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Abstract

Histamine, cadaverine, putrescine, and tyramine werce predominant biogenic amines found in
anchovy left at 35°C for 16 h and its fish sauce product. Changes of biogenic amines wer¢ subtle
during the course of fermentation at room temperature (RT) and at 40°C, suggesting that the main
source of biogenic amines was associated with raw material, rather than with fermentation process.
Soluble peptide of fish sauce prepared from temperature-abused anchovy were higher at the initial
stage of fermentation at RT and 40°C and became comparable to those prepared from fresh anchovy
at the end of fermentation. Biogenic amines should be considered along with total nitrogen content as
quality indicators of fish sauce.

Morganella morganii, Enterobacter aerogenes. Proteus wulgaris, and Staphylococcus
xylosus were able to produce biogenic amines in anchovy and in the culture broth. Among 4 bacteria
studied, Enterobacter aerogenes produced the highest level of cadaverine at 0, 15, and 35°C. The
highest putrescine level in the broth incubated at 15°C was found in the presence of Morganella
morganii, while all four bacteria produced high level of putrescine at 35°C. However, Enterobacter
aerogenes and Proteus vulgaris produced the highest putrescine in anchovy stored at 15 and 35°C,
respectively. All 4 bacteria produced insignificant amount of tyramine in the broth, but Enterobacter
aerogenes and Staphylococcus xylosus appeared to produce tyramine in anchovy stored at 15 and
35°¢. Spermine and spermidine were insignificantly produced by all studied bactena.

Histamine-forming bacteria were isolated from fresh Jullien’s mud carp (Cirrhina jullieni)
and those incubated at 35°¢C for 20 h to induce spoilage, using plate count agar {PCA), violet red bile
glucose agar (VRBG), thiosulfate citrate bile salt agar (TCBS), pseudomonas isolation (PI). The total
of four hundreds and ninety five isolates were obtained, and 136 isolates of those produced histamine
>0.5 mg/100 ml in HEB incubated at 35°C for 18 h. Approximately 53.4% of isolates obtained from
PCA was histamine formers, while only 5.3% of isolates obtained from PI was considered as
histamine formers.  Plesiomonas shigelloides was the predominant species found in fresh and
spoiled Jullien’s mud carp, and produced histamine ranging from 14.4 to 101.3 mg/100 mi. Other
histamine formers including Morganella morganii, Klebsiella oxytoca, Aeromenas hydrophila and
Serratia fonticula were also isolated and identified. Plesiomonas shigelloides and Serratia fonticula

were able to produce cadaverine and putrescine at high level in the broth, Klebsiella oxytoca and



Aeromonas hydrophila alse produced high level of cadaverine whereas Morganella maorganii

produced high level of putrescinc in the broth.



ey

Ananssulszma
undagoniz ny
UNARGDNTHIBINAY
RPN

151 YAIT 1

AN N

unti

Taquszasd
YOUIUANIT I

Ysz TomiRmaiies 1651

wihsafthnadse Tl 14 se Tenl

A MUY
faquazeaail
lﬁ.‘ 1 = =t oay r-1 r
MINANDIN 1 ﬂmmwmmﬁﬂﬂm}smm'luimmmauu“lmzwm
¥
AszuaumTHshida
MInAaDIN 2 ﬂﬁﬁ%Ha'luiﬂ'%'ﬁmaﬁuTﬂmmﬂﬁL‘i’ﬂﬁﬁ'ﬂuﬂﬂmﬂﬂmﬂ:ﬁﬂ

— o o ala W aa 4 o
msnaasefi 3 msuennazssysilagdunidiadiinluledlineilulmases

HAN15I98
1. miLﬂﬁﬂuuﬂawm“l‘uTa%ﬁﬂmﬁuiui:n’i‘laﬂ‘szmumwﬂ'ﬂmﬂm
- wavosnunwauaaaoy T lyTodiineiiu
- ﬂmﬂﬁtjuuﬂawmuaaﬂm:mﬂuswiuﬂi:mumwﬁ'ﬂ
¥ L= = = a o
> msadielulediineiinlanuaiiSssRuonninanzen
_msadidluTevineiiuludainsdn

- aumsalumiadaluTedtineduluemsivan

vi

vi
viil

X

10
11

14
21

23
34



a13lia (610)

A ol 3

3. miunmLa:s:umﬁﬂqﬁumumiw‘lﬂﬁﬁﬂmﬁﬂuﬂam%’aﬂ

F-3

~ o o A a 1
- ﬂmmwmammm:ﬁgaumwmﬂmﬁ%’auﬁmmzﬂmﬁ%’amﬂﬁmmsﬁu
w A w & om sl Y A e »
- msusnfaidenuazsrymoiufaaunsifiadwinaiiululaato

-fmummsn“lumiﬁs”u1u‘10%’ﬁnmﬁummumﬁﬁUﬁﬁmﬁan'lﬁ
asi
ONA1THND

oy QO A

5ginrnIY

vii

38
39
47
50
st
55



-
A11dn 1

4
f15191 2
4
A19190 3
AN 4
4
AN 5

o
AN 6

-
51N 7

-
13140 8

o
AN 2

1IN

Yinauoiivlusdadasionswln
U3t Tesinefluuasdrigummwaraaniunidug T
w oo i 3
darnzsnifud 35% lusvernaidng
»
U5inalu Tedimeiiy Tulasaumus uazueavhoziiTuvas
»

asgininlamiansi

v aa 4 = [e)
anuanselunmsadaluTedfinelinluemisinad Maller & 1573
youniiGe 4 weRufiuonsimlmnednfiniufy
auannsalunsa il Tedinefiuluemavad Moller 7 35%%
vouuafise 4 meiuinuennintfanzdniiniude
qanmmuniivenimafesfianizarmiaanig
$uanle Isanfusnanomsdsadeniey sindredaladanas
a1 fninde
wuaiidvinauunldvinlaraias
. = ] - e =] w w1
aundovedluTodiineliunahalasuafiG s swuEANg

Fusneintanadeasinduiy

viii

15
20

35

36

38

40

46

48



ANIVYMN

sﬂﬂ 1 msw3sundaslSineluToddnelinluse mnmvmumwmmﬂm
mmﬁnnﬂm Taslddangdnas (a) ﬂamwﬂnmw 35% 8 97 T4 (b)

tazlarngRaduit 35°% 16 92138 (c) Put, putrescine; Tpm, tryptamine;

Spm, spermine; Cad, cadavefine; Him histamine; Tym, tyramine; Spd, spermidine.

gﬂi‘% 2 nmﬂ%‘auuﬂaeﬂ?mm'lﬂa%ﬁmaﬁuiuiw'hamxmumiﬂﬁmﬂﬂmﬁ' 40
Taslfalarnsdnea @) Yansdnifiuf 35° 8 F1Ta4 () tazanzamiy
#35%; 16 49T (@

11°n 3 mmJauuuﬂaaﬂimmuaaﬂm“ﬂuius“ﬂanmvmumwuﬂmﬂm
ﬂamﬁﬂwm}a) nazfi 40% (b) F=tla1ea, 8huaz 16h= —yanfarfi 35°C

o

duni s way 16 1 Tuemud ey

»
o e

‘nlﬂ 4 malBouuilasd uugdun3dnnun (total plate count) spadroteanzdnh
inoculate @’ﬁmmﬂmiumﬂwuqmm uaummﬂ 0 (a), 15(b) oz 35%4 (¢)
it 5 asadeBamlivvomuniiGo 4 aeiuf ludanzdnidradwonsimwoa-
d { 1
ava Tnunazifuf 0 (), 15(b) naz 3579 (c) Suszozraang
- Py = o o o o o o g
g1t 6 MIadeRIAINDTUYBINLANIY 4 TIURUY TufanganidaduonsIues-
= o 1 1
v Taunas (LT 0 (), 15(b) sag 35°% (¢) Fuszuznaang
cl 3 = =) o =t w o - ¥
Ui 7 msadiefamsaduvouiuaiise 4 MY Tudainzdnfidedseniuen-
ava TaniazBuf 0 (2), 150b) waz 35°% (c) Fluszeznainng
gt s msafrmfwniliuveauaiio 4 meug ludanzdnfidisdsensiiona-
o=d Tnuuazdud 0 (), 15(6) naz 35°% (o) (HUsTuzIa1A199)
plite asadnlnnfivveunafice 4 meovuf ludansdniidradmensivea-
=t o 4 '
0xS TnuasiLT 0 (2), 1506 wag 35% (¢) Wuszsznadiem
1t 10 m3adramloihvewniiise 4 g halansdnfidrdimensiven-

srETnuazifud 0 (a), 15(b) unz 35°% (c) Huszeznanieg

16

17

22

24

25

27

28

29

30

32



st w(@e)

qUl#t 11 miaremfoiifuvouailite 4 et luanzdniidudiseniivea-

-5

i Inuuazf Uit 0 (), 15(b) ez 35%% (c) Wuszeznawing

gﬂﬁ 12 S Auni dnguaie Tulmadevaauaziaadosfiniud
FI{(F} = Fresh flesh (Lﬁrﬂﬂmﬁﬂ) , [(F) = Fresh intestine (ul’gﬁﬂﬂﬁﬁ‘l’dﬂ),
FI(S) = Spoiled flesh (nﬁaﬂmﬁmuﬁu), I(S) = Spoiled intestine
Adnndmiininde)

gﬂﬁ 13 HﬁU’Jﬂ%Tﬂﬂ‘Ii‘l’lﬂﬁﬂUTﬂﬂmH1‘515&%%"8 Niven (102 Histamine evaluation
broth (HEB) ¥04'l0 Tsianfisanon Idnmlaradovan (a) uazilmaioy
findudy o) snemsdsade faq

31t 14 anwmansalumsaddaaiilu HEB voeTeTmandiuon ldon
9115 PCA

gﬂ?‘l 15 ensalumsadedaminlu HEB yoaloImaniidauone

» >
2 M151RBATN 139

33

39

41

43

43



[}
=)

ANHEIRY fanveadmiimmsifouasmsnuniuenmsiiaades

lueTiineliu (Biogenic amines) AoarstiznenlnTannuiifannlitodaiven-
= ar = L4 = =t = A e A i
Saruvseninoziilu Tavewle oxlilufisfuondiad (amino decarboxylase) Tuledftnefiun
M v = . 4
wulaodal1&un Fea1liu Gistamine) W51HU (tyramine) MAUIBIY (cadaverine) Hudu Fa
= Bas A o = ar = s ad e g =1 . =l
RanndfAsndnifvendinduvensaoziilugadfu (histidine) n1s&u (tyrosine) unz lau
. o o A a = 1 .ﬂv 1 = oa o ar
(ysine) A dn Tuledtinediumariing [dlundaduaitar (Malle etal., 1996) 1aZIMIIHIN
@d4 (Maijala et al,, 1995) Aaaaalun1iafi 1 artlutlouvedamiulusmisaunsodi i
- {j - ¥ = a 4 v v o =g & w o
fanimsomadufiviuduiine oimsiadulddsd 10 w1k a2 Fluandamsvilng lay
o yﬂ A A Y A a_ A uly = ¥ -
Somsuriduiufnouaznt mIseonunn Uaafsyy aduld 9100 MBI (Taylor, 1986) U
I=) = A =] ) ar E) ::i. L ar
saumsiaotmsduRwdendamiinlulszmaanm iyenin g tag avi¥aIRNT
SSnadaeiudt esnn 5 fadndwilanin) fedudandfivyldluems o
nadanifiuiigandt 100 fadnswilaniu sxiiigus Inafiomsemndiufiuguusla
o - = ¥ LY o ' o ot =
Famiwduasinuanuiougs anuoui Ilunszuiundasims liaunsomhawsaauy
»
"¢ (Gibson, 1995) uenmniigawndtlyTeddnliuuasiary HANTHFY (putrescine) HAZAIAT
Ed ¥
peiuinauamuguuswesdaaiiulavluTodilnel 2 silatieisaduduouled diamine
s 2 e
oxidase 1182 histamine N-methyltransferase (Stratton et al., 1991) 39l 2 mu"lcnﬁﬁnwu‘miu
o= = = dl 5 (3 o z d" 1 -y
msaan T uRyveIFamluingI NNy Taoeulmiinosiiazeglusrvumaanoins
» »
freflosfunisgaduvedamudigszuunyuisurosnny frtumsdudalfninves
diamine oxidase (1A% histamine N-methyltransferase S4sana fifansgadifamiudrgsnno
» 1
s uemsusnaeanui Tnaedraumsnatgludssinany wazeeaanitgw i
» » 1
JsemaTaoflyasideaanisiuiudl 2546 Uszanm 833 d1aum (www.customs.go.th) Yo
Aguthviniiar fie dansedn (Swolephorus spp)  (Inland, 2533) Usifiuazame (2538)
wh UEedamiiulinhlariieialuszmeng 26 @rediagsznin 3.6-103.1 dadnil
- :’ s 1 = =] o = - ) - o (=] A ] 1 l:: L)
sa3 Tamiilat 14 MotniUSinadamiiufiu 20 Hadadw/ans FWIBINAVIATTIUNNHUA

Taslszmaaiag 19U Jusemannuian dimuaTinegaqavedaniiulundaduailm



F-3 [ ar 8: w 0 a o o o8 W o ar & w
nsziloa LassBasuatdatiimsnaosdmimiidudy 10 uar 20 dadnfuAlanin awdiy
(NIPC, 1993) ﬂ‘%‘mmﬁﬁmﬁuﬁqa‘luﬂmmﬂ’um%viajﬂ'aWﬁﬂa1mmm151ﬂuﬁuudr§uﬁnﬂ
damlSanisus Tnadoudiateoie lavmds 23.5 nfudeaudadu (pus, 2533) niaue

L) = 1 n‘: * 4:: ar Ig.l'::‘.J 1 :§ " i
Uhnmgaaudunasgnaiuldiduiseuivunddehulsumama Faozdwansznu liins
» t 4
yuasveuinlailumaia Tandv lledisdiun Suazi i ldvessamaludutinaay
d’ﬂi 1) 1 A q 1 -y "] [
uaﬂﬂmumﬁﬂaﬂszﬂmwﬁﬁmniiummsﬂamaaﬁuq Wy WAndwaiRnany  wemliasw
s o A [ ar a’: o = g’ o o = =y
duedu q dudu sutumswannnszuumssanihidamilTune luTeddneim Taumny
a4 e Al 3 . 4 2 a 4
saaiiufauiiudduy cﬁduaﬂmnﬁnznﬂumimnmmgmf}mmwmmmmu“lm«umﬂnﬂ
daniuizdnda fudumsmudnoanmlumsngetuveain/arlunaia landndny
ar ar o - : 4 o -
daing@n (Swolephorous spp.) Gufagudnlunissdainiawealszmeing  Fulnidia
¥
fymmstuiioudieBaniiu Rodteng et al. (2005) WuTl FamiluludainzdaiifSinugads
& | o o 4 o - M A o - =
130 fadndu100 ady Wedu'lsA 35% Wunat 40 ¥ Tu Tuvazhidsuiadaariivvesa
w g = o) ar ] P I e '
nedniun 0%x Wunar 15 du Ao 2 dadnsw/io0 nsu uazwuauafEslungy

-

= AL i o W 1 ¥ A w ] '
Enterobacteriaceae \ingunidniiumumdgrensad@aninludanzdn - amgaunsy
Ha [} o o o ' T
fsynumasnsafdamiuludamnidy Y ldun Enterobacter ~ aeragenes,
Pseudomonas putrefaciens, ~Aeromonas hydrophila, Proteus vulgaris, Clostridium perfringens,
Vibrio alginolyticus (Middlebrooks et al., 1988) 1Ay Klebsiella pneumoniae, Morganella morganii,
Hafnia alvei (Ward, 1994} Rodrigucz-Jerez ¢t al. (1994a) 19914 Morganella morganii uon'te
270 Semipreserved Spanish anchovies (Engraulis encrasicholus) l.‘lcjuttﬂﬂﬁﬁﬂﬁﬁﬂﬂiﬂﬁ%ﬁﬁm
fu&geeaite 233.7:435.6 fTadniivioo nil 1 37% WONIINTIHINL 1Y Morganella morganii 102
o ar F P o e = F = = I= Y

wuaRGempiugdunaiweaaiiu annsoaiufimsadunazaasiulddnday

Veciana-Nogues et al. (1996) WUl M nAsveansan (Engraulis encrasicholus) 1
= n' 45 = =i Ll 4 = f= n:.l’I r =

WRamniuiuvesdaaiin aeedu nally uazWaumsayu yonyIniinTIEsvalal
= - 2 a a 4 = =
gilt-head sea bream ( Sparus aurata) faamgiinisdy o0-15% MlMAanafRiviuvesnmsasy
- = ] y g o
lasama1183y  Rossi et al (2002) wumsazauveanawviululamin skipjack Waihuh
a sy a Ao A 4 a a4 o e R ° o
gungiifeumz iy TuvpridasmMaiuvuye KANTAPUNAAN 9 lduuzhins 1
- I v ar o -1 = L= ] o ‘;' o 1 1
SHinamareiuindudamiulunsaenumstiudsvealayiai satuldnsnd
Sunalar g lTRensarauvedamiuyiniy - uadaihldiamsazauvorlulodiine

=]

- P Y ) 1 ar ) = o W o o ' =
BUTURDIURIY c]fquﬂﬂﬂ'Nﬂ‘uull]?l']llllﬂﬁfuﬂ'ﬂaJﬂﬁ’lLlﬂﬁN‘UﬂﬂliUﬂﬂ11ﬁlﬂﬂﬂ1ﬂu11ﬁﬂ UU’N"liﬂ



4 1ed - A a =t Y s oW o '
o faludnsnumaiatuTodidnelululaingdn 35dani uazane (2546) TIEIMUNAUMNN
o = 2 “ oW r a el o’r o - -~
arwaavoTagRuiiuilefuddydoUTinaamiiuluinla nssunalasdamiiiuly
] a4 J LY =5 1 = - o oo
seninnszumsnindedutoninn  waddilitinsautimanfsuudasdfnalylevin

witnluiagAudansdntazszninnszyumanimina

é =y £ o I3 e ]
msun 1 YSuwaeivlundaduronisin

Food Amine Amount (mg/100 g)
Dry sausage Histamine Trace-55.0
Putrescine 3.1-39.6
Cadaverine Trace-5.6
Tyramine 10.2-150.6
B-phenylethylamine ND2-6.1
Vegetables
Mixed Histamine ND-0.1
Putrescine 0.3-0.7
Cadaverine 0.6-1.5
Tyramine ND-0.7
Sauerkraut Histamine 0.7-20.0
Tyramine 2.0-9.5
Cadaverine 0.3-3.0
Putrescine 0.1-4.0
Kim: chee
Commercial Tyramine 0.69
Homemade Tyramine 2.57

Urame-zuke
Commercial Tyramine 0.21

Homemade Tyramine 0.84
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Food Amine Amount (ng/100 g}

Fish paste Histamine 7.8-64.0
Tyramine ND-37.6
Cadaverine ND-3.5
Tryptamine ND-16.3
B-phenylethylaminc ND-60.0

Ziganid fish Tyramine 0.54

Salted black beans Tyramine 45.0

Shrimp sauce Tyramine 24.5

Soy sauce’ Histamine ND-274.0
Tyramine ND-466.0
Tryptamine ND-93.0

Inyw’ Histamine 80.0-462.0
Tyramine 116.0-3568.0
Cadaverine 20.0-634.0
Putrescine 37.0-1234.0
Tryptamine 51.0-352.0

Toshi Histamine 0.17-13.8
Tyramine 22.4-133.7
Cadaverine 1.3-31.7 !
Putrescinc 2.2-47.7
Tryptamine 11.2-57.0

Sufu Tyramine 49.0
Putrescine 47.0

Miso Tyramine 0.02-42.6

1
Adapted from Stration et al. {1991}

* Non detected

} Units for soy sauce and inyu expressed as mg/L
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Trquazmiant
god1lains@n (Stolephorus sp.) MNNEWILLAITR AU §andarays Taufuyar

’ : o [ L) = Y M o ar i) i ]
Tundesyusspindamdmnduiud dudithnielu 6 $rlumdimsy sIniunfaeuie
: o 1 w3 o owe - w = £ =) [
Hudaazaudundafoatfians wninodumaluTatgauts 3. unsTIvaw vun Yaradau

J ﬂ’ a = & o 4 1
(Cirrhina spp.) qmmnmymnig’{tafmJaﬂmmﬂmmamaum:nﬁusﬁ Sadaunsnviun @re8n
o’ v u’ 1 = 3 = W ar T o
dndaammamsan I{Iﬁu1ﬂﬁ1ﬂmﬂ1ﬂﬂ11‘l mnmw‘lumamswﬁum LBZUNAT0IUATAIN
) :

Tseannintmluvadaniaszees

asasgiunarasnlisnySen Sigma Chemical Co. (St. Louis, Mo.) 1Auf histamine
dihydrochloride, cadaverine dihydrochloride, tyramine hydrochloride, putrescine dihydrochloride,
spermidine trihydrochloride,  spermine diphosphate, 1,7-diaminoheptane,  histidine
monchydrochloride, leucocrystal violet, porcine kidney diamine oxidase, horse radish peroxidase, o-
phthaldialdehyde aaaiiang  Al¥wmsisoduguamildhunuinnsiienljidas

{Analytical grade)
e
IEMINA[]

ﬁ; T e = 1 L :
Asnanesd 1 qmmwmmﬂﬂﬂaﬂ%mm'luiaimmauu‘lm:mnm:mumwuﬂmﬂm
=) el M :
1.1 maaIandsnhininim
= 1 d‘ - = ] = t
ﬁnymmmﬂmmwmmaﬂﬂamitﬂauuuﬂaaﬂimm'luTawnmuu'lus:mn
» E 4
nsgumsnimidar  Tesulsseduanumavon)angdndail - (1) dada F) Tawiin
ﬂﬁﬂmé’wmaaﬁumﬂumuamamammnmﬂgunmﬂuam1muﬂmmmaa 7 Aa 3 (2) 1Y
Srothtland 35% Huna 8 $2Tus 8k Aowiunagmuadunio uaz (3) Vusfretnad il 35°9
Hunal 16 $2Tua (16h) fewthuingnndundo SinsteilTnaluledtineiv - Y
trimethylamine 77 total volatile basic nitrogen (TVB-N) uaz ﬂ?mmtﬂﬂ"lﬂﬁﬁa::mu'lﬁ (soluble
oligopeptides)
wEnudesiiamndiedu ¢ flaniy ussyluvaavaufmuanssy 6 aas 9

Traflvunadudiugudngs 17 @ufiuns ga 27 @udiung WSunsdrotredadu 90% voq



JSmaviaTna Tavanlnadaoudunszan windreguiigungiives (2532°%) funm 52

o v P! o v e w ' 1ol @

Suand wiouiredidn 1 yadanandadunazainh 40%y ludaiunuguugil (Hotpack an SP
. . . A =2 - o v (& aa = o

Industrics Co.. Philadelphia, PA) tofnywavaqungimamindovinalulediineliu iy

g t i = I's o = o o = * 1

SothafioSnswrmsnaoulaninalu Tt ineiiu arFuia C-amino luudasyiaa

JEUIWMTHID

1.2 mauanzi uledfineily
= 4 ja ~ =1 = ] = =1 oy o
S5 1elSuia Famiiy maweTy nnfiu Aunsadu melidu uaz atlofiv 1u
» 1
ot anednuaziinaidianios High performance liquid chromatography (HPLC) (HP 1100,
Agilent Technologies, Inc., Palo Alto, Calif, USA) Tﬂuﬁ'ﬂuﬂmmﬂ’ﬁ&lm Eerola et al. (1693) ana
115y Teit nnndregadansdninsuanaalansdn s niulumisazaiy perchloric Wudu 0.4
Tuaa1fSuas 15 Gadsas hduweuliduniosd 5000 pm 473 Wurat 10 W aseesu
A5EATUNTOY (Whatman No. 1) niniuih ladade DJumivs UAZNTIDAATY IANmITazalY
=3 el s -y é =u s
| 7-diaminoheptanc (1 1000 HaAnswdas Fuily internal standard UT1193 125 luTnsting
ar = o S ] o 1 : g A L . ¥ v
JanlSesilu 25 afdns  diudseiiniinlanindoniudsazey perchlonc (YUY 0.4
o« = 1 é’ 1 ar q £l o = 3 = .
Tuaeas 2 #39 200 M1 muagnummwu%’maﬂuTmumauu INYUANEITAEAIY internal
standard o 1 & Nududuaaine 1 Tndndu/dns
Srrshasald 1 fadans wawfumsazaty NaOH Wudu 2 wasusa USas 200
' ¥
Yinsaas  uazensazawandalndonlumsvemaings 300 Tulasdas WA

1502010 dansyl chloride (§3du 10 fiafinfu/iaidng u acctone 1suas 2 fiadans thllush

ar

5% w1 45 U G199 dansyl Basz Taodaon ludludaudu 30% UTinas 300 Tulnslas
A ¥Roumgivoedunn 30wl Nt iSnes 1914 s faddas lasldvaniadinesds
acetonitrile  HIBIFITALANVHIUUAUNTDY 0.45 TuATOYU (Agilent Technologies, Inc., Germany)
fowitllSmserRedar HPLC a4 diode array dotector fanuenniu 254 uiluwaslagld
anugnaudidd sso i luwas Sinsewlulediinoiudivneduy] Hypersii BDS C18
{(100X4 mm L.D., 3pm, 100 A) Unz Hypersil BDS C18 (4X4 mm I.D., 5um, 100 A) guard column
Tat mobile phase #14ADH15AYAIW ammonium acetate (solvent A) hudu 0.1 Tuamd wag
acetonitrile (selvent B) ﬁﬁ'ﬂﬂmi‘lﬁﬁ 0.2 ﬁaa"‘ﬁmxmﬁ L%"uﬁ'uﬁ’ isocratic elution ﬁ"m solvent B

s0% Suna 5w amiudouiiu gradient elution Tanindaduves sotvent B Wy 90%
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=1 a o [T U o ]
nehy 25 wif nsulfunedui i aunadied vhazais A uaz B ethaay 50% 1wt 23
A1 a s 1 : 1 o = o o fa] = = o * 24
wift founisdadiotanieralt Yiuguugiivensdinin 40%y UTinesvoimsiaaiogsno

10 lunsdas

1.3 153104 Trimethylamine (TMA) $3a2 total volatile base-nitrogen (TVB-N)

$in91eMUS D trimethylamine  (TMA) v833nQAUAWATY09 Dyer Picrate method
(AOAC, 1995) Tavuanausf1061e 20 nfu lua15ayay trichloroacetic acid 1[NdH 7.5% (w/v)
U5uas 80 Hakans nnmfuilumisefiniui$5eu 8000 rpm (PK 121R, ALC International Stl) b
L dunan 10 wii shasazawdmlaladadod s toluene tazi hhinigisomy
A58 picric acid ANTU 1% 3’ﬂfi1ﬂﬁ@ﬂﬂﬁuumﬁ 410 wrlumas 1ou14 trimethylamine (i
a19IAsgIE U1 TMA Tuniie mg- TMA/100g.

5185131 USU total volatile base-nitrogen (TVB-N) waﬁmqﬁuTmﬂa‘"nmsﬂé’umufﬁ%
Y04 Botta et al. (1984) LANTHAIBLI 10 afuluriindu 40 Jadans WL Mg 2 nfu 1hdI061s
vouraWndu (Vapordest 30, Gerhardt, Germany) {luint 5 w1 Tninsarisanau 188w

agazaslsTainansndudu 0.1 woduen A1uaMA1 TVB-N Tuniiy mg-N/100g 20619

14 msinnziuTnasdding

TaszilSinamuearozi Tuflazae 1dauitves Field (1972) nehlaiinses
ud10ua1saza18 sodium dodecyl sulfate {(SDS) Fudu 1% (wfv)1ué'ﬂ's‘1fhuﬁmm:ﬁmﬁa°lﬁ
arududu lidumsaza1asg 1y leucine Wadu 10 fadluaard Tladetaiidosiauds
100 llnsdas wrufuromrmblolesdudy 02125 Tuaad (pH 8.2) Suas 1 indtas
A13AYAI0 trinitrobenzesulfonic (TNBS) a1 0.05% 13103 1 fadfas wanl¥diduy dihihiv
7 50% Munan 1 9970 vimhadunsa ol i 0.1 woduea YSing 2 fiafdas Yufiio
S IHGEL i’ﬂmmi@‘ﬂﬂﬁuumﬁ 420 WTwwes fwnnlsnansaeilutuglvgueaes-

iTuflazame1d TaoRoudumsazmonsaosiiTug@u (leucine)
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L5 myrnsizrdinatulasiauiivua
- & = :: ol 3 oar * :
sseihna ulanausuiaiuandt  Aoac (1995 Taglddediadiniar
= ey ﬂ' 1] 4 ;J’
Hanans unzinioa0a8 Kieldhtherm {Gerhardt, Germany) HAXIASINAH Vapordest 30 {Gerhardt,

Germany)

d‘ v o = = =t d‘. r

A1TINAndIN 2 ﬂ'l'3a"ﬂQ“l‘UTBﬂuﬂI.fJNHTﬂU[lﬂﬂﬂliﬁﬂllﬂﬂﬂlﬂﬂiﬂﬂzﬂﬂ

Y o' csyd =5 3 = & =1

aﬂqﬂizmﬂimﬁmimamuﬂaﬁnmmmmmin“lumsmw‘hﬂmmmaumm

o e W &N
HURYISY 4 NUWUGAD Morganella morganii, Enterobacter aerogenes, Staphylococus xylosus 1%
& g el w0 — =

Proteus vulgaris 2 uhuafiGeiuen BnndanednnindoesiuuuaiSeiadesamiiuld

a1 @sdaniunzauy 2546)

2.1 m'sfr%ﬁa"luTa%'ﬁmaﬁmaauunﬁﬁaﬁﬁmﬁaﬂuﬂmnzﬁ’n

slmnednusidonudef -20% WIS H BRI TN ethanol/acctone AMATYBA
LOpez-Sabater ct al. (1996) Taedruforar 100 nfu dreaswauensiuea-oz Inu (ethanol-
acetone, 1:1) UT11A5 500 fiadans munandrettaniiung 1.5 wift matiazawdunidoen
‘iﬂﬂﬁ’:ué’ﬂﬁ‘mthdﬂmﬁ"ml{mguﬁFi'mﬂ‘li‘lj‘ll.“gﬂl.lﬁ;l Uszang 4-5 n3e

Lﬂ?ﬂm‘f?ﬂ Morganella morganii , Enterobacter aerogenes, Staphylococus xylosus UDE
Proteus vulgaris AanamounvanalunisadisluTesiineiiu 1ay streak U tryptic soy
agar (TSA) i 35° $lunai 2024 $2Tus Sulnlafiifun (single colony) 1 Talail Tdaslu
tryptic soy broth WasAINT 35 % 18-20 F 134 omudesnaunande 1A 10° chuml (Rvufy
A15aza1WIATT U Mcfarland No. 2) Huladefizearad 1 Soddng Tludregralansdnd
iumssdedisensmena-asd nu 100 n¥n Futanduiiumsendonda 19 iafdns e
el T ug 1A 04 stomacher (Stornacher 400, Seward, England) Gurar 1 wd 30 i
mm‘i”uuﬁwmNﬁu’lfhl'mvhmﬁmﬁphummi‘nﬁ’;auﬁwnﬂa:10 adu i luud o, 15 uag 35
1 o

dufudredafonsrfuinaugdunidimmualuudazdiaszuzmaineg Tasldeims

» »
-

= & e o4 o o A
1AN1%0 plate count agar (PCA} HIUUN 35  (Pua1 20-24 92114 UOADINTNATIZHNIS

aAsundasysua luTesineiiude HPLC aIswazBadIafu



22 aahdluledfinoiiuvedsfinadanluannsman

Lﬂci'UiJl“ljJ’fﬂ Morganella morganii |, Enterobacter acrogenes, Staphylococus xylosus UDE
Proteus vulgaris ©1Y 20-24 $2109 VU tryptic soy agar (TSA) nnttudsTaTailifin (single
colony) 1 TaTail Taasly MGller %Glﬁu 0.4% L-lysine, L-histidine, L-omithine 812 L-tyrosine Tav
Saulasn1nIFueq Rodriguez-Jerez etal. (1994a) uaztiuluuafiGoeloyluomsmadfigaiugd
15% Hunat s $u uasgit 35 Suna 24 21w nfumilsaieusnaaduunfiGesen
'ﬁ 13,000 rmpm { Centrifuge 5415D, Eppendorf , Hamburg, Germany) W 15 w1 Lﬁumsazma
dndalliins S luTesineiuTao1%inse9 HPLC (Hewlett-Packard HP 1100, Agilent

Technologics, USA) AN 108Z0UA%19AY
c:. =, = = d'ﬁ; 1y - =t v
mInagesii 3 Mmsugnuazszyyiagdunidnaiialuiedineiivlulmaies

3.1 feshetdaaion
o 0 1 & = = q (Y
wudedlaaiesan (Cirrhing jullien:) MINBUNDMAUNTLNVIA JIMTAUATTIFAUN
[ : =1 r o oo - Y A =S
Tawussylunaos Truhede yudagadonlfiidmsuminondoma JuTadgiud nwlunm 3
a A e 8 = e 1 e r A ar v d &
1 lue edafesdguans ummamaﬂmmamaauﬁu-‘qﬂﬂmmdﬂmﬁﬂuaz‘lgﬂﬂmﬁmﬁﬂ

Fa

Tihiufigmngil 35% dunan 20 ¥2Tua
(7] = v d“l ﬂi:: " =
3.2 miasTanummmanivesmadesfidn nuaauasiiG e
arnfanaammunivenlaadsuuardarfiveil 35% Funm 20 Falwe Tosua
o . J - a P} o = ~ )
dedrnionldInduiofordn  udnihllaseiadSuadamiliu, pH | total volatile base-

nitrogen (TVB-N) 1182 trimethylamine (TMA) 1151621009 1.3

L7 o, :i v o = Yy
3.3 MsuennazAsInTuARsaRa e Samiulvdaraien
o o ey w v - ¥ A o
wararasILuuanSundleswlaanndaradesaauazlaradosiivuounanms
[ - 1 d‘ ay [a) ;; = a df t a4 ad ge

nindefiguugil 35% (WHunat 20 F1lue Teswondinsizdnuie uazdauvedld awitu
1MTTIM (Standard plate count) N1YATIIMYT (AOAC International, 1998) lasFadIegnatlal 25
nty Mriddwdedodulumsazarnl) Inududu 0.1% USuwms 225 fdadans dondes

Stomacher {Stomacher 400 Lab Blender, Seward, Londen, England) Revlumisazaedomve
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o ¥ 5 cue 4 4 - vl
UHies (pH 7.0) Yaom¥o A1u3F Serial dilution 11aZINAY suspension YDuFBUUAIMTIB M 15N
. o, - oA ° y 4 -
#79 Spread plate technique AMATIIITIUNIAFIING Wimsnaasaosd Fowmsjuiild
iy Sclective media A8 Violet red bile glucose agar {(VRBG), Thiosulfate Citrate bile salt agar

(TCBS) , Pseudomonas isolation (PI), 11&% Niven (ﬁlﬁu 2.7% Ihistidine-HCl) nag 1% Plate count

¥
= o e o =

agar (PCA) tans 19U Iugdunidnanum paziuliydunidniyuuomismnaiai

= ar o ~ ¥ 4 e 1 L] i
gangil 35% Wunat 24 2T FenfuTaTadveutoinSyuuuduuaziiinnuunnaiavas

dnvauznndugiuvedlaloll wonlf AFouTanEA167% Cross streak Tnold TSA agar dmiy

=1

ER o = o - . v Iy

wuafiseioniny InTatienfieTgyune s VRBG, TCBS, PI, PCA uay Niven Iaguunld
- a_ a @ o ] ? = el

wafBeniad 35% dunar 2024 $1Tue v Telalidvive uFeuSgninldTaslformns

Tryptic soy agar (TSA) (tag MRS A 10G 15

3.4 MSNa@pUnNNINIsEINNIsE S aniluHeAmae nuuafisuNuennnaiaiey

A

= = ~ A o
nageuANuauinlumsadamiivvoaunfiSsiifonfiulas1¥91115 Niven agar

=)

waztafigun gl 35% funan 18-24 2 lue ddenTalafiiiduavanfamarumuiinsey

¥

& o - M & ° =
Talatifaaastmnuaimsalumsadwdaaiulududn  amiuSainwaiSole Taan T

L= = . . &
nagevmsafedaa1iulasi¥o1m151Ma7 Histamine evaluation broth (HEB) Falsznouday
0.5% tryptone, 0.5%NaCl, 0.25%K,HPO, 1182 1% Histidine-HCI lnounTuuuioniy 20-24 ¥2Tus #

WIYLU TSA agar uazldide 1 Loopful asluomis@oudo HEB 5 iiaddas unlduuaiiSunsy

figmugil 35% Wuna 18 1l vindusnmaduuafiGseennnermsouds Tasilumios

a

i a oo
ﬁﬂ’]"lllt%"é 13,000 rpm (Centrifuge 54150, Eppendorf , Hamburg, Germany) Lflunm 15 U1 Ay
asarawdvulalwanoiuTnadaaiiiulauit  Spectrofluorometric  (AQAC,  1995)
LY = oA a:lI 9 - =t 4 = A‘I )
fadonuuaiiGeio lsaniawnsoadaaniulaluermavmanlulSnagaiionissayrila

wazdnunnuamsalumsafialuTeddaniiuve G ouu

= 4 Y Heat o Y oo =
3.5 MIANHIIWDICY Y HAVBUANITUNAINIAAINU

.
L =y ]

ihgdunidhnaaouudrnmmnsaadnganiiuldgqe (Strong histamine forming bacteria)

nAnu ez iia lagofudnyaeneduguinouesautan 195 und A1y Krieg et al. (1984),

3

& r ar = ﬂ'
Sneath et al. (1986), Holt et al. (1994) uaz AOAC International (1998} AIDNHUSNIIAUTIUINGIN

»
Anuifie 3UT19 MISeada vazmsAadfouuuunsuvourad nintunarsymIANIIT Ul
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iioedu Tasviaey Oxidation-fermentation 1at1¥ Glucose O-F-medium nameuaNuainiy
4 4 : -
A13tAA0UN LAY Motility-test medium YA @OUNITUBHI9AAYU TAY Nutrient-gelatin nazaumI a3
o111 cascinase amylase LAY lipase 1Ay Starch agar 1A Tween-80 agar 1102 Skimmed milk agar
audidy tarseymoiug lnvldyganaaeufiionduaill API-20E , API-20NE unz API-staph
(BIO-Merieux, Marcy-I “ Etoile, France)
=1 . -y -y =y =y ciu - N

3.6 msAnnaNumnalumsanuledilneiivvewuniiFuifabend

] W P - =] a g k' L]

@wenmeiugvoanuaiiGoiaisdanmiuldganndaradesumansunsasrialuledila

o o & o A a w1

wiu TaomTouidren1y 20-24 43103 AASwUU TSA agar azlade 1 Loopful adluaimisivan

é L= -5 e
M@ller ¥4iA8 (¢.4% L-lysine, L-histidine, L-omithine {18% L-tyrosine TﬂUﬂﬂllﬂﬁd‘iﬂﬂ’JﬁﬂJ@Q
Rodriguez-Jerez et al. (1994) uaztinlfuuafifosTyluemsmarfigaungd 35% (dunar 24
%1 Tus niniuniuvdsaioiwamaduuaiiGveonii 13,000 rpm ( Centrifuge 5415D,Eppendorf
Hamburg, Germany) 1011781 15 wi#l umsasarsaoule lSmsedaSmaluTeddne v lae
1419309 HPLC (Hewlett-Packard HP 1100, Agilent Technologies, USA) fiodui{ Hypersil BDS C18
( 3pm, 100 x 4 mm} (Agilent Technologies, USA} Mobile phase fis ahazate A cmfiumi HETW

L] ] a A

SEHIN Acctonitrile 1AL 0.02 M Acetic acid (1:9) A2¥192a18 B ¥9152noUA0 a1snay 0.02M
acetic acid, acetonitrile 1A% methanol (1:4.5:4.5) TnuvhI¥neduinugadiodiaza A uay B
Tudadiu 50%:50% Wwnat 5 i amiudiudaduvoadiazats B (lu 90% lundif 25
7519799 dansylated amines 19 Diode array detector itazt5udnsinisina 1 faddasani Sa
o [ = B = o ol o] a1 2 o
ar0019 10 Tulasas dSugamgivesnsdunin 28% aedamganduuaen 254 wluwas

o - = ! =
uaz1d mnsganduuaail 550 nm funidreda
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HAN15I0e
.::. :‘l o e -4 r € :
manaasan 1 msdmanfasvedluledtnoivluseuinnszwrumaniniida

r =t = =1

L1 wavesnammanuaanelnalulediinediv

ur ] I - - P A d A

dredlaaa (F) ThlSmamslulelinelunnsiad uddiofud 35% duna s

o ar o [ P zg = = =
tay 16 Ty guamarwesaany  asziuldonnmmuiueoa)iuna laswniaeiiv
(rMA) dTnanualulasiounsaveldianua  (total volatile base nitrogen, TVB-N) wn
YimaluTeldineliu @ried 2) sinnsnageunadszamdudanuh dredalansdndiui
) s e A oa 4
35%s (Hunat 8 $9Tus (8h) Tnmamanuaadiunai dawdednduiui 35% dunar 16
[ 1.4 1 [)
$2Tu (16h) iHamsninfe Taedunavindioduianguazuazifanduniuniiu dand1eding1
f5inaluTedineliu 4 sliafroudnagafo Faeiiu (2007 Nadiniir100 ndu) mauesu
(86.3 Hadnw/100 niw) il (27.3 Tadnfu100 nfu) waziunsadu (26.0 Hadniu/100
n3u) dlosninfamraduuazaaiesuiiluTesdnwiviaSuauduiveoadeniiu
- =1 = o] = 1 ° [ =

(Stratton ct al., 1981) satiumafiudand 35°C Aunauudabimangaudmiumsos Inadly
2113 Unwanumswunamsaduludal gilthead sea bream (Sparus awrata) MMUFY
(Koutsoumanis et al., 1999}, uazfawumsinduvesdaniiy mawoiu Inniv vaziunse
gululainzdn (anchovy) ’fT"lU‘l’TlliZ Engraulis encrasicholus Muudeh 8 and 22% (Veciana-

Yo a 4 - ‘ " .
Nogués et al, 1996) uanmnﬁuawumimwummmﬂmam?uﬂammmawuf Bigeye

o o

(Thunnus obesus} W& Skipjack (Katsuwonus pelamis) Aniudenoavniivos (Rossi et al., 2002)

L] u

nnran sANEITWU N WiRswm Taatuimuruludanedniininde uadufamsazayvoan
=l - = - =)
ANI0SY ThIu tazAUNTaEu dndae

YT luTeditne uluseranszurunsndnvenihdatn 14ded19daas (F)

= 1 a = oo A Aa ! o &y
lﬂaUﬂLlﬂﬁQu@UU'lﬂ Em'ﬂ']l]ulf]uul'lJTﬂﬂuﬂm?J'UVIllﬂ']flw']'fl'ﬂslu35”113ﬂ5$ﬂ?uﬂ1iﬂuﬂ Tﬂﬂllﬂ"l
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Chemical indicator F 8h 16h
(mg/100 g)
Tryptamine N.D. 1.6310.03 14.73£0.13
Putrescine N.D. 1.38%0.04 25.99710.12
Cadaverine 1.5530.04 3.8120.01 86.3410.83
Histamine 1.4010.002 3.2810.001 200.7010.94
Tyramine 4.69%0.13 5.4410.08 27.30%0.99
Spermidine 4.9330.09 7.14%0.03 5.52%0.14
Spermine 0.6230.04 0.7810.001 2.71£0.03
TMA 3.8410.08 8.8310.23 21.9410.22
TVB-N' 30.5240.31 46.47+2.05 90.1240.92
Soluble oligopeptide’ 79.02143.21 118.0612.42 143.2612.17

" mg-N/100g

* mmole/100g

F = samples kept in ice after catch, 8h = samples incubated at 35 °C for8 h, 16h = samples stored at

35 °C for 16 h.

N.D. = not detected
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histamine; Tym, tyramine; Spd, spermidine.
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Bacterial strain

Content (mg/100 m})

Put Cad Him Tym Spd Spm Trm

Proteus

KP1-6 0.32 ND 1.22 0.41 0.35 0.09 0.21
(0.01) (0.00) (0.00) {0.00) (0.00) (0.00)

Enterobacter

KN2-16 4.57 38.24 ND 0.44 (.37 0.10 0.12
(0.06) (0.13) (0.01) (0.00) 0.01) (06.02)

KN2-20 4.05 27.43 ND 0.49 0.42 0.09 0.15
{0.01) {0.13) (0.01) 0.00} (0.00) (0.01}

Morganella

KP2-12 113.88 ND 124.08 0.29 0.24 0.12 0.88
{1.20) (0.22) (0.04) (0.04) (0.02) (0.15)

KN2-3 101.82 ND 93.20 0.53 0.43 0.18 0.89
(0.34} (0.37) (0.43) (0.14) (0.06) (0.11)

KVv2-5 44.20 ND 61.56 0.56 0.48 0.19 0.62
(0.20) (0.25) {0.01) (0.01) (0.00) (0.03)

KV2-4 119.94 ND 192.69 0.17 0.13 0.11 0.18
(48.74) (23.01) (0.00} (0.00) (0.00) (0.01)

Staphylococcus

KTz2-10 ¢.10 0.03 0.12 0.43 0.38 0.08 0.05
(0.00) {0.00) (0.00) (0.01) {0.00) (0.00) (0.00)
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Bacterial strain

Content (mg/100 ml)

Put Cad Him Tym Spd Spm Trm
Proteus 234,65 0.79 82.93 2.02 1.07 0.05 0.53
KP1-6 (1.14) (0.13) {0.17) (0.08) (0.04) (0.01) (0.02)
Enterabacter
KN2-16 245.61 108.78 136.58 0.53 0.44 0.03 0.45
(0.26) (0.39) (0.70) (0.01) (0.04) (0.00) (0.00)
KN2-20 233.21 104.63 92.02 276 240 0.04 0.63
(0.64) (0.55) (0.48) (0.07) {0.04) (0.01) (0.25)
Morganella
KP2-12 244.76 5.13 147.8% 3.04 2.28 0.05 0.41
{0.37) {0.48) (0.48) (0.43) (0.39) (0.00) (0.09)
KiN2-3 234.76 593 01.87 4.01 3.01 0.04 0.04
(1.87) (0.24) (1.71) (0.01) (0.01) (0.00) (0.00)
Kv2-5 238.83 5.74 87.69 3.74 272 0.05 0.38
(0.41) (0.21) (0.31) (0.05) (0.04) (0.00) (0.18)
Kv2-4 241.35 5.18 159.79 2.83 2.1 0.04 0.19
(1.78) (0.48) | (237 030y | (0.27) | (0.00) (0.25)
Staphylococcus
KT2-10 209.44 156.52 103.40 342 332 0.11 1.54
(1.21) (1.49) {0.79) {0.40) (0.38) (0.01} (0.21)
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giianilsnwuludanednnuinfoien 15 uaz 35% lasthaein  Proteus vulgaris URE
Morganella morganii @1 Enterobacter acrogenes Wy Staphylococcus xylosus WunuafiGuniing
' o - ar A 1 et o “ o o o '
aonaddInnfiuludmngdnnindsn 15 uag 35% TagmnliwAamsazauh 15% ganmn

71 35%) gaunisazauvo I NI UNa1n Morganella morganii WY Proteus vulgaris Tudiy

é oy ) a4 da k4 ] iy - 1
msnaasdfi 3 mawonuazseyrilngiunidiadlulediineivludmaiey
oy s - o L3 b4 Ao LI |
3.1 pumwmaniinazgiunidvesdmaiesaaunlmrasesfiGumuae
s udaaZond 35% w20 92103 MldRemninde AsezdiulFnnmsiwumm
o = =t o -5 - o ‘ij
TMA, TVB-N (ay pH (R1313% 6) gaauumuynIn 0.024 aanii/1o0 niu Tudaraa i
s | w A o ! 4 - LON {
55 fadndui00 ndy diamudaedaf 35% dunar 20 F1Tua @I 6) MIHLIUYDI
- -y é‘ 1 o 4 =1 H -7 L L]
Faaiulutaadousatutoonnllansdniiofvuiszaumsniudy (71 TMA uag TVB-
1 > ¥ 3
N) #lpdRuafu (Rodtong et al., 2005) MailitioInn Yiudaraudasslutaadonenitos

1 o a oo =Y o . = ay = J 1
rlutanegsn SeildmaifnAnuondiadu (decarboxylation) vadaaAUBARaTuToN T

asnfl 6 guammmaniiveslmadesiiannzanuaanieg

Incubation Histamine pH Trimethylamine Total volatile base-nitrogen
time at 35°C (mng/100 g) (mg TMA/100g) (mg N/100g)
()
0 0.024+0.007 6.88+0.12 1.2240.21 16.81+0.40
20 5.5%£1.07 7.4010.17 160.23£26.67 375.05498.18

MeanTstandard deviation from 2 different lots of fish. Measurement was done in duplicate in each

lot.
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PCA Pl Miven YRBG TCBS
Media

[OF(E DIF) MFI(S) BIS)]

gﬂfn 12 mmuaau‘nmﬂnumaq Julmadoraanazmaesfiniudy FiF) = Fresh flesh aite
Ja1er@) , I(F) = Fresh intestine (1d01n1/onaa), FI(S) = Spoiled flesh aBetmninie),

I(S) = Spoiled intestine (‘lﬁmﬂﬂmmmmu}

aldvonlmaaiufinagiuritgeniludolaan Ui 12 diewndluedvaziunsdoy
o_ A =) 1 R d'l o O o ] a
nsddoiomivesar Safhuuvaves microflora alounR 35%% Wwm 20 Faluadeh
LY 1 oA o = ain’ J z 1 -:'T 3 0 a9
HiRansuinde %1umi)aumumnﬁmﬂﬂumummmaﬂmuazmwmaﬂﬁﬂm HRITRLT
ﬂ‘nwmaumUmmmmuahmms Niven wanaIndlfanud i nugdunidlungy
3
pscudomonads, Entercbacteriacege iv LlUﬂﬂL‘SU‘ﬂﬁWﬁﬂﬁ)‘imuu TCBS agar mwum'lumu
vouieuarduvesdldinindy  Rodtong et al. (2005) wumsistuveauaiifelundy
Enterobacteriaceae WarptatansAnfininis # 35°C yuriu
ada v oA - ¥
3.2 matgnfadennazssymedugdunidfahdamivlulnaien
TumsinutiimusodadonaiifunndnsarveaInlaiifiniyuuoimanlduonide

(PCA, P1, Niven, VRBG Laz TCBS) nndednlaaauazilarfiningys 2 §1 (replication) i
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Media Number of isolates
Fresh sample Spoiled sample
PCA 62 116
PI 36 58
VRBG 74 39
TCBS 27 63
Total 219 276

F & - a e o o A
Fidu 295 loTman ned 7 TasensedadeonuuafiGoainens pca Tdiunugegafio
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d' ] :;w a:f .i‘ ¥ d’ .élv
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Aotutuna udlo Tmanfidauenaineimis TCBS s lnauanfinanaatosn ety
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gagalumsdanon tuafideiehedamilunndaaioslasmmzdiensuiouiy VRBG, PI
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nnnamsszyeneiuiuuafioludarados WU Plesiomonas shigelloides Iunga
LuniBansniaidamiin 5i 8) 1y Plesiomonas shigelloides flunyafiFofiny1dlu
Sldvontmatouiewinadunsononldndnwedldaradovan mstimimaai 35°% du
a1 20 21U W Plesiomonas a1 ld Ty Tauaziidmne iiamaniudovenlm oz
A a Ad 1 T - 3 o oA =3 a
({10400 Plesiomonas shigelloides \Wugdunidnquinuinuludmadoshniudy  dvawnsond
uonuuaRiseiionams  PCA S danadanannsolumsadiBantiuves
Plesiomonas  shigelloides  viruanatafugoudiegeszninge lman uonvINT YN
Morganella morganii, Kiebsiella oxytoca Ut¥ Serratia fonticula ﬁﬁﬂllﬂﬂﬂ’lﬂﬂﬁ'lﬂ’?i)ﬂlﬁulmﬂﬁﬁU
P = =Y } 1 at =5 dv 1 = :l(ct' ¥ A =S 1 d’u 1
fatrBantinldguiudy  vinsamsAnufinyidunidnadudaniyldgundiiiduing
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mnduvesdldle  sofuuamanialumsaanstuileufiemsiidaldeannindnlm
TuveidnaanWan  Lopez-Sabater et al. (1996) AmuonuunfiFeiaiwdmmiliveindaipi

Jan bonito Las Ua1 mackerel uazwudwuniGviaindanliulfun Plesiomonas shigelloides,
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Enterobacter intermedium, Serratia marcescens, Serratia plymuthica QT Serratia fonticula oy

atrefaaiiulugae 0.8-34.0 Safnfwi00 HaddnT d1u Morganella morganii (wanBiFoR
Lo = o » 1 A L1 - o= =3 [ o .

ﬁ‘maﬁmnu'lﬂqﬂmlmum (albacore) ¥4 IR MIFaMIugans 525.3 Ja8NTN/100 AN ( Kim et
e b=

al., 2000; Kim et al., 2001; Kim et al., 2002) uazlutainzan (Rodtong et al., 2003} 2INATTAAYT

M
TuasafifmuauaiiGolulaaiosiio deromonas hydrophila, Sphingomonas paucimobilis U0%
1 o o ' ﬂ‘lv =3 =i = é 1= 1 “'
Providencia spp. wanuafiSomariaafamiulduSunantos  dowliffunumdonisiia
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Bacteria Medium Source’ Number of Histamine produced
isolates (mg/100 mL)
Plesiomonas shigelloides PCA 1(S) 26 91.4" (14.4-185.0)’
FI(S) 9 91.2(32.8-191.3)
Niven I(S) 6 122.9 (77.9-191.3)
TCBS I(s) 4 121.7 (92.5-176.6)
VRBG I(F) 1 126.4
Morganella morganii PCA 1(S) 1 236.0
Pl FI{S) | 2226
Kiebsiella oxytoca Niven FI(S) 1 428.0
Serratia fonticula VRBG I(S) 1 464.1
Serratia liquefaciens PCA FI(S} 1 0.80
Aeromonas hydrophila PCA I(F) 2 0.70 (0.53-0.86)
FI(S) 3 0.49 (0.04-0.73)
Niven FKS) 1 0.50
Pl FI{S) 3 0.92 (0.48-1.23)
TCBS FI(S) 1 0.77
Enterobacter cloacae PCA Is) 1 0.99
FI(S) 1 0.60
Niven FKS) 1 28
VRBG I(S) 2 0.81 (0.73-0.89)
Enterobacter aerogenes Niven FI(S) ] 0.79
Citrobacter freundii PCA FI(S) 1 0.84
Niven FI(S) | o
Chryseobacterium sp. PCA I(S) 1 0.87

Chryseobacterium luteola VRBG I(S) 1 466.9
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- oo A v v 1
#1131941 8 !!Uﬂﬂliﬂﬂﬂﬂﬂﬂﬂ1ﬂﬂ‘lﬂﬂﬂ1ﬁ‘iﬂﬂ (na)

Bacteria Medium Source’ Number of Histamine produced
isolates (mg/100 mL)
Klebsiella pneumoniae PCA FKS) 1 0.72
Subsp. preumoniae VRBG I(S) 1 0.52
Klensiella pneumoniae VRBG FKS) 1 2.73

Subsp. ozaenae

Sphingomonas paucimobilis PCA FI(F) 1 148.7
Providencia alcalifaciens PI I(F) 1 0.10
FI(S) 1 0.92
Providencia retigeri TCBS FI(S) 1 0.58
Staphylococcus hominis TCBS FKS) 1 0.90
Staphylococcus sciuri PCA FI(S) 1 0.54
Staphylococcus xylosus PCA 1(S) | 113.6
Total 81

'l = intestines, Ft = Flesh, (8) = spoiled sample, (F) = fresh sample
2Duplicalion was carried out in each isolate. Mean values of all isolates were presented

3Rango.: of histamine produced by various isolates

33 mmmumﬂum'szr%’1a‘luiaﬁﬁmaﬁwaanmﬂﬁﬁﬂﬁﬁmﬁan‘lﬁ

fonagounnuaisalumsasluTediineinvswwanisluamsmar - M@ller
MU 5 mﬂﬁuﬂ 80 Plesiomonas shigelloides, Morganetla morganii, Klebsiella oxytoca, Serratia
fonticula W Aeromonas hydrophila nuwuniiGoi s mowug iy luemsmad Moller 14
thdifvanu fio 2.8-9.7x10° cfu/ml Fodud1d 18 $2Tue naziiadn ey luTeddniediu
ainwaRided s movufadeaaieiuuaziniiulddos (<1 fadnduico daddes) lu
21175 M@ller ARETD Iunsad 198 anIliuueg Plesiomonas shigelloides unnatafiulunanz

a & A - a o & - P
No-Tasan (15137 9) Fadtus TusuiRefuaiaed 8 Fa3nzH 1Ay spectrofluorometer 1A

anuan1selunsadema o uIas N UNIATUYDS Plesiomonas shigelloides dulndifvaiu
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W s Mlelwanifonsndiny  USimumameiunarfamsaduiiadalas  Plesiomonas
shigelloides FRmdonTdvinuieiifaiqunn iasiidundsgandhiamiy @sad 9 &
Wnafiqedandnoniwadivanuiiufivvodamiin - Plesiomonas shigelloides aansaaing
nInmi18ou Plesiomonas shigelloides Aitauon & marados amnsaadisluTedinoiiu
3 wila fle meaweTu famsadu uazBamilu 1hge adu Morganella morganii aiaFamiiu
wosfmiauldgadie 1703 way 2126 fadnfwioo Tadfas mwdidy wasmusoadinal-
netuuazaoiianldtos (31 o) nazdienlSeuifouiy Morganella morganii Taen’d

o At A 1 I Y oA e 2 - [
ntanzanisiuie wmmammmsﬂumman‘lﬂaﬁmmanummﬂuumuauﬂu

r

d‘ 1 c{ o = é 1 ] o £ 1 ﬂ: “ =;
MIun 9 aumdsvedlulediaeiiuniainlamuafiSemaiugaieg idauenamlaaseat

iy
Bacterial No. of Biogenic amine content {mg/100 ml)
strain isolate Him Cad Put Spd Tym
tested

Plestomonas 5 43.9 203.5 2284 ND 1.7

(33.9) (16.8} (14.2) (2.6)
(J2.7-1149) (1869 -2460) (21232612

Morganella I 170.3 7.7 2126 2.0 ND
(47.4) (1.2) (8.5) (2.8)

Klebsiella i 247.0 194.6 ND ND ND
(19.8) 9.7

Serratia i 180.8 122.0 204.6 ND ND
(6.7) (2.2} (8.1}

Aeromonas 1 28.7 62.1 1.8 ND ND
(5.7) (55.9) (2.4}

1 = Mean values of duplicate measurement for each isolate
2=Number in { )} indicates standard deviation

3=Number in {__} indicates range of measurement from various isolates
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International Meeting

Sirighan, P., Raksakulthai, N., Yongsawatdigul, J. 2005. Biochemical characteristics
of trypsin-like proteinases in Indian anchovy (Stolephorus indicus) Poster
presentation. Institute of Food Technologists (IFT) Annual Meeting, June 15-
20, 2005, New Orleans, USA.

Yongsawatdigul, J., Hemung, B., Sinsuwan, 8. 2005. Ca?*-induced
conformational changes of fish muscle proteins during setting. Oral
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Park, J.W.. Choi, Y.J., Yongsawatdigul, J., Kim, Y.S., Thawornchinsombut, S.
2004. Biochemical and functional properties of isolated fish proteins from
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Yongsawatdigul, J.. Rodtong, S., Choi, Y.J., Udomporn, S. 2003. Changes of
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USA.

Worratao, A. and Yongsawatdigul, J. 2003, Purification and characterization of
transglutaminase from tropical tilapia (Oreochromis niloticus). Poster
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16, 2003, Chicago, USA.

Worratao, A. and Yongsawatdigul, J. 2002. Biochemical characterization of
transglutaminase from tropical tilapia (Oreochromis niloticus). Oral
presentation. 7" International Conference on Transglutaminase and Protein
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Yongsawatdigul, J. and Park, J.W. 2001. Biochemical changes of threadfin bream
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23-27, 2001, New Orleans, USA.

Yongsawatdigul, J. and Park, J.W. 2001. Gelation characteristics of alkaline and
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Food Technologists (IFT) Annual Meeting, June 23-27, 2001. , New Orleans,
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Yongsawatdigul, J., Kim, Y.S., and Park, J. W, 2001. Biochemical and gelation
properties of acid- and alkaline-aided solubilization of fish muscle proteins.
Oral presentation. International Symposium on More Efficient Utilization of
Fish and Fisheries Products, October 7-10, 2001, Kyoto, Japan

Yeongsawatdigul, J. and Park, J W. 2001. Gelation of threadfin bream surimi as
affected by thermal denaturation, transglutaminase, and proteinase(s)
activities. Oral presentation. International Symposium on More Efficient
Utilization of Fish and Fisheries Products, October 7-10, 2001, Kyoto, Japan

Worratao, A. and Yongsawatdigul, J. 2001. Actomyosin cross-linking induced by
crude transglutaminase. Poster presentation. International Symposium on
More Efficient Utilization of Fish and Fisheries Products, October 7-10, 2001,
Kyoto, Japan

Yongsawatdigul, J., Park, J.W., Virulhakul, P., and Viratchakul, S. 1999.
Proteolytic degradation in tropical tilapia surimi. Oral presentation. Institute
of Food Technologists (IFT) Annual Meeting, July 24-28, 1999, Chicago,
USA.

Klesk, K., Yongsawatdigul, J., Park, J W, Viratchakul, S, Virulhakul, P. 1999.
Functional properties of tropical tilapia surimi compared with Alaska Pollock
and Pacific whiting surimi. Oral presentation. Institute of Food
Technologists {IFT) Annual Meeting, July 24-28, 1999, Chicago, USA.
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Meeting held in Thailand

Nawong, S., Rodtong, S., Yongsawatdigul, J. 2005. Selection of proteinase-
producing bacteria from fish sauce fermentation process. Poster presentation.
The 7™ Agro-industrial conference, June 22-24, 2005, Bangkok.

Singchan. K., Piyadhammaviboon, P., Yongsawatdigul, J. 2005. Effect of washing
on gel-forming ability of small scale mud carp (Cirrhina microlepis) mince.
Poster prescentation. The 7t Agro-industrial conference, June 22-24, 2005,
Bangkok.

Udomsil, N., Udomporn, S., Rodtong, S., Yongsawatdigul, J. 2005. Biogenic amine
formation in anchovies and salted fish products. Poster presentation. The 7
Agro-industrial conference, June 22-24, 2005, Bangkok. (Won the second
place of poster presentation)

Piyadhammaviboon, P.. Yongsawatdigul, J. 2005. Biochemical characteristics of
transglutaminase from threadfin bream washed water. Poster presentation.
The 7" Agro-industrial conference, June 22-24, 2005, Bangkok. (Won the
third place of poster presentation)

Sinsuwan, S., Yongsawatdigul, J. 2005. Calcium induces conformational changes in
tilapia actomyosin. Poster presentation. The 7™ Agro-industrial conference,
June 22-24, 2005, Bangkok.

Sirigan, P., Raksakulthai, N., Yongsawatdigul, J. 2005. Partial purification and
characterization of trypsin-like proteinases in Indian anchovy (Stolephorus
spp). The 7t Agro-industrial conference, June 22-24, 2005, Bangkok.

Chomnawang, C., Nantachai, K., Yongsawatdigul, J., Tungkawachara, S.,
Thawornchinsombat. Poster presentation. The 7" Agro-industrial conference,
June 22-24, 2005, Bangkok.

Siringan, P., Raksakulthai, N., Yongsawatdigul, J. 2004. Biochemical
characteristics of endogenous proteinases in Indian Anchovy (Stolephorus
indicus) Oral presentation. The 4th National Symposium on Graduate
Research, Aug 10-11, 2004, Chiang Mai, Thailand.

Nawong, S.. Yongsawatdigul, J., and Rodtong, S. 2004. Histamine-forming bacteria
from Jullien's mud carp (Cirrhina jullieni) Oral presentation. The 4th
National Symposium on Graduate Research, Aug 10-11, 2004, Chiang Mai,
Thailand.

Siringan, P., Raksakulthai, N., Yongsawatdigul, J. 2004. Proteinase activity and
autolytic activity of Indian anchovy (Stolephorus indicus). Poster
presentation. The 6™ Agro-industry Annual Meeting, May 28-29, 2004.
Bangkok, Thailand.

Phetploy, J. and Yongsawatdigul, J. 2004. Physico-chemical changes of actomyosin
from some freshwater fish during frozen storage. Poster presentation. The
6™ Agro-industry Annual Meeting, May 28-29, 2004. Bangkok, Thailand.

Phunphiphud, V. and Yongsawatdigul, J. 2004. Total omega-3 fatty acids, iodine
content, and emulsifying properties of freshwater fish species. Poster
presentation. The 6" Agro-industry Annual Meeting, May 28-29, 2004.
Bangkok, Thailand. (Won the second place of poster presentation)

Pivadhammaviboon, P., Yongsawatdigul, J., and Worratao, A. 2003. Effect of egg
white, whey protein concentrate, and microbial transglutaminase on lizardfish
surimi gel. Oral presentation. 29" Congress on Science and Technology of
Thailand, Oct 20-22, 2003. Khon Kean Univerisity.
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Nawong, S.. Yongsawatdigul, J., and Rodtong, S. 2003. Isolation and identification
of histamine forming bacteria from anchovy. Poster presentation. The 5t
Agro-industry Annual Meeting, May 31-June 1, 2003. Bangkok, Thailand.
(Won the third place of poster presentation)

Yongsawatdioul, J. and Worratao, A. 2002. Role of endogenous transglutaminase
on gelation of fish proteins. Oral presentation. The 4™ Agro-industry Annual
Meeting, May 30-June 1, 2002. Bangkok, Thailand.

Worratao, A. and Yongsawatdigul, J. 2002. Autolytic activities of tilapia
(Oreochromis niloticus) and rohu (Labeo rohital) Oral presentation. The 4
Agro-industry Annual Meeting, May 30-June 1, 2002. Bangkok, Thailand.

Worratao, A. and Yongsawatdigul, J. 2002. Gelation protperties of lizardfish surimi
induced by microbial tramsglutaminase. Poster presentation. The 28"
Congress on Science and Technology, Bangkok, Thailand.

Yongsawatdigul, J.. Worratao, A., Park, J. 2001. Proteolytic and transglutaminase
activities in threadfin bream surimi. Oral presentation. The 3" Agro-industry
Annual Meeting, May 30-June 1, 2001. Bangkok, Thailand.

Worratao, A. and Yongsawatdigul, J. 2001. Cross-linking of actomyosin induced by
crude tilapia transglutaminase. Oral presentation. The 3 Agro-industry
Annual Meeting, May 30-June 1, 2001. Bangkok, Thailand.

*Name of presenter is underlined
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