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Utilization of Alternative Technology for Producing Safety and
Sustainability Aquatic Animals
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mesophilic kag psychrotrophic bacteria MU 1.22x10™-8.64x10" way 2.33x10-7.36x10° cfu/g
pudy dauesdusvneumaaiivssnoudiemuty Wsiiu lodu wesdh wiiudesas 76.08-
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Abstract

The objective of this study was to obtain the information relating to safety and
quality of tilapias and giant freshwater prawns raised in co-culture ponds. Three fish farms
participated in the study. The first farm had two tilapia&prawn co-culture ponds. The second
farmer had only one tilapia pond, while the third farmer had a tilapia&prawn co-culture
pond. The safety of the tilapias and prawns was determined by the levels of
Enterobacteriaceae, coliforms, Escherichia coli, Vibrio spp., Staphylococcus aureus and
Salmonella spp., while the quality of the animals was expressed by mesophilic bacteria,
psychrotrophic bacteria, percentage of the meat, percentage of the head, chemical
compositions (moisture, protein, total fat, and ash), color of bone-side meat (‘L’, ‘a’ and ‘b’
values), instrumental texture, cooking loss, pH, total volatile base nitrogen (TVB-N), and

sensorial odor of the cooked tilapia/prawn meat.

The results showed that tilapia contained Enterobacteriaceae and coliforms at the
levels of 1.57x101—3.12x103 and <2.5—3.74><101, respectively. E. coli, Vibrio spp., S. aureus, and
Salmonella spp. were not detected in tilapias obtained from the first and the third farm.
However, a sample obtained from the second farm contained Salmonella choleraesuis
subsp. arizonae and Shigella spp. The studies of tilapia quality showed that the fish
contained mesophilic and psychrotrophic bacteria at the levels of 1.22x10>-4.64x10" and
2.33><101—7.36><1O2 cfu/g, respectively. Moisture, protein, total fat, ash, and carbohydrate in
fish meat were 76.08-77.13%, 19.06-19.88%, 1.70-3.31%, 1.18-1.29%, and 0%, respectively.
Color of bone-side meat, expressed in ‘L’, ‘a’, and ‘b’ values, was at the ranges of 54.31-
56.74, -0.69-(-1.13) and 5.12-6.1, respectively. The meat and the head of tilapia were
accounted for 34.5-36.24% and 24.03-26.06% of fish body weight, respectively. The
instrumental texture, cooking loss, pH, and TVB-N of fish meat were 2.53-2.86 Kg.force, 8.57-
15.68%, 6.59-6.85, and 0.66-0.78 mgN,/100g, respectively. Undesirable mud odor (geosmin)
at the levels of 0.25-2.00 points from full scale of 15 point were detected in cooked fish
meat. Blue-green algae odor (2-Methylisoborneol: 2-MIB) at the intensity of 0.75 point from

full scale of 15 points was detected only in fish obtained from the third farm.

Giant freshwater prawns obtained from the first and third farm were also determined
for their safety and quality. The results showed that the prawns contained
Enterobacteriaceae and coliforms at the levels of 3.48-7.85x10" and 7.32x10°-6.10x10" cfu/s,
respectively. E. coli at the level of 9x10° cfu/g were detected in the prawns sampled from

the first farm. Vibrio spp., S. aureus, and Salmonella spp. were not found in all samples.



Pathogenic bacteria (Plesiomonas shigelloides and Aeromonas hydrophila) were detected in
a sample obtained from the third farm. Levels of mesophilic and psychrotrophic bacteria in
the prawns were 1.02-9.5x10° and 4.03x10"-2.17x10” cfu/g, respectively. Moisture, protein,
total fat, ash, and carbohydrate in prawn meat ranged from 77.21-77.88%, 19.91-20.62%,
0.92-0.97%, 1.24-1.28%, and 0%, respectively. Color ‘L’, ‘a’ and ‘b’ of prawn meat were
38.02-40.12, -0.48-(-0.55), and -3.61-(-3.74), respectively. Prawn meat and head were
accounted for 35.74-36.87% and 49.07-62.97% of total weight. The instrumental texture,
cooking loss, pH, and TVB-N of prawn meat were 1.87-2.00 Kg.force, 30.45-34.64%, 6.67-6.82,
and 0.27-0.73 mgN,/100g, respectively. Neither geosmin nor 2-MIB was detected in prawn

meat.
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221  mesophilic aerobic plate count Feegrailoiiviunds 25 nsu ldlu
sterilized peptone water Wududasaz 0.1 Usuns 225 faddns naulngldindes stomacher 3500
Jumbo (Seward Laboratory Systems Inc, Bohemia, NY, USA) 60 U9 ¥ serial dilution wagtiu
unuuailiselu plate count agar (BBL, Sparks, MD, USA) lagldinaila pour plate Ve
30+1 esAgaLdea 2 Ju (Morton, 2001)

2.2.2  psychrotrophic bacteria count AnLa¥NENFIDETURLITUNITIATIZH
mesophilic aerobic plate count HuiduukuanEely plate count agar (BBL, Sparks, MD, USA)
Inelgmatia pour plate UstdiaN 7+1 asrngal@ead 10 U (Morton, 2001)

223  Enterobacteriaceae AnLAzNALAIDETULABIAUNITIATIZY mesophilic
aerobic plate count HuduULUATISElU violet red bile sucrose agar Uuﬁaﬁqm%gﬁ 35+1
DIFARYE 2 U

224  coliforms uay Ecoli TWwWniegraan dilution fwsnvauuSune 1
faaans 1@y 3M Petrifilm E.coli/Coliforms (3M, St. Paul, MN, USA) Uu#l 35+1 asdwawdied 1
JU »14 Kornacki and Johnson (2001)

2.2.5 Vibrio spp. SnuasNaufiIngtufeIiunIsiiATIz  mesophilic  aerobic
plate count HudrwuwuATIFel thiosulfate citrate bile salts sucrose (TCBS) agar (BBL, Sparks,
MD, USA) Tngldivaiia spread plate Uufl 35+1 esmwadea 1unan 1 Su sy Kaysner and
DePaola (2001) ms13@eUI typical colony 1Uu Vibrio afiale lneldyansivdeu APl 20E
(bioMerieux Vitek, Inc., Hazewood, MO, USA)

2.2.6 Staphylococcus —aureus — FNUATNALAIDYNLYUABINUNTIATIZAUTU
qauw%éﬁgﬂwm TuiWadegean dilution fvanzauUiainm 0.1 Haddns uu Baird-Parker base
(BBL, Sparks, MD, USA) e egg yolk tollurite emulsion (BBL, Sparks, MD, USA) ldadia
spread plate Unfi 35+1 sspaded Wuan 2 u a1y Lancette and Bannett (2001) Sughuin
typical colony Wi S, aureus Iﬂﬂwﬂgﬂmwaau APl Stap (bioMerieux Vitek, Inc., Hazewood,
MO, USA)

2.2.7 Salmonella spp. $nieteedoutisndouds 25 ndu ldlu sterilized
lactose broth USums 225 fiadans Uuil 35 esrwadea Wunan 12 92lus streak Uy bismuth
sulfite agar (BBL, Sparks, MD, USA), Hextoken entric agar (BBL, Sparks, MD, USA), uag XLD agar
(BBL, Sparks, MD, USA) Uufl 35+1 esrwaded unan 1 Ju au Andrew et al. (2001) g
typical colony mﬂaflwm?:sm%aﬁgq 3 9fa U tryptic soy agar BuUuin typical colony W
Salmonella spp. Ist’féqmmﬁwaau APl 20E (bioMerieux Vitek, Inc., Hazewood, MO, USA)
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guinegrsuandanavnamunsuielylunisinaunm dudsinusesas 5 vaUsenng

a

Uamensiwmaeegluve Iaglduamiumdnuinnit 500 asu welvanunsadaduiiledinumun
Weane Nazdninnunmld dudmuinhminvesdiigulalivun  25-34 ndu/sh Faluwwiad
anunsadiludmheluvieanaiale

32 USinauie (meat yield) Salauavandavei Wuidouaniaiivils (skin on fillet), %
Yan (head), wA3osly (evisceral mass), warnN9aNa1d (vertebrae %38 frame) mﬂﬁ?uﬁﬁmm
Wosidudidle ¥ fedy wasienanadtsuduimdnuanias dmfufaiunsuuendude s
(cephalothorax) uaglUdonanUNaIALaz I

33 awuszneumaaiiveiloUaiua

33.1  dAANuTU M35 950.46 v AOAC (1999) ldsee 2 ndu ldiigesgiliileui
NI minLUuLeY sufmedeuauseuignmgll 100-102 ssewadua Wuan 16-18 Falua Vil
1uly desiccators wagdaumiin AWINAIANNTURIERS

ANMUTUY (308a%) = UMUNAMUTU x 100 /AdNrdndlesng

332 Tushu 1935 981.10 w03 AOAC (1999) Fsegne 2 nfu viesnenszaunses
Whatman twe$ 541 dadunsyaunsesidlulnsau ldlurasngesaun 250 adans, iy sulfuric
acid Wty UYsuws 50 fladdns wiewdugnumiuavansniseufisen 2-3 Fu, mem hydrogen
peroxide mnudduosay 30-35 Usuns 3 Haddnstne, desmetssyana 45 ui figumgdl
410 aeALwaLTua Ausegslawasruanes, Yaaslimdu 10 W, Rt 50-75 Jadans, Usingg
Tundulneldinios Kjeldahl distillation apparatus Fafu sodium hydroxide-sodium thiosulfate
solution (aza1e sodium hydroxide Usungad 200 nsU wag sodium thiosulfate Usuies 125 sy
ey Windudsuysuneslald 5 ans) Wudiureusseandund, 1d boric add Wududeas
4 {avane boric acid USua 4 n3u Wisuay indicator lfasu 100 fadans vnay indicator 1
w3ealagld methyl red indicator Wududesay 0.1 (F1 methyl red Usunas 100 fiadnsu Wiy
ethanol WuduSosay 95 lasu 100 Aaddns) Usums 0.7 Jaddns wauiu bromocresol green
indicator Wutuiouaz 0.1 (a¥ane bromocresol green Usuneu 100 Taansu lu ethanol WWuduy
Yoz 95 1vAsu 100 fiadans) U3uns 1 fladans wlewas indicator nedaswdndndaefuudash
nMsUSUUsmslale 100 Tadans) Usunw 25 fadans lulnines 250 faaans wavlddnnesisu
asindulsniaies Weldueanan 100-125 fadansdaviganau gavieddlasinsmansfinduldiu
hydrochloric acid i 0.2 N aufiadugaufiten Twsdfmianiu munuulusiutgns
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Unalusiu ($eay) = (Va-Vbx 1.4007x Nx6.25/8miiniaeens
Va = U311 hydrochloric acid #ildlunislaswmsnsnagng
Vb = U3ums hydrochloric acid #ildlunmslasinse blank
N = Aadudiures hydrochloric acid fldlunislasiase

333 lufu 1938 960.39 wea AOAC (1999) Hssoens 2 nfu vieshenszanunses ldlu
thimber 983 Soxhlet extraction apparatus, WufIYINazaIy petroleum ether Usums 125
Taddns luviaussyiviaie 109389 Soxhlet extraction apparatus finsiuthudnuiuey (au
170, ﬁwiﬁLéuiuIa@mﬂawu%u, Fodonln, waveusrauimidnal), afndegiaun 1 il euvan
dmuussyihaned 80 ssrwaldea 1 $alus AMwavinaluiuningss

Usunadlusiu (Wosidud) = dhwmdnlasiux100/d1utinsagng

334 1@ 1938 942,05 wea AOAC (1999) ussyesna 2 nfu lu crucible Amsu
dwinutuuey (8uU crucible LLasﬁwiﬁLéuiuIa@mmm%u), FegraiielanTuuumuia, W
fhegndlu Muffle fumnace flgamgll 525 esawadea, Vilidululagaautu warihldeay
vhweinesil AIUUSINENINGAS

USunaudn (Seway) = Umtind1x100/1vinsagng

3.3.5  aslulawse Tanisewin Teglde anudu Tusiu ledu 100 swuiulazausen
I & @ &
31nA1 100 LUBSLEUn

3.4 AvuiuihduileUan dadillevandumuiinnszan (bone side) dmiuliiensiiunsiu Jnd
Pisddneusnveniledsdiu Adsenudue @, ‘b’, uaz ‘L’ value mu Marroquin et al.
(2004) g +a MaeDa Juag, —a Mg @Te7, +b Mgna Avdes uaz-b vangh FUTu

3.5 ieduifa Tinsdinnu Casas et al. (2006) Tnesintusiouaiuiian dorsal portion AY
PAaxen I Wy 3x3x15 wuiuns Saruutuielngld wniesindnuvazidoduda model
TA-XT2 (SFigure Micro Systems , Surrey, UK) 1% cylindrical probe (P/0.5), cross head speed
Wiy 2 Tadluns/Aund, compress distance 5 fadwns wag load cell 25 Alandu dwsuns
Funsuildinsesindnvamiieduia model TAXT2 (SFigure Micro Systems , Surrey, UK) wald
Tufiafauuy single knife blade Aaginiswedavluiin 0.8 fadwns/Aud Ay auaus uwazensen
(2552)

3.6 cooking loss 1438m1% Anelich et al. (2001) Tt niin@ular/Asinunsunausy Ny
iula/Naviemeegiiilonvlesd (Frosty Acres, FAB Inc., Norscross, GA, U.S.A.) 113unn luglou

o a
'

Fohinfouaullgamil 167 ssrwal@eaudd suauguvginigluiiudata 70 asrnwaidea Ay

)}

Y o

Jommuared AOAC 35.1.04 (AOAC, 1999) Jae1nneusen n1ainnseueeninnvieagiiiilu e
Fulanbufvenmgivies  meendnasy  Idnszanuiivgduinnniavalivun  udidedahmin

[J

AU cooking loss A9EMT

De
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Cooking loss (%) = (Wmtinular/neiu - dmtinfulal/fegnnasduiieanead) X 100
ihniinguda/neau

3.7 anudunsaang (pH) 1438ves Chiou and Huang (2004) wausiegrailenulutinaui
unisauridnansusulaeanlasean Taeldlusnsidiu 1: 10 Taevwrmin Juduian 30 Jund 49

Arudunsanne Mg Sartorius PP-150 pH meter (Sartorius Corp., Edgewood, NY, USA)

3.8 Usinausnaiisymeldieun (total volatile base nitrogen: TVB-N) Minpdia Conway
micro-diffusion  ¥®¢  Subramanian  (2007)  esEMENTARAYAY/ANUNTIY JHIEE
20%trichloroacetic acid (TCA) U3u1915 20 faddns AU 5%TCA Usuws 80 Hadans 1menu
pufemogsar/diuatiinn 20 ndu udhdsthilviesden aSaudnsouaviar/deoende
nszAENTEY Whatman e 1 9nniuussqansaialu volumetric flask wu1a 100 Saddns uéH
Uudsunasdu 100 §ad3ms fae 5%TCA udws3euans inner ring solution 3uaMNWEEN mixed
indicator solution lagazae bromocresol green U3unew 0.01 nSu wag methyl red U3unew 0.02
n%u Tu ethanol w&USuUsInsdu 10 fiaddns 91ntuth mixed indicator solution avainazans
Ty ethanol 200 fiaddns udnin boric acid Usues 10 n3u udrSsusuuSunmadu 1 amsseth
naw ﬁ]’]ﬂ'ﬁu@ﬂﬁ’ﬁ inner ring solution 7widenld U3ums 1 Sadans lalurstuluresanu Conway
udTsgaansatniaiing 1 Geddns Taadusduuenuesiu Conway anduwfuas saturated
potassium carbonate U3U19s 1 Uadans adlunstuuenvosa Conway WdUaN197U Conway
it Wi Conway Tugmuauanmgfi 7 38 ssmuwadea Wunat 1 Falus andulasinse
inner ring solution 18 hydrochloric acid udu 0.01 N Tma%guiusuaqmu Conway JUNIZIA
Foamely  whld 5%TCA unuansadaayvdadu blank  AunnUBiassisse i
NGAT

nausefiszmeldiomn Gadnsululasian/100 n3) = [LAxNX(VS-VB)x25x100}/w
VS = USunas hydrochloric acid #ildlasiasashegns (Raddns)
VB = U3u1au hydrochloric acid #ildlasiasn blank (§adans)
N = muuduaes hydrochloric acid (N)
w = twihshess (n3a)

39 punmsUsgamduda UssillumsdsvandudaveaUan/degn nsuseiliunisuseam
5wﬁﬂ%uLﬁaUaﬂﬁaQﬂ g5 BS I1SO 13299:2003 (Sensory analysis Methodology General
guidance for establishing a sensory profile; British Standards, 2005) 1dimageu (panel) 6-10
ufiunsfindu Tnefinnisansinduinulutevaniiauasdy 1dud ndwiean (cooked meat),
nauA (fishy), AWM (sweet), naulpay (geosmin) wazNAuANTY (2-methylisoborneol:
MIB) ntudBusismntaeiulimeiuisvesusiaznau udmnaafefuanailiaaudunesnau
(intensity) Ineteaguvesainadilidamadiueanau Ty 15-centimeter structured line scales
(Moskowitz et al., 2006) @4¢1 0 = none Wag 15=extreme FUsTIIWNMTUszTUTIDE VA" Ta
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uazfsanmavieaes Taeifiudhegnaan/ds 5 fainudazte  uauazlddiunansuessiuanile
Ussdiumeusvamduia  eanauusndsiiistunnmslfidevavinsuionty  dnsuien
Waenuadldidle wiadlovar/dadutudn 5 Gu vilianldiBddvigaunginglutularfariiy 70
paLeaLivanIs AOAC (1999) wilvimeaey 5 autssiliudevar/feauasiuvnsiidovadgu
fssiiuynauyhmsUssduievay/deasu 5

NANISNARDY

1. msdnunwesnsfidenanfadmiudaiiviadu
wuianaddiies a.dlvey e.dmes 2. veuunu Sudunduitihvane finvasnsadlady
$91348 3 18 1nwnIns 1 5 Bewardadfissediaier Tuveiled 113 waiinunang 2 5
AesUanasauiufafunsia Tnenunsnsauil 1 desanfiasiufuds S1uam 2 ve veusnilown 2
19 uazvod 2 fvum 2 13 daunumsnsaudl 3 Besuanlawtuidluvaided 1.3 19 madsaalainy
msidesafiasiufuuaneindu
2. Vsnamvedideluvanfauasfafunsuiidesntuuania dafuandumsed 1 uaz 2
ansed 1 Ui mesophilic bacteria La¥ psychrotrophic bacteria Tuilevanfiaanveves
nIng 3 118 MAssuandafissesnaisuasissaniadiufudeinungi

ﬂ?jﬂJLLUﬂﬁL%EJ Mesophilic bacterial Psychrotrophic bacterial
LNYAINT count (cfu/g) count (cfu/g)
518 1% Vil 1 2.12+0.41x10’ 4.230.37x10°
Vil 2 4.68+0.52x10° 7.36+0.66x10°
18l 2% 5.59+0.61x10° 6.54+0.47x10’
5181 3* 1.22+0.62 x10° 2.3320.39 x10'

“HesUanfiasiuiuaniunsy
“*FgeUatlaiieat s
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A15197 2 USunauuafiseruiuazsuafitsenalsa twilauanlaanuavawnemsns 3 578 MLae9
Uailaiesegafeiwazideslariasiuiuiamunsy

ﬂﬁju/“nﬁﬂ Enterobacte- coliforms Escheri- Vibrio Staphylococ- | Salmonel-

riaceae (cfu/e) chia coli spp. cus aureus la spp.

LNYATNT (cfu/e) (cfu/9) (cfu/e) (cfu/9) (cfu/9)
7 1% | Ueft 1 | 3.1240.21x10° | 3.74+x10’ ND' ND' ND' ND'
| Al 3 1 1 1 1 1
van 2 | 1.03+0.48x10 1.24+x10 ND ND ND ND
A 2 1 1 1 1 2
YN 2 ** 4.33+0.33x10 <25 ND ND ND WU
A 1 1 1 1 1
38N 3* 1.57+£0.21x10 <25 ND ND ND ND

*FosUailadiududeiuns

= Heaiafioeguiien

1=not detected

2= WU Salmonella choleraesuis subsp. arizonae 371U 1 @w81slu 5 e wanN

[

Ny
wumilisenelsa Shigella spp. 31U 1 Avg1slu 5 @981

Sethdsmunsuaninuningsied 1 wag 3 iiaviinauuaiite munanuaiiFeuandy
5197 3 Wag 4
a3 3 Vel mesophilic bacteria Wag psychrotrophic bacteria Tuﬁqﬁmmmmﬂﬂmaa
nuRsNTTeT 1 way 3 518 Mdsadssandamfudeiune

LNYATNT Mesophilic bacterial Psychrotrophic bacterial count
count (cfu/g) (cfu/g)
5707 1* Uofi 1 1.02+0.25x10° 4.03+0.25x10"
Vot 2 1.8940.12x10° 5.23+0.60x10"
5769 3* 9.540.62 x10° 217+ x10°

“deslariasinduieniunsiu
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M3e% 4 USunauwuaiisenelsauar indicator bacteria TufamunsiaInUevetnumInssen 1

<& X A v v v
Wag 3 918 ‘VILaEJﬂLaﬁﬂﬂaﬂuai’lﬂﬂUQﬂﬂ’]Mﬂi’m

ﬂﬁju/“nﬁﬂ Enterobacte- coliforms Escheri- Vibrio Staphylococ- | Salmonel-
WUATILSE riaceae (cfu/e) chia coli spp. cus aureus la spp.
WNWHINT (cfu/g) (cfu/g) (cfu/g) (cfu/g) (cfu/e)
5987 1% | Uefi 1 | 3.48+0.56x | 7.32+0.96x | 9+0.47x | ND' ND' ND'
10" 10° 10°
Uafl 2 | 5.07+0.41x | 26+0.87x | 9+0.52x ND' ND' ND'
10" 10’ 10°
5181 3 7.85+ x 6.120.52x ND' ND' ND' ND'
10° 10°

“deslariasiuduleniunsiu

1=not detecte

d

2= Wu Plesiomonas shigelloides Wag Aeromonas hydrophila 31U U 1 feenelu 5 fleeng

3. MIfnwUSunasile AuaudFau phsicochemical wagAmnMMIIUsEaMdulavesUatianay

Aeiunsudessauiulaniia

3.1 Usnanilovesuawazianiunsiy wanslunisnei 5 wag 6

a a 4’4’ a Y] a ¥ o [~ & @ I d’lj a [y g ]
A1519% 5 USunantiauanila, vh, 1A389LY, kazn19nand Anvnasduilasiuslaiigunutinninan

s

WNWATNS Ydnvan | Wevaniimila yuan winslutan | Aenane (%

36 (g) (% Wisunu | (% Wsudu | (% wWieudu Wigunu
ywmnUan | Wwtnvan | Yudndan | dudndan

Y1990 SIS SIS N
i’l‘EJ‘f/dll 1* ‘Uaﬁ 1 451.00+93.19 | 35.67+3.08 25.06+1.74 6.53+0.87 21.22+0.38
‘U'E]‘ﬁl 2 458.00+64.13 | 35.04+2.00 25.33+1.98 6.20+0.96 23.50+1.02
5’18‘17{ 2%* 353.43+51.68 | 36.24+1.98 26.06+1.79 6.71+1.23 20.42+0.77
5’18‘17{ 3% 379.27+93.38 | 34.35+1.37 24.30+1.37 5.00+0.76 22.32+0.85

“HeaUantasiuiuneniunsiy

** 3g9Ua1Nag99819m e
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31971 6 Usunandlers 1 waziudenainddidnasing Aasluesidudiliaiieuduimin

AINUNTINVIE
NYATNT WnTInA3 Wafenunsy Wnaunsw Waenandnede
Munswiei | (% Wguiutmin (% wguiy Wagye (% Wiguiu
(© faviavsm) dwiindaianue) | dwidndeiaue)
iﬁﬁlﬁ 1* ‘Uaﬁ 1 34.42+2.71 35.99+3.00 53.11+£3.47 8.90+1.06
Vol 2 31.57+1.63 36.87+1.99 50.68+2.94 10.04+1.91
iﬁﬁlﬁ 3% 34.47+2.62 35.74+3.40 49.07+4.98 10.44+2.27

“HesUanfiasiuiunaniunsy

3.2

= ¢ ~ &
N13ANYIDIAUTENBUNIALANVBULDUALLAENINIUNTIN

b4

9

Togiu 181 wazastulawmsn wandlunnsad 7 wag 8

AN5197 7 29rUsEnaumsAlivanialaiiia

Town  USuaumnudu  TUshu

LNWAINT AaTu %) | TUsiu ) | sy (%) L1 (%) Asulawse (%)
i’]ﬁl‘ﬁl 1* yaf 1 77.04+0.75 19.21+0.56 2.21+0.45 1.18+0.54 0

‘Ul’el‘ﬁl 2 77.13+0.73 19.88+0.69 1.70+£0.72 1.29+0.41 0
iﬂﬁl‘ﬁl 2%* 76.12+0.66 19.57+0.84 3.04+0.70 1.27+0.52
iﬂﬁl‘ﬁl 3% 76.08+0.75 19.06+0.73 3.31+0.58 1.22+0.60 0
“FosUaiatiududeiuns
** JggUantaileaasnamen
1317t 8 oedUszneumaaiiveaiofafunsu
WNWHTNS auy (6) | TUsiu ) | lusu (%) 101 (%) Aslulawmsem (%)
i’]EJ‘ﬁI 1* ‘U'E)ﬁ 1 77.27+0.81 20.50+0.53 0.95+0.32 1.28+0.56 0

T_iﬁ]ﬁl 2 77.21+0.87 20.62+0.58 0.92+0.47 1.25+0.63

5’18‘17{ 3% 77.88+0.68 19.91+0.66 0.97+0.59 1.24+0.66 0

“ReaUantasiuiuneniunsiy
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33 msAnwduaziiledudavealieuauazieiunsiu InAdvesieuarilaniunszan (bone
side) wazAloduiavasiiovardauandlunisnedl 9 dwdiimuuenvesienemunsiuivanilden
wnkarALiledudavasiaanslunisian 10

MSNN 9 AdveiloUalanunsegn (bone side) wazAlileduiavesuanila

WWHTNS ANd ALoduNE
Keo.f
(L} ‘a7 ‘b’ g orce
789 1* Uan 1 55.83+0.80 -1.02+0.43 6.09+1.24 | 2.53+0.30
‘U"e)‘17]l 2 55.68+0.18 -1.03+0.54 6.07+1.55 2.89+0.47
i’]ﬁl“l?ll 2%* 54.31+1.50 -1.13+0.95 5.12+1.55 2.78+0.24
5’18‘17{ 3% 56.74+1.77 -0.69+£0.57 6.17+0.38 2.66+0.17
“HesUanfiasiuiunaniunsy
** JggUandaiedas1amen
il 10 AndfduuenvenilefuazAiodudavesilofafunsu
LYAIAT ANd ALUoduNa
‘L ‘3 ‘b’ Ke.force
3’18‘17‘1' 1* ‘U'E)ﬁ 1 38.96+0.93 -0.57+£0.14 -3.61+0.81 2.00+£0.17
‘U'EJ‘17‘1I 2 38.02+0.74 -0.48+0.07 -3.74+0.54 1.96+0.21
3’18‘17‘1' 3% 40.12+0.59 -0.55+0.14 -3.47+0.36 1.87+£0.37

“HesUanfiasiuiuaniunsy

3.4 USunau cooking loss, mAnslunsa-ang, wazUsinuasisvmelanavualuievaliay

9 wanalupnsnedt 11 dudsunaluienanddunisdm 12

PN a . { [ 1 a 1 N & a
f15209% 11 Usuned cooking loss, A1ANUTUNTA-ANY, WagUsuIuAIanseiievaialala

LNUATNT cooking loss (%) AANUdunsn-ang USunausnsfiszung e
(mg.N,/100g)
5107 1% | vedi 1 8.95+0.89 6.85+1.36 0.66+0.44
Uil 2 9.22+0.78 6.74+0.87 0.68+0.14
5107 2% 15.68+1.22 6.59+0.61 0.73+0.25
18 3* 8.57+0.85 6.82+1.05 0.78+0.21

“deslariasiuduieniunsiuy

** 3g9Ua 1NN g99819n e
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PN a . ' I3 ' a A X v v
15199 12 Uued COOkII"\g loss, ﬂqﬂquLﬂUﬂiﬂ-@qﬂ, LLazUiquﬂqﬂmigL‘mﬂm@\iLu@f!ﬂﬂ']llﬂi']ll

NUATNT cooking loss AAdunse-ang Usanausnafiszivele
(mg.N,/100¢)
5187 1* | Ueii 1 30.62+1.73 6.82+0.24 0.73+0.14
Vil 2 33.10+1.47 6.87+0.37 0.52+0.11
518l 3* 30.45+0.66 6.67+0.22 0.27+0.17

“HesUanfiasiuiuneniunsy

35 AmenudntunslssamduiavesnduluiloUauasiegn wanslusnsed 13 uaz 14
AIUAIAU
A1399 13 SeAUANUNTUYeInaWiean, nauniy, nauanl, naulpau waznduamigluie

Uanilagn
NYATNT ﬂéuLﬂ‘f@Ejﬂ nduan | ndumnu | nauleau | nAuawsie
1871 1% | vodl 1 4.50+1.03 1.25+£0.88 | 1.50+£0.86 | 0.25+0.00 0+0.00
Uofl 2 4.25+0.75 1.25+0.89 | 1.00+£0.89 | 0.25+0.45 0+0.00
9 2% 2.50+1.22 0.50+0.75 | 1.50+0.78 | 0.50+0.00 0+0.00
9 3% 2.50+0.98 0.50+£0.60 | 0.55+0.73 | 2.00+£0.85 | 0.75+0.45

“deslariasiuduleniunsiy
** 389U 1NaNg99819m e

A1399 14 SEAUANUTNTUYRINGWTERAN, NAUMIIY, NAUAT, nAulAaw waznduamdelullion

AUNsINEN
LAWMING ﬂéﬂLﬁ@?jﬂ ﬂal‘LJﬂ'n ﬂéuwaﬂu ﬂéﬂiﬂﬁu ﬂalua']‘ﬁﬁl']ﬁ
5707 1* Uit 1 2.00+0.75 1.00+1.25 | 0.50£0.00 | 0+0.00 0+0.00
Yot 2 2.50+0.78 0.50+0.75 | 0.50+0.00 | 0+0.00 0+0.00
5707 3* 2.00+0.78 1.0040.95 | 0.25+0.47 | 0+0.00 0+0.00

“BeaUantasiuiuneniunsiy
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35UNANITNAADY
namsveaesiiunismenuainuamtazanulasadelaesin  veslaidawazisinunsiy
A a o a & a | a o X a o Y v
duUsn 5 i nnwes 3 sendelanliaegiafeivieideslardasiuiueinunsy Tuseu
nsiaes U 2553-2554 wanimeassililmhaiinlaannnunsnsusermesndisuiisuiu Usunu
mesophilic bacteria taz psychotrophic bacteria Tuta1fiaainnunssens 3 518 waaslun1sen
1 USu1au mesophilic bacteria wag psychotrophic bacteria Tua113 LLamﬁq@mmwmaqmmiﬁfu
FIWAAIANUALDIATALIVRINUTFUUFVINUIAVBINTFUIUNTHENIMNT weiUTanal mesophilic
bacteria Way psychotrophic bacteria lilausuenfsmuvasnssvowdndiue eosinuTune
a a g.jl a (7 U 6 o a a a U & a a a
wuaisevimualddmuduiusiuusunanuaiiitenelsanieaisiivainiuaiiiselue s (Morton,
2001) fiatiun15iiAn mesophilic bacteria Wag psychotrophic bacteria Tuuangs uwansiundesUan
g1ainmstwdouaindaindenas nisdlawiviazendu lngiinUanluiiazeiniiiinsanewmnuy
masmrIan (depuration) 3somatinudndusenisitlivandinanindivy
= aQ a a ! a d‘ 1 a d' ] Qll
nsfnwUsInauAfisenalsalulatia (115190 2) nudandaiduaininunsnssen 1
NeEIUD uavinensnssen 3 linuluaiienslsa vl E. coli, Vibrio spp., S. aureus, ¥
Salmonella Spp- LLmiuﬂawuawaMQWﬂmwmﬂiﬁﬂw 2 wulde Salmonella. choleraesuis subsp.
arizonae 8 Salmonella  spp. Wumfﬂuammawmﬂuwaﬂﬂmamamﬂaf\mivﬂumaam
uaﬂmﬂﬁﬁﬂwﬂué’miﬁﬂﬁé’umﬂLma'QﬁmaJmsiJuLUauqﬂmiu dwsudafihfiuanmsadaunull
wuwuaiiisesnann  Salmonella spp. WuwuaiiGelinudou  msiduthenn@eidnunainnis
) v 6 g a A v 6 g aa ‘gf £ . . 4’{ Qgil o % [
UslnadainAunsedniunaniiinisuudeudiu (cross contamination) n1swuweilvinlvivailairiu
WnsgIuUAINUaensie uenanduananUereunensnssed 2 Samsiany Shisella spp. Falu
wuAniSenelsa yilvAalsanadue msduiu Shisella spp. kaninsuuilauvedgansyuyed Tu
gnImzaiinIasIanueninanly Yan, A, Asan, adalaiin, uasvesunssudu Shigella
spp. vilitAnlsadn@ininaan (shigellosis) S. choleraesuis subsp. arizonae wag Shigella spp.
anavuleauandfna Wiandudsfgannunisedaivnsieduidiundive nmsmaaedug
TueudAgresnsanUSinandenuafiselularianeuthuiuilnn nsiivarinludiayeaid
nmsaemsasanadvzlianuaziduionisiiuaunimuazanudasndelulaida
U314 mesophilic bacteria wag psychotrophic bacteria Iuﬁﬂﬁﬁuﬂiﬂumﬂl,ﬂ‘t}m‘iwﬁ 1
5 1 i i U U 6 6 4 5
(TUON 1 wag 2) waznunInsseN 3 dA15ering 1.02x10 -9.5x10° way 4.03x10 -2.17x10° cfu/g
MINEIRU (1157991 3) AantigendnUSunauaiiseinuludaiuin 1HeanieiunsumauuIim
Afiu vilvillenadudawuaiiseanuiiduainnit wenaniienIunsILoAUAYE I TNEDIN
Uandadimadnde  vihliiansaranvesuaiSelumaiuemsas  arfildainmmeassaendins
Aunsmdesluvsiissriafen F951e91ulag Jeyasekaran and Ayyappan (2002) wag Lalitha
{ a a a 3 4 dgl a a 1 4
and Surendran (2004)  AnukuASEUTIIA 107-10° cfu/g MsATIAeKUATISRalsAlu
P ' v v a PN P4 B .
AUNFTIUNUIT NNNTUNTIUVIFUIINLAYATNTINEN 1 laufiwe £ coli, Vibrio spp., S. aureus Way
Salmonella spp. (1151991 4) UANMUNTIUNFUIININEATNTINEN 3 WULTBNBLIAMIUAUDINNS
laun Plesiomonas shigelloides wag Aeromonas hydrophila \ie P. shigelloides villAnlsa
MBFUIMTIINNSAAYD nuanntulsemelnseu Yimeiow  Welinuldluuatuwasdnitdden
o Yoo, e 4 o oo ¥ V¥ ¥ a ¥ o v,
Aanuda @ulie A hydrophila denuAgauiudy wulaviaunde didu wazdinges 1
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unsnszaneludunnden Wedsnanviliionds udlinunsssuinauilieudutheduswounn
(Morton, 2001) mi‘mmaaqmeﬂﬁl,ﬁudﬁﬂf’fmﬂimﬁl,gms'wﬁ’wmﬁa fdenelsavuiou Uneed
msfafafnunsuluhazornfinensonna  WeasUBnandeas  waglinuzhliiunuilnafiug
an9 wswenavilhinnsindels

AUsInaudloveanfionnnunang 3 Tewandluatsed 5 U%mzutﬁaﬂmﬁaﬁl,l,dlﬁag
sewiedoray 30-36 vesiwiinUanimun  dwshihiniindesar 2426 Ariildannismnaes
uanFsnTBUTeLimsTaLazAMy (2553) fnuiiuasiovandSnsdntosay 2729 was
30-35 maaumuﬂﬂmmmm RHGRIN mummmimmm‘wuﬂLuaawﬂiwmmiasJau 35-37 U84
hwiindanun  uagihimdniogiivssann 49-53 vesiwiindoaun (manedl 6) uidlaifsngan
Snmddedsiunsmsetminiome  nansnaesstinuiUiinaidelufeiunsuiiviinandios
Uszanal 1/3 vesnings dawidvualngAaduimdnussinaeimiaesihmiinimun suuu
myislaadsiunsamesele filleuuilasings JahagilimAnnslivsslonifeunsugsga

mMslnTgosdlsznoumaeiveaiovaiiia (me1edl 7) wuheenudu, Wiy, T,
LLasLé’waqLﬁaﬂmagﬁwdwﬁaaas 76.08-77.13, 19.06-19.88, 1.70-3.31, wag 1.18-1.29 m1ua16U
drudlefeunsudiaegssning 77.21-77.88, 19.91-2062, 0.92-0.97, upy 1.24-1.28 MWy
(M3 8) AuBnailusiuddniioglussduund mu Nettleton (1985) fistenuiniovailusii
sewiedoray 16-20 msdnwmuilusiuludedsiunsudaindidestuidevana Wendnis
Uunadluifunuiviadevauanidotsfunsudaiduiovsaom lean Aefiluffutionifosar 5 &
tesniniledniuniifilusuienas 5 July

Myiardideuaveanunsnsiiany sewuinana ‘L, ‘a’, kag ‘b’ 9g5¥nINg 54.31-56.74,
-0.69-(-1.13), WA 5.12-6.17 saddu (m5199 9) mdildalndifssiusenues EUNTTULAT ALY
(2553) BesreuianfefideduteiuiinL’, @, way ‘b’ agsEming 55.91-56.31, -0.98(-1.15)
way 5.08-6.11 auany m%suaﬂLﬁaﬂmﬁmmmiﬁummﬁmLLazmsJﬁuﬁ:Um dmsuanileduiaves
devandiangsewing 2.53-2.89 Kgforce (mM3afl 9) Aiildganinnesuves  ifigmssniuasans
(2553) fnwuinantleduiavosandafifsdutedidsewing 1.72-2.09 antleduiatoraudsiumy
uanuazILRvesUaTla Tanvszey rigor mortis TiARTuMAAIRE

Ad ‘L, ‘@), uar ‘b’ veeinunsIueysenine 38.02-40.12, -0.48-(-0.57), uay -3.61-(-
3.74) sy (nsedt 10) Anddlndidestunenutesauaus uavany (2552) inenuhadide
AaunsmaanaRIngi gy ogsening 38.02-40.12, -0.56-(-0.72) uay -2.84-(-4.41) dmsuaie
AudavearfafunsmuinAegsEning 1.87-2.00 Kgforce (M3t 10) Adildlndidssduan 1.82-
2.14 fiseaulagauausuazanl (2552%)

USunas cooking loss, ANAILTUNTA-ANg, LarUSinaseissveveadouaiadimsening
ouay 8.57-15.68, 6.59-6.85, WAy 0.66-0.78 Taansululnsiaw/100 ndu mwdIsu (mMsed 11)
dsuaanilufafunsumuindenssninadosay  3045-30.62, 6.67-687, uay 0.27-0.73
feansululnsian/100 n¥u swddy (e 12) Paqoudslifiseauen cooking loss luieuan
flaamsnnon wilu channel catfish anfifissinlyae wudidn cooking loss e19geiiviesas 23
(Gawborisut, 2005) @ w3UA1 cooking loss TufamunsulnalAgsiusenuetaauswaz Ay
(25529) GewuinAsiunswdifsslsian cooking loss seminedesay 33.06-36.45 franuiunsn
ssveaiievauasfetnunsuogluradlnd 7 uduseduundiilunans (meefl 12) dautinasia
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fspmelFflaosmusssumivondovauasdsan Taslaanuasdsaniidaunmiaaziiosndn 15
way 5 Naansululnsiaw/100 NSy mua1au (Huss, 1955)

Aymalszamdudaveniovaanenlumsed 13 wansfnwmuidnduioan, ndu
A, nduvy, ndulaau, wagnAuavIne egsening 2.50-4.50, 0.50-1.25, 0.55-1.50, 0.25-2.00,
way 0-0.75 gy ndwdlean nduamuaznduvu iundusssumafienanuldlutanan windu
flaifisvszasdlutiovafafondulaauuaznduamie ndumaidnuldveslulaie manuwaad-
pouluvotan evaAuunasineu ndudsAanisazaululuduuan nsannaueiavildlagnisin
Yarluthaverauszana 48 $alas azdulfhnsinvanluthazenn venanazannaulifisuszasd
Tudlovaudr Fdindmomantiinauuafideluvailiie  dwalidevadamninmnauniss
Y uazenaUaensetu

msAnwnauiinulufafunsiuan wuindwidean, nduen, wegndumuegsewing 2.00-
2.50, 0.50-1.00, k@ 0.25-0.5 a1 muﬂau‘lﬂauuavﬂaummwalmwu’[,umammmim (91379
i 10 mavesemandiiduienalifinnusdudostngsiunmiluiavenniioannaulifia
Uszasd LLmTuﬂsmmqqmmsmumsﬂuwaumaﬁLL‘UWLi&Jﬂ@Iﬁﬂ (WU P. shigelloides Wag A
hydrophila Inminumsnssied 3) msindsiunsuluiasendsdamudniueg swidedldlas
MsatfuayusuUsnunTideie  Wiviliins@nvitanuiinauuaiiGowasndulsifissrasdly
Ua/ns

GELY

nsAnwmuIndineesnsdesandastiadien 1 e LLangaqanﬁaéauﬁULgmf’ja 2 918
Auadeiminvesafianininunsns 3 3189858119 353.45-458.00 N5Y fiUsinanile¥ovay 34.5-
36.24 uavilUSnaidosas 24.0326.06 heUaniiuSunas mesophilic waz  psychrotrophic
bacteria WU 1.22x10™-4.64x10° waz 2.33x10'-7.36x10° cfu/g muadu drunisAnwuuaiise
FuiuavuuafiSonelsn wuindouandl Enterobacteriaceae USsnas 1.57x101-3.12x10° cfu/s,
coliforms <2.5-3.74x10° cfu/g asaaldwu E. coli, Vibrio spp., S. aureus, Wag 50(monella spp.
Tudanlanninwasnssedl 1 uay 3 wilwandafiguaninuasnsned 2 wudle Salmonella
choleraesuis subsp. arizonae Wag Shigella spp. dethidevannmesdusznoumaaiinuing
ey TUsiy 1oy wasidn wiiudesas 76.08-77.13, 19.06-19.88, 1.70-3.31, uay 1.18-1.29
audey lnuindeuaniandlulawmse evaniiand ‘L’ ‘@’ uay‘b’ 9E5eNINg 54.31-56.74, -
0.69--1.13) uay 5.12-6.17 muddu Andleduiaegsewing 2.53-2.89 Kegforce A1 cooking loss,
ANULTUNTA-ANY, LarUSinuansiisswelavanunviniutesas 8.57-15.68, 6.59-6.85, way 0.66-
0.78 fladn3ululesian/100 N3y MNa1U WUﬂ?ﬂluIﬂauimﬁ’aUa’]ﬁEjumﬂLﬂ‘t&Wliﬂ’iV]ﬂ’i’]EJ AN
duduvesnduegsewing 025200 90 anifuana 15 90 dunduamienuluvardiguann
\NEAsNSTIET 3 Wity mmfﬁwﬁuﬁumﬂéua&ﬁ 0.75 9 A1nLFNELna 15 99

dmunsinuniafunsuidssufuuaniavennunsnsmed 1 wae 3 nuideiunsud
hwiinsgwing 3157-30.47 ndu Auiinaniledosay 35.74-36.87 waribwidnihiosay 49.07-
53.11 Lﬁ@ﬁ?ﬁ:ﬂﬁgﬁﬁmﬁﬂﬂ%m’m mesophilic way psychrotrophic bacteria wuindien 1.02-9.5x10°
Way 4.03x10°2.17x10° cfu/g AuaIsu WUl Enterobacteriaceae U 3.48.7.85x10"
cfu/s, coliforms 7.32x10°-6.10x10" cfu/g dm3U E. coli avanuamizrhdafl 1 SUsuna 9x10°
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cfu/s Waaeahsumsaslainy Vibrio spp., S. aureus, was Salmonella spp. winuwuafiSeralse
¥fia P. shigelloides uax A. hydrophila 1nfsfna 1 fegnsfianninunsnsmed 3 devieds
IAAgesdUsEnoumaall wuianuty Wiy luiu wasidh wihivdesay 77.21-77.88,
19.91-20.62, 0.92-0.97, uay 1.24-1.28 gy Tiwuanslulawnsaludofefithaiesest dmiy
Ad L, ‘@, uag ‘b’ SlAnsewing 38.02-40.12, -0.48-(-0.55), uaE -3.61-(-3.74) Mg ALie
Husfamoailofsagseming 1.87-2.00 Keforce U3anas cooking loss geszainadoeay 30.45-30.64 @1
aruifunsadevoniefsiuagsening 6.67-6.82 Winmssfisameldfian 0.27-0.73 lifindulaay
vienduamhesudundulifsuszassluiedminnismeass
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