 25 lulasluans
U3ams 200 lulasdng)  AuteulwsdadnUiunms 10 llasdns vnduiliafigamgd 45 o
walded U1 30 Ui ngauiselesdulanenesdinaviles anuduty 0.1 Tuans Usung
1.5 fiadans Aledenlilunaclsozdian oy 4.3 avwidutu 0.1 Tuand lnefadinisiFeauas
yasndnfusifinnusneduiriuieulsiamudul uasIouifisundnfueialdtunsm
WINTFIULYRY AMC gilnvasannuduieyA1uinanusunaaes aminomethylcoumarin fufntu 1

Lalaslua lunan 1wl melafiey 6.8 uargaumgil 40 asrwaidya
4.2.3 fanssuvauaulvinmuBuuea

AnwianssuresmmduLean S nsiidaulawnann Aranishi et al. (1997) Tneway
Tosuesdmatnmles Mo 6.5 mnududu 0.4 Twa1s Usuns 200 lulasans (7id EDTA 5 fiad
Ta@n$ Brij35 anadudy 0.1 wWasidud Usuns 490 lulasdns Jamdy anududy 10 Jadluans
USums 100 lulasans wag Z-Phe-Arg-7-amido-4-methylcoumarin aududy 25 lulasluans
U3ums 200 Tulasdng)  futeulwsiadnuianms 10 lulasdns mnduiludufigamgd 50 o
wadua Wiy 30 Ui eaufisenlaediulanetesBnadnimasnnuduty 0.1 Wuais Usuns
1.5 fadans Aalodeuliluraslsosdmaiiey 4.3 Anududy 0.1 Tuas Tnginainisidesuames
nanSuginusrduiertueuleianududuasies wasiuSeufisundnsudialasunsm
UIMIFIUYDI AMC gﬁmmaﬂmmﬂ%uLLaaﬁ'}mmmﬂﬂ%mmsuaq aminomethylcoumarin ﬁLﬁWﬁu

1 lulaslua luan 1w meldiiiey 6.5 uazgaumgil 50 esmwaldya
4.3 M3An¥INIAIUUATeeNTnduvaInduile

o [ v & = o w a ad ad .
L!']ﬁ'ﬁﬁﬂ@‘\]'mﬂa’lllLu@m’]ﬁﬂﬁ:}']ﬂ’]iﬂ']ﬁ]@@iéiﬂﬁ@ﬂiﬂiﬂﬁ’lﬁ DPPH assay Wae1ds reducing

power LULRBINUNSANYIIUTD 3.5.1 Lag 3.5.2 AUaIRy
4.4 n15ANYINSABURUAENUATIANNS U

W3puseganduieunuaznduievilnefntuiioldiivuiatssanm 20 fadnsa
Nt iieseinsiasuulasausidanudoulnsldaviesudsaaunuianaosines
(DSCT; PerkinElmer, Waltham, USA) Turhsgamndl 25 B3 120 ssmiwaidoa muundnsnisiia
gunndl 5 asmueaidasriowt uarliiudaduivhabu nmsfigatiendnualvedlusiula

lofuuazianiiu NA15amUguYINlUAUESANNETTUYIRN 47-50 Bemlaidea uag 73-75
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o w

DIANLYATYE AUAIRU ANUTIBIUITEVRT Matos et al. (2011) AMEUURTNAIUSOUVBINAT

9

n33aaeu lakn gaumilisusu (onset temperature: T.) gunaiifia (peak temperature: T,)

Qmwgﬁqwﬁw (conclusion temperature: T,) ﬁdaqqmwgﬁ (melting temperature range: T.-T,)

waztounal (enthalpy: AH) VBINTLEIANINGTTUYIRVDILUTAY
5. N13ANYIANYAUZIANILINIAVBNITLNILDIMNT ATld AU wazndnanile

p3ahethaiedelneldwofundumnududu 10 Wesidud vy 3 fu andudesnlae
Tilnariy Rahesnanwadlneurluueanssedaududy 50 way 70 Weidud audsu
wdniusousaiedolilduun wiouiliueanesedmududy 70 wWeddud Saldoms
ponnnIsmzLardld ndesiiussgdobedndn ldaduwedensdontudesnluifszuy
U (TP1020; Leica, Wetzlar, Germany) tduvian 18 4alus ntuhludsaslumsilumailag
THdosmaenis iy (EG 1150 H; Leica, Nussloch, Germany) wawilwmnsifundeia Tngld
wIawhaudu (EG 1150 C; Leica, Nussloch, Germany) faussudoniboidelilduunnn
#o9nns wdantulfiadesdailode (; Jung AG., Heidelberg, Germany) Faudoniodeliung
3-5 lailasms thlaesluhguilfumanfuadludelideboinsiudlad uddeufuuuusdy
dlas eulufouandoudigamgdl 45 esmuwadva WHunar 24 Falus ndsnduihlugend
fundvalaelddBumenledu wardoulelimarFuuararsiiogseviamadinddlotu anifush
dlasanaslneven permount  vualadifoifiouazUarugeuniulaglas danamsiasundas

neldnaaganssed
6. NM3ANEIB9AUIZNBUVBISINAINLNGR

wisufegundadaiiia Inetindalusiunszuaunmsiuiauudonuds Ingldnosi
WiHesee1s (Delta 2-24 LSC; Christ, Osterode am Harz, Germany) Mntuhiegungaunng
vuaduauey neuilyliasiziesdusenaunaziiuInNIza1ev0dse tngldinaiadiasien
snudaiinnUszneulumegUnsaiiiasvisnndenanin (energy  dispersive  x-ray
spectrometer: EDX) (X-MAX; Oxford Instruments, Oxford, England) aﬂﬁgﬂUUﬂéjmﬂaWﬁiﬁﬁ

BildnmsauluUdnIng1A (Quanta 400; FEI, Oregon, USA) wazldindsveny 500 1
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=

7. NsANYIE1ISBUNSENSEmE LA lunn

Anwansdunsdfsemeldlurnvesuariia wisusesnddasldinaiaenas ledamal
Tastendunsndu (headspace solid phase microextraction: HS-SPME) Taenstlutudiuvesan
asldniu washfegiaimtnusyana 5 ndu ldluanenaily (Hewlett-Packard, Palo
Alto,  USA) U3uns 10 fladdns lddigadu SPME  wilaansluwindwedlauiiaglaioy
(carbowax/polydimethylsiloxane: CW/PDMS) Aunuvesilan 75 lulasiums @msﬁumsssmaﬁ
gounfl 60 asmuaieaiuna 30wl Mnduthigaduateseilagliuialaslans
(Trace GC Ultra; Thermo Scientific Inc., Waltham, USA) $asfutedesnsiaiauuaaiunlnsimes
(ISQ MS; Thermo Scientific Inc., Waltham, USA) Insldnaauinuuiailas TR-WaxMS A
817 30 WA AUNUIYEITAN 0.25 Lulasiuns wazvuinvesdurtuaudnalaniely 0.25
fodiuns Tnedannznelueiosiinsgh fall guvnivesdudnaisiogns 260 esmuealdea
dasnslvavesufiadiden wirty 1.5 Tadansdound gumgianeluduilivssgredudiFudud
35 pamwALTua Lazifitgeaniia 260 ssrnwailea ludiuvouaisanainuaadnlnsiines 14

1 [ a & [ % a =
waangdsnundidnaseulossluatu Ingldamumall 200 ssrmiwa@esa
8. NMFAATITaYaNeaDA

TNUNUNNTNARBILUUENaNYTal (completely randomized design: CRD) ¥iNsnaaea 4
91 (n = 8) MenunadeyalusUaneads = munaaedouimsgIu Anszideyalnellusunsy
SPSS i;u‘ﬁ' 17 (SPSS Inc., Chicago, USA) lagvinmsiiasegnanuwlsusiuredayauuuniauien
(One Way ANOVA) wW3guifigutayalagly Duncan multiple range test fissuiadfay 0.05
mmé’mﬁuéaijﬁ”aLLiJiLLsiazfjLLazmmé’mﬁuﬁ‘izijLfga’mé’qﬂ'ﬁmaﬁ’ué{aLLU'ﬁﬁ’jwmimasL%
avduiusvoniosdu (Pearson correlation: r) snesunatduduussAvdanduiius (correlation
coefficient: 1) WazLAAIANNNTANABESENIIALALSILUSTIRN B IBaNNISE LRSI (Y = mX +

<) e Y Ao MudsiAnw, X fis Lamdanisang (§3l19), m Ae Anudu uag c Ao Iadauny Y



NANISNAADY
1. A5ANEINISIUABULUAYBISZUUEBERINISUAINITANY
1.1 NM5UAULUAUBINTLNILAUDINNS

Sldvosania (6.41 + 031 WodGusdimidngit 0 $alue) S wdhunniinssmy
95 (2.22 = 0.13 Wesidudimingd 0 42Tua) (Mt 1) nansAnwmuinduiveansenie
8T (A0l 1a) uazdviivesdld (nndl 1b) anasegnelifedfyanuszezinamdnise (P <
0.05, n = 32) Inesudlvasnszmizanssvliasuntasy 2 Flususn Tuvaefiduivosanldlid
nMsidsunlasnisly 8 alus dvduianaaarievesniaifiufiegawuidviivesnssinie
gsuazaldananrdeUssuna 42 way 44 Wesidus WewSsufisuiusedisuduiosuiv

A79819 AUANU
1.2 nswasundasanutuduvaslusauluniaiuenng

AU NYUVB I UTANTUNI AN TH A NwLLAL LU LY LA EINUAY T IN TN
onsuazdld (nwdt 2) Tasanududuvestusiufiazansdldlunsemnzomns (awdl 2a) uas
Tuald (1wl 2b) anasegralifedfwdanisae (P < 0.05, n = 32) TnelusAulunszinzems
anaseg1edng Tutaenan 4 $aluausn (P > 0.05) ndmntuanasuagasiisssing 8 8 12 Halu
Lavanasetaunie 48 Hlus dmsuanututuvedusiuludldnuininnisdanouazanas
081959057 Tnefinsudsunatesaditeddynielu 2 $lus wagldanunsensiainanudud

faalusAuluald@nnan 48 rluamasnisaela



31

(a) 2°

Stomasomatic index (% BW)
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2.0

Intestosomatic index (% BW)

1.5

1.0
0 4 8 12 16 20 24 28 32 36 40 44 48 52

Postmortem interval (h)

i 1 Madsundasivilvenssinigenms (a) wavdld (b) vesdarianielu 48 Faluands
msne Tegauanaduaiade + AuASIARERUINASEIY (0 = 4) FEnTIuANANIULERS

DANLANANNLTE A TZIN9TIaIMRINTANY (P < 0.05)
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Stomach protein concentration (mg mL-1
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Intestinal protein cncentration (mg mL-

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

AN 2 NslAsulUasenuutureslusiulunszmngeng (@) wazanld (b) veslanfanielu

=

48 Fluavaanisnne teyauanuluaiade + mmﬂmmﬂﬁaummgm (n = 4) fenil

Y [

wanenefuuansdsnuuAnanaifited Ay seninginnamdinisae (P < 0.05)
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1.3 nsslagundasnanssueulutgasanng

n1slasunlasanududuresusiulumaiueims awnsafneildainfianssuves
wulwddovomsivminfigeslusiu 3 ofia (Amd 3) Aanssusinizveseuleivuuduly
wWasuuladly 4 Falususnudenisnie (nwil 3a) ntuazanaadosy uaziifanssudimesingn
(7.24 + 1.18 mU mg protein ) fitrsangavnevesnisiiusiedns Asnssusimnzveaould
v3UFuianulsenamdnisaeunnieulediudu  (nmdl 3b) Taesdenssuveeuludl
Wasuwladlutng 1 aluamdsnisene (P > 0.05) wazilddnindnsifnvesnisnsiaiaiinal 48
Flus dwsuianssusmizveaeuledlaluvdudu nuinduunliufiumnsetueulesidesTusiu
1 2 wliadnasy TaRonssufidgeand 8 daluamdannsnie Tuvagina 0 8 2 dalus way 12
Flus Aanssusmneiiuunlduiingrofy (Mwit 30) sgnslsnuianssusimzveseuledsinia
APNITasinveinIsnaTaluszezian 48 Plumdsnsmeuiieriueulsiniudu

[

Aanssudnnizvawauledazluag (Nnd 4a) wazlawa (N 4b) anasegelitedfn

o

ANUTTULLIANMAINTITANEULR LN UNIUTU Hanssuamnzvasaulailaainnulseraings
msmeunnIlunneulsindny Insanas 98.63 wWesidus aelu 24 Flususn wazdiaeiniy

IS o w [ vd‘ o (%
YAIAAVDINTTNTIVIALATLIAT 48 TILUINRINITANY

1.4 mawasuwlasvasfisensendiaduluszuugasannis

o w

AN9ANUDBNTLATUIUSEUUE D815 TANIaN AR LN ENAUAINSLELLIANNAINITANY

o

(P < 0.05) IngryseamnmsalunisidneuyadasyveInIsinzoms (A7l 5a) wazdnld (il 5b)
Tuthanananvinganaande 18 uag 24 Wesldud WewSsuiisuiuAiFusudeSuiusedi
pudy IWuReItuauansalunsiduilfsidnaseuvesnsemizems (wdl 50 uay
$l& (1wd 5d) Tuthanangavine Jsanaande 4 way 11 Wedldud WeFeuiflsufuaEudy

WaSuAUFa81e mudsu

3
o a a

Ardulsyansanduiusveswieidusenitviaiuasiuususaze laun dvlleTuizdes

9IMssiRUImMENGY Audutuveslushiu uludgaseins wasAanssunismineuyadassly

Y 1Y

NSTINNEDITUaLaLd WUT]G]’JLLT.J?V]QWJJG]ZJF]’J’WZJEIJJWU'SLLUULLU?NUGI?Q?’]UI@EJ VEGRERY QV]'N

a

adA (P < 0.01, 119197 2)
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Chymotrypsin specific activity
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td' 4:1' a o . —1 L4 a a a
A 3 MsldruLlaIRaNTTuINWIE (MU mg protein ) vasioulsiiiuudu (a) n3UTu (b) wag

lalun3udu (o) vesanfianielu 48 Filuandsnisne deyauanaduaiade + Anueain

PROUNINTTIU (0 = 4) FENTIFe I ULAAIDIAIULANG

13618 (P < 0.05)

Aa o

NUUY

3]

AR

[

Y

<

FERINVINLIANAS



35

(a) 80

Amylase specific activity
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Postmortem interval (h)

(b) 160
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Lipase specific activity
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Postmortem interval (h)

a a a ° ¢ -1
A 4 nsiddvundasianssudnwizusseulslezluag (a, U mg protein ) waglawa (b, mu

'
! a

. -1 a ) [ ¥ I
mg protein )manuamsﬂu 48 mimmmmimwagauamLﬂuﬂ%aaa = AUAKNA

'
aa v o 1 1

PRBUNINTEIU (n = 4) MLNTLANANAULARIAIANNLANANNTIT A ATy TENIN9Y AN

#AIN159Y (P < 0.05)
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Scavenging activity (% inhibition)

0 4 8 12 16 20 24 28 32 36 40 44 48 52 0 4 8 5 18 a0 24 R > W 40 44 48 52

Postmortem interval (h) Postmortem interval (h)

—_
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]
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Reducing power (% remaining)
Reducing power (% remaining)

0 4 8 12 16 20 24 28 32 36 40 44 48 52 0 4 8 12 18 o0 24 28 32 26 40 44 48 52

Postmortem interval (h) Postmortem interval (h)

Al 5 nMswdsundasenuanansalunismineuyadasslunszinizoms (a) uazdnld (b) (% inhibition) wazAuawsalunsluilididnaseuly

N3zNNzIMs (0) wazald (d) (% remaining) vesuariianielu 48 Hluwmdansaedeyawansduaiads + muAAIARERLNIATFIU (0 = 4) 7

Y [y

SNTLANFANNULAAIDIAIULANANNITUANA YT NINBIIANRINTHY (P < 0.05)

o



A5199 2 ANEUUSEANTANEUNUSVRUNYSAUY () TEWINIAUTH

ANMUFUNUSWUULUSHURNTIN LB T

'
o w

Y

dAgydansana (P < 0.01)
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fazANNeITINUNISUATULUAIISEUUEBERIMITUNAINITAN8YRIUANTE AU sianundl

Parameter SSI ISI PC, PC, Pepsin  Trypsin Chymotrypsin Amylase Lipase RPs RP, DPPHs
ISI 0.835

PC, 0.886  0.791

PG 0.948  0.841 0.889

Pepsin 0.927  0.737 0.825 0.853

Trypsin 0.834  0.790 0914 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

RP 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; 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; RPs, reducing power in stomach; RP, reducing power in intestine,

DPPHs, % 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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A15199 3 AUNITONNBYTEMINIANNEINTITANY (Tala9) vesUanfia (X) wavsiUsMneideeiunig

WasUWUAaIU8952UUg0801%1S (Y) A UsianuadlamnudunusiuukUsantuiunan

PAINIAN8DL19TUY

'
o v Aa aa

dneyean1gann (P < 0.01)

Y variable

Regression equation

SSI

ISI

PC,

PC
Pepsin
Trypsin
Chymotrypsin
Amylase
Lipase
RPs

RP,
DPPHs
DPPH,

Y =-0.0168X + 2.1068
Y = -0.0394X + 4.2644
Y =-0.1094X + 5.1970
Y =-0.1288X + 5.9358
Y =-1.9741X + 94.182
Y =-6.1441X + 251.45
Y =-1.2607X + 65.062
Y =-1.2451X + 61.982
Y = -2.6486X + 97.580
Y = -1.7790X + 68.460
Y = -1.3990X + 68.300
Y = -1.0750X + 48.030
Y = -0.9290X + 55.240

-0.927
-0.833
-0.914
-0.941
-0.867
-0.887
-0.883
-0.947
-0.788
-0.799
-0.865
-0.874
-0.975

SSI, stomasomatic index; ISI, intestosomatic index; PC,, stomach protein; PC, intestinal protein; RPs,

reducing power in stomach; RP, reducing power in intestine; DPPHs, % DPPH (2,2-diphenyl-1-

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

activity in intestine.

LAMEINTANY (X) TAnudunustuuwUsHNEUNUNSIAsULUaRIsEUUERe97111S (Y)

Tawn futlainrgaga1msaaunntngd? ANuuduYedaldsiy Nanssuatnizvawaulylitay

2I%19 LLazﬁﬁ]ﬂiimmiﬁﬁma%aﬁaiﬂuﬂizwammsuaza"ﬂﬁ (P < 0.01, M1519% 3)
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2. MMsAnEINSUABULUAIURINAULHaNAINSANY

2.1 NM5UATURUAININTSUVRIATNUTUD 18% azwaa

s o

Aonssusmnzveneuliivinlrnawidoseuds 1dun aunddud (ndl 6a) o (nwdl
6b) wazwea (it 60) luuanfadldufiududsuisunie TnoAonssudafiududntoslutia 4
Hluswsn vdsniuienfiugeintu Aanssuveuoulesiia 3 viadmnuduiusuuuuysiu
a9ty (r = 0.987-0.997, P <0.01, n = 32) lagAanssusnimzsvosnnnudud uazweaiuualiui
pdnofumaensyznat 48 Hlus uazdfanssudimzgaianlurisnangarheveamaiuietng
TneflAfintuuszann 6.26 wh (60.98 + 059 mg protein ' Tnewade) dlewSsuiiteuiv 0
Flua (9.74 + 0.24 mg protein  lnewady) luvaedinanssudimzvesnunuduesiivuiliui
wanenefuAINUIuTuazuea Tsianfisiniiann Tnudsnisme 8 dalas annuduiewd
Aanssudngn efldlsiunndnafutianm 0 fe 2 dalug ﬁamiimi’wwaqaqmauau%ﬁ%ﬁmﬁﬁ
nan 48 Falusiiadiududy 6.03 way 7.83 wh InsedslienIsudiouiuna 0 uas 8 Halug
AIUARU

amdinisene () feuduiusuuunlsiunsssunsiuasunlasvesieulasininy

Fulunanuiiev1 (Y) lawn Anu@ud anudues waramuduwea (P < 0.01, A15199 4)

2.2 maasuwlasuisereandndulundiuiile

nsAsuuUasufAsenendindulundruieuniuazndinienn dwmsnaeulngs
DPPH Lanssfannit 7a uaz 7b Ay msenusendinduiiranasedseiiosiudusiiune
Tasawiznglu 1 daluausn uilinuanuuansislugag 1-8 $alus Tundaideuns way 12-24
s Tundranilern Faflenanas muddy Tasdunaniiimsdufiseeendindusinfigaves
ndwlions 2 adin Ao Anan 48 Frlumdinisme Sanaunde 5 Weddud lundunilouns uas

6 Wosigus Tunduiieov WawSsuiisuiuasuduiioisuAusiegia

nswasuklasuizensandndulundiuiiownsiaznduiilav Fnsivaeulngis
reducing power WAMIRININA 7c WAz 7d MNaIRU AN ATEN0enBnduanategna
Aatlipatiufnsisunie Ineenieniely 1 9luausn wWuhediunisngvaaulagds DPPH weildl

WUAULANAIGIUTI 1-12 Talae sislunduiilownd Laznduiieunl wazilAtanatagnawiiulads

o A

anaaludalusi 24 agyrsaaninsinulisetoendndusiianvoinaiuiiens 2 vila Ao 7
a1 48 Fluamdiniseneg Jaanaande 22 Wesidud lunduilowns uay 29 wWesidud Tu

1% & P = o o I a v A a [ Y '
NANULUDYNI LTI ULNIUNUALINAULLBLIULNUAIDENY
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i i a o . -1 L3 a
A9 6 Nstldsunlasnanssudmng (mU mg protein ) vadouluinmudul (a) e (b) way

'
1 a

wea (o) voslarianielu 48 Fluamdinisme Joyauanaludiade + AuaaIARFew

Aa o

1NIFIU (n = 4) MLNTUANFANIULENITIANNLANANTITTEF AR TenINaTIIaImMaINTS
A8 (P < 0.05)
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AN5199 4 FUNITONDPYTEMINAIANNRINTANY (F2lae) vesUuafia (X) wazteulwdmmnudulu

AANULHeY () AaUsvianuaiianudumush U UL USHARUAULIANNEINISA8DE190]

'
v a

UEI9E0eE (P < 0.01)

>

CY

DG

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 7 maieundasuisereendindulunauiiaafiandiniseny 48 4alus Tngldis DPPH nanuiiiauns (a) waz nduiliawna (b) waglds reducing

power N&1wlauAd () way nauilevn (d) Jeyauanaduaiade + AUABINAGBLNINTEIU (0 = 4) AIENTILANAIITULARTIAINWANAINTT

o w 1

UEIAYITIINYNIAINAINITAE (P < 0.05)
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M13199% 5 Adudsyansanduiusveaiiesdu () sevninsildsuulasdisereanginduly

nanuLlaLAILaENALEYINEINTANgYeIUaTa SUsTauATiAMUELNUSILUY

Y [y

wUSHUMTINURENILNYE1AEINI9EDR (P < 0.01)

o

Parameter DPPHg DPPHy, RPg
DPPHy 0.970

RPg 0.938 0.928

RPy 0.828 0.840 0.799

DPPHg, % DPPH (2,2-diphenylpicrylhydrazyl) scavenging activity in red muscle; DPPH,,% DPPH (2,2-
diphenylpicrylhydrazyl) scavenging activity in white muscle; RPg, reducing power in red muscle; RPy,

reducing power in white muscle

AN519% 6 AUNITONDBYTENINIAMAINTTANY (FILu9) ¥eeUanta (X) waznsiudeukuas

Ufiseneendndulunduiliouniazndnuiiionnd (Y) fmndsiauaiinnuduiusuuy

o

wusknRuAunaIndINIIaeedlitedAyBanieada (P < 0.01)

Y variable Regression equation r
DPPHg Y = -0.703X + 33.674 -0.819
DPPHyy Y = -0.655X + 33.331 -0.855
RPgr Y = -0.884X + 57.872 -0.684
RPy, Y = -0.683X + 58.721 -0.731

DPPHg, % DPPH (2,2-diphenylpicrylhydrazyl) scavenging activity in red muscle; DPPH,,% DPPH (2,2-
diphenylpicrylhydrazyl) scavenging activity in white muscle; RPg, reducing power in red muscle; RPy,

reducing power in white muscle

[y

AduUsansanduiusvaiis fdusenInansisuwdasufiseteandindulunauiile

[
1% =

uastaznanuiiow Iagldis DPPH way reducing  power fanudunusiuunlsdunseiulaed
ToddBwneadn (- = 0.799-0.970, P < 0.01, n = 32, AN997t 5) wazIAMEINITANE (X) T
puduiusuuuUsendufunsasuulasiseneendwdulunduionsuarnduiilonn
(v) vialnel43S DPPH waw reducing power [r = (-0.684)(~0.855), P < 0.01, n = 32, A514i 6]

Y aa 2 = ¥ v sw ) i
Iﬂﬂﬂ']'ﬁ@ﬁ')ﬂaallﬂ?ﬁnﬁ DPPH (r = 0.671-0.731) 3dANUANNUTNUILHLLIAAINITAYUINNN



a4

3% reducing power (= 0.468-0.534) uarn1snsavaevlunduilevn (F = 0.534-0.731) adl

YR 1Y) o | ¥ -4 2
ANMUAUNUSAUTLHLIAIVAINITANYUINNIUNAULLBWAS (7 = 0.468-0.671)
2.3 NM5UAgURUAENUALTIAIU5aUVRINATNLLD

wosluunsuvosndiuidleunsuaznduniiovrilusogugaaivan (0 Halue) uansns
WasuulasautRidennudou lnenumadeanmasstusiuliledulunduniouns (gmnitusy
41.92 sarnwaded, gamgiliia 46.25 psriwaiBed uazaumnilanying 48.72 osAngalled) (nm
7l 82) uazndunilonn (guugfiusiu 44.45 ssmiwaidea, ouvnifia 46.88 Darmiwaloa way
gunfiaeving 48.62 osrniwaudoa) (il 8b) wazwonfiulundunilouns (gumglisudu 66.33
psrwalTya, grumiifin 70.84 ssmiwaiTea uavgamianving 73.47 esmisaifea) (1wl 8a)
wazndnaiiiorn (guungiidudu 68.31 samiwaidea, gamgiifia 71.04 asesaifea wargmmnl
anvne 73.42 ssriwaldioa) (nwdl 8b) uenanmsiasuunlasedlusiululedunazueniiuud
Hamsranumaiasuulamedyusiuunssialundudeuns Afgumaiidudu 77.18 ssmisaidea

QUUQINA 82.04 asPwalded Uavaumnnlanying 84.06 asrialded (N 8a)

syegawmaNImeinasonisidsullasautidnnuseuvesusiululedunasuaniiu

lundutlens 2 wiln Aadnuaeiia laun gaumglisudu aangiiiia aumgianying 39yl
LALLOUNIAUVBINSLAS AN NV USAY WU LT AULANANAUNSERH 981 0-12 T3l

watwualiuanadludalusit 24 (P < 0.05) auldanunsansiainlalugisiananyiny (131990 7 wae

8) luleTunazwaniulunauiiawnaiimnulisenisiuasuwlasnasnisaneluwnne1eaiy (115199

7) luvauzfinanuiilers wondiudianulisienisideundasunnnitluledu lnggumgdisuauly

'
v o w =

Flus? 12 FannuunnasegsditvdfgdoUSauiisuiunal 0 Falus (115797 8)

Yrguniivedluleduiazueniiulunduiilounsliiiin1siudsundas (131991 7) ueily
N1 F19gaunINWUILTULTINTUNNTE BRI TANE RTINS 24 (P < 0.05,

M1519% 8) dwsuteumativadluledulunduiiiowns wuindiddeeianludilusd 24 (m15199 7)

1% '
¥ A ]

wetauatvaswaniulunanuiiiowns (w5199 7) fululeukazwanfiulundaiuievn (197197

o w

8) lufimuunnsanednsiitedrfty wasiueunatvesiuledunasueniiulunauiileuwndinies

Pgalutaluei 24 (115199 7) uilunduiiievn wasaeumadieilnalaeiu
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M1999 7 AaudnuazdrnuseuvedlusiululedulasueniiulunauiiounswaslarlauUasunandsnisaneglugas 48 4alus Jeyauanaududiads

(AMUABIALPRBUNINTFIY)

Postmortem Myosin Actin IAH
interval (h) T.CO T,00 T.C0 T-T,(0 B8HUg) T.CO T,00 T.CO T-T,(CO aHUg) ugh
0 41.92" 46.25" 48.72° 6.80" 0.37" 66.33°  7084" 7347 7.14° 0.35" 0.73°
(0.33) (0.35) (0.42) (0.10) (0.01) 0.24)  (0.06)  (0.05) (0.29) (0.03) (0.04)
1 43.50" 47.33° 49.92" 6.42"° 0.47° 68.01°  71.92"° 7457 6.56" 0.35" 0.82°
(0.26) (0.01) (0.27) (0.01) (0.02) 0.01) (0200  (0.42) (0.40) (0.01) (0.03)
2 43.17" 47.59° 52.12° 8.95" 0.53" 6850 7159  73.71° 5.22" 0.32° 0.85°
(0.36) (0.12) (0.75) (1.10) (0.01) 0.88)  (0.12)  (0.29) (1.17) (0.02) (0.01)
4 44.91° 47.84° 49.93° 503" 0.52" 67.48°  70.92"  73.43 5.95" 0.3¢° 0.86"
(0.75) (0.47) (0.79) (0.04) (0.19) 0.07) (001  (0.02) (0.06) (0.01) (0.18)
8 43.18" 46.34° 48.80° 5.62° 0.58" 67.68°  70.92" 7350 5.82" 0.37° 0.90"
(0.90) (1.18) (0.95) (0.05) (0.16) (0.55) (0.01) (0.19) (0.36) (0.03) (0.19)
12 44.65° 48.34 50.54" 5.89" 0.51" 68.13°  71.58"  74.16 6.04" 0.29" 0.80°
(0.83) (0.47) (0.50) (0.34) (0.02) 035 (0.01)  (0.01) (0.34) (0.04) (0.05)
24 39.60" 42.25° 44.35° 4.75" 0.24° 62.89°  67.00°  69.95 7.06° 0.25° 0.48"
(1.54) (1.29) (1.10) (0.44) (0.06) (1200 (1.18)  (1.02) (0.18) (0.03) (0.09)
48 nd nd nd nd nd nd nd nd nd nd nd

nd, n53aldny; T,, aaumgiiisusiy; T,, auvgiliie; T, gumalianving T-T,, Yeumail; AH, leun1al; ZaH, nasiueumalveslulofuuagieniiy

dnwsNsnenulumeauReINULaRINIANUBANANI YR TTY

o

dAUN1Sana (P < 0.05)
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ar

M19°99 8 AanwazirSeuvedlUsiululedunasuaniiulunduilovvesanfaudasnandanisnegluyig 48 s Joyauanaduaade

(ANUAAIALARDUNINTTIU)

Postmortem Myosin Actin >AH
interval (h) T.C0O T,00 T.CO T-T,CO B8HUg) T.CO T,00 T.0 T-T,(0 aHUg) Ugh
0 44.45° 46.88" 48.62° 418" 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 4335" 4667 48.68" 5337 0.42° 66.28" 70.67° 73.22° 5947 031° 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 4655 4843’ 501" 037° 67.06" 70.42° 7272 566" 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 4365° 4621 4828 463" 0.43° 66.26" 70.29° 72.59° 633" 0.42° 085"
0.11) (0.09) (0.12) (0.23) (0.01) (0.08) (0.03) (0.01) (0.06) (0.03) (0.04)
8 a287° 4621 a8.71° 5847 0.54° 67.09" 70.42° 72.79° 570™ 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 4216"  47.00° 47.9° 456" 0.43" 65.99" 69.92° 73.26° 727 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 3972° 43460 4596 6.24° 032° 62.20° 66.79" 70.12" 7.92° 033 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

nd, n53aldny; T,, aaumglisusiy; T,, aumvgiiiie; T, gumglianving T-T,, Y3@amall; AH, leun1al; ZaH, nasieumalvedulofuuazieniiy

°

dnwsnasiulureduilififuLansisnuLana1siuegsliiod Ay neada (P < 0.05)
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3. M3ANEIANBAILYANIBINIATVBINTENIZIMIT a1ld AU waznduiile

3.1 NISINILDINIT

nsAneInsasundasdnvazganisiaiavesnssmizemsvandanislunan 48
Hlusvdansmedfindsuets 40 wih wuiinouvainie (0 Falue) wagndsneuiu 1 $alus gy
(lumen) wBsnsEINzaNSHIFUSIsApU AN (1wl 9a way 9b) usidlonaniulylugie 2 fa 8
Hlus nuirguureanszsimzovnsiisuiereuinG anumvesiianas wazguivuialig
P (il 9c-9¢) uaziileaninlulurae 12 s 48 il nudrguuuvensvunalugunniy
nsziwzosidnsaeaduguingfiliuiueu wifiguseeniuauszesnamdanisme

(mwi?i 9f-9h)

dmsumsfnwinsuasuwlasdnuynzianieiniaven Tz MsiAEaeng 200 Wi
NUINABUNITANY (0 T1a9) ATENITE1SUSENBUMBKNLITY mucosa, submucosa, muscularis
WAy serosa WArdIUY4 lamina propria N9ginaIANHTITY mucosa (nW# 10a) Wauaiaie
Wi 1 93lue nuailedonselnizUsenaumienians 4 9u ez lamina propria Liuana1sAy
nsznIzeImIvesUallugaaiuAy (n1ni 10b) wadlanawululugas 2 88 Falus wudmds
\Welgotu mucosa LSNEAUFLAYIAANITNNYBLAaUSIIM lamina propria (MW 10c-10e)

d‘ I 1 = Q:l ! U L

wazidlaarululugae 12 G948 43189 WU TENIZe I TUNAINNUTEEELIAMEINTANY

Y

AUUTY 1esAnARNITAaNfvad ol auraztuaduiiuledn Tnenunisaatefvauilande

[ (%
=

WAYNIIANVDIYAAUILIA lamina propria UINTU AULNAILTOLSNTUVDINTINTLLNIZDMNT LA

pg19TAaL (NNT 10f-10h)
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mwﬁ 9 a;amﬂ'“amﬂéumﬂismﬂsmmi (FIARIUUINN) Gumﬂmﬁawé’qmﬁmaﬁnm 0(),1(b),2
(0), 4 (d), 8 (e), 12 (f), 24 (¢) way 48 F7l4 (h) (H&E, scale bar = 200 um) AIWANY

v = o

YUVNNN1a9v81e 40 i1
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|i’{| " w7
A Al

mwﬁ 10 f\;aﬂw%mﬂﬁuamimwwmmi (FANINVING) maqﬂaﬁﬁawﬁqmimaﬁmm 0 (a), 1 (b),
2(0), 4 (d), 8(e), 12 (f), 24 (g) waz 48 F3lua () (MU = mucosa, LP = lamina
propria, SU = submucosa, ML = muscularis, SE = serosa, B = blood vessel) (H&E,

scale bar = 50) MwangUuNnin1aIve1s 200 wWin
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3.2 abd

nMsAnwIMsasuulasdnvazganieinevesdlduardanelune 48 Faluamdinis
po fifdwens 40 wh nuddeums (0 $aluy) guiuvesdldlisudeudrenan (nmil 11a)
Wonanihuly 1 9l sUvesguiudldreudnaend (1md 11b) uazidlevaimeunu 2 Falug
fuiiinvewtidldanasegraudiulatn LLaz“U"ax‘ijNﬂWEJIUL%EJL@IE]GUEJ’]EJSEJU’MIMEQ%U (AW 110)
wazidoaniululuganag 4 fe g8 dalus wuiideibedldialadosas waslizusebagniiy
PUSEELIAMAINTTANY (A7 11d-11h)

dwdumsAnmmaasunlasdnvaugganeiaavesdldfiidmets 200 wh wuitou
Jame (0 Flue) dldUszneudeniinioidetu mucosa, submucosa, muscularis waw serosa
SqusdIuves lamina propria WuEIRUNsSEIIZoIMS  (nwdl 123) Wenanruly 1 Falus
wuhiduinisaaesvontodolustasdy wasnunismeveusaduiim lamina propria (Al
12b) levanmeunu 2 $3lus nudndeibousazduaansdanntu (nnil 120) wailenainuly
Tugas 4 Fa 48 s wuhmdedldia 4 Suvnsasmuszernamdnime leewdadodenndui
nangavneveIMiumeslianuvuniosdign esainnismevessaduiiam lamina propria

WAYATEA8MAIYNLBLENUNNTU AUlUANNITOLENTUYDIHLIA AL (N7 12d-12h)
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Al 11 anmeginavesdild (Fasmueng) vesUandandsnisneding 0 (a), 1 (), 2 (0), 4
(d), 8 (e), 12 (f), 24 (g) way 48 dlus (h) (H&E, scale bar = 200 um) AmeEnetuTing

[

ANA9VENY 40 L1
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AWd 12 ﬁ;ama‘imﬂmaqﬁﬂé’ (Famuwa19) veslanfandimsaneiivian 0 (@), 1(b), 2(c0), 4
(d), 8 (e), 12 (f), 24 (¢) waz 48 s (h) (MU = mucosa, LP = lamina propria, SU =
submucosa, ML = muscularis, SE = serosa (H&E, scale bar = 50 pm)mwdwﬁuﬁﬂ

[

NAND9818 200 49N
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3.3 AUKASAUDDU

nMsAnwINsasunlasdnuazganieinavessiuresuadandsnisne 48 Halua wui
finan 0 7l dnwazveswadiuUnd Tnefinasaiden (hepatic sinusoid) UnIneg Lazlwadida
Bonfidnvare1nd (il 13a) ludalusdl 1 nudhvasnisuenduaziinifuresindluwaddu v
Igaaldinnzainy LLazL%aéLﬁmﬁaﬂLLmﬁmﬂﬁauLLUmgUiN (n it 13b) Tudnlued 2w
gosinsluwadsiu wazBuiinsasveaadidinben lnowadidndeniivuindnas uazuiimaen
Bonfldnwazuisas (0wl 130) Tudalusd 4 Bununismevesvadiv wazwaddindonaanss
quiflounun (Ml 13d) ludalusdi 8 numsmeveswadiu uaziwadsindenaatssmun (Al
6e) ludaluadl 12 Snsaaneivessadsudusiuiuinnegradiulddn (nndl 13f) wazludalued

24 way 48 lunudnuwazvesdulunisiiudiagis lesinaaiedivue

WANANUTINUAUBOUUNINBY TENINUTARU IAenaan13n1e 0-1 FIlua nulwadeyguns

[

sUsneFogrmiudungy udaziwaduoniudniou Jduedeasunavvunnlngjogiigruvensad
wazwuleluiauunsyasgnglulslnmwandy (il 14a-14b) luilusil 2 Ransuanveawadord
wf yihlwadidsuzhauasaduinntu uidsaauleluauunsyaognielulalnmwaifu (amd
140) Tuthlusil 4 wumsmadveswadozduniudiunnis wasnuleluauunsyamdosg iies
\Entles (nwdl 14d) Tudhlaedl 8 waderdudisuiinsaanes uazlinuleluauunsya (nwdl

14e) wazlutluan 12 linudnwusveuwadazduns 1inaannaanufaunus (AW 141



55

AW 13 ﬁ;ama?mmmﬁu (FAR1N17) YpsUaTlandInsenefia 0 (@), 1), 2(c), 4(d),8
(e) way 12 g (f) (HE = hepatocyte, SI = hepatic sinusoid, NC = necrotic cell)

[

(H&E, scale bar = 10 pm) ameneduiinfimdsens 400 wih
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AWl 14 anginavesiiugou (Famuend) vesUaniandanisnedingn 0 (a), 1 (), 2 (o), 4
(d), 8 (&) waz 12 lua (f) (HE = hepatocyte, AC = acinar cell, ZG = zymogen

granule) (H&E, scale bar = 10 um) Mweneduiinfisidawens 400 wi
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3.4 NATNLUD

miﬁﬂmmimﬁauuﬂaﬁnwmzmmama%mmaqﬂﬁmeﬁaﬂa'}ﬁawé’qﬂWimwa a8 4l
wuhnanieunsiinandinisme 0-1 alus Uszneusedilenduilesiuauann douseude
dodaieniutueulalufen warliwaddndonunuaziduienunsnegseinadulondunio
(nwil 15a-15b) ndansnne 2-4 Falus wuwadneludulonduiedudeuaas iliiizusns
Wasuly wazfnmumadisindonunsunsnegidniios (nmil 15c-15d) wdanisme 8-12 7l
wuteulaluiBeuanasudsmalfidulondundefisuiaddounady waslinmsaaeimonradidia
Benuaaazidudon (Nl 15e-150 ndsnsane 24 Falus nuelaludonanategnann vl
wasmeludulondmdoaanss (nit 15¢) ludalusd 48 wunsaanefvesndmniloadradiu

lodn lngoulaludenanauliaunsaivdulonduliensgusiudulasn (nwit 15h)

néaevnvesafalidnvazvendulonduileddeuseuieidedoiiaiuduouls
TuBouguioaty  uwinistoufndansninnduieunadniios Tnenudnvarvesdulonduie
Foauiinandinisnie 0-2 $alus (Ml 16a-160) wisuiunisanaweseulaludeundndes
Tudalusdl 2 (amdl 160) ludhlusit a-12 @ulondauieSuaanes uazeulaluBeuanasetng
wiladn ﬁﬂﬁt,é’uiaﬂé"mLﬁaﬁgﬂémﬂ?{sﬂﬂ (Ml 16d-16f) Tamdanisme 24 $alus ol
ludsuanasaurilidulonduiiofinsudsuuasgui iWesmnwadnglunduiodeuaans
widalsifimsuanoenunsusnadaudiulddamilounddeuns (Mt 169) Tudalueit 48
w&IN3ANY NuMsEaneiveIndtieethuiulade  TnoeulaluBeuanategsmnn vl
UseavBnmlumsBadulondunile dwalidulondudeliannsanigusadulddn (i
16h)
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amii 15 qameiniaveanduniouns (Fanuuns) vestarfiandsnismeiivagn 0 (a), 1 (b), 2
(©), & (d), 8 (), 12 (), 24 (g) ua 48 Hlua (h) (MF = muscle fiber, RBC = red
blood cell, Arrowhead = endomysium) (H&E, scale bar = 10 um) awenedufing

ANa9UENY 400 L1
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s

0(@), 1(b), 2

A9NNIA8NLIAN

ARAINVING) VBIUaUana.
48 4lus (h) (MF

o (
24 (g) ua

¥

ANIAYDINAIUL

q

(0), 4 (d), 8 (e)

16 9an1gy

2NN

., Arrowhead

muscle fiber

v
Y

12 (f),
endomysium) (H&E, scale bar = 10 um

)

AMNa1eUUANNINNaIeIY

a1 400 w1

Y]

)
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4. NM5ANY129AUTENBUVBISINANINGR

AsiasunlawennanUardandsnisaelutie 48 F3lue uanesannd 17 Tu 2 $lus
WINUAINISANe indadidnvazisey Besanulusedeu waslassadedalinnuanysal (Al
17a-17¢) umsufinsiuasuudadudalusd 4 (n il 17d) Tnandeaidnuazldidou undinases
rruduszfou Tudlued 8 (1ndl 17e) uae 12 (il 179 AeaauLdeanwainiy au
Funawiunrugussuvindaldunndu ludalaedl 20 (nwdl 179) wae 48 (awdl 17h) infndl

anuaizuii uazlassadindeuiviurenndniimsaatediiovauysal

AT 17 SheaizvesnanUaidandsmsnie 0 (a), 1 (b), 2 (©), 4 (d), 8 (e), 12 (), 24 (g) hag 48

Flus (h) MmanatuiindrandesganssAubiannsousuUdaInTIfIfaey 500 i

dwsunisviurunnnszaevessglunaaUardandinismeluyae 48 alug wuwssn
vianun 11 vile lawd arsueun lulasiau eondiau lewhsy wunii@sy szaliillon ¥8nou
WoaleSa Muzdu Aaesu uazuAaley Inednvuzvasnun i lddanvugliunnsiaiy wagly

ANUNTNILUNAMULANANTENINNTEELIANAINITANY LR

MIRATIfUsENauTeIsInInnanUanida 10 USia wusavianue 8 viia (an9197 9)

Tngsaiinulunngrsaand 7 wia loua arsusu lulasiau eendau lewkey wuniidey Weanesa

[ [y

= ° o | Y o 7 ! a a
LAZLLAALYYN d1nIUNIUSOU ‘W'UGL‘USU'N 1 way 4-12 sU'JIiNV]aQﬂ'ﬁ@']EJL‘VI']uu Iﬂﬂﬁ']ﬁlLLfﬂa%%u@ll

Y

nsasunUasegeiidedAgrainisene (P < 0.05)
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sonduuidusminusnign uaziiviinageanludluei 0 wag 24 wdsnsne (P > 0.05)
wardinisanasegradiveddalutiaaidu (P < 0.05) ImaﬁdaaLamﬁwuﬂ%mmaaﬂ%wuﬁaaﬁqm
Ao Haluafl 1 uay 4 puddu swinuluUiinasnnsesasn fe Arsuou wusndigeludalued 1
wasfinisanategrediduddaluiaaandug ﬁu"Nnmﬁwuﬂ%mmﬂﬁuauﬁaaﬁqﬂ Ao Flusii 0
way 8 dwdululasiou fuSinasnniigeludalaed 1 wasiinsanasedreiiidfnlutisnadun
PnainuUiinalulasiautesiian fe alusd 0 siaweaneSauazuaaoy TUsinalndlAss
A Im&wumaﬁqmiu%ﬂmﬁ 4 uwasiinisanasegnadiveddnludaluedug Prananfinuuiun

Woanesa uazupaBentesiian Ae aluan 1 uay 48 WumeInuy

Todey kuni@en wasiuzdu wuludsunantesunn Tnediusuialide 1 wWasidud ves

'
[

wIs9vianun sglotieukarwinii@euiivsuiuaigaludilaen 0 ndnsaeuReiu

(P> 005 uwidanulsinuleneutesagn A Taluei 48 wavdrsainuuTum

[y =

wunideadesian Ao daluedl 1 Tuveiugdu wuliies 4 Fraaavity Inefiusunaesanty

o w

Faluedl 1 way 4 (P > 0.05) wavanaseeefitudfaludalusd 8 uaz 12 (P < 0.05) waglinga

WUDNLUTIUGN 24 way 48



= I3 s o @ v o a 9 1 1Y) 1% & A % i
M15197 9 B9AUTENOUDIEY (Wesidudtminuia) :nindadarila nasnisaielugae 48 $alue deyauanaludade (Adeuga-A1uinan)

Elemental Postmortem interval (h)
profile 0 1 2 q 8 12 24 48 SEM P-value
C 30.74° 48.96° 37.53" 37.12" 34.50° 39.28"° 37.33" 40.97" 096  0.007
(31.78-37.69)  (46.53-50.59)  (34.99-40.44)  (30.27-40.43) (31.18-36.44)  (36.10-41.83) (34.02-42.29)  (38.44-43.56)
N 4.86° 16.40° 6.80" 7.12° 5.92% 7.80° 6.02° 10.27° 0.64 < 0.001
(263-7.06)  (12.48-19.76)  (6.06-7.50)  (5.89-8.79)  (4.14-7.28)  (6.22-9.17)  (4.11-7.38)  (7.17-13.51)
0 48.26° 31.62° 46.08" 38.45° aa.71° 45.32" 48.59" 43.85° 114 <0.001
(45.60-52.45)  (30.08-33.41)  (42.96-50.26) (34.68-41.72)  (42.50-49.53) (42.14-49.45)  (45.37-51.44)  (40.53-48.97)
Na 0.38’ 0.16" 0.37° 0.33° 0.26° 0.21 0.20 0.15' 0.02  <0.001
(0.28-0.51) (0.11-0.25) (032-0.40)  (0.19-0.40)  (0.19-033)  (0.14-0.3d)  (0.17-0.27)  (0.11-0.23)
Mg 0.42° 0.10° 0.38" 0.30° 0.40" 0.29° 0.36" 0.29° 003  <0.001
(0.30-0.49) (0.04-0.18) (029-047)  (0.29-0.40)  (0.33-0.46)  (0.25-0.39)  (0.30-0.41)  (0.17-0.38)
P 5.25" 1.25 4.42° 6.45° 5.98° 3.54° 3,99 2.46° 036 < 0.001
(4.58-6.20) (0.38-2.28) (3.18-5.69)  (5.33-7.38)  (5.06-8.08)  (280-439)  (293-557)  (1.56-4.31)
S nd 0.15" nd 0.14° 0.11° 0.10” nd nd 0.02 < 0.001
(0.07-0.20) (0.13-0.18)  (0.07-0.18)  (0.06-0.13)
Ca 6.08° 1.36° 4.43° 10.05" 8.12" 3.46° 3.39° 2.02° 061 < 0.001
(4.70-7.38) (0.33-2.94) (033-2.94)  (7.69-12.08)  (5.43-11.99)  (1.82-4.89)  (2.02-5.63)  (1.03-4.02)

nd, $1NINVAINTAVBINITATIVIN

o A W = @ = o | Ao o o aa
@ﬂ@immq\‘iﬂﬂﬂ,uua?LﬂEJ’JﬂULLaﬂQﬂQﬂ’J']lILL(ﬂﬂmﬁlﬂﬂuaHqﬂﬂiuaaqﬂﬁquﬂﬁﬂm (P < 0.05)

62
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5. @1sounsdnszmelalusn

N el

nsleneiansdunisfissmeldlumnuardandansme 48 Falus nuansUsznoutiavan
65 viln lnaluaslunauueaneged 14 vl ueadlen 17 win dawu 2 ¥ia iy 2 ¥ia
a1sUsznoveylsunin 9 vila toames 4 vila dulea 2 vila Alay 11 ¥l a15Usznoumuziy 2
il uazmosiu 2 wila (51971 10) HaMTIATIZHUTINATINvBIM TUdazngululsazd s

wundianlisnafunie@da (P > 0.05)

asUsznevlunguusanesedidifty Ae 1-octanol, 1-octen-3-ol Wag 1-pentanol 4
asanuluyndiaia Imaﬁﬂ%mmqa%ﬂu%’ﬂmﬁ 1-8, 1-12 4ay 1-2 MaINISANY ANUAINU AL
anasluaion auliviinaiesfigaludalusgavine (P < 0.05) a3 (52)-octa-1,5-dien-3-ol
nsranulu 24 Falususn SUSudisdugaiianludalued 1 wae 12 wavanadlugasnandun ans
1-hexanol, 1-penten-3-ol uag 2-octen-1-ol ms1anulu 12 Fluausn tneans 1-hexanol §
Usnalsiuandnsiuluusiazdnsnm duw 1-penten-3-ol  fUSinasnniigadinat 0 dalus uaz
anaslutisaiient dmsu 2-octen-1-ol SUsinauiintuniuganaan @13 1-butanol,  2,6-
dimethyl-d-heptanol wa isoamyl alcohol asaalainulugieusn uwanulutiewas Iy 1-butanol
avranuludluedl 12-48  wasduunldufindunutiana Tuned 2,6-dimethyla-heptanol
asaanuludalusdi 12-24 uaz isoamyl alcohol asyanuludalusil 24-48 Taedelaunnaneiu
meadn venanidediarsiinuldluvnagianne tdun  3wvinyleyclohexanol (8 #3lw9) uaz
benzeneethanol (24 44111) duans 2-penten-1-ol fisUnuviilinuou Ae avanuluuis

a0

39080 wazdanluiunnenenu

mﬁﬂixﬂauiuﬂq’mLLaaﬁiae‘?ﬁ'ﬁw Aty Ao 2-octenal, hexanal, heptanal, nonanal uag
octanal Femsaanulu 24 F9luausn Tne hexanal, heptanal uaz nonanal fuUSuaanan
$¥82121MAINA8 d2u 2-octenal  WUIIUTINEegalute 8 daluausn wag octanal
USunugegaludalusi 4-8 dwduans pentanal asaawulutag 4 dalususnviniu Sediuiano
uanssfuegsiifodfnyszrinsanlugamunu (0 alus) wazyanaaes a3 hexadecanal #533
wuludaluedl 1212 windu warilUSunaanasniugiana dmsuas 2-isopropyl-5-methyl-2-
hexenal Wag 3-methyl-butanal asranulug19veveINITVAaDY 1ag 2-isopropyl-5-methyl-2-
hexenal wuludalusii 24-48 uasdenldmafiunieadd @ 3-methylbutanal wuludalusdl 12-
48 Tnediangeanludalusd 20 uavanasosnaiitdeddyludalued 48 uenanidsdiuoadleddinuld

Tuvrerianan laun  1-methyl-3-cyclohexene-1-carboxaldehyde (8 #lug), 2-decenal (4

Sfjllﬂm), 2-nonenal (4 ijb’ﬂm), 2,4-decadienal (4 %”ﬂm) kag 5-methyl-2-phenyl-2-hexenal (12
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Ilu9) dmsuans 2-hexenal, 2-heptenal wag nonenal wudndiguwuuliniueu 1He39In0539

WULA MU a LN

'
a o

asUsznovlunguiaiauiiddn fe pentadecane  dwnranulunnianamdanisnie
Laziusinailndifeaiu dauans heptadecane msaanuMNziivan 48 Faluaviiu dmdu
asusenavlunguiaiiy asranuludalusil 24-48 Wiy Taeans 3-methylbutyl-2-
phenylethylidene  amine fuUsunaluunnmaeniu weias 3-methylbutyl-(3-methylbutylidene)

amine Jwwrlduanadlutlus? 48

asUszneveslsnfn iflesans benzaldehyde Ansranulunndrsnamdsnisnie lned
UFunanfiutunugae fAngeanlutaluedl 8 uaramaslurianatsionn dwduans 1,2,3,4-
tetrahydro-1,6-dimethyl-4-(1-methylethyl)-naphthalene ns1awulu 24 Fluawsn Tneflusuna
fovfignfingn 0 dalus uasdialaunnssiuludisnamdanniy asfinsalinulugausn us
asranulugienda un d-methyl-phenol (24-48 43119) was phenol (24-48 Falw9) Tne 4-
methyl-phenol waz phenol Fuurldnfintunutisan @ benzeneacetaldehyde nsawy
Tudhluedl 8-24 Wiy wasduivdunudisaan uenanildadlasiinuldluunganaan T
2,5-dimethyl-3-(3-methyl butyl)-pyrazine (24 G?IIJ’JIm), 3,5-dimethyl-piperidine (24 G?IIJ’JIm),
decahydro-1,6-dimethyl-naphthalene (1 4l19) waz indolizine (24 4laa)

asUsznevlunaueamesidfny Ae hexadecanoic acid methyl ester Gansaanulu 24
Hlaausn Usinaansiianuuandaduaniedalusd 1 Audilusdl 0 wae 24 a1 hexadecanoic
acid ethyl ester nsaanulu 12 $lususn Ssuuuuiiliuviuou Tnefiengegaludalusi 1, 2 uas
12 wenaniigaflansfinuldluuisanae 18uf octadecanoic acid methyl ester uag (2)-9-
octadecenoic acid ethyl ester Gswuiamedalusil 1 wihiu dwiuansusznevlungudulaa
A539WU 1H-indole uaz 5-methyl-1H-indole ludalusdl 48 winfu TneUsunames 1H-indole 3

11NN 5-methyl-1H-indole Usganeu 8 1
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Postmortem interval (h)

Class Volatile compound SEM P-value
0 1 2 4 8 12 24 48

Alcohol 1-Butanol - - - - - 11.33™ 2136 3297 257 0.007
1-Hexanol 8.27 10.11 10.43 8.29 8.17 10.60 - - 1.1 0.654
1-Octanol 6.72° 11.03° 7.96™ 10.08" 8.59™ 7.00™ 6.72° 234° 0.68 <0.001
1-Octen-3-ol 91.95™ 119.73° 122.13° 122.68° 105.49°° 129.48° 70.16° 11.21° 7.04 <0.010
1-Pentanol 29.33° 34.82% 43.66° 28.99° 2572" 27.73" 2365 597° 348 0.001
1-Penten-3-ol 13.65° 8.06° 1016 7.93" 6.69° 897" - - 1.15 <0.001
2-Octen-1-ol 14.60° 13.29" 27.02° 18.55" 17.07" 26.24° - - 570 <0.001
2-Penten-1-ol 474" 7.29° - - - 7.26° - - 0.89 0.006
2-(3-Cyclohexen-1-ylethanol 512" 8.00” 7.34° 7.62.° - 8.80" - - 1.27 0.007
2,6-Dimethyl-4-heptanol - - - - - 4.41 5.32 - 0.44 0.751
3-Vinylcyclohexanol - - - - 6.40 - - - 212 -
(52)-Octa-1,5-dien-3-ol 21.19™ 31.93% 27.47™ 15.69° 2546 44.55" 2232 - 235 <0.001
Benzeneethanol - - - - - - 4.21 - 0.27 -
Isoamyl alcohol - - - - - - 10.01° 6.94”° 0.38 0.008

Aldehyde 1-Methyl-3-cyclohexene-1-
carboxaldehyde - - - - 19.04 - - - 1.67 -
2-Decenal - - - 6.72 - - - - 0.20 -
2-Hexenal 4.22 - - 461 4.06 - - - 0.64 0.974
2-Heptenal 7.88 - 6.11 12.58 10.93 - - - 1.16 0.282

—, A1NITIAINNAVDINITATITIN

BNWINANUIULA LAY INULEAIDIAIULANANUDEN

o

Uy

dAgyneana (P < 0.05)
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Postmortem interval (h)

Class Volatile compound SEM P-value
0 1 2 4 8 12 24 48

Aldehyde 2-Isopropyl-5-methyl-2-hexenal - - - - - - 13.45 17.16 1.35 0.180
2-Nonenal - - - 7.12 - - - - 1.19 -
2-Octenal 10.38" 9.74™ 9.54™ 12.20° 13.37° 5.64° 7.3 - 0.99 <0.001
2,4-Decadienal - - - 5.18 - - - - 0.10 -
3-Methyl-butanal - - - - - 162327 213307 7595 2452 0.009
5-Methyl-2-phenyl-2-hexenal - - - - - 2.39 - - 0.35 -
Hexadecanal - 368" 375" 2.04° 201° 250 - - 0.28 0.007
Hexanal 434.95° 277. 45 323.90" 343.12° 322.40° 150.38° 135.16° - 13.89 <0.001
Heptanal 33.18° 32.18° 28.53° 32.37° 34.91° 19.89° 14.04° - 1.43 <0.001
Nonanal 54.67" 6336 48.06° 71.07° 6217 16.68° 12.23° - 395 <0.001
Nonenal - - 6.45 - 8.56 - - - 0.77 0.120
Octanal 19.23° 18.70™ 17.14° 2330% 24.46° 11.27° 15.90° - 1.33 0.002
Pentanal 54.23° 24.32" 27.47° 21.52° - - - - 3.64 0.016

Alkane Heptadecane - - - - - - - 5.23 0.77 -
Pentadecane 295° 377" 4.65" 580" 520" 527" 7.85° 581" 0.46 0.125

Amine 3-Methylbutyl-2-phenylethylidene - - - - - - 4.43 7.36 0.87 0.147
amine
3-Methylbutyl-(3- - - - - - - 32.09” 14.82° 1.96 0.009

methylbutylidene) amine

—, ANITIATNNAVDINITATIIIAN

o

o A1 o = ) = o A °o w aa
@ﬂ@immﬁlﬂﬂUI‘ULLﬂﬁLﬂ‘c’nﬂuLLEW]Qﬂﬁf’nﬁmLLmﬂmqﬁﬂuaﬂqﬁﬁJuan UNEOH (P < 0.05)
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Postmortem interval (h)

Class Volatile compound SEM P-value
0 1 2 4 8 12 24 48

Aromatic 1,2,3,6-Tetrahydro-1,6-dimethyl-a- 293 6.30° 581° 6.19° 5.23° 565 517 - 0.59 < 0.001
(1-methylethyl)-naphthalene
2,5-Dimethyl-3-(3-methylbutyl)- - - - - - - 5.76 - 1.09 -
pyrazine
3,5-Dimethyl-piperidine - - - - - - 14.19 - 0.43 -
4-Methyl-phenol - - - - - - 19.64° 134.63°  9.62 0.001
Benzaldehyde 7.78 14.58° 23.32% 36.50" 70.20° 58.75" 4828 33987 5213 <0.001
Benzeneacetaldehyde - - - - 1.96 347" 5.51° - 0.51 0.034
Decahydro-1,6-dimethyl-
naphthalene - 3.80 - - - - - - 0.27 -
Indolizine - - - - - - 17.51 - 0.98 -
Phenol - - - - - - 9.24° 29.31° 171 <0.001

Ester Hexadecanoic acid ethyl ester 3.40% 6.03° 6.59° 4.06." 2.39° 6.19° - - 0.40 < 0.001
Hexadecanoic acid methyl ester 3.40° 11.00° 6.56" 563" 5557 4.90" 1.98" - 1.30 0.036
Octadecanoic acid methyl ester - 5.34 - - - - - - 0.53 -
(2)-9-Octadecenoic acid ethyl ester - 7.13 - - - - - - 1.36 -

Indole 1H-Indole - - - - - - - 277.68 3.47 -
5-Methyl-1H-indole - - - - - - - 34.62 3.94 -

— inTnsivesnisnsiaie
Snusfisatulusanfsatuuansdannuuansnetuegnadifoddmsada (P < 0.05)
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Postmortem interval (h)

Class Volatile compound SEM P-value
0 1 4 8 12 24 48

Ketone 1-Phenyl-ethanone - - - - - - 8.33 0.66 -
2-Pentadecanone - - - - - - 4.64 0.09 -
2,3-Pentanedione 20.22° 13.63" 13.07° 12.37° - - - - 1.10 0.018
2-Pentyl-furan 386" 793" 14.73% 22.00° 16.42% 874" 6.10" - 2.10 0.039
2,3-Octanedione 76.28% 73.847 91.88° 93.48° 69.94" 51.79" 22.56° - 5.00 < 0.001
3-Methyl-3-decen-2-one - - - - - - 9.35 0.01 -
3-Undecen-2-one - - 1.02" 2.31° - 2.25° 2.48"° 0.27 0.030
3,5-Octadien-2-one 4.52 4.00 3.57 3.84 5.48 3.25 5.55 - 0.58 0.646
4-Ketoisophorone - - 1.62 - - - - - 0.16 -
6-Methyl-5-hepten-2-one - - 3.93 - - - - - 0.02 -
Cycloundecanone - - - - - 11.15 - 2.06 -

Sulphur Dimetyl disulfide - - - - - 47.82" 143.30° 13.02 < 0.001
Dimety! trisulfide - - - - - 1051 45.97° 2.30 < 0.001

Terpene a-Humulene - - 1.10 1.05 - - - - 0.06 0.956
Trans-caryophyllene - 253" 2.75 - 2.90° 217" - - 0.72 0.027

—, ANITIATNNAVDINITATIIIAN

BNWINANUIULALAYINULAAIDIANULANANT U191

o

dAgyneana (P < 0.05)
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m'ﬁﬂizﬂaﬂuﬂzjuﬁimuﬁﬁﬁm Ao 2-pentyl-furan, 2,3-octanedione way 3,5-octadien-
2-one Bansranuluyie 26 Faluausn Tag 2-pentyl-furan ﬁﬂ%mmgqqmiu%ﬂmﬁ 4 uag 2,3-
octanedione fuUnageaaludalusil 2-4  wazanadlunaisen @ 3,5-octadien-2-one i
Usmnailaiumneinaiu (P > 0.05) wuans 2,3-pentanedione Tutiis 4 daluausn Tnefiu3aunngege
Tudalusd 1 uazanaslutiaisonn yenanidedansinulaluvisdasiaan 1dud o
ketoisophorone (2 laa), 6-methyl-5-hepten-2-one (2 Flaa), cycloundecanone (24
%L’ﬂm), 1-phenyl-ethanone (48 %L’ﬂm), 2-pentadecanone (48 %L’ﬂm) kay 3-methyl-3-decen-
2-one (48 Hl319) @ 3-undecen-2-one ﬁgULLUUﬁMLmuau dlosnaranulgluunsisan

(Flue7i 4, 8, 24 uaz 48) luvsunalnaifesiu

asusznoumuzduiny laun dimetyl disulfide wag dimetyl trisulfide wulugasiian
24-48  Fluandnsne Inediwunlduiiutuegraiidedidnymuyinian duansusenaulungy
WesHU ATI9nUaENs a-humulene Tugalasit 2-4 (P > 0.05) wag trans-caryophyllene wuluung

9797380 (G971 1, 2, 8 wag 12 #aIn1sene) tnedusunalauansneiu
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ATUNANITNAADY
1. N151UAYULUAIYDITLUUEBYDINITUAINITANE
1.1 n15:UasunUaua9nsiniaiua1mnsasAMUNTuYa lUsAUTUNILiuaIuS

waan1seIsinunalsnandelunseinizemisannsvinuveseulsdiedniely
navi NN TNz 1M T8 URLaT UNaseE 19l ddAY (O’Donnell and  Baker,  2010;
Laczniak et al., 2011; Usui et al., 2013) Aszuiunsibinlimadueimsagydemin dawa
Tnensanasuivedalelztasn1ns (Fulveansemnearvishazaild) nrsanwrludaiun vy Tu
wyausnN-neld g Li et al. (2003) wuidwivesstussimindadaniuunussoziiamanis
A8 (0 99 25 w1l) dwmsunisanenludiegnaua1fansstnuinauiueanssinIga1mIshasan tad

v [ v [ = v Ly d'* I3 v 1 QIJ

wnlduesatuduiunisfinwisvivesivluny deeradumsegldiiauiuni @8 43l

q"j q" a 1 6 1 o d‘ [~3 901
wennivesraiduinainnistesveseulesigniaeseenunainginlatasludinaraiidul

nszvIunsianintuegesinsluiiodeniiieuluiwasiusunaunias (Vass, 2001)

nMsdsuuvasnnudumuliivesdinssimizemnsiisatesiunisdesaanen
nszEndanisne anudunulnihiianaseraiineinnisidsunlaorinsseninasaduas
maihlihveseavainglulaznieueniead (Querido, 1992) Penny (1969) 1891UATILOY
Tuﬂé”lmﬁamaaqmamaaaﬂ’mamL%awé’qmsma ilesanmsazanvemyasusndadaszainnis
lelasladansdaluena  wonanil madsuudamdinismedinandenaiaannsdosaais
Y049AUN3E Msrneendiau Maiiviuvesniveulnoonled wagnnsazauvesends (Benzie
and Strain, 1996; Vass, 2001) Weuluwmarilenavinlilusfiudeanin dmaliaududuves
Tusiulunszimngomsuazdldanas uazliannsonsainanudutuvedusiuludlddfinan a8
Hlumdsnseneld ilesnndanududuminidiadinvesnisnsaiameiniesanlnsigesls
e FamndnisAnvidelluemanmsnsninanududuveddusiu nutneulsddosaims

waansMemeiAseeninulitenInsIvings

1.2 nmssasunuasnanssuvesauluddasannis
wulaaliuFuiivszansnnlunisgeslusaulunssinizenns lagyinninNannussind
Ind dunmiaseuiserveneulaifinnudwniesensnosilundingledraduslsunin i

Jasrandu nlsdu waeynSulnwlu (Dunn,  2001) Aanssuveseulsdsiatuiuaniianiseas
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arsomsusetanlusAunglunszinizo1ms (Thongprajukaew and  Kovitvadhi, 2013) 910
MsAneasedl Aanssuveseulusiiulduiianasisduiiesannsiineslnladainnisyinues
QauvIsudanisme dnavilirieonaraingesgnvnany (Laczniak et al, 2011) eulesiddnm
numuEinnIneuleisug insiata Lﬁaqmﬂé’amﬁﬁaﬂsﬁmuﬁanmqmﬁwﬁLﬁuﬁaasm (48
flaa) TummzﬁLaui%ﬁﬁuﬁﬁ%imgaﬂ%mm 4 $lususnivinisAneiniu seienadumsy

oulsliuuFuillassad1enudauss (rigid) Fadoaninsssufdinin

a & a a 1 < =€ o I3 Y a
Aanssuveseulednsuduanateg1esiasy wansteensiialunisaareivedlusiulu

o w

SldFadntudnilunsumnzems esnnivdulueuluidoslusiuiiddalugldan vh
mifirrugunnsteslusiu tnenszdunivuesuasleluauiideslusiuvdadu dmiuianssy
vououluilaluviudunuirdidngeani 8 dalumdsnsme wouluisiadseslusfunssiumis
yosnsnoziluiiinglednauesianin Miaozaiu Inlstu uazviulnmiy) savislelesindn
Aunssuveneuluflaluviiuiiiulueaifinnnaueieaeslardeums deasndsansnduoy
T53fin 1Wu L (benzene) wazlasendu (dioxin) eenan dsoradnilriifanssuveslalums
Uity (Rungruangsak-Torrissen et al, 2006) wenannioulusilalum3vdudaimifidu

Fnanalunisin internucleosomal DNA ¥aawadfnanewal (Murn et al., 2004) ag19lsAnny

(%
N v A v

9 ¢ a = o & v o« = ]
“U‘V]U']V]Via\iﬂ']imqEJGUENLEJUVLSUNGUU@UENMSJWEN'WUUQf‘Jlnﬂ SZN";\]']LUU@@Q@Jﬂ’]iﬁﬂwr}m@iﬂiuauqﬂm

wavnuedduvedlusiunasaslulawmsaianuieatostu ieanfanssusimsvetes
Tueaiiuusliuanasmusseznamdimsane Inseledydntdvmiiiaarsaeneaudnanlsed
FUUe o-1,4 glycosidic bond LﬁaLﬂﬁﬂumﬁﬂamimL{Jufwmamaa‘lma N138AAIVDINANT T
Fumzveneulmivinisoeiivudfyierdostuuanueaduvedinalaeundinisme luvasi
Aanssudmnzveseulufladanasnnnitfanssuveseuleduindu Wesennsaluiulydugy
Tuanannsagnesndladlvieyyadastldie dwarilmAnnsdosaasluanadu o n1sanaswes
wulwilawagenadesiunsanasedluiuludewiofidunnainmsindasiegns naensutures

lodiumdanntusiesitegnslutunaunisnssuoulsy
1.3 nswasuulasvasuisensandinduluszuugasaims

nssulfiseneendadulunseinizemsiazanldnsds DPPH  assay wae reducing
power anasagNNdpdIAYUaINITIEUReINUNTIUAsULUaNaIRTiveseTeIzRauIntng
wazgAanssuTumzueseultigesa1nis eosnlumaanaelal sziniswanuaseanlanuas

auyadaTEIawdINUTENO U1 veseitig SauninstesveteululzUdosndndueinian
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& Y

aonu wu wUlndgaihminidudiliddnaseuldl (Lassoued et al,, 2015) vilaunse
Mdnleseenluduazeyyadaseiintundinisnie egnelsinig indlndngniuaeseenuienall

a a PN

= 41' = a o a Y a 1 Ql'
LWUQW@LN@L‘UiU‘ULWEJUﬂ‘Uﬂ’]iNﬁW@HﬂJUa@ﬁig‘WllqﬂLﬂTﬂfU UDNIINURAINITANYASENNNITYDYFAAYN

winduiilamylndansduniivssdnsamlunisiineuyadaszantiosas (Lassoued et al,
2015)

nsuliseneandndulunszimizemsuazaldleeds DPPH  assay  1Uun1sfinw
AUEsatun1sAdneyya DPPH 6’3&Lﬁuaﬁgyjaiuimwuﬁméfﬂuéhﬁ’mzmameuaa 1neans
afadegsiminlvlelasiauesneuunayya DPPH  dwalvidniswasuaindiiwesouya
DPPH 1Juansilaliid d1w3uds reducing power WWunisAnwiauaansalunslisidnnseuves
U LY} 1 1 a 2 3 4" dlo.l ‘49! v Q‘I 1
ansafadegunasUssnoulisdou Fe -TPTZ  Fulueyyaiiduasizitulidsuldeglusgy
2+ = I~ Aaa a I's [ v € 1 [} gj aa I aa
999 Fe” -TPTZ  @udua1sifiduiag n1sAs1eianduniusseninen1snsiainma 2 35 wuinis
DPPH  assay dfingn nlunsloussanassssiiamainismeuinniiis - reducing  power

A o (Y

14oNANT @15annNalagliNanIS IS IEIALTu AP UUINAINTUNSLNIZDINNS

o

2. MM5UAYURUAIYBINAUUBVNAINITAY
2.1 N15UAURUAINAINTIUVRIANNUTUL 1B%Y LazLoa

wulednmudud 7 e wazueoa Wueulwsifinululalelesdudiulng nsAnufisnu
unuAnUdud flunumteslunisgesaanelusivlunduile esaneuledfinaanunse
gosaanglulalnuialanluteiies 3 uag 5 (Makinodan et al., 1982; Jiang, 2000) #a3n13AE
Afasvoanduiiionzanasiilidmnuusslesoufindu dwalioulsiaumuiuanlaleleugn
Uasgludalglnnanadunazyasinaseninasaa (Yates et al., 1983) n1sAnw1vas Aoki et al.
(2000a) wag Chéret et al. (2007) wuiteuleianmudud uazuoa darudAgylunisdesaaiy
néuilevmdinisane esaneuledis 2 wla vt fidevaanelaseatrlusiundnaes
n&nile Tdun Aouluaiiy wydu wazluledu uazdesmsuiuaiiy lwydu luledu Aoaanau
woar-ueniifiu uarinsluiiu T uay | w1y (Yamashita and Konagaya, 1991) tewlesiiia 2
iin SAnfiesivnzaudonsiaulndidssiuaiesnduidendanisane (Sainclivier, 1983)
namsanelupfstinuinfanssusimnzasaeulsinunudu wavuea Wudusdsing: g
woulasihs 2 slnanunsadesaanslusiulunduileldiEBninmmudues Wuisadumsanely
Uanemawnuasiiiof (Chéret et al, 2007) msdnwitusanslifiuiamudues i

unumlunisgevaanglusiulunduilendsnisaeguesaineutnetes (Wang and Xiong, 1999)
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wardaluiuITNaT U UNUIMVDIAWNUTULDTNANAIIUYINIAT 8 TALUINAINITANY NS
WasuLUaIRanan1e19inanAievanadain 7.0 1Wu 6.5 Tutianainisinssdivesndiuile
warluainauAmeuNNYuaulnaLlAes 7 (Sainclivier, 1983) S¥AUNLBYAINGTIDIVAINARDAS

wANFvadlat19nsnariluluusnasswawaulwvinlianssudinisUasuuag

Aanssusnizveseulsdanudud 1oy wavLealiuiunIusEeEIa1nEIN1IANY
wWuienfunsanenlussuudesoms oulusin 3 wdafanuduiusiuuuysiunsaiuuansls
Fuiaunuduns 3 vdefianwyiwtiiisieiulunistosaanslusauesndiile 910003
Wisuidisuiudasunnuinamududesaaenduidovarldiininng e (Cheret et al,
2007) Feonadumsizndrudevaniaududoudesninloisuiundanidets saumensane
Tuadsillgiinsveasdesassenianluii ﬁﬂﬁiﬂiaugﬂsjaaamaﬁﬁﬁu asAnwLfiRsly

auAnD199z I launuInveseuleimanuiniu
2.2 mawasunuasvasujisensandindulundiuiiie

nswasulamdanismglutesinsgnitnead videveananaglulazneueniead vii
Tnsihlnfhanasedndited @y (Querido, 1992) Fsdenpdosiuntsinurluaded finuinnig
FuufAseneendindulundunilounsuazndsiilonlagld3s DPPH uax reducing power amas
ogafiduddnmdanisne esainwadimeudiazsdneseenlud wazouyadaszunvihany

dulsznounng winssuiunsialasadameeuluigeslushiuasnsavantassndlvavuig

<

anee AVt ndumlnsidnaseuluseuu DPPH (Lassoued et al., 2015) uaosAUsenouLnanil

'
a =

laiiganenszidnoyyadasenuiniiulundenisaie wenanddlunseuiunislalasddanty

[ (%
=< IS

atuIudy ndlnaniieduasiianeduas wazdusednsSaindesaslunisdruans DPPH
(Lassoued et al., 2015) agalsnay JedanslunsAnwiasel nuinniswasunlasmatei

Y [ [

I siueendindu [Wuimdindenudfysenisuasunlamainisaie

nsfnvnsduuaseeendvndulundaniounsuagndruilernis 2 3 Sauduriug
wuukUstunsaiulpefideddydomnada wandiiduitanunsatanldlunismeinsalszagiaan
ndansaeld uin1siiaseileeds DPPH Sanuliensiudsuuasfiseeendnduuinninis
reducing power lngfinnsananaun1sonnessEiteamdantsnefunmsuasunlasjizen
pondiatufoaunisidunss Sedidudssavsavduiusidilng -1 wnnd uandidiuinguds

a9l ANUANNUS AU g19u N TURAN19IRTIT1UAUL hazlaNINTUIDIAIULANAIITEUNING
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nanuilawns anviananuilevilunanuilediulvgjvesuan (Martini et al,  2014) Aety

o

nanuteviatdadidneninluniswensalssezinatndanisaelam
2.3 N15aguRUasaNUATIA1NSaUVRINANLLD

nsideaninsssurfvedlusaululedulazueaniiuenainainnisanaswesiitey  (Tyska
and Warshaw, 2002) wazgnisgesaaislagioulesiideslusiu nsfnwives Kuo et al. (2005)
wuPgaumglinnailoduan nsssumAtzanawmaainsang warlunisAnwidnudigumaiiisusiu

uUUNNINA Laraunlanvieanad d3uYQUNYIANNTUAIUTLELLIAIMINITAY N3

(% (%
'

\Wasuwlaaunaniuadidenisidean nuionisaaiesavedlusiu Thoneprajukaew et al. (2015a)
iwmu’jw'aqqmmﬁﬁﬂﬁwLﬁumam%mmm&mﬂthaammmwmmawaaLma% Aniu Tl
AsAnIASelienainannisdesaarsdieuledudqldaelndindlndiivarnnate nns
Wasuwlasdesseziiaindenisareasianuiduiululatung Uainsnaund uazuannn
(Schubring, 1999) Tnensanwadstinuinuenfiufimlsensiasuudamanismeunnninla
To3u donndeafiusnaduves Schubring (1999) inuiisssumavesiuleduidnuazassilulan
ndou wonand mslimufiavedusiundinisme a8 dalus wanddiduiluilusiuiiogly
g0 (native protein) W& Zeaenndastuidunduiounsuazndmiiionn wazaonadasi
SEULINTIFVDIUAL AL DULT LT Gﬁqagizwdﬂa 2-24 2103 (Roth et al, 2006) wazUaingwng
autuds agsemring 3-24 dalus Witkinson et al., 2008) Inenditievasaraznds wisiio us
Tushugsladoanin uivdean 20 Slusluuds andgszeriuganinnies shlsindradeds
wia uazliifangu Wosnnlusiulaledunasuonfudadulassasamdnvoind el didsanin

s35uALULAT (Tyska and Warshaw, 2002)

wansAnunluadsdinsannisnnaedduny fellszozindefiegi 5-24 Falus
(Krompecher, 1994) vauzilusiywd wunsiasundamdansmedinilulasu ety Tng
msmelugeiou @gumgll 120 fs 465 ssmwalTea) szozindsiiazegil 8-30 dalus usdn
pelunguy (Fregumgll -2.6 f1 35.4 asrnwadea) svoziniefiazegi 7-36 Falus (Dalal et
al,, 2006) ANLLANAITETITEERATEIIER Sthuasdiun o1adonnanndundevemyuay
sywdfimududou wariivasaidonuideindanielusiuaumn (Gilis and Biewener, 2001) 3n
fansfnszegnamdsnanevesarluasinsgsiludinansiifui deo1avlisnsinis

ganeivedusiunnulaisinii waresruseneundndiulugluwadanunsoazanalamiuii
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Aneunialiarrasiuvetoumatlifanuwansisegadived falugae 0-24 Frluands
n13e Audnuurdananvadiauiinuvedusiufiegluanimiy Ssa1nnsfinuivas Beyrer
way Klaas (2007) s1eauildfinsdsunlameseunmatlulaifine (Anoplopoma fimbria)
wtuds luvhusadendu vasfinmaudsunUasgungilumesuunsuansaldifuidinauan
Tmivouie usounatldanusoldld (uo et al, 2005) fafu gamgfiGusiu gumgiiie
onmgiianvie uaztrsgamgiivesnisideanimuedlusiu danulrenisiasundamdsnisnie

WINNINBUNAT UALHATINVDADANAT
3. ANWALNINYANIBINIAVBINTLWIZDNNT Ald AU wazndnaile
3.1 nszIzamswazan b

mMswasuulasdnyasnganeinavenssmzemsiazaildndinisnie 1inainns
dosieslnetoulesiuazaduvisiegngluoioazdanarudundn (O'Donnell and Baker, 2010;
Laczniak et al., 2011; Usui et al., 2013) arnnan1sanwinuindiuvesialaluaild rilaiode
waziwadnely lamina propria Yeenszimizesuazaldidenaninasmnszeziamdsnisnie
AdeiuNMsAnwINTIsinesnenlndalunszinzemisuaganldvemunazuyudlag Hall et al.
(1994) fuandliiuirernenlndanuinnludoyfnezly  immediate  sub-epithelial
connective tissue Aslunszinzomnsnuanniianuinmseuadisnirbes fduuenvesidsdaly
40 uazwaausia lamina propria ludwaldannueznenlvdaunassusnalaieveiala na
N13ANHIFNYUENITANLTNIATBINTLN DI THATELENEIN1IAEFRAAT DT UAINTTUVDS
wuleddosemsuarnisiuuiisereendindurislunseinivemsuardnléidn luraed
MsAnTiHILLYe Querido (1992) wuianuduuliiweidinszzemsanadny
s¥82AMEINNIANY Yzl Erlandsson wag Munro (2007) 181uindnuazmIganisininves

Waldaaldnnnsidauaninasiianatiiulundsnisaeunu

Sldiduetoziininundeiiiign sesaanfediuvesmafuevisiazivnion (uns
usund, 2546) teyafnanaenndesiunsfinmaiatamuiinisdsuadnuasnisans
Amandamsmeludldifeduinitlunssmzens Wemnedsiulugavesnssimizeimsd
aruunilugld Selaerhlumaditonludouiinyas woswadvdadlenvowionainaides ay
ﬁmﬁwﬁﬂmﬁ’umﬁq%y’uiuqmmﬂmmLﬂuﬂimdﬁuaaﬂsmwwmmi (Morrison and  Wright Jr.,
1999) wazlualdiifanssuveaeuleigesamisvatsvin lawn wulsdinsvdu lalunvau lawa

wazozluad (Thongprajukaew and Kovitvadhi, 2013) fivdsiasunisdesaanalmiiitu luvey



76

a

Pnsznzensiieseulediuldudundnwintu sudunssinzomiswazdildiigauniduile

#1499 (Lactobacillus,  Bifidobacterium, Pseudomonas — aeruginosa, — Staphylococcus,

=3

Clostridium) TuuSunauiiuananeiy (Gibson, 1998) uenainilludldlanneineudradunais 34

a

liaunsdiasyiulanasiiuduluuSunauin (Macfarlane et al., 1997) lngiieqduvsdnie

e

a

Tunszimngemsaiulugazsidunuaiisenldeondaulunisiduladussana 10-100 laladdensy

v
& Ao v

(Naidu et al., 1999) luvausiiuuaiiseiordeegludldidniinedeanisuagliseeniseandiauly
nsLaseyAule duszana 100-1,000 lalatiensy laouuanilsenlidesnisoondiaulandsiuun
91nN1593in (Macfarlane and McBain, 1999) a@semnsnguansiulansn Wshu uavnsnasilui

WMa1NN15888 (Madigan and Martinko, 2005)
3.2 AULLAZAUDDU

sulduaTesNinsds$inn (WasWSUNs, 2546) @oAAaetUNISANWITANUINNIT
WasunUasdneaznisganeinialudufatulasnitlundudetasienadiuemis lagliny
[ L gj 3 LY 1 [ q:l di Y I (Y] d'
ANwurvaIAUlUTURAUNITIAUAIDE19INEINTITANE 24-48 Talue Wesannautuaiviziazaulna
1AL wazdiunumaAgylunszsuIuNISLNUaTY (Stamatoglou and Hughes, 1994) uanainil
fuspudandnaulaldesaateviatgviin own euledssluias n3UTu lalunsudu wazlawa
(Thongprajukaew and Kovitvadhi, 2013) fiveduasulinisgesaalesiiu lnudnynsniega
AMYINIAVBIFULALAUTBUTLIAT 0 FLUINAINITANY danmasdnuni1sanyItulaniaved

Vicentini et al. (2005), Figueiredo-Fernandes et al. (2007) iag Matos et al. (2007) ﬁwui’l

a

waasuunAsllalnmandunsedmdenioweaiu dluedvansinauvuinlugegnsinans wiudng

Y I

lodadniau waziivasndonuaziusauiegruiulunguunsney dnuaeniqaniedninvesi

LATAUDIUNAINITAETUTIT  1-12 97lud NUNISEANEAAIUTEIZnaInINa1su Taglalnnaidy

YuTARAUTUAUKILTY Lavaydensidoudasenitawas MnlmAnYesineseninuead uazdma
doldeviuiwad inlviiinn1sanevewad (Fischer and Dietrich, 2000) asAusznauluiwagsiugn
wnufidheunden wazliaunsavhauldmulnd Wesnnwaddedenaalsd (Li et al, 2003)

o a o v v ] Y O Aa Ay 5% a
u@ﬂ%’]ﬂUUQNLL‘UﬂVILiEJIua'ﬂﬁLL‘Wiﬂig"ﬂ']EJLGU']QG]U Gsz/NLL‘Uﬂ‘VlLiEJVlG]E)QﬂﬁLLazlamax‘imiaaﬂ"?JLﬁ]u

MlssuAnnsUee Lazlwaaduaaiad (Flanagan et al., 2005)
3.3 nanuie

N1sUAguRUAIEN¥MEN1aNIETNIATBINAULTBRAEAUNEIN1TAELANIINNTE DY

a 1

aaneiueweiladelaeoulell uazaduvsdnasyegnislueivigdinarnlumedn (Shahidi and

q
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Botta, 1994; Yamamoto et al., 1997; Chytiri et al, 2004) lagdinwugnganieIniaves
ndufounmazndadorniine 0 Slumdinismsaeandestunisdnuilugiedng
Uauwaueuves Kaale way Eikevik (2013) uagdandousnvolumeuves Carani et al. (2013)
whndudennsiidlondmiovuadn fsusslidaeu Sosffunuuiy weliduienuns
dndeauasnnniindsidern snumsmaaneiniavenduiounuasndiderrndsnis
meludas 108 dalas dnnsaanenuszezia Wesnnisanaswesiooifeiu uaziing
anedvendulenduniomnniu sdndmidevesuarnsiidodofvniuton udidunn vl
NefeNSATYUeIREUNIE (Manzano-Mazorra et al., 2000) kagn1sinnuveseulsddesaany
LUsAu (Smith,  2011) @eapaesiunsAneiludaiung Yainenauas wagdaign (Schubring,
1999)  wazdsaenndesiunsiuufiiereendindu uaznsidsuulasandiidennnuouly
ndaideunsuaznduniornlunsinwaded vonvndlungaideunsdidulonduiefiviendy
wagfinsrurunsmunuedtugeninlundunionn vlsinduieunsiinisaaesauand (Martini
et al., 2014)

4. MIANYID9AUTLNBUVBISININNER

= g & ! < = v [ v v
nsAnwATIdnNUIINaaInTURBULUaMINTEEELIaIMAINTTIY dunalaa1nAdun
YounandenatiuluiiliednInn1gwIntl N15Any1ved lkoma et al. (2003a) NUTQUNTTYIN

1%

WduluaeaaauvesdhiEudsanimegsening 26-29 samwaldua FalnalAesiugamgilin

Y

Pldluns@nweisll (24-30 esmwaldea) vinbinaawiuazlidavgu uadinsdidulonoaaiau

Werqulasiailararaulssned (koma et al., 2003a; Torres et al., 2012) @eAAdDU

"UITEves Okuda et al. (2009) Inunsnsztevewsshundaaiaogludulensaaaus

avldu wazarauegmeluiiedeanegluyeding

nslnTzesdusEnouesmnndaUarianuionun 8 win lnesnusiasaiading
\WasuuwUasegralidedfyndenisaie LLGiIﬁﬁgULLUUﬂ’]’iLU?ﬂIEJuLLUaQﬁILLﬂu@uﬁlmLﬁiazﬁl’NL’Jm R
a1unsntdeyaundkunANILAnA1aTEnIeTEEEamansanglalagldsvanevlinsauiu
indadudimusznouiivhuiiunequuinamsusnvesiivan fnalanisairsneaaiiauniely
indatessuiuiladuneuen uazazauussmandaindes (koma et al., 2003a; Okuda et al.,
2009) Feflaadululdinuisinluindavariinsairsuazazanedrslidoilosuivainie
(Schonborner et al., 1979)
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nsnuesndiaukazarfusuluindaginiteindu lesanidusiinulduinigalu
Aauandex (Sauer and Watanabe, 1989; lkoma et al,, 2003a) sesasnidululasaudsmluty
USTEINA AU LLazLﬁudfauﬂizﬂauﬁ’]ﬁ’zg%ﬂﬂﬁuﬁiﬁumseﬁwﬂaamLf\m (Dent et al., 2004;
Okuda et al., 2009) WulFEAUNeanlasa urawo Toiden uunfiFon waziuzdu Jaduussn
Fsnduluvan wuldluunaein (Abdullah et al., 1976; Sauer and Watanabe, 1989; lkoma et
al., 2003a) lngvdsnsmevesiivuazdaivisin sendiauiinnsazauegiensi iosandusni
funumddglunsaiamdanuunadl®in adveuszegluanimaifveiun uavazarsesninly
ih lulnsiauavanogluanmansdundd veavlefaszgndosaarslnsuuaiiGaiioliiduneamnd
azanutild uaadou Tofew wosuunii@ouaraveglusuveandorloaminuazaiusiun uay

Muzauinssewme dainainianssuvesgiunidmiulaluaniizlieandiau (Everstine et al,
2013; Marini, 2013)

Mt ukaranaeILIsAntuanuaiaing esniumedesniuaaugavoLs
smpnge agmaenian Wy nisnakuniideuilindmideintuilesainin ATP $1en1eedes
Snwnangalasmsiiuuuniiden msvaueraldovinliindausasuazvigaeendte eflinisanas
yesuAATEL S1aMeaziinnsasuazgaduaaideniofiuUszansnmvenndn leideady
fhnsydunistesaanslusiu Ssfeaiinlufuiiofnvannzmiudunsasiswessnane sy
(Sauer and Watanabe, 1989; lkoma et al., 2003a, 2003b) dmsulafinneunds ndauasiamils
au1309RFusIIINAandeulFiduiu (Schonborner et al., 1979) donadasiunsiiutunay
anasvasuisImaenszayaidntsnsluntsAnuadsd nenisdesanevesqdunievinla
Sranevdesansduridseivedienatsviadesaneautiniuniinennuesin (Meunier, 1984)
uenaniiansdunidssmeiisunseiadnismdussdusenou (glesias and  Medina, 2008;
Paczkowski et al., 2014) lAausswluthBsumanasogadusundald

=

5. @159unsonssmglatunn

szpznamdinsieiinadessdusenouisemeldlumn tnedlnginainnisdesaans
Fre9dunid nsaiyivlnvosgiunisidatenarsesraieados fevdinvesqdunid nns
Wasuuasgamgil warUfizonaifiuasundasnelusanie silfiAnnssuiunsaiauazUaes
asduvsdszmeldnanaavdnisne Wefgedsdidinduq Whudewin (Paczkowski  and
Schitz,  2011) ansdunidfisziveanenuisesnifuaisusenounatsviln Fanisaanesi

wANA9NY YinlitinnsUanUasgeanuntugianaInanenu (Dent et al., 2004; Paczkowski et al.,

(% 1%
(%

2014) YSuauansdunidseivenudegenunued fuan1muinden Mgl Audu ATeungy
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faufisenadilusene waznisaanedinigauvsdvatevinniunuinuaneieiy Iaglugiesn
9INTEANLAILANINLUATIIETADIN1990nTLaUlUN1ANT9ITT60 (aerobic  bacteria) — vinlw
pondlaulusisnienuald Laznienadinisgesaarsliiinlesdnasilasnuaiiseniaseylalu

anmeiilifiona (anaerobic bacteria) (Kasper et al., 2012)

anssunadissmeldlumnlunsinuadel dalngfinisseauudaludaiin wu van
gosaunAwAeLsa (Trachurus trachurus) (Iglesias and Medina, 2008) Uan gilthead seabream
(Sparus aurata) (lglesias et al., 2009) Ua1 whiting (Merlangius merlangus) (Duflos et al.,
2005) LLazwaaLmaagjLUﬁam%’J (Perna canaliculus) (Tuckey et al., 2013) Fadunsinumas
nsmefiiuinulugamaiion viensfnwludeiFesandaeun 1wy wy (Kasper et al, 2012)
wne (Bhatt et al., 2013) gns (Dekeirsschieter et al.,, 2009; von Hoermann et al., 2011;
Brasseura et al., 2012; Cablk et al., 2012; Paczkowski et al., 2014; Armstrong et al., 2016)
1 wazaywd (Cablk et al, 2012) Fsdlngdunsinunaelianmgiionniaviengfiunnsig
fu Ssannsathanssunadissmeldlusnlumsanwaded unldlunissuunsvevnamdms
mevesdarftnluan s Undld snuansngumesiiu Téun a-humulene fimsranulughanan 2-4
#lus waz trans-caryophyllene finuluuisgianan ldeglunquansdunidssinelugin udinng
asranudntieslunisanwiauntiil (Statheropoulos et al., 2005) Fafuasiistuludanse

wladia (mevalonic acid pathway) Tusiviazdnd (Adams et al., 1996)

al

nswasundasansdunidiisemelaluen aunsofsgeliuuasdasiieg Wranunssiug
Lare1f8e1M139 Y0 Jauuald 3 ngundn fe nquiiiuiedeuaziue nisannein
(necrophagous  species) 19U WLAYIU UAZAIUVIER ﬂejuﬁLﬁﬁﬁmmﬁaLLazﬁuLLuaﬂumijiﬂ
(predator species) \u uuasdnuds un uazha waznauunefeAuTNkasAuutaslunguusn
(scavenger and omnivorous species) é’summ‘ﬁmmaﬂumjuﬁ’m wazdn (Kulshrestha and
Satpathy, 2001; Klotzbach et al., 2004) Tngnsidaldusslomilusndnfinvewuasdslslined
N1351891UNNOU IINNTANYIVEY Stensmyr et al. (2002) Tugh wudn polysulphides Tungy
asusgneuiuzfuduasdunidsameiiddylunsipauasdiusnidiingssin suuuasiu
Wlen wagaeduinge NMsAnwIves von Hoermann et al. (2011) Tuanswuin benzyl butyrate
lunguieamesiduasiifsgasaandnidglnsans Tearstaaessinlinulunsfnuiluadeld
uenaniiaiinsaluiuasdunisinfinenuiansofgauuasiuluisd Pophilidae  way
Calliphoridae  fufiarfe uuasgaiden Fswadn uasdnunufusnld Wolff et al, 2001;
Barrozo and Lazzari, 2004; Dormont et al., 2010; Whitman and Richardson, 2010)
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asdunisissmeldlusniiannsothunldssynamdenismeldlunsnuaded
Uszneuseasfinulutasnamdsmsaie 4 $alus 1dud ansusznevlunduueadled fe
pentanal waza1sUsznauAlau fe 2,3-pentanedione Fadanndostuauidones Iglesias waz
Medina (2008) #$1891U3N15MU 2,3-pentanedione Lﬂuﬁaﬂqsﬁﬁamslﬁmﬂﬁﬁ%&naaﬂ%wﬁmm
lufuludevarutuds arsiinvludrsnamdsnisnie 12 $alus 1iud arsusznevlunga
WPANDIRA Av 1-hexanol, 1-penten-3-ol W@y 2-octen-1-ol  WazA1TUTENOULDALNDT AD
hexadecanoic acid ethyl ester Ingn15nu 1-hexanol @onAasIiUUITBUDY Paczkowski thag
Schitz (2011) Amenuinduansiifiannunuaigesvesten wazdenndesturuideres
iglesias uay Medina (2008) fise1uin 1-penten-3-ol usustasnsiiniiseneendindu
voslutuludlovasesauaneisa ansiinulurisnamdnisme 24 42lus 1dud arsusznavlu
nauLeaneged e (52)-octa-1,5-dien-3-ol ansusenevlunguueadlas fie 2-octenal, hexanal,
heptanal, nonanal uag octanal @13UszNaULEENDS A hexadecanoic acid methyl ester
ansusenauflauy A 2-pentyl-furan, 2,3-octanedione az 3,5-octadien-2-one e
a1sUsznauezlsun@n Ao 1,2,3 4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)- Feansusenavey
lsundnlaunannisgesaansvesydunsdvasnsnesilugineslsudn laun tnlsdu Alasvanily
waznsUlewnlu (Vass et al., 1992; Dent et al., 2004; Paczkowski and Schiitz, 2011) @anAasd
FUuATeved lolesias way Medina (2008) #1578971W31N15NU 2,3-octanedione Dusuaddens
Anuiiseeendnduvesluiuluiloaumuds wazansiimulutaanamdimsme 48 $lus ldun
a1sUsznaulunguueanased fie 1-octanol, 1-octen-3-ol ag 1-pentanol @15Usenaulunguda

LAl Al pentadecane taza1sUsznouLalINAn Ao benzaldehyde

arsfmuluunsianan feaunsaldszynamdanisaelisuiu Yssnoudeasinylu
P2ana1 112 Faluandsnsne iun arsusznevlunguusadles Ae hexadecanal arsiiwuly
131981 8-24 Flusndanisene Toun arsuszneveslsunfin A benzeneacetaldehyde ansfinu
Tudhanan 12-24  Faluamdaniseae leud ansusznevlunguueanesed e 2,6-dimethyl-d-
heptanol ansiinulutaanan 12-48 dalusmdanisme Téun arsuszneulunguuoanesed fe 1-
butanol &1 1-butanol fnssesuindundnsasivssmmindldannsyuiunisaarsiaa
neldan1izlifloandiau (Dent et al., 2004; Boumba et al., 2008) uazasusznaulunguuead
16 Al 3-methyl-butanal Faaenndasiuuiseves Ma et al. (2012) finu 3-methyl-butanal
TuileTamdsmsme 24 lus ansfinulugaanan 24-48 Fluawndsnsme toun ansuszneuly
NauULeaNe8ad A isoamyl alcohol ansUsenaulunguueadlan fie 2-isopropyl-5-methyl-2-
hexenal miﬂizﬂauslumjmaﬁu Ao 3-methylbutyl-2-phenylethylidene  amine  uag 3-

methylbutyl-(3-methylbutylidene) amine @15Usznouszlsun@n Av d-methyl-phenol tay
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phenol Haza1sUsznaumuziu Ao dimetyl disulfide wag dimetyl trisulfide @anAddnU
UATeves Paczkowski et al. (2014) finuans 4-methyl-phenol, dimetyl disulfide t&ag
dimetyl trisulfide Tuszagdnluauisszozuihaaesuuvanysalvowinmy dstaanan 24-48 $lus

waan1sevesUandalusserauannisinieiy uagenuansundsguiu
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Uananemy Helicophagus leptorhynchus Ng & Kottelat, 2000. Ingnfinusingaans
WU a193TNAT WNINIFEINEATAIENT. 146 N

Is¥anl eatafne uazaddnual seanes. 2554, msldieulesinnUaiuasnddeuuaiiiely
nszvIumMavEinta. Menumsideumning demeluladasun.

wnsusuns qugaiu. 2506, maBsuasnmuamvsievafadufuinunielingg
USudguussenna. nendwudivenmansumiudin avivinelulageins
wIngraemalulagasuns. 116 win.

W31 Walsauliing. 2549. vllaemnslumasiuemsveslanila (Oreochromis niloticus) wagUan
fosiuusiinfinulugrafviimssfminvays.  Inerdnusinermansuniuda
A1U1IYIFVANANT UNTINYIRBYTN. 68 1T,

Lun3 gsdnd, Shun ussiIanedde, Ima AnIseiug, A3es Aseusnssay, Toan luege, anmns
Usginiwn, glsissa Wiy, vasen nniiudw uavande WIAY. 2555. oyyadassuazans
Auenadase: uinnssuauan. Weslv

3

Ay MWATIAITIN. 2534, ATAIERTEEIY. LIUNRIaNTalunInedy, ngamnne,

q

a v o

Tamad JAiNugde. 2536. 1TUan. nsanne: lawfigualng.

9 9

'3 [%
[

Fea Welwsiin. 2502, Ingumanidniiuazmsliemsdnd. ngamme: dinfiusiusis
UINERLNYATANERS.

AuiifouaianUsraanindnusdugs. 2554, onsdaiin. naussa nsvTINYRs
wazannsal, Usaugs.

A0S AsER TN, 2536, MIRaNMTINAssania. NTUUTLI, NFINN.

anms gndmdes. 2502, fuiven. quddeiaBungamm, ngamwe,

Y [y

diniseuasitmunUssuainga. 2551, nsaviesAAg (Knowledge Management) Fo9ms
LWﬂngaﬂLLazaiémaUmﬁa. NIUUTEUI NTENTINNYATHATANNTAL, NTANN.
onu 3osunAnL. 2509, MawgiusuasAssanda. nganme: invnsagudad,
Abdullah, M.I,, Banks, J.W., Miles, D.L., Grady, K.O. 1976. Environmental dependence of
manganese and zinc in scales of Atlantic salmon, Salmo salar (L) and brown

trout, Salmo trutta (L). Freshwater Biol. 6: 161-166.



84

Adams, T.B., Hallagan, J.B., Putnam, J.M., Gierke, T.L., Doull, J., Munro, I.C., Newberne, P.,
Portoghese, P.S., Smith, R.L., Wagner, B.M., Weil, C.S., Woods, L.A., Ford, RA. 1996. The
FEMA GRAS assessment of alicyclic substances used as flavour ingredients. Food
Chem. Toxicol. 34: 763-828.

Ahmed, Z., Donkor, O., Street, W.A., Vasiljevic, T. 2015. Calpains and cathepsins-induced
myofibrillar changes in post-mortem fish: Impact on structural softening and release
of bioactive peptides. Food Sci. Technol. 45: 130-146.

Andrés, M., Gisbert, E., Diaz, M., Moyano, F.J., Estévez, A., Rotllant, G. 2010. Ontogenetic
changes in digestive enzymatic capacities of the spider crab, Maja brachydactyla
(Decapoda: Majidae). J. Exp. Mar. Biol. Ecol. 389: 75-84.

Aoki, T., Yokono, M., Ueno, R. 2002a. A cathepsin B-like enzyme from mackerel white
muscle is a precursor of cathepsin B. Comp. Biochem. Physiol. B 133: 307-316.

Aoki, T., Yokono, M., Yamashita, T., Ueno, R. 2000b. Distribution of cathepsin in red and
white muscle among fish species. Fish. Sci. 66: 776-782.

Aoki, T., Yamashita, T., Ueno, R. 2000. Distribution of cathepsin in red and white muscle
among fish species. Fish. Sci. 66: 776-782.

Aranishi, F., Hara, K., Osatomi, K., Ishihara, T. 1997. Cathepsins B, H and L in peritoneal
macrophages and hepatopancreas of carp Cyprinus carpio. Comp. Biochem. Physiol. B
117: 605-611.

Areekijseree, M., Engkagul, A., Kovitvadhi, S., Kovitvadhi, U., Thongpan, A., Rungruangsak-
Torrissen, K. 2006. Development of digestive enzymes and in vitro digestibility of
different species of phytoplankton for culture of early juveniles of the freshwater
pearl mussel, Hyriopsis (Hyriopsis) bialatus Simpson, 1900. Invert. Reprod. Develop.
49: 255-262.

Areekijseree, M., Engkagul, A., Kovitvadhi, U., Thongpan, A., Mingmuang, M., Pakkong, P.,
Rungruangsak-Torrissen, K. 2004. Temperatue and pH characteristics of amylase and
proteinase of adult freshwater pearl mussel, Hyriopsis (Hyriopsis) bialatus Simpson
1900. Aquaculture 234: 575-587.

Arias, I.M., Boyer, J.L., Fausto, N., Jakoby, W.B., Schachter, D., Shafritz D.A. 1994. The liver:
biology and pathobiology. New York: Raven Press.

Armstrong, P., Nizio, K.D., Perrault, KA., Forbes, S.L. 2016. Establishing the volatile profile
of pig carcasses as analogues for human decomposition during the early postmortem

period. Heliyon 2: 1-24.



85

Barrozo, R.B., Lazzari, C.R. 2004. The response of the blood-sucking bug Triatoma infestans
to carbon dioxide and other host odours. Chem. Senses 29: 319-329.

Bayliss, P. 1996. Chemistry in the kitchen: fish and fish products. Nutr. Food Sci. 96: 41-43.

Beccaria, C., Diaz, J.P., Connes, R. 1992. Effects of dietary conditions on the exocrine
pancreas of the sea bass, Dicentrarchus labrax L. (Teleostei). Aquaculture 101: 163—
176.

Beltagy, A.E., Adawy, T.A,, Rahma, E.H., Bedawey, A.A. 2004. Purification and
characterization of an acidic protease from the viscera of bolti fish (Tilapia nilotica).
Food Chem. 86: 33-309.

Benzie, I.F.F., Strain, J.J. 1996. The ferric reducing ability of plasma (FRAP) as a measure of
““antioxidant power’’: The FRAP assay. Anal. Biochem. 239: 70-76.

Beyrer, M., Klaas, M.R. 2007. Influence of freezing and of frozen storage on the specific
heat capacity of trout and herring fillet. Eur. Food Res. Technol. 224: 349-353.

Bezerra, R.S., Lins, E.J.E., Alencar, R.B., Paiva, P.M.G., Chaves, M.E.C., Coelho, C.B.B,,
Carvalho Jr, L.B. 2005. Alkaline proteinase from intestine of Nile tilapia (Oreochromis
niloticus). Proc. Biochem. 40: 1829-1834.

Bhatt, R.S., Sahoo, A., Shinde, AK., Karim, S.A. 2013. Change in body condition and carcass
characteristics of cull ewes fed diets supplemented with rumen bypass fat. Livest. Sci.
157: 132-140.

Bhuje, R.C. 2000. A review of strategies for the management of Nile tilapia (Oreochromis
niloticus) broodfish in seed production systems, especially hapa-based systems.
Aquaculture 181: 37-59.

Boumba, V.A,, Ziavrou, K.S., Vougiouklakis, T. 2008. Biochemical pathways generating post-
mortem volatile compounds co-detected during forensic ethanol analyses. Forensic
Sci. Int. 174: 133-151.

Brasseura, C., Dekeirsschieterb, J., Schotsmansc, E.M.J., de Koningd, S., Wilsonc, A.S,
Haubrugeb, E., Focanta, J.F. 2012. Comprehensive two-dimensional gas
chromatography-time-of-flight mass spectrometry for the forensic study of cadaveric
volatile organic compounds released in soil by buried decaying pig carcasses. J.
Chromatogr. A 1255: 163-170.

Cabirol, N., Pommier, M.T., Gueux, M., Payen, G. 1998. Comparison of lipid in two types of
human putrefactive liquid. Forensic Sci. Int. 94: 47-54.



86

Cablk, M.E., Szelagowski, E.E., Sagebiel, J.C. 2012. Characterization of the volatile organic
compounds present in the headspace of decomposing animal remains, and
compared with human remains. Forensic Sci. Int. 220: 118-125.

Campana, S.E., Neilson, J.D. 1985. Microstructure of fish otoliths. Can. J. Fish. Aquat. Sci.
42: 1014-1032.

Campobasso, C.A,, Vella, G.A, Introna, F. 2001. Factors affecting decomposition and
Diptera colonization. Forensic Sci. Int. 120: 18-27.

Cao, M. J., Hara, K., Weng, L., Zhang, N., Su, W.J. 2005. Further characterization of a
sarcoplasmic serine proteinase from skeletal muscle of white croaker (Argyrosomus
argentatus). Biochem. 70: 1163-1166.

Carani, F.R., Da Silva Duran, B.O., De Paula, T.G., Piedade, W.P., Dal-Pai-Silva, M. 2013.
Morphology and expression of genes related to skeletal muscle growth in juveniles of
pirarucu (Arapaima gigas, Arapaimatidae, Teleostei). Acta Sci. Anim. Sci. 35: 219-226.

Castillo-Yanez, F.J., Pacheco-Asuilar, R., Garcia-Carreno, F.L., Toro, M.A.N. 2004.
Characterization of acidic proteolytic enzymes from Monterey sardine (Sardinops
sagax caerulea) viscera. Food Chem. 85: 343-350.

Chan, CR,, Lee, D.L., Cheng, Y.H., Hsieh, D.J.Y., Weng, C.F. 2008. Feed deprivation and re-
feeding on alterations of proteases in tilapia Oreochromis mossambicus. Zool. Stud.
47: 207-214.

Che, R., Wang, R., Xu, T. 2014. Comparative genomic of the teleost cathepsin B and H and
involvement in bacterial induced immunity of miiuy croaker. Fish Shellfish Immunnol.
41: 163-171.

Chen, B.N., Qin, J.G., Kumar, M.S., Hutchinson, W.G., Clarke, S.M. 2006. Ontogenetic
development of digestive enzymes in yellowtail kingfish (Seriola lalandl) \arvae.
Aquaculture 260: 264-271.

Chéret, R., Delbarre-Ladrat, C., Lamballerie-Anton, M., Verrez-Bagnis, V. 2007. Calpain and
cathepsin activities in post mortem fish and meat muscles. Food Chem. 115: 1228-
1233,

Chervinski, J. 1982. Environmental physiology of tilapias. International Center for Living
Aquatic Resources Management, Manila. 128 pp.

Choi, Y.J., Heu, M.S., Kim, H.R., Pyeun, J.H. 2004. Properties of proteases responsible for
degradation of muscle proteins during anchovy sauce fermentation. Dev. Food Sci. 42:

425-439.



87

Chong, A.S.C., Hashim, R., Chow-Yang, L., Ali, A.B. 2002. Partial characterization and
activities of proteases from the digestive tract of discus fish (Symphysodon
aequifasciata). Aquaculture 203: 321-333.

Chytiri, S., Chouliara, I., Savvaidis, I.N., Kontominas, M.G. 2004. Microbiological, chemical
and sensory assessment of iced whole and filleted aquacultured rainbow trout. Food
Microbiol. 21: 157-165.

Dalal, J.S., Tejpal, H.R., Chanana, A., Kaur, N. 2006. Medicolegal study of rigor mortis to
estimate postmortem interval. J. Indian Acad. Forensic Med. 28: 971-973.

Dekeirsschieter, J., Verheggen, F.J., Gohy, M., Hubrecht, F., Bourguignon, L., Lognay, G.,
Haubruge, E. 2009. Cadaveric volatile organic compounds released by decaying pig
carcasses (Sus domesticus L.) in different biotopes. Forensic Sci. Int. 189: 46-53.

Delbarre-Ladrat, C., Chéret, R., Taylor, R., Verrez-Bagnis, V. 2006. Trends in postmortem
aging in fish: Understanding of proteolysis and disorganization of the myofibrillar
structure. Food Sci. Nutr. 46: 409-421.

Dent, B.B., Forbes, S.L., Stuart, B.H. 2004. Review of human decomposition processes in
soil. Environ. Geol. 45: 576-585.

Dormont, L., Jay-Robert, P., Bessiere, J.M., Rapior, S., Lumaret, J.P. 2010. Innate olfactory
preferences in dung beetles. J. Exp. Biol. 213: 3177-3186.

Duflos, G., Moine, F., Coin, V.M., Malle, P. 2005. Determination of volatile compounds in
whiting (Merlangius merlangus) using headspace-solid-phase microextraction-gas
chromatography-massspectrometry. J. Chromatogr. Sci. 43: 304-312.

Dunn, B.M. 2001. Overview of pepsin-like aspartic peptidases. Curr. Protoc. Protein
Sci. doi:10.1002/0471140864.ps2103s25.2001

Egberts, F., Heinrich, M., Jensen, J.M., Morbach, S.W., Pfeiffer, S., Wickel, M., Schunck, M.,
Steude, J., Saftig, P., Proksch, E., Schitz, S. 2004. Cathepsin D is involved in the
regulation of transglutaminase 1 and epidermal differentiation. Cell Sci. 117: 2295-
2307.

Erlandsson, M., Munro, R. 2007. Estimation of the post-mortem interval in beagle dogs. Sci.
Justice 47: 150-154.

Everstine, K., Spink, J., Kennedy, S. 2013. Economically motivated adulteration (EMA) of
food: common characteristics of EMA incidents. J. Food Prot. 76: 723-735.



88

Fernandez, I., Moyano, F.J., Diaz, M., Martinez, T. 2001. Characterization of 0l-amylase
activity in five species of Mediterranean sparid fishes (Sparidae, Teleostei). J. Exp. Mar.
Biol. Ecol. 262: 1-12.

Ficueiredo-Fernandes, A., Ferreira-Cardoso, J.V., Garcia-Santos, S., Monteiro, S.M., Carrola,
J., Matos, P., Fontainhas-Fernandes, A. 2007. Histopathological changes in liver and gill
epithelium of Nile tilapia, Oreochromis niloticus, exposed to waterborne copper.
Pesq. Vet. Bras. 27: 103-109.

Figueiredo-Fernandes, A., Fontainhas-Fernandes, A., Monteiro, R., Reis-Henriques, M.A,,
Rocha, E. 2006. Temperature and gender influences on the hepatic stroma (and
associated pancreatic acini) of Nile tilapia, Oreochromis niloticus (Teleostei, Cichlidae):
A stereological analysis by light microscopy. J. Morphol. 267: 221-230.

Fineman-Kalio, A.S. 1988. Preliminary observations on the effect of salinity on the
reproduction and growth of freshwater Nile tilapia, Oreochromis niloticus (L.) cultured
in brackish water ponds. Aquac. Fish Manag. 19: 313-320.

Fischer, W., Dietrich, D. 2000. Toxicity of the cyanobacterial cyclic heptapeptide toxins
microcystin LR and RR in early life-stages of the African clawed frog (Xenopus laevis).
Aquat. Toxicol. 49: 189-198.

Flanagan, R.J., Connally, G., Evans, J.M. 2005. Analytical toxicology: guidelines for sample
collection postmortem. Toxicol. Rev. 24: 63-71.

Fraser, O.P., Sumar, S. 1998. Composition changes and spoilage fish (part II) microbiological
induced deterioration. Nutr. Food Sci. 6: 325-329.

Gargiulo, A.M., Ceccarelli, P., Pedini, V. 1998. Histology and ultrastructure of the gut of the
tilapia (Tilapia spp.), a hybrid teleost. Anat. Histol. 27: 89-94.

Gibson, G.R. 1998. Dietary modulation of the human gut microflora using probiotics.

Br. J. Nutr. 80: S209.

Gill-King, H. 1997. Chemical and ultrastructural aspects of decomposition, in: W.D.
Haglund, M.H. Sorg (Eds.), Forensic taphonomy: The postmortem fate of human
remains. CRC Press, Boca Raton. pp. 93-108.

Gillanders, B.M. 2001. Trace metals in four structures of fish and their use for estimates of

stock structure. Sydney: Fishery Bulletin Publisher.

Gillis, G.B., Biewener, A.A. 2001. Hindlimb muscle function in relation to speed and gait: in
vivo patterns of strain and activation in a hip and knee extensor of the rat (Rattus

norvegicus). J. Exp. Biol. 204: 2717-2731.



89

Gocheva, V., Zeng, W., Ke, D., Klimstra, D., Reinheckel, T., Peters, C., Hanahan, D., Joyce, J.
A. 2006. Distinct roles for cysteine cathepsin genes in multistage tumorigenesis. Genes
Dev. 20: 543-556.

Hall, P.A., Coates, P.J., Ansari, B., Hopwood, D. 1994. Regulation of cell number in the
mammalian gastrointestinal tract: the importance of apoptosis. Cell Sci. 107: 3569—
3577.

Hinton, D.E., Pool, C.R. 1976. Ultrastructure of the liver in channel catfish Ictalurus
punctatus (Rafinesque). J. Fish Biol. 8: 209-219.

Hlophe, S.N., Moyo, N.A.G., Ncube, I. 2014. Postprandial changes in pH and enzyme activity
from the stomach and intestines of Tilapia rendalli (Boulenger, 1897), Oreochromis
mossambicus (Peters, 1852) and Clarias gariepinus (Burchell, 1822). J. Appl. Ichthyol.
30: 35-41.

Ho, M.L., Chen, G.H., Jiang, S.T. 2000. Effect of mackerel cathepsinsL and L like, and
calpain on thedegradation of mackerel surimi. Fish. Sci. 66: 558-568.

Hu, Y., Morioka, K., Itoh, Y. 2008. Actomyosin nonbinding cathepsin L in walleye pollock
surimi. Food Biochem. 32: 143-152.

Hu, Y., Morioka, K., Itoh, Y. 2010. Participation of cysteine protease cathepsinL in the gel
disintegration of red bulleye (Priacanthus macracanthus) surimi gel paste. J. Sci. Food
Agric. 90: 370-375.

Islesias, J., Medina, I. 2008. Solid-phase microextraction method for the determination of
volatile compounds associated to oxidation of fish muscle. J. Chromatogr. A 1192: 9—
16.

Islesias, J., Medina, ., Bianchi, F., Careri, M., Mangia, A., Musci, M. 2009. Study of the
volatile compounds useful for the characterisation of fresh and frozen thawed
cultured gilthead sea bream fish by solid-phase microextraction gas chromatography-
mass spectrometry. Food Chem. 115: 1473-1478.

lkoma, T., Kobayashi, H., Tanaka, J., Walsh, D., Mann, S. 2003a. Microstructure, mechanical
and biomimetic properties of fish scales from Pagrus major. J. Struct. Biol. 142: 327-
333.

lkoma, T., Kobayashi, H., Tanaka, J., Walsh, D., Mann, S. 2003b. Physical properties of type |
collagen extracted from fish scales of Pagrus major and Oreochromis niloticus. Int. J.

Biol. Macromol. 32: 199-204.



90

Ishida, M., Sugiyama, N., Sato, M., Nagayama, F. 1995. Two kinds of neutral serine
proteinases in salted muscle of anchovy, Engraulis japonica. Biosci. Biotechnol.
Biochem. 59: 1107-1112.

Jiang, S.T. 2000. Effect of proteinases on the meat texture and seafood quality. J. Agric.
Food Chem. 2: 55-74.

Kaale, L.D., Eikevik, T.M. 2013. A histological study of the microstructure sizes of the red
and white muscles of Atlantic salmon (Salmo salar) fillets during superchilling process
and storage. J. Food Eng. 114: 242-248.

Kadler, K.E., Holmes, D.F., Trotter, J.A.,, Chapman, J.A. 1996. Collagen fibril formation.
Biochem. J. 316: 1-11.

Kalinova, B., Podskalska, H., Ruzicka , J., Hoskoec, M. 2009. Irresistible bouquet of
deathhow are burying beetles (Coleoptera: Silphidae: Nicrophorus) attracted by
carcasses. Natur. Wissen Schafft. 96: 889-899.

Kasper, J., Mumm, R., Ruther, J. 2012. The composition of carcass volatile profiles in
relation to storage time and climate. Forensic Sci. Int. 223: 64-71.

Katz, L. 2008. Involvement of chymotrypsin-like serine proteases in cell death processes.
Doctor of Philosophy. Faculty of Health Science. Ben-Gurion University. 104 pp.

Kendall, M.W., Hawkins, W.E. 1975. Hepatic morphology and acid phosphatase localization
in the channel catfish (Ictalurus punctatus). J. Fish. Res. Bd. Can. 32: 1459-1464.

Khemiri, S., Meunier, F.J., Laurin, M., Zylberberg, L. 2001. Morphology and structure of the
scales in the Gadiformes (Actinopterygii: Teleostei: Paracanthopterygii) and a
comparison to the elasmoid scales of other Teleostei. Cah. Biol. Mar. 42: 345-362.

Kirschke, H., Langer, J., Wiederanders, B., Ansorge, S., Bohley, P., Hanson, H. 1977.
Cathepsin H: an endoaminopeptidase from rat liver lysosomes. Acta Biologica et
Medica Germanica 36: 185-199.

Kim, Y.S., Park, J.W., Choi, Y.J. 2003. New approaches for the effective recovery of fish
proteins and their physicochemical characteristics. Fish. Sci. 69: 1231-1239.

Klahan, R., Areechon, N., Yoonpundh, R., Engkagul, A. 2009. Characterization and activity of
digestive enzymes in different sizes of Nile tilapia (Oreochromis niloticus L.). Kasetsart
J. (Nat. Sci.). 43: 143-153.

Klomklao, S., Kishimura, H., Yabe, M., Benjakul, S. 2007. Purification and characterization of
two pepsins from the stomach of pectoral rattail (Coryphaenoides pectoralis). Comp.

Biochem. Physiol. B 147: 682-689.



91

Klotzbach, H., Krettek, R., Bratzke, H., Puschel, K., Zehner, R., Amendt, J. 2004. The history
of forensic entomology in German-speaking countries. Forensic Sci. Int. 144: 259-263.

Kocarek, P. 2003. Decomposition and Coleoptera succession on exposed carrion of small
mammal in Opava, the Czech Republic. Eur. J. Soil Biol. 39: 31-45.

Korpi, A., Pasanen, A.L., Pasanen, P. 1998. Volatile compounds originating from mixed
microbial cultures on building materials under various humidity conditions. Appl.
Microbiol. Biotechnol. 64: 2914-2919.

Krompecher, T. 1994. Experimental evaluation of rigor mortis VIII. Estimation of time since
death by repeated measurements of the intensity of rigor mortis on rats. Forensic Sci.
Int. 68: 149-159.

Kulshrestha, P., Satpathy, D.K. 2001. Use of beetles in forensic entomology. Forensic Sci.
Int. 120: 15-17

Kuo, H.L., Chen, M.T., Liu, D.C,, Lin, L.C. 2005. Relationship between thermal properties of
muscle proteins and pork quality. Asian-Aust. J. Anim. Sci. 18: 427-432.

Laczniak, A.N., Sato, T., Nashelsky, M. 2011. Postmortem gastric perforation (gastromalacia)
mimicking abusive injury in sudden unexplained infant death. Pediatr. Radiol. 41
1595-1597.

Ladrat, C., Verrez-Bagnis, V., Noél, J., Fleurence, J. 2003. In vitro proteolysis of myofibrillar
and sarcoplasmic proteins of white muscle of sea bass (Dicentrarchus labrax L.):
effects of cathepsins B, D and L. Food Chem. 81: 517-525.

Lasseter, A.E., Jacobi, K.P., Farley, R., Hensel, L. 2003. Cadaver dog and handler team
capabilities in the recovery of buried human remains in the southeastern United
States. J. Forensic Sci. 48: 617-621.

Lassoued, I., Mora, L., Nasri, R., Aydi, M., Toldra, F., Aristoy, M.C., Barkia, A., Nasri, M. 2015.
Characterization, antioxidative and ACE inhibitory properties of hydrolysates obtained
from thornback ray (Raja clavata) muscle. J. Proteomics 128: 458-468.

Levinson, AR, Levinson, H.Z., Francke, W. 1981. Intraspezifische Lockstoffe des
Dornspeckkafers Dermestes maculatus (De Geer). Mitt. Deutsch. Ges. Allg. Angew.
Entomol. 2: 235-237.

Li, X., Elwell, M.R., Ryan, A.M., Ochoa, R. 2003. Morphogenesis of postmortem hepatocyte
vacuolation and liver weight increases in Sprague-Dawley rats. Toxicol. Pathol. 31:

682-688.



92

Liu, H., Yin, L., Zhang, N., Li, S., Ma, C. 2008. Isolation of cathepsin B from the muscle of
silver carp (Hypophthalmichthys molitrix) and comparison of cathepsins B and L
actions on surimi gel softening. Food Chem. 110: 310-318.

Lowry, O.H., Rosebrough, N.J., Farr, AL., Randall, R.J. 1951. Protein measurement with the
Folin phenol reagent. Biol. Chem. 193: 265-275.

Ma, Q.L., Hamid, N., Bekhit, A.E.D., Robertson, J., Law, T.F. 2012. Evaluation of pre-rigor
injection of beef with proteases on cooked meat volatile profile after 1 day and 21
days post-mortem storage. Meat Sci. 92: 430-439.

Macfarlane, G.T., McBain, A.J. 1999. The human colonic microbiota. In Colonic
microbiota nutrition and health. Gibson, GR., Roberfroid, M. Eds, Kluwer academic
publishers, London, 1-26 pp.

Macfarlane, S., McBain, A.J., Macfarlane, G.T. 1997. Consequences of biofilm and sessile
growth in the large intestine. Adv. Dent. Res. 11: 59-68.

Madigan, M.T., Martinko, J.M. 2005. Microbial interactions with humans. In Brock biology of
microorganisms. Pearson Prentice Hall. New Jersey, USA. 700-725 pp.

Makinodan, Y., Akasaka, T., Toyohara, H., Ikeda, S. 1982. Purification and properties of carp
muscle cathepsin D. J. Food Sci. 47: 647-652.

Manzano-Mazorra, M.A., Aguilar, R.P., Rojas, E.I, Sanchez, M.E. 2000. Postmortem changes
in black skipjack muscle during storage in ice. J. Food Sci. 65: 774-779.

Marieb, E.N., Wilhelm, P.B., Mallatt, J.B. 2013. Human anatomy. 7thed. London: Pearson.

Marini, F. 2013. Chemometric in food chemistry. Amsterdam: Elsevier.

Martini, F.H., Nath, J.L., Bartholomew, E.F. 2014. Fundamentals of anatomy and physiology.
10"ed. London: Pearson.

Matos, E., Silva, T.S., Tiago, T., Aureliano, M., Dinis, M.T., Dias, J. 2011. Effect of harvesting
stress and storage conditions on protein degradation in fillets of farmed gilthead
seabream (Sparus aurata): A differential scanning calorimetry study. Food Chem. 126:
270-276.

Matos, P., Fontainhas-Fernandes, A., Peixoto, F., Carrola, J., Roch, E. 2007. Biochemical
and histological hepatic changes of Nile tilapia Oreochromis niloticus exposed to
carbaryl. Pest Biochem. Physiol. 89: 73-80.

McArdle, W.D., Katch, F.I., Katch, V.L. 1996. Physiology: Energy, nutrition and human
performance. 4"ed. Philadelphia: Williams and Wilkins.



93

McMahon, T.A. 1984. Muscles, reflexes and locomotion. New Jersey: Princeton University
Press.

Meunier, F.J. 1984. Spatial organization and mineralization of the vasal plate of elasmoid
scales in Osteichthyans. Am. Zool. Sci. 24: 953-964.

Morrison, C.M., Wright Jr, J.R. 1999. A study of the histology of the digestive tract of the
Nile tilapia. J. Fish Biol. 54: 597-606.

Murn, J., Urleb, U., Mlinaric-Rascan, I. 2004. Internucleosomal DNA cleavage in apoptotic
WEHI 231 cells is mediated by a chymotrypsin-like protease. Genes to Cells 9: 1103-
1111.

Naidu, A.S., Bidlack, W.R., Clemens, R.A. 1999. Probiotic sprectra of lactic acid bacteria
(LAB). Crit. Rev. Food Sci. Nutr. 38: 13-126.

Natalia, Y., Hashim, R., Ali, A., Chong, A. 2004. Characterization of digestive enzymes in a
carnivorous ornamental fish, the Asian bony tongue Scleropages formosus
(Osteoglossidae). Aquaculture 233: 305-320.

Niederegger, S., Schermer, J., Hofig, J., Mall, G. 2015. Case report: Time of death estimation
of a buried body by modeling a decomposition matrix for a pig carcass. J. Leg. Med.
17: 34-38.

Nielsen, L.B., Nielsen, H.H. 2001. Purification and characterization of cathepsin D from
herring muscle (Clupea harengus). Comp. Biochem. Physiol. B 128: 351-363.

O’Donnell, C.J., Baker, M.A. 2010. Postmortem CT findings of ‘‘gastromalacia’’: a trap for
the radiologist with forensic interest. Forensic Sci. Med. Pathol. 6: 293-297.

Okuda, M., Takesguchi, M., Tagaya, M., Tonegawa, T., Hashimoto, A., Hanagata, N., lkoma, T.
2009. Elemental distribution analysis of type | collagen fibrils in tilapia fish scale with
energy-filtered transmission electron microscope. Micron 40: 665-668.

Onozato, H., Watabe, N. 1979. Studies on fish scale formation and resorption. Cell Tissue
Res. 201: 409-422.

Paczkowski, S., Nicke, S., Ziegenhagen, H., Schutz, S. 2014. Volatile emission of
decomposing pig carcasses (Sus scrofa domesticus L.) as an indicator for the
postmortem interval. J. Forensic Sci. 60: 130-137.

Paczkowski, S., Schitz, S. 2011. Post-mortem volatiles of vertebrate tissue. Appl. Microbiol.

Biotechnol. 91: 917-935.



94

Paris-Palacios, S., Biagianti-Risbourg, S., Vernet, G. 2000. Biochemical and (ultra) structural
hepatic perturbation of Brachydanio rerio (Teleostei, Cyprinidae) exposed to two
sublethal concentrations of copper sulphate. Aquat. Toxicol. 50: 109-124.

Parra, AM., Rosas, A., Lazo, J.P., Viana, M.T. 2007. Partial characterization of the digestive
enzymes of Pacific bluefin tuna Thunnus orientalis under culture conditions. Fish
Physiol. Biochem. 33: 223-231.

Pasnik, D., Evans, J., Klesius, P. 2006. Passive immunization of Nile tilapia (Oreochromis
niloticus) provides significant protection against Streptococcus agalactiae. Fish Shell.
Immunol. 21: 365-371.

Pefia-Mendoza, B., Gomez-Marquez, J.L., Salgado-Ugarte, I.H., Ramirez-Noguera, D. 2005.
Reproductive biology of Oreochromis niloticus (Perciformes: Cichlidae) at Emiliano
Zapata dam, Morelos, Mexico. Rev. Biol. Trop. 53: 3-4.

Penny, I.F. 1969. Protein denaturation and water-holding capacity in pork muscle. Food
Sci. Tech. Int. 4: 269-273.

Perga, M.E., Gerdeaux, D. 2003. Using the 613C and 615N of whitefish scales for retro-
spective ecological studies: changes in isotope signatures during the restoration of
Lake Geneva, 1980-2001. J. Fish Biol. 63; 1197-1207.

Porter, R., Koury, B., Stone, F. 1995. Comparison of cathepsin B, D, H and L activity in four
species of Pacific fish. Food Biochem. 19: 429-442.

Querido, D. 1992. Postmortem changes in electrical resistance of the gastric wall during
the early postmortem period in rats. Forensic Sci. Int. 53: 81-92.

Ramesh, F., Nagarajan, K. 2013. Histopathological changes in the muscle tissue of the fish
Clarias batrachus exposed to untreated and treated sago effluent. J. Biosci. Bioeng. 1:
74-80.

Rhee, M.S., Kim, B.C. 2001. Effect of low voltage electrical stimulation and temperature
conditioning on postmortem changes in glycolysis and calpains activities of Korean
native cattle (Hanwoo). Meat Sci. 58: 231-237.

Roth, B., Slinde, E., Arildsen, J. 2006. Pre or post mortem muscle activity in Atlantic
salmon (Salmo salar). The effect on rigor mortis and the physical properties of flesh.
Aquaculture 257: 504-510.

Rungruangsak, K., Utne, F. 1981. Effect of different acidified wet feeds on protease
activities in the digestive tract and on growth rate of rainbow trout (Salmo gairdneri

Richardson). Aquaculture 22: 67-79.



95

Rungruangsak-Torrissen, K., Moss, R., Andresen, L.H., Berg, A., Waagbg, R. 2006. Different
expressions of trypsin and chymotrypsin in relation to growth in Atlantic salmon
(Salmo salar L.). Fish Physiol. Biochem. 32: 7-23.

Rungruangsak-Torrissen, K., Pringle, G.M., Moss, R., Houlihan, D.F. 1998. Effects of varying
rearing temperatures on expression of different trypsin isozymes, feed conversion
efficiency and growth in Atlantic salmon (Salmo salar L.). Fish Physiol. Biochem. 19:
247-255.

Rungruangsak-Torrissen, K., Rustad, A., Sunde, J., Eiane, S.A.,, Jensen, H.B., Opstvedt, J.,
Nyeard, E., Samuelsen, T.A., Mundheim, H., Luzzana, U., Venturini, G. 2002. In vitro
digestibility based on fish crude enzyme extract for prediction of feed quality in
growth trials. J. Sci. Food Agric. 82: 644-654.

Rungruangsak-Torrissen, K., Sundby, A. 2000. Protease activities, plasma free amino acids
and insulin at different ages of Atlantic salmon (Salmo salar L.) with genetically
different trypsin isozymes. Fish Physiol. Biochem. 22: 337-347.

Sainclivier, M. 1983. L’industrie halieutique-Chapitre 1: Le poisson matie're premie're.
Sciences agronomiques-Rennes-Bulletin Scientifique et technique de UENSA et du
CRR.

Sauer, G.R., Watanabe, N. 1989. Temporal and metal specific patterns in the accumulation
of heavy metals by the scales of Fundulus heteroclitus. Aquat. Toxicol. 14: 233-248.

Schénbdrner, AA., Boivin, G., Baud, C.A. 1979. The mineralization processes in teleost fish
scales. Cell Tiss. Res. 202: 203-212.

Schubring, R. 1999. DSC studies on deep frozen fishery products. Thermochim. Acta 337:
89-95.

Scocco, P., Menghi, G., Ceccarelli, P. 1997. Histochemical differentiation of glycoconjugates
occurring in the tilapine intestine. Fish Biol. 51: 848-857.

Shahidi, F., Botta, J.R. 1994. Seafoods chemistry, processing technology and quality.
London: Chapman & Hall.

Shahidi, F., Kamil, Y.V.A.J. 2001. Enzyme from fish and aquatic invertebrates and their
application in the food industry—a review. Food Sci. Technol. 12: 435-464.

Sheng, L., Lin, L., Ting, W. 2006. Ontogeny of protease, amylase and lipase in the
alimentary tract of hybrid juvenile tilapia (Oreochromis niloticus x Oreochromis

aureus). Fish Physiol. Biochem. 32: 295-303.



96

Sherekar, S.V., Gore, M.S., Ninjoor, V. 1988. Purification and characterization of cathepsin B
from the skeletal muscle of fresh water fish, Tilapia mossambica. Food Sci. 53:
1018-1023.

Simpson, B.K. 2000. Digestive proteases from marine animals. In Haard, N.F., Simpson, B.K.
Eds, Marcel Dekker, New York. 191-213 pp.

Sinnatamby, R.N., Bowman, J.E., Dempson, J.B., Power, M. 2007. An assessment of de-
calcification procedures for 5°Cand 3 N analysis of yellow perch, walleye and
Atlantic salmon scales. J. Fish Biol. 70: 1630-1635.

Siringan, P., Raksakulthai, N., Yongsawatdigul, J. 2006. Autolytic activity and biochemical
characteristics of endogenous proteinases in Indian anchovy (Stolephorus indlicus).
Food Chem. 98: 678-684.

Smith, P.G. 2011. Introduction to food process engineering. Berlin: Springer.

Stamatosglou, S.C., Hughes, R.C. 1994. Cell adhesion molecules in liver function and
pattern formation. J. Fed. Amer. Soc. Exp. Biol. 8: 420-427.

Statheropoulos, M., Agapiou, A., Spiliopouiou, C., Pallis, G.C., Sianos, E. 2007.
Environmental aspects of VOCs evolved in the early stages of human decomposition.
Sci. Total Environ. 385: 221-227.

Statheropoulos, M., Spiliopoulou, C., Agapiou, A. 2005. A study of volatile organic
compounds evolved from decaying human body. Forensic Sci. Int. 153: 147-155.
Stensmyr, M.C., Urry, ., Collu, I., Celander, M., Hansson, B.S., Angioy, A.M. 2002. Pollination:

rotting smell of dead-horse arum florets. Nature 420: 625-626.

Sunde, J., Eiane, S.A., Rustad, A., Jensen, H.B., Opstevedt, J., Nysard, E., Venturini, G,,
Rungruangsak-Torrissen, K. 2004. Effect of fish feed processing conditions of digestive
protease activities, free amino acid pools, feed conversion efficiency and growth in
Atlantic salmon (Salmo salar L.). Aquac. Nutr. 10: 261-277.

Sunde, J., Taranger, G.L., Rungruangsak—Torrissen, K. 2001. Digestive protease activities and
free amino acids in white muscle as indicators for feed conversion efficiency and
growth rate in Atlantic salmon (Salmo salar L.). Fish Physiol. Biochem. 25: 335-345.

Supannapong, P., Pimsalee, T., A-komol, T., Engkakul, A., Kovitvadhi, S., Kovitvadhi, U.,
Rungruangsak-Torrissen, K. 2008. Digestive enzymes and in vitro digestilility of different
species of phytoplankton for culture of the freshwater pearl mussel, Hyriopsis

(Hyriopsis) bialatus. Aquac. Int. 16: 437-453.



97

Takahashi, T., Dehdarani, H., Tang, J. 1988. Porcine spleen cathepsin H hydrolyzes
oligopeptides solely by aminopeptidase activity. Biol. Chem. 263: 10952-10957.

Tengjaroenkul, B., Smith, B.J., Caceci, T., Smith, S.A. 2000. Distribution of intestinal enzyme
activities along the intestinal tract of cultured Nile tilapia, Oreochromis niloticus L.
Aquaculture 182: 317-327.

Thongprajukaew, K., Kovitvadhi, S., Kovitvadhi, U., Somsueb, P. 2013a. Effects of red
monascal rice supplementation on growth, digestive function and oocyte maturation
in Siamese fighting fish (Betta splendens Regan, 1910). Afr. J. Biotechnol. 12: 6400-
6410.

Thongprajukaew, K., Kovitvadhi, U. 2013. Effects of sex on characteristics and expression
levels of digestive enzymes in the adult suppy Poecilia reticulate. Zool. Stud. 52: 1-8.

Thongprajukaew, K., Kovitvadhi, U., Engkagul, A., Rungruangsak-Torrissen, K. 2010a.
Characterization and expression levels of protease enzymes at different
developmental stages of Siamese fighting fish (Betta splendens Regan, 1910).
Kasetsart J. (Nat. Sci.). 44: 411-423.

Thongprajukaew, K., Kovitvadhi, U., Engkagul, A., Rungruangsak-Torrissen, K. 2010b.
Temperature and pH characteristics of amylase and lipase at different developmental
stages of Siamese fighting fish (Betta splendens Regan, 1910). Kasetsart J. (Nat. Sci.).
44: 210-219.

Thongprajukaew, K., Rodjaroen, S., Tantikitti, C., Kovitvadhi, U. 2015a. Physicochemical
modifications of dietary palm kernel meal affect growth and feed utilization of Nile
tilapia (Oreochromis niloticus). Anim. Feed Sci. Technol. 202: 90-99.

Thongprajukaew, K., Yawang, P., Dudae, L., Bilanglod, H., Dumrongrittamatt, T., Tantikitti, C.,
Kovitvadhi, U. 2013b. Physical modification of palm kernel meal improved available
carbohydrate, physicochemical properties and in vitro digestibility in economic
freshwater fish. J. Sci. Food. Agric. 93: 3832-3840.

Torres, F.G., Troncoso, O.P., Amaya, E. 2012. The effect of water on the thermal transitions
of fish scales from Arapaima gigas. Mater. Sci. Eng. C 32: 2212-2214.

Tuckey, N.P.L., Day, J.R., Miller, M.R. 2013. Determination of volatile compounds in New
Zealand Greenshell™ mussels (Perna canaliculus) during chilled storage using solid
phase microextraction gas chromatography—-mass spectrometry. Food Chem. 136:

218-223.



98

Turchini, G.M., Moretti V.M., Mentasti, T., Orban, E., Valfre, F. 2005. Effects of dietary lipid
source on fillet chemical composition, flavour volatile compounds and sensory
characteristics in the freshwater fish tench (Tinca tinca L.). Food Chem. 102: 1144~
1155.

Tyska, M.J., Warshaw, D.M. 2002. The myosin power stroke. Cell Mot. Cyto. 51: 1-15.

Usui, A., Kawasumi, Y., Hosokai, Y., Hayashizaki, Y., Saito, H., Funayama, M. 2013.
Postmortem radiography of gastromalacia: case reports. Japanese J. Radiol. 31: 637-
641.

Vass, A.A. 2001. Beyond the grave-understanding human decomposition. Microbiol.
Today 28: 190-193.

Vass, A.A., Barshick, S.A., Sega, G., Caton, J., Skeen, J.T., Love, J.C., Synstelien, J.A. 2002.
Decomposition chemistry of human remains: a new methodology for determining the
postmortem interval. J. Forensic Sci. 47: 542-553.

Vass, A.A., Bass, W.B., Wolt, J.D., Foss, J.E., Ammons, J.T. 1992. Time since death
determinations of human cadavers using soil solution. J. Forensic Sci. 37: 1236-1253.

Verrez-Bagnis, V., Ladrat, C., Noél, J., Fleurence, J. 2002. In vitro proteolysis of myofibrillar
and sarcoplasmic proteins of European sea bass (Dicentrarchus Labrax L) by an
endogenous m-calpain. J. Sci. Food Agric. 82: 1256-1262.

Vicentini, C.A., Franceschini-Vicentini, I.B., Bombonato, M.T.S., Bertolucci, B., Lima, S.G,,
Santos, A.S. 2005. Morphological study of the liver in the teleost Oreochromis
niloticus. Int. J. Morphol. 23: 211-216.

Vissesanguan, W., Benjakul, S., An, H. 2003. Purification and characterization of cathepsin L
in arrowtooth flounder (Atheresthes stomias). Comp. Biochem. Physiol. B 134: 477-
487.

von Hoermann, C., Ruther, J., Reibe, S., Madea, B., Ayasse, M. 2011. The importance of
carcass volatiles as attractants for the hide beetle Dermestes maculatus (De Geer).
Forensic Sci. Int. 212: 173-179.

Wang, B., Xiong, Y. L. 1999. Characterization of the proteases involved in gel weakening of
beef heart surimi. J. Agric. Food Chem. 47: 887-892.

Wang, Q., Gao, Z., Zhang, N., Shi, Y., Xie, X., Chen, Q. 2010. Purification and
characterization of trypsin from the intestine of hybrid tilapia (Oreochromis niloticus x

O. aureus). J. Agric. Food Chem. 58: 655-659.



99

Whitfield, F.B., Mottram, D.S. 1992. Volatiles from interactions of Maillard reactions and
lipids. Crit. Rev. Food Sci. Nutr. 31: 1-58.

Whitman, D.W., Richardson, M.L. 2010. Necrophagy in grasshoppers: Taeniopoda eques
feeds on mammal. J. Orthop. Res. 19: 377-380.

Wilkinson, R.J., Paton, N., Porter, M.J.R. 2008. The effects of pre-harvest stress and harvest
method on the stress response, rigor onset, muscle pH and drip loss in barramundi
(Lates calcarifer). Aquaculture 282: 26-32.

Williams, B.R., Gelman, R.A., Poppke, D.C., Piez, KA. 1978. Collagen fibril formation—optimal
in vitro conditions and preliminary kinetic results. J. Biol. Chem. 253: 6578-6585.

Winkler, UK., Stuckmann, M. 1979. Glycogen, hyaluronate, and some other
polysaccharides greatly enhance the formation of exolipase by Serratia marcescens.
J. Bacteriol. 138: 663-670.

Wolff, M., Uribe, A, Ortiz, A., Duque, P. 2001. A preliminary study of forensic entomology
in Medellin, Colombia. Forensic Sci. Int. 120: 53-59.

Wong, S.P., Leong, L.P., Koh, J.H.W. 2006. Antioxidant activities of aqueous extracts of
selected plants. Food Chem. 99: 775-783.

Wu, F.Y., Dutson, T.F., Valin, C., Cross, H.R., Smith, S.B. 1985. Aging index, lysosomal
enzyme activities and meat tenderness in muscles from electrically stimulated bull
and steer carcasses. Food Sci. 50: 1025-1028.

Yamashita, M., Konagaya, S. 1991. Hydrolytic action of salmon cathepsins B and L to
muscle structural proteins in respect of muscle softening. Nippon Suisan Gakk. 57:
1917-1922.

Yamamoto, K., Yamamoto, Y., Matsumoto, H., Hayase, T., Ojima, K., Matsubayashi, K., Abiru,
H., Kazuko, K. 1997. Unusual post-mortem autolytic change in the liver: wavy
transformation of hepatocytes. Med. Sci. Law. 37: 256-259.

Yang, W., Gludovatz, B., Zimmermann, E.A., Bale, H.A,, Ritchie, R.O., Meyers, M.A. 2013.
Structure and fracture resistance of alligator gar (Atractosteus spatula) armored fish
scales. Acta Biomat. 9: 5876-5889.

Yates, L.D., Dutson, T.R., Caldwell, J., Carpenter, Z.L. 1983. Effect of temperature and pH
on the post-mortem degradation of myofibrillar proteins. Meat Sci. 9: 157-179.

Zhu, H.P., Huang, Z.H., Lu, M.X,, Gao, F.Y., Yang, L.P. 2009. Large size tilapia aquaculture
technique. Agric. Sci. 16: 107-109.



100

Zy\berberg, L., Bonaventure, J., Cohen-Solal, L., Hartmann, D.J., Bereiter-Hahn, J. 1992.
Organization and characterization of fibrillar collagens in fish scales in situ and in vitro.
J. Cell Sci. 103: 273-285.

Zylberberg, L., Nicolas, G. 1982. Ultrastructure of scales in a teleost (Carassius auratus L.)
after use of rapid freeze-fixation and freeze-substitution. Cell Tissue Res. 223: 349-

367.



Y a < 1 ) [ a v 1
‘U’e'JﬂﬂL‘Vi‘uttaz?laLﬁuaLLuzﬁ’]‘lﬂﬁUﬂ’ﬁ’mﬂﬁ’ﬂU

1. mafnwasaitfuntmaaedussiuiesu filimadesiu Ssliaunsmidoyald
Usggndltlunusmdiingrmanslilasnse msvinsideiifedestuiulsisimedonisiia
safwmaiifiia ileUszgndldluanudiinenmans Lo Qmmﬁmaaﬁw AYBIAFNT WATAN
fion Wudu vieneaeuiisafuaniunisaifidunimsunssudadih wu msenewns msudes
ansifufivadlurisuides viednnszualwilyilvidaiinnoondiau Wudu uenainiaiss
siinfuonafinalnnisvheressamefiuaneisty Swmsdiunsmeaeulutanviindus e

a01uN1salnananenaaNnsatunlglunisiatsanveriate

2. arsenwunumvasaulvdlalunsudukaseulvianuduesiiuiy e lmlana
° Y] a X A ] A o a a aa
UNUIMNITVINUAEINTITANEUINTITY vilpanneuleing 2 ¥fia dn1swasullaswasianssuii

v o w 1

HodAy wazuanansaInfanssuvetoulwivlindus NAnw

3. prsfinwguuuuvedllsiulundaniielngisieadianinglnG@a (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis: SDS-PAGE) \ensradoumsdsuntadlunig

Fuadlulfazy19a1MaIN1sANe

4. M3fnwieIfuNsURsuwamI99anI1e3NIATBINIHINIZeIMT A1ld fu uay
nasiile AT LAY LaznTvindoyaniwesinugsn (morphometric) o dayasningi?

1A 9ANNITOANBYANNSUNEINTUTLYLLIANNEINITAY

5. psAinwLiafuieiuwssUsHIules (trace elements) 31NNEANEINTTANE Lo
Ul udeyalunisussanaussesiaivaainisnelawiugnga
6. AISANNA1TBUNSINTme e lugnlusTeLIAMaINITANENUIUTY 1Hp9a1Nd]
ANDUNIYTLNLIBUNTTANNUNDDATINTLELIATVAINITANE 48 TLug MSanulut19nevad
¢ Y A 2 oa v A P ) A O v a A A ) a
MsAn®ASIT Faliwunldunarunsanuledniuszeznaidnly dnnedsliansurssiannuludlluei

48 NAINITANUVINUL F997198 N5 UAs UL UARARTUDN IUSLELLIAMAINITANEAUIUT U



AMANUIN



AMANUIN N

A UINAUIINUNEUILUUUSTTEY

lunuszyuIvIn1sszauyInisasd 1



- e v
ANUNINLNANEAT ﬂ’1Tﬂﬁ‘ﬁ’];m’]"]ﬂﬂ’ﬁ“llﬂﬂ?dﬂ?']ﬂﬂ’]@ﬂLﬂﬂﬁliﬁ’?ﬂ[ﬂﬁ‘ ASIN 53

nsilasundasasszuusiagainisnauaIniIsanauaslaniia Oreochromis niloticus

Postmortem Changes of Digestive System in Nile Tilapia, Oreochromis niloticus
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UNANED

AsagaLNNTAeuuasesszuLgesansTasaniia Oreochromis niloticus ANEVEINIIANE
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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=10.790, 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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ganFIuALABUTNIAIT) LAY 199 24-48 G0Tus (Ranssuvaveulidanasatnesniiuaziainngn)

20



e ¥ o .
miﬂimu%mmmmwﬁwmﬁaLmﬂmmmm ﬂ‘Nﬁ 53 ANVNINUVANERT

1.0 4

0.5 -

Stomasomaticindex (% BW)

0.0

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

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).

120

Pepsin specific activity
{mU mg protein)

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

Figure 2 Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) of pepsin specific activity (mU mg
proteinq) 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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(Erlandsson and Munro, 2007)
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eI uBNIzazanaINIae L dwhaaiunslddneaizn1eqaniednaa (Erandsson and Munro,

2007)
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0 4 3 12 16 20 24 28 32 36 40 44 48 52
Postmortem interval (h)

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
proteirﬁ) 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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Postmortem Changes of Muscle Myosin and Actin of Nile Tilapia (Oreochromis niloticus)
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Abstract
Postmortem degradation (0, 1, 2, 4, 8, 12, 24 and 48 h) of muscle myosin and actin was investigated in sex
reversed Nile tilapia (Oreochromis niloticus) using a differential scanning calorimeter. Myosin and actin were
observed in the first 24 h postmortem time but not at 48 h. Thermal transition properties of myosin and actin (onset,
peak and conclusion temperatures, and enthalpy) as well as expression of other protein can divide these postmortem
changes into 3 intervals including pre-rigor mortis (within 1 h), rigor mortis (1 to 24 h) and post-rigor mortis (after 24

h). These data could be used for identifying postmortem interval in aquatic animals.
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= a wa a Y v & a
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(Oreochromis niloticus) AenaaNIsANesEeznan 0, 1, 2, 4, 8, 12, 24 way 48
s Ingldfnmasudvagunuilanraasiwes nanisAanwnulusiululedulay
wanAuluYg 24 FUsANEINITANE wikinunsildsulUasuaalusiung 2 ¥
Tunan 48 lue Aadnuazanaufouveslulefuuasieniiu laun anmgliSusiu
gaunnilfingaumnilanying wazlewnial 3uvianisuandeenvedlusiu anunsadun
o P | & | 2 o o < o
srgznamaInsanele 3 99 Aeszaznauwniasn (Mely 1 F7lu9) sesiniasn
(1 513 24 ) uarszezrauniem (nde 24 Halu) Jayananaauansliliiuions
a wa a P v & ° v v 4 P
wWaguuUasaudlennuseuvesnauiloanunsadunldidudeyaivssiulunig
U8aN0USE LA NAINISANVRIER TN LA

Aandgy - luledu weniiu Msiasunyaaraanismne

Abstract

Postmortem changes (0, 1, 2, 4, 8, 12, 24 and 48 h) in muscle thermal
transition property were investigated in sex reversed Nile tilapia (Oreochromis
niloticus) using a differential scanning calorimeter. Myosin and actin were
observed in the first 24 h postmortem times but not at 48 h. Thermal
transition property of myosin and actin (onset, peak and conclusion
temperatures, and enthalpy) as well as expression of other proteins can divide
these postmortemchanges into 3 intervals, including pre-rigor mortis (within
1 h after death), rigor mortis (1 to 24 h after death) and post-rigor mortis
(exceeding 24 h after death). The findings suggest that the thermal changes
of muscle can serve as primary data for the estimation of time of death of

an aquatic animal.

Keywords : Myosin, Actin, Postmortem Change
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Gastrointestinal Functionality of Aquatic
Animal (Oreochromis niloticus) Carcass in
Water Allows Estimating Time of Death*

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 scav-
enging 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 sug-
gest 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

Postmortem changes have been studied in many terrestrial ani-
mal 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) as well as by insect activ-
ity (8). Various environmental factors, namely temperature,
humidity, cooling rate, slaughter procedure, growth of microor-
ganisms, and aging time, are generally known to affect the rate
of postmortem changes (9,10). Observations on postmortem
changes have also been reported for aquatic animals. However,
most such investigations have focused on low temperature condi-
tions used to preserve catch (11—14). The understanding of post-
mortem changes in aquatic animals in their ambient aquatic
environment is currently lacking and needs to be improved.

Gastromalacia after death is caused by endogenous enzymes
and can significantly thin and soften the gastric fundus wall
(15—17). More active endogenous digestive enzymes, namely
trypsin, chymotrypsin, lipase, and amylase, are found in the
intestinal section (18) than in the stomach, which mainly has
pepsin activity. 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
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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 gastroin-
testinal 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 Linnaeus, 1758 (Family
Cichlidae), which is among the most economically important
fish in the world (19) was used as the aquatic model. Global
production of this species exceeded 3,440,000 tonnes in 2013
(20) and tends to increase annually, being about equal to those
of salmon and trout (19). Commercial tilapia production gener-
ally requires the use of male monosex populations as these
have several desirable characteristics for aquaculture, such as
fast growth and high fillet quality (20,21). This species has a
well-known histology of its digestive tract (22), can grow and
reproduce in a wide range of environmental conditions, and tol-
erates stress induced by handling (23). 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 this study might
facilitate identifying the postmortem interval in aquatic animals,
that is, estimating the time of death from a floating carcass.
The potential application is for environmental forensics in rela-
tion to fish kill events associated with pollution crimes, as well
as in animal cruelty investigations, for example, involving a
fish farm abandoned by the owners, resulting in mass death of
the fish.
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Materials and Methods
Preparation of Fish Samples

Newly hatched Nile tilapias were treated with 17-o-methyltes-
tosterone (60 mg/kg diet) for 4 weeks to induce a monosex male
(24), and these sex-reversed fish were reared until four months
old at 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 for herbivorous fish (Hi-grade 9931;
Charoen Pokphand PCL, Bangkok, Thailand). The average water
quality parameters during the acclimatization were as follows:
temperature 29.60 £+ 0.15°C, dissolved oxygen 5.05 4+ 0.01 mg/
L, pH 6.95 & 0.02, and ammonia 0.94 4+ 0.15 mg/L.

Postmortem Change Studies

The fish were starved for 48 h prior to their necropsy, to
avoid metabolic flexibility of enzyme and hormone secretion
induced by food. Subsequently, all the fish were killed by chil-
ling 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 4+ 1.66 g
weight and 18.55 4+ 0.14 cm length) were randomly distributed
into 32 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 post-
mortem times (1, 2, 4, 8, 12, 24, and 48 h), including also a
control group of fish without postmortem delay (0 h). The other
fish were used for concurrent further postmortem studies of mus-
cle degradation, histopathology, volatiles in carcass, and scale
elemental profile. 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.

Fish Dissection and Extraction of Digestive Enzymes

The fish organs were dissected on ice, and then, the gastroin-
testinal tracts were collected. Crude extracts were prepared accord-
ing to the method described in Rungruangsak and Utne (25), with
slight modifications. The stomach and intestine were homogenized
in 10 and 1 mmol/L HCI (1:3 w/v), respectively, using microho-
mogenizer (THP-220; Omni International, Kennesaw, GA). The
homogenates were centrifuged at 15,000 x g 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 deter-
mined based on Lowry et al. (26). Bovine serum albumin was
used as the standard for quantifying the protein concentration (mg/
mL). Normalization by the protein was then also used on calculat-
ing 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
(25), with some modifications. First, 100 pL. of 2% casein was

mixed with 100 pL. of 0.2 mol/L. KCI-HCI 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 5000 x g at room temperature for 20 min. A
0.5 mL sample of supernatant was taken and mixed with 1 mL
of 0.5 mol/LL NaOH and 0.3 mL of Folin—Ciocalteu reagent
(threefold diluted). The obtained solution was measured spec-
trophotometrically at 720 nm against L-tyrosine standard.

Trypsin and Chymotrypsin-Specific Activity Assays—Trypsin
(EC 3.4.21.4) and chymotrypsin (EC 3.4.21.1) activities were deter-
mined based on Rungruangsak-Torrissen et al. (27). The trypsin
assay was performed by mixing 700 pL of 0.2 mol/L Na,COs-
NaHCOj; buffer at pH 9 containing 1.25 mmol/L benzoyl-L-Arg-p-
nitroanilide with 100 pL 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 pL of 30% acetic acid. Chymotrypsin
was assayed as above, except with a 0.2 mol/L Na,CO5;-NaHCO;
buffer at pH 9 containing 0.1 mmol/L. N-succinyl-Ala-Ala-Pro-Phe-
p-nitroanilide, 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. (28). The assay was
performed by mixing 25 pL of 5% soluble starch, 62.5 pL of
0.2 mol/L Na,HPO,4-NaH,PO, buffer pH 7, 37.5 pL of 20 mmol/L
NaCl, and 125 pL of crude enzyme extract. The mixture was incu-
bated at 50°C for 15 min, and the reaction was stopped by adding
250 pL of 1% dinitrosalicylic acid. Staining was performed by boil-
ing at 100°C for 5 min, cooling to room temperature, and mixing
with 2.5 mL of distilled water. The stained reducing sugar was mea-
sured 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 (29), with slight
modifications. The assay was performed by mixing 200 pL of
0.01 mol/L.  p-nitrophenyl palmitate, 800 pL. of 0.2 mol/L
Na,HPO,-NaH,PO, 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 by adding 250 pL. of 1 mol/L
Na,COj3. The mixture was centrifuged at 13,000 x g at room tem-
perature for 15 min. The supernatant was collected, and its absor-
bance 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 above. Their
2,2-diphenylpicrylhydrazyl (DPPH) radical scavenging activities
were determined according to the method of Thongprajukaew
et al. (30). The radical scavenging activity (% inhibition) was cal-
culated as [(A,—A;)/A,] x 100, where A, and A; are the absor-
bances 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 above. The reducing power was assayed
based on the method of Benzie and Strain (31) and Wong et al.
(32), with some modifications. Briefly, a premixture was pre-
pared by mixing 10 mmol/L of 2,4,6-tris(2-pyridyl)-s-triazine in
40 mmol/L HCI, 20 mmol/L. FeCl5-6H,O, and acetate buffer at
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pH 5.2 in the ratio of 1:1:10. The assay was performed by mix-
ing 2850 pL of the premixture with 150 puL 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 buf-
fer in the control, and the absorbances were converted to final
results with a Trolox standard curve. Percentage of remaining
reducing power at each postmortem time was calculated as
[(A;—AL)/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 actual sample, respectively.

Statistical Analysis

Data analyses were performed using SPSS version 20 (SPSS
Inc., Chicago, IL). All data are expressed as mean + SEM from
quadruplicate observations (n = 4), chosen based on preliminary
analysis of appropriate fish sample size. The percentages were
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checked for normality after arcsine transformation. Significant
differences between means were ranked using Duncan’s multiple
range test (DMRT), with significance equated to p < 0.05. A
bias correction factor was used to improve accuracy. Pearson
correlation coefficients (r) 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 SSI (Fig. 1A) and the ISI (Fig. 1B)
decreased with postmortem interval significantly (p < 0.05 by
DMRT, n = 4). The SSI remained unchanged for up to 2 h after
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FIG. 1—Postmortem changes in the stomasomatic index (% body weight, A) and the intestosomatic index (% body weight, B), in Nile tilapia within 48 h after

death. Data are expressed as mean + SEM (n = 4 per time point).
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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 SST and ISI, respectively.

Postmortem Changes in Gastrointestinal Protein

Gastrointestinal protein had the similar trend and characteris-
tics as the SSI and ISI indices (Fig. 2). Soluble protein concen-
tration in the stomach (Fig. 2A) 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 (insignifi-
cant 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.

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. 3A) and then decreased
progressively. The lowest 7.24 4+ 1.18 mU/mg protein specific
activity of pepsin was found at the final sampling time. Trypsin-
specific activity (mU/mg protein) 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 (mU/mg protein) showed a different
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FIG. 2—Postmortem changes in stomach (mg/mL, A) and intestinal (mg/mL, B) protein concentrations, in Nile tilapia within 48 h after death. Data are

expressed as mean + SEM (n = 4 per time point).
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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. 3C). However, also this
enzyme had undetectable activity at 48 h after death.

Amylase (Fig. 4A) and lipase (Fig. 4B) specific activities
decreased significantly with postmortem time. The time response
of amylase (U/mg protein) matched well the trends in trypsin-
specific activity. The lipase-specific activity (mU/mg protein) 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

Figure 5 illustrates the significant decreases in the scavenging
activity (% inhibition) of stomach (Fig. 5A) and intestine
(Fig. 5B), and in the reducing power (% remaining) of stomach
(Fig. 5D).

(Fig. 5C) and intestine Both these responses

(A)

decreased statistically significantly with postmortem delay
(p < 0.05 by DMRT, n = 4), but the reducing power was more
effective in distinguishing postmortem changes than the DPPH.

Relationships among the Observed Variables

The Pearson correlation coefficients (r) for each pair of vari-
ables, including gastrointestinal index (SSI and ISI), protein con-
centration (in stomach and intestine), specific activity of digestive
enzymes (pepsin, trypsin, chymotrypsin, amylase, and lipase), and
scavenging activity (in stomach and intestine), were positive and
highly significant (r = 0.519—0.972, p < 0.01, Table 1).

Discussion

Endogenous enzymes contribute to the rapid loss of gastroin-
testinal weight, which directly affects the digestive indices (SSI
and ISI). In a terrestrial animal, namely in the Sprague-Dawley

Amylase specific activity
(U/mg protein)

0 T T T T T
0 4 8 12 16 20

T T T T T

24 28 32 36 40 44 48 52

Postmortem interval (h)

(B) 160
140
120
100

80

60

(mU/mg protein)

40

Lipase specific activity

20

e
T T T T T L

0 T T T
0 4 8 12 16 20

24 28 32 36 40 44 48 52

Postmortem interval (h)

FIG. 4—Postmortem changes in specific activity of amylase (U/mg protein, A) and lipase (mU/mg protein, B), in Nile tilapia within 48 h after death. Data

are expressed as mean = SEM (n = 4 per time point).
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TABLE 1—Pearson correlation coefficients (r) of variables that are indicative of gastrointestinal changes in postmortem Nile tilapia (n = 32) across a set of
observation times. All correlations were positive and statistically significant at p < 0.01.

Parameter SSI ISI

Stomach Protein  Intestinal Protein ~ Pepsin ~ Trypsin  Chymotrypsin ~ Amylase Lipase  RPg 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
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 0919 0.942

SSI, stomasomatic index; ISI, intestosomatic index; RPg, % remaining reducing power in stomach; RPj, % remaining reducing power in intestine; DPPHg, %
DPPH scavenging activity in stomach; DPPH;, % DPPH scavenging activity in intestine.

rat, Li et al. (2) reported increasing hepatosomatic index 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 con-
tents (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 electri-
cal conductivity of the intracellular and extracellular fluid (1).
Penny (33) 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 post-
mortem changes can also be induced by the absence of oxy-
gen, increase in carbon dioxide, and accumulation of wastes
(6,34). These conditions lead to the denaturation of proteins,
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which governs the progressive decrease in protein concentra-
tion 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
intestine than in the stomach. This might be due to the
mucosa layer of stomach wall being thicker than in the intes-
tine. Generally, mucus cells in the tubular glands and neck
cells of gastric glands protect the stomach with mucosa from
its strongly acidic contents (22).

Pepsin is the most efficient digestive enzyme in the stom-
ach, cleaving peptide bonds of hydrophobic compounds to
preferably aromatic amino acids, such as phenylalanine, trypto-
phan, and tyrosine (35). The activity of this enzyme indicates
extracellular digestion in the stomach (18). The decrease in
pepsin activity was due to the autolysis of gastric gland after
death (16). 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 intes-
tine. It acts as an activator controlling both itself and other pro-
teolytic 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 pro-
teins at the carboxyl side of aromatic amino acids (phenylala-
nine, tyrosine, and tryptophan) and cleaves large hydrophobic
residues. An increased activity of this enzyme has been attribu-
ted to induction by toxic organic pollutants, such as benzene
and dioxins, as well as to the stress before death of the fish
(27). Moreover, strong evidence supports the mediation of inter-
nucleosomal DNA cleavage in apoptotic cells by a chy-
motrypsin-like protease (36). 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 o-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 catabo-
lism, 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 find-
ing is corroborated by the significant decrease in scavenging
activity and in remaining reducing power with postmortem
delay. Lassoued et al. (37) proposed that the hydrolysis by pro-
teolytic enzymes can release a mixture of various peptides that
act as electron donors in DPPH system. However, these con-
stituents are not sufficient to compensate for the overproduction
of free radicals after death by various catabolism processes.
Moreover, at longer hydrolysis times, the formed peptides have
shorter chains and are less effective in scavenging DPPH’
radicals (37).

Summary

The gastrointestinal functionality was significantly affected
by the postmortem delay. Based on the digestive enzyme analy-
ses, significant changes occurred earlier in the intestine than in
the stomach, and lipid break down appeared to be more sensi-
tive 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 (stom-
ach and intestine) and its accessory gland (liver) for their post-
mortem 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 sam-
pling the gut of the carcass left in ambient water. However,
these results are preliminary and are not yet ready for forensic
use. This report might encourage further research with larger
sample sizes, studies of varying water pollutants, or assess-
ments of situations that qualify as aquatic animal cruelty. In
addition, fish kills have a large variety of differing circum-
stances, that is, water temperature, chemicals, environmental
factors, pH, that can interfere with the processes examined in
the current study. Also, each species might require work speci-
fic to it under a variety of circumstances before the approach
of the current study could be used in a court of law. It might
be directly useful on recreating a crime scene and testing fish
after the fact.
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Abstract

Understanding the postmortem changes at the ambient aquatic temperature, can be
useful for estimating time of death in environmental forensic studies and less information is
available. 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 (0, 1, 2, 4,
8, 12, 24 and 48 hr after death). The study results are relevant to the ambient temperatures in
Thailand, meaning about 30°C. Specific activities 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). Cathepsin H had the lowest specific activity and exhibited a
different type of time profile. Its lowest specific activity was observed at 8 hr, concerns the
significant role at this time point after death. The radical scavenging activities dramatically
decreased with time since death, especially within the first 1 hr, while no changes occurred
from 2 hr to 8 hr, or from 12 hr to 24 hr. Thermal properties of myosin and actin were
observed up to 24 hr delay. The degradation of each protein 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. The potential application is for environmental forensics in relation to fish kill events
associated with pollution crimes or mass death of exported fish under transportation

insurance, as well as in animal cruelty investigations.

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. However, understanding the postmortem changes at the
ambient temperature, can be useful for estimating time of death and less information is
available.

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
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post-rigor mortis. These three 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 et 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; Ladrat et al., 2003) and can be monitored by differential
scanning calorimetry (Schubring, 1999; Kuo et al., 2005; 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.

Materials and Methods

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 d and were fed to satiation with
a commercial diet containing 30% protein, twice daily (0700 hr and 1600 hr) under 12-hr
light/12-hr dark cycle. The water quality parameters during acclimatization were 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 hr 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
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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 were floated in their rectangular containers under
ambient temperature (29.60 + 0.15°C) and 12-hr light/12-hr dark cycle. Four fish (n = 4) at
each postmortem time (0, 1, 2, 4, 8, 12, 24 and 48 hr) were dissected on ice and the white
muscles were collected. These samples were packed in polyethylene bags and kept at -20°C
until determinations. All analyses of white muscle were performed within one mth after

dissection.

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 buffer (1:3 w/Vv) containing 50
mM Tris-HCI pH 7.5, 10 mM B-mercaptoethanol and 1 mM ethylenediaminetetraacetic acid
(EDTA) 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.

Determination of muscle degradation enzyme activity

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).

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-7-amido-4-
methylcoumarin) 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 of 0.1 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% Brij35, 10 mM
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cysteine and 25 uM Z-Arg-7-amido-4-methylcoumarin) 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-7-amido-
4-methylcoumarin), respectively. Reaction activating incubation for these enzymes was
performed at 45°C or at 50°C, in the same order. The fluorescence of liberated 7-amido-4-
methylcoumarin 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.

Scavenging activity by 2,2-diphenylpicrylhydrazyl (DPPH) radical assay

The crude muscle extracts were obtained as described above. The DPPH radical
scavenging activity was determined according to the method of Thongprajukaew et al.
(2015b). Radical scavenging activity (% inhibition) was calculated from [(A,—Ai)/A,] * 100,
where A, and A; are the absorbances of the control sample (extraction buffer in equal volume

to the actual sample) and the extract, respectively.

Thermal transition properties

The thermal transition properties of muscle were analyzed with a differential scanning
calorimeter (DSC7; PerkinElmer, Waltham, MA, 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°C to 120°C at a rate of 5°C/min. Myosin and actin were identified by denaturation
temperatures, as described by Skipnes et al. (2008) and Matos et al. (2011). Thermal
parameters including onset (T,), peak (T,) and conclusion (T.) temperatures of protein
denaturation, temperature range (T.—T,), and the transition enthalpy (AH) were recorded

automatically.

Statistical analysis

Data were analyzed using SPSS version 17 (SPSS Inc., Chicago, IL, USA), and all
data are expressed as mean *+ standard error of mean (SEM, n = 4). Significance of
differences between means was determined by using the Duncan Multiple Range Test, with
significance equated to p < 0.05. Pearson correlation coefficients (r) for each pair of

measured parameters are reported.
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Results

Specific activities of cathepsins B, H and L

The specific activities of cathepsins B (Fig. 1A), H (Fig. 1B) and L (Fig. 1C)
increased with the time delay after death. Generally, a slight increase in specific activity was
observed within the first 4 hr, followed by a dramatic increase. The cathepsins B and L
exhibited similar characteristics within the 48 hr 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 hr
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 cathepsins B and L. Its lowest specific activity
was observed at 8 hr after death, and this did not significantly differ from its activities at 0 hr
to 2 hr delay times. The highest specific activity of this enzyme was 6.03 (7.83) fold

increased relative to the 0 hr (8 hr) sampling time.

Scavenging activity of white muscle

The radical scavenging activity of white muscle is illustrated in Fig. 2. The values
dramatically decreased with the time elapsed since death, especially within the first 1 hr. No
differences in the values were observed in the time delay interval 2—8 hr, or between 12 hr
and 24 hr. The lowest scavenging activity was observed at 48 hr after death, with about 40

fold decrease from the initial at O hr.

Thermal changes of myosin and actin

The thermograms of white muscle showed two endothermic characteristics (Fig. 3). In
the control sample, denaturation of myosin occurred at comparatively low temperatures as the
first peak (T, = 44.45 + 0.22°C, T, = 46.88 + 0.03°C, T, = 48.62 + 0.23°C), while the
following peak corresponded to the denaturation of actin (T, = 68.31 + 0.50°C, T, = 71.04 +
0.50°C, T, = 73.42 + 0.37°C). Fluctuations in results for both proteins were observed within
the first 24 hr 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 hr after death. The main changes in T,, T,
and T, for both proteins were observed at 24 hr, and decreased with postmortem delay. The
values T.—T,, fluctuated and increased with postmortem delay. No significant changes

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



205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

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 since 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 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 (Sainclivier, 1983). 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 significant decrease of cathepsin H activity at 8 hr 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 (Sainclivier, 1983). This pH point (pH 6.5) may
negatively affect the amphoterism 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
between enzyme specific activity and postmortem delay (r = 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,
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however, the degradation of muscle was lesser than that of the gastrointestinal tract (Hahor et
al., 2016). Longer 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.

DSC is used for assessing the protein conformation and the energy changes can lead
to explain the structural changes such as protein denaturation. 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 in postmortem specimen, 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 T.-T, 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 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 since
significantly decreased T, was observed at 12 hr after death. 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 hr 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 hr after death) (Roth et al., 2006) and of frozen
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barramundi within 3-24 hr 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 hr after 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 hr or 7-36 hr, respectively (Dalal et 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 XAH, no significant differences within 24 hr 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 studies support the conclusion that T,,
Ty, Tc and T—T, are more sensitive to the qualitative postmortem changes in proteins than are

AH or 2AH.

Conclusions

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. The potential application is for
environmental forensics in relation to fish kill events associated with pollution crimes, as well
as in animal cruelty investigations. However, fish kills have a large variety of differing
circumstances (i.e. chemicals, pH, water temperature, environmental factors, etc.) that can
interfere with the processes examined in the current study. Therefore, each species might
require work specific to it under a variety of circumstances before the approach of the current

study could be used in a court of law.
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410  Fig. 1 Postmortem changes in specific activity of the cathepsin B (A), H (B), and L (C), in
411 white muscles of Nile tilapia carcass within 48 hr after death. The data are expressed
412 as mean £ SEM (n = 4). Different superscripts indicate significant differences

413 between observation time points (p < 0.05)
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Fig. 2 Postmortem changes in the DPPH scavenging activity of the white muscles of Nile
tilapia carcass within 48 hr after death. The data are expressed as mean = SEM (n =

4). Different superscripts indicate significant differences between observation time

points (p < 0.05)
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Fig. 3 Thermal transition properties of muscle from control Nile tilapia (0 hr after death). T,

= onset temperature, T, = peak temperature, T, = conclusion temperature, AH =

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

425 calculated from duplicate determinations and are expressed as mean (SEM)
Postmortem Myosin Actin 2AH
delay (hr) T, (°C) T,(°C) T.(°C) TT,(°C) AH(/g) T, (°C) T,(°C) T.(°C) TT,(°C) AH(/g) (J/g)
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 4335 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 43.42%  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
426
427 T, = onset temperature; T, = peak temperature; T. = conclusion temperature; T.—T, = temperature range; AH = enthalpy; nd = not detected.

428 Different superscripts in the same column indicate significant differences between observations with different postmortem delays (p < 0.05).



