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Formation of Biogenic Amines in Anchovy Fish Sauce and in Juilien’s Mud Carp
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Abstract

Histamine, cadaverine, putrescine, and tyramine were predominant biogenic amines found in
anchovy left at 35°C for 16 h and its fish sauce product. Changes of biogenic amines were subtle
during the course of fermentation at room temperature (RT) and at 4OOC, 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.

Morganeilla morganii, Enterobacter aerogenes, Proteus vulgaris, 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 AMorganella
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°C. Spermine and spermidine were insignificantly produced by all studied bacteria.

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 mi 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 ml. Other
histamine formers including Morganella morganii, Kiebsiella oxytoca, Aeromonas 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 also produced high level of cadaverine whereas Morganella morganii

produced high level of putrescine in the broth.
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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 (mg/160 g)

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

Inyu’ 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
Putrescine 2.2-47.7
Tryptamine 11.2-57.0

Sufu Tyramine 48.0
Putrescine 47.0

Miso Tyramine 0.02-42.6

H
Adapted from Stratton et al. (1991)

¥ Non detected

* Units for soy sauce and inyu expressed as mg/L
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drootdaincan (Siolephorus sp.) PNAWIUYRITD TN ES mmmaqﬂmmuﬂm
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Tunaos Tlupssphudmamnduiudl  dudifamely 6 M lvamdmaty Mnduaeume
: 15 1 e ot £ s ~ o F=1 = - w oA 9
uansmzwadmmﬂmﬂQummi Nﬁ'l?ﬂﬂ'lﬁﬂmﬂiuiﬁﬂ?ﬁuﬁ 2. UATTIBEI Hun daiasou
eﬁv Y o =y A ar o o 1
(Cirrhina spp.) Gonmnuasnsfiaosm luwadunomdumszfesd Sandaunsnsiin dvd
3 - ' o w s v o g
itdamnienism EﬂuﬂWﬂﬁ'ﬁﬂﬂlﬂ']WﬂNﬂ “(l’l'l\?%l’kﬂiﬂﬁ’!ﬂﬁi??‘lﬁuﬂ’i ERSUNAIDENRINUIN
N ‘
‘Eiwmﬁiﬂaﬂuwmwi’mwaa
AITIATTIUUALITIATDIALTEN Sigma Chemical Co. (St. Louis, Mo.) 1AuA histamine
dihydrochloride, cadaverine dihydrochloride, tysamine hydrochloride, putrescine dihydrochloride,
spermidine trihydrochloride, spermine diphosphate, 1,7-diaminoheptane, histidine
monohydrochloride, leucocrystal violet, porcine kidney diamine oxidase, horse radish peroxidase, o-

phthaldialdehyde amsaiong Al lumsiteduguamiildluauTinnided§idns

{Analytical grade)
FEnrInaand

o rotm 1 P - 1 @ o
mInaassi 1 aumwanuaasedinaluledineivlussninssyiumsniinidm
= r T :
1.1 msimsausestinim

=

= i P o a = 1
AnvwavasguninanyaansntsiffoulasFuna luTeatineinlusendne
3 E
pszuaumsvdniiar  Teowlsseduanuaavesdatngdngel - (1) YJaraa @ Taotn
agnindunfedynsiuiifiodsiuniiesdfidansiugandudmdents 7 do 3 (2) U
frodrdanl 35% lunar 8 421ua (8h) Aeushuagmndunde uaz (3) unsstalaif 35°%
Wunm 16 $alue (16h) newhuwmanmdunde  AesizifSualuledidneiv - USuw
! . B . = oed
trimethylamine #1 total volatile basic nitrogen (TVB-N) uag ﬂimmxﬂﬂ"lmmzmﬂ‘lﬁ (soluble
oligopeptides)
= ol t L) 3 & o b1 =
wisndregadamdndiedu 5 Aland) yisyluvnalvauivinaussy 6 Gas vin

Tnafvsnaduriuguinms 17 wufwas ge 27 wufwes  JSinasdedidaiiu 9% vea



= 1 o ar v ] o o
finasvialua UaviaTuadiewiunszen uindredifigamnies (25-32%) Whina 52
[ L4 =t @ [ ar ’ ¥ ¥ |t 0 ¥ )
dUa m3oudie1adn 1 gadenanddutastui 0%y Tudriuquoungil (Hotpack an SP
Industries Co., Philadelphia, PA) iefnuwavewavgimsninasySmaluTetinelin dy
o 1 i o o e = = a < v [
dredafieTnszdmsnfAeundanlFneluTedunelu tastfum G-amino Tuudasaaa

FEHUINAITHAN

1.2 m3dkasziivlediineiy
oy e = = = r=l =Y =1 [T 1 =t
TeTeilTunn Faaty sianeuy mady fiumsady mleldy uaz aleliu lu
3 1
fFenndansdnuazinadiunieq High performance liquid chromatography (HELC) (HP 1100,
Agilent Technologies, Inc., Palo Alto, Calif, USA) Taedailaa91n 5984 Eerola et al. (1993) #fin
P o 1 o 2] o . 3 gt
13 luTediinendlededainzdnlnvuanaudaingdn 5 ndulugisazay perchloric tliud 0.4
TwamsdSuas 15 Tasans didmesulhumied 5000 pm 4% 1Wuna 10 vl asoeru
3 4 [ 1
ASSAINATOY (Whatman No. 1) 91niuih ldafase Yuwimlee uazniedanie @uaisazme
- =) 2 o =9 =
1,7-diaminoheptane 1udu 1000 Jafindu/ans Suilu internal standard Ysuims 125 lulashas
r o o) N [ o [ : u‘: & 9 R o 5
UfudSinasdu 25 Tadans  diudlediaiadu@ernaoe15asa1 perchloric NAY 0.4
' - ] z? o T AT = o ~ n’: =) .
Twaas 2 wie 200 11 FusgivanududuvedluTeidnedly nnluduasosats intemal
standard 1A 1 IdaMududugaiie 1 Jadnfu/dns

oy

ahatald 1 dafnas waudumInzate NaOH @udu 2 ueswea YSuins 200
Wlnsdas  uasansazaesuda Indonlumsuonalues 300 lulasdas  enthudu
1508810 dansyl chloride tYuYU 10 HaanTuiaaaas 1u acetone 51105 2 Hafans el
45% 31U 45 U 199 dansyl darse TaafRvuon Tuiladudy 30% USuins 300 Tulasans i

=3

» 1 k4

e Bngamgidoadiungt 30 wail mimiulSulinas 1814 s Taddas lagldaaiarSunsde
acetonitrile NIBIMITATAILHIULANUATEY 0.45 luATou (Agilent Technologies, Inc., Germany)
1 o o ¥ 5 . i :

Ao ldimazvided HPLC 4914 diode aray detector AnnmeIRGY 254 W Tummas Inold

4 ¥ oa = s S W [, .

ATuETIRaUHIER 550 wnTuwwes nsied luTedidneiiudleaedurl Hypersil BDS CI8
(100X4 mm 1D., 3um, 100 A) 1iag Hypersil BDS C18 (4X4 mm LD., Sum, 100 A) guard column
Tas mobile phase AldAee1sayaly ammonium acetate {solvent A) Wudu 0.1 Tuamy unz
acetonitrile (solvent B) ORI WA 0.2 Hadaasand (Suduld isocratic elution A3 solvent B

o = bl a . . s w ot
50% Huna s iR snttulfoudly eradient elution TastndasMv8e solvent B 131 90%
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melu 25 il nsfudlSunedudldaugadiedwinzai A uaz B oduay 50% Mwna 23
= o ow [ & ar o a  dal 0 = oW oA
Ul AoumsfadletnTwe 1 Ysvoangivosnedmii 40% USinasveimsiadiedudoe

10 Tulnsans

1.3 fFunm Trimethylamine (TMA) 4 total volatile base-nitrogen (TVB-N)

FmsgdUSuter rimethylamine (TMA) ¥993AgAUAMAITuBq Dyer Picrate method
(AOAC, 1995) Taouarau@lo1e 20 nfu luasazane trichloroacetic acid HNYY 7.5% (wiv)
51103 80 Taddas mnduiunioefianudasey sooo rpm (PK 121R, ALC International Srl) 7
4% funer 10 wil thasazawdulglladadoday toluene nazhlUi§ATeny
a13a2a1Y picric acid (Fudu 1% "’J’ﬂﬂ'mﬁ@ﬂﬂﬁmmﬁ 410 W Tuwas Tagld trimethylamine
A1TUNTTIU NUINUATTMA TUHHIE mg-TMA/100g,

TnreSu1n total volatile base-nitrogen (TVB-N) woeingdv Tnondnmsnduniuis
Y94 Botta et al. (1984) UAHAUAIDN 10 n¥udushindu 40 Haddes Ry MgO 2 154 10819
yoarawladu (Vapordest 30, Gerhardi, Germany) (Hunim s wifl  Tnmseamsfindu1dde

arvazaaislasaaoSadudy 0.1 uesuea Auana TVB-N Tuniine mg-N/100g #2081

14 msinnevlSnanfing
= & 1 = = 5/ o . :’ o
TasvdSunamyuearhoziTuazmeldanituns Field (1972) waminjainnsea
udrfuensayaly sodium dodecyl sulfate (SDS) Wudu 1% (wv)ludasiduhminzauielsd
9 9 b p o al a o o ey Y] T o A 3
anududuliifumsazaieinnsg i lewcine Wudu 10 dafiTuans tuladresefi@onauds
= [ ar 4 4 = & o a3
100 lulnsdas mandudeadatvidesidudy 0.2125 Tuaas (pH 8.2) Y5mas 1 Hadias Au
. o o a aa 3 o o [
F1508810 trinitrobenzesulfonic {TNBS) m’iu%’u 0.05% 5185 1 aaans Hﬂnc},ﬁjﬁl‘iﬂu m‘lﬂm
P [») [ & 3 - 9 o o A e "
71 50%s 1w 1 ¥ Tue enduwdunsa HOidudu 0.1 uoswon USuag 2 Uaddas Mufie
ngallfAse Jammaganfuuered 420 nTwwas AwtadfnansaoedTulugdnyueatho:-

HTunaymeld Tasfvusdumsazmensaoelilugdu (leucine)
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1.5 madanerdSnedulnseunnua
= o u’/‘ = LY ] :’
TenzduSa lulanoununmuenuds  A0AC (1995) Teslddrediainlar 1
ndanT UazIRS Dy Kjeldhtherm (Gerhardt, Germany) HAXIAS04nNAY Vapordest 30 (Gerhards,

Germany)

:‘( v == 4 < 4:;. o
NINAGSIN 2 ﬂﬁET‘SN“l‘.UI'Em1«!ﬂ!ﬂi«luiﬂmmﬂ‘miﬂ‘ﬂuﬂﬂmﬂﬂﬁlﬂxﬂﬂ
o L3 cfdi = FY =t o =t
JaguseaadlugamsnanssiifofnmnruaunsslumsadieluTeddineluves
wunfiSe 4 E‘l‘wﬁuﬁﬁ’ﬂ Morganella morganii, Entercbacter aerogenes, Staphylococus xylosus UDe
- o e ol T @ 1A = P =t o
Proteus vulgaris mrﬂuuuﬂmiUmwﬂ"lmmﬂmﬂwmmmauaxsﬁmmﬂmmmﬁswwﬁmuu“lﬂ

g1 (F5anluazamy 2546)

W e =t Ad Ao A o
2.1 msaselulediinedinvewuaiGendnaenlulainzdn
o ar T 2 o o n t g A
Mlamnednudifonudah -20% W iinsduFed 108 15KeEY ethanol/acetone AWTFUB
4
Lopez-Sabater et al. (1996) Tagdrailoyal 100 ATy Arem1sHANIENTIUDA-DEE INU (ethanol-
= & as @ [ & “3 o
acetone, 1:1) 151103 500 Faddas nauraudieieardunal 1.5 wii wasazaedunidaon
u‘/’ kY o 3 4 :’ & A 1 5’ d’;
invudeiiedadadsihnduirthumsaiuFoud tszanm 4-5 a3
¥
ELEv ) Morganella morganii , Enterobacter aerogenes, Staphylococus xylosus URZ
Proteus vulgaris enagovuanuaungnlunisaiteluTodinedu Tau streak YU tryptic soy
agar (TSA) U1f 35°% 1ural 20-24 92 Tue i Tnlailifion (single colony) 1 TaTadl ldfaalu
T ] b3 3
tryptic soy broth 1aUuf 35 “a 18-20 2 lus smilndooaSurandelild 10° civml (eudy

o ] 1
A15ALAHUINTIIU Mefarland No. 2) Tulacfofifonaar 1 Haddas laludrotatanzdnd

3 r 3
o

» ¥
r»hum‘ima%ﬁ?ﬂmmmaa%}z?ﬂﬂu 100 nsy mmﬁmauwmummu%ﬂuﬁ? 19 4DRDHRT UA
T A o = a o
war i 1N 1A 10104 stomacher (Stomacher 400, Seward, England) Wueal T v 30 2

¥ [ b1 1
imiut sy ldviadundefdiunsauseudiviaazio a3y lddud 0, 15 uaw 35

t o

’ E
dufidedaeastniuiuiugiunidsnuimunlundazdissesnniang Tasldomis

q

# ¥
=} Pl o

A 14 o a C;‘ua
B0 plate count agar (PCA)  G9UN% 35 “ar iunar 20-24 $2Tue uenniiSinsievims

wastdadSuacluTeS dneliudie HPLC auswaz®oad19duy
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22 nsehdluledfineiiuweatonisamanluemsman

m?mw‘fffa Morganella wmorganii , Entercbacter aerogenes, Staphylococus xylosus 110%
Proteus vidgaris 01y 20-24 F1Tue U tryptic soy agar (TSA) snudelalaiibn (single
colony) 1 TnTafl ldaslu Maller #ufin 0.4% L-lysine, L-histidine, L-ornithine 1% L-tyrosine 1a0
dAuyag9InTFU04 Rodriguez-Terez et al. (1994a) waztiniuvafiGoniyluonnsmanfiqumgd
15% e 5 S naed 35% Hunm 24 $2 T nfunihudsafonsnsaduuafiGeon
'f’i 13,000 rpm { Centrifuge 54150, Eppendorf, Hamburg, Germany) L"me'sm 15 UM aﬁu [ bxsHsald]
dmlaliinsediSine luTedine i Taslsiate HPLC (Hewlett-Packard HP 1100, Agifent
Technologies, USA) mus1wazdoadnadu

[=Y

o a Ada vy A = 3
mInaaeeh 3 msuenuazszyyiagaunsdfaislulediineiulumason

3.1 fednmadon
Y 1 o = = W o =
EﬂU@lTﬂU‘Nﬂﬁ’lﬁ%}@E}ﬁﬂ (Cirrhina jullieni) %Wf}ﬂ“ﬂﬂtﬂﬁlﬂ‘ﬁgiﬁﬁﬁﬂ PIHIAURATTIVHIN
1 og =1 [ o 3t o grey = o = =4
Tavussylunass Tluiwde sudsndaioulfifimsnninsdomaluTadgsus melunal 3

$1Tue iefledealfiidns usietnlanfionassuduyedisdvlaaauaryaitinlaes

%

[

laliungungll 35% e 20 ¥ Ta

[>] =) oy C‘(d Aﬂ; 1 =
3.2 minsn TanumwmanilveslmadesninnuaauaziGuuiude
o = Y o e o [ o
as19danumwmunivesdmaiosuanlarfivuil 35% huom 20 $1lue Tasua
fresnamdon @ didudedody  udnhllaseiatSinadaalu, pH | total volatile base-

nitrogen (TVB-N) Ua% trimethylamine (TMA) PHI1YAZIDA 1.3

L o = d'. b4 & = u
3.3 msueatazaseduuyanGeRa i Bamilulularaion
ar o] LY ] u’: k1 k) 4:': ¥ a
HonazaTtYLUAfGuIndIBtameninlanTesaauazlmaTesNuuemnang
t e el =) (0] o o= ¢ 1 .-.13.‘ | 3t s o
niudefigaungdl 35% Wunat 20 2 lue Tasuendinsevdudle tazduvedld awiiiy
¥IM351H (Standard plate count) %131}?1%‘333’161 {AQAC International, 1998) Taodedagredal 25
o o e 4 @ a e e 4
aty Middheiemertuluemsazsasd ITnududy 0.1% YSuias 225 Hadans dlonios

Stomacher {Stomacher 400 Lab Blender, Seward, London, England) wonsluasazareamyia
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Tlirlos (pH 7.0) Yaoaide d167F Serial dilution 1azinTY suspension YouFouUAIMT0MIT iU

ay . o) Y o : & of - 3f
#1730 Spread plate technique AITUWMTTIUNNIATIING MMINAQDINDIU qfammsgum”lﬂf

{u Selective media A9 Violet red bile glucose agar (VRBG), Thiosulfate Citrate bile salt agar

(TCBS) , Pseudomonas isolation (PI), ua% Niven (AN 2.7% Histidine-HC1) 1az ¥ Plate count
3

ager (PCA) tfeamaviiudmuglunsdinue wazdnldyiunidnSyuuemisyavilad
s .0 ﬂ o 4 < = 4 d a , a i
gl 35% unm 24 T dendule TatveuFo MnTyuunguuasiinnuuanatusa

o o -4 = = aaed ) 19
dnvmznadugivvedinlafl wenlW1dFouSqnid1075 Cross streak Tnold TSA agar dwsy

] =) o

wuanEsmdeniiuTalallanlieiyuueImis VRBG, TCBS, PI, PCA uag Niven Iawuylsf

[
[

o P f'e) ‘]d_] & o PP g = el v 3t o
suafiFuasyh 35% Wuwna 2024 Filue  dulalafi@ewaadeuTanin 14 lagldainis

<

Tryptic soy agar (TSA) (g MRS @119y

ar =

Y a A P o
3.4 ﬂﬁﬂﬂﬁ'ﬂi}ﬂﬂuﬁ]iﬂ'ﬁ%ﬂuﬂ'ﬁffﬂ\iaﬁﬂﬂﬁ«lﬂ‘iﬂﬂﬂéﬁ8ﬂllﬁﬂﬂ!‘iﬂﬂléﬂﬂ%"lﬂllﬁ"lﬁ?i}ﬂ

= = o e o .
nasouANuT T lunIRs wuiaaivvowunfis efidoninulreldoms Niven agar

[l
- =

paztufonnad 35% (Hwnan 18-24 $91u4 Aadon Inlaifn I naunfsParuniudiiesey

L] ab

=

g A g 3 ©
TalafiFumastennuaisolumsad e fomlulududy  nndudabhuuniGelo Taan Ty
o 4
nagounsaiedaatiu Iaeleo1M19tval Histamine evaluation broth (HEB)  #usznoudie
E [ "
0.5% tryptone, 0.5%NaCl, 0.25%K,HPO, (0g 1% Histidine-HCI IagiaTouineiy 20-24 $2114 9

Iy

3 Ed 3
BTN TSA agar 1azldi¥o 1 Loopful asluem13@oais HEB 5 fiadans vulfuuafiSunsy

4

]
I= =

o & o ' ot 4 4 Y st
NOUNHY 357% 1%1—!1’3@1 18 "]5’31313 %Tﬂuuﬁwﬂﬁcﬁﬂail'ﬂﬂﬂﬁU@ﬂﬂﬂ’iﬂa']ﬂ’!i!aﬂ\u‘]fﬂTﬂﬁﬂuﬁﬁ?ﬂq

q o
]

fanuss 13,000 rpm (Centrifuge 5415D, Eppendorf , Hamburg, Germany) dlunat 15 wid Hu
asazawdulamnedvnSunafamiiulaeis  Spectrofluorometric  (AOAC,  1995)
W A o o o ¥ a 4 o a o o
AafanuuaiGele Iwanficnsar@amiinld lusmsmarlulSinaguioms ssywiia

2 Y v Ao = = A g
uazﬁﬂmmmmmmiumsﬁiw 1UIU%HﬂEBNHﬂJ@QELHﬂW§Uﬂu

35 msfinuuiersyriaveuwafiGefiad Famil

ﬁﬁ;ﬁuw‘i’ETﬁwmamLé'ahmmsma?wa%amﬁu‘lﬁq& (Strong histamine forming bacteria)
m?@ﬂynﬁaszwﬁﬂiﬂEfa1ﬁ’aﬁﬂymzwNf‘r”mgwu?wmuamnﬁﬁmﬁamﬁ AU Krieg et al. (1984),
Sneath et al. (1986), Holt et al. (1994) 18y AOAC International (1998) c?aﬁ'ﬂymxmaﬁ'mgm?wmﬁ

Anyifie gUT mseeda uasmsfedfeuuuutniuveurad vimiunaaeurulAnsFuail
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ioedu Tnunagoy Oxidation-fermentation 1au1d Glucose O-F-medium nageUAINaII5D iU
M3 aaun Iag Motility-test medium NAHBUNT 0019818 T8 Nutrient-gelatin NAgoUMTAE 1
wu'lwf cascinase amylase IQZ lipase Tat Starch agar UAY Tween-80 agar 140% Skimmed milk agar
AWy uazszyaeiug lavldganagoudifeniunll API-20E | API-20NE uay APEstaph
{BIO-Merieux, Marcy-I * Etoile, France)
=8 35 o o, -~ ol o= C{ (¥ & kN

3.6 MsfinganumnsalumsailuledinelinvewuaiSendmaonld

23 o & oo A Y a =t }2 3 5/ oo

menmeiufvowyafisonadwgaanln BgendmadesnmasounisadieluTodin

a ] ] ¥

toliy TastaToudoony 20-24 42T ASyuu TSA agar uavldi¥ie 1 Loopful avluoimisman

C& = . N R . N . ar aed
M@iler €Ay 0.4% L-lysine, L-histidine, L-ornithine (0¥ L-tyrosine TogAnulade1niBvoa
Rodriguez-Jerez et al. (1994) uazinlduuafiGaniyluomamarfiguwgd 35%% Wunar 24
v k4 ' [ ' .
5219 miniuaniumdvaisusnraduuafiGveanfi 13,000 rpm ( Centrifuge 5415D,Eppendorf ,

[ o l =Y = e
Hamburg, Germany) {11131 15 il ifvmsazaeaula 103w eSualu Todineiiulae
14:a599 HPLC (Hewlett-Packard HP 1100, Agilent Technologies, USA) A0fut Hypersil BDS C18
. . o a ﬂé
(3um, 100 x 4 mm) (Agilent Technologies, USA) Mobile phase Ao dlazae A mvﬂumiwfm
: L . &

FENIN Acetonitrile 1Az 0.02 M Acetic acid (1:9) fa¥i1aza1e B elsznovdle esney 0.02M
acetic acid, acetonitrile L1ag methanol (1:4.5:4.5) Tawvhl¥neauaugadisdieraw A uas B
o ! o I g A w ' L =1 ot
Tudadau 50%:50% funat s inf sintdwivdaduvesdiiazats B Dy 90% luwnd 25
A7 dansylated amines Tau Diode array detector nazllsudnsInis va 1 dadaas/aund fa

o 1 L L) w e w o f'e) [ = =
A18611 10 tulnvhng ﬂiﬁqmi‘i{}&l%ﬂﬁﬂ@ﬁi&uﬂ 2879 ATIVIAMIGANANIEIN 254 W liung

LI | = = LY =
oz 1% AMMNTHANAULLY IV 550 nm Lﬂuﬂ'l@’lﬁ@&
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Chemical indicator F 8h 16h
(mg/100 g)
Tryptamine N.D. 1.63320.03 14.7310.13
Putrescine N.D. 1.3810.04 25.9910.12
Cadaverine 1.554:0.04 3.8120.01 86.3410.83
Histamine 1.4070.002 3.2810.001 200.70£0.94
Tyramine 4.6930.13 5.44:+0.08 27.3020.99
Spermidine 4.9370.09 7.147+0.03 5.5230.14
Spermine 0.6210.04 0.7810.001 2.7110.03
TMA 3.84750.08 8.8330.23 21.94:+0.22
TVB-N' 30.5250.31 46.4712.05 90.120.92
Soluble oligopeptide’ 79.0213.21 118.06X2.42 143.2612.17

" mg-N/100g

? mmole/100g

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

35 °C for 16 h.

N.D. = not detected
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Bacterial strain

Content (mg/100 mi)

Put Cad Him Tym Spd Spm Trm

Proteus

KPl-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 0.37 0.10 0.12
(0.06) (0.13) {0.01) (0.00) (0.01) {0.02)

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) 011

KV2-5 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)

Stapizyla.coccus

KT2-10 0.10 0.03 0.12 0.43 0.38 0.08 0.03
(0.60) (0.00) (0.00) (0.01) {0.00) (0.00) (0.00)
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Bacterial strain Content (mg/10¢ ml)
Put Cad Him Tym Spd Spm Trm
Proteus 234.65 0.79 82.93 2.02 1.67 0.05 .53
KPi-6 (1.14) (0.13) (0.17) (0.08) (0.04) (0.01) (0.02)
Enterobacter
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 2.76 2.40 0.04 0.63
(6.64) (0.55) (0.48) (0.07) (0.04) (0.01) (0.25)

Morganella

KP2-12 244.76 5.13 147.89 3.04 2.28 0.05 0.41
(0.37) (0.48) (0.48) (0.43) (0.39) (0.00) (0.09)

KN2-3 234.76 5.93 91.87 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 2.72 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 2.11 0.04 0.19
(1.78) {0.48) (2.37) (0.30) (0.27) (0.00) (0.25)

Staphylococcus

KT12-10 209.44 156.52 103.40 3.42 3.32 0.11 1.54

{1.21) (1.49) (0.79) (0.40) (0.38) {0.01) (0.21)
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Enterobacter intermedium, Serratia marcescens, Serratia plymuthica Wa¥ Serratia fonticula Tay
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Bacteria Medium Source’ Number of Histamine produced
isolates {mg/100 mL}
Plesiomonas shigelloides PCA 1(S) 26 91.4° (14.4-189.0)3
FI(S) G 91.2(32.8-191.3)
Niven KS) 6 122.9(77.9-191.3)
TCBS I(S) 4 121.7(92.5-176.6)
VRBG KF) i 126.4
Morganella morganii PCA I(S) 1 236.0
Pi FI(S) i 2226
Klebsiella oxytoca Niven Fi(S) I 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 FI(S) 1 0.50
PI Fi(S) 3 0.92 (0.48-1.23)
TCBS FKS) 1 0.77
Enterobacier cloacae PCA KS) 1 0.99
FI(8) 1 0.60
Niven FI(S) 1 2.8
VRBG I(8) 2 0.81 (0.73-0.89)
Enterobacter acrogenes Niven FI(S) ] 0.79
Citrobacter freundii PCA FI(S) I 0.84
Niven FIS) 1 3.0
Chryseobacterium sp. PCA I(S) 1 0.87

Chryseobacterium luteola VRBG I(S) o1 466.9
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Bacteria Medium Source' Number of Histamine produced
isolates (mg/100 mL)

Klebsiella pneumoniae PCA FI(S) 1 0.72

Subsp. preumoniae VRBG KS) 1 0.52

Klensiella pneumoniae VRBG FI{S) 1 2.73

Subsp. ozaenae

Sphingomonas paucimobilis PCA FHF) i 148.7

Providencia alcalifaciens Pl I(F) f 0.i0

FIS) 1 0.92

Providencia rettgeri TCRBS FI(S) 1 0.58

Staphylococcus hominis TCRS Fi(S) 1 0.90

Staphylococcus sciuri PCA FI(S) 1 0.54

Staphylococcus xylosus PCA IS) 1 113.6
Total 81

1= intestines, Fl = Flesh, (8) = spoiled sample, (F) = fresh sample

2]Z)upiication was carried out in each isofate. Mean values of all isolates were presented

*Range of histamine produced by various isolates
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Plesiomonas 5 43.9 203.5 228.4 ND 1.7

(33.9) (16.8) (14.2) (2.6)
([2.7-1149) (186.9--2460) (2]12.3-261.2)

Morganella 1 170.3 7.7 2126 2.0 ND
(47.4) (1.2) (8.5) (2.8)

Klebsiella 1 247.0 194.6 ND ND ND
(19.8) 9.7)

Serratio 1 180.8 122.0 204.6 ND ND
6.7) (2.2 8.1)

Aeromonas I 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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transglutaminase from tropical tilapia (Oreochromis niloticus). Poster
presentation. Institute of Food Technologists (IFT) Annual Meeting, July 12-
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
Cross-linking Reaction, September 14-17, 2002, Ferrara, Italy.

Yongsawatdigul, J. and Park, J.W. 2001. Biochemical changes of threadfin bream
during ice storage and their effect on thermal denatruation pattern. Oral
nresentation. Institute of Food Technologists (IFT) Annual Meeting, June
23-27,2001. New Orleans, USA.

Yonosawatdigul, J. and Park, J W, 2001. Gelation characteristics of alkaline and
acid solubilization of fish mucle proteins. Oral presentation. Institute of
Food Technologists {(IFT) Annual Meeting, June 23-27, 2001. , New Orleans,
USA.

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

Yongsawatdigul, 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 Yengsawatdigul, 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.

*Name of presenter is underlined
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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 71 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 presentation. The 7" 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 presentatior)

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. (Woun the
third place of poster presentation)

Sinsuwan, 8., 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 7" 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 " Agro-industry Annual Meeting, May 28-29, 2004.
Bangkok, Thailand. (Wen the second place of poster presentation)

Piyadhammaviboon, 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)

Yongsawatdigul, J. and Worratao, A. 2002. Role of endogenous transglutaminase
on gelation of fish proteins. Oral presentation. The 4™ Aoro-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 lizard{ish 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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Redtong, S. and Tannock, G.W. 1993. Differentiation of Lactebacillus strains by ribotyping, Applied
and Environmental Microbiology. 59(10): 3480-3484.

Rodtong, S., Dobbinson, S., Thode-Andersen, S., McConnell, M.A., and Tannock, G.W. 1993,
Derivation of DNA probes for the enumeration of a specific strain of Lactobacillus acidophilus
in piglet digestive tract samples. Applied and Environmental Microbiology. 59(11): 3871-3877.

Rodtong, S., Teaumroong, N., and Chooklay, P. 1998. A preliminary study on the diversity of
macrofungi in Nong-rawieng Plant Genetics Forest. Proceedings of the Asia-Pacific Mycological
Conference on Biodiversity and Biotechnology, 6-9 July 1998, Hua Hin, Thailand: 281-284.



65

Rodtong, 8. 2001. Bacterial strains for the direct production of L-lactic acid from cassava and sago
starch. Proceedings of the International Symposium on “Diversity and Optimum Utilization of
Biological Resources in the Torrid and Subtropical Zones", 2 June 2001, Kyushu, Japan: 4-8.

Rodtong, S. and Ishizaki, A. 2003. Potential microorganism for the direct production of L-lactic acid
from cassava starch without carbon dioxide production. MACRO REVIEW. 16(1): 332-336.

Rodtong, S. and Ratanachai, K. 2005, Basidiospore omamentation study of the red russula
mushrooms. Journal of Microscopy Society of Thailand, 19(1): 209-210.

Rodtong, S. and Anunputtikul, W. 2005. Conversion of raw cassava roots to biogas. Proceedings of
the 5" Asia-Pacific Conference on Sustainable Energy and Environmental Technologies
(APCSEET 5), 8-11 May 2005, Wellington, New Zealand: §6-91.

Rodtong, S., Nawong, S., and Yongsawatdigul, J. 2005, Histamine accumulation and histamine-
forming bacteria in Indian anchovy (Stolephorus indicus). Food Microbiology. 22: 475-482,
Chumkhunthod, P., Rodtong, S., Teaumroong, N., and Boonkerd, N, 2001. Bioconversion of cassava

roots to high protein product for animal feed. Thai Journal of Biotechnology. 3(1): 17-25.

Chumkhunthod, P., Rodtong, S.,and Reynolds, C.D. 2005. Lectin crystals from split-gill fungus,
Schizophyllum commune. Journal of Microscopy Society of Thailand. 19(1): 205-206.

Edwards, R.L., Jonglaekha, N., Kshirsagar, A., Maitland, D.J., Mekkano!, S., Nugent, L.K., Phosri,
C., Rodtong, S., Ruchikachom, N., Sangvichien, E., Sharples, G.P., Sihanonth, P., Suwannasai,
N., Thienhirun, S., Whalley, AJS., and Whalley, M.A. 2003. The Xylariaceae as
phytopathogens. Recent Research Developments in Plant Sciences. 1:1-19.

Green, D. H.,, Lewis, G.D., Rodtong, S., and Loutit, M.W. 1991, Detection of faecal pollution in water
by an Escherichia coli widA gene probe. Journal of Microbiological Methods, 13: 207-214.
Suwannasai, N., Rodtong, S., Thienhirun, S., and Whalley, A.J.S. 2005, Perispore ornamentations for

the indication of Hypoxylon species. Journal of Microscopy Society of Thailand. 19(1): 207-208,

Tannock, G.W., Tilsala-Timisjarvi, A., Rodtong, S., Ng, J., Munro, K., and Alatossava, T. 1999,
Identification of Lactobaciflus isolates from the gastrointestinal tract, silage, and yoghurt by
165-238 rRNA gene intergenic spacer region sequence comparisons. Applied and Environmental
Microbiology. 65(9): 4264-4267.

Towprayoon, S., Rodtong, S., Feungchan, 8., Chindaprasert, S., Yimsawat, T., and Kitpowsong, P,
1996. Rhizobium studies on tamarind root. Thai Journal of Agricultural Science. Special issue 1:
57-67.

Walter, 1., Tannock, G.W., Tilsala-Timisjarvi, A., Rodtong, S., Loach, D.M., and Munro, K. 2000,
Detection and identification of gastrointestinal Lactobacillus species using denaturing gradient
gel electrophoresis and species-specific PCR primers. Applied and Epvironmental Microbiology.
66(1): 297-303.
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