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Rattiyakorn Inthusai 2006: Study on the Causes of White Feces Syndrome in Black Tiger Shrimp
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Penaeus monodon (9-16 g, n=540) cultured in low salinity water exhibiting white feces
syndrome from nine farms in the central and eastern regions of Thailand during June 2004 to
May 2005 were sampled and examined. The disease outbreaks were associated with a
deterioration in the pond environment. Clinical and external signs of the diseased shrimp
consisted of abnormal behaviour, e.g. shrimp gathered at the sides or surface of the ponds,
lethargy, inappetence, and, either red or blue discoloration. In this study, one species of protozoa
(Zoothamnium sp.) was found as an ectoparasite on the surfaces of the shrimp and one species
of endoparasite (Gregarina sp.) infected the midgut were found from eight samples collected
from Farm 1 Lhamsing district, Chantaburi province. Fifteen halophilic vibrios were isolated
and identified from haemolymph of diseased shrimp. Vibrio parahaemolyticus was the most
frequently isolated bacteria, followed by V. fluvialis, V. alginolyticus, V. cholerae (non 01), and
V. mimicus, respectively. Pathogenicity tests showed that injection with V. parahaemolyticus, V.
Sfluvialis and V. alginolyticus concentrations at LD, could produce the characteristic white feces
in healthy shrimp. Histopathological examination of infected animals revealed hepatopancreatic
decreased R-cell stored lipid, increased numbers of atrophic tubules, multifocal tubular
epithelial cell necrosis and sloughing, with resultant loss of the tubular acinar structure.
Haemocytic responses to the bacteria in the affected tissues comprised haemocyte aggregation

and melanization in association with the haemocyte encapsulation and nodule formation.
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1. T5a’la5@@29912 (White spot syndrome virus, WSSV)

Tsaasunludenaid Tseauimulusouedelull a.a. 1992 nazszuian
WAy Texas Yszinaanigomini lull a.a. 1995 (Nunan er al., 1997) dwisuludszimalne

9 ]
wumsszalugialated we. 2537 lude@esdeanaidindan indaval tazsanianss



Y v
@505 uazame, 2538) dagununimsszuianniui lagmmizlureganuszying
IADUARIANDIUNTIAY (¥AD LAz NIIAN, 2547) MITEUIAYEdlsnAeuIne IHinAnI1M
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as.l‘ as.l‘ d! 9 [ oy A . [ d' L!' 9
INFU ectoderm HALFY mesoderm ¥4 @4 Avyiumana (lymphoid organ) 83835 NNYIVD
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A
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2. Tsalasariamaes (Yellow head virus; YHV)

o A 3 A o ~ Yo gy '
Tsawunaouilulsaihanudemeldnunuasnidideadsves Ingediaun

4 Y o [ 3 o Y A [ gy
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A
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v

Y
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fumsaadse 1dd1e
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% o w
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9131 3e1szana 70-100 esiFud a1elu 5 Ju naeIngausuLEAIINS NIty

Tsnraesaziionsimaneiganilsndu « (Gn5 uazauz, 2535)



3. 13A Monodon baculovirus (MBV)

Y

1ImM3seaumsia MBV asausnlud) a.e. 1981 (Lightner and Redman, 1981) 9i11%
a a dy Y U . Qs}l 1 = =
amsAaro lUINZIangu penacid lunaislszimadaug oomasderudalszmalunoy
a 1 a J a ara (A 4 [ [ a
auladu 1dun Ine vuade danlds sulaiiide Wallud 3u Tdnu esaan uazdude u

[ a 1 [Y] 4

azTusonnarauazuesn nulsisanlunananis e uaude grauas Tewu

dyw = a 4 =~ [} a a =\ = [ a di’
wonnidils s luwamdmesisiiousy das1oa 0a1a uazasn uazdanumsaaye lu
9 o A o 9 aa a 9 =Y 4 a 4 a
Asnadmindunluadd smeuazuovewsinlaun Wngln tonnees us1da wes a3 n

o a @ Y @ a .
wazraes g IuuInuey ueenneldvoadrii§omsn (Lightner, 1996)

a dy 1 I~ (% a ~ Y o A
msaate MBV lulszme Ing wuan MBV iflu lhfawtausniinuludenaidr ims
v v P
sreuaswsnlull ad. 1981 1o MBV Hunan1sn1eve9090619u1n3 mwnumsaase 15a

i1 Y Y
%ﬁﬂﬁu il IﬂEIW‘UGI,L!3%&13Lﬁ@ulliﬂ%ﬂﬁﬂﬁlﬁEl\‘] ADUIISNUNITNYAAAN LL@%WU’Nﬂﬁ@]ﬂL%@

4 o

MBV finaifisairldduaia@uTadnas ludszmeinewn MBV TugndanaidininTsamnz

9 A dy L) 9 A dy [ v A ]
Wﬂuazqmmﬂﬂuueﬂu fnﬁG]Tﬂﬂlﬂﬂﬂﬂﬂilﬁﬂﬁﬂfﬂ'lﬂlsﬁﬂllﬂiﬁ MBV fNiJﬂ'J"IiJiqullﬁ\illiJiJ"lﬂ
v 9
uaz liFanu uennniiawigdusmwale wugan i lisingay msdasedalusasinam
[ dy [ dy = dy [ 1 v 9 ] Y 3 o Iy o
HUUWHUG nuveanisn u’ﬂﬂfﬂ'1ﬂUﬂ'lﬁil!,Glf’f)vhﬁﬁf]Qil!ﬁ')f}\‘]’ﬂQLLﬁ?ﬂﬂTﬂﬂTiﬁﬂJ’ﬂﬂﬁTﬂWﬁ
= A d? 9 C2= o v FU Aa 491 = o Y
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2543)

aunqueslsn  havn¥elafa Tuluaou unadalalafa Indl 1o (monodon
baculovirus type A) 131 DNA virus double-strain anvasziiu rod-shape ﬂélﬂﬂi@ﬂﬂ%ﬁ]
Baculoviridae (Lightner and Redman, 1977) AWITDN1AY epithelial cell nlgljﬁﬂu

hepatopancreas uazaIu midgut (Belcher and Young, 1998)

o

Y
pimsuedlsa Tudlszmalnelsn MBV ilulsaidhanudenelnnunyasnidine

= a a
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q

v 1 Y
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s 2 o o o g o v
90 Lﬂ@ﬁ!“ﬁu@ (Ramasamy et al., 1994) aunu (2547) Vnﬂ'lﬁﬁﬁjfﬂﬂ']!%@lljﬁﬁ MBV 1ugﬂﬂﬂ

q
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N ﬁﬂ"lWlﬂ!LﬁSﬂTﬁﬁ]ﬂﬂ"liV]thﬂ Wuau ﬁTLW&{]LWaTHﬁ]gﬂ"IGlW"hﬁﬁ MBV N2 ULIININ

2 gy
vu'lé

5UFT (2548) Y¥anmmsaaire s MBY Liag HPV aaeauanuinlndvession
fwmﬁm”lufﬁ'aqmﬁw HAMIANEINUI AInadvnaidn (-4 sudimuag) Tuleoynasiy 49
$u nusanmsfaite MBV, HPV iag MBV 39Ul HPV g4 wazndsnnielUidedlute
Timi 2 18 52821980309 98 1 NUSATIMIAAITE MBY 501 HPY galudinardvua@n
(5-6 LBFUALUAT) W42 1o taziouuING s2ozaAss 156 J1 BiMuMIAAEe MBY usw
§aTImsAnEe HPV galufunaidivuianais (11-12  wudwas)  wazyuialng (16-17
HUANAT) uaﬂmﬂﬁyﬁqwudﬂu?j@qmﬁwmmﬁﬂ“luwiizw,amﬁy&lwzwu MBV 5901
1PV nndamswuhiasiialasianiie uazdnymznisiia spheroid VoI I EDIDS
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9 9 ]
WINTUAINTZEZAINTIAT 1A linuanuuana e ludanadiniivinauanaieiu

4. 1238 HPV (Hepatopancreatic parvovirus)

@ <3| o A ng =
g aev dluhannuludszmalnomauail we. 2535 awsnasrany
o 09/’ Y A J 1 A o dy 1A Y a [
Tianswsnlugnisieglusze: Tnaarsn neunvzgmi liideslutiedu gniwenaalia
ninneusde lauads linsndaaserums vy nagwuimsaadeveshfa HPV awnso

1
o =]

a 1 ] Y o 4! 19 A Y Y 1 4 4 ]
G]@W]E]Pﬂui]Wﬂf]\W]’JWH\‘I@:QQ@ﬂG}’JWH\‘]hlﬂmW1Z{luigﬁlgﬁ’)ﬁlﬂu uazizﬂﬂ‘wa@m’m I@]Eﬁ]%llll

a 1 (% a dy Y d,dy 1A
wumsanaeved hiawiaiiludaIaidesluioAu (Chanratchakool, 2004)

4
a [ @ 1 1 1% I
aniguedlsn nannde 15a HPV - daoglungu parvovirus  Idnbmziilu non-
= ] = ] 4
eveloped single-strand DNA virus 43 1/51911DY icosahedral symmetry Nvwed HHIUAUINAN

[ 1 % a Y
22-24 N TUIWAT EAYULIAUVDY SE HPV A0 U inclusion bodies Tuiindgavodsandy
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1azAUOY (intranucleus inclusion bodies) (Lightner, 1996; Lightner et al. , 1993; Osmond,
2003)
[ dy Y <3 1 ] 1 1 1
i’JTﬂTﬁsU@\ﬂiﬂ any¥uUruod HPV ufﬂzwu114Qmﬂ5zuﬂiuuazagamwmuumm“lu
& o A a & 24 <
g ligeaie (Flegel er al. , 1999) nazsaiimsaaiojunsingsildnalvuiaana
,g? AdA o % 1A a dy A A 9 =
HINVU Gluﬂiﬂl‘Vlllﬂ@]ﬁ1ﬂ"l'i@]1flf;"Nllﬂ'W‘]JZniJﬂ"lﬁ@'lﬂl%@tlﬂﬂﬂﬁﬂ!t!‘ﬂﬁﬂ%ﬂu IﬂﬂﬂJﬂTi‘]JigﬂJ"lm
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(Flegel et al. , 2004)

Y
5. TsnaaauuAiiGe (bacterial diseases)
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Y
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HaymveslsanuaiiSedauluguinnmstans aunsoud la'ld Tasnsdsuilge

Q‘ 9 QaJJ 1 1 [l 9 a A tﬂy d' 1 1 9
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\ v a wa o ¥ Aa A v

wuwdu Temsunnu 'l viamsquaguauiaiuazguainds TsauuafiFeinuluge
F

UnveliawiauIne Vibrio \AUN V. harveyi, V. penaccida, V. parahaemolyticus 1% V.

vulnificus (Nash et al. , 1992; Ishimaru et al. , 1995; Lightner, 1996) ﬂﬁ%ﬂauﬂm%ﬁmmmg%
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[ 1 1 tﬂy d' 9
Vibrio 84 lsiuiueuTagmmzienny luuadou (Suwanto ez al. , 1998; Bhat and Singh, 1998)
dy A d? K [ 4 @ dy QBJJ =2
TﬂfJﬂ'J"IiJﬁq1!L!ﬁ\i‘lJ’EN!,GI)"E)!,L‘]J‘?WILifJfl]g"’U’Ll’E)gﬂllﬁWﬂWHﬁ‘LLﬁgﬁﬂHmzﬂJﬂ%%@uuﬂ TIUDIANTUNY

@iamwmﬁu (Vattanaviboon and Mongkolsuk, 2001)

5.1 33 Ie (Vibrio species)

A o A . Yo " d g J ' <3|
dututiaue vibrio dunsanylan llunvasivauuazinges iuaung
a { [ 1 )
yoslsadunounnytdafnululszmelne vibrio Wunuaiiiselungy microflora wu'ldna 'l
Aa 1 dy Y I A A
Glu‘ﬁﬁsummmwmamm Wunyanisewinae lante (opportunistic microorganism)
5% [ [ § a 4 1 3 3 g
(Sindermann, 1990) inWuTIWAUTE TsAYTADLY tALNATINITUEUHAV09T5A109 (Costa ef

al. , 1998; Goarant et al. , 2000; Harris and Owens, 1999)

' 4 a wa % o 1 3
msunsnszgneFeuuaiiseludesljiamsssamisailddahaiulsnld Tae
= 1 A a A dy dy . .

M3 1% H30NU1M1INUYUU0 U (Gomez-Gil ef al. , 1998; Saulnier ef al. , 2000; Alday-

a Y A dy ] Yo dy A A ] 31
Sanz et al. , 2002) Tusssuaa wazdenidealutions lasuFenvaiGe Tagiumaii maka
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/3 2 { 1 a 73 o
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' 9 v
mengaiida linsuida uderanannmsIamsi iz ay

anyuzo1nsn lveslsa naninuuaiiGelungu vibrio 19U AuazlidiAaduas

9 i1 9
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[ Y k4
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Y
@ a 1 [ [ o3| ' a
aﬂymzmqwmmmwmmfﬁ'aﬂm ‘W‘UL%’EJ Vibrio i]1ﬂ®’3fJ’J%ﬂWIuﬁﬁﬂHmZLﬂuﬂﬂuﬁﬂ
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1 1 dy d’
nodules) TUaIUA199 YOUHOIEHO



13

FIDIYNUUITTUABNTIAA T5ALAZANUTE WD T5A vibriosis 1UNNFINIAIVDINS
Y 4
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5.2 J3AUUANGS8I30aad (Luminescent disease)
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uuAfiGe130as (luminous bacteria) ¥ 17IAANTABUDIGNAIDEINTUUTI AUNAVDI I5ALNA
:ﬁy A A . . &£ g A = 1 <3| 1
NNFOUUANITY Vibrio harveyi FuVunvanFounsvay I35 1ailuuna vuia 1.2-4x0.3-1.0
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<
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=
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(Sung et al. , 2000)

6. lsnlsda
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s A

Y
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A v d? 1 1 dy 9 @ Y
(sporocysts) ‘VlﬁiNGIJI.!ﬁ]%fq]ﬂ‘ﬂﬁfJEJi’Ji’Jﬂlﬂiﬂﬂﬁ@ﬂllagﬁuﬂulﬂﬁ"IuWii’JiJﬂ‘]JQiliniSLLﬁ%fNﬂﬁ]g

a 4 a { ¢ 1Ay
asyie Tagmsnuganszitiatosmariid’l

= ~ I @ o Y A S 1 A A . . =< o o
ﬂiﬂ?iui]ml]uauﬁi'lﬁlﬂﬂf]\iluEJ\ﬁnﬂi]zllﬁ’Ju“V]!iﬁlﬂ epimerite YANITLUASNIATINUN

o Y o Y a < . =~ ~ ' J
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4 a J o 4 . ) &
Yo UMY villus-like fold 1TusMIUNINUAZIBOYVDI midgut mucosa dzHAnyUZITU]

Wil (Overstreet, 1973)
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Phylum Protozoa
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Subkingdom Protozoa

Phylum Apicomplexa
Class Sporozoa
Order Eugregarinida

Suborder Cephalina
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Family Gregarinidae
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a S A
FUAVDIULUANLTY

V. parahaemolyticus

V. parahaemolyticus

V. parahaemolyticus

(UNHW) (Pougw) (nmanﬁa‘ﬁ 1)
ONPG - - -
Arginine decarboxylase - - -
Lysine decarboxylase + + +
Ornithine decarboxylase + + +
Citrate - - +
H,S - - -
Ureas - - -
Trytophane deaminase - - -
Indole + + +
Acetoin production - - -
Gelatinase + + +
Glucose + + +
Manitol + + +
Inositol - - -
Sorbitol - - -
Rhamnose - - +
Sucrose - - -
Melibiose - - -
Amygdalin + + -
Arabinose + + +
Oxidase + + +
Nitrite + + +
Nitrogen - - -
Mobility + + +
MacConkey + + +
Oxidation + + +
Fermentation + + +
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V. parahaemolyticus

V. parahaemolyticus

(Lmauﬁdﬁ 2) (VNau 1) (VAU 2)
ONPG - - -
Arginine decarboxylase - - -
Lysine decarboxylase + + +
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Trytophane deaminase - - -
Indole + + +
Acetoin production - - -
Gelatinase + + +
Glucose + + +
Manitol + + +
Inositol - - -
Sorbitol - - -
Rhamnose - - -
Sucrose - - -
Melibiose - - +
Amygdalin + - +
Arabinose - + +
Oxidase + + +
Nitrite + + +
Nitrogen - - -
Mobility + + +
MacConkey + + +
Oxidation + + +
Fermentation + + +
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(LHANAIN 1) (UMaNFIN 2) (UMaudIN 3)
ONPG + - +
Arginine decarboxylase + + +
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Ureas - + T
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Gelatinase - - -
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Manitol + - -
Inositol - - -
Sorbitol - - -
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Melibiose - - -
Amygdalin + - -
Arabinose - + _
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Nitrite + + +
Nitrogen + - -
Mobility + + +
MacConkey - + +
Oxidation + + +

Fermentation + + +
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Amygdalin + + -
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Oxidase + + +
Nitrite + + +
Nitrogen - - -
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V. alginolyticus V. mimicus V. cholerae
(VAU 2) (U9 2) (non 01)
ONPG - + i
Arginine decarboxylase - - -
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Oxidase + + +
Nitrite + + +
Nitrogen - - -
Mobility + + +
MacConkey + + +
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5.00E+07
4.50E+07
4.00E+07
3.50E+07
3.00E+07
2.50E+07
2.00E+07
1.50E+07
1.00E+07
5.00E+06

0.00E+00

~
DIWANUINN U 1 standard curve YO V. parahaemolyticus

log no. of bact. y =TE+08x + 95195

R =0.9978
1.20E+07
1.00E+07
8.00E+06
6.00E+06

4.00E+06

2.00E+06

0.00E+00

0 0.002 0.004 0.006 0.008 0.01 0012 0.014 0.016

ANHUINT ¥ 2 standard curve Y94 V. alginolyticus

72



log no. of bact.

4.00E+08

3.00E+08

2.00E+08

1.00E+08

0.00E+00

y = 7E+08x - 1E+06

2
R =0.9779

OD

INWUINA U 3 standard curve YD V. fluvialis

log no. of bact.

7.00E+08
6.00E+08
5.00E+08
4.00E+08
3.00E+08
2.00E+08
1.00E+08

0.00E+00

y = 8E+08x - SE+07
R =0.9895

OD

MWNUINA V4 standard curve Y89 V. mimicus

73



y = 1E+09x - SE+08

log no. of bact.
R’ =0.997

8.00E+08
6.00E+08
4.00E+08

2.00E+08
OD

0.00E+00

MWHUINN U 5 standard curve V04 V. cholerae (non 01)

74



d‘ [y 1 dy IS a [ d‘d 9 o
AMINAUINN V1 EAUAT O.D. YBUFBUUANLITYFUANN €] NAANINAA

75

FHAVDMVANITY 32U O.D. fi
1 2 3 4 5 6
V. parahaemolyticus (V14UN) 0.01 0.014 0.02 0.029 0.042 0.06
V. parahaemolyticus (Llﬂﬁll?’fﬂﬁ 1) 0.01 0.014 0.019 0.026 0.036 0.05
V. parahaemolyticus (Lmauﬁaﬁ 2) 0.02 0.028 0.038 0.053 0.072 0.1
V. parahaemolyticus (VLAY 1) 0.02 0.028 0.038 0.053 0.072 0.1
V. parahaemolyticus (V110U 2) 0.02 0.028 0.038 0.053 0.072 0.1
V. parahaemolyticus (ADUAN) 0.001 0.0019 0.0036 0.0069 0.013 0.025
V. alginolyticus (UMW) 0.005 0.006 0.0078 0.0097 0.012 0.015
V. alginolyticus (UNLAU 2) 0.001 0.0014 0.0019 0.0026 0.0036 0.005
V. ﬂuvialis(tl“l’iailﬁﬂﬁ’ 1) 0.005 0.066 0.087 0.115 0.152 0.2
V. fluvialis(ianaas 2) 02 024 029 035 042 05
V. fluvialis(Wanass 3) 02 025 031 039 048 06
V. fluvialis(Wauass 4) 02 024 029 035 042 05
V. fluvialis (W181891) 0.15 0.17 0.2 0.23 0.26 0.3
V. cholerae (non 01)(ADUAN) 0.6 0.64 0.67 0.714 0.75 0.8
V. mimicus(U QU 1) 0.7 0.74 0.77 0.81 0.86 0.9
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Concentration  Log No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus

isaanoliaaans

0 0 10 0 10 0 38 38 0
7.2x10° 6.85 10 0 10 0 28 28 0
1.15x10’ 7.06 10 2 8 2 18 20 10
1.48x10’ 717 10 8 2 10 10 20 50
2.11x10’ 732 10 6 4 16 8 24 66.67
3.4x10 7.53 10 6 4 22 4 26 84.62
4.5x10’ 7.65 10 10 0 32 0 32 100

n=mumber of test shrimp per concentration
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1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality=Accumulated deadx00

Total

2. MIAMUIUNIAT LD, 31NFA3

LD,~log conc. below + | 50-mortality below 50 %

50 % mortality mortality-mortality

above 50 % below 50%

= 7.06 + 50-10 x (7.32-7.06)
66.67-10

= 7.24

= Antilog 7.24

1.74x10 1¥a8a0ianans

Y
¥ o

atiu LD, 71 96 %21 auni 1.74x10" ivaddeiianans

log conc

above 50 %

log conc

below 50%
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Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
alginolyticus

isaaGeNAIANS

0 0 10 0 10 0 45 45 0
3.47x10° 6.54 10 0 10 0 35 35 0
4.1x10° 6.61 10 1 9 1 25 26 3.85
5.37x10° 6.73 10 3 7 4 16 20 20
6.4x10° 6.81 10 4 6 8 9 17 47.06
8.3x10° 692 10 7 3 15 3 18 83.33
1.01x10’ 7.0 10 10 0 25 0 25 100

n = mumber of test shrimp per concentration
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1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIAT LD, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

6.81 + 50-47.06 x (6.92-6.81)

83.33-47.06

6.81

= Antilog 6.81

6.46x10° 15AdADNARANT
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atiu LD, 71 96 $2 1w Tauniy 6.46x10° ivaddeiianans

log conc

above 50 %
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Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus

J1_a aa
Faanouanang

0 0 10 0 10 0 43 43 0
7.9x10° 59 10 0 10 0 33 33 0
1.51x10° 6.18 10 2 8 2 23 25 8
2.87x10° 646 10 3 7 5 15 20 25
5.51x10° 6.74 10 5 5 10 8 18 55.5
1.04x10’ 7.02 10 7 3 17 3 20 85
2.0x107 73 10 10 0 27 0 27 100

n = mumber of test shrimp per concentration
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1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

Y
¥ o

IUU LD

above 50 % below 50%

=646 + 50-25 x (6.74-6.46)

55.5-25

6.69

= Antilog 6.69

4.89x10° BRI AAANT

{ @ 1 " W d1 A aa
+ 196 52113 TAUNNY 4.89x10° Isadaoiaaans

log conc

above 50 %
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Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage

cholerae (non 01)

FadaeNaaans

0 0 10 0 10 0 37 37 0
3.55x10° 8.55 10 0 10 0 27 27 0
4.2x10° 862 10 3 7 3 17 20 15
4.5x10° 865 10 5 5 8 10 18 44.4
5.2x10° 872 10 7 3 15 5 20 75
5.8x10° 876 10 8 2 23 2 25 92
6.4x10° 881 10 10 0 33 0 33 100

n=mumber of test shrimp per concentration



BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

8.65 + 50-44.4 x (8.72- 8.65)

75-44.4

8.66

= Antilog 8.66

4.57x10° ada AN
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9 Aa t:y zﬂy A 4 ) a Jd o v W ~
LLfJﬂﬂ1ﬂf!\1°|/]3J'ﬂ’]ﬂ1§ﬂJﬂJT)11!W1!°l/lV‘l’]ﬁﬂJ 1 DUNDUUANTIN WHIAVIUNYT

Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus

J1_a aa
Faanouanang

0 0 10 0 10 0 39 39 0
7.99x10° 6.9 10 0 10 0 29 29 0
1.12x10’ 7.05 10 2 8 2 19 21 9.5
1.52x10’ 7.18 10 4 6 6 11 17 353
2.08x10’ 732 10 7 3 13 5 18 72.2
2.88x10’ 746 10 8 2 21 2 23 91.3
4.0x10’ 7.6 10 10 0 31 0 31 100

n = mumber of test shrimp per concentration
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1. A5MIMNUIUNIAT Cumulative percentage mortality INFTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

Y
¥ o

IUU LD

above 50 % below 50%

=718 + 50-35.3 x (7.32-7.18)
72.2-35.3

= 7.24

= Antilog 7.24

1.74x10 1¥a8a0ianans
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5 1196 21049 UAuNINY 1.74x10 traddolanans
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Concentration Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
fluvialis

J1_a aa
Faanouanang

0 0 10 0 10 0 41 41 0
3.4x10 753 10 0 10 0 31 31 0
4.52x10' 766 10 1 9 1 21 22 4.54
5.99x10’ 777 10 4 6 5 12 17 29.41
7.05x10’ 7.85 10 6 4 11 6 17 64.71
1.05x10° 802 10 8 2 19 2 21 90.48
1.39x10" 8.14 10 10 0 29 0 29 100

n=mumber of test shrimp per concentration
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1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality=Accumulated dead x 100

Total
2. MIAMUIUNIAT LD, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

=777 + 50-29.41 x (7.85-7.77)

64.71-29.41

7.82

= Antilog 7.82

6.6x10 EAAAONARANT

Y
¥ o

@ 1 1w d1 a aa
AU LD, 96 $2 114 WA 6.6x10 txaddolanans

log conc

above 50 %
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9 Aa t:y zﬂy A 4 ) a J o v W ~
LLfJﬂﬂ1ﬂf!\1°|/]3J'ﬂ’]ﬂ1§ﬂJﬂJT)11!W1!°l/lV‘l’]ﬁﬂJ 2 DUNDUNANTIN WHIAVUNYT

Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus
IsaaGeNAIANS

0 0 10 0 10 0 43 43 0
1.6x10’ 620 10 0 10 0 33 33 0
2.24x10' 735 10 1 9 1 23 24 4.17
3.04x10’ 7.48 10 3 7 4 14 18 2222
4.24x10' 7.63 10 5 5 9 7 16 56.25
5.76x10' 7.76 10 8 2 17 2 19 89.47
8.0x10’ 790 10 10 0 27 0 27 100

n=mumber of test shrimp per concentration



BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIAT LD, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

= 748 + 50-22.22 x (7.63-7.48)
56.25-22.22

= 7.6

= Antilog 7.6

3.98x10’ 1FAdADNARANT
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A9 LD, 96 %2 Tus HAwniny 3.98x10" wadAolanans

log conc

above 50 %

97

log conc

below 50%



{ a o 4 o J 5
AITNHLING A 23 MIVATIZHYOYANON 96 53 T3 LD,, Yok V. fluvialis FIENIINA

| d" dy A J 3 a o
M@Wﬂ']'i“llﬂl'l’ﬂﬂWU“VlWﬁiJ 2 DUNDUNAVTIN N

[

IIUNY

98

=1

Concentration Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
fluvialis

IsaaGeNAIANS

0 0 10 0 10 0 37 37 0
1.39x10° 8.14 10 O 10 0 27 27 0
1.67x10° 822 10 2 8 2 17 19 10.53
2.02x10° 831 10 5 5 7 9 16 43.75
2.44x10° 838 10 7 3 14 4 18 77.77
2.94x10° 847 10 9 1 23 1 24 95.83
3.49x10° 8.54 10 10 0 33 0 33 100

n = mumber of test shrimp per concentration



BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality 91NYAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIAT LD, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

=831 + 50-43.75 x (8.38-8.31)

71.7-43.75

8.32

= Antilog 8.32

2.09x10"* 1y daeianans
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atiu LD, 71 96 %21 At 2.09x10° ivaddeiianans

log conc

above 50 %
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Concentration Log No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus

IsaaGeNAIANS

0 0 10 0 10 0 40 40 0
1.6x10’ 620 10 0 10 0 30 30 0
2.24x10' 735 10 2 8 2 20 22 9.09
3.04x10’ 7.48 10 4 6 6 12 18 33.33
424x10' 7.63 10 6 4 12 6 18 66.66
5.76x10' 7.76 10 8 2 20 2 22 90.91
8.0x10’ 7.9 10 10 0 30 0 30 100

n=mumber of test shrimp per concentration
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BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 % logconc — logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

= 748 + 50-33.33 x (7. 63-7.48)
66.66-33.33

~7.56

=Antilog 7.56

-3.63x10" ¥adnolanans

Y
¥ o
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A ::? dy A J o 1% 4
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Concentration Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
mimicus

J1_a aa
Faanouanang

0 0 10 0 10 0 41 41 0
4.9x10° 869 10 0 10 0 31 31 0
5.3x10° 872 10 2 8 2 21 23 8.70
5.6x10° 875 10 4 6 6 13 19 31.58
5.9x10° 877 10 5 5 11 7 18 61.11
6.2x10° 879 10 8 2 19 2 21 90.48
6.5x10° 8.81 10 10 0 29 0 29 100

n=mumber of test shrimp per concentration



103

BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality =Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 % logconc — logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

8.75 + 50-31.58 x (8.77-8.75)

61.11-31.58

8.76

= Antilog 8.76

5.75x10° 5adnoananT

Y
¥ o

a1iu LD, 11 96 %21 Aty 5.75x10° ivaddeiiaaans
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MTWHUINT A 26 MIUATIZHTOYANON 96 211 LD, Yoo V. parahaemolyticus ¥

QU

9 Aa dy zﬂy ~ J o v [
LLEJﬂfﬂ1ﬂf}ﬂ1/]1161ﬂ”|§"’1ﬂ]1311!1/‘l‘1ﬁ/ﬁ"hih 2 9UNDUNAU %Qﬁ%ﬂﬂﬂﬁﬂﬂu

Concentration Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
parahaemolyticus

J1_a aa
Faanouanang

0 0 10 0 10 0 47 47 0
1.6x10 620 10 0 10 0 37 37 0
2.24x10 735 10 1 9 1 27 28 3.57
3.04x10’ 748 10 2 8 3 17 20 15
4.24x10’ 763 10 4 6 7 9 16 43.75
5.76x10’ 776 10 7 3 14 3 17 82.35
8x10’ 790 10 10 0 24 0 24 100

n = mumber of test shrimp per concentration
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BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 % logconc — logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

7.63 + 50-43.75 x (7.76 -7.63)

82.35-43.75

7.65

= Antilog 7.65

4.47x10 1¥adaNaANT

Y
¥ o

atiu LD, 71 96 $2 1w Tauni 4.47x10" ivaddeiianans
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MITNHLING A 27 MIIATIZHIOYANEN 96 F2 114 LD, Yoo V. alginolyticus FIEN

FY Aa dy tﬂy A J o [ [
%WﬂQQV]MQWﬂWiﬂJﬂJW?iuWMﬂ‘V\hSlJ 2 9UNDUNLAU Nﬁ’)ﬂuﬂﬁﬂjm

Concentration Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
alginolyticus

IsaaGeNAIANS

0 0 10 0 10 0 42 42 0
7.95x10° 590 10 0 10 0 32 32 0
1.08x10° 6.03 10 1 9 1 22 23 4.35
1.43x10° 6.16 10 3 7 4 13 17 23.53
1.92x10° 620 10 6 4 10 6 16 62.5
2.62x10° 6.40 10 8 2 18 2 20 90
3.6x10° 6.55 10 10 0 28 0 28 100

n=mumber of test shrimp per concentration
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BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +| 50— mortality below 50 % | log conc - logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

6.16 + 50-23.53 x (6.2-6.16)

62.5-23.53

6.19

= Antilog 6.19

1.55x10° ¥aaaianans

Y
¥ o

atiu LD,, 11 96 $2Tua Taumiiy 1.55 x10° isadaoiiaaans
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MITNHLING A 28 MIAATIZHYOYANON 96 53 T4 LD,, Yok V. fluvialis FIBNIINA

| d" dy A J 3 a o
M@Wﬂ']'i“llﬂl'l’ﬂﬂWU“VlWﬁiJ 3 DUNDUNAVTIN N
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=1

Concentration  Log No. No. Acculated Accumulated Total Cumulative
of V. dose  dose dead alive dead alive Percentage
fluvialis

isaanoliaaans

0 0 10 0 10 0 44 44 0
1.39x10° 8.14 10 0 10 0 34 34 0
1.67x10° 822 10 1 9 1 24 25 4
2.02x10° 831 10 3 7 4 15 19 21.05
2.44x10° 8.38 10 5 5 9 8 17 52.94
2.94x10° 847 10 7 3 16 3 19 84.21
3.49x10° 8.54 10 10 0 26 0 26 100

n = mumber of test shrimp per concentration
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BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +| 50— mortality below 50 % | log conc - logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

8.31 + 50-21.05 x (8.38-8.31)

52.94-21.05

8.37

= Antilog 8.37

2.34x10" 1adaeianans

Y
¥ o

atiu LD, 11 96 $2Tua Tauniiy 2.34x10° saaseiianans
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AITNHUING A 29 MIAATIZHYOYANON 96 53 T3 LD,, Yok V. fluvialis FIONIINA

v W

= dy dy ~ o o a d v ~
Homsvvnlununhsy 4 sunpeuvande WHINIUNYT

Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose  dose dead alive dead alive Percentage
fluvialis

J1_a aa
Faanouanang

0 0 10 0 10 0 38 38 0
1.51x10° 818 10 0 10 0 28 28 0
1.75x10° 824 10 2 8 2 18 20 10
2.12x10° 8.33 10 4 6 6 10 16 37.5
2.41x10° 838 10 7 3 13 4 17 76.47
2.82x10° 845 10 9 1 22 1 23 95.65
3.80x10° 8.58 10 10 0 32 0 32 100

n=mumber of test shrimp per concentration



BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality=Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 %
50 % mortality mortality — mortality

above 50 % below 50%

8.33 + 50-37.5 x (8.38-8.33)

76.47-37.5

8.35

= Antilog 8.35

2.24x10" 1addianans

Y
¥ o

Aa1u LD, 96 52 Tus HAwniny 2.24x10° wadaolanans

log conc

above 50 %

111

log conc

below 50%
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AITNHLING A 30 MIAATIZHYOYANON 96 53 T4 LD,, Yok V. fluvialis FIONIINA

=S t;‘ tﬂy t:; o 2 % o/ ~
191M353v17 TuNuN 9 unoUIIo I WHINIUNTYST

Concentration  Log n No. No. Acculated Accumulated Total Cumulative
of V. dose dose dead alive dead alive Percentage
fluvialis

J1_a aa
Faanauanang

0 0 10 0 10 0 41 41 0
1.04x10° 8.01 10 0 10 0 31 31 0
1.18x10° 8.07 10 1 9 1 21 22 4.55
1.39x10° 814 10 4 6 5 12 17 29.41
1.60x10° 820 10 6 4 11 6 17 64.71
1.81x10° 826 10 8 2 19 2 21 90.48
2.09x10" 832 10 10 0 29 0 29 100

n=mumber of test shrimp per concentration
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BMIMUIUNIAL LD,

1. IBMIAUINHMIAT Cumulative percentage mortality INTAT

Cumulative percentage mortality = Accumulated dead x 100

Total
2. MIAMUIUNIATLD,, 31NFA3
LD,, = logconc.below +|50-mortality below 50 % logconc — logconc
50 % mortality mortality — mortality above 50 %  below 50%

above 50 % below 50%

8.14 + 50-29.41 x (8.20-8.14)

64.71-29.41

8.17

= Antilog 8.17

1.49 x10° saaoNanans

Y
v o

atiu LD, 71 96 %21 Tauniy 1.49x10° ivaddeiianans
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1. Modified Davidson Fixative ‘Vigﬂ HCI1 Davidson Fixative

-50 % HCI (V/V) 115  daaans
-95 % Ethyl alcohol 330  daaans
-100 % Formalin 220 Nagans
(Formaldehyde 37-39 %)
Ahndufiguigiives 335 iadans
2. @ Haematoxylin crystals
-Haematoxylin crystals 1.0 N5u
-Sodium iodate 0.8 NTU
-Potassium aluminium sulfate 200.0 AT
-Citric acid 1.0 N3N
-Chloral hydrate 200.0 DTN
yhndu 2,000.0 Uaaans

v 1
aza18 alum 111111821AN Haematoxylin Nazateudias lmauliidnnuududu
. . .. . o A Y v a9 I
sodium iodate citric acid {t8& chloral hydrate #1819 Wonautnnuaalne ldaiisenuad

asau’1A 1 dlaineuii 14

3. & Eosin 0.3 %

-Eosin Y 0.9 NSU
-35 % ethy alcohol 300.0 daaans

-glacial acetic acid 1.5 Haaans

115
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o Ny 1 A A A
VUHADUNIATENAIUTIUNDIANHININLIUBIYD

Y
1. MN13A03AID819 (Fixation) 1nadi081999nAvd111i181 Davidson s fixative 1ag
Y 3’ a 1 a g 4 [ [} 3’ )
Iienilsuas 10-20 mvesdsuanitede nrdiegeluiieaoslszuna 24-72 2 Tuq
o o v ' a P Y v s 3 oA g vy vA
naamivazine lluslueTaueanogod anududu 50 WosiFud seaansamnyld1an

9y
a 9 J Y 1 v 1
amwnuwm%ummzm%nmamwum‘lﬂ

Q U

Yy Y
v A A g [

2. fasuioNanaidumzaIuNdsamsan lauAuSnadULazdUedUEAZ YT M

aa

A3

a 1

H A v
a ldrhyudiundesmsany1ussylu embedding cassette AR IUTUADUNTAIDON
(dehydration) clearing b8 infiltration A1BIAT D automatic tissue processer AMUITUINT FIUUBDN

Bell and Lightner (1988)ﬁﬂﬁ

Funoudt asazang a1 (1)
1 50 % propanol 30-60
2 70 % propanol 30-60
3 95 % propanol I 30-60
4 95 % propanol 1I 30-60
5 95 % propanol 111 30-60
6 100 % propanol 1 30-60
7 100 % propanol 1I 30-60
8 100 % propanol III 30-60
9 Histosolve I (HAAA ANV

1SHN Thermo Shandon) 60
10 Histosolve 11 90
11 Paraplast I 90
12 Paraplast 11 120

o Qy g a 4 4 o I v a .
3. auiiounalunuw (molds) o ldidluunadrewisuy (Parafin embedding)
Y o (Y ] o 9 A o Qy di‘ . P
LAIUNNIAIDYNUINAAIULATDINAYULU® (mlcrotorne) Gl,‘ﬂllﬂ')'lllrﬂu'lﬂigll'lm 5-6 "lllﬂiﬁlu

Y o 3} oA a ~
udni llassuiniquitguvgil 45-50 osmiraidea
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A o VoA S Y Y Y J o A ' s
5. Lai’)ﬂ@l'l't’)ﬂ?ﬂﬂﬁﬂﬂuimlmj%ﬂu@ﬂﬂﬁqﬁﬂ m”lﬂmwumimquﬁllaﬂ (warmer plate)

=}
ADUAIU

10
11
12
13
14
15
16
17
18
19
20

7. MM3 permount

a13azany
xylene

xylene

100 % alcohol
100 % alcohol
95 % alcohol
95 % alcohol
Hraih
Haematoxylin

y
AaNU

Blueing Solution (Dilute)

Hraih

95 % alcohol
Eosin

95 % alcohol
95 % alcohol
100 % alcohol
100 % alcohol
xylene

xylene

xylene

Y
Na: UIAASE AAT1UIU

los Tawanady fludsuniung

a1 (W)
5
4

~ Qy Y Y o = A dy A Aa - o 9
50 ﬂ\iﬁqlmﬁl“ﬁﬂﬁﬂﬁ‘ljﬂﬂﬁlﬁu@ﬂ 2 GIf'JIiNﬂQﬂﬁﬂﬂﬂu lualﬂﬂﬂ@ﬂﬁqaﬂl!aﬂ 1YY





