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Abstract

Project Code : RMU 5080020

Project Title : Development of probiotic product capable of controlling water quality, biodegradation of
waste, organic sludge treatment and controlling bacterial pathogens in economic marine
shrimps

Investigator : Associate Prof. Subuntith Nimrat
Department of Microbiology, Faculty of Science, Burapha University

E-mail Address : subunti@buu.ac.th

Project Period : 3 years

This purpose of this research was to develop the potential probiotic for controlling water quality,
biodegradation of waste, organic sludge treatment and controlling bacterial pathogens in economic marine
shrimps. The experiment was divided into 6 phases. In the first phase, the characteristics of probiotic products
vended in domestic and foreign countries were examined. Results demonstrated that 11 probiotic products had
the lowered bacterial number, compared to those in manufacturer's label. Only 1 sample in this study
associated with the number of microbes cited on the probiotic product’s label. This phenomenon indicated that
the ineffective probiotic use in the past may be caused by the less of microbial load than those mentioned in
commercial probiotic products. In the second phase, the potential bacteria were isolated from black tiger shrimp
pond bottom soil and its intestine. They presented high protease, amylase and lipase activities and were
capable for controlling water quality in term of lowering the levels of ammonia, nitrate, nitrite and phosphate in
simulated shrimp ponds, compared to the controls. In the third phase, beneficial bacteria probiotics were studied
for the effectiveness of stabilize pH, organic matter level and pathogenic bacteria removal in organic sludge,
compared to other treatments. Drying in sun light, tilling and addition of probiotics showed high efficiency
because this treatment improved pH, degraded hazardous organic and inorganic matter resulting in the quality
of reared aquatic-animal water was ameliorated. Organic sludge dried in sunlight, tilled and added with
probiotics annihilated shrimp pathogenic bacteria, Vibrios and Pseudomonads. In the forth phase, bacteria
probiotics were evaluated for the effect on the promoting shrimp growth. Shrimp supplemented with live-spayed
and freeze-dried presented higher growth rate and lower feed conversion ratio and was significantly difference
(p < 0.05) with control group. As a consequence, bacteria probiotics did not affect on the change of total
heterotrophic bacteria or beneficial bacteria and controlled the pathogenic Vibrios. In the fifth phase, bacteria
probiotics were investigated for Subtilin genes, the gene that regulates antimicrobial peptide production in
microbes. None of the tested bacteria probiotics exhibited the Subtilin genes. In the final phase, protease,
amylase and lipase activities of beneficial bacteria probiotics were detected. All of probiotics showed high all
three enzymes activities indicating that candidated probiotics were able to use protein, carbohydrate and lipid,
the main compositions in aquatic-animal diets. As a consequence, bacteria probiotics in this study could be
potential probiotics because of reducing food conversion ratio and shrimp pathogens, no effect on beneficial
bacteria, advocating shrimp growth rate, deterioration of organic matter and elimination of shrimp pathogenic
bacteria. In addition, the other crucial characteristics of probiotics should be studied further in order to develop
the effective probiotic products. The novel product can support the important economic aquaculture for

sustainability.

Keywords: Probiotics; Black tiger shrimp; Aquaculture; Antibiotics; Organic sludge
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4.2.2 N3NELageszuUla (Close water system)
MILAB932ULTa (Close water system) 138nhé 2 UL A8 Close system WAz
i i & kg A A | Y A A

Recirculating  system (Juwmamwnziasslasladfinnsfoundieingsnini 3 uading
oot ludinnzms ldunsgunduuazdiunein sl sz losioug s
wnzidssupuszuuadaslinizuaunimediaiiuazninmanwiiasnsnguninii
lasnmsudtfywieng g aznszimeludaszniiniumnziasaie Wy lusnwinanzas

damaa3giulavassaiin
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2L\ / g
X \¥/ T (
) Uaémﬁaqm@"n )

= E o a
NN 3 E‘.L]LLfoUﬂ']iLW']zLE‘IUGQGQE‘]"I@H?&‘U‘U‘U@

MINIZLRLIA 8T UURADIN NN TRIIILatNUaL N NATNaUEITHIIURD L
a a s A g & o o & A & v ¢
LAZENTAWNTT MU LTI UNITINIZLREY FIUNIFIAUNAINADWNTLRZLNAINAD WA
U o {:’ dl' [ e 6 a 1 Id % d‘ s a
MoFaithdu 1wu darwadunt  daflauazvnesuuass udu Wailasnuniaaiy
YDIUNRINAORDENITIATTY Ll asswnwaaslwinanaznauriilyminusimiiiiilaunn
J g; o :‘ ) Q 1 QI | =Y o Q (37 ) 1 o Q
A% INHWIZINUIUIIHAINANIVWANLIT NI B aNTLIRLILANIVAM TN A UEINAUN
lgulnidnass (Kongkeo, 1997) %aﬁnwm:msmuﬁmﬁwné’umlﬂmimaamsl,ﬁm
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NN 4 31 LLUUﬂﬁLWW:LﬁU@f}“@ mezuumquﬁmﬁnné’umlﬁmj

miﬁnﬁmyuﬁsmné’um‘lﬂmim:ﬁﬂﬁé’aLL@%&'&L’%&JmSLW'}:Lﬁm 2-3 Lo
' & - ST T a s & o ~
laptsshanuaidesguaitadzann 20% va9U5aasinenue M0 3 Tu uaztia
\u 30% lugradeugariuuesmaimizians (Kongkeo, 1997) uazszlUMIREIULLH
Wuniaulaagrsannfissamnmawizidsigadiiasegnazesaiegiinaiimalan
Wi ldifadymnsddesirfennszuumzidssuuiadinannasgundsines
sIumaLszMIzRsIuuUIznuRywasudslfidesndimawizissuuuszunde
Uszanmh 50-60 1¥i1 TAuNINMITIAzLRsIFa I luuS I MR nTI8NTIe (Adams,
é o v v 1 g’ ¥
1998) @srilAdasinsauasinnaiaiduszoznmalnannldlunsiniziaos a1n
(% ! 2 o @ a2 a iy [ = Ao o
WaRaaINa I lEmnwzidssnuuszuunywdswinavanlglnaiduszuuniag
ldsuanuaulaadnsbsludagiu

v 1
4.2.3 MWz geszuunlla (Semi-closed system)
& 2 A ad o A i i
mMswziagsuuunsta UTa3un 2 wuu fa Semiclosed WAT  Semi-
closed recirculating system @8 I2UUNIIWIZIRgINEMTIURswEai U9 nleale
A A A = & a S a2 A a o
wnzidpslisinawenluiiouaz lulnidgainly Sduuumamnzidssiiazinmninga

LLa:muﬁﬂuﬁ'}mﬁ AWNUMIINZLREITE UL @

¢ 3

5. Qmmwfﬂuﬁmmuﬁyﬂaﬁmm
5.1 @mmmfﬁﬁmmmuﬁian']‘sl,mzl,gm&'m'ﬁfﬂ
QmmwﬁﬂuﬂaLW'm‘gmé'mﬁ{w RUNBD9 qmauﬁ'@‘[@mwﬁﬂuﬁmmUmw

LﬂﬁLLa:%‘amwmaamfﬂuﬂmwwugmémfﬁﬁLﬁiamwmmmmiamiw%zyL@UI@LL@:

qmmwmaaé’mfﬁﬂ UNAIDENILT b qmmwﬁnﬁmmzamiamstﬁmrjaqm@h AILEAI L
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ﬂﬂaﬂlu’]ﬂ\ﬁnﬂuaw\nzlaa8\1a@fu’]sﬁ\ﬁQmﬂ’]W%Tﬂﬂ’ﬂ’]ﬂﬂ’]?LW’]zLaUﬂa@l{u’]vlﬂﬁﬂqiﬂqﬂu@

Wa3ulIasanssi 2

3N 1 QuMWINAmINERNABNIIRBITINANG (FUMNN LazADL, 2547)

AN FANENANITRNUGD ama:ﬁﬁﬂﬁfjam’%fy@ﬂ@
g o o o A
MARIINAI "Lm“nq@
ANLAN 10-15 ANN 3-10 WA
ANANNLT WNTA-A9U DN 7.5-8.5 8.0-8.
USurmaandlaunazaiyln > 4 YN.GORNT -
Y
= 1 a
wan luihe < 0.4 YN.GORAT -
Mo lalasiauda Wea < 0.033 Un.¢iaRAT -
=) o _
QQIVERY 25-30 °C
a a 6 A v
RTHUINRDELRZRITOWNIE OGN -

@139 2 NATPIWNTINNUBLMZIREIFA TN (WNT uazAmAE, 2545)

WIndtaad Wiy NN NIATZI
fAanudunia-ans - 6.5—9.0
filed UN./a. 20
AU IUAE un./a. 70
wan ity (NHy-N) un.lulasiawsa. 1.1
WagWadgsau un.WagWada/a. 0.4
lalasiaugalWe Un./a. 0.01
Tulasiausu un. lulasiawsa. 4.0

Y44 . F e ¥ . - 4o
ﬂqmmwmmaaﬂmu‘luumwnuamammsaﬂax 50 LAAINLABDIRITNLARD
TulanazuadtRUAIURAIINNFTAINWIIRITUAZT UGN  adbubNaazrinlwniy
kg o &8 & ' oA ~ ¥y & A
LWﬂzLamammLﬂu"Lﬂamomuumiumsmuquﬂmmwmmmamumw LR LAZNY

=
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5.2 QEANINHININIEAINUALLAN
1. A% (Turbidity)
| wn = o
GRREIM! RUNUD aum‘maLL@Waammmuaawmﬂmmamzmmlﬂzgn
A oA o ' =« o ' S & oA v & 1 o a
g}@ﬂaumnm’mawaul%uaammﬂmauma ﬂ’J’]N‘IJWUENW]Lﬂuﬂ’mLLﬁ@ﬂ%mWJ’m’m
i ' 9 A A Ao v a
]1ILVIUABY (Suspened and colloidal matter) agmnuamﬂmlﬂ Taganvinluiia
' o a A ¢ A A¢ A AAaa & Aa '
ANY B laun 8138wn3yd 81300 wnsyd FI9TQUUIALANNNVUIATEIHINS 110
luasan 1T LNAINAEY LUATISY W30 lUANYASVAIFITUYINADE LT a%NATBIAL
N3P ANDAILLUITIAI Y Dudw (luas WRZ37ITIM, 2528) mmﬁmzﬁwa@'a
A AAda Y A o o ' ' 4 o o ° o o &
FoT9alnin Aa vinlvussaisgadadtdluinlavasauiildnisgsiassvnasva
6 =) A & C & v . .. ' v A

wwasriaauiNranss  SoLdulniatudu (Primary productivity) RINA IAUT NIRRT

a e Z’ a { & 1 J {
AUTIINTIAVBINATINAARS  LNAAsNaUTINUWAINAaBLAzIawIABL BN NI KITa e 9
o v a a \ a a6 £ 2 A , & &
mslmﬂ@nﬁmssummammﬂimqaumwfmmu JAnTUassasuanlaaanlad
Tudsuaunnyinlwdranuiduwnia-ansaass mwﬁuﬂhﬁﬂﬁqmwgﬁmmﬁwLﬂﬁﬂuLLﬂao
I@mLa‘wnzﬁaﬁw:gwﬁum’lﬁauﬁﬂﬁﬁﬁﬁqm%gﬁgdﬂdﬂﬂﬂaLLa:ﬁ’]ﬁﬁmiLLmuaaﬂag
ynazsusandlanlanasninifila (O'Neill, 1993)  wananiansuviuaasnvinliie
mwmjm:ﬁwé’u@my@iﬂé’@’fﬁﬂ@mmmemniﬂﬂq@ﬁﬂuﬁaamﬁaﬂﬁﬂﬁmsmﬂla
fetasusandlanlavesas maasydvladiainiidnd mawniduarvasliuazns
L'cn‘%fyLﬁiﬂ@maaéhéammq@m:fﬁ'ﬂﬂ%afﬁaoLLa:a@mmﬁmmu@iaBﬂ@m6] (World Health
Organization, 1986)

2. aowknd (Temperature)

9q u
Aa A v

qm‘ﬁﬂ&l Ao AuTau- LEWYBIUN qmwgﬁmaaﬁw:goﬂ’hqmwgﬁlu

U

usssnme  uaztiuiladpnianlnansznudaniaaiaidulevasad A uszlnade

Msazauvedeandianluin aNUnAusiaandanazaza1aiinla 7.54-9.08 JaanIude
a7 ﬁqmﬂgﬁmimmﬂ mmﬂm’m’i?ﬁwaﬁgﬁm LacAby (2534) ﬂﬁi’]’s’j’]qmﬁﬁﬁ‘ﬁ

v

wnzandemaaydulavasfinandilutainnzidosdia 25 - 33 aseusaiBos e

2

)]

qm%gﬁmaaﬁﬂga Lﬁuﬁﬂﬁd%tﬁﬂﬁiﬁaaﬁ LHa9INNIINTIAY aanﬁwmﬁauauﬁaqmﬁgu

f1N31 18 BIALTALTUR r"jw:"l,lidwﬁ’]LLawq@miﬁummi Lmzﬁqmﬂgﬁ@i’m’h 14
AIFLTRLTER a:ﬁﬂﬁrj&mu #aNINHBNNINBINUVIF IUANG  Uazatwe (2543) NaD
1 a { J 1 v a . . . 1 d
Igaunpingiluazdinalviauluilodass (Un-ionized ammonia : NHj) agfluzUhidl
& A & g A P’ ' & a '
mwmﬂuwugwu uanﬁ]’muﬂ’mﬂazJuLLiJaaqmﬁ{]wlmmazqgmauuwa@amw

wand1szaInguadunisniimalguszlomiainluinsa (Ogilvie et al, 1997)
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®
3. ANALAN (Salinity)

~ & et o a 1 J 1 g 6 g/ o U dl & Qs dl
mwmmﬂuﬂmammyamwumaammmmﬂqa Wasaniduilaasn
fwuadSinaesdafihnieydunidluunsaiiuueg (Day et al., 1982)  lavluaIusz
NTITIH (2528) leudsszauanuduaand 3 50U fa 1) 1130 (Freshwater) ﬁmwmﬁuagj
lug29 0-0.5 glunualIn 2) inses (Brackishwater) ﬁmwmﬁwaglwﬁ'w 0.5-30.0 &%
% 1 g/ =3 = =1 1 1 Q [ 1 6
lunngin waz 3) iLAy (Seawater) FANULANNINATT 30.0 &IULUNUEIN FIuaNLIA
LazAME (2529) MHRALLIITALANMNANIY 3 TEAUTULAEINY AB 1) ANNLANTTAU
@ Jeanuaneglugag 2-4 sauluiudiu 2) anuduzduihunaniidanuay
agluts 5-8 duluiudin  uaz 3) AnudnTzaugIddaNuanEINnI 9 dulunu

1 =3 g; 1 g/ a { =3 A' J
8% ANLAULBANAGaAINNRINITD INNTRE AU T0I00NTIA% LIaANLAULNNTY
AONTLANITAZAUUN LAaaaY lagintfuaziUsunmaandianluiitasniiiiee wie

e

s:@TumiEmTﬁam@luﬁ%ﬁugandﬂuﬁﬁ@ (@lUANE uazame, 2543) LaZWUINNI

2. Sh

v

wigdulalwihnlenuidumansay 1w P. setiferus Waz P. schmitti 1a3ai@ulaluiian
Janudurinnusesas 15 waz 25 aua1au sz ldUsunmeandiauiazansinging
naznudamaaiyidvlavesiing 2 il aaad

v o

ﬁ < ¥ a dl o o o | ¥ dl o Aa
ﬂdﬂﬂ']@néﬁx‘lLl]uq\‘]Lﬁiﬂﬂﬂﬁ]ﬂﬁ’]ﬂlyﬂladﬂiuﬂﬂqﬂ mmﬂuqa‘n FIUNINAINIDIA

9 9

aglwinziandzsanuiauning (Euryhaline) Hauidnagszning 0 — 70 dauludiu

[

fu  wdziigdvlaldalugisanuiay 15 - 30 auluiudn  fanadaanionu
1 dl = 1 v o Qs [l g’ dld =1 A
ganTUfswulaivasnnuLANa 19T 9 I@smmsnﬂiumaglummmwLﬂumau
@ ¢ A o A A = = , o v & . '
WinnugudwIathMiuaudNIuts 45 fwlunwaIw  benduszazawiniaas la
NUAANI T AU ULUIINNULANDENINZNUR K
é’aﬁfusl,umitmuﬁmfjaqmﬁﬁamﬁﬂmmwLﬁwaaﬁalﬁmﬁﬂ%aﬁﬁﬁmi
= = & = =i ' o ' & A '
Wasnudasanufuiasirinsifsunlasednedn g sr9anufunranzaudanis
LwnzLﬁmrj\‘lqaw‘hagi:WjN 10-15 &I LUWIEI Lwiazm"lsﬁmuwudwmmtﬁmg
Tuzg29 3-10 dwluwiudn  azldnafalinvesdesass lasawizdgniainle
wuafiSoiFosusas udu wenaneanuAvzlinadansaiyidvlavasfiudidiling
YNaN881%1 I NTITNTIAV0INI6 Y ﬁﬁﬁmﬁmﬁwgwﬂﬂﬁwmﬂﬁdﬁ%%mju
& ' S Aa & o ° o a A A v A £ =
wwadnaan  sulwihndanufudazilvnmseiysesuuaiiGouazInsladaNaduig

v A a

pnvhldfunaliald GnSe wazame, 2534)

] v
4. aandlanfiazagitn (Dissolved Oxygen; DO)
Ysunmaandannazarsinduildssrndanisasyiiulevassaiinlan
v N gy - < ¥4
anumanInlumIazasiivateandianinedivgmnnd uazanudnsain il

3 a AI ; o v a g’ v g g, 1 Q
ﬂ’]’]llLﬂ&lLLﬂzqm%Q1]L‘W?J"]J‘Hﬁ]z"/ﬂl‘lﬂﬂﬂﬂ‘ﬁL'ﬂ%ﬂZﬂ’]U%ﬁvL(ﬂa@ﬂd ﬁ@l’i%’]ﬂfj&lﬂiﬁl,@n%ﬂl%
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VD% 79 A9 ! sxfiannuladatSunmeandlanfiazaoin (Rosas et al, 1999)
Hesann1ssnafaeandianegrsaunanazinldniswislauuuldesndandndvia
I¥ifineayyndaszuasaandiau (Singlet oxygen) fiflufndaisas (Ranby and Rabek,
1978) a%aaaizﬁLﬁ@%uf:ﬁ]:ﬁﬂﬁvlmﬁu Tusdu aslulatnsauazfinealalnadodn
aaﬁﬂs:ﬂauéﬁﬁmﬂauﬁaﬁmeﬁaﬁ wulod  waztldulelaUnd (Yu, 1994)
fniuieandianezlnadonaaigidvla  n1sfinemisuazgunw
PBININAIN fiSanmeandianfiazansinlumanzay awﬁﬂﬁﬁummmmﬂﬁm
Lﬁﬂﬁaﬂfﬂuﬁa‘*ﬂ”’ugumaLLazawﬁﬂﬁﬁmWEJVL@T USumaandraniiazaninezinig
Waswulssndrafunswaswulasmasenuiunie-ans Ao ﬁﬁwﬁwqalummfﬁﬁm
Lﬁaamn"ﬁaaﬂmoﬁuqauw%ﬁuamwaaﬁ@auﬁmﬂ%ﬁwaan%mmﬁamsmsﬂ,ﬁ] SETTR
'«gauw’%ﬁ%ﬁﬂmiﬂaﬂamwau%‘mm:msﬁuﬁﬂuﬁawazL'gm WEITNTHUNAIT A
ﬁmzlf%'wﬁmié‘dms’lzﬁumﬁy‘aLL@i‘*ﬁ’Nﬁﬁmeiwﬁﬂﬁﬂ%mmaan%wmﬁuﬁmngoq@lu

AOULNYAILRAIIUAIND 5

ANIFILATIZALRIVDILNAIN A DUNT

n1sgay

BRRELAR

pH VoILFY y
28979
079 /. mywglavas
co WNRIN AN

)(2

6 9 12 3 6 9 12 am 3 6
am am pm pm pm pm am am
| |
a9 | nNa1IAL |

ANN 5 LEUANLRAINI U RuuuasvasdSuainmaandiaw wazin
& & \ I ' A \
asuanlasan kauazAaNudunIa-as NT9a1A199
WNBLWA O, Uz CO, waaatduaalng) wineiemaiiUTun g
& a =3 K A oy a el
LAZLRABTUGUAN RUIBDINITUINIUAN

[~ 1
5. AL wnIn — A9 (Power of hydronium ion; pH)
& ' Y a a v o Aa
anutunia-ansadiin Aa ﬂimmmmmemumaa"LaI@sLauvl,aaauﬂwagﬂ,u
¥ A & o AaA o @ ' g o &7 & ' 4
1 dauiladsnlanudrandanmawiziiessadiaininnzanutdunse-asuadin
ﬁuﬁwa@iaqmmwmamﬁmaam 1w JuasaaNdwiwuaIiaLanlubyuazing

lalavaugalng  la pr9aNAdunIa-dnmInzandansRssfinaidiaiiienag

U

mimela
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lut98 — 85 ('3;‘]@@1 uazame, 2534) a1a1aNdwnTa-asAauTIIdNTEING G
A A ! & . . A o v A &
wuafiSongululasuuaiaas (Nitrobacter  bacteria) ithwnsifitasaaslulnyd
A I 1 o' 6 A I3 o A A I3 a
Iz luaniznaranuiduwnya-anedn i lntdazidfawduwnsa lwasadaianuduie
douvaficongululasuuaaed MldujasonluniWiadu (Nitrfication) nealudan
{ 1 1 & { o v a a
(Hargreaves, 1998) mifidnanuidunsa-dsaaasazidugingnianliiionsnda
RIDMIFLHNVDINTADUNIE LTU NTABLTAN (Acetic acid) NAAINNATELIRATLNUNLB-
8%u (Metabolism) vassnydunidn lisuysnivasuuafiGundu@lunilwieas (Denitrifier
bacteria; Menasveta et al., 2001)
fwiuAanudunia-asndaninags (pH 8.4-9) e lduenlaiionlosan
L ) g d | a 1 e :/ a
wanatduuanlufis (NHy) andin Sawenludiofdanuduisdesadinlaoass @lufing
URZATHE, 2543) uaﬂmﬂﬁﬂ'\idaNa@iaamwmsa:mﬂvlﬁmaom@;mwﬁ@ LB Vin L
LARLT O ULAZ LI NTLD N ALY [ A Lﬁaﬂ’%mmuﬁm@ﬂuﬁﬂﬂfaﬂﬁﬂﬁmsaaﬂmﬂwao
f:]"wszﬂ Hetywnsaananuliaan LLa::fﬁ@hmmLﬂuﬂm-@hmauﬁﬂa@hﬁaa;Jisl,u
I3 o v Y o = 1 a A' J
amauﬂunm%mivxqaQmmumwvl,mamﬁn@aaﬂmﬁ]mwumnmu (Allan  and
Maguire, 1991) lag'lua3 uazanyisvm (2528) ldusasdranuiunia-drsnmanzas
AAMILNIZLRLIRATUNAIANT19N 3

2
o

@137191 3 anudunia-dnnmunzandenmnzndssdadin (led waz g,

2528)
AN D wNIA-613 HANIENUGaFa S

4.0 vi3odnnin Husuamavnlvdasinansle

4.0 -6.0 01azliions wdazlwlduandadn fasaniimaasyidvla
1 wazvilinsfuiugngaredn

6.5-9.0 [uszeumanzauaamstziae9dasin

9.0 - 11.0 Tz audonsens9diavesda i teasanduagiiu
81 2V IR HANEAGA

11.0 ®IDNINNI \uiusadasin

6. d13usznaululasian

ssUsznavlulasaniidnadasafinlaoass aa lulnsduazuasluiis infa
WRZATAE (2534) 51ﬂmmfﬁﬂ%mmvl,uvl,m@il,azuaaﬂwLﬁﬂﬁmmzamiamimgmarjovlaj
A73LA% 0.3599 Wn. NO,.N/L waz 0.0396 un. NHyL awdey  lasuanlufiafiny

Twingl 2 31 fa Mawawlaily (NHy) fazwuuniladianuidunie-asgindi 9 uaz
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+ A ' a ] a g’ { ' ' o
wanluilonlaaan (NH, ) T9'liiduindegainlasazwusnniliasanuiiunia-asdn
ni1 8.5 1mjal,§mfjamsﬁLLamImﬁUVLaJLﬁu 0.1 U8Ansudafas laglulasiauiiau
g; v dl v 1 1 lﬂq, v tﬂl v tﬂq’ U ‘é v
nminuaiauaz 97 Midnguaiisfaunanensnliidesnds  dsfaazazanlulananlilu
Lﬁaq”avlﬁﬂizmm%’aﬂa: 21.8 lTulasiauniriaiauyasas 80 ﬁ]mﬂﬁnagluﬂa

& . Jo A Y 2
wnziapslaveglugdresasanwiussdifeniudotzanmfossz 70 uazlugvasds
AunneNazaesinle 1w aunIdiwlanian wanludie Tuwinsduss lunialszunmiosa: 9
(WNT uaz 81384, 2546) n1ndoafeaninisliernisuaniiuldazildlidiunm

a = 1 n‘lp nl J 3 ﬁ a 6 A a a ) 3
RVIBUNIH MU AW RUIANTUAIY  TINITIAITRUTIRITBUNIO Llasasirinlasin
F3nRuulamUSumansdunds fa nIwdndled (Biochemical Oxygen Demand; BOD)
I@ﬂLﬁ‘flumﬁ@ﬂ%mmaaﬂ%muﬁlﬁumirjaﬂamﬂm‘sﬁuw%ﬂ@mmﬂﬁﬁﬂmjwmﬂ?

a a é a a o s a a { v 1
aandanlumaady FalSumeandanesulsiuasanuliunmwensaunignandnslule

2 o &0
LANICLRUNIRAIUN

7. @asisznauneoanasa
WasWadmiusignlanudsdgyuindnivunasin 193 sidfsuniag
ADUTNITTUT V\IaaWﬁawu"L@TﬁﬂugﬂmmzmﬂﬁﬁLmzagﬂmemmaaﬂ TINATAY
g’ v = g: a a6 A a A 6 a A 6 a d' :‘ a 1
i ldazinignsdunstgniasnsaiunid sdunIowasawasanaza1siinaziinannistay
A A A Ada A ' a a gd Y o &
FaNLVaIVRINTHIRINTIADY 9 danaTefunidnacareiniinazidusaslswamnauay
A a o v & ' A A a A A
aunAuInIsninasWeiw laun unastaaud1d 9 uuafise lasduuafisauas
6 A s (% =3 a 1 (% A
LLwaaﬂ@auwm:mmm@muaaﬂﬁWaaLWWvlmmmmﬂmumwmmmamswiﬁumi
=) 1 dl =} a Qo v 1 = 1 Qs =3
1937y (Luxury uptake) muwaawxlsmmaaﬁ]zgﬂmu@:ﬂau@mu%amasa@mmuﬂu ok,
lrnunamnaluirdSunméruan (Scottish Executive Central Research Unit, 2002)
ﬁﬂﬁﬁnﬁﬂ%mmwamemaLLauﬁﬂau@a fuaznandsdnisUassnasnalwnuiin
é’(m%’uwaawxlsﬂuaumﬂauﬁ'ﬂagﬂugﬂmaamsﬂsznaumﬁnﬂaam@ agﬁﬁwlam%lmaz
waatBounemne lasfinneldan1nzNlieandian (Aerobic) ansUsznaunaainaaz
azaninlday LwiﬁwLﬁ@ann:"ﬁaan%muvxlamﬂm:gﬂﬂdaﬂlﬁﬁ'ﬂﬁ’] TINTUN
mmm@@%uvlﬂal,%ﬂiﬂwﬂﬁumﬁnmaaﬁmmwﬁ@mmm@@%uwaaLW@mﬂaumﬂau
lalasass (Jones et al., 2001)

o 6 .
8. lalasiaudalna (Hydrogen sulfide; H,S)
& o &4 a [y a A A o
m‘iwmLamammﬁ]wmﬂ%mmsﬂizmwiﬂ‘muga ?JE]GL&&W]E]T]“UUE]’]U LTl
A A a | Aa 4 & A a by

8'1‘1/‘1’151’]Lﬁﬂﬂ'ﬁ]zm@ﬂ’]iﬂaﬂﬁa’miﬂﬂLL‘Uﬂ‘YlL‘JEWI@%JJI%W]LLE\]HNQaaﬂsm"i]%lu%’]%ll@vlﬂ'ﬂz
Aa ' A 1A A . g o A
dianszuaunisdassatsluan1nzilidsangiau (Anaerobic condition) w33y

o 2- ° v A = v v A & P o ~
g13dsenauwatne (SO, ) VRN WAITUBLANG TOULNUDANTLAW AIFNNITN 1
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o HUANILIE

f30un3d  + SO, — » ST + HO + COp .oocen.... (1)
Lidaandian

Y

aima lalasnudalidaglasuaziinaumiiu leTasnuda’ludd 2 3Uuuy
do 1) lalasnudaliadase (Un-ionized form) 1w HS uaz 2) lalasnudalidianda

1 - - Y 1 4 4 K% 1 [~
(Tonized form) 1¥U HS Ti?f] 82 ﬂﬁLLG]ﬂﬁ’l"ll’éNvlaIﬂiLﬁ]uclfaleﬂﬂgﬁuﬁﬂﬂUﬂWﬂ’NMﬂUﬂﬁﬂ-

u

Y
anveuh  Mawnuiunia-aegendi g wlsnglugdveslelasoudalidianda s

Y
fannuilunsa-asvenidiind 8 wlsingluzlveslelasnudalidsasziludulng

[ o

Y @ a E4Y)) ] IL I~ o oy
wonnntuuanGedeusnoend ladns lalasmuga lva 1dnareilunsatmuzdunii 1
= I~ a 4 % QSJJ A YY) [} @ o
tannzilunse (uniuns, 2543)  aaiwmeilesnusunsieniniiy lalasouda lvdlu

] z;‘ [ o"g’d 1 =1 [ A a [ A Aa o 1T A
‘]J’E']LW'WLﬁﬂﬂﬁﬂ?u’mﬂ‘lllﬂ'lill1@Tﬂﬁlﬂu°ﬁﬁulw98ﬁﬁglﬂUﬂ31 0.002 YaanNIUADANT

5.3 @mmwﬁﬁm\i%amw

, e & 2 ]

ﬁ%ﬂuﬂﬁﬂé’nﬁ'zyﬁmaam WilesannianIsuend g PasFaTindautAgTasiu
WTIRY LWiﬂxéT@rjrm{ﬂ%ﬁﬁLﬂuﬁaga’]ﬁﬂ d139fiw  AuamTuazFuiug (dudu
qmmwm{nﬂs:ﬂauﬁaﬁqmmwﬁg\ﬁmamﬂmw AHLAETINN UAZAIMIWNNITINN
ﬁmméwﬁty@iaﬁaﬁ%%luﬁwﬁmamﬁ'uqmmwﬁ"mwmﬂmwLLa:Lﬂﬁ I@uqmmwm{ﬂ
NTINIWN AUNBDS @T"ﬁﬁqmmwﬁﬂﬁﬁuuﬂuﬁaamn?&aﬁ%ﬁmluﬁﬂsfiaﬁNam:'ﬂmia
#0330 Wi NNIATILRENNIBN 1% UNAITAoWRT LazuNAITAanEaS uuATHTs
fin Wanalsn awine (ahiuns, 2549)

A & e . g o ¥

6. AwNwUauaznITazaNTLAKIBLDINLLALIFA TN

6.1 Aniuila

u'aamﬁ@mnmﬁqj@ﬂaﬁumﬁﬂﬁauu‘%nm‘ﬁyuﬂagm’%yﬂ’j’] Suiuiia (Pond
bottom soil; Avnimelech and Ritvo, 2003) auiuvalutszimalnodiulnajusznaudasdu
ke (Clay; Smith, 1996, Islam et al., 2004) Qmauﬁamaaauﬁuﬂaﬁmwé’nﬁtyua:
ﬁwa@iamnﬁzyLauimaaﬁmfﬁ’] I(ﬂmawwzasm‘fiwiaﬂ’mgmfjdLﬁadﬁnﬂ@’mﬁﬁwma
LIl RFEMIe I MITLAT AN TInag USRI GY fjﬂ%mmdmlmyjagiﬁu‘%nmf: Taidn
azLﬂuﬂWiy@stoLﬁaéwwswé"sLLazmsﬁu@umﬂauu‘%nmﬁwuﬂa (Boyd, 1989;
Avnimelech and Ritvo, 2003)  AMMIANHINLIIMNIUWINTZNVBINIUTTINTIADZ
AT asnusnumasauaznan (Williams, 1958; Hughes 1968: Rulifson, 1981) Lazn13
ﬂ;miwnLﬁaé'wmwaoﬁ"maaﬁafuﬁmmLtmﬂ@iﬁaﬁ'uluLL@iazawyﬁ'uﬁ TR NP MHEE

‘vxfﬁ'mﬁ"my@lmﬂuu%nmﬁﬁ%’@“ﬁ (Gopakuma and Kuttyamma, 1996)
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d” 1 ::9’ > Kg‘
6.2 NIAZANT LA LWL ALNIZLR ST IUN
& A a aed a a , a X
YA Ao msauma‘nmmnﬂmia:awaaLaafl,ugﬂmae] TasvadtFuLRaIHha
en o Aa 6 A A o &
qmauumﬂumsmagaLLaszsmmmaaa’lsﬂs:ﬂauvluImwuLLazwaaWaiaga JINNY
\usnsvadnfiiniziuatnmain g (Hopkins et al, 1994) mMiszanvaidianazinlug
naasuudasguantiGuasduiuia (Avnimelech and Ritvo, 2003) G4lun1aimiziaes
LUUNNWIANTZUIWAILAADIAY  1aUISNABINNNIIRERNTAIRIIBUNIHINNFITU DY
PYIRATUILAZDIMIINLARaURAWN UL DA AANTH oA LUBIRITBUNIT A8 ldFAN
H0anTIAnLAZLAANITRL ANV DIRITDWNIENINRIINAINUAITAINANY  LalA NIa
dun3d Alaw 9aa a6 Laluuazivasuatuny (Boyd, 1992; Fast and Boyd, 1992;
. A Aa a A 6 a o 6 :/ A
Hopkins et al., 1994) LUalAANISRLANVBIRITOWNITINNVDILRUVDIRATHILALOIAITN
QI ‘3’ > Qs o v a 1 { v =) =) v =Y
mﬁaLwmuwawﬂumsmﬂmaazmiwgau'ﬂ’%‘:ﬁnquﬁlmanmauslumsmmﬂmaném'cnu,
yrntAnldanrirlvdaiwizidsafesnnzlidaandian sinaliiianistasgany
a A 6 v a A 6 1 dl 1 % A a a A 3 [ 6
msaumﬂmUqaumﬂﬂqw"l,w’lfﬁaaﬂﬁm,ﬁ]ml,azl,ﬂ@1miww fa malalasianga IWaLay

g &

27 é { a ‘g 1 v | =) 1 Qs g/
Aawanlutiy FIRIINAANNNTZUIBFFNTLAULAS AR AN N 6§ a1

(Y
@ &y

LLa:LLmﬁL‘%ﬂuwaﬂa;uﬁLﬂuﬂiﬂmﬁ@iaﬂmww:lﬁm dnnemarlalasiauga lNe savinlw
SanliFdusciindwniudnds (Solbe, 1979)
maunsnszansvasiianlutainziasssdwlyagne i uuuunnd s dunaun
NNTATINUMEMWUAZTINN  LF1% MTUVIUABLVBIAENA RANINITRY WAL
yasameanniedeaduenme udu lag Ritvo uazam (1997) mmmﬁmm‘&juﬁ
Lﬁ(ﬂ%ﬂuﬁaLgﬂaﬁaﬁﬂaﬁwﬁwﬁuﬁﬁumuﬂﬂmaaﬁasmﬁ%mmqwﬁyumaammﬂmﬂm’%aa
Va1 Imywuiﬂﬁmyuﬁyummmflmaﬂamzﬁﬂﬁﬁmumﬂﬂ’jﬁaﬂaz 30-50
szavagUIMNanIle Fasnmiintuanludigunnuidudn 4,220-8,950 lulasTuans
yaefvsnsvladuenlufiuanududu 560-1,010 lTulasluans UStaiinsazaw
maaﬁtaummzﬁwammnﬁ@L@UI@ NINTTULALFUNINVBIT] Togtawziaasiiinng
a:amaa‘*‘ﬁl,aumm:ﬁﬂﬁé’m’m’mﬂﬁmummnﬂmf‘zamaaﬁw‘h sauﬁaﬁﬂﬁﬁuﬁm

o a & Y
ANULATL S‘jﬂ@]i’]ﬂ'ﬁ(ﬂ’]ﬂL‘WNT%LLE\]&@’J’]N@H%W’]%I?@N@RG

%

a 4o v a & a &
yaaFoni e diauiach
1. LABAIAIIN
d' aly v Qj a g; v A ~
oI lElumainzifsadauaziniomissauazainiiuiiniaanisiiie
lasfidudsznavvatansdunisfesas 90 lasdsznavdaelulasiauuazWoanainaglu
UTumgetenas 77.5 uaz 86 AuA1AL (Bratvold and Browdy, 2001) 3INM13ANA
wodfemunsai lulasuuazWeaneialuamslldlumaaigidulafssTanaz
21.08 + 2.635 uaz 5.81 + 0.76 anuday  tdnsliomafennnifinld amnsdiud

A @ \ A v o v a | a X Al & o A
L‘Viaa"ﬂz(ﬂﬂﬂqﬂa%Jlsl,u)llaLﬂﬂﬁq@ﬂqlﬁquﬂ@ﬂqsLquﬁﬂmu Luadﬁ]qﬂaqﬂqiLaﬂGQG'ﬂﬂzﬂqﬂ
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Wld 1ww e msraazduE UNITaTYYaILUATITY dauominlanlninungin
é 1 g 1 1 a o Y a v 1 v
nianasgiutauazanagludnaznaurliiianisandsvesamissonaliunasinau
a 1 é o v =y a d 2/ U a
Aruazuuafisoaigaduin  fsesklidIunmeanFauiazaisiiaasusiiie

S A A
RN1IICU Lu’]LﬁUI%ﬂq@

2. AnAzNO®
a A 6 1 A g d‘y 1 t:? v
msazamaam‘saummmzmwmﬂaunaum:uﬂsammﬂmLausluual,amqolu
Urzinalnoiialdnansdszns fe
2.1 mﬂauﬁLﬁ@mﬂmiﬁ'@m’aumawauu’mﬁmrj”a (Boyd et al., 1994) lag
WUiNTaeas 70-80 °11aa@m:namzﬁEhuﬂizﬂamflumsmjumam? (Quartz), Kaolinite
Waz Mica-illite  veuzNSasaz 5-10 Azl Amorphous iron, Aluminum W& Silicon oxide

NRNDE
U

=

2.2 au@:ﬂauluﬁaL?lmr:]“aﬂLﬁ@mﬂmiﬁunuﬁmaa%ﬁuﬁwr‘j& TINWNAIN-
A A A ~ A o v & v A g a & A A o o
mauwmmﬂwLimm:mmmmsﬂmaam‘lvmal,amqam@msmummﬂummq%mwml%
a d‘p ‘:S' ﬁ' A 1 d‘ a J a ] dld‘» a dl 0 =
AATLAA TIULAA Ao RIWTIENAAIRLIII NI o NAWDWTILAA NN FI8 kD9
g ' ° o ' = a ' = a LA & '
wntarldminseinisesyedienaisciawalngintes 9 auduwurunun
1 Q 1 o % a (23 ‘é 1
Tug98 AT BULRILAA I DIV IR I NINRaM a1 Uan laaan a6 S99siu19gIn
lﬂ. :’ v v L = 1 dl Qo Q | d! 1
Nazasinlauaraanldluarmenud  wazu19gInNIzITINaN WL wNaIa M adIaz i
' ' o L a ¥ { { o o o 3 '
amLqumvm91%%53@@@9%%5“3%1 Lﬁagﬂﬂﬁummeumﬂﬂu’mﬂé’]ammwﬁmmﬂ
aantduTuaney LLa:waagjﬁ’uﬂaiuu’%nmﬁﬁﬂLLmLL@@f&advlsjﬁaﬁﬂﬁLﬁ@mssiaﬂamU
mulazgnnzlidaanGanuaziianialalasianga e wanulutie  lntauwaz lwlnsd

USunaann (@wsaw, 2531)

3. @1%919
Aa ' a a ' g o &4 ° v A o &
mindamioiaunisldludewizifosdafinesildifienssaensiuas
s o 9/:/ ] J g f:‘ A | 1 J 1 v

PN UNE19T% ml%mluuaL‘mzLamammwmmmLﬂum@-mdgdmu FINA LA
a = a d' I a 1 £ A' J o 1 A
m@LLauTmuﬂaaixmﬂuwwaqawamﬂmu (WNT Uaz &304, 2546) el LA aNA1 IR
fuTgazuestanaandawnaza1uin lltliunszuiumaviela  ganalwdSanmaandian
Naza8iIanaIdn LT LLazLﬁam%iwﬂmmaaazamo"[ﬂﬁ'umuﬁ'uagjiu‘%nmau
AZNOUNUL D ﬁﬂﬁLﬁ@amaz"L&iﬁaan%mmmﬂumm@ﬂﬁﬁ@mmﬂ%%mmﬁwLLazLﬁ@
o X e
LT Lah b
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4. §9TUAIBIINNY

2
o

svrudrsangadiswlngiduasdsznavulasiaw anslulaesuazldives

2
6€ o A

{ ¥ o A o a & a o s '
LﬁaiZUULW’IzLﬁU\ﬁa@]’su’mﬂ’]ia:mlaﬁmmULW%JSJ’]MJ%LLM&MJUE]’]Ummﬁgﬂﬂaﬂamﬂ

& 1

v a =) { v =) 1 v Aa v =) QI ‘3‘ ‘é o
defananvendunidnguilioanfianazsnaliiianisldeandiamianiniu Savi
T¥Sanmaandian N gInadan NG aIN1TVaIFa I8 TIuNIaavnlvrn WKl anTa
?mn@ﬁau’l,mzummuﬁmayﬂuamazﬁ"lzjﬁaaﬂ%mu Lﬁaszummuﬁma%ﬂuamaz
= ] =Y 1 { 1 v =) ] a A 1 a
asnanaunidngu lilfeandianazdessauasdunid  Teolumsbenaaoveandiu-
nidnguitlailfeandianaznaldiiaanineni g ondrat1agu nMIfinsvad Kongkeo
(1989) wudwauﬁuﬁmﬁmr'fjuwuﬁ'wuﬂuﬂ*s:mw"lmmflmmdaa:auﬁ”wﬁw LT
=1 o 6 =1 L I 1 a A 1 1
wanluity lalasiauga Wanaz N wastdulnaIreauTaILuaNIunalsa 17%

LLUﬂﬁL%ﬂnajuﬁu%Ia (a8 UazAhE, 2549) waz T Dudn

7. wslulaéin
A a a ‘g % '3 oq‘
7.1 dszalwsluladnuaznisidins luladnlwnisiwizia e dain
Metchnikoff ~ (1908) iuyanausnfisulauazdinsidoinuanulnsluladnlasd
\ A A a A A a o o v & a A A
JasananaiaiiulTInuuafiisouaadnludlduszdugsfansinveuuaiiGeralaly
o v 6 g; Yo o o a 1 a a (d‘n Y '
mvl,amaamgm Iund lalidrsnaanuvasInsiuladnin 'gaumamﬂumgiwmﬂm
fadszaadiNasaaiugunn dean Parker (1974) ldldddndaanudn &elidiauas
dnid 1 a = o v 1 a a a%’

mimu‘mwamaau@amaagaumﬂuaﬂa fuanunNnevadlwy luladnluldaniae
o & =< a A 6 A A A Aa AAd A a o
dafimanatia 9dunid lasawzuuafiiioniananiaanuuaiiisondud i luszoy

Y o e o  qe eo g .
nadsdaihud lfinatieldgadaindflgunindau (Liley &  Stillwell,  1965;

a { A A

FAO/WHO, 2001) lasyauridndqmant@idulnsluladin andqat1agu Lactobacilus,
Bacillus, Bifidobacterium, E. coli, Clostridium botyricum, Enterococcus, Streptococcus

WRZHRE A9 6 (NA RV IWUE, 2544; Gatesoupe, 1999)

A B C
AN 6 qﬁuw’%ﬁﬁﬁﬂmauﬁaLﬂuIWivluIaaﬂ

q

(A) Had (Saccharomyces cerevisiae) (B) Lactobacillus bulgaricus  (C) Bacillus subtilis



mﬁ@maa1w31uiaaﬂﬁﬁwuwlﬁiuﬂWirwwmﬁﬂaﬁmfﬁﬂazﬁaruauﬁﬁu@ﬂdwaﬁu

aan'ly

WWzIReIFa N Tiad1g 9

Faluan3197 4 azuaasdsriavadlnsluladnuaznsldInsluladnlunns

A3191 4 sievaslnsluladnuazmsltintluladnlunsinzidesgaiisiad g

(aauUagan Balcazar et al., 2006)

shalwsluladn shiaFa i 5msltinsluladin LlONR1TEN9B4

Streptococcus lactis W82 gnaawilan Turbot duaslulsdines Garcia de la Banda et al.

Lactobacillus bulgaricus (Scophthalmus maximus) uazlaazaay (1992)

Lactobacillus spp. W8z gnaawilan Turbot dululs@inas Gatesoupe (1994)

Carnobacterium spp.

V. alginolyticus Uauaauandnuasanat szl cell Austin et al. (1995)
(Salmo salar L.) suspension

Carnobacterium divergens UannaauaaLanan daluaws Gildberg and Mikkelsen

(1998)

G-probiotic Uaniiagnuan daluams Naik et al. (1999)

Carnobacterium spp. Uauaauandnuasanat daluams Robertson et al. (2000)

Lactobacillus rhamnosus ‘l_lmLmﬁ@TmmfG daluamns Nikoskelainen et al. (2001)

ATCC 53103

Aeromonas hydrophila, Uaunaam mfa daluawmns Irianto and Austin (2002)

V. fluvialis, Carnobacterium

spp.

L8 Micrococcus luteus

Enterococcus faecium SF68 | Uanlna (Anguilla duluams Chang and Liu (2002)
Anguilla)

L. rhamnosus JCM 1136 ﬂmLmi’]@Tﬁwi‘l duluaims Panigrahi et al. (2004)

Bacillus circulans ﬂmﬁaﬂmﬂ (Labeo duluanms Ghosh et al. (2004)
rohita)

Bacillus spp. S11 ﬁ:\‘iqa’lﬁ’l daluamns Rengpipat et al. (1998)

Lactobacillus spp. ﬁ:\‘iqa’lﬁ’l daluanns Phianphak et al. (1999)

Saccharomyces cerevisiae, T‘jﬁl’n daluams Scholz et al. (1999)

Phaffia rhodozyma L8 S.

exiguus

V. hepatarius, Vibrio spp. fj?d“ﬂ’n daluams Balcazar (2003)

LRSS

Bacillus spp.
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7.2 Uszlanvaaslnslulaén

7.21 Tnsluladnfidalwannisdantiin

oA o a

TnsluladnnauninuauluaivisaadinnwasininNlunistiuaaasuns

q

widulauaztisasnddunuliuisafiasegiadisnszuiwmaasde Ui fe

U q

7.1.1 Lﬁa‘l‘ﬁlﬁﬂﬂ&l@!ﬂi%izﬂﬂﬂ’ldlﬁ%ﬂﬂﬁ'ﬁ

a A A 6 o a o % % 52’ [ a
I@Uﬂﬂmfgaumﬂﬂs:maulum"lamaaammﬂi:ﬂaumﬂqauﬂ
ﬂixIﬂmﬁLLa:ﬂﬁjuﬁﬁalﬁLﬁ@Iwu Lflaﬁmﬂﬁﬂﬁmqauazﬁﬂ%mmaﬁum%ﬁﬁh

1 o YY a o a é
annitazliisalie (Gatesoupe, 1999) Fsdimuihlnslulad@ndaduuuaiizongy
Aa & g o &o A va 1A A A6 . AdA &
nfidslombinlglumadssda i ellitiinuveniunidnguniidelosiagiauae
¢ 1 Y :/ Qs = a J = =Y QI = = =) QI
frardanalidaihdaannauaiydulegadu (giuda Gudad, 2551; glimdia Au
s & s d 1 a a
30% UazAmMe, 2551; Balcazar et al.,, 2006) Tuiaduninadansiasyvasinsluladnle
YaNMILauaIWT oA amnNd A1 Redox potential Lo L) LLazizuuQﬁﬁuﬁ‘maaﬁm’f
& & A A Aad a = \ a v £ . Aa
i MunssIRsriaaaiingdunidluenaduemisainu 1w ewlolllsdies
wuatnaslagulalelad lalasiauideseanlsd wonluiiy laosdda nsadunsd

Aa v §

(FUTNa HuTak uazIIwad @WuTTe, 2552; Gullian et al., 2004)

q

‘:q' [ o?: d" 1 v a Y % % 6 ?f
7.1.2 WadugiBanalsauaznszanwniannnuasdning
Tnslula@niinalnlunisdugaranalsauazanszoziiainisinalineay
1 J 1 =Y =) Q 1 1
nalnedd 9 Auagnusiaveslnsluledn (Balcazar et al, 2006) undlatit uuafisy
I‘Wivluiaaﬂﬂsju Bacillus mmmamﬁmmLLuaﬁL%fﬂna:u%u%TaiuwwaLaummwaaﬁa
nadld (lasuna yay'lne uazame, 2550) uazlwslule@nngu Lactobacillus  Nwaulu
mmsr‘j&ﬁmmmmmma@ﬂ%mmmﬂﬁﬁﬂmeaulumaLaummirjﬁ’mmmw
BWLAEINY (Venkat et al., 2004) 4anN3aN%h Chythanya Lazamke (2002) WUIMUATLIE
% 6 a % g; a A 1 A A U
NWNZIFBWNUT Pseudomonas -2 sansnwdaasdussuuafisonalsanguivilalurs
v L= g; a A ] a ) o a A 1
¢ nsgugsuuanisanalsavasinsluladniduwnaniainnatnnisvinansuuafiisuna
Tsa lagn U a9 uuEIa15aNIRITHAZAA AW TN NI Tda sl anNRaNTAULTAS
A A ' ° o aa a a v £ v o &
wuafiissunsvaunalse ldasdjiunenluslulafinasnsiudninatsesalsznay
vosias sanaliuuafionalianganaaiguszgniiaslufiga (Moriarty, 1998) 210
= 1 a A a a o A wa 1 £ % c.{' &
m‘mﬂmwmnmﬂ‘nLiﬂIWi"luIa@ﬂuwomu@qumauumlummamﬂﬁawLﬂumm@;
284150 lUFATHN LT Hematopoietic necrosis virus (IHNV), Hematopoietic necrosis
virus 8z Oncorhynchus masou virus (OMV) D wein (Kamei et al, 1988,
Direkbusarakom et al., 1998)
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A 1 1 1) Y ® [~
7.1.3 Wazladagasamvnsawialnal villunasamisawiatan
a [ v {g’ = Q/dn' J a
Twﬂuiamﬂmmmmulﬁamm@@wmmﬂmmmu Taalnslulad@n
o & & ' a A '
VENRILARLTNDONNIINLTAR LT Bz luLar LUsAlaguazlatla NTIutaurany
aslulaiase Tusaunazluiw arudieu a9lassasenausanlilaniliunianas
] a A 6 ™ 6 6 6 e A
LT NIABWNTY NIALUN® Laanagos tasines a1suanlasanlod Jinuuas
lalasiaugalng (Gatesoupe, 1999, Balcazar et al., 2006)

] v
7.2 Tnslula@niiamsSudysaaninin

mﬂﬁwﬂﬂaaﬂluﬂ'ﬁﬂ%'uﬂgaqmmwﬁwz"ﬁ’s gl¥nistasganas1sdunIg

(§

sveliunid iawemuazdflidssinInawandslu (Balcazar et al., 2006) NI

2

| ' ~ ed & A & A \ o 6o
frataggarsnaylaiouazlwinsdaaduwsrsUsznavinlasianmduiNudagadiin

&3

(Boyd, 1979) dawa‘lﬁqmmwﬁﬁﬁmmmmzamiammﬁryLauimaﬁmfﬁmaz&mmu

D

= A o Aa & v a A o ¢ a ¢ A v o
iTllﬂWWLL“INLLiGLLazNa@liqﬂqjia@]T’gﬂfﬁﬂmu (%Um"_ﬂ(ﬂ BUIAW LLRSIINIA EWW%]]‘?IE],

q

2552) Iwslula@nfildaiuquamniniiiensimnzidesda fiuaasfsn1snem 5

a1391 5 silavaslnsluladnieniugugunmwihlumamziesda i siiade g

(aaudadInnan Balcazar et al., 2006)

2

sialwsluladn rhasaiin LON&N81989
B. megaterium, B. subtilis, B. polymyxa ﬂaq@]ﬂam%ﬁ'u, Queiroz and Boyd (1998)
L& B. licheniformis
V. pelagius UJan Turbot Ringe and Vadstein (1998)
P. fluorescens dansaan g%’q Gram et al. (1999)

Asanlan Turbot

Hjelm et al. (2004)

Roseobacter spp. 81 ﬂﬁuﬁ: 27-4

Bacillus sp. NINa1eI Moriarty (1998)

a9
Vibrio P62, Vibrio P63 WLRZBacillus P64 rjwn Gullian et al. (2004)
Pseudomonas sp. W8 V. fluvialis rj:mqm@i Alavandi et al. (2004)

Aeromonas media & ?.I‘ﬁuﬁ: A199 ADYUNNTY (Crassostrea gigas) Gibson et al. (1998)

Roseobacter BS107 RAULTRE (Pecten maximus) Ruiz-Ponte et al. (1999)

Alteromonas haloplanktis Riquelme et al. (2000)

RaYLTR 5‘%5 (Argopecten purpuratus)

a { ) % ‘s 1 ‘s (> dg‘

7.3 lnslula@niianistintdaatanlwiatwizia gedan-iun
Iwﬂuiaaﬂuaﬂmm:lﬁﬁaﬁwﬁ'mmmwﬁmﬁaﬂ'smmmﬁwﬂ%’lumi
o Q dq/ 1 d"/ v =4 = = o = d‘;l ] g v
thdaliaulutamzidedld anmsdnsudisuifisunmnhiedewandeimwizides
Qm@ﬁﬁ’sElﬂ’ﬁLa&lLLllﬂﬁL%UIWSVLUIaaﬂﬁuafﬁﬂ’liﬂﬁﬂLL@@] Iﬁﬂgumnua:wﬁmau WU
naaunuafIalnslulafns IunuNITAINLAALAENANLABEINITOFINITONAIA

V. parahaemolyticus Uz P. aeruginosa ldanga ailSouifinuiunsthdadie3nis
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dl' g; R g 1 A a a A v s le, 3 U
au 5’3111’]\‘1ﬂ\‘]ﬁ']&l"liﬂl]‘iﬂﬂ’]wLﬂﬁLLﬂzﬂ‘iNﬂmﬁ’]iaWﬂiﬂ‘ﬁL%SJ'WﬁNﬂTUﬂ’]‘SLW’]tLE‘]U\‘]QGVL@
[ a o £ “ a A o .
Sﬂ(ﬂ’m (q%ﬁ’] qﬁlﬁﬁﬁ@ hasAhy, 2549, 2550, 2551; q‘]JfLW]@] um@]ﬁ bRsATHY, 2551; Nimrat

et al., 2008)

A A A )

8. 3189 VYNNIV

AUD WAIENS uazdan Sadwdlu (2541) levinmsansndszAndawaed Bacillus
o = {d‘ U a =) dql 1 dq’ v LR =4 = Q
U 6 mswuq‘nLwﬂ"l,@%’mm@uwuuamqu laanulasnindSuuisuaanms

a g’ L5 { ::I J L a a U o
0TI WRUNLATAMNLNNLANT U LL&zE]@IS’m’]SL’ﬂSEUvL@]UI@ITQGQT’]QGQ&’]@’] (Penaeus
monodon) szijmjumquﬁumjuﬁvlﬁ%'ﬂwﬂﬂaan 1JuLIan 15, 25, 35, 45 LAY 55
% Aadanis NamﬁLmﬁ:ﬁ‘*ﬁ’ayamaaﬁawudﬂwﬂuiaaﬂﬁL@%'wﬁnﬂ Bacillus PO27
Id > s’dld a a (% s Aa (3 ] c:
Lﬂumswu‘qﬂuﬂizawﬁmwlumumﬂuamﬂﬂﬁsaﬂmmvlmgaamoaml,aualunﬂ‘*q@ms
Naaad fa Yauaz 95.32, 92.00, 82.00, 76.66 WAz 75.33 Lua lasulwylula@niiluiaan
15, 25, 35, 45 WAT 55 1% AMNAIGU LasNaAIINITI00TINFUNNTAILATaLa: 25.00-
53.26 lupmeN Bacillus PO26 waz PO 25 1406311370039 038989010 N800 8%
dszanSoawlumaiiutimsinuazaanisiadyidulauuwudn Bacilus PO26 was PO27
aﬂﬁwagdﬂdms‘juﬁu &% Bacillus mﬂﬁufﬁuﬁﬂizaﬂ%mm‘hnﬂ’g@muqu n3338
avsnuzasnsauiuldlalunisledsslamivas Bacillus Nuantaaindwlsl arj”ﬂuud
Wwnuaniselnsluladn agnslsAeunaunazinanaunsiwinld 1tz dasdsuinuida
U Qs d' a 13/ ] Aad =} a n:ll ] dw

luwﬁuaum’]ﬂ'ﬂmfﬂmmJumnmﬂ%’luQmﬁmal*’ﬁ’tuﬂimmﬂwmmzau %anNaNH
LHDIANVDINDTNITNAALALLAY
Fwanea bl

UMTUNT LUNTU LATANANT NILRI (2543) lavinnsansidszanTainwad
wUANSY 8 wha bR Bacillus subtilis AM-01, B. licheniformis AM-04, Bacillus sp. AM-
14, Bacillus sp. AM-3065, Nitrosomonas sp. AM-11, Nitrobacter sp. AM-12, Thiobacillus
sp. FW-01 Wag Thiobacillus sp. SW-01 lun138ued Vibrio harveyi wasannnasautiu

< g & oA A A o A o o &

1981 72 T2lueluanisRuaTanwuin Anuansy 3 mﬂwuﬁqwuﬂnumwhmmum
V. harveyi leun B. subtilis AM-01, B. licheniformis AM-04 a2 Nitrosomonas sp. AM-11
WU B. subtilis AM-01 ﬁmwmmmm’lum‘smuqumnﬁtymaa V. harveyi WUULTN
ATOUATEILWENRIILALILTE Nutrient agar 91N91 B.  licheniformis ~ AM-04 U8
Nitrosomonas sp. AM-11 u@tlasin V. harveyi Ninasauale B. subtilis AM-01 Vlﬂ?mamg]
ANNAaUNAveILTARGI8NE8d Transmission electron microscope Wuin V. harveyi 3
gﬁs"mL1J§ﬂuLLﬂao"lﬂLLa:ﬁmmmﬁﬂaaﬂ'jﬁﬂﬂamﬂ ANMUAAUNARL T BAN I LLILNTIT b
fuwldunduganiwun@ & B. licheniformis AM-04 uazNitrosomonas sp. AM-11 SiHa

@iammﬂﬁwuﬂawawmmazgﬂiﬁwaa V. harveyi %a8ni1 B. subtilis AM-01
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Usefng TNTUTIU UaININ Wa (2544) A32909A NN T U RUWLURS
@mmwﬁﬂuﬂm?zmﬁaqm@‘imuuﬁ@um I 6 WY luﬁ‘dﬂi‘aqﬂwgs’mﬁ JTAIN
A SR A o ' & A g o PPN A
LAOUNOHNNANTILADBIUINAY W.F. 2539 wmmn%hsuumuamqalmzuumﬂwsa
suuthides dgunwihaglunasinnasguguamwinziaianmawziassdafin
P86d4 ﬁ@hmmiﬂiﬂaagsijn 35 — 70 LTUGLNGT qm%gﬁmaaﬁwagizmw 29 — 30
AIFNLTRLT IR mmﬁuags:%dw 8 — 29 FuluwAnaiw aNnutdunia - @magjszmw
7.8 — 8.4 SV aanTLAUALALYINUAN 5.4 — 6.9 WaANITNADANT @hﬁiaﬁagj’s:ij 3.2
— 6.8 UaANINAIRAT ﬁ’]vLuL“ni@l-vLuI@]iLfﬂuag;‘it‘ﬂ’ﬁ’]\‘i 0.005 — 0.065 HaRNTNGOAAT
ﬂ%mm"luvlmﬁ-vluimwuagl;szmw 0.001 — 0.050 Haansudadas USurmuanluiie-
"Lu‘[mmuagizij 0.004 — 0.082 YAANIUGARAT Lmzﬂ‘%mm,wam%lm-vxlaavxla%’aag’

32117379 0.019 — 0.030 FAANINADAAT

8326 LHINBIA (2546) léwauszuunda luinsauuuviasn (Tubular
denitrification  reactor)  tfaltluwdsiferzunlaluiinza lauardumviinues
LL'UW?'IL%U‘ﬁL?\UI@%@@ag’ﬁué’aﬂmdﬁuﬁfgagiuﬂawmaaﬂmwma 50 LNGT LAZUNIT
W@t mInaatduunaInIsuan I@mmﬂﬁL%Uﬁaﬁﬁﬂagu%Lam@auﬁumamamw:msﬂﬁl
o v 1a P’ k4 A A ' A = a A a
M lrUSunmmaandlanazaioiianad wazuuanolugindsravadainusiiund
0anBland93A 8 winsalaszuiunsd lueiWiadu (Denitrification) ldnandagarig
& [23 J o a g; qu, A a a o o 1
LﬂuLmaVLuImL'«me'«a:gﬂmﬂ@aaﬂmm:uu NIBITUUNUTzENTAWANTINUA Tz 70
— 90 wasiduadlaan linulgwinmssirsranauaiaduwutalalasanta g was
ARAANIINARAY 7 LADW szuuﬂﬁﬂ'@mmmmu@wmmLﬁuﬁumaﬂummluﬂmﬁmr}”ﬂi
1édini1 20 Faansulunse — lulasiaudadas 1u°11m:ﬁmmuqumﬂﬁa@é’ﬁwu
ﬂﬂﬁ@ﬁmmLiTuiTuvLummgaﬂd’] 80 UaanINlwnIa — lulasiandadas

Sakai WazAnue (1996) AnmanusIIalumslfsundasulnsdvaswuaiise

1 =y { { a J 1

1uﬂE§NLE’lL‘ﬂaiﬂ‘ﬂ‘jﬂ%WﬂﬂiuﬂvauvLﬂi@TﬁgﬂIﬂﬂLLatﬂ’]‘JﬁtﬁNVLumi@lﬁLﬂ(ﬂ“ll“l«l; WU
Bacillus badius | - 73 {n1aaigaivgnunsazanvasiunie dwdunainainany
% % 6 1 % & a v & v [ U U = 6
Wutwuaglnlnge LL@]’ﬂzQﬂUU&IGﬂ’WSLﬁ]iE}JvVL@LaﬂuaElﬂ’]ﬂ’l’]&]L?l&lﬂlWUﬂdI‘]jL@EI&IVL‘LLVL‘V]SGI
1w 20 Hadluans I@ﬂﬂ‘%mmvl,ummﬁamm:Lﬂué’@muﬁ'uﬂ'%mmvlu"lm@?ﬁgﬂslﬂﬂ ER
Bacillus badius | - 73 siaidunguisansafiadjizelulnideandiatuld ud'la

a aaa a aa Qo
sansaial§Azend luasiiag

Ogilvie WazAns (1997) "l@i”ﬁmmmsﬁﬂmvﬁiwmimﬁwuﬂaoqmunﬁﬁfmzﬁ

] ] 1 a a o‘aid % 6 d' a c;

mw\amwLmﬂmwaaﬂQufgaumsmumﬂ‘*ﬁﬂsﬂwumﬂumm I@wqm%gum
(5 asenimaiBo) woaRurdlungudlunilwieaiidudulng udszwuadunidlungy
Fermentative Nitrate — Ammonifiers %% Enterobacter spp. AflanuawTalumsls

lunsaldangmnpiidendrags (5 - 20 aseoaFos) dungunpiiannndi 20 aden-

9 U
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A 6

ERIEHE WWUNJUINUNILNG Obligately Fermentative Metabolism ldun Kiebsiella

)
oxytoca LUURIAY

Bhaskar Lazatks (1998) Wll’j’]LLllﬂﬁL‘%Uﬂ'ElIiﬂ‘ﬁIWUluﬂ’]‘iLW’lngmﬁdqa’]ﬁ’]
(Penaeus monodon) anm3saTamevluin auaznau wazludaisldun Salmonella,
Vibrio cholerae 01 WAz Listeria monocytogenes %dLmd\‘lﬁ’lﬁmﬂadL%aﬁaiiﬂmd’]f:m
IMNEUALNDU UIUAZUWRIDIMITANNTITNTIG LTUaIMINY uwasriaan uasdaslad
NIZQNAUARS DIMLTU UWAINaaUFaT

Moriaty (1998) 'le@insn Bacillus %\‘1LﬂuLLUﬂﬁL%UIW?VLUIaaﬂﬁlﬂuﬁaLgﬂx‘]fj'\‘lL‘ﬁa
AIUAQN Vibrio I@Uﬁnmsm%suLﬁﬂUWﬁ&lMﬂi:mﬂSuI@ﬁL%Uﬁmﬂgmﬁdﬁﬂ@mL“’if'ao
Vibrio 3osugs Galuunsvriamsld Bacilus iuwuuafiselnslulednlddssaunadgse

v o

@ A o A & VA o A A
fnaddiaiddanmansgs haganWisu lddszaumsatlumsltuua s o Inglu-
a a o A A a = o . & o o
TadnuazmInaaadinislduuaniTalnslula@niied 80 TwLriNht TwN19aTINUIY
winnlfuvafiGalnsluladnlumaassdannndy 160 Tuazhivszauiudywuszdong
TraaalywineIny Vibrio adusdlaanais lunmadulnslule@naziduadludoidoslne

a 4 5 ¥ o ' a o ' a
Uy 10°-10° CFU/mI %ananniedwuinUSunnsuad Vibrio lwiaiUSunoaaas Tuume
{ | . 1 ¥ =) nl J 1 | . . a g;
N3N0 Bacillus TwiialResATUSan A auInAw §auUSummaas Vibrio Thauaznatstin
ﬁﬂ%mmamuﬁmﬁmﬁuﬂmﬁmrjfaLLanLﬂwu Vibrio L‘%amaﬂuﬁalﬁmrj\aﬁlﬁu Bacillus
Rengpipat WazAM (1998) ANWINAVEY Bacillus MuwWug S11 Nilautaidu

Inslula@ndedanmaaiydvlauazdannsteatiavasfinad lasdsafanandilu

VaAaWNIAUUIA 80X 74 X 87 LTBALNGT ﬁﬁizuuwuﬁﬂuﬁmuu’ﬂmﬂunm 100 V%
uwiimiliamnsfidnlnslule@neanidu 3 suuy Ao 1oadld3a (fresh  cells) LTadA
TIaluaazane normal saline (fresh cells in normal saline solution) WRZLTRE WD
(lyophilized cells) mnm‘m@aaamjuﬁlﬁwiwﬂﬂaaﬂﬁé’@mmsiaw%ﬁmmzﬁmﬁfﬂga
' ' £ W e a W oA ' o A9 o A a
ﬂ’J’]ﬂQN@]’JUQN‘UGVLNVL@iUIWSVLUIa@ﬂ Lmvl,mm’s’mLmﬂmoﬂuluﬂguw%mmwL@m
IWﬂUIﬂ@ﬂ@thﬂ LULNW WRINITLRLY 100 M lavinnisinientinlwiialsalaaniTi@a
. o v v 5 o v o AN v
V. harveyi snaWu3 D331 Anuidiudu 10° CFU/mI iuiaan 10 Tu wqummmﬁvl,m'u
Inslula@niiansnnisseadia 100 tasidud mmxﬁnq’uﬁVLsJVL@T%‘UIWﬂUIaaﬂﬁé“@mmi
Aa A @ , & A o A Aa A e A Ao &
JaaTIOLNLITaRY 26 LWt mqamaﬂmmJa\mqwﬂ"lmuiwsvlﬂa@ﬂuaﬂmm:auysm
a v A Aa v AN W v A &€ A ' a o
FUNING muqama@mmlaaﬂqww"Lu"lmquﬂuIQ@ﬂuuuqmmw"lwﬂaﬂ(ﬂ AN LS
MUUDNLASAN B VI ULAZAN ldHaUNE

Gatesoupe (1999) @ns M IEINTlula@n (probiotic) NURATLUTELLINIZLRE

€

xs A = o a . v o & A P
@AW LW@L?J%@?@]'JUQNVHGTQJT]W (Biocontrol) @]ﬂ@nuﬂ'ﬂLTaﬂaIiﬂLLazLW@“ﬁ')ﬂwuﬁ

MWW Tassn HHUEY aﬂwﬂula@nﬁﬁhLmﬂvl,ﬁﬁv[ﬁummﬂﬁL%ﬂmjuvl,uw%"l,wLaa§ WA

2D R

LLUﬂﬁL%Uluﬂﬁqiu Vibrionaceae, Pseudomonads, Lactic Acid Bacteria, Bacillus spp. Wk
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888 WU Bacillus subtilis WWENN1IATIVAAINUINLTAABLIANIN Vibrio spp. LA
. A R @ ' . o =2 a
QcnNaw e Bacillus sp. Anuluwna s Iadwnuda Vibrio vulnificus 981332400
NNIITULAW Lm0 anNU A NLTARVAILLANLS OLAZ AN TUUIT U IBNNT LT 1T RITLNTY
a d' ng; =1 a v 1
Intlula@nnldnulenusmannlumaesylaandn
Rengpipat et al. (2000) la@nsHawas Bacillus S11 Nflanuadulnsluledinds
mma’%ugﬁﬁuﬁuﬁﬂaaﬁ'uamﬂaﬂﬂaaﬂ@mﬂjaﬁ (Cellular defenses) JlA ATTUIUANT
nawyinane (Phagocytosis) wazAuaaaandiaa (Phenoloxidase) LLazQﬁﬁuﬁuﬁﬂaoﬁuﬁo
v v 1 qul . . . .
wandaaulasasin (Humoral defenses) laun t]“nﬁmuLLUﬂﬁL%ﬂ (Antibacterial activity)
ijaqm@h I@mﬁmrjaqm@iﬂuﬁdwmaaﬂﬂawﬁﬁszuumﬁuﬁwﬁmuuﬂmﬂunm 90
') ' . AN ve A Ao Aa ¥ o ' oA W v
Tt wmmqwﬂmﬂwﬂﬂamﬂwamﬂmﬁa@mmLLazmﬁuﬂgam’mquﬂ"lu"Lmu
A a & am;, & A A o £ o A A ' oA
Insluladn Bnnsdusumdaiionsay nMInawiasuazanIEBLUATITIgINIINguN
la'lesulnsluledn wWaasy 90 TuzainmInaaadtatniiuihliiialsaeis V. harveyi
= { 1 = [~ Q & v o { o
FHWUS 1526 NlaMUTUUTINIIEsWUE D331 1Huiian 10 T mqaqmmﬁvl,mu
Iwsluladniansnnssaadiasosss 54.3 gaﬂdﬁﬂEjuﬁvl,aivlﬁ%'ﬂw*s"luiaaﬂﬁaﬁmwhﬁu
[ = . 1Y Ay @ { v a
Jowar 35.5 Tuiunannann Bacillus $11 nazduizupiiduiuniasiuzundandaau
I@]mmiﬁ,’]LLa:i:uuQﬁﬁuﬁuﬁﬂaaﬁuﬁaLtﬂaﬂﬂaaﬂ@mmaﬁ FAINNINITLU IV ST 9
wsluriamadnemivnldisenalse lisunsoesyla
Menasveta WRZADAE (2001)  T1HUNANTANBIVBINTLAEN LTAULATNEIATL
A A ' & A v L A A A ' o = )
LUATITY WAEIAITUAY LAZNIILRaN TR TaLUANITUNULANGIIN WAL ANAGANITAA
USIN D LN TR L LI AL WL R 89 I@ymﬂ%l,mﬂﬁL‘%ymjuavl,u@%"lwaaimﬁuLmdaé'ummw
A = A a & ' & & \

Ml aanne w1938 LazNEN LA WLREIAITUBUIWRINITOTIORA LALNTA L6 bib
o ~ % { @ i o A . % '
sraunits wadasuliidusnznlieandiau (Anaerobic) lasldaumuaaiduunad

6 ~ a 2’ % C™ % a A ] a Aa 6 o
miuauu,azl,wmwznmwmazawanuLmeLssmqm"lumvl,wLaaiuuaummﬂ
(Hydrolic Retention Time, HRT) azmansnaau3anorluinia laadsdinefan (P < 0.05)
INNINATI 160 NARNTNGORAT AaNaIARANELNIN 25 NaRNINGOAaT lasasdaslsu
@1 C/IN Rato Iinaunzan ialwdfisendluasfaguialansn  tiasarnnisd

a A 6 a ° v A A s AN A A &
f13duwnIguntAnldazvinlwa Lo TanadnI o LR AIUINZLAN LR LbnTa wIa L Inse
& o o a @ Y AR A A a A o
LﬂumsuaLaﬂmaumq@mulum:mumnmmuaasﬁu wuANIyTauNAzLRan b T
Fanaunwduualiiiada lWanda talasianda WanianuiiunedaFINTIalwwrs
ﬁwam’wge

Chythanya and Karunasagar (2002) 21N31891%338N8177371 Pseudomonads i
& Aa A o 9 A o s . kg A a e o o A
LﬂuLLm‘nLmﬂmﬂﬂagluammaau WARITN LU B WIZIR Y TIasianusuNwEnUmIan
HI%Td haztzuudlld09181 31NN1INARAY WUIIFANIZALRNIZINRIRTU

Pseudomonas | - 2 NaNIzRINITONRARIIWILIIE  NNAIINAIAaNUIWANLTAS
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(Extracellular) ldgegafifiios 7.0 gaannd 30 — 37 asaaaiBos uazanudutuas
Imdsuaaalsan 1 wWasidud lassansnduasivslanduisanalya Vibriosis Naamlun
mil,ﬁmfj\‘ivl,ﬁﬁa 5 wia fa Vibrio harveyi, V. fluvialis, V. parahaemolyticus, V. damsela
Wz V. vulnificus
Devaraja et al. (2002) lddnmmudasuudainguuuafiolutaifosisninda

denguIaunIgnanIen Aandanmwn 1 dsznaudas Bacillus sp. Wz Saccharomyces
sp. LA NAAAMN 2 Usznaueae Bacillus sp., Nitrosomonas sp. W< Nitrobacter sp.

: o \ g a , a aa A oA ., . A
wuhndmatahuszduazneulunnieaziiuuafiGenlaaidu fAa Bacillus sp. lazdaf
thiadmonianmed 1 szluvafiGolunguiainalslng (Total  Plate  Count) uaz

. @ 6 6 -1
Presumptive Sulphur Oxidizers gIgALNINU 124 x10 +0.27x10 cfug sz 1.01
2 2 -1 o o A ' ' o o a aa
x10 "+ 019 x 10 " cfug  @NSEU TIuanavatslnsiamnIaia (P < 0.05)
NNUBNARBIIN FNTUTIWINLeILLATIITININLEINalTINTY Iunﬂﬂamsmaawx
1 n' é’ c‘i’ a [ {3 n}’v a L™ g: a a A
A8 9 LNNTWANTZUZAIMIALS LazNAAA NN 2 HosdnaldduaslSinauuafise
1 . . . val o cl) 1 ' d' 1 a a o 6 di
AalsANIN Presumptive vibrios R 1wndnInven ldinmadundanmiadll e
USumoandranluduaznannua b LLUﬂﬁL'%smsjuﬁﬂ'alﬁLﬁmmumWﬁﬂ%ﬁw’muﬁ’g
] Aa ¢ & & & S

Uaaddasastszneutidianinnia ueanased anvenlasanloduazlalasiau d9as
anltldlesuuafiGufiaunnitaddanes

. a A eda

Thompson et al. (2002) ﬁﬂmmﬂ“ﬁ'ﬂi}u@auwiﬂﬂu Extracellular Polymeric
{ @ o A v o { ' 2’ o A Aa N . . A a

Substance LHadunuRInIagRaNatluildifendaluleWsy (Biofim) Tawuadu-
N34 9 132nau@a8 Pennate diatoms (Amphora, Compylopyxis, Navicula, Sinedra,
Hantschia \waz Cylindrotheca), Filamentous Cyanobacteria (Oscillatoria W8s Spirulina),
Flagellates, Ciliates uwaz wuafisawinlundlwieas wanmsnaaasvinlvweaneszanas
toaadymylnifiadi (Eutrofication) ludawiadeuld luvmenlwma uazlulnydaz
QI J { v v g a 1
WWudu Weanudntusanenlaiiouaaas wananiaduniden 9 luszuuanaaziing
Aa ' { o . = ' o Aa o ' o
HAauITgNd1du (Essential Elements) T99: T8 atLayUNITYVLINI LBUNTA Luln

u:al o 6 a a Aa a 6 g; dq‘ %% Al 6 & a
l4dua7 seevend ninezdlu Jondiu wazualsfivess nefimslt lulesufanaasd
v A oA I | AaaAa . o oA Y @ Aad
Taide Aa inwunssazsuvasuuafitonalya 1o Vibrio harveyi Nazdasldenyfiiue
YSunaunlunsdinda wdainsiawiInMicroalgae  watswialuszuuaNsandas
UiTausNazaoduginisaigresuuafiionalsauaznistisasionissuinlas
Inslaan

Burford et al. (2003) @nsnideariszniwawmla (Litopenaeus vannamei) lag

a dq, v 1 v & A ada nlw g; a . dl
wanmMaasstauuuruiuliduszouleunuitniandsanuuauda (Conventional) 7l
finsiavuanuiing Belize Aquacultural Ltd. (BAL) luiszimeanigatusnt wuiianwis

ﬁi"ﬁ’Lﬁmf:]”a'«mﬁ@msaiaﬂammﬂﬁﬂmm Al uwa18unIs wazsnsafiunIglulasiani
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g’ v v a a Qo 1 =) o a é
szt luanududugs (2.29 - 556 uaz 0.17 — 10.66 Hadniudeday awuddy) 59
1 a a A A [ A s a % a
azldgaasunisiaigvasnuaiise uwasnaauie wazlwslata Inislteandianl
¥ NN 22 Wasidud iesanmaiadjizonluasfietunialdanmssessues Total
Ammonical Nitrogen (TAN) kaRanudutuwedlnlngg wazlunse wananinmsaosly

g =3 & 1 Q {
suuuufazfiauniauwiusas (Flocculated Matter) lutunugedaziduunasquaiaind
A o [ A A 1 a 6 o Y 1aaa Aa A o a % 1 ﬁ‘l’/
ddmIvuuafiGongulunilvieaivldujise luasfiatuialduinnimaasuny
AILG

= v s = . . Y Aa A 6

Gross et al. (2003) AnwNIlEAINTBITINN (Biofilter) launslFRaunidan
AuuSnmnimaniziassga i Waldumsaaszezan lumInRaRTaTua% LAzl
UszEnTnwaaslfisenluaiiingu azdasliiduirarolsauasicig Lag Phase 78w
ldanuduiusesuanluiisluganasataaaunie 2 Sadniudedas  vmziluge

v v AI J = a a Q/ 1 a 1 g; dq, dl =
auguaNuTuiwAnIuie 18 Hadniudedas  wansiinadasuudasuanladialy
Wululnsdlasuuafisanvinninnesnd laguanluiile (Ammonia Oxidizing Bacteria;
A0B) uazmadasuudadulnsd ldiduluwnsalasuuafzanviwinnesndlad lwlnsd
(Nitrite Oxidizing Bacteria; NOB) LLUﬂﬁL%Uﬁdaadﬂﬁjuffmﬂu Obligate Autotrophs ngns
WwinLaulatuas oMU Rauud N 19RILIAR BN 1T ANULAY  LRILAZALOT Bua2
danadanuldaugalumafaljisen luaifliadu iiensszaussfivetsuanluils

a

6 o > =1 a’i’ = 1 d' o v ai a 6 = 1
wa lwlnsa mmumiﬁﬂmuwmgaumaﬂumju‘ﬂ‘m‘mm‘naaﬂmvl,@auauimuuimL@m
waLaNNTANWLAN LA 12 — 24 nSUAEAAT fa Nitrosospira sp.

Thakur and Lin (2003) 'la@nsanaduly (Fate) vasansdsznavlulasianuay

o ' ¥ ) ° a £ ' d
WasWaTznLawzLanIfinanedn (Penaeus monodon)  luszuuTadsluiimafen
mﬂﬁﬁaLﬂumﬁﬂmqmmwﬁﬂLLaza@msﬂa@]ﬂa’aUmsmmiaaﬂgh,méiaﬁﬁﬁsmma
WU mmsﬁlﬁrj&azﬁmsﬂs:ﬂau"luimmu 76 — 92 1lasiFud uazwagwass 70 — 91
1Wasioud LaRNRITaNNIT LTI LLaz‘V\Iaawa%’aﬁfj\‘lmmm@@%ﬂﬂ‘*ﬁﬂni%ﬂ&ﬁm
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wuafiselnsluladin amefinsdnsluszaudainanaslévin B. subtiis BT23 fiaan
utn 10°-10° CFU/MI LgyaﬁdqawﬁﬁLﬂuLaaﬂ 6 1% ﬁauﬁ%:mz@jﬂﬁﬁmisﬂﬁw
V. harveyi fenadiutu 10°-10° CFUMI uam 1 5l NNMINABBINLIININAGN
AR89d8 B. subtilis BT23 munsaaasamimuszanlddoas 90 uazwuin B. subtilis
BT23 &1130AIUANNNIIIYV8N Vibrios Iensluszauiastfiamauazszaudainanas

Gulian et al. (2004) ﬁﬂmm‘smz@maumﬂﬁL‘%ﬂIWi"LuIaaﬂﬁgﬂmzﬁu
el fiamsussdainasss sldvinmsdaiRenuuaiiise 80 mevuinusnldndurs
‘ﬁﬁqmmwﬁmn%lﬁuiuﬂi:mﬂl,am"mai? laol433 Agar  diffusion  technique W@
Monoclonal antibody Wu71 Vibrio P62, Vibrio P63 &z Bacillus P64 mmmﬂ'ui?a
V. harveyi (S2) ldiluagined Tapsansasuislasosas 54 19 uaz 34 MUEIGU NIH
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V. alginolyticus (Ili) \JuganILANNALIN LLazrjaﬁvL&i"l@T%'qus"LuIaaﬂLﬂumjumuquwa
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V. alginolyticus Voazti Vibrio P62 mz@juﬂﬁﬁuﬁuvl,éilmzé‘uﬁﬁ uaﬂmﬂf:m{’mﬁﬂmaaifo
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Ziaei-Nejad et al. (2006) 'la¥inmsAnuNavad Bacillus GoAINITNVDILOW b3l
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1. Jaaadnnl
1

1 Mmwzida
1.2 dninas
1.3 1aydrupma 125 250 uaz 500 aAaAI
1.4 HROANANDY
1.5 NTZUANAN
1.6 MaALWHIL
1.7 uwrisuiinszaneide
1.8 NTUANAALNUUIA 5 10 LAz 25 JARAAT
1.9 aalatida
1.10 ﬂm’gmr:faﬁnaawm@ 0.8x1.2x0.6 LUA3
1.11 API Kit
1.12 270854
1.13 qﬂmaa%m%'m‘]@m@%%"u
1.14 2e3Uruniadinngs
1.15 ¥IN329UWA 0.45 tulasiuas

1.16 NITAIWNIDI

2. MWSLALILTD

2.1 Plate Count Agar (PCA)

2.2 Trypticase Soy Broth (TSB)

2.3 Trypticase Soy Agar (TSA)

2.4 Thiosulphate Citrate Bile Salt Sucrose (TCBS) Agar
2.5 Pseudomonas Isolation Agar (PIA)

2.6 de Man, Rogosaa and Sharpe (MRS) agar

2.7 Skim milk agar

2.8 Starch agar

2.9 Tributyrin agar

2.10 0.85% Sodium Chloride
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2.11 Phosphate Buffer Solution (PBS)

3. @131AN
3.1 saeddmnivienegmamdsunalumnse
3.1.1 lnwuasiBoanlunse (KNO)
3.1.2 uzTudaiva (Brucine Sulfate)
3.1.3 nyasanifian (Sulfanilic Acid)
3.1.4 nialalasAassn (HCI)
3.1.5 nasaIn (H,S0,)
3.1.6 lmdsuaaalsa (NaCl)
3.2 ssaldansvAlengAmImysinalningg
3.2.1 lmasululnsd (NaNO,)
3.2.2 davhfianluq (Sulfanilamide)
3.2.3 nNIaTafIIN (H,SO,)
3.2.4 N-(1-naphthyl) Ethylenediamine Dihydrochloride (NNED)
3.3 maeddmiviienednmamnysinauanluiie
3.3.1 wanluiionaaalsd (NH,CI)
3.3.2 lamasylaluaaalsyi (5.5% Available Chiorine)
3.3.3 lm@suBiasn (Sodium Citrate)
3.34 lmasylaasanlosd (NaOH)
3.3.5 lmasululasysalad (Sodium Nitroprusside)
3.3.6 Wwaa (Phenol)
3.3.7 95% La14a8 (C,HsOH)
3.4. saeldnivienzdnmimysinaesine
3.4.1 lnuesidoylalalasiaunasne (KH,PO,)
3.4.2 wanlulonmwinluduae (Ammonium Paramolybdate)
3.4.3 waundlufilnuasiBuumsinga (Antimony Potassium Tartrate)
3.4.4 niaTafIIN (H,S0,)
3.4.5 3alud (L — Ascorbic Acid)
3.5 Manluastawloddniunmsanaseulin spa S @auinafia Polymerase
Chain Reaction (PCR)
3.5.1 TaMIaTAALEWe QlAamp” DNA Mini Kit (QIAGEN, Germany)
3.5.2 10x true start taq buffer
3.5.3 2.5 mM dNTP
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3.5.4 Primer fP1

3.5.5 Primer rP1

3.5.6 TrueStar‘cTNI tag DNA Polymerase (Fermentas Life Sciences, USA)
3.5.7 25 mM MgCl,

3.5.8 10x Loading Dye

3.5.9 Agarose Gel

®
3.5.10 @ TOPO TA Cloning ~ Kit (Invitrogen' )

4. 1030950
4.1 10309tlund o
4.2 gTﬁ_imww:L%a (Incubator)
43 wiesfsanwuaula (Autoclave)
4.4 1039TIULLNARYY 2 FrUnN
45 10309TIULLNARYY 4 FAUN
46 19309tUNEN (Vortex mixer)
4.7 10309utifanuds (Freeze drier)
4.8 w3sssnlasinlefiaas (UV- Visible Spectrophotomete)
4.9 (ﬁL“‘f‘jUL%a (Laminar Flow)
410 \w3091281 (Rotary Shaker)
4.11 glauau3awn (Hot Air Oven)
4.12 Lﬂ‘%'aoﬁai'@qmmwﬁw
413 Lﬂ'%aa Eppendorf Mastercycler Personal Thermal Cycler (USA)
4.14 Electrophoresis Apparatus
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4. NNIFENBINITUN LLleﬂ“VlLiUNﬁNVILLﬂﬂVL@iﬂﬂ@uluuaLa U\TQ\‘]QQ']@’] LLaza']vLaQ\‘]
o Qs ~ { 1 v Y 1 U J 1
qa’l@’m’lNﬁ@JﬂUﬂ’]%’]iLﬁJ@Lﬁa“ﬁ’Jilsl,‘ﬁq\‘lElaf;la’]%’]ivl,ﬂmﬂlﬂluLLma@nJadLaiﬂ,uua
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5. N1TANBI YUY Bx‘lLLfUﬂ‘YlLiﬂﬂuﬂmﬁNU@lWL?H:P&Luﬂ"liwﬂﬂﬁ"li Antimicrobial

=

Peptide (AMP) zasuuafiiGefiuanldnndulutisdofananduazdlam
naen
6. msfnmnInAaenloilusdios lawsuazezluasvasnguuuafisafiuen

VlﬁaﬂnauiuﬂaL'&'mr‘j@qaﬂﬁmazéﬂﬁf‘j\iqaﬂﬁﬁ

aani 1 m‘sé’fmmnu,azﬁnmqmauﬁ'ﬁmaaNﬁmﬁmsﬁ'[wﬂufa6nﬁw§m‘l%ﬂ‘szmﬁ
waziInalseine

1.1 MI3anulsanauuanisaanuaanmailnsluladn

ineananaas i lnslulafnfinaalulssinauazindgainaalseimasinan
12 WaeA N Ferruasvain Probiotic 1-12 anuSanm 1 nsu laasln 0.85% laidsa-
anolsd U31103 9 Dadaas 3ntusesns 10 i (Ten-fold dilution) @ARNIIBZALLGRE
ANUB8919150195 0.1 D855AT AIUHEIMNIIAELTa Plate Count Agar (PCA) uay de
Man, Rogosaa and Sharpe (MRS) agar Lﬁamnaﬁfuﬂ‘%u']ml,l,mﬁl,‘%smjuLaLwaIinsﬂ
FIRNALAZLUARSILARAGN ANEL (fmMInasad 3 61?”1) YmMInTznsdadunadie
Spread plate 91NTINUWNZITD PCA "Lﬂﬂmﬁaqm%{]ﬁ 30 °C 1flutaan 24-48 Talag
ez ED MRS agar lansssnaaaniilnaanasndian (Anaerobic chamber)
iomnzidelugnzliioandiam LLS?’;ﬁwmuwa:L%a"lﬂﬂuﬁqmugﬁ 30 °ciduiaa
24-48 Tlus svsnulalafivuiimiemnsasats Wedwmsinalalaiidonsy
(CFUIg) ﬁnﬂﬁ?umaauqmawﬂ‘amd%amﬁmaaLmﬂﬁL’%UﬁLﬁ]’%zyuua”nmngmL%aLﬁaéT@
uunshavasluaniTeauItn1ves Bergey's Manual Systematic  Bacteriology

i'wﬁ'uzmmimaau API test kit

1.2 mMaAn¥InanYINlwnIsdaadgaIga1saIIsDaINAaN Tl bula@n
iaragINaanma lwsluladnnniudSuiniuafisaainda 2.1 andsulwd
USU U UA NS YIS NAWLYINN WAL 0.85% ladauaaa b3e anuuiilaaiatisdIunas 20
lalasaas asune1w1LaeaLe Skim milk agar, Starch agar Waz Tributyrin agar L@
' a ') o @ ° A
nagauausIdInlnntassallsan anslulaetanaz o audreu v lduun
guunnd 30 °C lawanmaiAsTa Skim mik agar uaz Tributyrin agar Uuw1w 48-72
721049 WaTa1WITLAE9LTe Starch agar UNMIH 72 TALN9 MNHUATIIAVUIA9LFTEU

a AAd d a & & . . . . !
IﬂIa%madLLUﬂ"ﬂLﬁﬂ’ﬂL"ﬂim‘luuaqﬁqsLﬂﬂﬂLTa Skim milk agar WAz Tributyrin agar &34
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8NMITLRLILTe Starch  agar Mamsasaranslalafuuariavuialilasaulaladl
F I EN TNl R 1UE1T919T  LaESIWI AN NaATIEIWIZHINILR BRI

& A o & a = a o ' A o
g{uﬂﬂmwamo‘lasaﬂﬂiammaumuqmﬂmwaﬂﬂiau WU N Y UAATIEIWA L6

d?’ IS ' oA a A [l va
‘W]ﬂLﬁalﬂw8@15’1E"(’J%N']ﬂLLﬁ@G'J']lJﬂitﬁ‘ﬂﬁﬂ']WsL%ﬂ’]iﬂaﬂﬁﬁ‘ﬂElﬁ'ﬁa']‘ﬁ'ﬁv[,@@

l=. S A t:l v = 1 lﬂy v
ADWN 2 msﬁnmmwmmsnmmu,fuwnLiﬂﬂﬁ&ﬂLLﬂﬂMﬁ)'\ﬂﬂﬂ%UﬂLamqa
v
qa'm'nl,aza'ﬂ&’fi’aqmm‘l%mimuquqmmwm
2.1 N13LA38N Cell suspension 2aIUUANLIIUNEN (Nimrat et al., 2008)
° A A ' A g ' A aa a
mum‘nLiwammawu@mmUdlum’mgﬂww“mm@ 125 188803 NUTI0IWNS
LAeTa TSB 130197 50 Wafaas tutinalnut315au 200 saudauwd tilwiian 24
& A A a & A a & . a
glud INaLRNUSI TR TaILLANLS Y NNUUQA Cell  suspension  U3u1A3 3
UaRanT Lawaﬂum@gﬂﬁmjmm@ 500 HARNGT ﬁmiqmmi TSB Y5165 200
388803 s ldwe1Nanusrvau 200 saudaui LUwIa7 24 T2INd RAIIINHLIN
Cell suspension 'l UuwwIesNau52380 8,000 saudawfl LHuaan 10 il inaula
i3 NUULAN Phosphate Buffer Saline (PBS) adlu#aaa Centrifuge ¥l Uuwndssdn
A9 VN WIRARATY 3 39 LNaLTunTasLTas ﬁnLsﬁaﬁ‘i‘ﬁ"L@T’E'@@hﬂﬁg@ﬂﬁmLmﬁﬁm’m
871K 580 Wlwuas b be 1.5 A.U. iiwalgiiu Cell suspension NAUSamaasLvinny
10
10 CFU/mL

] =1 I3
2.2 NIINAFAUANEINITAIWNITE D aaA BN INLTY LWNTe T InTe
nazWasiavasuuanSanay lurkiuazfnaznawaindata ﬂaf’j\iqmﬁ'\‘l%ﬂ'smﬁ?ﬁu
NNINAFALANUENIID NI o RAIUENIAINAI N I UIIATINVUIA 100 Lag
= ' & o g A A A a a A
azfimsudsnmneassaantdu 3 7a a9 7091 1 fa ganasasfidunuaiiiunga
(Active bottles) 1229830 $1ww 3 1u mLauﬁnLLa:aumﬂaumnﬂm'&’mr‘j&ﬂ%mm
41.2 FARAAT LA 5 NTN ANAIAU KRINNUULAN Cell suspension VaILLATNILILHNFUAS
ldd301a5 1 fafdas uazidumsdsenauidasmsdnsnmstdesaaiaNanududud g
Aanau iy NANULTUTWLYINNU 2.30 FARNTUADAAT MLNITAANNULTUTH 3.80 NAFNTY
AORAT M INTAAMNLTNT 1.20 FAFNITNGORAT LAz WasWAAMNITNTY 0.20 HafnTa
1 a v U d' A v dll & a dl 1 d‘v v o
AaaAT I@]Elﬂ’J’mL°llSJ?J%‘YILaaﬂlmuadﬁ]’mLU%‘IJSN’]RW]W‘UI%‘]JElLW’]:LﬂEJGQGQﬂ’]@]’]l%
d 1 g . =~ v [ o

Usznelng qﬂﬁ 2 @a qﬂmuqmmumﬁa (Sterile bottles) TazlFV10TINT1UIN 2
Ty ﬁmnauﬁ%mzaumﬂaumﬂﬂat.ﬁmrj”ﬂuﬂ%mm 41.2 JaRAAT ez 5 NN ANA1GU

g: a . A Aaa o g; o A 1 &
NUULAN Cell suspension VaIwuUaRTaNaNadtl 1 Aafaas nasanuwin lisainige

1u%ﬁaﬁammé’ﬂaﬁqmﬁgﬁ 121 °C 1Twt281 15 w19 wazldusTlsznaundadnis

=2 . = v oA % = = A A g . A
ﬂﬂmmwammmmmmeummnuq@‘ﬂ 1 TAN 3 A8 T@ﬂ']UﬂqNLL‘U‘]JVIVLNGLﬁL?iE]

q q
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(Background bottles) 119G 1w 2 1y m@uﬁmazaumﬂaumﬂﬁmﬁmﬁﬂu
U311017 42.2 NRFRAT WAL 5 NTN ANUEIAL RNINNHULANRITUTENAUNABINTANEN
' A v o A o a ' LA A A ° o v
midagaasfinnududuasInugah 1 udazlalGunuanSonauadlyd Ainlwanuan
ad & v & A & a P
mUluma@mmamﬂmmsmamLﬂuguﬂ@ﬂmﬂmwmmﬂaa@mmaﬂum"l,ﬂmgﬂ
21910910 LR s s lRTsawn e lutIaeanIILad  1INg 3 q@msmaaﬂﬂﬂuﬁ

a fe) & v & A & o | S A
auannil 30 °C mﬂuuslmmummﬂaammg@mamammylum@mmamﬂmmi
naaadluitaszinndfoundasanuitutwuadluinia lwinsad wanluibouay
WartWa lag SN AILGAIBULINYDINITINAR DS
FrasrzvdSunmuanlutie Tuinse Tulnsduszwaswaluinaratqen
BINISANBIAIINITAURIA081991NNITNARBING 3 70 TudSuawaaas 2 Ia88as
uA21N I wrAsenaNNISIa0 8,000 Taudawf 1Twaa1 5 WA IntwinEIklauvin
MAeTzrrdSumianlutisnazwasWaa1ud5n17a9 American  Water  Works
Association and Water Pollution Control Federation (1980) lwnsaauitnsves
AOAC (2002) uazlwlnsaauiTuas Stickland and Parson (1972)
a 6 1a = = 3; % J = A s 1 1
mMItaeilSumuanluhodruaauadtt Aa 139919620879 10 Lvin I@mmsg@
:’ a 1 d' 1 S d' a a U a g’ 0"
He208719NHIwNTT WA 89058193 200 TulasRas aslunaaanasas LaILANIINAY
1,800 lulasaay Lﬁalﬁﬁﬂ%mmq@ﬁwmﬁﬁu 2.000 lulasRas annnwLauA s
Satanauazlamauululatdszloduiaas 80 lulasaas uwaqtdin Alkaline Stock Solution
153197 200 lulasaas  TeatarsvasanaaadiNailasnuiayluiaarnussainiaas i
\Faduasnaaananasfialilvmsszasidjisonlovsuysollszanm 60 wifl azld
= Z/ a s ] A (% dl a (d‘ dl
815U TnauRINE® ’mmmsg@ﬂammmmmaamﬂﬂimﬂﬂmwmasﬂmmmaﬂau
640 W lulaa3
a ad o g a A o \ ' Y \ A
ANIILATIER LWNIANIUAaUAIH A 1399796020879 40 19N I@ugmmmamw
NI WA B9UTN1a7 50 Tulataas laasluraaanasas uatGudInaw 1,950
Tulasaay Lﬁalﬁﬁﬂ‘%mmq@ﬁ’]mmﬁu 2000 lulasaas @ulafouaas lvaUSuna s
400 lulasaas uazansacaamaniin 2 U8FA6T swaaanasad lusbuiiudelw
IRZALIURT Lﬁwmiazmmug%u — saniandsunas 100 lulasaas annwwsin 1 as

Vl,m{’]qm%n“ﬁ 95 °C 1ilwiian 20 Wit udhmasanassslluslwiugsldasazanein
89 Sasudafidud Transmittance (%T) dree3asmlalasinlafinasianueninin
410 W lnuay

My lulnsdidunanesil fa 138919820819 10 1 Immig]mfwﬁmﬂw
Arunstlundgat5anas 200 lulasaas laaslunaaanasosudidusinnam 1,800
lalasfas Lﬁalﬁﬁﬂ%mmq@ﬁwmﬂﬁu 2,000 lulas8as @ng13aza1y Sulfanilamide
w8z NNED wiiaas 40 lulasias ézaﬁavlﬂﬁl,ﬁ@ﬂﬁﬁ‘%mawymﬁﬂunm 5 w1l ual Lt



39

2 N9 Az A TlugTUsznauFU WY ﬁﬁvh.li'@mmig@nﬁmmﬁamﬂ%aamﬂﬂim-
INlaR@asNaNuENIAak 543 WIlNaT
a & a s o A a A o ' | Y o '

mylenzinasnalauaeuasi s 119919d10819 2 111 lasnisgaiindiatng
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)
INN3Va4 Walter (1984)
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P a o @ & @ a A a A Eed ¥ o P
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Adl A A A a o a dl a o v '
MN13191N 8 l]i&l’]mullﬂ‘ﬂLS&I"I]E]\‘iNa@lﬂm"VﬂWSVL‘LIIﬂ@]ﬂVINaﬂluﬂﬁzLﬂﬂLLa$%’1L?lﬁﬁlﬁﬂ@]’ldﬂ'izlmﬂ

NRAN T A Usnawuafidefionaivld | SSnowueiiSedszudisesn | sessusndaimsianadSnm
Uzinannge ! * r
Iwsluladin u (CFU/g) (CFUIg) nuAfFaNTzyIUAAN

Probiotic 1 lny 8.57 x 10" 10° X
Probiotic 2 Iny 2.07 x 10" 10° x
Probiotic 3 W 1.26 x 10" 10° X
Probiotic 4 Iny 8.23x 10° 10° x
Probiotic 5 o 443 x 10° 10° x
Probiotic 6 lny 6.13 x 10° 10° X
Probiotic 7 Tne 250 x 10° laddsngdaya

Probiotic 8 Ine 1.26 x 10° livsingdays

Probiotic 9 lny 7.55x 10’ 10° x
Probiotic 10 ne 1.70 x 10° LidsngTous

Probiotic 11 | an3golsm 1.30 x 10° 10° v
Probiotic 12 ne 1.10 x 10° lidsngTous

WG : X ﬂ‘%mmuuﬂﬁL’%ﬂ"l&imamuﬁszquuamﬂ

a A A \ P
v ﬂiuﬂmLL‘Uﬂ‘ﬂ Liﬂiﬂ@iﬂ@]’]u'ﬂizquuﬂaqﬂ

1a A a A
- vLSJN‘LIi?ﬂMLL‘]JﬂY]Liﬂiz‘qﬂ%ﬂﬂﬁﬂ




48

dl' = a a A a s a 1 a s a
WaAnuTharaInuaftTovaInfanmmlns tula@nwuin naanmsilnsiula@n
RUNLLAY 9 LﬂuwﬁmﬁmﬂwﬂﬂaaﬂﬁﬂszﬂauéﬁU%ﬁ@madLLUﬂﬁL‘%ﬂﬁu@m@i’mmﬂmﬁ@ﬁs:quu
amﬂmﬂﬁq@ ﬂéh’;ﬁauuamﬂs:qdmszﬂauﬁammﬂﬁﬁﬂmﬂﬂdw 10 TR WALUAIAT LA
a a A 1 v . a a a [ @ [l [l
TRAUUATITINLIN Usenauaas Bacillus INEITRALGET §IMIUAIDEIRNILLETY 10 waz 12 1w
Wi Micrococcus Wag Clostridium  butyricum ASz1U%aAN ANANY UAATIIWLLLATNIRUENS
Staphylococcus TUHAAAMAINTIU10ANNI 2 HRAAAHN  FIUNRAAUMNAVNLLAT 1, 3, 4, 6 LAz
11 Lﬂuwamﬁmﬁﬁ%ﬁmammﬁL’%Uﬁszquuamﬂﬁmmé’uﬁufﬁu“ﬁﬁwaaLmﬂﬁﬁﬂﬁm’mwu
lunfanmsl  wananiniInasednaboinaasliiAdnitndanmalnsluladnsiwlng
ﬂ‘s:ﬂauﬁ’smmﬂﬁﬁﬂaqa Bacillus ~ N9323WLNINNG 40 lalaan Aalllusauas 68.10 w9
USumwlalaanninuanaansnlaanuaa A maA T I ladnng 12 WAaA Y AILEaI lba1319N
9
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dl a A A a o a t:ll a o v 3
N1319N 9 °ﬁu@]°llE]\‘iLL‘]Jﬂ‘Y]Liil“llﬂ\‘iNﬂ@]ﬂmgVI;IWiVL‘]JIB@IﬂV]Nﬂ@luﬂ'ﬁzLﬂﬂLLﬂz%’]Lmﬁﬁlqﬂﬂﬁﬁﬂizlmﬂ

e . rRevasuuafiSofinenldnnaasmailngluladin . ANuRURUTUaITHA
HRAN AN dwanlalaian . : .
. yhevanuafiGenzyuwaan | Auenlenusiianszy
Iwslule@n | Bacillus | Staphylococcus | Streptococcus | Micrococcus | Corynebacterium Auon'ler ? g ’
Probiotic 1 6 - - 1 - 7 Bacillus W8z Micrococcus v
Probiotic 2 4 1 - 2 - 7 - -
Probiotic 3 3 - - - - 3 Bacillus v
Bacillus, Micrococcus Wae
Probiotic 4 6 1 - 1 - 8 v
Staphylococcus
Probiotic 5 3 - - 2 1 6 - -
Probiotic 6 4 - - - - 4 Bacillus v
Probiotic 7 2 - - - - 2 Bacillus v
Probiotic 8 2 2 - - - 4 - -
Probiotic 9 1 - - - - 1 Usznaudioaduniduinnit 10 sila
Probiotic 10 3 1 - - - 4 Bacillus \W8& Micrococcus
Bacillus licheniformis,
Probiotic 11 3 - - - - 3 B. subtilis,B. megaterium e v
B. polymyxa
Streptococcus faecalis,
Probiotic 12 3 1 1 - - 5 B. mesentericus ILas X

(Enterococcus)

Clostridium butyricum

‘H&I’]EJL‘VWJ

\/ﬁmmé’uﬁufﬁumﬁmammﬁL’%aﬁszquuamﬂ

P v o o PN AA A
X VLNNﬂ'J']Na&]W%ﬁﬂU?ju@TaGLLHﬂﬁLSﬂﬂizuﬂuﬂaqﬂ
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ANNNIANBIUTERNTA NN 0 URAFITANRITVRINRAA A LT lula@nng 12
a [ 6 1 a [ a a % a > 6 = a a

NROA AN WUAHRAN WM INT UGN 10 TR anTRNEANMNRUILLAT 7 ez 9 HiedinTaw
Tunivdasrausnsonmisdszinnldsdn  wasndanmailnslula@n 11 a9%e antiunuiua 9
a a a 1 dld A a [ 6 ] 3;
FUszantmwlumstasgaiasnsomisdszinnensiulanse v NINDd 6 NAAA AN
(Fauaz 50 VaINANAMNNINNA) RUseEnsawlumstdesaarsluiu lasndanmsinunoay 5
ﬁﬂiza'ﬂ'%mwlumiziamama"lmﬁuqdﬁq@ (+7) HONINRTINVINHAA UK RUBLEY 7 1 D1

NRAAWAN MIRINITDLDLRAIUFITONNITNG 3 THA LG AILFAIIA1319N 10

dl a a ] a s a
M13791 10 USENTAMNNTLaURANLRITDNNRTY adwa@nmsﬂwﬂﬂam

NRANTUH USeANTAMWMILaUFALRITANT
Iwslulaéin Ts6n aslulaasa lwain
Probioitc 1 1.72 £ 0.28 4+ 142 +0.32 4+ 2.22 +0.00 5+
Probioitc 2 1.69 £ 0.00 4+ 1.01 £ 0.53 4+ 1.60 £ 0.00 4+
Probioitc 3 1.63 £ 0.08 4+ 1.16 £ 0.49 4+ 1.88 £ 0.12 4+
Probioitc 4 1.59 £ 1.32 4+ 1.08 = 0.11 4+ 1.62 + 1.41 4+
Probioitc 5 1.562 £ 012 4+ 1.14 £ 0.01 4+ 452 +0.18 7+
Probioitc 6 1.33 £ 0.00 4+ 1.19 £ 0.13 4+ 1.60 £ 0.00 4+
Probioitc 7 - - - - - -
Probioitc 8 1.13 £ 0.13 4+ 1.12 £ 0.21 4+ - -
Probioitc 9 - - 1.09 £ 0.04 4+ - -
Probioitc 10 1.07 £ 0.05 4+ 1.08 £ 0.11 4+ - -
Probioitc 11 1.22 £ 0.32 4+ 1.00 £ 0.07 3+ - -
Probioitc 12 1.36 £ 0.15 4+ 1.19 £ 0.03 4+ - -

wagLAa © UszEndniwmatasasng: - (0), 1+ (0.01-0.5), 2+ (0.51-0.7), 3+ (0.71-1),
4+ (1.01-2), 5+ (2.01-3), 6+ (3.01-4), 7+ (4.01-5), 8+ (5.01-6), 9+ (6.01-7),
10+ (7.01-8)
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a a 1 3
2. ilszAnsnmmlunisdasaarananlauitg lwnsea TninsduazWosdavasnuaiSanas
c:' v 1 dy v o o ¥ Y o
mwn‘lﬂmnumamqaqmmuazaﬂaqaqmm

Aa 1 I3
2.1 dszansnmmlunisdosaarguanlauite Twinsa ulnsduazWosilaaas
v v W 1

RUANLSYNFNNY 6 THA ‘lumLtazﬁ%mnaumnuaLﬁﬂafi’aqmm‘l%mm%w

nmIanudsziniainlunisdassarsnanluie Tumnse ulnsduszwasinauas
LUATISUNENNY 6 THA 1uﬁ1LLaz<?mmﬂaumm.imﬁmﬁaqmﬁﬂmm%%’uwudw mmimaaaﬁ
WAuuuafiSonan (T1) AuUszantnwlumsdesaasuanluily Junse lulnsduazWesmnaldd
N80 TIN1I09NA1I YT UaARIMAR 0.077 + 0.00, 0.971 + 0.02, 0 Uaz 0.003 + 0.00 AAFNTN
GaRAT ATNAIAU MIWA 7 VaINNINARDI mm:ﬁ"g@muqmmuemL%aLLazvl,ajLanLLmﬁﬁwau

= A A ' P o 1 @ A A A A =

(T2) wﬂs:ammw‘lumwaUamEJLLmJImusJ"L@@m’mummimaaam@mmﬂmmwaw Tapil
Usnuuanluifisanaainia 0.077 + 0.00 luiufl 7 vesmnasess uazgaaiuguuuy lisige

wae ldidnuuafiSona (13) Widsedninwlumstdesaaaansadna1d asansen 11
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TR (W)

W’]T]ﬁl,(ﬂﬂg ﬁﬂﬂﬂﬁ’]ﬂﬂﬂd

0 0.7 1 2 3 4 5 6 7
T 2.300 + 0.00 | 1.386 + 0.04 1.493 + 0.10 1783+023 | 1.681+025 | 1.783+021 | 1.251+0.19 0.077 + 0.00 0.077 + 0.00
uawluiile T2 2.300 + 0.00 | 1.368 + 0.12 1.670 + 0.04 1628+ 023 | 1.960+0.01 | 1.872+0.25 | 1.044+0.15 0.077 + 0.00 0.077 + 0.00
T3 2.300 + 0.00 | 1.846 + 0.41 1.773 + 0.34 2.048 +0.13 | 2.358+0.05 | 3.389 +0.15 | 2.430 + 0.02 2.900 + 0.20 2.636 + 0.11
T 3.800 + 0.00 | 2.368 + 0.55 1.383 +0.13 2163 +0.14 | 2320+ 045 | 4.394+028 | 0.921+0.04 0.651 + 0.04 0.971 + 0.02
Tuinsa T2 3.800 + 0.00 | 2.244 +0.19 1.095 + 0.04 2309 +0.05 | 4749+0.15 | 4424 +0.02 | 5240 +0.45 5.887 + 0.24 5.159 + 0.11
T3 3.800 + 0.00 | 3.125+0.78 2.457 + 0.46 2.970 + 0.85 | 3.595+ 0.06 | 2.867 +0.03 | 2.347 +0.02 2.127 + 0.12 4.725 + 0.03

T 1.200 + 0.00 | 0.672 +0.12 0.538 + 0.00 0.192 + 0.07 | 0.184+0.05 | 0.215+0.15 | 0.230 + 0.03 0.110 + 0.03 0
Twlnsd T2 1.200 + 0.00 | 0.466 + 0.04 0.395 + 0.02 0.225+0.04 | 0.204+0.10 | 0.152+0.02 | 0.261 + 0.01 0.196 + 0.03 0.103 + 0.01
T3 1.200 + 0.00 | 0.386 + 0.02 0.415 + 0.06 0.955+0.18 | 1.341+0.02 | 1.289+0.05 | 0.759 + 0.02 0.779 + 0.10 0.771 + 0.03
T 0.200 + 0.00 | 0.272 + 0.00 0.260 + 0.01 0.180 + 0.01 | 0.352+0.00 | 0.073 +0.01 | 0.040 + 0.01 0.009 + 0.00 0.003 + 0.00
wWamua T2 0.200 + 0.00 | 0.243 + 0.02 0.270 + 0.00 0.228 +0.01 | 0.203+0.00 | 0.181 +0.01 | 0.116 + 0.01 0.070 + 0.01 0.022 + 0.02
T3 0.200 + 0.00 | 0.270 + 0.00 0.273 + 0.01 0.245 +0.02 | 0.256+0.00 | 0.211+0.01 | 0.241 + 0.01 0.251 + 0.01 0.231 + 0.01

WINBLAR: Iwna8819INY 3; duads + andonuninasgiw)
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P = P ¢ < & = &
L3Jaquaﬂq?ﬂ(ﬂaaﬂsJ”lLﬂiEl‘]JLV]UULﬂaiLsﬁu(ﬂﬂqiﬂ@ﬂ\‘]Ta\‘]LLQNINL%H vLuLVli(ﬂ vLuvL'ﬂi(ﬂ

uazWasWalaguuans ey w08 TuN TN LasAuazNa kN ar:]”oqm@‘h LEAINANIT

NARAIAIANTNN 12

A19191 12 1asiFuanisaaasvadnanluiy Twnsa winsauazWasine laon1vtasaansuasd

A A P A
LUANILIUNY 6 ﬁu@ﬂqﬂlum')@]éﬁiu

. T1 T2 T3
WITHLaas
% NINANY | UIeENTAN | % MI3aaad | UieENTNIW | % nmIaaad | UszEntnw
wawluifie 96.65 4+ - 14.61 - 96.65 4+
Twinsa 74.44 4+ - 35.76 - - 24.34 -
Twlnad 99.83 4+ 35.75 2+ 91.42 4+
Wamwa 98.5 4+ -15.5 - 89.00 4+
winewma : - = 0% (lifidsintnw
1+ = 1-20% (ﬂszaﬂ%mwﬁ'w)
2+ = 21-50% (UszAnBanwald)
3+ = 51-70% (U3z@NnTNINa)
4+ = 71-100% (UssanSnwdidow)
91na1719% 12 usaaldifing mmi‘ﬂ@aaaﬁﬁmﬂammﬂﬁﬁﬂwau (T1) i

ANNFNANIDIWAIINAaENINg 4 Tha amoﬁﬂszaw'ﬁmwga qu@mimaaa T3 lisinara

A A a o @ a & A a ' ¥ ' a
wazlutaunuaASuNgNRINNIIORITALa N LNLTLY "lu"lmmuazwamvxlmwuaglumamm

USTANTAIWANN (4+: UTeENTANGLDN) U el laNIInnI0 MnIa b Lassans
q

naaeInimInnge (T2) unlisursaiaueslaiis lwnsauazWesnale wazaIn1Ianiea

Tulnsdlauddssansanwals @2+

UszdnTawweld)  asmuaillddiuuafiSonand

AMURINITDIUNNIAITAFIING 4 Tha ﬁﬁmwLﬁwiugaLﬁaLﬂ%UULﬁm_lﬁ'ummrﬁu‘*ﬁuﬁwulu

ﬂaﬁmifnqme‘iﬂ@ e bl
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a 1 I3

2.2 ilszansnmnlunisdosaarguanlauing lwnsa uwinsauazosiavas

RUANLSYNFNNI 6 THA 1uﬁ1tLazﬁumzna%aﬁnﬂaLﬁﬂdfi’aqmﬁﬂ
=4 a a 1 = 6
nmsansdssiniawlunisdassarsuanlunis Twinsa lTuwlnsduazwWasinalas
o A A Aa A a 4 . & o o Ao g o °

myltunafionauifimlsn Auaznauuszihandaidsafinaidinfenymadssfinaie
Uazanm 3 Wen a 9ndaandunm lagdanziinnimenn w aiudietsanyaiass

v °

MNNANEN WUINRUS I maanGanazanaiin qmﬂgﬁ ANMULANLAZANLATLVNNY 8.51 NaaNIN6a
865 29.74 °C 7 AAN WAz 7.19 aNa1aU LLazqmmwmaLﬂﬁ leun Usunamwanluity Tuinse
TwlnsduazWaswavinnu 0.703, 1.608, 0.215 Az 0.148 NAANTUAARAT ATNAIOU AILEAI1

A1319N 13

M1519N 13 qmmwﬁnmamﬂmwLLazmoLﬂﬁ"uaaé’aamaﬁwnﬂﬂaﬁaqm@‘h

wnilaas qmmwﬁyn

faandlanazansin (NadnIudafey) 8.51
amngdl (°C) 29.74
AMULAY (WD) 7

WLaw 7.19
wanluily (Haansudefag) 0.703
lwnsa @afniudadag) 1.608
Twlnid @adnudadag) 0.215
Waste (NaanIudanes) 0.148

LU ANIUNRNNS 6 mﬁ@ﬁLmﬂ"lé]"anmjal,ﬁmrjaqm@"nLLazﬁwvlé“rjmm@hmﬁﬂm

UszanTnwmstagaanouwanlutie lwnte lwinsauazwasine lutiiuazduaznanainatag

e o

& o o ~
MNNANA T HIZHLIAT 35 1% LRAINANIINARDIAIAITNN 14

9 a
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5 Twmnse Twlnsd wanluile WasWe
A ()
TAAILAY | TANARDY TAAILA TANARDY | TAAIWAN | TANANEY TAAILA TANARDI
0 3.200 + 0.00 | 3.200 + 0.00 1.200 + 0.00 | 1.200 + 0.00 | 2.300 + 0.00 | 2.300 + 0.00 | 0.200 + 0.00 0.200 + 0.00
04 0.847 + 0.07 | 3.407 + 0.08 1.005 + 0.07 | 1.010 + 0.03 | 2.642 + 0.17 | 2.656 + 0.07 | 0.192 + 0.01 0.204 + 0.01
1 1.874 + 0.05 0 1.021 £+ 0.02 | 1.230 + 0.02 | 2.679 + 0.04 | 3.171 + 0.05 | 0.112 + 0.00 0.144 + 0.01
2 4.385 + 0.00 | 1.265 + 0.00 | 0.994 + 0.01 1.500 + 0.01 | 1.957 + 0.02 | 0.368 + 0.14 | 0.163 + 0.00 0.104 + 0.02
4 2.673 + 0.03 0 0.943 + 0.01 | 0.545+0.02 | 1.328 + 0.06 | 0.182 + 0.02 | 0.1253 + 0.01 0.071 + 0.01
6 1.996 + 0.00 0 0.860 + 0.01 | 0.146 + 0.00 | 0.814 + 0.02 | 0.109 + 0.03 | 0.092 + 0.00 0.070 + 0.03
7 10.00 + 0.00 | 10.00 + 0.00 10.00 + 0.00 | 10.00 + 0.00 | 10.00 + 0.00 | 10.00 + 0.00 | 10.00 + 0.00 10.00 + 0.00
7.5 13.728 + 0.03|15.037 + 0.14| 10.688 + 0.01 | 9.529 + 0.04 |11.633 + 0.38| 9.774 + 0.20 | 10.996 + 0.39 8.490 + 0.12
8 | 8.805+052 |7.047+0.07 | 10.572 + 0.10 | 5.947 + 0.04 | 6.628 + 0.11 | 6.428 + 0.29 | 5.060 + 0.25 | 5.062 + 0.01
9 5516 + 0.14 | 1.843 + 0.07 | 11473 +0.19 | 5.010 + 0.13 | 7.955 + 0.13 | 3.730 + 0.02 | 3.396 + 0.03 3.207 + 0.01
11 2.815+ 0.09 |2.5446 + 0.03| 8.580 + 0.23 | 4.273 + 0.06 | 4.684 + 0.04 | 2.659 + 0.08 | 2.856 + 0.08 2.980 + 0.04
14 1.223 + 0.09 | 2.404 + 0.05 9.196 + 0.07 | 2.911 + 0.00 | 4.895 + 0.14 | 1.060 + 0.08 | 2.831 + 0.05 2.627 + 0.08
16 4778 + 0.12 | 2.865 + 0.05 8.528 + 0.04 | 4914 +0.17 | 3.196 + 0.03 | 0.462 + 0.04 | 2.525 + 0.01 2.653 + 0.01
18 3.865 + 0.07 | 1.925 + 0.06 | 8.258 + 0.02 | 2.736 + 0.04 | 4.015 + 0.06 | 0.366 + 0.02 | 2.369 + 0.02 2.409 + 0.02
20 6.973 + 0.10 | 4.194 + 0.07 | 6.041 + 0.03 | 0.965 + 0.03 | 2.428 + 0.03 | 0.262 + 0.04 | 2.239 + 0.01 2.556 + 0.01
21 20.000 + 0.00| 20.00 + 0.00 | 20.00 + 0.00 | 20.00 + 0.00 | 20.00 + 0.00 | 20.00 + 0.00 | 20.00 + 0.00 20.00 + 0.00
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. lwnsa Twlnsd wanlaiie Wosne
AN (1)
TAAILAY | TANARDI TAAILAY TANARSY | TAAIWAN | TANANSY TAAILA TANARDI
21.5 23.105 + 0.35|23.652 + 0.13| 20.025 + 0.03 |20.114 + 0.04|23.859 + 0.33|23.847 + 0.06 | 21.275 + 0.01 | 21.274 + 0.05
22 17.367 + 0.13 ({14.975 + 0.23| 19.332 + 0.07 [18.042 + 0.42|23.523 + 0.45(17.676 + 0.05| 18.835 + 0.04 | 18.917 + 0.02
24 13.882 + 0.20 (12.127 + 0.32| 16.417 + 0.20 {10.351 + 0.06 |26.576 + 0.51|14.367 + 0.35| 18.810 + 0.01 15.610 + 0.07
26 11.882 + 0.20| 5.170 + 0.24 | 15.002 + 0.05 | 8.332 + 0.41 |25.363 + 0.15| 8.955 + 0.39 | 12.357 + 0.01 | 11.714 + 0.01
28 12.006 + 0.16| 9.242 + 0.24 | 11.123 + 0.06 | 4.098 + 0.05 |16.005 + 0.69|11.464 + 0.08| 5.435 + 0.01 5.409 + 0.02
30 9.192 + 0.18 | 2197 + 0.19 | 10.611 + 0.05 | 2.417 + 0.05 |13.807 + 0.11| 9.088 + 0.53 | 1.706 + 0.01 1.436 + 0.01
32 13.733 + 0.10| 3.944 + 0.19 | 15.860 + 0.05 | 0.002 + 0.08 |10.781 + 0.15| 0.087 + 0.02 | 1.790 + 0.13 1.549 + 0.01
35 15.326 + 0.22|-0.377 + 0.20 - - - - 2.235 + 0.08 1.631 + 0.03

WA (FIWIUA0EIYINNAY 3; Aal + DI uuIInIFIN)
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WaslSouigulssansamwnitaaasvadwanlutie Tumse Tulnsduazwasnaluiia

& ) o o A a & A o & ¢ < € %
Laﬂlﬂq@qa'\ﬂq"ﬂ’]aﬂﬂ‘[@ﬂLLUﬂY]LiUNﬁNﬂG 6 TUA I@]Uﬂ’]uQMLﬂuLﬂaiLsﬁu@ﬂqiﬂ(ﬂﬂﬂ @]GLL&@GI%

AN 15

®1519N 15 ﬂi:?m%mwmia@awaomsﬂsznauiﬂmwmm:ﬂamW@ﬂuﬂm'&'mrj&qm@‘h

31889
. o . TAAILAN TANARND
WINALGAT | ANNINUK (mg/L) : : :
NMINARY (%) | UIeBNTNIN | MIaaad (%) | Usednsnin
3.8 37.64 2+ 99.84 4+
Twinia 10 37.77 2+ 58.12 3+
20 43.16 2+ 99.98 4+
1.2 28.30 2+ 87.84 4+
Twlnsd 10 44.38 2+ 90.54 4+
20 39.10 2+ 99.99 4+
2.3 64.61 3+ 95.26 4+
wou laidig 10 77.52 3+ 97.43 4+
20 51.94 3+ 99.56 4+
0.2 54.05 3+ 65.05 3+
Waswa 10 77.80 4+ 74.58 4+
20 89.97 4+ 92.77 4+
wanpwg : - = 0% (hifidszAniam)
1+ = 1-20% (ﬂszaﬂ%mwé‘h)
2+ = 21-50% (UszanTnwwald)
3+ = 51-70% (Usz&NTnIng)
4+ = 71-100% (UszAnSawaibew)
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INAIIN 15 UWRAILALAKIN qﬂﬂﬁmaaaﬁﬁmnamwﬂﬁL’%fwauﬁmmmmmlu
ntdaasdszneviulanauginitgenivqu lasfidszanTamdibey (4+) lusmeiga
muquﬁﬂizﬁw%mwwalﬁumsﬁﬁ@miéﬁﬂdn uaﬂmﬂﬁﬂ'\awudﬂ"g@ﬂ']smaaaﬁﬁmslﬁu

a A = o o wva ! L
LLfLJﬂ‘Y]LiElNﬁﬂJNﬂ'J']&l?ﬂlJ'ﬁﬂl%ﬂ']’ﬂ@WaﬁLWG}VL@@LVIWﬂiJ“Iz@ﬂ’]U@]N

3. anwuannsazasuuaiiananlumsiniadawlisuisuauisnsniaueandess
5%1%1]@@210?;’05'1&90

3.1 filarwasdtaniititiaa838nsuanansin

mnmﬁ@ﬁLaﬂum’wL’%Nﬁumimaawaa%‘ymusl,m_iaLgﬂaﬁdqm@iﬁmawao"q@muqu
LLa:q@mimaaﬂumimamsauﬁ 1 ﬁ@i’]a%iszwj’m 7.19 + 0.17 ©19 7.41 + 0.14 Falaigana
UANEIBEINRURIAYNINRDG (p < 0.05) TTHININ %oﬁLa°1i°11aa%muluqﬂmuquﬁﬁﬁmsmﬂ
LAATDITIISUARTANTINAL 7.19 + 0.17 uf1aandnde 6.77 + 014 Iuiufl 3 vasmInanas
gaudafi 5 Aivnmimnuaasiununmndaulnslulefinussyadi 6 Aivnniseanuaasiuiunanga
nslulafinuazmsnanianiforansadntosluiud 3 vasmnasss uaziinnuuandsagig
InpEANIEDa (p > 0.05) AUTISNERMINAReY FwmUUad 3 fivnnisanuansauiums
WWuluanusemInanan waziiaf 4 ﬁ‘r‘hmimﬂLL@@‘iwﬁumﬂmgmnﬁﬁLam@auﬁﬂﬁau
Tw3udl 9 2asmInasss uazlaNuLANa1adNIRERIAYNIIEDHaA (o > 0.05) AUTI9SNAUS
nasad  vmefdefl 2 AfivnsenuaasniuNIWaNauiRleTan8daIN 7.38 + 0.06 LHae
6.62 + 0.15 luiufl 15 vasn1Inanas G'fiqﬁmﬂmmn@maﬂ'wﬁﬁfﬂﬁwé’wumaaﬁa (p < 0.05) Nu

FIISNGUNIINARDS AILFAILUAITIN 16



P a g Ao o o aa ] o A
13791 16 WLaﬁmﬂﬂmLauﬂU'}U@@qEl')ﬁﬂ']'i@]’]\ﬁﬂuluﬂ'ﬁ‘ﬂ@laa\‘ﬁﬂ‘]_lqﬂ 1
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Fufivnms AMNUAG+ annuaa+loyu ANUAa+ ANUAG+ ANUAG+
NARDd Frnian WANLAY Y1I+WANLA lspuana Insluladn Inslula@n+wanian
0 7.19:017%° | 7.38:0.06™ 7.4120.14°° 7.39:0.11% 7.34£0.06™ 7.28+0.13™
3 6.77:0.14"" | 7.19:0.07"° 7.55¢0.117 7.44+0.08" 7.140.08 " 6.68£0.02 >
6 6.69:0.08"' | 7.02£0.06" 7.430.05"" 7.5340.10% 7.13:0.11"" 6.620.13"
9 6.74:0.17"" | 7.01£0.09™ 7.22¢0.11"" 7.160.08"" 6.920.02"" 6.540.14""
12 6.66:0.21"" | 7.13:0.12° 7.30£0.02”" 7.140.09"" 6.990.04"" 6.51£0.10 "
15 6.67¢0.16"" | 6.62£0.15"" 7.240.07"" 7.08£0.07"" 6.99:0.04 ™" 6.46£0.13""

WANELAG AANBINM M INBNLANAIINWIBUI B ULFAIANNLANAI AN TtEfATYNNEDE (p < 0.05)

aLapnuanadnululwIAILEaIANNLANAIa 9 lnefmANNEDa (p < 0.05)

aa
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fwSUNIManassand 2 I@Umiﬁw%muﬁmumﬁ?ﬂﬁﬂ@mﬂ"g@ma‘maaaiauﬁ' 14
ﬂﬂﬁ@@iaéhm’i‘%milﬁwmmé’aﬁnﬂﬁmmauﬁﬂmﬂmﬁaLLaz“?ideLi’Lﬂunmﬂizmm 10 1% LA
ﬁmmwuhﬁLaﬂmmL‘%‘I&lﬁumimaawaa*"ﬁymuslummquLLazﬂg@m‘smaaalumsmaaasauﬁ'
2 faufinduanminassssauil 1 lasfeagluz9 7.06 £ 0.10 f9 7.52 £ 0.20 Falaigenu
WANEIDEINRBEINYNIIRDG (p > 0.05) AUTI9EUA W INARES Lfiaayuq@msmaaa (T
15) Aarvasdof 3 ﬁﬁwmsmmmm’mﬁmmﬁugwnnLLa:m‘sw'ﬁmau waztiaf 4 Aving
@rmu,@m@nnme'mﬁ'umnaugmnﬁﬁLam@iauﬁwﬂunma FaReviiu 7.39 + 0.16 WA
7.07 + 0.05 @URAL °umzﬁq@ﬂﬁmaaﬁuﬁﬁLamﬂum@ﬁﬂﬁay %aﬁdwag’szmw 6.46 +
0.07 £9 6.71 + 0.09 Fsuaasluaaf 17
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P a g Ao o o ad . o A
139N 17 WLQTT@G"DLﬂuﬂﬂ’]u@@?U')ﬁﬂ']'i@l’]ﬁﬂuluﬂ'ﬁ‘ﬂ@aa\‘ﬁﬂuqn 2

NS

AINLLaA+ AINLLaA+ AN+ AMNLLOA+ AMNLLOA+
NARDI Fntan wanaw | lspduwsnewdneu | Tsoguan Iwsluladn Inslula@n+wanian
0 7.19£0.15™ 7.06£0.10™° 7.5240.11° 7.52¢020"° | 7.22+0.05™ 7.25¢0.12*
3 6.66£0.26"" 6.75:0.10™ 7.47£0.07"" 7.26£0177° | 6.64£0.13"" 6.80£0.13"
6 6.43£0.07"" 6.66+0.08 7.4120.10"" 7.32¢0.06""° | 6.48£0.12"" 6.56+0.09""
9 6.43:0.08"" | 6.25:0.09"" 7.28£0.10"" 7.04£0.03" 6.27£0.16"" 6.62£0.17 "
12 6.510.08"" 6.16£0.11"" 7.41£0.09"" 73120157 |  6.69£0.13" 6.51£0.12""
15 6.55:0.13" | 6.71£0.09" 7.39£0.16" " 7.07:0.05°" |  6.46£0.07"" 6.560.15 "

o @

WiNEme  ManwInmanneiuandinuluiwsanuaaInNILandetiitssAYnaha (p < 0.05)

ALNINLANAINUIBULWIAILFAINNAULANA N BT S A NIRAA (0 < 0.05)
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3.2 ﬂ'%mmﬁuﬂ%ﬂ’imqwaaﬁm%ﬁﬁ'\ﬁ'ﬂé’f'aH%Emmmn@haﬁu

ﬂ'%mmﬁuw?si’mqma\‘n;@mugsJLLa:"g@ﬂ@aaalui’uﬁuﬁumimaaoﬁmagliizmw 1.70
+ 0.05% 59179 + 0.07% @olifanuuanedsatefvinddyniieda (o > 0.05) TEniaf
Lfia%vuq@msmaaawud’]‘éuw‘%sﬁ'@qmaoqﬂmuqmtaz"q@maaaﬁLLu’ﬂﬁmﬂlwﬁmm"ﬁmﬁuﬁu

MINARI 69 LLﬁ@]Glu@I’ﬁ’Nﬁ 18
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®13579N 18 ﬂ‘%mm’éuﬂ%ﬁmqmaﬁLauﬁﬂflﬁ'ﬂﬁ’sﬂ%’%ﬂm,l,@m@mﬁ'ulumimaaa‘sauﬁ 1

Fufivnms ANUAG+ ANUAG+ ANUAG+ ANUAG+ ANUAG+
NARDd rnkan WANLAY Lspuan+wanian lspuana Insluladn Inslula@n+wanian
0 1.79£0.07™" 1.7740.04"" 1.74£0.11°" 1.76£0.02"" 1.70£0.05"" 1.79£0.06""

3 2.80:0.03"° |  3.03:0.08™ 2.930.09"° 3.04£0.10%" 2.99:0.13" 3.38£0.13""
6 2.15:0.06™° | 2.59£0.02" 2.67£0.09° 2.5340.08"° 2.5620.07"" 2.6840.03"
9 2.15:0.06™° | 2.58+0.02° 2.51+0.04 ** 2.09£0.02™ 2.270.06"" 2.640.04"
12 3.37:0.03"" | 3.3120.10™" 3.16:0.11™" 3.17¢0.12™* 3.39£0.16 " 3.120.06™"
15 4.13:006™° | 4.36£0.03"° 4.5620.07°° 4.3240.08"° 4.260.03"° 4.33£0.08"°

@ o

WNBLAG  RaNHINESINOBALAndIiRlRLIIRaRLEAIANILANG BN IRE A ATYN1IEDR (p < 0.05)

ALNINLANAINUIBLWIAILFAINNULANGN BN RSN NIIRAA (p < 0.05)
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NS INARDITOUT 2 I@Umiﬁw%muﬁmumﬁ?ﬂﬁﬂmﬂﬂ"g@mm@aaaiauﬁ' 141
ﬂ’]ﬂ@@iaéhm"?%mﬂawmwéﬁmnﬁﬂ’]s@m{ﬁﬁnﬂmﬁaLLazﬁaVlﬁLﬂunmﬂizmm 10 7% UA2
3Lﬂiﬂzﬁﬂ’%mm’§uﬂ%ﬁ@qwmn ﬂ%mm‘éuw‘%mi’@qmao*’qﬂmuqmta:mmaaﬂui’m‘%uﬁums
mamﬁmagi:ﬁdw 1.47 + 0.02% 19 1.56 + 0.06% wazSum i Ang uansa9Budums
NARBILTWLAIINUMINABITOUN 1 aouaaaluaad 19
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A13519N 19 ﬂ‘%mmﬁuw‘%ﬂi’mqmaﬁLauﬁﬂwﬁ'@éf’sﬂ%%mmmﬂ@mﬁ'ﬂuﬂﬁmaaa‘sauﬁ 2

’Yu“?‘iﬁ’]mi ANLLAAa+ AMNLLAA+ ANLLAAa+ AMNLLAA+ AMNLLAA+
ANUAA _ _ _ L
NARDI WRNLA I‘squJum%wamau IiquJWll’]’J Twsluladin | Tnslula@n+waniaw
0 1.5120.04™" 1.47+0.02"" 1.49+0.11%" 1.4920.02"" 1.5620.06"" 1.52+0.06""
a2 c,2 b,2 b,2 b,2 d,2
3 2.35+0.03 2.56+0.01 2.48+0.05 2.46+0.03 2.46+0.01 2.64+0.02
6 2.78+0.09°° 3.05+0.07™° 2.83+0.12°° 2.94+0.12°" | 2.85:0.10°% 2.91+0.12°°
9 2.69:0.12°° | 2.71:0.02™" 2.61+0.02°° 2.70£0.02°° | 2.87+0.05°% 2.99+0.02%°
12 3.08+0.06°" 3.48+0.11%° 3.19+0.14°* 3.30+0.13°*° | 3.16+0.13°° 2.97+0.05"°
15 4.3640.06"° 4.64+0.04>° 4.23+0.12"° 4.48+0.12°° 4.17+0.13%* 4.53+0.08°"

@ o

WNBLAG  RaNHINESINOBALAndIiRlRLIIRaRLEAIANILANG BN IRE A ATYN1IEDR (p < 0.05)

ALNINLANAINUIBLWIAILFAINNULANGN BN RSN NIIRAA (p < 0.05)
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a a 1 . =4 = Ao o ¥ aa ] o
3.3 uuafit3anaa Vibrios 3ndtanlnliatdgeidiaasiitnina 35 nmd1ein
nnmahdadiauannwndiludaidsafediassdieiiniseds 9 luganmesassaus 1
! a A A ! o A . o @ a & \ o
wuLUSuauuafiisongs Vibrios azaaatlunntafniviimatite laswudSunmisangw Vibrios
Q { & Q { 1

laluiuf 0 uaz 3 vaIMINAaEY TIlwInd 6, 9, 12 uaz 15 VAININARLS LUE1UNTAATITNL
M3y veILUAfiSENgw Vibrios Ua1®1T TCBS agar Giuaadlua13197 20 §mIUNIMARaT

P 1 a a A ! . .
30UN 2 ﬂiﬁﬁleﬂJ‘W‘]JﬂﬁﬁL'ﬂiiyﬂlQGLLUﬂﬂLiﬂﬂQN Vibrios



@19197 20 YSamuuaiiiSanga Vibrios (MInaaassaui 1)

USinmuuafiunga Vibrios (x10° CFU/g)

vy
AINLLaA+ ANLLAA+ ANLLOA+ AN+ AINLLaA+
Nones Frnian WANLAY Lspduan+wanian Tszuamn nsluledn | Twsluledn+nwaniau
0 2.15:0.15"° | 1.65:0.21" 1.55£0.37"" 1.4740.57" 2.05£0.43" 1.90£0.28"°
3 1.60£0.18°° | 1.35£0.07" 0.85:0.21" 1.65£0.21%° 1.03£0.06" 0.35£0.07"
6 0£0”" 0£0”" 0£0 ™" 0£0”" 0£0”" 0£0”"
9 00"’ 0£0""’ 00™" 00"’ 00"’ 0£0""’
12 00" 0£0™" 00" 0£0”" 0£0”" 0£0”"
15 00"’ 0£0"" 00™" 00"’ 00"’ 0£0""’

WANELNG AANBINM M INGBNLANAIINWIBUI B ULFAIANNLANAad N AtEfATYNNEDE (p < 0.05)

AURDNUANAINUIBULWIAILFAINNULANA BN RE I NIIRDG (p < 0.05)

A v




68

A o a A : . ] o A P

\WWadaduunuuailsungy Vibrios WUINLWIRA 0 Waz 3 VaInIINanadlusaun 1
sansnduunlailu V. parahaemolyticus lunndatneadiiaunihanyiimaiianzd laswulu
USununanas ansuluiun 3 vasnrnaaadluia 6 NYiIIN1TNTAA8NITANNLAATINALNAIT

AulnslulafinuaznInanauaTI bMWY V. parahaemolyticus A9LRAIIHANTIN 21

]
a o

A=I a2 . o [l a%’ @ o ad 1 .
M990 21 YIunm V. parahaemolyticus 1umamamauwmmm mmwmwnulumsmaaa

ia‘]Jﬁ 1
e wAeas Fufio | w3 | duiie | duilo | ui 12 | Sufi1s
UGERN
USunmuuafiiss (CFU/g) 22,5 17 0 0 0 0
0 V. parahaemolyticus (CFU/g) 3.0 3.5 0 0 0 0
V. parahaemolyticus (%) 13.33 20.59 0 0 0 0
USunmuuafiise (CFU/g) 13.5 13.5 0 0 0 0
2 V. parahaemolyticus (CFU/g) 4.5 25 0 0 0 0
V. parahaemolyticus (%) 33.33 18.52 0 0 0 0
USunmiuafilse (CFU/g) 15.5 8.5 0 0 0 0
3 V. parahaemolyticus (CFU/g) 5.5 1.5 0 0 0 0
V. parahaemolyticus (%) 35.48 17.65 0 0 0 0
USunmiuafil3s (CFU/g) 13.67 16.5 0 0 0 0
4 V. parahaemolyticus (CFU/g) 3.3 3.0 0 0 0 0
V. parahaemolyticus (%) 24.14 18.18 0 0 0 0
USunmiuafiiss (CFU/g) 20.5 10.33 0 0 0 0
5 V. parahaemolyticus (CFU/g) 5.0 1.0 0 0 0 0
V. parahaemolyticus (%) 24.39 9.68 0 0 0 0
USunmiuafiise (CFU/g) 5.0 35 0 0 0 0
6 V. parahaemolyticus (CFU/qg) 1.0 0 0 0 0 0
V. parahaemolyticus (%) 20.00 0 0 0 0 0
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L

a A 1 d” [] n%‘ Y o dl o aa
3.4 LUANIIEN{H Pseudomonads mnmau‘l%uaLaﬂaqamaaa‘nm ANLIADNS
AN
o o & [ ' kg 2 o [ aa ' P
mnmimumlLaumnmqﬂuuammqamaaammﬁmima 9 slwq@mm@aaaiauw 1
wuhSanmuuafiiSangu Pseudomonads azaaadluyniafivihnmatnga lasluiia 3 iviins
ﬁwﬁ'@@i”’sﬂmsmﬂmemﬁumﬂ‘mgumaLLazm‘swamau Laziia 6 NMH1NUNUae8n1TeNN
me'auﬁ'umnau‘[ws"l,ﬂaaﬂuazmiwﬁnLauﬁﬂ%mmmaal,l,mﬁl,’%smju Pseudomonads afa-
i mathiadisiin1iau 9 auaedlua1snen 22 wszlSunmuuaiiisangu Pseudomonads
luarad198aunszaziiandis 9 Ninmesasdanunandrvnuadrelvadrayniiaia
(p < 0.05) MniuTumLLATTENGY Pseudomonads Tusnatsliiaufivhnaidadie3ing

N9 6 AN LAsInKliIanuuandInuad e linedan (o > 0.05)
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a19191 22 YInauuafiisanga Pseudomonads (MINAR@dTaLN 1)

ﬂ%mmm_lﬂﬁﬁﬂmﬁqiw Pseudomonads (x10° CFU/g)

Suivims
NoRa SO AN+ AMNLLAA+ ANLLOA+ AN+ AMNLLOA+
WANLAY lssurn+ndnau | lsogduanm Insluledn | Inslule@n+nwdniau

0 6.53£0.78™" 7.25¢0.67" 8.75¢1.63" 9.15¢1.20™* 9.45:2.05™° 8.77+1.50™"
3 14.87¢0.38°° | 16.33£0.66"° 14.07£0.67 °** 8.4120.71"° 9.36+0.89"° 4.47+1.04™°
6 11.24£0.42°* 3.87+1.88" 6.75¢1.27"" 3.92:2.12" 3.67£2.06" 2.11:0.85""
9 4.85:1.34°" 3.5£0.66"" 0.75£0.35"" 1.17£0.25"" 2.10.44™" 2.6+1.63™"
12 8.15£0.35"" 6.67£0.61" 1.51£0.42"" 1.21£0.42"" 4.67£0.74° 2.65:0.21"°
15 4.75¢1.20" 2.95:0.78 " 1.03£0.28"" 3.03£0.42"° 3.75£0.07"" 0.60£02""

WANELAG AANBINM M INBNULANAIINWIBUI B ULFAIANNLANAIaE N AnBfATYNNEDE (p < 0.05)

AT NLANAINWIBLWIAILFAIANUUANAI BT TEIAN9EDa (p < 0.05)
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fwSUMIManesTouf 2 T,@Umﬁ?ﬁw“ﬁmuﬁmumiﬁﬂﬁ'@mﬂq@msmaaﬁauﬁ' 1
ﬂwﬁ'@@iaﬁasﬁ%‘mnaumwé‘aﬁnﬂﬁmuam{’]ﬁnﬂmrjaLLaz'*?iya"L’j”Lﬂunmﬂi:mm 10 7% WU
Lmﬂﬁﬁﬂﬂq’u Pseudomonads +uia 3 'ﬁlv‘hmsﬂwﬂ'@ﬁaﬂmimﬂmefmﬁ'umﬂ‘mgmnLLa:
mswanauiiUSunmenss uastie 6 inmstiassmsanuaasiniumseulnslulednuas
ANTWANLAY WUI1AIUE THA 9, 12 Az 15 VAINIINARNDI maﬁ]"lw'wmmﬂﬁﬁymjw
Pseudomonads ﬁdLLﬁmlumi’mﬁ 23 uanmnﬁﬂ%mmumﬁﬁsmju Pseudomonads hu@8t19
?Tmuﬁszﬂ:nm@mﬁ'uvlaiﬁmmLmﬂ@mﬁ'uasjwﬁﬁfﬂﬁwﬁmummﬁa (p < 0.05) uazdIvm
LuAAITuNgx Pseudomonads Tudragrsdianiivinnsintadis3sn1sans g s 6 3371280

o a

LALINBIANNLANANN WA NI EIATUNI9ETR (p < 0.05)
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a19191 23 USNasuuaungu Pseudomonads (MINaaadsauil 2)

U%mnl,l,mﬂﬁl,%ﬂﬂéju Pseudomonads (x10° CFU/g)

Fufivhms _ ANUARA+
ANUAA+NEN anuaa+lsatu | enuaa+lsoln MNLAR + L
NARDY ANLAA o u _ Inslula@n+wan
LA PYII+WANLA 277 Twslula@n
LW
a,23 a,2 a,3 a,2 a,2 a,3
0 6.80+2.07 9.77+1.06 8.70+1.95 8.12+1.65 11.03+1.27 8.47+0.25
3 5.63+1.07° " 13.11+1.14%° 3.57+0.95" " 4.51+0.89"" 7.13+1.50"° 7.43+152°°
6 13.20+0.95"° 4.33+0.65" 4.07+0.61™" 7.33+0.96"" 8.97+2.72"% 2.17+0.57°°
9 7.93+0.67"" 6.32+0.96"" 8.50+0.31"" 10.5+0.92% 2.23+0.61"" 00"
12 4.02+0.62"" 7.31+0.4"" 4.63+0.71°° 9.17+1.21%% 1.730.12"" 0+0°"
15 9.51+0.72""* 6.37+0.95" 2.33+0.41"" 3.320.4"" 2.50+0.28"" 00"
VAL FENEINMEBNSINO BALANAIAR LW HEBLFAIANNLANAID S WEATYNIIFDA (p < 0.05)

ALAINLANAINUIBLWIAILFAINNALANG BTSN NIIRAA (p < 0.05)
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Lfia%'@ﬁ‘huuﬂl,mﬂﬁﬁ'ﬂmju Pseudomonads wudmm_ia‘ﬁ'ﬁwmsﬂwﬁ'@lumsmaaaiauﬁ
1 swnsnsasunniils Pseudomonas aeruginosa  uaznuafidarfiadiduwiliuaaainsea
Jzuza M INaaad lagiufl 15 vasnimasssasialiny Ps. aeruginosa ludafi 3 fivinms
thdadisnisannuaaiuiumslisyusniuaznmsnanauiitsanmuaaas wazde 6 fivns
thiiashonsanuaasuiumaanlnslulafnuazmswanian dausadluasnei 24

P a ) o = Ao o o ad . o
M1319N 24 UIuw Ps. aeruginosa 1%@]3aEJF]\WJLﬂu‘ﬂl]’]ll@@?U’]ﬁﬂ’]i@nﬂﬂuluﬂ’]iﬂ@ﬂﬂﬁ

s0u7 1
TANI a e o A o A o A o A o o
! WINULGDT IUN 0 IUN 3 IUN 6 IUN 9 N 12 IUN 15
oK
YSannmuafiise (x10° CFU/G) | 6.53 14.87 11.20 4.85 8.15 475
0 Ps. aeruginosa (x1 0’ CFU/g) 1.73 4.30 4.95 0.95 1.60 0.55
Ps. aeruginosa (%) 26.49 28.92 44.20 19.59 19.63 11.58
YSannmuafiise (x10° CFUlG) | 7.25 16.30 3.87 3.50 6.67 2.95
2 Ps. aeruginosa (x1 0° CFU/qg) 3.55 5.60 0.73 0.70 1.00 0.20
Ps. aeruginosa (%) 48.97 34.36 18.86 20.00 14.99 6.78
YannuuafliSe (x10° CFUlg) | 8.75 14.07 6.70 0.75 1.50 1.00
3 Ps. aeruginosa (x1 0° CFU/qg) 3.05 497 0.85 0.00 0.03 0.00
Ps. aeruginosa (%) 34.86 35.33 12.69 0.00 2.00 0.00
YSannuuafliSe (x10° CFUlg) | 17.25 8.40 3.90 1.17 1.20 3.03
4 Ps. aeruginosa (x1 0° CFU/qg) 6.80 3.33 0.50 0.27 0.10 0.20
Ps. aeruginosa (%) 39.42 39.64 12.82 23.08 8.33 6.60
YSannuuafliSe (x10° CFUlg) | 14.45 9.36 3.67 2.10 4.67 3.75
5 Ps. aeruginosa (x1 0° CFU/qg) 5.55 3.90 0.67 0.27 0.43 0.15
Ps. aeruginosa (%) 38.41 24.89 18.26 12.86 9.21 4.00
YSannuuafliSe (x10° CFUlg) | 15.77 4.47 2.10 2.60 2.65 0.60
6 Ps. aeruginosa (x10° CFU/g) 4.10 1.13 0.30 0.25 0.05 0.00
Ps. aeruginosa (%) 26.00 25.28 14.29 9.61 1.89 0

FRTUMINARRI5BLN 2 WUINUSNMVed Ps. aeruginosa LI lUNANRILTULASINY
nMINaaadTaun 1 lagazifnladnlunstintatan 5 Aviinsenuaasrununsaulnsluladin
wazta 6 NYIN13TNTaa8ATNLAAIINNUMITLANINT T A NULAZNITNANLALATID LUWY

LUANLIUTRARAILAIWN 9 VAINIINARDY HANIINBULEN 3 NHINITUIUARILAITAINLAA
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PuAumslisyurniusemIniniandiasa ling Ps. aeruginosa Twiuf 15 289n13naney a4

LRAILUANTIN 25

'
A o

A135190 25 USanew Ps. aeruginosa @881 a w1 Uaa1833nsananwlunmasad

50Uf 2
ams wiees Uit 0 Sui 3 Suil 6 Sufo | Sufi12 | Sufi1s
Na\aN
Punmuuefiiss x10° CFU/g) 6.80 5.63 13.20 7.93 4.00 9.50
0 Ps. aeruginosa (x103 CFU/qg) 0.43 0.37 1.10 0.43 0.20 0.10
Ps. aeruginosa (%) 6.32 6.57 8.33 5.42 5.00 1.05
Punmuuefiiss (x10° CFU/g) 12.77 17.1 4.33 6.30 7.30 6.37
2 Ps. aeruginosa (x103 CFU/qg) 1.07 1.37 0.30 0.33 0.17 0.03
Ps. aeruginosa (%) 8.38 8.01 6.93 5.24 2.33 0.47
Punmuueflis x10° CFU/g) 8.70 3.57 4.07 8.50 463 2.33
3 Ps. aeruginosa (x10° CFU/g) 0.73 0.27 0.23 0.20 0.03 0.00
Ps. aeruginosa (%) 8.39 7.56 5.65 2.35 0.65 0.00
PSunmuuafliss (x10° CFU/g) | 24.00 450 7.33 14.50 9.17 3.30
4 Ps. aeruginosa (x103 CFU/qg) 3.67 0.37 0.40 0.70 0.20 0.03
Ps. aeruginosa (%) 15.29 8.22 5.45 4.83 2.18 0.91
Punmuuaflis x10° CFU/g) 3.00 713 18.97 0.00 1.73 2.50
5 Ps. aeruginosa (x10° CFU/g) 0.27 0.60 1.27 0.00 0.00 0.00
Ps. aeruginosa (%) 9.00 8.42 6.69 0.00 0.00 0.00
YSunmuuafliss x10° CFU/g) 1.67 7.43 2.17 0.00 0.00 0.00
6 Ps. aeruginosa (x10° CFU/g) 0.10 0.20 0.03 0.00 0.00 0.00
Ps. aeruginosa (%) 5.99 2.69 1.38 0.00 0.00 0.00

4. anuaEINInzaLuAiiSanaNaansilAguulasdSanmaasuuaiiiss nsladule
wazaasn i lwdaidaenanaie
= a A a_ . a a A a
msdnwnasasnuafisalnslulad@ndansidfaundssUsuimvasnua s ouaznis
a a v o =) = e aa . o [ 1 &
windulavasdanaid laswSoufsusdunuvensasii®ia (Live-sprayed) nutoasuguds
. A A \ A A A o A a a [y o
(Freeze-dried) fifinadanaidsuudasvasuuaiizodszirduuaznmaaigidulavasfonaid

Tagldnanmanasasis
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4.1 ﬂ'%mml,mﬂﬁL%ﬂslummsﬁ'aqaw‘h

mmsr‘jaqmﬁwﬁ"[sjL(?INIWi"luIaaﬂ (81M13AILAN) fUsnmuuafionsvun 1.64 +
127 x10' CFUlg  laswu Bacillus  IwdSanmates (10 CFU/G) luamsianvnifiduuuniie
stvluiaaﬂgﬂLLUUL%&Tﬁ%%LLazmaﬁuﬁuﬁaﬁﬂ%mmumﬁL%Uﬁv'wm 6.29 +851x10° U8z
740 + 5.10 x 10° CFU/g @u8e U uazwy Bacillus ludSunmanndaonwisidanueiiise
Inslula@nydunuimadifiauazioadusudadl Bacillus iy 8.44 + 2.99 x 10° uaz 2.27 +
1.37 x 10° CFU/g @w81e (ﬂﬂEl@]ﬁ:ElzL’JaﬁﬂﬁiLﬁU§ﬂHWaﬁﬂﬂiﬁdqaﬂﬁﬂﬁQMﬁQﬁ 4°C 1w
28281 1 LA ‘wmf']mmsrjaqmﬁwﬁﬂ%mmmaﬁL%slﬁv'mma@aal,ﬁﬂﬁaﬂ Tagamsfau
LLUﬂﬁL%ﬂIWiVLUIaaﬂgﬂLLUULGﬁﬂﬁﬁ%%LLa:Léﬁa§LL°ﬁLL°‘ﬁaﬁﬂ'%mmLLmﬁL%ﬂﬁaﬁu@ 1.02 +5.21 x
10° sy 2.87 + 17.95 x 10° CFU/g usneiL LLa:IuaW%ﬁsﬁLauLmﬂﬁL%insvluiaaﬂgml,umémﬁ
HF3auazlTaaUTUTINY Bacillus LYiNHL 5.64 + 7.14 x 10° uaz 1.44 + 12.49 x 10° CFU/g

o Q é = a v o Q
ANURIND %GﬂiNWMLL‘UﬂﬁL%ElIW?VLUIa@lﬂa@ﬂxﬁaElﬂz 33.18 uar 36.56 @1uaaL

¥ Qv & o °

4.2 Qmmwmw’[mamqaqmm

ﬁnﬂm‘:?mw'@mmwﬁwﬁlﬁﬁmrj&qm@iﬂmlﬁia:mjumaaa wuIluRaNNLaNAII I
' A o ' ' = a &
agIlueFALY (p > 0.05) IuLL@a:ﬂqumaaa ARDAIZUZLIAINIINARDY  TIUTUIDH L INTALAS
QI J 1 A L { a 1 U o { a = a

Twnsa v unIna Lm"l,wmm:@uﬁlﬂuwwmqaqmm QY aeNNLaT gURNN AWLAN YIunm
I A:ll 2’ a a t:ll 2/ = 1 v t:ll 1 > ;:!' o £
°11aoLmamzmﬂlumLLazaJ'smmaaﬂmauwa:mﬂlumumﬂaumnmwLtazaglmz@mmamu%

FSATUNIAZLREIFA TN AILEAI I ANTI9N 26
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TANINANDY Naw annd (C) AMULAN (ppt) | NO, (mgll) NO ; (mg/l) DO (mg/l) TDS (mg/l)
Control 8.67-9.01 26-29 10-12 0.08-1.89 0.108-0.240 8.7-10.1 10-12

Live-sprayed 8.79-9.06 26-29 10-12 0.09-1.71 0.109-0.241 8.5-10.2 10-12

Freeze-dried 8.83-9.04 26-29 10-12 0.09-1.86 0.109-0.241 8.3-10.2 10-12
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4.3 nM3sadulazasnenaim

INMSHFNLLATZINFNT 6 “ﬁﬁ@aﬂummngmﬁaqmﬁw LLﬁaﬁmegmﬁaqmﬁ%ﬂu
1287 90 % wudﬁﬁaqm@‘hﬂéuﬁ"lﬁ%‘uiwﬂuiaaﬂgﬂLLmJLsﬁaﬁﬁ“fﬁ%LLamaﬁLL‘*ﬁLLﬁdﬁﬁmﬁfmaﬁm
WAL 8.26 £ 1.09 uaz 8.10 £ 0.21 3N muday Fvhifianuuandraiuatnelind A
804 (p > 0.05) ITWINFDINFUNIINANDY uedANNLANGAD LN NREEIATINIIEDG (p < 0.05)
ﬁ'umjumuquﬁﬁﬁmﬁfmmﬁ'u 6.37 + 0.11 N51 G9n WA 7 ﬁﬁ%%ﬂﬁdqaﬂﬁﬁﬂéuﬁqﬁ%’UIWi-
"LuiaﬁﬂgﬂLLmJmaﬁﬁ%‘imLLa:meﬁLL"}j’LLﬁaﬁmmm’JLa,?z'slwhﬁ'u 10.20 + 0.42 U8z 10.04 + 0.15
LEWALNAT AINEAU G‘fia"l&iﬁmmLmﬂ@mﬁ'uaﬂﬁaﬁﬁméwﬁ'@mmﬁa (p > 0.05) T=WIN9N® LA

ANuLaANEetNREImAYN9EDE (p < 0.05) NunguALANATEWYIIAL 921 + 0.13

LTWALNGT AILFAIIWAINN 8

9.00 -
800 |
7.00
6.00 -
500
400
3.00
200 T4
100
0.00 —

1n (nSY)

v
o

HUINUN

0 15 30 45 60 75 90
a1 ()

Control  [] Live-sprayed Freeze-dried

AMAN 7 NRINIINANE1AREAIEZIAINITNAREY 90 T4
wanpg  anwimmaingefiuaiounuuaasirldfanuuandranuedslideidymiaa
(p > 0.05)
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11.00 b

1000 —F- === === === === == 3 -
9.00 —--=--=m-=mmmmmmmmmmmmmem-ooo o 8LE A -
8.00 |
7.00 |
6.00 |
5.00 |
400
3.00 |
200 -
1.00 ~
0.00 |

ANVY1I(cm)

0 15 30 45 60 75 90
a1 (M)

Control H Live-sprayed Freeze-dried

i 8 ANNENVBITINMNAARBATZLIININITNARS 90 Thb
WAL snwimmamnnuimdauiuuaasilifionuuandraiuanedindAyriaha
(p > 0.05)

Aanandnguilaiulnslulednguvuiwsdiziaussimasusudsiidnnmseiyaula

§UWz (SGR) WU 2.43 +0.13 uaz 2.25 + 0.03 awdau delufianuuandrannadned

WHRIAYNIIRDE (p > 0.05) s:%haaaaﬂﬁjwmsmaaaﬁ UANANNUANE D EINRBRIA YN

8@ (p < 0.05) ﬁ'umjumuquﬁﬁmmﬁﬁ'u 1.94 +0.01 é’afummsﬁaqmﬁwﬁLauIWi"luIa-

aﬂmmmﬁﬂﬁé'@mmmﬁzyLauim‘hwanaqq”qqm@iwﬁmga%u@mamw:nmmimaao 90

2

o A o o AN v a A Aa & 1 & a ¢ & &
A% %ﬂﬂﬁ]qﬂuﬂﬂﬂa’]@]qﬂaquﬂvl,ﬂsu‘[w5vlu<[a@lﬂ3ﬂLLUULTQ@NT’J@]LLastﬁaﬂLLTLLTGNLﬂasLGﬁu@

9 9

:’ L= { QI J 1 -5
FRHALAZANNENINRNDUYINNL 797.46 + 4.32, 106.48 + 3.26 WAz 656.70 + 4.15, 100.73 +

| | A ' [ | Ao o @ Aa ' o =
3.19 @MuAaU T4 lTanuuanan e inufmALNIIEA6 (o > 0.05) 2WINN® LaRAW
WALt EAYN9EAa (p < 0.05) AUNFNAILANNAAWNINAD 473.42 + 3.16 Uz 79.88
+ 2.49 UKL

[ ° ' 4 v a X (> @ v 4 o =

fmadinguaiuguiliihminiNadune s (ADG) LYy 0.058 + 0.001 niudain Gail

1 1 A o o a aa e v o 1 ai L a £ o
ANMULANABE N IREFIANIIEDA (p < 0.05) ﬂ‘]JQx‘]Qm@’mQNVIVL@I‘JUIWSVL‘UIa@m I@ﬂqaqmm

\ AN v A e Aa & & Ao o a £ >
ﬂEgSJ‘YlVLGﬁUIW‘JleIa@ﬂEULLﬂJ‘iJL"'ﬁamj“li’J@]LLazL‘HaaLL“ELL"MSJWMW’]LWN"U%S’IEJ’J‘H,L‘Y]’miJ 0.081 +



79

0.001 uaz 0.078 + 0.003 nweain uazbilanuuandvesslnedaynieaia (p > 0.05)
senieny dwniudanmudasseminiuiiie (FCR) vasfdanadinguaiuquilayindy 2.03

[ o

¢=§ 1 1 b o Q aa >3 1 { o a
+0.04 Faflanauandradsfitpiayneadid (p < 0.05) nudmardingudlasulnsluledn
U o 1 A s a e A 6 1 & A o d' &
lasfanmdngunldasulnsluledngduuuimsddfiauazimadusudildnnmadfouanmaniu
g 1 [-% o Q & Q { ¥ { 1
Wawinnu 1.74 + 0.11 uaz 1.84 + 0.04 aud1au Taanmadfsuarmisiluiiafinanzanda
nmatdgafanadiaisiidrlininndy 1.50 danulnsluladnnisesgduuuiianansngivaadan

dl I lﬂq, g o v 1 a a a g tﬂl
naa auam’mﬂumamaaqaqmmvl,@a NN ILARNTNIN AIaNT N 27
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Average Daily

% Specific
Initial weight | Initial length | Final weight | Final length % Length Growth
Treatment % Weight gain . Growth Rate FCR
(@) (cm) (9 (@) gain (ADG)
(SGR)

g/day
Control 111+019° | 513+0.32" | 637 +0.11° | 9.21 +0.13° [473.42 + 3.16°[79.88 + 2.49"| 1.94 + 0.01° |0.058 + 0.001°| 2.03 + 0.04°
Live-sprayed | 0.92 +0.09" | 4.94 + 0.13° | 8.26 + 1.09" | 10.20 + 0.42° 797.46 + 4.32°(106.48 + 3.26° 2.43 + 0.13" |0.081 + 0.011°| 1.74 £ 0.11°
Freeze-dried 1.07+0.11° | 499 +0.32° | 810+ 0.21° | 10.04 £ 0.15" |656.70 + 4.15[100.73 + 3.19° 2.25 + 0.03" |0.078 + 0.003°| 1.84 + 0.04°

wanpAg anwimMmaingefiiiounuauuwiauaasirlddanuuandranuednd

@ o

[

WBURIATUNIIN

0@ (p > 0.05)
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4.4 ﬂ'%mml,mﬂﬁﬁﬂmaaﬁ'oqmﬁﬁ
4.41 USurauuanisgninan
wuafiiSaninualu  Hepatopancreas 184r9na16U0n§uAILANUAZ NI NT LATL
Aa A L & a . 6
stvl,uia@ﬂgﬂLLmJLsﬁaﬁﬁ%a@lLLazLémﬁumwaﬁﬂimmm’mu 6.20 + 15.23 — 7.20 + 11.10 x 10,
6 6 o @
10.4 + 16.20 — 12.30 + 23.32 x 10 ae 8.50 + 2596 —16.4 +6.30 x 10 CFU/g @aquaayu
AREAIZEXIAMIINARIUTI BuLATIS N InATBINNNEUNIITNAREIdauT NN §1TL
Aa & o oo o ' \ AN ea Aa e Aa
LL'U@W]mem@lumvl,aqaqmmmaanqumu«quLLaanwVLmuIWi?VLuIamﬂgﬂLLmJLsnaaummmz
f a . 6
LR UTRIIRUSINITINAL 5.30 + 15.28 - 8.3 + 9.36 x 10°, 11.04 + 22.02 — 12.30 + 17.24 x
6 6 o @ ¢ . o {

10" WAz 8.50 + 9.60 — 8.15 + 26.39 x 10 CFU/g au&1aU  TINUSH waaadluiui 15 vas
v 2 X o £ - P2 L. -
NNINAFAILRINLANTWIWINA 30 VAINIINARDY  INBLHUTVIMUUATITINIRUAA 2 UT19AIN
ARBATZHZLIAINITNANGILUNNTANITNARDY WAZARDATZLEINININANBIUTU I HLLATITE
& S Aq o & o o A 1a A o A o ' o =
ninualuwinfldiassfanadrfidiuadfsuudasaniududuniinasasslisiniin lasd
v a £ \ A a & ° o 4
wnlduindulunnnduniinasss  SalSanauuailianiwuali Hepatopancreas &1 lduazin

A9 o & [% ° ' A ' [ ' Ao o a o A
nlfiasafanandlunnngumimasasldfianauandranuagelivodda (p > 0.05) danwi 9

8.00
7.50
7.00
6.50
6.00 A
5.50
5.00
450
400

v
@

SULUANIT NI UA
(log CFU/g)

NG

0 15 30 45 60 75 90 105
a1 ()

—®— Control ~ —™— Live-sprayed = —*— Freeze-dried
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9.00
8.50
8.00

v
@

TUIULUANLTYMN VI UA

7.50

A A

7.00

(log CFU/g)

6.50

N

6.00
5.50

5.00

0 15 30 45 60 75 90 105

1981 (TW)
—®— Control ~ —®— Live-sprayed = —#*— Freeze-dried

5.50

5.00

v
@

SuUUANS eNI YA

4.50

4.00

(log CFU/ml)

3.50

N

3.00

0 15 30 45 . 60 75 90 105
a1 (W)

—®— Control —®— Live-sprayed —#*— Freeze-dried

Adl a a A gj v ) e
NN 9 ﬂimmwﬂ‘ﬂme%m"uaaqmmm@mamzU:L’Jmmi'ﬂ@aaa 90 b

(A) Hepatopancreas (B) &1'I¥ (Intestine) (C) ¥ lmae

4.4.2 YSamuuanit3unaa Vibrios
A A . . Y o AN v
LUANLIEN]A Vibrios 114 Hepatopancreas maoqdqmmma\‘mquﬂvl,@iu
Aa Aa ' = Aa ' o 3
InslulednyduvuisadidiauazioasutudsddIuaaiviady 1.30 + 3.00 x 10
4 3 4 0 @ ¢ a
~1.97 + 12.28 x 10" W8z 1.40 + 3.00 x 10" — 4.45 + 7.50 x 10° CFU/g aad1ey F9UTu o
NARITOURT 46.13 LAY 34.86 ANEIAU INIRITNAWAIINARD I@ymjuﬁ"l,ﬁ%'ﬂwﬂuiaangﬂ
LLUUL%&&Tﬁ%%ﬁﬂ%MMLUﬂﬁL‘%ﬂﬂéju Vibrios RARIAILAIUN 15 VAINIINARILAAINARAA
A . A ve A & 1 & A |a A A ' . & .
NMINARNDI mm:mqmvlmu‘[wﬂﬂa@ﬂgﬂLmuLéﬁammmawﬂsmmmﬂwLmﬂqu Vibrios @dtk6l

o A A oA v A a P ) oo P
AUN 30 VRINIINARDILALAINARDANIINANDILDULAINY sﬁﬂﬂiu’]MLLUﬂﬂLjﬂﬂQN Vibrios NWLU
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o

11 Hepatopancreas hiflnnauandsnuadeiivedayn1eada (p > 0.05) ITNINFBINGUNIT
g Al \ L A e o @ aa [ , AaA >
naneslh udlianuuand g iins@aynasta (p < 0.05) AUNFUAILANANAYINAL 1.95 +
4 5 A v a £ { & !
2120x 10 - 9.65+ 1250 x 10° CFU/g Seflwwiliuiindn  wnzfivTunmunafiSungs
Vibrios ludnl#fanardvainguilasulnslule@ngduuuisadifiaussimadusudsiiuualila
' a [ a A A ' o [ o A 1a
sandtuAsInuUTImuUaiiTongy Viorios 14 Hepatopancreas va4rjanandn lasfidunm
. @ 3 5 3 4
1Ny 10.5 + 3.50 x 10 - 2.84 + 36.00 x 10 Az 1.80 + 8.00 x 10 —9.10 + 5.61 x 10 CFU/g
anuday lasfidSunnaasfasas 62.21 uaz 34.89 ud1GU MNTUTNEUNIINAREY TIngun
lasulwslule@nUuuuisadizialidIanmuuafiiongu Vibrios aaadadudiui 30 289013
A:l' 1 d' U a 6 I = A Aa gﬁ 1 t:l'
nasad amzinguilaiulnslulednyduuuiosdugudfivsanmaaaiasud Jun 15 284013
NARBILAZAINAREANIITNAREY FIuuLATITENgY Vibrios lunguaiuguilUTunmriniy 2.18 +
4 5 { a ' Aaa ' ' . . o v
14.20 x 10 - 9.85 + 2.50 x 10° lpAiazhdmaaidwuiuuafiisungs Vibrios lud1ldliany
LANAINIRAALTHLABINULDANITBNGY Vibrios 114 Hepatopancreas P8I7INAIAY Bz
a A ! oo S Ag o & Y o A ve Aa Fa A
wuafiSungy Vibrios lushflfidsedenadvasngulaiulnslulednjluuuioadiiziauaz
& 1 & A o LA [ A A ' o o Y Y
iradutudilumiliuaaadwdeanuuuailizunga Vibrios lu Hepatopancreas uazdnl§vaars
° a @ 2 3 2
nandn TaeRUSnmuriniy 3.33 + 4.71 x 10° - 2.20 + 17.66 x 10° Uz 4.66 + 3.68 x 10° - 7.36
3 0o @ ' ' ' f o o a aa '
+35.42 x 10° CFU/mL @wdau ue hiianuuandsagnaiivadamnieada (o > 0.05) 32119

ﬂ&3:uﬁ"l,@i”%'ﬂwsvl,ﬂaamm:ﬂ@:umuQu AININN 10

7.00
@ 6.00
2
S 5.00 )
2 A
= 4.00
= 2 r
2 r
L 3.00 +
~
S -
= 200 &
g
=2 C
& 100 +

0.00

0 15 30 45 60 75 90 105
1781 ()

—*— Control —®— T jve-sprayed —*— Freeze-dried
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7.00

6.00

5.00

4.00

(log CFU/g)

3.00

Y5 vibrio spp.

2.00

1.00

0.00

0 15 30 45 60 75 90 105
a1 ()

—®— Control —®— Live-sprayed ~—*— Freeze-dried

4.50
4.00
3.50
3.00
2.50 C
2.00 x
1.50
1.00
0.50
0.00

Lql

(log CFU/ml)

151 Vibrio spp.

0 15 30 45 60 75 90 105

1781 (Tu)

—®— Control  —™— Live-sprayed —#&— Freeze-dried

Cll a2 a A 1 . . v o >
NINN 10 ﬂs&nmmﬂm‘mﬂqw Vibrios °11adqoqmmmaam:ﬂznmmswmaa 90 1%

(A) Hepatopancreas (B) &1 (Intestine) (C) T lFiRe

4.4.3 Y3n1aw Bacillus spp.

USunmh Bacillus 14 Hepatopancreas  va¢rjanaidvadngufilasulnslule-
a a 1 1 1 a 3 6
AnUuuuirasdIauazimaaunTuLTIlA YL 1.53 + 5.44 x 10° - 2.60 + 6.00 x 10 Az 1.90

3 6 [ L 1 [ = 1 Q o Qs
+6.17 x 10" — 4.70 + 22.00 x 10’ CFU/g mwufau uaz lidianuuandrsnuadelinasagnig
&0@ (p > 0.05) szmwaadmjumimaaoﬁ uelaNNLANANad I lRBEIANIED& (p < 0.05)
0/ 1 { 1 1 et 3 { a .
AUN§uAILANNIANNAL 17.33 + 11.26 — 4.10 + 1.00 x 10° CFU/g vtz Bacillus
o N v o ° v AV ve a A Aa & 1 & a v A X
fldfanadivesngunldiulnsluladnyduunisaditiaussisadugudsduwalduiiniu

9 9

\uAsniuYIano Bacillus 11 Hepatopancreas 284r4nandn lasfy3Sunmyinny 2.13 + 5.73
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3 6 3 6 o @ A
x10 —3.00 + 6.00 x 10 uaz 1.60 + 11.43 x 10 —5.00 + 14.00 x 10 CFU/g @81y <3
Bacillus ltHepatopancreas uazdnldvadfanardnlasulnslulefnyluuuiasiziouazioad

) | :; ‘3‘ g; 1 { Q { v
wHUINUTIN RN UAILA TUN 15 VININARDY UAzgIgaliui 30 TaININARDILT
' o A & a 3 S A o & (% ° AN e
dautnsninauuganiananad uazdiunme  Bacillus lwinnlfiassfinadivaangunlasu

Aa faAa & 1 = A v a £ \ A o a .
IWSVLUIa@lﬂEﬂLL‘]J?IJL‘IiaaﬁJ“]j’J@lLLﬂZL‘IjaaLL‘ELL‘IJGSJLL%’JI%&JLW&J”U%L‘IT%L@]EJ’JH?IJIISSJ’]M Bacillus 11
o v v o a e 2
Hepatopancreas u,a::m"lamaoqaqmm lagfidSunmiyinny 7.33 + 3.68 x10 —1.43 + 4.03 x
3 2 3 [ L { =) U ana 1
10° Uz 7.50 + 550 x 10" — 1.57 + 3.85 x 10" CFU/g au&aU tiaitanewanaafanuin
1Sy Bacillus luéﬂvlﬁLLa:ﬁwﬁlftﬁmfjaqm@iwﬁmmLmﬂ@mmaaﬁaLﬁuLamﬁuﬂ%mm

Bacillus I Hepatopancreas PBITINAIEN AILFAILUNINA 11
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4.00
g~ 3.00
¢
= D
S 5 200 C
2 )
g 3
& 1.00
0.00 —
0 15 30 45 60 75 90 105
1981 (W)
—*— Control —®— Live-sprayed —*— Freeze-dried

AN 11 U3u Bacillus spp. PBITINAENNRBATZLZIIAININARDS 90 T

(A) Hepatopancreas B) &1 (Intestine) (C) Wil

5. HWNAAMNEINIIA IBNITHAG Antimicrobial Peptide Dasuuaiilse
nnnsAnmeuautdvainguuuafiFaiiguandfesuns 4 diens lusuaeudaly
rfmsfnm g usuddniasraiuuafiitoudazsila nnsAnswITaiingItaawuin
woafidolagiawz B. subtilis HanuswnsnlumindesnljTiue laglanizod9dimnaa
817 Antimicrobial Peptide sium3ldBungy Subtiin wWiauuafiiForfaaunniadulungy Nisin
Y { Y o o ! ] o Y o
Judw iNevinldnnuds Sequence  waznIvinuvadduaInany TaazvinldmInnsawa
o o ' o = A A a ' (% ' o
dnanwsasBuainanuaziandimaiadssininwseasnguuuefitoainaildludiunis
o ' A A ' \ A = & & ' Aa & A A A \
dunmudenuafiSoraliadald Ssnsd@nmluadsfingdr  uuafidens 6 sdalidbungs
e ~ { a . . . . s L ' 1
Subtilin - F9LluinfaunIonda Antimicrobial peptide TaduaInaNTTMIaLITINW 170 dlum
o A A o A a & AaAa o '
AILFAIIUAINA 12-14 wazanmMTeTsBameuiualuasfiiaila inadvasuuafiisoainaill
wWisuisudduiualugudoyalasiT BLASTN 2.2.10 (Altschul et al., 1997) wuiiuuaiisy

a9nan biEuvad Antimicrobial peptide LEWLALIN
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500 gjma —_—

AT 12 SnsaLUWIad Genomic DNA pasuuafisslnsluladin
AU H0971 1 Ao Marker
Ho37i 2 uaz 3 A #19619 DNA 289 BUU 001
T0971 4 Uz 5 Ao §28619 DNA 289 BUU 002

©9971 5 Uz 6 A ¢18819 DNA Uad BUU 003

ANN 13 ANBUSLUUVDI Genomic DNA 183 BUU 004
WAL 209N 1 Aa Marker
$a47i 2 uax 3 @a dnatn9 DNA 283 BUU 004
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300 g]'l,fua —

NN 14 SNHUULUVEI Genomic DNA 283 BUU 005
WAELAG $090 1 fa Marker
©097} 2,3, 4 Laz 5 fa @18:19 DNA 283 BUU 005

6. Nanysuvadtanluillsfioa azluwaa LLazIaLﬂaﬁNﬁﬂﬁ'ﬁ)’lﬂttﬂﬂﬁﬁﬂﬂg&ﬁﬁ
uwlnandlwlnsluladn

NNINaFaulUTzEntAwmstasaatuansa nisUszianldsaw a1slulaese uas
ldiu wodwpefiennlalaanianumansnlunisdessaisamamisdszinnaingn Balu
mnaaasiudellldinnsansAansruvasewladudazaiafivnninfigasaauasa1mns

aanan leun tawlndldsdias azluasuaslazuasuuaiiTandazria LRAIAIAITI9N 28
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=

A19191 28 Nantvulawlodldsdias azluasuaslazannuuaiiFanduwi luuidulnyluladn

L awlmailus@ea awlasias lulas Lol lala
Huamias (UImL)' (UimL)* UimL)’
BUU 001 108.89 + 2.01° 3.65+0.28" 0.14 + 0.04°
BUU 002 304.31 + 4.82° 11.16 + 1.00° 0.35 + 0.09°
BUU 003 197.78 + 4.25° 9.23 +0.86° 0.29 + 0.02°
BUU 004 87.08 + 3.00° 8.34 +0.33° 1.01 + 0.08"
BUU 005 86.53 + 4.45"° 469 +0.36 0.29 + 0.03"
BUU 006 2.05 + 0.28° 1.01 + 0.54° 0.33+0.10"

1 ' a d ' )
wneme 1 1w (U)  vedewlad nainells tTnaewladnaunindesaaollsdule

W lnlsdu 1 lulaslus uwaan 30 win neldgnznltnasss

21w (U) vaaawlas wansds Usunonenladfisunsngessans Soluble starch
"L@TLﬂm{ﬁmaﬂgIﬂa 1 lalasn3u twasn 30 wit meldaniazfilinasss

%1 wiag (U) vastewlod wanefs Usanaewloifisansagassans Olive Ol leiiln
nyalatadn 1 lulaslua Wwasn 30 wit meldanizilinasss

v

aranwIrlaunwlwuwasunaasin liianuuandanwagnlinemayneaia

(p > 0.05)

e 28 wud BUU 002 duwuafiiSefdfansiuvesewlsdlysdieauss
a:vlmaagaﬁq@ lasfiayinny 304.31 + 4.82 uaz 11.16 + 1.00 U/mL @u&1@L J89a931 fa
0.86
0.08

BUU 003 Ndfdantsnaasonladlusfiaauazaslutasiriniy 197.78 + 4.25 uas 9.23

|+

-+

U/mL @819 L way BUU 004 LﬂmwﬂﬁL%ﬂﬁﬁﬁﬁmiimauvl,sﬁﬂaLﬂagoﬁq@ fa 1.01
U/mL
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' a A [ A ' ' ' ' ' 2
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8 Y ' a { o ) a o Aa
1.26 x 10° CFU/g @adaunifSanmnszyuuasindrizie anLTuHRaN i LW lula@n
{ =) = =) { ) 1 = 9
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A A a o a . o A A . A
maaLmﬂmswaaNa@mmsﬂwﬂﬂamﬂaaulﬁtyﬁsznauaammﬂmmaqa Bacillus 191373
WUNIRUA 40 laloan Aalluiasas 68.10 2asUSumhlalalanninuanaauanlaain
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= a a 1 a 6
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4. PNMIANBIANNENNITIYaIua S aNaNlwa1TT e aw LT s U A UAY
3%msﬁ'1ﬁ'@°uau‘ﬁﬁ%ﬁuluﬂmﬁmr'jaa‘haaa NUINNTANNLANIZTIUAANLATYDIULAWRS
16 e NNIINLAATINNUNITNANLABIZLNINLATYDITLAY HANIINHNITANNLAR
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daaFanagIaunIguazaITaiuwnIonduiela annigisniTanisanuafiisanalsa
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v o

AN o A a a e Aa & 1 & A
5. ﬂ\‘iﬂa'](?‘l']'ﬂvl(ﬂiuLLUﬂﬂLiUIW?VLUIa@ﬂEﬂLLUULT@@NT?@LLazLTaﬂLLdﬁLLT\‘]Na@liq

T 9

a a Al J Qs dl & d? 1 1
maasyLaulamatsuszdannadfsueiminduiieanas laglidanuwandranig
#OAIZNININGUNMINARBINIFDY LATlANULANANBENTIREEATY (p < 0.05) NUNY
qmﬁﬂun@jumuquﬁ%ﬁmi@uLLUﬂﬁL%UTWiVLUIaan

6. mnﬁmr‘j&qm@‘hﬁamwﬂﬁﬁﬂwﬂﬂaﬁﬂgﬂLLmJLﬁnaﬁﬁ%%nl,ama&m@aﬁ
nadaUIumuuafiSunguds 9 lasdSunauuafidenguianinalilnsUnsnualuds

° AV v A A A A AA & 1 & a
Qﬂ’]@]’m@&mvl,(ﬂilltmﬂ‘ﬂLSEIIW?VL‘LIIa@ﬂEﬂLL?J]JLGIIQG&J?I’N] L raduTudInazAIuguinIg
WasuklasvesUSunmuuafitsaasnainlu Hepatopancreas wazdn & blunninuasil
USu e aud9a9N é’aﬁmmﬂﬁL‘%fﬂIWi"luIaaﬂﬁLauaﬂmﬁalﬁé‘mrjoqm@iﬁd"l&iﬁ

' a A A ' & A AAa AaA
wamzmmaﬂimmum‘ﬂLﬁ:ﬂﬂ@mawmaiﬂmﬂm%mmaLmﬂmmmﬂiﬂmﬂmzuu
NHLEUEIMITVRITINAEN z%m%'wamaoumﬁL%ﬂiwsvluiaaﬂ@iaﬂ%uﬂmLLuaﬁL%amsju

N . & ! v o 1 a 1 . .
Vibrios GII\‘]LﬂuLLUﬂﬁL%ElﬂﬂI‘iﬂ‘lJa\‘iQ\‘lqa’]@’]WU’n ﬂimmmﬂﬁﬁﬂn@w Vibrios bt
° Y o ° AV e A A A e A
Hepatopancreas LLa:m"LamaaqaqmmﬂqulmuLLUﬂ'ﬂLmiwsvl,uia@mjgﬂLLumsﬁaaumm
& 1 & A |a A |1a A A P o o
CTRRLTLTINUSNI WA AR mmmﬂsmmummwﬂquﬂu Hepatopancreas Wazdn tdvad

v o

' A a a £ v & A A A A a
mﬂmmlumjwmquﬂsmmmwu uraIlAEwInuaAselwy luladnfduluains

3 9
L'ﬁmrj@qmﬁwmmmmuQmLazaﬂﬂ%mmLmﬂﬁL‘%Ufiaiiﬂ"l,éf #anNANNRUIN D Bacillus
2 = o A A A A a g o ° e A
snol,ﬂummeuaaLLuﬂ'ﬂLiﬂiws"luia@ﬂwmuaﬂummimmqaqmmlugﬂmesﬁaawmm
L & a A & @ {

LLazLsnaﬁwmmﬁﬂimmwwmnmugaq@mﬂlmzmnm 30 YWLALAINARIATELLLIAINIT
naaaIndlu  Hepatopancreas uazdnldvasfanad aldiiniuuadisolnslulaén
mmmLﬁuﬂ‘%mmua:ﬁ%%ag’lm:uumaLauaﬁﬂwsmaafi@qaﬁ@i’]"lﬁ AIBULLANLIY

a A ~ e & A A A da A
Insluladnuaunltlunimasaslzuaiduuuaiiselnslula@nia 1HhadanaIN1I0aa
v = & & a A A ' = ' A A
M ItlawatniluitauazSunmuuafisanalse lagliinansznudanuaiiisey

\ Aa € v o & A o a a o ° =

ﬂqwmﬂsﬂmumaqaqmm i’JﬁJVIGLW&Jﬂ@i’]ﬂ’]SLﬁ]ﬂyL@]UI@I%QGQGQ&’]@’]VL@E]T]WJU

7. IIMMIANEANNRINITO LUANTHAA Antimicrobial Peptide UaduhUaRLTaNwaN

o ' Aa & P A ' . A & a A A .. .

16 wuduuefiisans 6 ﬁu@"l,wwﬂﬁgw Subtilin T TUTWNEINITONRA Antimicrobial
peptide

8. MNNIANAINITNLaw ki livGar  azlutasuas lallsNKEaa laannuwuaiisey
ﬂ@;uﬁﬁLLmIﬁMLﬂuIWiVLUIaanmr] WU BUU 002 LTuiuafiisaninanIsuuadtat ks
Iﬂsamauazaz"lmaag\ﬁﬁqﬂ 3848931 Aa BUU 003 awe BUU 004 wiluwuanisan

ﬁaﬂssmauvlfﬁﬂamaqoﬁq@
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aflsguanIInaaag
wa a Qo a ni a ] v

1. ausadfvasnandmailnslulafnfindaluilszmeauazingiain

adsznd
v a A a Y a o o 1 = I3 a [ 6

mInausnuuansslunaanmwilwtluladindiwin 12 d20819 T duntan
n; a 1 1 a a A
Andalulszinelnouazaind1edssing  31NN1INARaINLINUTIIBLLATILIS BV
Aa o ) ' f ' 1 ' 2 8 g o '
nAanmsilwlula@nsiulngifidnatszning 6.13 x 10° fi9 1.26 x 10° CFU/g Tattauni
USunaniszyuuasndinie AN WA N WA INT L la@n Probiotic 11 NNRAINNUIING

o a d ~ @ 9 ~ o o a {
awiganimANUsumuuafiiTowinny 1.30 x 10° CFU/g  SelndldssnuuTunmnazyum
o { ' Y 9 v & a & o °

ARNTIVIANAANYIAY 10 CFU/g  adnulunislalnslulafniualsdasrinnny

o o o a o . a o s ~ @ = A o
mmaﬂﬁﬂaum"l@m@LLa'masmmslmamomnmmwai’jlaanumsamﬂaamm;ulums
X o &g A N A o a A A o AA Ao o
Wesda T laswwizadnisfinmdwieduaisgiotu 9 WakuuefiGefidausnld
ﬁ]’méﬁasmﬁmmmﬁ‘imuﬂaqa wmhLLUﬂﬁﬁyﬁﬁ‘hLLuﬂVL@Tﬁay;@TaUﬁu%mﬂ%mwﬁ@
Nauﬁ’uagﬁa 8Na Bacillus UMY Staphylococcus WRZ/MI8 Micrococcus WRZ/R38
Corynebacterium WRZ/RI0 Streptococcus

= a Aa 1 a

nMIanEUszEnImwluwnstassauansowtdssianlisdn anslulaiase
uaz LN INEA NI INT I TaAN  WUINKNEAA M RUILLaY 1 - 6 JUszANTAWlwms
HaUFRIUAITAINIING 3 Tha  lagndanmringluladnudazriaddszansaiwlung
a0 RANE LULANFIINWLAZNUINRAN A INT LU TafnasnaUsznaudsuuaiiTunae
a%e lad1aziiln Bacillus, Staphylococcus, Micrococcus WRe Corynebacterium Tay

2

Bacillus Lﬂmmﬂﬁﬁﬂﬁwumnﬁq@ ROAARAINUIILINUTDINTRITRATUN (VL&iﬂiﬁﬂg%aﬁd
wei9, 2541) AnaiuuafiSenwulundanusilnslula@nlewn Bacillus, Lactobacillus
& o = ' o
Way Enterococcus tiudw  @nitdassatusnsantdszianasiulaiese losduuas
Iﬂiaumaawﬁmﬁmsﬂwﬂﬂaaﬂm&hﬁmﬁm:agﬂ"l,@i”’h Bacillus waziiunuaiisushani
unundanlunidosaany SIReaAaa9NUN1IANEIVEY Leonel  Ochoa-Solano &
Olmos-Soto ~ (2006) ﬁwud%mﬂﬁﬁmqa Bacillus WuwuaNsaNga g ga 81381913
1 H U { L g; a =) 1 g: ‘3‘ 1 =)
waldanga denudszdninmulunsdessaisansemisnuensazinetnusiiauad
wuafiTaNuauAuas AMNNIINAIATIBNUINEAN A LWT LU TaANUISNR AN TN
1 g: dl 1 = g v v & 1 a L 6
innwnausndasaaolUsan liunuazaisiulaiatald waalwRuwITNE a0
st"l,iﬂ,aaﬂmaNamﬁmmﬂlﬁﬁqmauﬂaﬁﬁlumiﬁﬁm’L"ﬁ’Lumumnﬁﬂﬁ@ﬁﬁﬂ Tuumen
NARAmMNINT i la@nARUseAnTa I manoaa 1 -6) zianoawlumsianlslunns
X o e A \ Ao ¢85 a o v A o &3
IWSLREIRATEN et adauaanag1sanisnaatinnwd ldle Feemisgadingan
lnnjazUsznoudisldsdn luduwuazenslulaiese (A, 2542) auazainaliaading

Q a a a a { !
ﬂ@]i’]ﬂ’]iLﬁ]iﬁyL@IﬁJI@ ms‘sa@%’sml,azwawamﬁqwu
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Aa 1 I3
2. ilszansnnlnnisdasaarananluite lwnsa wlnsduazWasine Tag
a A & A ad
LUATISUNENTS 6 70a Naluuradsn
A A A o & o o o o o o v

wuaienuenldandaidssfnaduazdrladadldud BUU 001, BUU
002, BUU 003, BUU 004, BUU 005 waz BUU 006 5@8%}1%?’16}:% Nitrite oxidizers &
anusaInlwnmssand lad bwinsd W lumsedadusiuniolud §Asa1 TwasHazu
pniu A2 NdaduunafiSelungu@lua3-lWiaad (Denitrifiers; Hargreaves, 1998) &9l
AMNEINNInIwNIAF wnsalud §Asend luasietuld laswesidudnisansiaes
wanluiy lwnsa lulniduazWasWaannIinaaadlaguuaiSUNINNG 6 THa =LA
] 6 6 6 1
ndefidudmaaaasveshnia lulnsduszreanaluganaassazuinnirzanis
nanaidn 9 sniiuuenlufionuefifudnaaasluganasasimriniugaaiuguuu 'yl

& = g ' @ A A & a Aa a

lae Gsanmamesasitensazndldiuuafiionauni 6 sl Alnaduasldluge

& a i & oA a A eda
nansanudanuaansalunsdesaaslunia lulniduazamnalddninfunidnd
ag’Ltﬁaluﬁma:aumﬂaumﬂﬂafj’\'i LﬁaammmﬂﬁL’%UNauﬁfuﬁqmauﬁa5@ag’ﬁ01uﬂ§u
lua3lniaad (Nitrfiers) uaz@luaIlWiaat (Denitrifiers)  Faddruldgrvaivayunis
wasuudasasdsznavlulasianlummasesih lasdfnsenluaidliesunwduannms
wasuilasuanluielidwlwlnyduaz lwnsa aus19y T9gaanaadnUNaNIINAaaIn
mwL°3T3J°f1’u°naaLLauTuwaLLa:VLuVmeﬁl,ummiﬂ@aada@ma LEIANNLTUT LA TY)
mmﬁaazauagj LL@iMS:é’ﬁJmWuLﬁuﬁuﬁ@hﬂim@mquLLuu"l,;isLm%aLLaz"q@ﬂfmquLLm_l
1T aNANTIZLLANISENLGNaI MIE A2 I@mﬂmmﬂﬁﬁyﬁﬁ'@aQlumjwﬁhm‘%ﬂﬂma%

9inadamaaasvad lunsananlisend lua3Riasu (Hargreaves, 1998)

a A 1 3
3. ‘]Jigﬁ“{lﬁﬂ'lwslﬂﬂ'l‘iﬂaElﬁa']ﬂll;aurﬁdl;ﬁﬂ 1%!:‘“7@] 1%1%3@]“33719&“71@]
L9
[ﬂﬂllﬂﬂﬁl%ﬂﬂa&lﬂﬂ 6 A mﬂ%uaﬁdqa’m'\maad

mnm‘m‘nﬁﬁ@Qmmwﬁn@aamw:nmmsﬂ@aaaﬂizﬂauﬁaqu'ﬁgﬁ AN

a

a

VAN LT @haaﬂs?jl,ﬁma:mUﬁ’]LLa:ﬂawuﬁu WallSouinsunuaisuawyadtinania

Re

v A

] & ! <3 ' Al J <3 a
LREIMININNINARIBY WLIIANULANLAZALETIANNLD Y I@ ﬂmwmmm:qmﬂgu

q

& ' i ' a a v o S
°llE]G“U@]ﬂ’.]ﬂﬂl]LLa‘:"lqi@Yl@aa\‘mua%l"ﬁ’NﬁL%&l’]‘zaw@laﬂ’l‘im‘imvL@]UI@I“DE]GQOQR’]@’] 7

q q

punniNmInzaNaglugig 25 - 33 °C (InHa Tumzias uazame, 2534) driltazluga

9 U

Qs g aa
auquianududnginitluzanaass laglues awsaia@ wazanyivio auds (2528)
oA A . g o & \ \ £ A A
NonwRlesimanzandeninziosgadiiaiteglugie 6.5 - 9.0 Fadian
) o A v a o A A £ A ~
Aaudnag (8.4 - 9) azlimaliiiamsuandvesuanluioiniulusnznuanluiion-
lonauanas (mzlufing ausaniia uszame, 2543)
wauluilofduaslutooadeluiuuin dandn 1 uaz 3 vaamInasasiiszey

v @ & L oA o & Aa a A A &
ﬂ')’]llLT&IT%Q\‘]T%L%%L@El']ﬂUvLuLﬂimLLﬂvauvL‘ﬂS(ﬂ luQQﬂ@aaﬁﬂuﬂqsL@NLLUﬂ‘ﬂLi?JNﬁNVN
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6 mﬁ@aﬂﬂ%ﬁmwmﬁufua@mLL@m@mﬁnﬂmmuquaaiw’ﬁ'maml,a:ﬁl,ﬂaﬁi%uﬁmi
{ AI J { =) v L U QI L 1
NARINLANIINU EJ’]ﬁ]LWi’]zuﬂﬂﬁ]’]ﬂLLﬂ&lIﬂJLﬁil“?lL@l%Ja{‘leﬂLLa’JEl\‘]fILﬂHEJ’M’]SQG FITUTNY
A Ada A v = ' v a a AA o o A .
gnFINTIaNeuasaniduunasliiianitazauvasuanluislasuuaiisuvinninneas
a = 1 Aaana aa s & a A d'd 1 a
ga1ua138wn3g lulastauinljiseuenlufifiatu mummiwuagiuﬁiwm
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1o v Aa J > e & Aa Aaaa Aa A
suysoias i iiAemsazauveslulnidiu suszlnalddudimaiad jisenluaidie-
o =2 o e g Vv o=
TUBNN 1IN LG (Burrell et al., 1999) meﬁuwmﬁ@auﬁﬂuuaqaﬂﬁwmﬂlumi@@
=2 A A v o a = (% & . o o
Fywanluily iwaldaieadunIglunseuIunIsaINhLgs (Photosynthesis) i
v v g: é 1 a
AN uTwasanluLie lung 2 TANINANBIAAANNNAIS (WND FDIUFITUAT UAE
Amaz, 2543) udinnInaasdlugeniuguaziiindsiniluranaassonanmed
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Margiduuardnhdfmduagidunmwuaniiamalfsuulaisugavedszuuiinaading
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= 1 v A =} d'd &) a 1 £ J £
2002) FsnalAifiansazanauanlauiisnianuiuisdedilugaaivquuiniudas
nIAnEUTEENTAwnstasray lunIalaguuanSoNgIng 6 sha Auln
. X ) o o = ' | Aa a A A ' o &
vaidsafanaidriaes zmAwInwaninsannuaNnIynauad bl lusrsglanvin 4
LaJaﬁ%uﬁmmmwao"lummgamesmmmjamuquama%’mw WWadn1siNualN
T wlunsariln 10 afnITudafas mwmmmlumiﬂ'aaamﬂummlummugu
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v o a a v a X a & v ' v v & v
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aﬂwaaauﬂi:ﬁ'ﬂufuq@ﬁﬁwaamsmaaaﬁmwLiuﬁutﬁﬁaag'l,ﬁm 0.003 ¥adnIuda
=) ‘é 1 L= 1 a a Qs 1 =Y v 1 1
809 mluuamuqummﬁ"l,umma:awagﬁa 15.33 UaAniudedas usasliduinga
LmﬂﬁL‘%aﬁLawaavlﬂﬁmmmmmluﬂ'mﬂﬁwgﬂ"lumm"lﬂl,ﬂuvl,uvl,mﬁ wIana
Tulastanlasy§Asend luasdliagn fe"numwLﬁuﬁu“naﬂummﬁa@aﬂu"g@muqu
m%uﬁ@mnmi@@%uﬁumgmﬂLLmuaaw%a@ﬂmﬂauvl,ﬂa:awluau (Schulz et al,
2001) LLa:LLwaaﬁmauﬁmgm%ﬂummiﬂﬁﬁamsm'%cyL@UI@ LAAMUT NI UN R FUA

a ] a dl & a 1 ke
UGﬂG@gI‘%it@UV}Lﬂ%WH@IQQG
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Urdnimuwnmsdesaaslulnidluzanasasnsludedssfinnduialad ud
AI v U J Q { =Y a s 1
iimaAvanutudunlusdandn 2 uaz 3 vasnmmasadidu 10 uaz 20 Fadnsude
a o @ ' AA A a o Y ¢ & & &
803 annddy nguuuafiafiduatldaansoildidesidudniaassvasinln
QI &/ = v v v 1 3
Wnduhaziianusuisalumsaaanauitutusadlulnid leag19miai51aurtanny
v o A A a o . . a A A A A a ~ A a
WutuiNed 0.001 Jaansudedas hasnnuuaisonauniduasluidssintainly
a Aaaa aAa ™ = Aa A s (% ] 6 t:llt:l a
mafiadjAsenlueifiatuuasdluaifintuldagaanysal iwnzluaniznleandian
wuafitsponavzsunIniiali3unlans Heterotrophic  nitrification way  Aerobic
g ape . { { é o 1 aaa g
denitrification  tWalAsugUlwlnsddudussdinasszninesesjizonit (Matsuzaka
1o v Aa ‘&l o = 1
et al, 2003) FslihlkiAansazanvasiulnidiu dnivgaaiuquilulnidazavey
14 15.86 Haaniwdedas Tdeanudunisdedadiinin eruwmzdiozveige
aruquunadluszaundendrsgeiinaliiianisuandizasnauluiionlosanldiiu
a A L a & A A v @ A a o . .Aa A o &
wanlufistinanndn annauanlailoNanuiduds 10 Jadnsudedas wRNadULINT
el §isen luaifliesulusssum@ (WHO, 1986) uananiiniszauaad buinidanass
tieananiazlseanFanuSiamdnaznonisial JAsen luinseaIantu (Nitrate
. v a d <
reduction)  Husngliiienadouudasanlunsaliidululngd elugenasas
IANANIINARINATINUTINAVLNANMNUAINGD LTWALINUATANEIVES Sakai LAz
Atks (1996) WU Bacillus badius 1-73 a:ﬁn’mﬁtymugjvlﬂﬁ'ummmmmLﬂﬁslu,u,ﬂaa
anuduinlulnidldldazavaglugduesiumnsa uwdwzgndudinaaiyldidndesdn
anudutuvaslamaonlulngd (NaNoO,) 1Hu 20 fadluans (1,380 JadnTudadag)
maduunefiSonauny 6 rfieatluluganasestu aniwitaseaszuzang
a A d' a a a a [} v v
nanasuuanTenaunduasldidssintawlunssisaannududusasansldsznay
~ o a A A A AN A A
wanlaudle luinsauazlulnidldednsldzdniamdniilugaaiuquilifinnmda
v AI v L% L 1 a Q & a
wuARTuRaNLE I TIRNA NN NTRYR981509NaY LasRansTunanddtinein
wuefiisuluniaad3unmssdsznavlulasian Aedfisen luedsResunsrufownas
wonlavitelUiiulunse wazdfisedluaintundouudsslumsadaliid
a [ [ 6 A [
luasnaanled luaszeanlodriaialulasian
anaaIzziIaIMInasatanuduiuveInesinaluzananasuazraningud
v A v A o \ A A A a A
aasanadnlnatdesnuinn  ugadiuuaiSenaunduaslyliianusunsalunisas
anuduinzasnasialdaniuuafisonfeglusssnmd  lavanuidudunaaad
a = 6 A o s a a
a1vazifinanniigaduiawesna ldldlasunasiaeunirdminnisaiy tiaen
Ujitemaaiiuazmaniwlasnisanaznauiaznisgaduiveuninvasduaznauld
wIalasuuaiiSonianusiunsalunndasuudasansdunidweawasa bt Juans
adunIgnaswala  wanuafisoluwnasiviwesna lltlunsaesudsenavuas

d a v 1
LA (Intrasungkha et al., 1999) sﬁﬂmuq@mwaomsmaaoﬁﬂaam@amuagluﬂg@
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} [ a A g 1A o o & ! g’ d
NANDILAZTANLANYIINY 1.63  Uaz 223  Hadniudeday awday TILARIUNNG
Wosiagain 0.01 FRANTNAIRAT AT NI UUREININTEITOMIITITUTIANINLAW 11

avazralfifiadymglnsAiadu (Eutrofication) 16 (Thakur & Lin, 2003)

S A o -] l:l” = = @ Aad
4. AN INIInYasnuan S anan a1t aaawlS s auiuIsn1s
o @ Aaaa 1 " & v o
1hiinzadsisanludaidsenidiaas
NNINARITAINLATIBANIINARAITAUN 1 LAz 2 LAAIINANULRIVIAUILAL
] @ o ' ) '
LLaaLuﬂcﬂmL%’Juﬁ'«afﬂwaﬂiumimuqumia@awaaﬂ'Laﬂj ANIANLAATIS LA aINIANI
U a U J o va =) 1 =) aaAaa a A L
v lluduldunniuilddulgunnSinanzandenmafiadjiso luailietu oo
LLUﬂﬁL%EIﬂ&j&JVLu@I%VLWLaags?ﬁLﬂuLLuﬂﬁL%El@qfadﬂ’ﬁaaﬂ%Lﬁ]quﬂﬁiLﬁ]%mu (Avnimelech &
. A Aaaa Aaa o ° v a ] +
Ritvo, 2003) m3tiedjisenluesiiesuazvrldifianissedsaslalasiaulossn (H)
1A o va a A & dl QI &/
aagﬂumlmuuwmm@m (Hargreaves, 1998) T9N1INAR8dIIaLN 1 NITLNNTUVDS
=} =} [ % 6 o d';:{ :’ 1 et A s g; a aaa a A oy
Mordarusunuinuaniiznliiviaadsdsazdugeninied jiser luasdintn
(Charman & Roper, 2000; Avnimelech & Ritvo, 2003) uanantluinsanazauaglud
g [ o v Aa ;aaAaa a A Qo o % QI J U
wntasusovldiiad §isend luasiinguinldiRiamAndwle (Charman & Roper,
2000; Fenton & Helyar, 2000) &IWN1INARBITALN 2 wmwﬁmma@aﬂunnmmi
nasasaagnuMIMasassaun 1 usasliiiuinieandisenluedifadu Waling
ANUAATINNLNANLAY (Uah 2) LLa:mimﬂmewﬁumilﬁugwnLLa:wﬁmau (Uan
3) wudﬁauﬁgﬂﬂﬁﬂmzﬁﬁ'LamﬂunmaLLamlﬁLﬁudwgmnﬁmmmmmwlums
ianllunstdatiawinalwdiawiNlaTanad muﬂﬂ@LLﬁagumnﬁmmmmzawlu
o v 0’ =) { va 1 1 é o
mimmlﬂjﬂiuﬂ;\mmﬁalmuﬁamauflum@amoaau (Golez, 1995) TIau1TOUINN
UsuRarludnlaasnifits=@nsa1w (Charman & Roper, 2000)
a A o ~ [ =< < & R A o A & a a o Aa ¢
aumm@qwmnmlumsﬂﬂmm\m%mﬂmafmamLﬂuaumm@qmﬂizimu
@iaﬂﬂiwazLﬁﬂaﬁa (Shang et al., 1998) awUndusBiantsznaualrogIsnilune
Fwanann 1u lalasiauga e Mowenludiowazuuafisonalia (Bergheim & Asgard,
. . ¥ - . ,
1996; Avnimelech & Ritvo, 2003) ﬂ'mwmmjaaauﬂ%m@qlunﬂmmsmaaﬁzmw
ANINARAITAUN 1 AT 2 LA IRAWITNIANLAANNAGaNITH AL RANUFNITEWNTE 59
nsanazgisidivl fisereanfiatuassansdunigvinldinmsdessstuia laog19d
132’ANTNIN (Arenas & De La LanZa, 1981) Campbell wazamse (1994) 118491137
mm%mm:qmmgﬁLﬂuﬁﬁmé’ﬂiumsmuqam’miayamyaﬂwaauysﬂmaa%uw%ﬂﬁ'@q
o o 6 a a d' o = 8; qu, 1 1
lwiganslulasauuazasuon aqmmq]waa@uﬂmmsﬁnmlumauagi:mﬂa 30-36 °C
A o va 1 a = Q QI J v Q dl
maa:wﬂﬁuﬂ’lmaﬂamﬁaumm@]qwamwuaa@ﬂaaoﬂmwmmaa Boyd (1995) 9
swmwmfﬂqm%gﬁ*‘uaaﬁmm:u‘%nmmzm'aszmwﬁaauﬁuﬁnﬁwa@iamuﬁ@mzmumi

NNTININ MUAWLRZLAN LA
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mﬂmiﬁﬂmuuﬂﬁL’%‘fﬂﬂﬁjuLawmaIsImaJﬁ%%mluﬁmﬂumimaaﬁauﬁ 1
wudﬂﬁﬂ%mmgaﬂdﬂmiﬁmmﬁau%ﬁwfﬁﬁnﬁam (Deveraja et al., 2002; Tendencia
et al, 2006) lau Deveraja uazamue (2002) FTowiwuafionguaninalslngy
ﬁo%mluauﬁuﬁaﬁLgﬂoﬁaqawﬁﬁﬂ%mmLmﬁu 3.75 x 10° CFU/g wuef Tendencia
LaATUE (2006) 31u\‘nmf’]LLmﬁL%Umimawma‘[s‘[mﬂﬁmmluawﬁuﬂaﬁLﬁymr:ﬁﬁ
Sumogsznin 54 -6.8 x 10° CFU/g agnalsfenunuinaulutedssandiad
ﬂ'%mml,mﬂﬁL’%ymjuLa'ﬂmaiﬂmﬂﬁgmmganiwf:mﬂ %aﬁmagizij 12 +3.1 x 10° -
7.3+ 1.1 x 10'CFUlg (Al-Harbi & Uddin, 2005) ilafugamsnasasluszosd 2 wud
LL‘]_lﬂﬁL%Uﬂﬁg:&lL&T‘YILYIGISIYI?U%&%@J@&TIU%&J’]MG@EN lapfSunmagszning 0.58 + 0.07 x
10° CFU/g wsaslfiAnimIannuaasanInaadInmuuaiiisanguianinalslngy
vanuald  nsnumHsunawniniussliRininmsannuaalusznitemsiwiziaes
r:fammma@ﬂ'ﬁazamaaLL‘Uﬂ‘ﬁL%yﬁaiiﬂﬁaummwm&?ma%ﬂ@iavl,ﬂ"lﬁ LazE9TiN9a
Fafis 1 lalasaudalld wenluiflouasfing MunsiliiAaljasoeendiadu

A A

2Ya3uas3aTa NG (FeS) LANRNLaTUAZANIRNNaNULTER woNINATITIRANMS
HagaaasaunIdgansuen dunidlulasiauuazdunddweanaia (Boyd, 1992; De
Groot & Van Wijck, 1993; Kongkeo, 1997)

anmsanunluasifiwuin Vibrio parahaemolyticus \Junuafiisungy Vibrios 7
wunnludian %aﬂ’%mmuuaﬁﬁymju Vibrios Tuza9iudunisnasaslunisnasassou
71 S5 alndidnsiun1sTeaIuues Gopal uazame (2005) waz Tendencia & dela
Pena (2002) & wiudTunmuuuafiungu Pseudomonads FofuuuafisoUszs
5%‘?1mé’yagj’lum{ﬁLLa:ﬁﬂmuéﬂﬁtyluéaLmﬂﬁau (Hongxiang et al, 2008) iilasan
Pseudomonads UN4THe LTW Ps.  anguilliseptica a’lﬁ]Lﬂua’lL‘Iﬁ@l”ﬂﬂdﬂ’]ilﬁ@liﬂi%ﬂ’]i
LW’lzLémé’@’fﬁﬁ (Costa et al., 1988; Nimrat et al., 2005; Colakoglu et al., 2006; Nimrat
& Vuthiphandchai, 2008) U3anmauuaiiisangu Pseudomonads Tug95uduMINases
Tusaufi 1 fd3uugenidSunmuuafliengs Pseudomonads Tuvairssdaniialy
Uszinamng@ienszile (Al-Harbi & Uddin, 2005) 1asNIMUaa28MIANNLAATINALANT
wuTwsluladinuazniswaniaw (Uafi 6) sanInidauuafiisungu Pseudomonads |6
‘ﬁq@ nMiaaUSumed19TiaiveIuafiizunga Vibrios Waspufisuniuuuaiise
N§u Pseudomonads Binaadagnitn g uwaaaliiAniuuafiiSangu Pseudomonads N
doanINAMUUAILATUEILAA ldANTIuLATISENgY Vibrios MItNTadI8MIAINLAS
srunumaanlnsluladnuazmndniaw (Uadi 6) Jarhdauuaiiiionga Pseudomonads
VL@Tﬁﬁqm auUnGusuDANLIENGY Vibrios LAz Pseudomonads Liuluafitzsilszdn
ﬁuﬁmﬁ'ﬂa%isl,m{'m,a:wmﬁLﬂumm@mé'ﬂﬁﬁalﬁﬁdmlumnwwzL'gmz%'m’j‘ﬁfw (Thune
et al., 1993; Toranzo & Barja, 1993; Costa et al., 1998; Nimrat et al., 2005; Colakoglu
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et al., 2006; Nimrat & Vuthiphandchai, 2008) MIaALAaTINALUMIENINTIUladnuay
nInAnLausanInaaUINMLUAfiSunga Vibrios uaz Pseudomonads l@i@dningants
nanasan dsmiannuaaaztisliarmadusinwdnluluduldieduiinfusasns
ﬂ'auamUmiﬁuw%ﬁuazmﬂﬂfﬂ"ﬂumjmaagauw%ﬁ (Sonnenholzer & Boyd, 2000)
HNABENILTY NITUIUMINALBATNVEY Oxidizing bacteria TudnaziAindnasng
FIASINRINNMIANUANR N 2-3 F2la9 (Avnimelech & Ritvo, 2003) myme'ly
204 Ps. aeruginosa Wasan3ui 9 lunsnasassaufl 2 mao“qmmimaaaﬁﬁwmsﬂwﬁ'@
moumIamnuaasivnumsanInsluladinuaznswdnes Wefl 6) a1vazdunaniann
mswantanuaznslilnsluledin  nswdniauazdrstivamaluauinlidsniae
wmanzaudansasyuadnuafizoluyluladn (Avnimelech & Ritvo, 2003) uwuafiise
Inslula@inazmisaadiunauuafiisunga Vibrios uaz Pseudomonads @28n1IWAAR1T
UiTuewiodutonlodaanuiwanisaanian1swasinialnizuazLgIa1381M13Ny
wuaniseralsa (Moriarty, 1998; Gram et al., 1999; Balcazar & Rojas-Luna, 2007;
Balcazar et al., 2007)  Boyd (1995) Mesnuwinmslslnslulednlunmswnziassdasin
sRuMItosanpmsBun3s v Iazasvaseandanlmiuaziiumstesaans
200478 13% s lnsd wanlauiily ansuaulasenlod wagalng a1sthdadienisann
waaunumaanlnsluladinuaznInaniauasdanalianinyasduiuiafd wiaz s
Frgaadasnmsiialsalumamziassdafin

msansasiildls Bacilus Wuuuaiizelwsluledin  Moriarty (1998) T1897%
11 Bacillus Li‘flul,l,mﬁl,‘%ﬁﬁa’m’ﬁnmuquLmﬂﬁﬁaﬁakﬂ%‘f a8 Bacillus 3cHaALaW bsd
panVmaNLITARIIRINNIndanLiion (Slimebiofims) NxavsauITasLUATISoULNINALS
lsauaz Bacillus  83snansntaylaaisinduuafisanalsaildfidseaninnluns
wisgulumsugsssenmsnuuueiitonelsa wonandt Bacilus  S9FaNTONAAFS
ﬂﬁ%m:ﬁﬁnﬂﬁumiﬁu5’0msw’%zymmLLUﬂﬁL’%ﬂﬁaBﬂ Moriarty (1998) L&adlAlAnin
Bacillus Lflmmﬂ‘ﬁL’%fﬂwsvluiaaﬂﬁmmmmquLmﬂ‘ﬁL’%UﬂﬁjuL%aaLLaaluau@:ﬂau"l@T
W8y Vaseeharan uazamiz (2004) Tewindafithiiadas Bacilus Aldidulnslule-
fnasranuuuafierelsa fa Vibrio  anguillarum TudSanmitasninvefldinisida

aolnsluladin

5. ANEINITAVILUAN I SNEN ANl RannlasUSunmuasnuants e
v v
ns3andula Lm:@mmwuﬂuuatﬁmﬁaqmm

= :’ b o a a % o ' d' uUas a
msansnEnLazaa M ueulay adqaqmmluﬂQwvl,muiwﬂuiamﬂgﬂ

1 ¥ o

e aa 6 L & & o v & &
LLTLJ‘UL“ﬁﬂﬂu"ﬁ’)@mﬂzgﬂLL‘UTULGIiaﬂLL"ELL"]J\TLﬂuizﬂzL'Ja"I 90 14 LL@@GI%L%%’JWﬂGﬂﬂW@WﬂGﬁ@G

9 9

ngumMInasasdiininuazdannmaaigiiule iwand1iuneaiid (p > 0.05) szwing
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a 1 1 [l e o a aa v 1 d 04 a a v 1
i uduandadufisddynesidnunguaivquiidaannsaiyduladasndn
ngufldiulnsluladn  seandasnuMIAn® Ve Ziaei-Nejad uazamus (2006) MBI
MslE Bacillus \ulwsluladin suisniiuaanmiseadia aasnsaudulauss
YSunmnanda  undansanmadfswanvsiduibouazgetioiinianssauedian kg
laws TusGesuszazluas vafsrndudnlddndis  Snnannsdnsluaiafids

AN v o= ° a A & 1 & o =g o o A
ghiidwinshinslole@nfeglusduunimasusudsnldimzidadanadiaan oy
sanmuatgduleldedeldssiminwiisuivinumslfisadnegluzduuuimsdiiia
(Yanbo & Zirong, 2006; Wang, 2007) nidasmuasgiulavasfanandingun’leiu
Inslula@nfiinduanafisunainaininsluladnniduaslduusmunnduensfiondu
launniaasuazianloidng 9 wou tanloidlas lusdosuszasluea Dudwu (Gullian
et al.,, 2004; Balcazar et al., 2006; Leonel Ochoa-Solano & Olmos-Soto, 2006) flaual
ed o A A i A o a A a | 'Y |
enlodnnasanuuefiSana Bacilus Mdgrzuumaauamsiisiuinnldannin ud
1 1 v v v a a 1 [l J o v
anadgInadanInszquldiindaenlaodafiadns 9 sanudesainisuniu vinly

a a 1 QI J 1 v a a
Urzdninmlunsdesamuazmigaduaniewsaiiludinalidanmaaigiaule
£ [ . . . ¥ o A a

gj«wmnu"Lﬂms (Ziaei-Nejad et al., 2006; Wang, 2007) uaﬂmﬂﬁa@mmiwsmlﬁmim

1
a

v o A ,&’ a o a A o & a A
TQGQGQG’W]’W]LW&I“U%B'WLﬂ@]ﬁ]’mﬂﬂ‘lﬂﬂ’]iﬂ’]\‘ﬁu“ﬂQGIWSVLUI'EJ@I'HY]LTWEIG]LﬂW&UiL’JMLE]Q‘LqI

A ed o

wnunadunIdnnaniumsaigidulavasfinaidrvilddinandraigidulaldadis
320137 (Gullian et al., 2004)
J v & 1 a A 1 g: a
nnInaaasiuaasliiiuwiuuafiionguaninalsinsdnmualuszuumadu
2113 (A1 lfuaz  Hepatopancreas) 284rjana1dzasnnngun1sinauuafiSuunsuuan
sUswvanuazLuANRouNINALIIIeYew BnnadenuuueniTounIuuIngUienanud
wuludSunaldunidn  wwafiGonanfinuluszuuma@neinisvesanaidilungs
ﬂ’JUQ&lLﬂuLLﬁJﬂﬁSana Vibrio ‘leuA V. vulnificus, V. alginolyticus, V. parahaemolyticus
Wz V. cholerae JINNIEINU Aeromonas hydrophila, Shewanella putrefaciens L8
Photobacterium damsela 8n@38 WasWU Bacillus spp. MwUSanawlduinin  saandad
AuMsAnE Ve Sung LazAtL (2003) 3189 1WIN Vibrio, Aeromonas W8z Photobacterium
= AAa A o A o g o A A
duuuafiennuldlufiuazfiiniadonseinawindsifinma  anNszuunuGu
v o 1 ai s a e Aa 6 ) ~
pmvasanadlunguildiulnslule@ngduuuimadiiziausssunuisasusus
wuuuaisoana Bacillus \udwlng WalTeuifisunudiunm Bacilus lugiai3udu
] a . d 2 o ~ J
MINAINLINYIN Bacillus Aiwulu Hepatopancreas Ua3TNNANANLANT® 103.33%
. e P ' . . A X
ez 103.69% awiay  vmzf Bacilus  Awulud ldfanandiintn 95.47% uaz
115.65% ANE1AL  TINNILINY Vibrio spp. MUSunatas 88andaInunIneauses
Rengpipat uazame (1998) laAnmnawad Bacillus S11 daaainitasuidulauazaain

a v ° ' a v ° a . A X
ﬂ"l‘i‘i@(ﬂ%’)@l“ﬂQGQGQE‘H@IWWU'N‘R‘UU‘Y]'NL@%@Wﬁﬂi“ﬂ@ﬁq&qaqﬂﬂﬁﬂiwﬂm Bacillus \N Y%
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Waz Vibrio JUSuNaaas  8nN4 Ziaei-Nejad Wazate (2006) 189 1WINNNILAN Bacillus
& a o a = A a A A '
LiJuIWSVLUIamnlum‘smgmagmqwnaumslmmmquﬂimmmﬂmimqwL‘e’mmais-
InvUnanuauas Bacillus lu‘s:uumuaummwaorj@"lﬁ éh‘ﬁ%’ﬂLmﬂﬁﬁmmjmawmak-
ImﬂﬁmmluﬁﬂﬁlﬁwwzLa'mrjoqmﬁwadmjumuquLLa:mjuﬁ"Lﬁ%'uIvauIaaﬂﬁfu
wud’lﬁﬁﬂwmu‘*ﬁmﬁmﬁﬂmzuumdLaummwaaﬁaqmﬁ’] wawuluwlSurmnasnin
110 19N lasIaNIvaInNaaneInIsALS I (Receptor) z%m%’m;ﬁuw%ﬁﬁmmz
é’aﬁuqﬁm‘%ﬁﬁmmmLLsiau‘%nm%mz"lﬁﬁa:mmm@i’m%’”magjlmzuummﬁumms
¢ (Jiravanichpaisal & Miyazaka, 1994) udlwihlidesfanandimiduiniiuisg
1 t:!l U U a A 6 1 1 a LR a a a v
@19 9 Ndudugs qaummmu‘lmﬂummmmstyvlmawuqaumsﬂuﬂsmmuaﬂ

% a =)

(Unyal@ quedany, 2534)
USamuuafiisangs Vibrios luszuuniaidueiniszasnguaiuquiluuwilia
A £ | A [ a A A ' . a @
WlK wilusazidpriudIuauuafiSonga Viorios luszuunia@ueniszasrs
° i AN ve A A Y A A ' . A |
qmmmadﬂqul,muiwﬂuia@lﬂuLLqu&Ja@m I@mmﬂmmﬂqu Vibrios NWLURIW
slmy'Lﬂuﬂéuﬁﬁﬁﬂﬂ'aﬂﬁﬁmaﬁma (alafifndoIunaInnsiasdise TCBS agar) Way
ﬂﬁjwvl,mﬁmiamﬁ’]maégima Aalaildden) wu'lavesaslawIouisunusiaSuaunis
= A A ' . A v o o« 1 L ey & & ' \
nanad TuuafiSunga Viorios finalsalufsinidungulindndasianadudiulng
(Gatesoupe, 1998)  auUMULUATITENGN Vibrios nguitdsdaaizianeilasiunisiia
lsaluszndamadesds  mIaaasvad Vibrio liunasnannalnnsviaisuuafiisona
150289 Bacillus  lasmIuwd et uueIaIanmnsuasnadtan bmainannsadeasiiian (Slime
o Ao & Aaa o Y ad A . a X
layer/biofilm) Nsausautmasiuafizonalsaunsuay vlansufTiuei Bacilus NaaTw
sanIndvhansesdlznaurassassinaliuuaiiisodalianganisiaiguazgninany
{ . { ' ° [ 3 A o £
lufga (Moriarty, 1998) aunafiiSurialinaaaarinli Bacilus 1indwInNNIuLaza
Lm:u%nmﬁaqmot@ummnmuﬁumﬁL’%leriai‘m las Maedo & Liao (1992)
mﬂmudwmﬂ"ﬁumﬁL%ﬂmﬂﬁ'mf PM-4 7uanleaanawdulwsulafnaiuisnadtasy
maasgidvlazesfinadiszosuafindoauazduginisaingved V. anguillarum
#ana N Rengpipat LazAMe (1998) TNETUINMTHE Bacillus S11 813NTOLANEATIANT
sa@%%maaﬁaqm@iﬁzmiwammﬁgﬂqﬂgﬂﬁ’;mumﬁL’%m'%amaa%al,ﬂuwammn

= & E gy

ﬁﬁmﬁwaamiﬂﬁ%aum Bacillus WROUW uaﬂmnumﬂﬂa"anmauauawaaiwu

v

Qﬁﬁuﬁumaaqaqm@‘hﬂ'@ﬁﬂﬁumﬁL‘%ﬂfiaima@ﬂ%mmm PMMTANHIWLITHIILTAS
289 Bacillus AHwUalalnauan (Peptidoglycan) iuasddszney saumssnsiwunvelad
ﬁmaﬁwﬁmﬁuﬁauﬁaLﬂuﬁaﬂi:ﬁugﬁﬁuﬁu (Rengpipat et al., 2000) s‘ﬁwzmzﬁu
NTZUIBMTIVAY (Phagocytic activity) 1833:UU Stimulating phagocytic activity VDILTAR
WalRearhanInaalTaIfinati 's'suﬁzoﬂ'aﬂszéjummauauaa@ia‘émﬂanﬂaauﬁ

iNNAINITUVBILTAR LA AN (Cellular and humoral immune defense response) ¥i1
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9

& Ay o o o A v 1A a a . .
LTRRN 5$1J‘1JQ&lﬂwﬂuﬁlzﬂ’m’]uuazﬂ’lﬁ]@LL‘iJﬂ‘Y]LiEJﬂ?JISﬂVLGIEJEJ’NSJ‘IJS:&‘Y]‘D‘J’]’]W (Zlael-Nejad
a &

et al., 2006) 3nNJ Van de Braak uazane (2002) lazliiAuinmsbilnslula@nsioyin
v =1 v o QI J 1
lﬁmzim;mﬁﬂ'wuaqLmaﬁmmﬁamimwuLﬁa@mamaqmmmumnmu uga9iInslula-

¥

aﬂmmmm:@jummmLﬁmﬁmaa Hematopoietic tissue (HPT) ﬁﬂﬁizuugﬁqunuﬁ’mu
VLQ/deI £
AU
g o o v A A . A fA Aa

MNMINRBIfInaEdsuLafiSuana Bacillus mglugﬂuuumaawmmm:
LIRAWTUDIWLTN Bacillus 1uiw‘umdLaua"lmﬂa\‘ifiaqa”lﬁ”l“ffﬂu Hepatopancreas ae
o U, a nl J v Qa v % .
A FNUS AL UINALA 9% §aAARBINUNIANBI289 Rengpipat WazAmLe (2000)
ﬁi’]mwudﬁaqmﬁwsmﬂwam’nﬁvl,ﬁ%'u Bacillus S11 #5810 Bacillus Tun19t@wainis
e 6 . . . ' a [
N 10° CFU/g  Uaz Ziaei-Nejad UAzAmAZ (2006) WUIIMNIGUBIWNTVBITI217
a A AV ve A A A s Aa A £ A a '
auwaen lasulns luladniiUSunm Bacillus eLwrmmﬂvl,én'vml:wzu3nﬂ°11‘1vl,|,l,af:m1J§':mmg;lmrm
ﬂ&j&lﬁ"l&i"l,ﬁ%'ﬂmvluiaﬁﬂ auUNALaINILGN Bacillus Wuuuafisalnsluladnaiun
souLsIm Bacillus Tuszuumaiduamisvasiinadnle (lasna yrylne uazame,
2550; gUTudia fuTail uazAniz, 2551; Moriarty, 1998; Rengpipat et al., 1998) ua@dl#
& A A Aa ! 3 a A a a
mm']Lmﬂmmiwﬂﬂa@nﬂqu Bacillus 383813130 T ANUS N Dbl Iz UL LA
mmﬂaofjqum@ﬁ (Rengpipat et al., 1998, 2000; Gullian & Rodriguez, 2002; Ziaei-
Nejad et al., 2006) lummzﬁi:wmuaummwaar‘j&qmﬁwmjwmuquwu Bacillus
TutSurawlainnnin - nIWY Bacillus lumaidueamisvasdanadinguitludianaias
A ) = A A A x> Aa Y = 2 o o
\Wasan  Bacillus (Huuuafisafingldanldluduaznaunazaznauwindn Sadenaidd
anafuaznawanititn 1y (Moriarty, 1998, 1999) 37419 Bacillus g9tIuuuafiisaszd
al dl a A a C™ 1 a U )
auwnwulaluuSinmwian Aamtiuazriantaduamiszasfinad (Gatesoupe, 1999;
Vaseeharan & Ramasamy, 2003) @4uuiuafisonaunltlunsnaaainssnlauaadn

A A A da A a A A A

wuanselnsluladnind hasansivisasadSuimuuaiisunalsa  lasldinanseny
@iau,mﬁL%Uﬂéjuﬁﬁﬂiﬂmﬁ@iarjdqmﬁﬁ mu‘ﬁdmmmLﬂué‘@liﬂﬂﬂﬂﬁﬁm‘,@ﬂmmﬁd
qm@ﬁ"l,@”é‘ﬂ

mﬂﬁwﬂuiaanlummwwuﬁmfj’oqm@‘hmmmLﬁwé'm']n'm,ﬁtyl,aﬂmmrjo

[ a a A 1 1 . . a A a di ¥

qmmLLa:a@ﬂimmLLumLmﬂaimnqu Vibrios WazLUATISHUNTNALTAADU LA 8199
Lﬁmnﬂﬂavlﬂmsﬂi:@fugﬁ@j&lﬁu N1IEITIAITD19IS NIFTIRIIUTIUe N1Inad
tawlad Aardnuazlauwniaasuitislnszuunistdagainis  wan1I@L w1

o =3 g: J @ a ' o 1 a o
UTTRHARLTIUUIR U TIN T AVI M TUTITUIzn I TianIa s s Ui IuLATLTY
Inslulednnuuuafiisunalsa anudutduraslnsiuladn (daeldSunaunneiag
fuTRsUEInLARSunalyale) m’mmm:amaaIWEVLuIaaﬂ@iarjaqawﬁﬁ LRZENY



102

BAaa Nl wNITIRIFaINAUIRNIZRNALLTUNT TINNI ﬁﬁnﬁumiﬁmﬁ‘*ﬁagmmz

U

wafalunIdninnIng (Moriarty, 1999)

a Ada

8. SundauaIn150lun1IHA® Antimicrobial Peptide 2a3uuafilse
nmsaneImBuiidauaiunsalunisnia Antimicrobial peptide WL
Lmﬂﬁfi‘ﬂﬁLLsmvl,@TmmJaLﬁymaﬁaqaw‘hLLazﬁvaé”rjmm@‘hﬁga 6 wiia liddungw Subtilin &9
Dudufisnunsonda Antimicrobial  peptide  annnnsAnmnawnitiLaasliinIn
LmﬂﬁL‘%mﬂuqauﬁﬁﬁﬁmmmmsnlummﬁ@mié’aﬂdn Taganizagrsdsuuaiisy
8NA Bacillus (Rosovitz et al., 1998; Wu et al., 2005) snelatnigw B. subtilis 1T
LumﬁL’%ﬂﬁmmmNﬁ@]msﬂg’j%amuazmsﬁmﬁ;auw’%ﬁ%mMﬁ(ﬂ \I%  Bacteriocins,
Subtilosin A (Stein, 2005) &4 Subtilosin A 1§Ju Antimicrobial peptide fiwan’laan
B. subtilis 168 mﬂﬁuﬁ: Wild strain ludl a.¢. 1985 (Babasaki et al.,, 1985) B. cereus
Bc7 sMaNI0NE® Cerecin 7 SefignTiuginaadyesuuafisounsuvinnaissiie
(Oscariz et al., 1999) uaﬂﬁl’mﬁ: B. thuringiensis S9ENNIINNRG Tochicin, Thuricin 7 W8
Entomocidus 9 ssvimusiaiisnunsasuguuaiizenalseléwanasfia 1w Listeria
monocytogenes, Streptococcus pyogenes, and Pseudomonas aeruginosa (Paik et al.,
1997, Cherif et al., 2001, 2003) mmmﬂﬁﬁﬂwﬂﬂaﬁﬂﬁLLzm"L@TﬁnﬂﬂaL'gmrjaqm@h
LLazé']"lﬁr'jaqm@‘iﬂumiﬁﬂmw%ﬁ?ﬁ@gmawﬁ'@lummﬁ@ Antimicrobial  peptide 3z¥ 1%
LLUﬂﬁSUIWﬂUIaaﬂﬁﬁnUnwwluﬂﬂﬂ"ﬁLﬂuIWiVLuIaanLﬁ"amuqmwﬂﬁL%Uﬁaliﬂiuﬂws

g o &0
LATIZLRENIRAINN

9. Aanssuanluallsea azlaaauazlawlafindnlannuuafiisanaaii
®) A

wwr lailwlnsluladn

btz lamianninsluladnlunTiniz A 898a TN TR G WA I8NW LT AT
ﬂ’JiJQ&JLL‘]JﬂﬁL%UﬁBIiﬂ msﬂ%’uﬂ;aqmmwﬁﬁ ﬂﬁiﬂi:ﬁugﬁ@jwﬁwaaﬁmfﬁﬂ 0D
ANNRINIIDLBNNINAALaW LTl LN AT gL AN Y S ENT AWl AN TE a8 W TR IF AT 1N
(Thompson et al., 1999; Ali, 2000; Verschuere et al., 2000; Kesarcodi-Watson et al.,

d QI/ v { ¥ U v
2008) Dalasnldudromiflglunmawizidssfiezdnaudiomsdszianlysiu

o = A g v o & o Ada a '
amslulaasauas luiw Gﬁammsﬂﬁumﬂww:mmqaumﬂuﬂwsJLLiﬂmawﬁwamams
13nyiAulavedry (Iranto & Austin, 2002; Leonel Ochoa-Solano & Olmos-Soto, 2006)
‘ﬂ"lﬂﬂ’]iﬁmﬁluﬂ%’\‘iﬁwujﬂLLUﬂﬁL%ﬂﬁﬁ@LLﬂﬂvLﬁ’cﬂ’mﬂaLaUOﬁGQ@’]ﬁ’]LLﬂ&ﬁ’]vLﬁfidqmﬁﬂ
° A 2 | & A A ' ' P '
31w 6 The o9 laidunuafisanalye I@ﬂwmmﬂmu@wmmmmmUaﬂamsmi
& A = v A A o [ A ~
19 3 Usznn aa ldsaw anslulaasauaslosin SedanugaaadadnuI e wAEI NI
\ A A . & AAa Ada a o

wuhuuefiiSeana Bacilus uuuafiiionianumansalunsndaenlodldnainnan
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vatawlmilUsaion azluias laauazioagias iudu (Gupta et al, 2003; Gupta
et al, 2004; Saxena et al, 2003) UdzWUANIUENA Bacillus Wuuuafliseni
ANNURINNTD INIHAALaU lTsiaanuueniwas (Moriarty, 1996, 1998; Verschuere et al.,
2000; Farzanfar, 2006) ANTLIIBNITILVDY Leonel Ochoa-Solano & Olmos-Soto
(2006) levinn1sfinsusnuuafliSuana Bacillus NNENATNawILANLA0FNEN
mmmmmiumsw%zyLLazziaﬂmsmmﬂummﬂ'gmﬁa PNNMNTANBINLULANLTE
38 ﬂﬁuﬁf fa B. subtilis, B. megaterium W< B. megaterium %\1 Bacillus ﬁzd 3 a’mﬁufﬁ
sunTauaskaatawloieanundassvlszinanlysdn erslulaesauazlodule
omsiasadelaiuesned  wananieuiseuas Gupta wazame (2003) lénanain
LLuﬂﬁL%EJluaqa Bacillus I B. subtilis, B. licheniformis Waz B. amyloliquefaciens WDw
du uuuafizelanusansalumindalen loduazaunsnt o aANORITONRIT b6
RANNHRALTUG (Khyami-Horani, 1999; Hamilton et al., 1999; Gupta et al., 2003) ag9ls

[~3 v A

AMUEINTBIIWITL DU ﬁﬁmmaa@ﬂﬁaaﬁ'ﬂ@Uﬂﬁin’jmmﬁﬁﬂaqa Bacillus T4%@
A Aa a & ¢ A o o A

dug AlanuannsalumIndaewloddis 9 sanunasuaniwasiNarinninnlunng
HOURANUAITENWNT WA B. subtilis, B. megaterium, B. pumilus Was B. sphaericus

= A=
(Jaeger et al., 1999; Sharma et al., 2002; Gupta et al., 2004) TIRIIDNMITLRA LU
gaudsznavdragylueinisnldlugaanniraniamiziaesdy laglanizansainis
Urzinnlds@uiidusiudsznaunlenuddnylueinisds  lesnndaaziasanms
aana llglumaasadule (Kureshy & Davis, 2002) WAz INTIHNBARIUIINLN
AansynvadianlainuialaaininslulafnauiInsasgsunistassataaylszinn
% & 1 = ~a v
ldséu arslulaesa lvsiuuazisaglasdadunaddenisaigidulavasrs (Lara-Flores
et al., 2003; Tovar-Ramirez et al., 2004; Ziaei-Nejad et al., 2006) AIBWLUANLILNULLN
lansinunltlunisdnesravandsdanuduldlenazinlylfiduwnuansalnsluladnlu
mnwmﬁmf‘j\mmaLﬁau‘jumﬂa%ua%ﬂaﬂizaﬂ%ﬂﬂwluﬂﬁiaiaﬂamﬂmsmmmanﬁu
=< ' > a a Aaf
msgmwmsmmiawahqwamﬁﬂﬁiammzﬂ’mﬁ]iryL@uimw@mu (Leonel Ochoa-

Solano & Olmos-Soto, 2006)
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Various treatments of shrimp pond bottom soil containing organic sludge were examined for the changes in
pH, organic matter and removal efficiency of pathogenic bacteria (Vibrio and Pseudomonas). The experimental
period was divided into 3 phases. In the first phase, shrimp pond bottom soil and pond organic sludge were
placed in the experimental tanks and subjected to 15 days of five treatments and a control. The treatments
included: (1) drying in sunlight and tilling, (2) drying in sunlight and tilling with lime, (3) drying in sunlight
and addition of lime, (4) drying in sunlight and addition of probiotics and (5) drying in sunlight and tilling
with probiotics. The control consisted only of drying in sunlight. In the first phase, pH of all treated soil and
the control decreased significantly (P<0.05) over the experimental period. Organic matter of the treated and
control groups increased significantly (P<0.05) from 1.76+0.05% on day O to 4.33+0.06% on day 15. Total
heterotrophic bacteria (THB) declined significantly (P<0.05) only in soil dried in sunlight, tilled with
probiotics added (treatment 5). Vibrio species were completely eliminated within 6 days in all treatments.
Pseudomonas counts decreased significantly (P<0.05) over time in all groups. In the second phase, water from
a 3-month-old shrimp pond and pond organic sludge from the post-harvested shrimp pond were added
above the treated pond bottom soils and left for 10 days in order to simulate the second crop after
termination of the first phase. To begin the third phase, water was drained and the pond bottom soils
subjected again to the same treatments for a further 15 days. Soil pH declined significantly (P<0.05) in all
groups except treatment 2 over the experimental period. A significant increase (P<0.05) in organic matter
was observed at the end of the experiment in the third phase, with values of 4.17£0.13% to 4.64 +0.04%. THB
declined significantly (P<0.05) in all groups over time. No Vibrio were found in any of the experimental
tanks. In treatment 5, Pseudomonas was absent after day 9 of beginning the experiment in the third phase. In
conclusion, drying in sunlight and tilling with probiotics were the best method for removal of Vibrio and
Pseudomonas from shrimp pond bottom soil containing organic sludge.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

As a consequence, accumulated black organic sludge in shrimp pond
bottom soil is a major environmental concern for shrimp growers and

Black tiger shrimp (Penaeus monodon) production has increased
sharply in Thailand since 1972 and in Asia since 1989 (Lin and Nash,
1996). An intensive culture system is most commonly used for black
tiger shrimp in Thailand (85%) because it produces higher yields than
other systems (Shang et al., 1998). Since intensive shrimp culture
requires high input of pelleted feed and other chemicals or drugs,
improper management may cause environmental problems including
disease, environmental degradation and accumulation of black and
glutinous sediment, referred to as organic sludge, in pond bottom soil
(Shang et al., 1998; Rosenberry, 1993). Organic sludge comprises
uneaten feed, dead plankton, mineral soils, airborne debris, shrimp
feces and pathogenic microorganisms (Bergheim and Asgard, 1996).

* Corresponding author. Tel.: +66 38 103120; fax: +66 38 393490.
E-mail address: subunti@buu.ac.th (S. Nimrat).

0044-8486/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.aquaculture.2008.08.020

for sustainable development in the shrimp industry (Boyd, 1992;
Smith, 1993, 1996; Hopkins et al., 1994). Between shrimp crops, the
black organic sludge must be treated in order to remove toxic and
undesirable materials in organic sludge and eliminate pathogenic
microorganisms.

The commonly used treatment of organic sludge in Thailand is
drying and the addition of lime. Drying of pond soil between crops is
commonly used and accelerates degradation of pond organic sludge
(Boyd and Teichert-Coddington, 1994). Liming neutralizes acidity and
facilitates microbial activity (Boyd, 1995). Recently, a promising
biotechnology called “bioremediation” or “bacterial augmentation”
has received increasing attention because it constitutes an environ-
mental friendly approach to minimize environmental degradation.
Bioremediation products are available in a variety of forms and
marked under the general term “bioremediation products or probio-
tics” (Gatesoupe, 1999). It is proposed that application of probiotics to
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Table 1

Effect of five treatments and a control on pH change in the first phase experiment

S. Nimrat et al. / Aquaculture 285 (2008) 123-129

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 7.19£0.17%2 7.38+0.06%3 7.41£0.14%2 7.39+0.11%2 7.34+0.06%2 7.28+0.13%2
3 6.77+0.14*! 7.19+0.07°2 7.55+0.112 7.44+0.08°2 7.14+0.08"" 6.68+0.02%"
6 6.69+0.08*! 7.02+0.06°2 7.43+0.0542 7.53+0.10%2 7.13£0.11°! 6.62+0.13%"
9 6.74+0.17%>! 7.01+0.09"2 7224011 7.16+0.08%! 6.92+0.02"! 6.54+0.14"
12 6.66+0.21%! 7.13+0.12°2 7.3040.02 7.14+0.09>" 6.99+0.04> 6.51£0.10*!
15 6.67+0.16%>! 6.6240.15%>1 7.24+0.07¢! 7.08+0.07¢! 6.99+0.04> 6.46+0.13%"

ab<Different superscript letters indicate significant difference (P<0.05) in the number of pH in the first phase between five treatments and the control.
123pifferent superscript numbers indicate significant difference (P<0.05) in the number of pH in different time of the first phase.

pond soil can accelerate decomposition of undesirable organics and
other waste products (Gatesoupe, 1999; Gross et al., 2003; Wang and
Han, 2007) and perhaps even increase ambient levels of oxygen (Boyd,
1995; Sonnenholzner and Boyd, 2000a). Presently, there is limited
information on changes of pH and organic matter in the pond bottom
soil during treatment between drying only and the other practices,
which are the important factors known to influence shrimp produc-
tion and diseases. There are also limited data on changes in numbers
of pathogenic bacteria during treatment of pond soil containing
organic sludge, the studies by Boyd and Teichert-Coddington (1994)
and Boyd (1995) being notable exceptions.

Bacteria of the genus Vibrio are indigenous in marine and estuarine
aquatic ecosystems in which shrimp occur naturally or are farmed
(Ruangpan and Kitao, 1991). Species in the genus Vibrio constitute the
major bacterial pathogens in cultivated penaeid shrimp worldwide
(Ruangpan and Kitao, 1991; Jiravanichpaisal et al., 1993; Lightner,
1993) although they are generally agreed to be opportunistic
pathogens causing disease only when shrimp are stressed. Like Vi-
brio species, Pseudomonas species are part of the normal microflora of
penaeid shrimp but may also cause disease (Costa et al., 1998). Since P.
monodon behavior is closely associated with pond bottom soil,
characteristics of the pond bottom soil can directly influence shrimp
production. Costa et al. (1998) reported that moribund shrimp were
always infected with Vibrionaceae and sometimes with a combination
of Vibrionaceae and Pseudomonas sp. Pathogens in the pond organic
sludge have the potential to cause disease outbreak and impaired
shrimp production. The presence of pathogenic bacteria generates
concerns not only for shrimp health but also that of consumers.
Appropriate treatment to degrade pond organic sludge may enhance
conditions for the efficient production of healthy shrimp.

The aim of this study was to determine the effect of five treatments
compared to a control on counts of Vibrio and Pseudomonas in the
shrimp pond bottom soil containing organic sludge. This study was
also measured temporal changes in pH and organic matter after
various treatments of pond bottom soil.

2. Materials and methods
2.1. Pond bottom soil and organic sludge
Bottom soil samples from a 3-month-old pond were collected from

a brackishwater shrimp farm in Chonburi Province, Thailand. Soil

Table 2
Effect of five treatments and a control on pH change in the third phase experiment

samples were collected in sterilized plastic bag and immediately
transported to the laboratory and analyzed within 12 h. Organic
sludge, referred to the soft fluidized, organic-rich residue, was
collected from a post-harvested brackishwater shrimp farm in
Chonburi Province. The organic sludge was collected in sterilized
plastic bags and transported to the laboratory.

2.2. Preparation of probiotic cell suspension

A local probiotic referred to as probiotic A was obtained from Dr.
Nimrat Laboratory, Burapha University. Probiotic bacteria in the
Probiotic A were isolated and identified. Non pathogenic bacteria were
found in Probiotic A and Bacillus sp. was the main bacteria in this
product. Following the distribution instruction, the probiotic was
increased in number by addition of 1 g probiotic to a 500-mL flask
containing 200 mL of Trypticase Soy Broth (TSB; Difco, Detroit, MI, USA).
The flask was shaken at 200 rpm, and incubated at 30 °C. Cells were
harvested by centrifugation after 24 h, prior to suspension in 5 mL of
phosphate buffer at an 0.D.sgg of 1.5. The mixture was freshly prepared
and adjusted to a final concentration of approximately 10'® CFU/mL.

2.3. Experimental design

Effect of various treatments of pond bottom soil containing organic
sludge was studied in the experimental tanks. Pond bottom soil was
added to a depth of 4 cm in fiber glass tanks (0.8x1.2x0.6 m) and
overlaid at 6 cm depth with organic sludge to simulate the post-
harvested pond bottom soils in shrimp ponds. Eighteen tanks were set
up for five treated groups and a control group in triplicate (N=3). The
experimental period was divided into 3 phases. In the first phase,
pond bottom soil and organic sludge were placed in tanks and
subjected to 15 days of experiment. The five treatments included:
(1) drying with sunlight and tilling, (2) drying with sunlight and tilling
with lime, (3) drying with sunlight and addition of lime, (4) drying
with sunlight and addition of probiotics and (5) drying with sunlight
and tilling with probiotics. The control consisted of drying with
sunlight. Soil tilling was performed using a shovel once every 7 days in
treatments 1, 2 and 5. Therefore, soil was mixed with organic sludge
during the tilling process. In treatments 2 and 3, 60 g of lime was
added at the beginning of the experiment. Probiotic at a volume of
50 mL was sprayed on the pond bottom soil containing organic sludge
in treatments 4 and 5. Total heterotrophic bacteria (THB) and

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 7.19+0.15%2 7.06+0.10%3 7.52+0.113>2 7.52+0.20%"2 7.22+0.052 7.25+0.12%2
3 6.66+0.26™ 6.7520.10*2 7.47+0.07>12 7.26£0.17>12 6.6410.13%1 6.80£0.13%"
6 6.43+0.07*! 6.66+0.08>2 7.41£0.10%'2 7.32+0.06%12 6.48+0.12%12 6.56+0.09%>
9 6.43+0.08%>" 6.25+0.09*! 7.28+0.10%! 7.04+0.03¢! 6.27+0.16%" 6.62+0.17"!
12 6.51+0.08*! 6.16£0.11% 7.41+0.09°12 7.31£0.15"12 6.69+0.13*? 6.51+0.12%!
15 6.55+0.13%! 6.71£0.09°>2 7.39+0.16512 7.07+0.05° 6.46+0.07*! 6.56+0.15"

ab<pifferent superscript letters indicate significant difference (P<0.05) in the number of pH in the third phase between five treatments and the control.
123pjfferent superscript numbers indicate significant difference (P<0.05) in the number of pH in different time of the third phase.
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Table 3
Effect of five treatments and control on a change of organic matter (%) in the first phase experiment

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 1.79+0.07*! 1.77+0.04*! 1.74+0.1131 1.76+0.02% 1.70+0.05" 1.7940.06™!
3 2.89+0.03%3 3.0340.08%> 2.93+0.09%3 3.04£0.10** 2.99+0.13** 3.38+0.13%%
6 215+0.06*2 2.59+0.02"2 2.67+0.09%? 2.53+0.08>3 2.56+0.07°> 2.68+0.03¢?
9 2.15+0.06*2 2.58+0.02¢42 2.51+0.042 2.09£0.02%2 2.27+0.06>2 2.64+0.04%2
12 3.37+0.03>4 3.31£0.10%4 3.16+0.11%4 3.17+0.12** 3.39+0.16"° 3.12+0.06%°
15 413+0.06%° 436+0.03°° 4.56+0.07%° 4.32+0.08"° 4.26+0.03%° 4.33+0.08°°

ab<Different superscript letters indicate significant difference (P<0.05) in the number of organic matter in the first phase between five treatments and the control.

123Dijfferent superscript numbers indicate significant difference (P<0.05) in the number of organic matter in different time of the first phase.

Table 4

Effect of five treatments and control on a change of organic matter (%) in the third phase experiment

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 1.51+0.04% 1.47+0.02*" 1.49+0.11%! 1.49+0.02%" 1.56+0.06" 1.52+0.06"
3 2.35+0.03*2 2.56+0.01¢2 2.48+0.05°2 2.46+0.03"2 2.46+0.01°2 2.64+0.0242
6 2.78+0.09*3 3.05+0.07>3 2.83+0.12%3 294401224 2.85+0.10%°23 2.91+0.12%>3
9 2.69+0.12%>3 2.71£0.023>4 2.61£0.02%2 2.70%0.02>3 2.87+0.05°% 2.99+0.02¢°
12 3.080.06°* 3.4810.119° 3.19+0.144 3.30+0.13%4 31610133 2.9740.05%3
15 436+0.06° 4.64+0.04° 423+0.12%° 4.48+0.12%° 417+013** 4.53+0.08%4

ab<pifferent superscript letters indicate significant difference (P<0.05) in the number of organic matter in the third phase between five treatments and the control.
123Dijfferent superscript numbers indicate significant difference (P<0.05) in the number of organic matter in different time of the third phase.

pathogenic bacteria (Vibrio and Pseudomonas) were routinely deter-
mined once every 3 days during the experiment for the first 15 days.

In the second phase, water and organic sludge from the shrimp
farm were added above to the treated soil and left for 10 days designed
as the second shrimp growing cycle. The amount of organic sludge
added was equal to that at the beginning of the first phase. Shrimp
pond water (15 ppt) was then added to a depth of 50 cm above the
bottom of the fiber glass tanks. To begin the third phase, water was
drained from the fiber glass tanks and soil was subjected to the same
treatment protocols similar to the first phase for an additional period
of 15 days without re-overlaying with organic sludge. The soil was
again treated and collected for analysis similar to phase L

2.4. Sampling and determining the physical properties of pond bottom
soils

Soil samples in the experimental tanks were randomly collected
from the upper 5-cm layer of soil surface with a 5-cm diameter core
sampler. This layer was selected for sampling because it was more
reactive and had a greater influence on water quality than deeper
layers (Masuda and Boyd, 1994). Soil samples containing organic
sludge from the experimental tanks were collected from the four
corners and the center during the experiment and pooled for analysis.
Determination of pH was accomplished by inserting a glass electrode
into a 1:5 mixture of dry, pulverized soil samples containing organic
sludge and de-ionized water (Islam et al., 2004). Soil organic matter
was determined by loss on ignition. Soil samples were dried, crushed,
weighed and evaluated in porcelain crucibles at 350 °C (Norrish and
Hutton, 1969). At each sampling, 100 g of soil samples from each tank
was taken for analysis.

Table 5

2.5. Bacterial counts

Soil samples from the eighteen tanks were collected every 3 days,
brought to the laboratory and processed immediately. Soil samples
were analyzed for viable plate counts by a series of 10-fold dilutions
using sterile saline (0.85% NaCl solution, w/v) as dilution blanks, and
0.1 mL from each dilution was plated on agar using spread plating.
Total heterotrophic bacterial (THB) counts in soil samples were
determined using plate count agar (PCA; Difco, Detroit, MI, USA). For
the enumeration of total bacteria, the inoculated plates were
incubated at 30 °C for 24-48 h (Guerra-Floresa et al., 1997; Abraham
et al., 2004). Vibrio and Pseudomonas species were enumerated using
thiosulfate-citrate-bile salt-sucrose agar (TCBS; Difco, Detroit, MI,
USA) and Pseudomonas isolation agar (PIA; Oxoid, Basingstoke, UK),
respectively, using the spread plate method (Moriarty, 1998). Samples
were diluted serially, 0.1 mL aliquots plated onto TCBS or PIA and the
plates incubated at 30 °C for 24-48 h (Thomas and Wimpenny, 1996;
Hoi et al., 1998; Geysen et al., 2005; Gonzalez-Miret et al., 2006).
Afterwards, colonies were counted and the amount of bacteria was
calculated as colony forming unit (CFU) per gram. Then, morphology
and the number of yellow and green colonies on TCBS were recorded
and subcultured on TCBS and Tryptic Soya Agar (TSA) plus 2.0% NaCl
(Difco Laboratories) prior to identification by biochemical tests. All
colonies that appeared in these time intervals were assumed to be
Vibrio. These results helped to identify some but not all of the
additional strains according to Bergey's manual of determinative
bacteriology (Krieg and Holt, 1984). Colonies on PIA were treated with
the oxidase test and identified based on Bergey's manual of
determinative bacteriology (Krieg and Holt, 1984). Presumptive
identification was accomplished by standard biochemical tests

Effect of five treatments and control on number of total heterotrophic bacteria (x 10° CFU/g) in the first phase

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 5.53+2.01%12 6.87+2.57%! 6.01+0.95%° 8.31£0.57*12 5.57+0.76*! 5.3240.99%?
3 7.17£1.63%02 6.11£1.31%! 6.05£1.77%3 5.93+1.75! 6.07+1.26™! 9.61+£3.54"3
6 3332117 5.85+1.63%! 10.95+0.35% 8.21+1.70%12 B2 127 7.85+1.20%3
9 3.20+0.28*! 6.9+1.23"! 10.51+3.11%4 13.05+0.07%> 6.50+3.47°2 7.55+1.91°°
12 10.35£1.77%° 10.15+3.042 1.89+0.14%" 7.75+0.35>12 6.02+1.56>! 1.05+0.21%!
15 6.65%1.77°2 10.63£1.14%2 4.45+1.49>% 9.11£4.10%42 5.82£0.57"! 1.01£0.28*!

abepifferent superscript letters indicate significant difference (P<0.05) in the number of total heterotrophic bacteria of the first phase between five treatments and the control.
123Different superscript numbers indicate significant difference (P<0.05) in the number of total heterotrophic bacteria in different time of the first phase.
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Table 6

S. Nimrat et al. / Aquaculture 285 (2008) 123-129

Effect of five treatments and control on number of total heterotrophic bacteria (x 10° CFU/g) in the third phase

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 4.87+2.23%3 2.51+0.42%2 3.01£0.44%2 2.3340.23%3 4.05+0.64%"23 233£12%2

3 2.53+0.46%2 4.03+0.55"3 3.20+0.46%"2 2.04+0.02%3 451413523 5.6+1.41%3
6 1127:£ 01153212 143 0/75842 5.33+0.91% 0.80+0.21%>2 1.83+0.96>12 0.47+0.31*!
9 8.05+0. 35% 5.87+1.19%4 5.47+0.80*° 3.6520.64%4 6.57+4.18%> 7.7+0.65**
12 0.19+0. 04*! 0.4+0.08>! 01701131 0.41+0.10°! 0.26+0.08%' 0.29+0.113>
15 0.42+0. 07> 0.3940.045"! 0.27+0.05*"! 0.27+0.05" 0.41+0.01°! 0.58+0.07¢"

2b<Different superscript letters indicate significant difference (P<0.05) in the number of total heterotrophic bacteria of the third phase between five treatments and the control.

123pifferent superscript numbers indicate significant difference (P<0.05) in the number of total heterotrophic bacteria in different time of the third phase.

Table 7

Effect of five treatments and control on number of Vibrio spp. (x 10> CFU/g) in the first phase experiment

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 21540.15%° 165+021* 155+037% 147+0.57%° 2.05+0.43* 1.90+0.28
3 1.60+0.18% 135+0.07 0.85+0.21"2 165402142 1.03+0.06°° 0.35+0.07
6 0+0*' 00! 0£0*' 0+0*! 0+0*! 0+0*'
9 0+0*! 0+0*! 0+0*! 0+0*! 0+0*! 0+0*!
12 00! 00! 0£0*' 0+0*! 0+0*! 0£0*'
15 0+0*! 0+0*! 0+0*! 0+0*! 0+0*! 0+0*!

abepifferent superscript letters indicate significant difference (P<0.05) in the number of Vibrio sp. of the first phase between five treatments and the control.
123Djfferent superscript numbers indicate significant difference (P<0.05) in the number of Vibrio sp. in different time of the first phase.

(Gerhardt et al,, 1994), Gram staining and colony morphology
determination.

2.6. Statistical analysis

Data were shown as meanzstandard deviation (SD). All para-
meters were determined in three replicates. Significant difference in
the change of pH, organic matter and bacteria among the treatments
over time was tested by using a two-way analysis of variance
(ANOVA). Duncan's New Multiple Range Test was used to isolate any
significant differences detected in the ANOVA (Duncan, 1955). All data
were considered significant at P<0.05.

3. Results

3.1. Effect of different shrimp pond bottom soil treatments on the change
of soil physical characteristics in the first and third phase

In the first phase, the accumulated black and glutinous organic
sludge was layered onto the pond soils and then studied on the
effectiveness of various pond bottom soil containing organic sludge
treatments on changes in pH, organic matter, total heterotrophic
bacteria, Vibrio and Pseudomonas. The initial pH of the control and
treated groups, 7.19+0.17 to 7.41+0.14, did not differ significantly
(P>0.05; Table 1). In control tanks, pH of pond soils at the beginning of
experiment was 7.19+0.17, and decreased to 6.77 +0.14 (P<0.05) on day
3.Soils dried in sunlight and tilled (treatment 1) also had a significantly
lower pH of 7.19+0.07 (P<0.05) at day 3, followed by a further decline

Table 8

to 6.6210.15 (P<0.05) at the end of experiment (day 15). Similarly,
soil dried in sunlight with the addition of probiotic (treatment 4) or
dried in sunlight and tilled along with the addition of probiotics
(treatment 5) declined in pH (P<0.05) by day 3. In contrast, soil treated
with sunlight, tilling and lime addition (treatment 2) or sunlight and
lime addition (treatment 3), pH declined significantly (P<0.05) only
after 9 days.

After the pond soils containing organic sludge were treated in the
first phase, shrimp pond water and the same amount of organic sludge
added in the first phase were transferred into the experimental tanks
in order to simulate a second crop of shrimp. In the beginning of the
experiment in the third phase (day 0), pH of pond bottom soils in all
groups increased (Table 2), compared to those of the same treatment
during the end of the first phase (Table 1). Although there was no
significant difference (P>0.05) in pH between treated and control
groups at the beginning of the experiment, a significant decline
(P<0.05) was observed in all groups except treatment 2 over the
experimental period (Table 2). At the end of the experiment (day 15),
pH of soils in treatment 2 and 3 remained near neutrality with average
values of 7.39+0.16 and 7.07+0.05, respectively, while those of other
treatments were slightly acidic (6.46+0.07 to 6.71+0.09).

Organic content of all groups at the commencement of experiment of
each of the first and third phase was not significantly different (P>0.05),
with average values of 1.70+0.05% to 1.79+0.07% (Table 3) and 1.47 +
0.02% to 1.56+0.06% (Table 4), respectively. A significant increase
(P<0.05) in organic matter was, however, observed at the end of the
experiment in the first and third phase, with values of 4.13+0.06% to
4.56+0.07% and 4.17+0.13% to 4.64+0.04%, respectively.

Effect of five treatments and control on number of Pseudomonas spp. (x 10> CFU/g) in the first phase experiment

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 6.53+0.78%2 7.25+0.67%2 8.75+1.63° 9.15+1.20%4 9.45+2.05%> 8.77+1.50%%
3 14.87+0.38%° 16.33+0.66%> 14.07£0.67°9 8.41+0.71°3 9.36+0.89%° 4.47+1.04%3
6 11.24+0.424 3.87+1.88%! 6.75+1.27°2 3.92+2.12%2 3.67+2.06%12 2.11+0.85%2
9 4.85+1.34%! 3.5+0.66%! 0.75+0.35%! 117£0.25%! 2.1+0.44°" 2.6+1.63%92
12 8.15+0.35%° 6.67+0.61%2 1.51+0.42%! 1.21£0.42% 4,67+0.742 2.65+0.21°2
15 4.75+1.20%! 2.95+0.78>! 1.03£0.28%! 3.0320.42"2 3.75£0.07°12 0.60+02*!

ab<pifferent superscript letters indicate significant difference (P<0.05) in the number of Pseudomonas spp. of the first phase between five treatments and the control.
123Dpjfferent superscript numbers indicate significant difference (P<0.05) in the number of Pseudomonas spp. in different time of the first phase.
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Table 9

Effect of five treatments and control on number of Pseudomonas spp. (x 10> CFU/g) in the third phase

Day Control Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
0 6.80+2.07*%3 9.77+1.062 8.70+1.95%3 8.12+1.65? 11.03+£1.27%2 8.47+0.25%3
3 5.63+1.072>12 13111143 3.57+0.95%12 4.51+0.89*' 7.13+1.50°2 7.43+1.52"3
6 13.20£0.95%° 4.33+0.65% 4,07+0.61%12 7.33+0.96"2 8.97+2.72"2 217+0.57%2
9 7.93+0.67°* 6.32£0.96>" 8.50+0.31"3 10.5+0.92%2 2.2340.61%! 00!
12 4.02+0.62¢! 7.314£0.4% 4.63+0.715? 917+1.21%2 1.73+0.12>! 040!
15 9.51£0.72%4 6.37+0.95%! 23320411 3.3+0.4"! 2.50+0.28"1 0+0*!

*b<Different superscript letters indicate significant difference (P<0.05) in the number of Pseudomonas spp. of the third phase between five treatments and the control.
123Djfferent superscript numbers indicate significant difference (P<0.05) in the number of Pseudomonas spp. in different time of the third phase.

3.2. Effect of different shrimp pond bottom soil treatments on the change
of total heterotrophic bacteria, Vibrio and Pseudomonas in the first and
third phase

Total heterotrophic bacteria (THB) of the control and treated
groups during the first phase of the experiment ranged from (1.01+
0.28)x10° CFU/g to (13.05£0.07)x10° CFU/g (Table 5). A significant
decline in THB over time was found only in soil dried in sunlight, tilled
with probiotics added (treatment 5). During the third phase, a significant
decline in THB was observed in both treated and control groups, with an
average value on day 15 less than (0.58+0.07)x 10° CFU/g (Table 6).

Vibrio numbers in the treated and control groups at the beginning
of the first phase were not significantly different (P>0.05), with
average values in a range of (1.47+0.57)x 10? to (2.15+0.15)x 10> CFU/g
(Table 7). However, Vibrio were not detected in any group on day 6 or
after. In the third phase, no colonies of Vibrio spp. were detected in any
group during the 15-day trials. The isolated colonies on TCBS were
further identified by biochemical tests. V. parahaemolyticus was the
only species found in this study which showed positive results with
oxidase, lysine decarboxylase, ornithine decarboxylase, motility,
arabinose fermentation, mannitol fermentation, growth in 3, 6, or 8%
NaCl and growth at 42 °C, and negative results with VP, urea, ONPG,
sucrose fermentation, lactose fermentation and growth in 10% NaCl

Pseudomonas levels in the treated groups at the beginning of the first
phase ranged from (7.25+0.67)x 10> CFU/g to (9.45+2.05)x10° CFU/g,
not significantly different (P>0.05) from those of the controls (6.53+
0.78)x 10> CFU/g (Table 8). A significant decrease (P<0.05) in Pseudo-
monas counts was observed over time in all groups. However, the greatest
decrease in Pseudomonas occurred in soil dried in sunlight, tilled with
probiotics added (treatment 5) with numbers of (0.60 + 0.02)x 10° CFU/g
at day 15. The number of Pseudomonas in the treated and control groups
during the beginning of third phase did not differ significantly (P>0.05)
and ranged from (6.80+2.07)x10% CFU/g to (11.03+1.27)x10® CFU/g
(Table 9). However, soil dried in sunlight, tilled with probiotics added
(treatment 5) showed the greatest decline (P<0.05) in the number of
Pseudomonas. There was no detectable colony of Pseudomonas after day
9 in treatment 5, while in the other treatments the number of Pseudo-
monas ranged from (2.33+0.41)x 10> CFU/g to (9.51+0.72)x 10> CFU/g at
the end of experiment (day 15).

4. Discussion

The decline of pH over time in the first and third phase suggested
that drying of soil with sunlight is a major factor controlling the
decrease in pH. Drying also enhances soil aeration that along with an
optimum temperature range accelerates nitrification as nitrifying
bacteria are almost exclusively aerobic microorganisms (Avnimelech
and Ritvo, 2003). As a consequence, nitrification releases H* to the soil,
causing a decrease in pH (Hargreaves, 1998).

In the second phase, an increase in pH occurred which was related
with the waterlogged condition, inhibiting nitrification (Charman and
Roper, 2000; Avnimelech and Ritvo, 2003). Denitrification of nitrate in
the pond soil may also increase pH (Charman and Roper, 2000; Fenton
and Helyar, 2000). In the third phase, a decline of soil pH in all groups

was similar to those in the first phase and indicated a reoccurrence of
nitrification. When lime was added to soil containing organic sludge
and dried (treatment 3) or dried and tilled (treatment 2), pH of treated
soils was neutral. This indicated that liming maintained pH in treated
soils containing organic sludge, in accord with earlier observations
(Martikainen et al., 1993; Rudebeck and Persson, 1998; Bckman and
Klemedtsson, 2003). As a result, lime has been routinely applied to
correct acidification (Golez, 1995) and is considered as one of the most
important procedures for maintaining soil at a satisfactory pH
(Charman and Roper, 2000).

Organic matter used in the present study refers to the stable
humus, which is considered beneficial for shrimp culture (Shang et al.,
1998). In contrast, organic sludge contains a high amount of toxic
materials such as hydrogen sulfide, ammonia gas as well as
pathogenic microorganisms (Bergheim and Asgard, 1996; Avnimelech
and Ritvo, 2003). An increase of organic matter in all groups during
the first and third phase over time indicated the importance of its
decomposition by drying in sunlight. Drying enhanced microbial
oxidation of organic matter (Arenas and De La Lanza, 1981. Campbell
et al. (1994) reported that moisture and temperature are the main
factors controlling mineralization of nitrogen and carbon. Soil
temperature in the present study during drying was about 30-36 °C,
resulting in an increase in organic sludge decomposition. This result is
in agreement with Boyd (1995) who reported that soil temperature
and soil water greatly influences the rates of biological, physical, and
the chemical processes in soil. Future experiment regarding water
content in sediment needs to be investigated as bacterial viability,
bacterial cultivability, bacterial activity and mineralization process, pH
and organic content are affected by water content.

The observed THB levels found during the first phase was slightly
higher than those found in other shrimp culture ponds (Devaraja et al.,
2002; Tendencia et al., 2006). Devaraja et al. (2002) reported that the
THB levels were 3.75x10° CFU/g in pond bottom soil collected from
black tiger shrimp ponds. Tendencia et al. (2006) reported levels of
THB in shrimp pond bottom soil, ranging from 5.4x10°> CFU/g to
6.8x10° CFU/g. However, in tilapia pond bottom soil the number of
THB was much higher, ranging from 1.2+3.1x10° CFU/g to 7.3z
1.1x107 CFU/g (Al-Harbi and Uddin, 2005). Low values of THB of under
0.58+0.07x10° CFU/g at the end of experiment in the third phase
indicated that drying of soil in sunlight reduced the number of
heterotrophic bacteria.

For the Vibrio count, it appears that the major factor regulating the
removal of Vibrio spp. from the pond bottom soil was drying. Vibrio
spp. were reported to grow well in a seawater base (Costa et al., 1998).
Several authors also reported that drying of pond soil between cycles
of production caused a decline of pathogenic bacteria accumulated
from the previous crop, elimination of toxic gases such as ammonia,
hydrogen sulfide and methane, oxidation of FeS, increase in pH and
redox potential and mineralization of organic C, organic N and organic
P (Boyd, 1992; De Groot and Van Wijck, 1993; Kongkeo, 1997).
Interestingly, V. parahaemolyticus was the dominant Vibrio species
found in all the pond soils, in agreement with the findings of Cruz dela
et al. (1990), Leangphibul et al. (1986) and Pradeep and Lakshmanper-
umalseamy (1984). Moreover, Bhaskar and Setty (1994) proposed
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that pond soil, water and shrimp feed were the main sources of
V. parahaemolyticus. The level of Vibrio during the beginning of
experiment in first phase of the present study was within the same
range reported by Gopal et al. (2005) and Tendencia and dela Pefia
(2002).

Pseudomonas is one of the indigenous microflora in aquatic habitats
in which some of them have an important role in the environment
stability (Hongxiang et al., 2008). However, some of Pseudomonas
species (e.g. P. anguilliseptica) are the potential causative agents for
diseases in the culture of aquatic animals (Costa et al., 1998; Nimrat et al.,
2005; Colakoglu et al.,, 2006; Nimrat and Vuthiphandchai, 2008). Little
information is available on safe concentrations of Pseudomonas in the
aquaculture environment, particularly, pond bottom soils. Observed
levels of Pseudomonas at the beginning of the first phase in the present
study was higher than those reported in tilapia ponds in Saudi Arabia
(Al-Harbi and Uddin, 2005). A combination of drying with sunlight and
tilling with probiotics (treatment 5) was the most effective treatment to
eliminate Pseudomonas in pond soil. Control of potential pathogenic
bacteria number is needed for aquaculture success since outbreaks of
disease are usually associated with increases in the proportions of some
Vibrio and Pseudomonas species (Sung et al,, 1999). Vibrio have been
reported to be the most numerous of the reported bacterial agents of
penaeid shrimp and the majority of bacteria present in the normal
microflora of cultured and wild penaeid shrimp (Mohney et al., 1994;
Gomez-Gill et al, 1998; Leano et al, 1998; Moriarty, 1998). Rapid
disappearance of Vibrio spp., compared to slow disappearance of Pseu-
domonas, in the present study indicated that it was more resistant to
drying with sunlight than Vibrio spp.

A combination of drying with sunlight and tilling with probiotics
(treatment 5) was the most effective treatment to eliminate Pseudo-
monas in pond soil. Although Vibrio and Pseudomonas are a
component of the indigenous microflora in aquatic habitats, they are
the major causative agents for most serious diseases in the culture of
aquatic animals (Thune et al., 1993; Toranzo and Barja, 1993, Costa
et al., 1998; Nimrat et al., 2005; Colakoglu et al., 2006; Nimrat and
Vuthiphandchai, 2008). Control of potential pathogenic bacteria
number is needed for aquaculture success since outbreaks of disease
are usually associated with increases in the proportions of some Vibrio
and Pseudomonas species (Sung et al., 1999). Rapid disappearance of
Vibrio spp., compared to slow disappearance of Pseudomonas, in the
present study indicated that it was more resistant to drying with
sunlight than Vibrio spp. Future experiment on molecular identifica-
tion of some representative isolates (Vibrio and Pseudomonas) would
be useful for detection of these microorganisms.

Addition of probiotic combined with drying and tilling gave the
best reduction in Vibrio spp., and Pseudomonas spp. counts, compared
to other treatments. Drying of soils facilitates aeration, enhances
decomposition and changes the microbial population (Sonnenholzner
and Boyd, 2000b). For example, metabolism of oxidizing bacteria
increased significantly in dried pond soil within a few hours following
drying (Avnimelech and Ritvo, 2003). The disappearance of Pseudo-
monas after day 9 in the third phase of the group treated with drying
and tilling with probiotics (treatment 5) might be related to the
combined effect of tilling and probiotic applications. Tilling would also
increase pond soil respiration, which favors conditions for probiotic
growth (Avnimelech and Ritvo, 2003). Probiotics may also reduce the
number of Vibrio spp. and Pseudomonas spp. via production of
antimicrobial substances or enzyme excretions or by competition for
space and nutrients (Moriarty, 1998; Gram et al., 1999; Balcazar and
Rojas-Luna, 2007; Balcazar et al., 2007). Probiotic utilization, some-
times called bioaugmentation or bioremediation, has been proposed
as an alternate environmentally approach for treatment of aqua-
culture system to control and compete with pathogenic bacteria
(Moriarty, 1997, 1998; Anderson and Pempkowiak, 1999; Sonnenholz-
ner and Boyd, 2000a; Vaseeharan et al., 2004). Boyd (1995) reported
several advantages for the use of probiotics in aquaculture such as

accelerated degradation of organic matter, increase dissolved oxygen,
biodegradation of accumulated waste products (nitrite, ammonia,
carbon dioxide and sulfide) as well as reducing feed conversion ratios.
As a consequence, the combination of drying, tilling and addition of
probiotic could be the effective way to treat and condition pond soil as
well as reducing the incidence of disease in shrimp culture. In the
present study, Bacillus spp. were the majority group of probiotics.
Moriarty (1998) reported that there are several mechanisms involved
in Bacillus controlled Vibrio species. Bacillus produces an exoenzyme
which degrades slime and biofilms and allowing it to penetrate slime
layers around Gram negative bacteria, including Vibrio. Further, Ba-
cillus grows more rapidly than Vibrio; competing favorably with
pathogens for nutrients leading to pathogenic starvation. Finally, Ba-
cillus can produce antibiotics to inhibit Vibrio growth. Moriarty (1998)
demonstrated that probiotics containing Bacillus can completely
eliminate the luminescent Vibrio in pond bottom soil. Vaseeharan
et al. (2004) reported that probiotic-treated ponds contained lower
pathogenic Vibrio anguillarum-like bacteria densities than those in the
untreated (control) ponds.

5. Conclusion

Drying of soil with sunlight reduced soil pH while tilling (and
drying) tended to increase pH. Pond bottom soils containing black and
glutinous organic sludge are required to be treated before the next
shrimp culture crop because it accumulated the toxic materials and
high numbers of shrimp pathogens (Vibrio and Pseudomonas), which
are harmful to shrimp culture productivity and sustainability. A
combination on the use of soil drying in sunlight and tilling with the
addition of probiotics (treatment 5) was effective in significantly
maintaining the soil physical characteristics (pH and organic matter)
and degradation of toxic organic sludge into stabilized organic matter
as well as removal of shrimp pathogenic bacteria (Vibrio and Pseudo-
monas). Liming would be the suitable management procedure to
maintain pH in treated soils containing organic sludge.
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