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tJiJ~lJf)'W!~lJ ~'W1\91 £Jfll) it f1 '.l l~"rilij fll) L~lJ~tJ.:J!tJ'W 19f,J Propheno)oxidase U'Cl~ r~lJ total hemocyte count 
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rY.:J'\J'W L'Wfl.:J'Vl L'Hfl'WEll'Hl)fl.:JNrYlJ PG llJ'WtJCll 12 rYlJ~l11rY-:jflJlflCllJflTlJfllJ 'W'lJlJ!lJf)'Jl9f'W\9lfll'.l'.)El~'}j'J\9lff-:)cu 4 QI 'U q q cu 

flill'W~-:j~'1t1'Ell111'.)NrYlJ PG h.!fll'.)vll Challenge test i-:j~tJ1JfrY White Spot Syndrome Virus (WSSV) U'Cl~ 

UUf1i1il~V (Vibrio harveyi 1526) !Vl£JUf)Ufl~lJflJ'lJfJlJ ihh relative percent survival (RPS)'1'Ufl~lJ~!i£J.:J~JV 

Ell111'J~.:JNrYlJ PG 2% ij~lfll'.)~l'W hfl~ 100% U'Cl~ 36% ~f)fll)~\9It~tJ'JfrYUCl~U'Uflilil~V \9IllJih~'U 'W'Uilii 

fll'.)\9Il£J~lflillJlfl~lflfll'j ~\9Il~El1 JfrY''W~.:Jfl~lJ~' t1n'W Ell111'.) NrY'lJ PG lYi£J'Un'Ufl~'lJflJ'UfllJ 
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Research Plan Bioactivity and uses of polysaccharide gel from durian fruit-rinds as 

anti mutagen, immunomodulator and antibacteria 

Project Title Effect of polysaccharide gel from durian fruit-rinds on immunostimulation and 

growth in black tiger shrimp 

Name of the Investigators Sunanta Pongsamart and Komsil Pholdang 

Year 30 September, 2011 

Abstract 

Oral administration of polysaccharide gel (PG) In shrimp diets revealed 

immunostimulating potential and disease resistance in Penaeus monodon (black tiger shrimp). PG 

from the fruit-rind of Durio zibethinus has been characterized to be a pectic polysaccharide with 

immunomodulating and antibacterial activities. PG inhibited growth of the shrimp bacterial 

pathogen, Vibrio harveyi 1526, by agar diffusion and broth microdilution tests. Clear inhibition 

zones on agar plates were observed at the lowest PG concentration of 3.1 mg/mI, where minimum 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values for PG 

were 6.3 and 12.5 mg/ml, respectively. Each group of juvenile shrimps, initial mean body weight 

0.29 ± 0.04 g, was housed in a closed-recirculating treated water system and was fed with PG

supplemented diets containing 1,2 and 3% PG or shrimp basal diet in the control group for 8 and 

12 weeks. PG-supplemented diets did not contribute to the overall growth of black tiger shrimp. 

The immune response was evaluated by analysis of prophenoloxidase activity and total hemocyte 

count in the shrimp fed PG-supplemented diets for 12 weeks. Prophenoloxidase activity in shrimp 

fed the 1, 2 and 3% PG-supplemented diet and total hemocyte count in shrimp fed the 1 and 2% 

PG-supplemented diet were higher (P < 0.05) then those of the control group. The percent 

survival was higher in groups fed the 1-3% PG-supplemented diets in challenge test with either 

white spot syndrome virus (WSSV) or the bacterium V. harveyi 1526 than that of the control 

group. Relative percent survival (RPS) values in group fed the 2% PG-supplemented diet showed 

the highest RPS value for disease resistance of 100% (at Day 6) and 36% (at Day 4) in treated 

shrimp against viral and bacterial infection, respectively. Mortality of PG-supplemented diets in 

treated shrimps against WSSV infection was also found to be much lower (P < 0.05) than that of 

the control group. 
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'U'Vllh 

'VJL~ fJUii~eJ'Vl1~i'VlfJ1f1'1~1l1i1 Durio zibethinus Murr. l.fJUHCI i~~iJmJl.J1f) lU'l.h~L'Ylf1'l'VlfJ ~f)1:lUA~ 

'lJeJ~HClii'l1U llJH'11 CllJ ih ~ fJleJlJJ11l1C1 J1'11 UfI 'lJeJ~f-lCl1h ~lJ1UA 1.5-5 kg l'lJft eJf)iifI11',lJ'I11.nt'lJ~ 1~flc11m~eJ 
fi1fJ1uiHl'lJ1l~~~~ n'lJ'lJ~1lUA1ii'eJffl'l1 fteJ~~ii'l ~'I111Ul1'U 111 fteJ f1'lJeJ~'Vl1~ fJ'Utlf)111lJ1.yr~'U 11~lJlJCI ~11~fJf)l'l111.... ... 

111fteJfllJ1ffn~ lVi~lL9$flfl1l)~lJ1l.ff11)~ lfJ'lfU'Vl1~Lfiff'lffl))lJLLCI~f11)UVl'Vl6 (Pongsamart et al., 2005, 2006, 

Chansiripornchai et at., 2005, Tinmamee et at., 2006) 1~tllVi~LL9$flfl1h~L~CI (PG) lrleJ111lJl'Yhlrr'U~f{'VlfuCl~ 
v • d "> ct lI] ..d Q.I": II] v 31 v

~~l~'I11 ifl~~~~1~'Vi'lJl1 PG rU'U1'Vifl\91f11'ViClU9$flfl1l)~'Vl'VieJ~\911 b'U'U1l~ lf1)~~)l~'lJ~~f1eJ'lJ~ltl long chain 

polygalacturonic acid l~eJlJ~eJn'lJ neutral sugars 1'lf'U arabinose, rhamnose, galactose, glucose HCI~ fructose 
. ~ ~ 

... '" "" "" II] 31' '" v(Pongsamart and Panmuang, ] 998, Hokputsa et aI., 2004) l'UeJHIlf) PG lJt)'Vl1J'Vl1~'lflfi1'Vi l~llf) q'Vl1Jfl1~\911'U 
v ~ 

L9feJLL'lJfI.yh~tl (antibacterial activity) t)'Yl~f11~~f)1:l1'lJ1~U~Hl (wound-healing activity) (Pongsamart eL al., 2005, 

.J.d v Q.I 31 ""31 .JQ.I 

2006, Chansiripornchai et at., 2005, Lipipun et aI., 2006) 9f~lfltll'lJeJ~f1'lJf)1~f1)~~'W~~'lJ'lJiJlJfllJf)'U9f~~llJ1~tI 

'Vl~ffeJ'lJ~lfJiTI complement fixation assay (Hokputsa et at., 2004) UeJO~lfltfiJ~ii'J1tl~1'Wi1 PG l1il~'WYi1:l~eJ 
Q.I .. .J ,.. "''''' ., "" 
ff1l1'Yl~CI"V~9f~'Vl~ff"V'lJ b~tlTD acute UCl~ subchronic toxicity tests bU11'1;!tI'lJ~f1'J (mice) llCl~'I1~'lJll (rats) 

(Pongsamart et al., 2001,2002) 

l'Wril'U 'lJeJ~01'J1V11~LifJ~ff\911J1J'U f11<HVl1~LiV~ ~~ f1Cl1~1 (Penaeus monodon) ijfll1lJrl1ftqJ~"V 
"" II] d • ~ ~ d", .d Q.I .J' v ",.J0 0'" 

1rt'11:lJ fI ~ 'lJ"V ~ l'Yl Vl t1'U"V fJ 1~ lJ10'lJ) ~ lfi'Vl'l1 U ~ 9f ~ f1lJU qJ'I11'Vl r:Ylfl qJ1U 011 lVl1~ 1Cl t1.:J f1~ flCll~1 fleJ f11'J 11 ~l 'lfeJ V. 

harveyi 1526 ~~iJfl1)ftm:Jll~t1111ffl)~iJt)'Vli''Ufl1'J1~lJ':i~'lJ'lJiJiJ~lJn'WU''~'lfltllrr1~~lU'Vll'W~eJhfl ~~'Vi'lJi1 
'" v Q.I 31 ~.1..!i 9191"'" d '" 1 ct 11]'" .J "" 11]'" ct ~ ~'lJ'lJfilJfllJ f1'W 'lJ"V~ O~ ~ ~ 1V1lJ 'lJ'WblJ"V1'11 0~f1'W eJ 1'l11~'YI!\91lJf(1) 'Vi em9fflfl1 b) ~ 9$~1'Vi Cllt9fflfll b) ~"~lJ ffl~ eJ 1'l11~

'U q q ca . . . 
o .... ct "" 0 ..,."'" V OJ ., 3191 II] V I 

ff1flqJ'Ylff1lJ1~m'l1'Wtll'W1fll)lWlJ.fJlJfllJfI'U b11f1~ l~Ufl peptidoglycan (Itami et aI., 1998), Jipopolysacchaside 

(Takahashi el at., 2000), glucan (Chang et at., 2003), sodium alginate (Cheng et al., 2004) ltCl~ fucoidan 

(Chotigeat et aI., 2004) 11J'U1l'U ~~J'U lV1~H9fflfl1 i 'J ~ff1lJ1'J til~l~'U~nl~lJ)~'lJ'lJ.fJiJ~lJn'U i~"V1~111 i11l~lw 
~~ff111 fI 'j ~ lJ01'j lVll~ litl~ 1~"V (h~ f111~'lJll,:j i~~"V 111 f11'J ftfl1:l1tf~eJ~(1)1h ~liJ'\.rh PG iif-l Cl~eJfll'~ Ill'W1~"V 
U'lJfI.yh~ tl~rl"V1) fI l'U ~~f1Cl1~lUCl~HCl01'j o'j~~'W.fJiJ~lJnU'lJB~~~f1"l~l~lrrf1U"Vl11 n HfflJ PG 

..... _I r! 'i" ""' ..... 
lVlQ1J-:i~-cr\JfI,\Hl\J bfl-:i\Jrn-:il'U[J 

1. 1\91~ tllJ ~\91 'J B 1111) 1 ff~lJ ~~~ 1~lJff1) 1~ Cll 'Vi ~ ll9Sflfl1 i 'j ~lU Ll~lJ lUAL11lJ l~ ~lJ 1~B111 1~ ~ f11'j 

1'i)~rul~'lJ l\91UCl ~ n'J ~~'WfiiJf1'lJnU 'lJB~fi',:jOCl1~1
u ~ q,t lit q q 

2. ftm:JlOl) 1~~ qJ1~'lJ 1~f111lJH~~1l1 ~ltCl~tl~,:)lfl1) ':) B~ 'lJB~~~ lw 'lfl~nCll11~~ h1'f1'U B1111~ lff~lJ~~~ 

t~lJr:Yn11)C11V1ihl9$flfl1 '~~1)lmlltleln'VJl1 tlU 

http:U'lJfI.yh
http:liJ'\.rh
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Tryptic soy agar, Mueller Hinton broth, Mueller Hinton agar, thiosulfate citrate bile salt sucrose 

agar, Titriplex ®III (ethylenediaminetetraacetic acid), 95% ethyl alcohol are analytical grade, glacial acetic acid, 

formaldehyde LLCl~ glucose anhydrous ~1f1 Merck 'lh~t'Vlf1WB'JlI-U 

Magnesium chloride hexahydrate, trypsin, L-3,4-dihydroxyphenylalanine, L-cysteine, bovine serum 

albumin, sodium hexametaphosphate, gentamicin sulfate, potassium chloride, sodium dihydrogen phosphate 

dehydrate, hematoxylin crystals, potassium aluminium sulfate, chloral hydrate, eosin Y UCl~ sodium cacodylate 

trihydrate ~1f1'U~'JJ'Vl Sigma Chemical Co. Ltd. tJ'J~t'Vlf1ft'}15]Btll~f11 

Calcium chloride dihydrate, sodium chloride and citric acid ~ln'U~'JJ'Vl BDH Chemicals Ltd. 

tJ'J~t'Vlf1t1~f1t]'l:IIsopropyl alcohol, xylene UCl~ citric acid ~ltl'U~'JJ'Vl Farmitalia Carlo Erba Company th~t'Vlf1 

WB'J'J,J-U 

MEM essential amino acid .yh~lJ L-glutamine UCl~ Hepes buffer ~1f1'U~'JJ'Vl Gibco Chemical Co. 

~ltltJ'J ~t'Vlf1ft'}15]BllJ~ tl1 

Trisodium citrate UCl~ sodium hydrogen carbonate ~ltl'U~'JJ'Vl Fisher Chemicals tJ';j~1'Vlf1t1~f1t]'l:I 

Sodium iodate from Fluka, Switzerland. Barford protein assay kits from Bio-Rad Laboratories Ltd. 

'llf1tJ'J ~ t'Vlf1ft'}15! Bll1~ tl1 

Hydrochloric acid (36.5-38.0%) solution from Mallinckrodt Baker Inc. ~1f1tJJ~t'Vlf1ft"'5]Bll1~f11 

Water quality kits i~lJ1'lltl NASA Lab Co. Ltd tJ'J~t'Vlf1''VlV 

1.2 V11tlOl-1i-uU 


'" 1 d 11)" nl~ "" "' ..

ft1'Jftf1~H~Cl 'WClU9lflfl1 b'J~~lmlJCl{)tl'VJtJU'-J'W'-J~'}1lJtl'-J'Vl{)~ Durio zibethinus Murr. "Monthong" 

rlCl'VJt~ u'-J~mn'U~ltl~~'}11~"ltlJ'WJ 111ttl~BtllllB'UU'l1'~uCl~111111' ~''-J tl1';jftf)~ft1J'Vl~ClB~ 

1.3 f,!VfI'HUtll".li-Uu 


- Rotary evaporator (Biichi, Rotavapor R -220 and R -200, Switzerland) 


- Vacuum pump (Biichi, Vac ®y-} 000, Switzerland) 


- Vacuum pump (SIBATA, WJ-20, Japan) 


- Recirculating chiller (Biichi, B-740114, Switzerland) 


- Recirculating chiller (Boss Tech., CB-1, Thailand) 


- Filter set (BRITISH PORTACEL ®, CRB, Thailand) 


- Electric Pump (GRUNDFOS®X, MQ3-45 A-O-A-BVBP, Italy) 


- Hot plate (E.G.O., 931-12607, Germany) 


- pH Meter (Mettler Toledo, Seven Easy, Switzerland) 
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- Pipetting aid (Eppendorf, Easypet 4420, Gennany) 


- Hot air Oven (Memmert, ULAO, Gennany) 


- Hot air Oven (YEO HENG Co. Ltd., Capacity 50 kg., Thailand) 


- Viscometer (Brookfield, LVOV-( USA) 


- Electric Balance (Mettler Toledo, PL602-5, Switzerland) 


~ TM
- Spectrophotometer (Spectronic ,GENESYS 5, USA) 


- Refrigerator (Bio Advance, SY-200, Thailand) 


- Upright Freezer (Sandent, 10974, Thailand) 


- Microplate reader (Molecular Devices, VERSAmax, USA) 


- High speed centrifuge (Hettich zentrifugen, Universal 32R, Germany) 


- High Intensity Ultrasonic Processor (Sonics & Material Inc., VCX 750, USA) 


- Microscopy (Nikon, AFX-JIA, Japan) 


- Tissue embedding centre (Cambridge instruments Company, 8041, USA) 


- Vortex (Scientific industries Inc., Vortex-2 Genic ® G-560E, USA) 


- Hand refractometer (AT AGO, S-l OE, Japan) 


® b .. )- Hematocytometer (BLAUBRAND ,Neubauer Improved flght-hne, Gennany 

- Automatic tissue processor (Cambridge instruments Co., Histokinette 2000, USA) 

-Inverted microscope with phase contrast (Zeiss, Axiovert 135, Gennany) 

ct '\ ct \I)' _I~ ct
2.1 flT)~VI'HJlJ~'lll:lll"lI:lUC}Jflflll')Vl (rG) 'lllfWuI:lOfll'J!'HJl! 

2.1.1 fl1')Utlm'lll:ll'Vii!\UC}Jflfll'')~ (PG) 

l'W~W'lfflflll ':i ~t uCH'I'n~lJlu lfH'l.J~efrYJl~ U'U H11~ 1~ UU1Lll~e f)'Yll~ u'Un~Yr'U il1'lJe'U 'Vle:J~lJlc1\:j 

Yllfl1l'lJn~el~~1uJl Ull1hJ~u1l1e:Juu'l1'~~1u hot air oven ~erul1fliJ 60 °c ulfl,f'UlnU~1eVl.:JUr1.:Jl~tu~. '" 
d 10ft l"'i 31..... II] 0'.& Gj II] 0' 01 "" 1 "" 
ltIUu'Uf)11u~Ull1J(\eflUl1.:J'lJTi.1f)~lWfllu(\ 'W(\LL9$f1f111':i~ 9$~f)':i~U1Uf)1':i 1'Wf)l'HltIfIlu(\ 'W(\U9$f1f111':i~'Yll~llJ 

ilifll':i'\le.:J Pongsamart U(\~ Panmuang (1998) H(\~ Hokputsa (2004) ~l'lJilifll':i 1~uve~~iff)':i~U1Uf)1'itUf)1'j 
nf)~ l'Vi~ll9$flflll';i~lu(\ (PG) U1f1!'l.J~ef)'Yll~ UU l~'lJU1f);)'lJl,j~efl'Yll~ U'UUr1.:J~l~~ UlJ~l~;)UtuJ1mt'UtI~lJl~':i 

, : QI "'i 31 '" 31d 31 31 d "" 11]31:
25 1'Yl1'\1e~'W111'Umll(\ef)1l11~ lhu pH tl1L1J'U 4.0 ~1U citric acid ~'lJl1J'Un(\l'Wl'W 45 'U1'Yl fI'ie.:JU'W 1~'U1f)';ie~ 

31 II] : 31 "'i "" 11]" 310 

tn LL(\1U111h~mUU1uU'\JUl1'W~U(\~~f)\9l~f)eUlu(\ l'Wmt9$f1f1ll';i~ (PG) ~1U acid-ethanol (4%HCI t'W 75% 

ethanol) u1mi'UUl PG ~'~l'l.Jeumr~~ 60 0 C u1l1u~lr1(\~l3u~ ~.:Ju~l~N~ PG ~ijifm~e.:JJ1\9l1(\cie'U'l 
i '" 

.q 0 OJ "" " <!t "" ~.!2.1.2 01') tVi ";) t1lJl:l'l,,;) I:l~ I:ll£J PG 1:l'1'Yi1U011 'YIVI{HlUtPlfi 01";iVlllH 'l10'l1:ll!'YI'HJ(antimicrobial test) 

o iii'" Gj !Ii"'i Gj !Ii!li.d1""
'U1N.:Jlu(\ 'W(\U9$f1f111'j~ (PG) lJ1(\~(\lU I'U sterile distilled water U(\1lueu1.:J IUf111'lJl'\J'lJ'\J'W'YI 

~e~fl1':i l~Ufll':il~ml1.:J~(\~ 2 l'vill~'U"l~'U (series of two fold dilution) ulflJ'Ul~lJ 1'W~1l9$f1f11h~t'Wfl11lJ 
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'JI 	 :J! ";.oS 1 .:,l..!:i.... ~ 'JI ~ 'JI 'JI .,;.!'
ltllJ'U'UYll~tl~l-:Jfl~ 'U6ll1l'Hflll.:Jt'l16 1"'6..J·l'lJll1l'UUlJfl1llJttllJ"lJ'YI~6.:Jflll'YI'H"61J (3.2,6.3, 12.5, 25.0 Ufl~ 

50.0 mg/m!) 

<:s J .... "" fI .: l 
2.2 fl111"·nJ)Jl~01)a1..!Yl1l'JUtl~81'Hl1ttlfJ~1"0 

.: 	 A <I 

2.2.1 	tll'Hl11"fJ~1'Wf)UUUU"'~Utl~1'Ha'J 

6ll1l'Hill'U4611UUU~-:JUfl~1l1fl11~~tllJ lrltl(l::flll1FNf)111ll~1UJlflctlJ~1~lJ 1% NaCl U~1 
o ,~ I 'JI 	 .ct .,; QI 2 ... ° ~ I 'JI

'Wl 	 11 sterile rl1U autoclave 'WllJ 15 'WTVIYlfl11lJrl'W 15 Ibs/in tJWl11JlJ 121 C 6l111c.i11c.i::fltltJ~111 Tryptic soy 
'JI 	 'JI 

broth (TSB) 11~6 tryptic soy agar (TSA) 1;;'WtlTl1ll1'Wf)ll1'Vn::t~tI~l;ftlYl~ff6tJ Thiosulfate citrate salt sucrose 
. 	 " 

.::I... 	 .oS.::I.ct •1'JI ~ 1 agar (TCBSA) Ylt~lJ 1% NaCI~:: 'l1tlJ'WtlTl1ll lJf)1c.i'YI~ff6tJt'l16HtJflYllc.i U ff1'U Mueller Hinton agar (MHA) 

~l~lJ 1% NaCllr1.'Uf)1c.i'Vlflff6U agar diffusion test ff1'U Mueller Hinton both (MHB) ~!~lJ 1% NaCI 14flu 

fll'j'Vlrlff6U broth macrodilution test 

2.2.2 fll11fl1fJ)J61't111'Ufl11Y1~iJtlU White spot syndrome virus (WSSV) 
" .t;; Lobster hemolymph medium (LHM) 1;;'Uf)111lc.ill1fl11~-.;hl1i'Ufll'J'VlrlffeltJt;6 '11ff.yJ 

ri61,rln~ hfl~rl'\l11huj.:J (WSSV) U,,::1.r;1'Uf)llYlrlff6Uf)1c.iil'1J~TU1lJ hemocytes (total hemocytes count test) 
" ..ct 	 'JI 0 QI 'i! ~ I .... 1'JI.ct · A I 'JI1rltlt~lUlJell1111Iijlflflld(l~(llU~~ell111lrl1UlJlf)(lU Ut1111'JtJ pH l1lJfll11l::lJ1W 7.4 ~1t17.5% NaHC0

3 

~nf)J'W11i'tJ111lJl~l~1t1JlflctlJll1'tilU 1000 ml lu volumemetric flak U~1 sterile ell1111 1~tlf)11f)lel.:J~·hu 
membrane filter ~ijlfllel~~r~'W~hutjlJUfl"1~'\I6~1'VhnlJ 0.45 flm .. 

<:s A .... ""tI 
2.2.3 fl111A1fJ"1'W01ltlUYl1fJ 

2.2.3.1 UUflrfl11fJ (Bacteria) 

Vibrio harveyi 1526 ~~11J'U luminescent bacteria '~lJllijlf) Shrimp Culture Research 

Center, Charoen Pokphand Foods public company limited 1rlU'\hlJll"'1~liu~llJelll1l'Hl1Cl1 (tryptic soy broth 

d ..,. 1 ..!:i lY.l 	 ~ 0 .,; ,,! ~.:, 0 

: TSB) 'Vll~lJ 1 % NaCI t.I shaking flasks l .... tl '1J lJf)1".i'VI~ff6'lJ ~lf)'U'U'Ulelll1l':i'VIt'Vn::l"U~l'l1~lJ l1'Y1lf)lc.i 

streak 'lJlJ6l11lc.iU~~ tryptic soy agar (TSA) slant ~l~lJ 1% NaCI H~1'Vilf)TH"'1::tiU~'1~tJWl11JiJ 30°C 'UllJ 

16-18 ~11lJ.:s t14tlt1l1nl~uf)1)11f1c.il::,.ytl'VlillJfll':i~lUt4el~~t.IY17Utlel~11l" 1'Yi~1l9fflfllic.i~ 1rlmhu1JflY117 U 

Iijlfl~1l1'Wl'\1el.:s agar slant lJ1HfflJ"~'lJ sterile normal saline solution (NSS) 1~tllli'tJfl1llJ;lJll1'!'vhnu 

standard McFarland no. 0.5 tilu bacterial suspension ri6lJl!1 'l1'V1~ffeltJ 

2.2.3.2 '11tl White spot syndrome virus (WSSV) 

l~el ''h1ff WSSV '~~lf) Shrimp Culture Research Center, Charoen Pokphand Foods 

~ 0 .cs ~ • ~I'" CU3 4.ct
public company limited 91~~::t.IllJl!~':iUlJtlJlJ WSSV stock solutIOn Iijlflfll'l11lU11ifll'l~llJ1li'\l6~ Wu et al. 

(2002) 1~tIlh hemolymph '\J6-:Jtl.:J~1I1Ulijlf)111ff WSSV ~~~H~elel~1'Utl~fJ(llfll (Penaeus monodon) lrlul.ff 

26-gauche needle Utl:: 5 m] syringe NfflJ(l~ lUell11l':1 LHM pH 7.6, 5% L-cysteine 11~lJl~':i 4 t'Yilt1el.:J 

.i ,'JI ~ d '" .oS ')! o'tl d"; '" ~ 'JI , '" d'JI 	 'JI
hemolymph l'Yiel 'l11Ut.lffl'J~llJf)nU"'~1I1'\J~~t(lel~ Un1'Ul tfltJ'Vlfltu11tJlJ -80 °c 9f.:sfllllJltllJ'\IlJtlel~ 1':iff'Vl 

~yllJ hemolymph lij~ffllJ1Hr1~'~~1f)flll'Vil two-step WSSV PCR method ritlt.lfll'Jih'uu,hl~~H(l::l~ 

'VlflffelU trltl~6~fll':i'VI~ffel'lJ1l::l!1 WSSV stock solution ~t~~UlJ'1;jl~l(t.IlJ1Cl::"lmilU~~U~1111'tJ~'Ut11~U~ 

http:lrlul.ff
http:lJlJ6l11lc.iU
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~fl11lJ1~1 1500X g Yi'f.ltu'H.fJiJ 4 °c 'U1'U 10 'U1Yi \I1n,i'U111~h'U1ff~1¢)lJ1Yi1nl'H~e>\I1~1'Ufl11lJl~lJ~'U~ 
3/ 3/ q 3/ IJi 3/.J' 3/ d d q 	 , IJi 

n 
I

'fI8~n1'jHI:l1llrtl'\Jl tU''UnI:l1lJl'Ue>'\Je>~fJ~'Vll11'U carrier L'Un1'J'Vlrtl:le>~ challenge test 'fie> tlJ 

2.3 fll'J'YI~HTe>'Uq'YIm'Wfll'J~l'Wt~rl'\}~h..!'YI~r1'Url~'1lal't1aW:Hflfll''J~ 
2.3.1 	 Agar diffusion test 

Agar diffusion test Vi1'flllJ1~lJlll'jll'U '\J8~ Lorian, ] 991 UI:l~tJi''lJ'fI1lJ1~nl'~ '\J~N Brock et at. 

o <!I d IIJ'" d 3/3/ 	 3/:
(1994) lrtU'Vl1n1'jl\1e>\I1~l\11:l1'WI:lH9Sflfl1l'Jrt (PG) 'Vlfl11lJl'\JlJ'\J'U 50.0, 25.0, 12.5, 6.3 HI:l~ 3.2 mg/ml ~1U'U1 
~ 0 3/ 3/ q 	 3/ d d",

nl:l'U 'U1 bacterial suspension fl11lJ1'\JlJ'\J'U 1% llHll'Hl'H'H1:l1 MHB 1'Vl1:l~'lJ'Url1'Hl'j1'UH'\J~ MHA 'VlllllJ 1% 

J ~ ~ 3/ 3/ d ~ 0 3/, '" NaCI1'U\ll'Ul'Wl~1I:lU~'fI~'Vl~11h'lH'\J~ \Iln'U'U'Ul sterile stainless steel cups (1{l''W~lfJ'Uunl:ll~fllul'U 6 nun lW~ 
, )I jJ, 	 ., 

q q <!I d d 1Jj3/3/ 3/ 3/ "" d 3/ 3/, q3/
fllU'Ue>f) 10 mm) 11~1:l~'lJ'Uf)1'H1'j'Vll'W1~1I:lU~1"l5e>'YH'fI'j tJlJ n'\Jl~'fI'U lW11~lJ PG 'Vlfl1llJl'\JlJ'\J'U~1~"l 'Vl'fl8~f)n 

• v " v jI I 

'Vlrtff8'lJ1:l~1tJtJ1lJl~'j 300 Ill/cuP 1'U sterile stainless steel cups Yl1l~ii \I1nir'U~~\I1'Ul'W1~1~tJ~Yi~1iYl 

IV 3/ 3/," q .J q q 3/ ~I IV 

zones) 1rtfl11lJn11~'\Je>~lff'UHlf1'UtJnrJ1~'\Je>~1~ lff 9S~ l'Unl'j'VlrtI:l8~1)~ l'lf sterile nonnal saline llJ'U'fI1f1TUfllJ 
'1/ 	 • 

~ d 	 I 0: ~ 
nl'j'VlrtI:l8~ (control) lm~1"l5 gentamycin 111'U positive control ''UH'fII:l~f)l'J'Vl~I:le>~\I~'Vl19S1 3 fI'J~ 

2.3.2 Broth microdilution test 

2.3.2.1 fll'Jl'llrll MIC 

n I OJ ""d 	 .J 0 i q 3/
Broth microdilution test lJ'J'U'fIllJ1lif)1'J '\Je>\l Brock et al. (1994). 9$~'VlllrtUn1'J b'lfe>1'H1'J 

litJ~1~e>1'H1:l1 MHB tJ1lJ1~'J 100 /11 HfflJtl'U 100 III PO ~fl1llJl.,j'lJ.,j''W~h~"l I:l~1'U well '\Jf)~ microtitre plate l~lJ 
.... 	 . 
<!I 	 q q 3/q I'" 1 q q 3/ d IIJ 'qn

l'lfe> bacterial suspension 'Yl t'lf b'Unl'J'Vlrtffe>'UlJ'JlJ1'f1'J 0.5 /11 <p)tJ b'Unl'j'Vl<p)l:lrl~\I~ L'l5e>1'l1l'H'H1:l1'VlllJlJ PO ~fflJ 

f)~l'lJ'U~1f1TUfJlJnl'j'Vl<P)rJf)~ (control) UI:l~''Uul9il:l~nl'JV1<p)1:lf)~1)~Vi1ci, 3 flf~ 
, " )J , 

~. YJ) y ~o.c:::t d Q.I Q,;I ~ ~ d.c:s ~ 

MJC fl e>fllfl11lJ! '\JlJ '\J'U '\J e> ~ PO 'Vl'fl1'Vl f!<P) 'VlffllJl'HltJ'lJtJ~ nl'J! 1) 'j ilj'\J f)~! 'l5e>u 'Ufl'Vl! 'J U'Yl 

lJf)~!'l1'U '1¢)1 <p) rm1'U ff1'J 1:l~l:lltJ' ffllii'ifl11lJ ~'U 1 ~u 1)~Yi1nl'jtilJ 1~f)1'U f)li1l'J litJ~!~f)~i'i PO ~fl11lJl.,j'lJ.ij''U 
I9il~"l ~~tu'l1.fJiJ 30°C 'U1'U 16 'lflJ. 'Hlmrle>i1~lf1'f1¢)1tJ'fI11Uci1U~1'1li'W'U11i'ifl11lJ~'U Uffrt~r,hlliijn1'Jl1)1qJ'\Je>~ 

ll'UflYlt~tJ 

2.3.2.2 fll'Jl'llf'h MBC 

nT)'l11~' MBC {l'llJl'H)'\1'll<p)tJnl'Jt.111~e>\Ilnf)l'l1l'jmrJ1 MHB ~!~lJ PO ''Ufl11lJ1~lJ.,j''U~ 
'V'l'lJ1l'1liijnl'J!1)1Uf'\Je>~!ie>lJlt'Vn~liu~'U'Ue>1111'JH~~ MHA ~1liijnl'Jl~lJ PO H~1t.1llJUlJ~f)tu'HfliJ 30°C 

u 	 • '" . .,.. 
'Ul'W 16 'l5lJ. l<p)tJ~, MBC fif)~lfl1llJl.,j'lJ.,j''U~lf!<P)'\J8~ PO \llnf)1111'Hi11:l11'U well Yllliijf)l'Jt\l~qJ'\Je>~ltMe>HI:l~ 

'1li'W'Unl'H1)~qJl~'U1'fl'U'Ue>l'l11'JH~~ 
... 

"" "" v2.4 fll'J Wl'JtllJrlll'll'J tatl~Q~ 

f)1'J'Vl~1:le>\l1)~1~l\11:l1 'V'l~H9$flf)ll~~1)lmtJ~f)n'VJ~1 tJ'\.H~lJl:l\l1'Ue>Tl1111itJ\l~\lrill1i''Un~lJ'Vlfll:lf)~1 ~(J 
1~lJtJ1lJltu 1, 2 HI:l~ 3 nflJl9if)e>1111'Jliu~~~ 100 ni'lJUI:l~1~c)lY'11'JlitJ~~~tJn~~'1liijf1l'Jl~lJl\11:l1'W~u9$flm 
'1) ~)'l1mtJ~ e>n'VJ11 tJ'Ul.lJ'Un~lJfl1'UfJlJnl'J 'Vl<P)rJC)~ ~~e>1111) litJ~~\l1~1 UlJ lrttJnlnl1ri1'U~fflJc)1'H l)U ~\l~\l'l1lJ~ 
~fflJ n'U ri1'U~fflJ '\Je>\lJll1'U H~11~lJJ'1V'U I:l\l '1 tJ 1)'U '1~ne>'Uu11 \l 1)lnt!'U 1)~t.1lne>'Uu11 \l~ '1 ~1 rifl ~ 1'U 1fI! f)~'UfI 
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.. 
"" "_I q SI

2.5 fll'J1~f1"n~'YiCl-lfllJ'J~ fHlU'UtHCll'Yi1':i laU-lQ-l 

"'" 0' a' _I 1 d " Y i ." _ I"'" ~ " i A l.d II) ." 
f11';il~fl';il~'}fCl.:jfllJ';i ~m)'l..Hn·H)1'H 1';i lH)1'}fl';i tmJ.:jfJ.:j I~HJ~';il'ill~lJ';ilJ1UAfll1lJ'lfW, IlJ';i~U, t'\llJU, 

1Vell'}fl), ~~li'I, Ufl'H~fJlJ Hrl~~m"~eli''(11~£J'Yh~llJ~nl'}fU~'\Iel.:j Association of Official Analytical Chemists 

(AOAC) official method of analysis (2000) rilU'\Iel.:jf11'jrlIU1UA'}fl'l..J~lJ1UAfl1{lu'm~'j~~~'}flJ~ rlIU1UA'illf1 
'jJ 'j/ y)I • 

f11'j11f1rlU 'illf1Ul,,,n!f1'jllJ'\Iel~ il1'j~u, , '\IiTu, fll1lJ'M'U, 1fJell'}fl'j Hrl~~tli'lelelf1'i)If1Ul'l'n!f1~lelci'.:j'\lel.:jel''}f l'j.y) 

.. 
q ..... , q SI 

2.6 fll'J IVI'JUlJVl1ClUl-lUa~ fl1'J'YI~HHl-llaU-l Q-l 

rl~l~elf1~f1t1-lfJrll~1 (Penaeus monodon) ~lJJ''}fl1f1~l11'j~lJ'UA 0.29 ± 0.04 f1i'lJ 'i)1f1H'}f"~ 
~'Wl~lifJ~t1.:j~~~:UfH'lel~ 'i).'(11rVl'j'(1~fl'jllJ l~fJfll';i~lJ~lelVl.:jujj~elelmtJu 4 f1~lJ f1~lJCt~ 100 ~l ~.:j1uu~Ct~ 
fl~lJ'i)~\Jmt,j.:jVelmtJ'W 5 fl~lJfl~lJrl~ 20 ~11~fJ'i)~Ult1~'11~iv.:j1u,jmiv.:j';i~U'lJJ,tl~'W,U 841'W (12 i111~Ir1) 
1'W f1~lJ'Vl~Ctel.:j'i)~liv.:j~lfJ~ 1'}f ''j~~'(1lJnU PG ~fll1lJt ~lJ ~U ~1.:j'l rilU f1~lJfllU fllJfll'j'VI~rl el~(controi) 'il~ 
~ifJ~~lVell'}fl'jl1fl~~':UlJf1l)~'(1lJ PG Yilf11'jl~Jl'}f'Wfl~1, fll1lJfJll~1, B~';ilf1I'jlJ;i~';i~~, rll'U1UArh;1 

lJ1Ctltrl~B~';ilUrlm"iel (FCR) '\Itl.:jt1~fJrll~I~'VI~Ctel~~ifl1~Ir1~ 8 Url~ 12 ~llJ"'~U r11 FCR '(1llJl';itlrll'W1UA 

'~'i)1f111~lJ1UA'\Iel.:j~I'}fl';i~1,rt1.:j (kg) I91~J"1l!f1~1~~~lJ~U 1 nlrlfli'lJ 1u'J~'}fil.:jfll'Jtiv~t1.:j'i)~~~.:jlJfln 
fllUfllJff.f11l~~n~~~lJI911~'l ~~li fll'lJl~lJJ,rvhn'lJ 16-2] ppt, 11~lJ1UAUCllJ ilJrwfJllJ l~';iI'i)U (TAN) t'vhnu 

0.0-0.2 ppm, 11~lJ1UA'U l~'jt'i)U (N0
2

) !'vhn'lJ 0.0-2.0 ppm, fll'lJttJU~'.:jrvhn'lJ 100-160 ppm, fllllJf1';i~~I-:jJ, 
l'Yiln'lJ 2100-3250 ppm, ~UAt1.f~riJrvhn'lJ 29.5-33 DC, ~lfll';iCt~rlIV'\Iel.:jel~fl91~'ilu1uJ, (DO) rvhnu 3.5-6.0 ppm 

Url~~lfllllJttJ'Uf1';i~~'.:j (pH) rvhnu 7.6-8.2 

IV '_I"" cs ~ 
2.7 fll'JVI'J1'\l1V1flllJ'JlJ1Wt1JV"uaClVl'JllJ (Total hemocyte counts: THe) 

Yilf11';i'VI~rlel.:j~llJin'\lel.:j Itami et aI., 1994 '}f~.:jf11';i'VI~Ct~.:jli£J.:jt1nn'W 12 i111~Ir1 t'i)l~t~el~t1~~ 
U~ nUA i1U'}f ~~ 1U ril'U '\Iel\l haemocoel U~I1UA'lh~f1rll~"'~l~~ 'i)~ ~Q~';i ~'\Il~'(11lJ (pereiopods) ~t'j tlfll1 

o ~ .,,; Ill_I'" c:l ~ 'V 131 'V 0'0'" 'V 0

'W lbblU ~ 'VI! 'i) 1~ llJ'U UIlJ ~llrl el~';i llJ~l£J haemocytometer .f1lfJ ~ fl c,u-.i ~ rl'Vl';i H1'U f1ICt ~ '\I fJl£J 40X Ilrllfll'Wltu 

tl~lJlUA "Uel~ ~'U lU IG)$rl ~I~~ l~ el~191 elCt 
<u 

flU lfYniJrl~~~';i 

2.8 fll'J1!f1'Jl~..1fll'JYil-ll'U'\JtH!t)'U'eu)JltJ'J~'Wt)aClClf)C)i!V1~ (Pro-phenoloxidase activity) 

fll';i 1~ activity 'IJ el~ lel'U '1 G)$lJ'l11';i~U el rlel~ fl91I~",Hl1flJ'1 ~ el~ t1~ 'VI ~fft)U~ IlJinfll';i "Uel~ S6derhtill 

and Smith 1983 ~.:j'i)~l~H~Ct'illmftel~~\l~~fl~lJ'VI~rlel\lUrl~ fl~lJfll1J~lJ~i1,j~lr1~ 12 l~m\ll~l~t)~t1~ 200 !II 

~1£J 26-gauche needle Hrl~'Hrlc)~~~Vl11~lJl~';i 1 ml ~1i anticoagulant-l (AC-i) 'l..J~lJl~J 400 JlI 'illmiulll 

l~t)~t1~'11~um~fJ\l~lVfll1lJt~1 500X g ~ 4 °c 'W1'U 10 'Ul.y) lWf1l~~tftC)~t)elf1lJ1U~lUll~~lftt)~~'~'1'l..l 
" 

resuspend lw cacodylate buffer (CAC buffer) pH 7.4 l1~lJl~'J 200 JlI 'i)lf1l!'U!\9l~£JlJ hemocyte lysate 
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supernatant (HLS) hHJ'~ sonicator ~fllllJ~ 35 amplitudes 'Ul'U 51'U1Vl ~'Um~{HI~ 1000X g ~ 4°C 'Ul'U 10 

'U1Vl Hft1'Jl'U'JllJ HLS ~i$l'tJ~lJl\9l'J 20 III ~L1lJn'U0.1 % trypsin (sigma) ~tJ~L'U CAC buffer L'U 96-well 

microtiter plate \llfnf.w~~lJ 0.3% L-3, 4-dihydroxyphenyl alanine (L-DOPA, sigma) 'tJ~lJl\9l'J 20111 ~~u!'H.fJiJ 
25 °c UftTW1'1'll1~ activity '\JtJ~~tJ'Wi9flfl'tJ'j:W'UeH'1tJf)f19ft~~1l1(J microplate reader ~fllllJ(Jllf1~'U 490 nm 

l~vL~ CAC buffer til'U blank 

f1l'jl~'tJ~lJ1U!1'tJ'j~UL'U HLS yi1\9lllJl11f1l'J'\JtJ-!j Bradford method (1975), BioRad Protein Assay 

System Kit l~vl~ bovine serum albumin ~i1'U 1'tJ'j~UlJl\9l'jll'U(standard) l~V'Hd~'HUlv'\JtJ-!j activity '\JtJ-!j 

ltJ'U i9flfl'tJ'JYJ'Uf)ntJtJfl~t~{1r1l'Ulru \llflfll'j t~lJ~'U '\JtJ~filfll'j~~f1~'Um,. \I 0.001 '}'IU lV~f)1...!1.y)~tJiJn~f1i'lJ6ijtJ~ 
1'll'j~'U (S6derhall UCl~ Unestam, 1979) 

.. 
1 

11~ 	 ~ ~ ~e:i 

2.9 f)n'YlYltH)~f)n 't'iVl~H~f) AYltJ1li Challenge test 

Q..I lJ) 	 Q..I 11 ~e:i 

2.9.1 f)l".i'YlYltH)~f)1J n".in WSSV Y11tJlli cohabitation method 

fllJ'Vl~fttJ\lif~~!~lJ~'h!u'U f1l'j 'H ft~ \llf1~tiV\I ~\ltil'Unnl 84 l'U 1~Vf1~t~tJf1~~fJnlfhL'U!t~n~ 
fl~lJu~ft~')h~nClllJl 4 f1~lJf1~lJn~ 8-] 0 ~1l~vyh 3 Jl ~-!j~~u,j':HiI'Uf)~lJflTU~lJf1l'j'Vl~CltJ\lUCl~f1~lJ'Vl~CltJ\I 

t 	 " V I " 

fl~lJYJ~ntJ~Vltlf1t~v ,:d llJ nu \l~ tlflyh L 11'~~L:jftJ1~ v'l.J" tJvf{~ carrier Vltlf1~ ~ t"lf1~llJlil tJlll£J '1li'L1 WSSV 
~ cu cu 	 '" IV 

'111lJl\9l'j 0.1 ml 6ijtJ~ 10
6 

x WSSV(dilution I :30) '\JtJ~{1l'jn~nl£Jili'{1 stock solution '}'Ift\l~lfl'llritJV~~~~~ ili'{1 

n-!j i'l.JLU~liv~U1U 24 il IlJ\I ~~'Hlfile1\9l'j lfll'j'jtJ~;l\9lf{~UCl~l~l~~tJ i'tJlilunCll ] 0 lUl1~tJ~U fr-.h~f{\ILlJ cu 	 ~ 'U q 

f)~lJflTUfllJf11'J'Vl~ ntJ~ ~1U \9l1vi~l1lJ~ 1~vlu'j ~'H il~f11'j'Vl~CltJ\I \l~ fll'UfllJL1flll~Ul~~tJlJi~l1lJ~ ~ lm!u" ~ . . 	 . 
~lJ~~~\ll'U \l~\9l1vi\lf1~lJ'Vl~ntJ~uCl~f1~lJflTU~lJfll'j'Vl~ntJ\I Luu~n::;Jl t.'h i'tJd~'U~ Divison fixation !~m"l 

';lJ ,J.,j 'J/';lJQ 	 !II I !II~ d
f1l'jVf)lJ~!UtJWtJ6ijtJ~fJ~~l£JL1 hematoxylin llCl::; eosin UCll"~l11fllf11'j\9llV l~£J'jllJ'UtJ\lfJ~'Vl~'HlJ~ l~£JU{1'~\llll'W 

I '" '" 0' ~ I 0' d 0' Q"" 	 & 0 'II !II 
fllfl1llJ{1'lJ~U1i'\JtJ'H1JtJ'H9f'U\9lf)l'J'jtJ~'lfl\9l, relative percent survival (RPS) 9f\lfll'W1u! ~~\llf1L1lJfll'j 

% Mortality in experimental group 

RPs= ] - -----------  x 100 

% Mortality in control group 

~\lfil RPS if~~th ::;lJlru "1f1f1~lJf11'j'Vl~CltJ\I~ijf11'j\9l1tJ~1f1iltl'j ~lJ1u! 20-50% tVlV'lJn'lJf1~lJ 
fll'lJ~lJ l~tJfh RPS ~'1~-w'tJVf1il 60% Uff~~~~tl'J~ff'Vl~.f)1~6ijCl~1f19f'U~L~~1'U'1i'L1ilL11lJl'jtlVtJ'Ui''Ul~ 

(Amend, 1981) 
.. 

Q..I ~ 	 ~ ~Q

2.9.2 	f)l".i'YlYltH)~f)'UA'IH) Vibrio harvey; 1526 ~Y1tJ1ii immersion method 

t~lJ'\'11f11'j'Vl~ntJ~tdtJ!itJ~n;Hil1.H1Cll nCll 12 ~tl~ll1l1~tJ 841u l~Vrl~!~tJfln~f1Cll~lluH~"~. 	 . . 
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il111.:j~.:j~~l1lfll-e)~'jlf)1'j'H)~;1~~.:jH"~!~1~11Jt.fl'Wncn 10 1'W11~e)~'W f)';h~~~ t'Wf)"llflTUflllf)l) 'Vl~"e)~
~ 'U ~ ct q 

~ 1'W ~ ltl~.:jl111 ~ 1 ~I tI t 'W'j ~111l.:j f)ll 'Vl~" t).:j ~ ~ flTU f)ll ff f111~H1~ fte)ll-i.:j1111~ ~ If)t!'W ~~ ~1lt1.:j ~ ~ 1'W 1)~~ltl~.:j 
f)~1l'Vl~"e).:jU"~fl1'lJf)1lf)ll'Vl~ "e).:j t'Wn~,,~JllllU'lJtJ~lllUH4e)n'lJflfl!~ til ~tll ~e)ll1l'j H~.:J thiosulfate citrate 

bile salt sucrose agar (TCBSA) ~lmi'Wl1lfllf)lHlltll~tll111'tle).:jt1.:j-i.:j1111~ 1~tlHff~':H.fI'Wfllfl1111ffll~'W£"ue).:J 
~ I "cl" """" .J 0 IIj ~ 
tlJe)l!CJf'W~f)1))e)~6jf1~ relative percent survival, (RPS) CJf.:Jfll'W1lli b~~lf)ffllf)l) 

% Mortality in experimental group 

RPS 1------------------------ x 100 

% Mortality in control group 

analysis of variance (ANOV A) l~tlt~ Least Significant Difference (LSD)~'j~~'lJfll111t~m:r'W 95% (p < 0.05) 
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. .. 
"'" V <!I .<:t ~.<:t lJl' _1<!I.<:t

1. tl'Vltif)l'aVll'W!'IH)1.}~'lf'W'lJtN t'VHlUCVflfll t'jVl!'\)~mfHlJ~H)f)'lJI'jtl'W (PG) 

fll'J'VI~HH:I\ll'V'l~Wl1f1f111'J~l'H'Hllm,j~elfl'VJl~tI'U (PG) l'Ufll'J~1'Ul4el~~'U'Vl~V llff~\l1,rl,1tHl'VIi'\Jel-:J PG 

d V.J """1 d' VlIJv.J .J.1d.J """" d
'Ylffl'lJl'HHP'll'Ul'lfelU'UfI'VIl'JfJ Vibrio harvey; 1526 'VIflel hfll'Ufl'l ~~ Clf-:Jl'lfel'Ul1J'Ul'lfelU'UfI'VIl'JfJllfl'JlJn'U'VIffl'lJl'H) 

<!I v d, .J.1 "?t "" V D.J.J.1. 31"'"QI 

l'J el-:Jllff\ll~ l~fJ'VIlltJl'lfel'U ~~'V'l'U lUff~1'V1~lnlln~l1J'UfflrYI~'\Jel\lfll'Hfl~ hfl1'Ufl\lflnl~1 Clf-:Jl'b'el'U flel hHfl~fll'J 
" 'II " t 

~ lU'lJel-:J ~-:J fl~l~ll 'U q~ffll1 fl'J 'J'lJfll'H~tI-:Ji1fl1'111'\Jel-:J l'VlfJ (Kasomchandra et aI., 1995) fll'J 'Yl~nel-:Ji1~-:Jvlll'Wel 
cf <>I "" lIJ" <!I "" :II,J d. 31 A

'Yl~ffel'Ut]'VIli '\Jel\lffl'J fffl~1'V'lnUClfflfll ~ 'Jflllln~lfll,jn()fl'YJl'J fJ'U 11.1 fll'J~l'U l'lf() Vibrio harveyi 1526 'VI fl() 111lfl~ 

hfl''U~-:Jflnl~l 

.J • ""'"I d d D "I 31 31 d 
Vibrio harveyi ]526 Clf\lVl'U11lfl~1-:J lff'U'Uell111'JU'\J\I'VI'VIlfll'J'VI~nel\ll'Uflll'lJ1'\J'lJ'IJ'U'\Jel-:J PG 'VI 50.0,25 .0,12.5, 

~ I fI d ~J 9J9J ~91a.1 ~ 
6.3 Un~ 3.2 mg/ml lff'UH1~'Utlflnl-:J'Uel-:J1\11ff'VIVl'U1l~lVl'lJ'IJ'Wfll'lJfl11'lJl'IJlJ'\J'U'\Jel\l PG 'VI1'b' ~-:JUff~-:J~l'lJ~l'Jl-:J'VI 

I ~-:JHnfll'J~m:l1f1~lUn'UHnfll'Jflm:l1'\Jel-:J Chotigeat et at. (2004) ~I$lflfl1l11~cr:lf)'lJffl'Jffn~ l'V'l~llClfflflll'J~ 

~lflffll1~ltlihfl~ln Sargassum polycystum Vl'lJ';hiJt]'VIil'Ufll'J~l'Ufl1'Jl~~ty'IJ()-:Jl~() Vibrio harveyi ~flll'lJ 
31 31 1 """" l'\J'lJ'IJ'U 12 mg/ml ~~Ulli agar plate diffusion 

.. 
V <!I ~ ""'''''1.2 f)1'a'VlVlln)1Jf)1'jVll'Wl'lf~HVltl1ti Broth microdi1ution test 

1.2.1 f)l'j'Hlf"h MIC U~~ MBC 

.,g A ./ 31 "'" <!I " 1 ">"" 
~lflfll'Jfl'fllJlt]'Vllif)l'Jfll'Uf)l'Jlll'Jty'\J()-:Jl'b'() Vibrio harveyi 1526 l~fJlli Broth microdilution 

test J'UUff~-:J\9l1'lJ~1'Jl-:J~ 2 ~-:Jf11flll'lJl.fl'lJ.fI'U'\Jel-:J PG l'Uf)1'JiJ-:J6-:Jf)1'H'il~UJ~1,,!~ (MIC) iif116.3 mg/ml 1'U 

()1111'JrYlnl MHB U~~f11flll'lJl.fl'lJ.fI'U~1,,!~'\J()-:J PG l'Ufll'JCJJll~e:Jll'UfI-Yll~U (MBC) iif11 12.5 mg/mll~fJi1-:Jlfl\9l 
~ lflfll'J 11.Jl 'il~ UJ '\J()-:Jl~()' 'W ()111l'J ,ifJ-:Jl~elm n111 ~"lf)l'j incubate l1'U l'UllJt.Hlnl 16 ill'lJ-:J~ ()Wl1 flil 30 0 C 

u • 'V 

(~l'Jl-:J~ 2) l~()vllfll'HtJ~fJ')Jrntl'UHnf)1'Jflf)lJlf)1'JV'U6\1f)1'jlll~UJ'IJ()-:Jt~() Vibrio harveyi '\J()\lffl'Jffn~ iVl~llClffl 
flllh~cir"t~~~1f)ffll111fJi1Jl~ln Sargassum polycystum ~iif11 MIC l'Vlln'U 12.0 mglml (Chotigeat et aI., 

2004) h.!fll'j'VI~ff()'Un'lJ 1'V'l~UClfflflll'J~l~~1l1fll,j~()fl'VJl~fJ'U 'V'l'Ul1ffl';iffn~ l'V'l~UClfflflll'j~1l1mtJ~()f)'YJt~ fJ'Un 

t]'VIi~~flillln~ffl'lJl';i flCJJll4elifl~1'Ufl11'lJt .fI'lJ.fI'U~1f111 rill1-r'Uf)~1 f) 1'U fll'J~l'Ul ~() Vibrio harveyi 1526 '\J()\I 

PG elHln~'illf)flruff'lJ'lJ'~'\J()\lPG ~1Jfl11'lJl1\j~Un~tl1i1fJllln~l~()~'lJ11l1f) electronegativity 'IJ()-:J 1m~fl~ 
" .Q.I ~ QI (l.J ~ ~ cl3} 

polysaccharide rhamnogalacturonan 'jl'lJ'VI~ neutral sugar side chain 'Vl~'UfI'U'U'H1WH1LClf~~~ l'U'Uelf1 

1 • 0 A 91 ~ cI d.::t 'Q,I
(Nantawanit, 2001; Hokputsa, 2004) ff~Hn~()f)1'j'VI1~1'U'U'Jnru~1'U'Uelf)'IJ()~f-.lllClfnn'IJel~U1JfI'VI!'jfJltn~'J1'lJf)U 

flWff'lJ'lJ'~'Yll~f)lVfll'V'l'\J()-:J PG ~iiflll'lJL~t.!f)';i~ijf11 pH 2.2-2.6 (Gerddit, 2002) 1~tlfllV1'\...! If)Hff~l~'\J()~ 
_I !V <!I • ~I "".c: ~I

polysaccharide ~~1J';i~fl()'lJ~lfJ acidic sugar fiB galacturonic acid \9l()!1J'\...!fflUVlllln~'lJfl.;jl1J'\...! neutral sugars 

lIJ!V • 
t~Ufl rhamnose, fructose, glucose, galactose Un~ arabinose (Hokputsa et ai, 2004) 
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~T:iH~ 1 q'Vl~"fll'J~l'Ufll'H~~ty"\Jel~L~eJ Vibrio harvey; 1526 "\JeJ~{yl'Jn'n~ l~~uc:)ffl~n''J~~lm'lJ~eJf)'YJL~{J'Uhw 

i~ agar diffusion U{y~~LlI'U~Wi!~{J ± SD, Nonnal saline solution (NSS) LlI'U control , NZ = 111~1Jd~1{Y 

Diameter of inhibition zone 
Concentration of PG (mg/m!) 

mean ± SD, mrn 

50.0 20.43 ± 1.72 

25 .0 16.47 ± 1.32 

12.5 12 .15 ± 0.67 

6.3 10.70 ± 0.56 

3.2 8.88 ± 0.51 

NSS NZ 
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V1l1H-¥l2 rll Minimum inhibitory concentration (MIC) lnl~ minimum bactericidal concentration (MBC) 6tH),:) 

PG l'tJ~(J'wYi(JtJntJ gentamicin sulfate lfieH~eJ Vibrio harveyi 1526 

Polysaccharide gel (PG) Gentamicin sulfate 

MIC (mg/ml) MBC (mg/mJ) MIC (Jlg/mJ) MBC (Jlglm!) 

6.3 12.5 4.0 8.0 
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hH.Jlltl~h~B Vibrio harveyi l)~V4'U'~h.llfllfhJH~ij~l'Ul'W.wBU (Ruby and Nealson, 1978; Shilo and 

Yetinson, 1979; Lavilla-Pitogo, 1995) l1lnH~ijff.flll~~rYIlJl~fflJ14BiffhnlJl'HHYilJ~l1-n'W'~ 1'lf'W ll~lJlru 
1~t1~tJ'Yl~6ff~, fll1lJ!~lJijfh 10-60 ppt, Brul1.flihiliJ~125-32 DC, pH Jlij~l 5-9 H{1~ll~l-llruBBtlc}fll)'W~

q <u CI cu 

{1~{11tJl'WJlijfi1 0.5-7.8 mg/l H~1'Wff.flll~~iJfll1lJ!~lJ~11l'J~lJlru 5 ppt U{1~ij pH 'UB~J1b.!~1l'J~lJlru 9.5 U{1~ 
~lll'J~lJlru 3.0 1)~V'U6~tll'J!1)~ty'UB~!~Bif1~ J'WfiBl1ltl pH 'UB~Jl~1{1~1~Bifn1~ffllJ1'JtI!1)~ty1~ ~~J'W PG 

~~ffllJ1'J tI v'U6~ tl1'J t1)~ ty'UB~!~Bif'~Bll)!~B\l 1)1tlfllllJ!~'W tl'J fib.! ~ 'UB\l PG ~.fllU1'W1f1'J ~ff~l\lij acidic sugar 

1${m) galacturonic acid 

2. Polysaccharide gel additive diet 

2.1 U1)JltlHYl'HJ';j~f)B'lJ''t--Hlll11';j 

'U'W l~~l~'l 'UB~Bll1l'J dU\l~\j!!fffl\l "1~\j~U~ 1 tll'Jl!fl'J 1~l1U~lJ1ruffl'J BTr'!15'UB~B\lr1U'J~ tlB'U 

'UB~B1'YYTHitJ~~~uff~~~~~l'il\j~ 3 ~~V4'U'-hBll1l"j ~~ 1~iJfll1lJ!!~ tl~1\j'U~\jff15Bl'YY1"j~~vf'W)11'W tJml'U 

1l5lJ1ru'UB~ PG ~!~hJ{1~l'UBl11l"jliU\l~~ 
3. Growth performance 

Q 11J" Q "'''' .1 9J 9J~ .c!l 'j)!1){11'W{1U91flfll l'J fI 1) 1tl'YJl5U'W (PG) VH~lJ{1~1'WB11115 1{1 U~ fJ~!!fffl\j l'rH11'W t1~fllllJff1lJ15 tI 1'W tl15 tl5 ~~'U 
'" 'j) 0 d <j 'j) ftl 'j) ~ Q 

tl1511)5ty'UB\jfJ~fJ{11~1 91~ bflHff51\j'UB\j PG lJ"j~tlB'UfilU long chain acidic sugar, galacturonic acid 'JllJ'Yl~lJ 

side chain 1~'U neutral sugars 1${lln rhamnose, fructose, glucose, galactose and arabinose (Pongsamart, 1998; 

Hokputsa et aI., 2004) l'il{11V4~U91flfl1'5~'il1tl'YJl~U'W (PG) iJ~{1!~lJJll1Utl~\lfJ{11~'h1'Wtl~lJ'Ylfl{1B~~iJtl15ti{J\l 
9J d ~ flI ef d rI O"'~Q.I Q.J

~l{JBll115'Yll~lJ PG 1.0% U{1~ 2.0% 'YY{1~'illm{1U~ltJ'Un{1l'Ul'W 8 fftJfl1'YY U{1~hn~U~n{1112 fftJ~ll1lJ~{1 

1~lJJ1'YYUtl~~fJ{11~(h1'U tl~lJ~liu~~l{JB1'YY1"j~1~lJ PG 1.0% tll"j l~lJJl'YlUtl'UB\j~\j '~U~tl~l\jli1Bl.y;tJ'Un'U 
tl~lJ control ~litJ\l~~~lUBll1l5~ '~ij PG tll"jl'il~tyl~'U 1~"B\l~\j~liu~'W1'W 12 1:l'tJflll1 V4'U';hli1Bliu~~ltJ 
Bl'YY15~!~lJ PG Jll1Utl~l"B\j~~'il~l~lJ~'U (P>0.05) 1'Utl~lJ~!~lJ PG 1.0% lrlB1Vi{J'Utl'lJtl~lJ control 1~£J 

)I • 'j) I 

t.11'YYUtl'UB~~\lVil~{J\l'Wl'U 84l'W~lUB1'YY1'Jvh~lJ PG 1.0,2.0, 3.0% iJ~116.75, 17.37, 16.33 U{1~ 16.23 tli'lJ 

~llJih~'lJ Uff~\l~~~tJ~ 2 

f111lJUllft1~1~~1'Wtl~lJ~liU~~lUBll115~1~lJ PG 1.0% U{1~ 2% 'W1'U 81:l'tJflll1U{1~1'Utl~lJ'Ylfl{1B~ 
.vf~'YYlJ~~!iU~${l{JB1'}115~!~lJ PG 1.0-3.0% 'W1'U 121:l'tJ~111 V4'lJllijftWl1tJ1ltl';htl~lJ control BU1\liJUVft1r1t)J 

(P<0.05) !!bI'~ ~~~5tJ~ 3 f111lJtJ1l'UB'l~1~1f{'l1)~1~lJ~'WBU1~iJUUri1r1t1J (P<0.05) lrlmiv'l'Wl'U 12 fftJ~ll1 ~~ 
'II • u 

f111lJV1l"B'l~1~1~'l~ltJ~V'U1Viv'lJlrlBlitl~~lVBll115~!~lJ PG 0.0, 1.0, 2.0 H{1~ 3.0% 'Ul'W 3 L~B'UV4'Ul1iJ 
f111lJU111Vlln'lJ 135.2, ] 43.7, 143.0 !!{1~ 142.0 mm 1I1lJft1~'lJ ril'W survival rate, feed conversion ratio (FCR) 

H{1~ biomass "B~~\lfJ{1l~l~LitJ~ 1'Wtl~lJ'Yl~{1B~'U1'U 8 H{1~ ] 2 r:1'tJflll1 Hff~'l~~~tJ~ 4, 5 !!{1~ 6 ll-i1${l!~tl~1-:j 
tl'UBU1'lijUtlftlr1tytrlB!Vi(J'lJtl'lJtl~lJ control (P>0.05) U~~'l 1'Utl~lJ~lim~1(JBll11"j~t~lJ PG 1.0% V4'Ul1ij~1 

~ & d 91 91~ rI r d d Q.J 9J ~ .c.Q.J IV 

biomass !'WlJ"'UWtl'UBtJ'YY{1'l1'YYtl'WB1'YY1Hn'W 12 fftJ~l'YY 1~tJfl1 biomass 'Yl!{1{J'l'W1'U 84 l'U ~ltlBl'}115'Yl!~lJ 
1 Q./ Q) 0 Q.J.& • Q.J 91 ~ 

PG 0.0, 1.0, 2.0 !!{1~ 3.0% 1'Yl1tl'U 315.18,322.88, 302.22 !l{1~ 311.56 tl"jlJ ~llJ{11fl'U 91~.fl1'Wtl1U~lfJ-:j'Yl~"1-Jl~ 

U{1~fll1lJ{Jll"B'l~~~!i{J'lUft~~~'l~tJ~ 7 

http:315.18,322.88
http:iJ~116.75
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(a) 

(b) (c) 


l'l.l~ ] '\J'Wlf1l~~'\J~~~ll1THitl~~~~t~lJl'il" 1'n~U'11fltn'".itl1fllfl'YJl~U'W (PG ) ~fl11lJl.u'lJ.u''U~h\J'l1~uell111~ 


litJ\J~~l;;n'U~~l'W'lb~~lq~fil~n'W lf1t1~1l11".i'\Jl.Ilf1t~~lgmh'WucJ~'\J'Wlf1 10 mesh (a) 'il~l~tifJ~\1fl~~U"~ 


~1l11".i'\J'Wlf1t~~ 1l1tYl~liu~t1\J~lj'\Jl.Ilf11l1tY~h'WucJ~'\J'Ul~ 14 mesh (b) U,,~~h'WUcJ~'\J'Wl~ 25 mesh (c) 


~llJih~'U 
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ct "" d ~ d ~ d
~111-l'Yl3 tJ':i'lJ1UHnn)1l11<,jlwC)1l1l'H'W-:)fJ-:)'VI1'lfhJfll';j'VI~m),m"~e>1l11<,j base diet d:J'W control l~tJ 

Control = e>l"'l';j~llit~lJ PG, 1.0% PG = e>l"'l';j~t91lJ ] .0% PG, 2.0% PG = e>1l11<,j~L~lJ 2.0% PG, 3.0% 

PG = e>1l11<,j~L~lJ 3.0% PG tJ~lJlru calcium H"~ phosphorus ';j1lJe>~1'WtJ~lJlru ash 

Nutritional content of shrimp diet (gIl OOg)Compositions 
Ingredients 

(g/100g) Control 1.0% PG 2.0% PG 3.0% PG 

Moisture 9.00 9.13 7.76 8.24 7.33 

4] .00 Protein 40.00 40.70 40.50 41.10 

Fat 6.00 5.94 6.15 5.89 5.96 

Fiber 1.50 1.33 1.56 1.46 1.23 

Ash 10.00 10.10 10.10 10.10 10.50 

Calcium (1.50) (1.97) (1.93)0.87) 0 .84) 

Phosphorus ( 1.50) (1.40) (1.40) (1.50) 0.62) 

Total carbohydrate 33 .50 32.50 33.73 33.81 33.88 

PG (g in 100 g diet) 0-3.00 0.00 1.00 2.00 3.00 

v9 ~d ,d ~, ~ ~ , 

N" Lf)"LfltJ-:)f11tUtJ-:)tU'WlJl~';j~1'W'We>tJf)11 1.0% f111lJ'l$'W'We>tJf)11 10.0% 
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1m 8 weeks II 

II
.12 weeks I! 

! 
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I 
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I 
i 

control 1.00/oPG 
I 

lU~ 3 flll'lJV11"utl~~1i11~~ fJnl~1~liv~#lltltlll11)Yirll~" 1~~119Sflflll) ~1i)lf)ltJ~tlf)'VJl~ tl'W~flll'lJl~'lJ~'W~1~'l 
'Wl'W 8 Un~ 12 ff'tJ~1111~mlTI'~~!{I'Wf1WH~V ± f111~V~!1J'W'lJl'f1);g-1'W (SD), control = 0% PG 

a, b = f)~'lJf)l)'Vl~ntl~Yiijflll'lJ1!'f1f)~l~tlUl~ij,:rmil~t1J, (P<0.05) 
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ab b ab a 
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control 1.0% PG 2.0%PG 3.0% PG 
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2.5 -..---- - - -----------------..--,...----", 

0 
2 

:;:; 
ns 
L-

t: 
0 1.5 
en 
L- lIJ 8 weeks 
a> 
> 1.12 weekst: 1 I 

0 
0 

"'C 
a> 
a> 

u.. 0.5 

control 2.0%PG 3.0% PG 

'jU~ 5 ril Feed conversion ratio (FCR) 'lJe:l.:Jn.:Jmn~l~tifJ,n,JTw 8 Ufl~ 12 i11l~1r1l{lVe:lll11'J~t~hH'ln 1'Wil 
'lJ • • 

U91flfll''J~'llmUfte:lf1'VJt~fJ'\.J~fll1lJl.ulJ.u'W~1.:J'l hwmy~~l'll'Wrhm~fJ ± ~lt~V_:)t1J'WlJl~'J~l'W(SD) , control = 

0% PG ~1 FCR 'litt~f1~1.:Je:lVl_:)lj,rmhr1ty'YI1.:Jffi)~ 
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control 1,o%PG 2,o%PG 3,o%PG 
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.12 weeks i 


----------------------------------------------------------------~ 

'YJ~~{n.!~f)JllH~:u~'W~h~'l hHJUft'~~L1J'Wfllm~fJ ± fllL~fJ~L1J'W:ulrt';j~l'W(SD), control = 0% PG fll biomass 'hj 

)JW:)1:U u~ f)~h~ '€) (h~)J,:rUfflflt1!'Vll~ ft'f)~ 
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(a) 

(b) 

11l~ 7 '\JlJl~'\Jt1-:.1t1-:.1fl-nlfll~litl.nnlJ 8 (a) u-n~ 12 (b)ff\J~ll1 ~1fJ~1111'j~l~ilm~J-n lVi~U9fflfllhf1'~lmtJftt1fl 
<:I.:i ~ ~, 1 

'YJt'HJlJ'Vlfl11lJl'UlJ'U'W~l-:.1'l ~Ul1lJlm"'U I = 0% PG, 2 = 1.0% PG, 3 = 2.0% PG and 4 = 3.0% PG. 
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'jI , ", ,'JI 

'il1flfl1'Jf1fnni1!U;1~\llH'n1'\...I';h~\I fJ"l~1hJ fl~tlyh~V\I¢llVelll1l'J Yh~tl 3.0% PG ijfll'J !.wtl'Uel\lUll1il'fl\9l1 

~ d 31 31 "" ~ "" 0 "I 31 .<!l 
u,,~ biomass "~"\I !'Wel\ltl1'illfl PG 'Ylfll1tl!'Utl'U'W,,!\I 3% tlfll1tll1'W~,,!\lell'ilW,m'Yll ~l1"~fll'J~~Gtftl{1'l'Jelll1n 

31' "" ~ dI.,., "I .<!l &OJOJ .<!l 31. 
!'U 1"!'Yl 1\1 !~'W ell111'J ~1" \I Gtf \I el~ 'J ~I ~ 'W f11'J ~ ~Gtftl {) 1l11'J 'il~ 'U'W fl'lJel~ 'J lfll'J ~ ~ Gtftl 'Uel\l elll1 n! 'Ul,,! epithelium cell 

~\lJ'W PG ~ijfll11J! ~tl~'\.J {Y \lell'il'il~'Vllhifl1'J ~~91tlell111'J !n~ 1¢l~1"\lyhlH'5~'J l'Uel.:Jfl1'J~~91tlell111'J~1" \I¢llV 
'U 'U 'U 

un~ihcY\lH"~elfll'J 1fl~el'\.J~'U{)\I{)1111'J elu1 '\.J fl'J ~!'Vi1~!~'\.Jn"1'\.J l'WU~flT.i~~91tl~l~fl¢llV ~\I{y'J tJf)l'Vi'j ltl 'U{) \I 
'U 'U' 

OJ OJ~ : 9J 31 "I 31"1 d • " 1"1 9J 
fl1'J!'Vitl'\.J111'\.Jfl'U{)\lfJ\lUn~fll1tltJll~lfJ\lU{y~\I n b'W\Pl1'Jl\l'Yl 4 U"::::fll survival rate, biomass U,,:::: FCR {1'{lJ n 

''\.J~1'J1\l~ 5 

~\lJ'W 'illflfll'Jf1fllJ 1.Q;'111'!-H '\.J 11!'il(11 'Aj~!!Gtfflflll 'J~'illfl!tJ~elfl'VJ!~ V'\.J~!~tl"\ll tJ1'W ell111'J LitJ\I~\I'lhtJ 
1'\.J fl1'J fl'J ~~'\.J fll'J! 'il~ ty!~'lJ 1~~\I l¢ll~~l\l 'illflfl~lJfll'lJfJlJ~\lU{y~\I{)elfl1Jl!~'WrhJll1iTfl\9l1U n~ biomass ~ 
!~lJ ~'W 'Uel \I ~\I fJ" lr11~f1fllJ1l~U\91 n~l\l 'illflfl~tlWJ'lJfJlJ 

, c>i,I v 

4. f"f~Vlfi1~1JlJ5JlJ~lJflU (lmmunomodulatory effects) 
• v 

!'il1:'11 'Vi~UGtfflflll 'J ~'illmtJ~{)f)'VJ!1 tJ'WYl!~lJ"\I 1tJfil'}11'J!~ tJ\I~\I'Vi1J11ijH"1'W fll'J fl'j ~~'\.Jnl'J\91el'lJ{1''\.Jel\l 

fJn l~lU n ~ fll1lJ 191'1'\.J 'Yl1'\.J ~ {) f) 1'J ~~!~{)U 'lJflYi!~ tlU"~ 1Tf{1'Oel 1 'J fl l¢l,,! \lfl11f)~tlfll'lJfJlJ fll'J 'Yl~"el \I 'illflNn.Q 

~11-1111'W 11ell111'J!itJ\I~\I~ijfll'l !~lJ PG 'il~'l11m~lJtl\91'Jlfll'J'j el~~l\Pl'Uel\l ~\lU "~!~lJfll1lJI91'1'W'Yll'W~elfl1'j !n~ 
31 o.,J "I ,J """" dI ,J ~ dcl,J 0 dOJ OJ1'J fl 'Uel \I fJ\I fJ" l~l\91el! ')fel n'j {Y WSSV u,,::::! ')fell! 'lJfl'Yl!'J V Vibrio harveyi 1526 Gtf\l L')fel'Yl\l {Yel\l'W!1J'W!'lfel{1'lfl~'Yl 

v 
• "I 31 "" 31 0 q "" 31

flel ~11 Lfl~ f)1'J \911V'U el\l fl\lfln l~ -I b'\.J ~\91{Y111 fl'j 'j tl fll'J !'Vi 1:::: Wf.Hfl\l 

q OJ a': "" & ~ _3-1 a'~ & 
b'\.J {Y~1'W 1\91 'J ~ fl" crustacean 'il ~ !fl~ fl'J ~ 'lJl'W fll'j melanization 'U'W!lJel 'j ~ lJ'lJ fll'j tJ fllJ el \lLGtf" ,,! 'J lJ 'U'W 

'U 

"I a' ~I "I a'd "" 0 I a' dI "" & "I :OJ OJ 

l{)'W bGtflJ prophenoloxidase !lJ'\.J!el'W bGtftl'YllJfll1lJ{ylfl~\91{)fl'J::::'lJl'Wfll'J{1'\I!fl'jl::::11 melanin Gtf.:J'il~!fl~'U'\.J ~'U'U1 

!~{)~ i~m{)'U1GtfJJ prophenoloxidase (proPO) 'il::::!~lltJfl'j::::~'W!el'W1GtfJJ pheno)oxidase (PO) 11-11tJfl'j~~'W 
"I a' dI ~I I/) a'd"" d 9J OJ .... 9J OJ " 

!{)'W !GtflJ serine protease Gtf\l!lJ'W!el'U ~GtflJ'Yltlfll1)JlfltJl'Uel\lfl'lJ'j::::'lJ'lJ.fJtlfJlJfl'U'Uel\l!Gtf"" (S6derhall and Cerenius, 

1998 and 2004) 

.dl t rJ' d I 9J .d ~!V 9J dAd fjI 9J Q ~ 
'il1fl fl1'j fl'fllJ 1fl 'J \I'U 'il ~m 'W 11fl \I 'Yl!" V.:J ~1 tJ{) 1111'J fl \I'Yl!~ tl PG 'Yl fll1tl! 'U lJ 'U'W 1.0-3.0% lJ fl1'J! 'Vitl 

actIvIty 'Uel\l!{)'W1GtfJJ proPO U"~1'Wfl~lJ'Yl~"{)\I~dtJ\I¢lltJ{)1l11'j~!~tl PG 1.0 1W:::: 2.0% 'W'tJil'yh111'l~tlri1 
tJ~lllru!~~!fi{)~ i~tJ'Jltl!l\lflilfl~lJflTlJfJtlfll'J'Yl~"el\l (control) elu1\lij,lmhrlty (P< 0.05) !rlellitJ.:J~\lliJ'W 
n"1'U1'W 12 irtJ~lli (~\lu{y~\ll11'U~tJ~ 8 !W~ 9) U"::::UTI'~\lrh~l\l '1 TI'{tJl11'U\911'j1\l~ 6 ~\I'illflN".Q;'ll1!I1'W 
{)Ul\li'~! 'il'W11el111 1'j ~H{ytl PG 'il~ilm~tl activity 'Uel\l!{)'W 'Gtf:Ul'W'j::::1J1J.fJiJ~tln'W 'Uel\l~\I fl"1~11'Uril'W'Uel\l!~~ 

!~{)~tf'W 'il~ijfll1tlrl1rlty~eln" lfl'U{)\I fl1'J\91{)1J{Y'Uel\l 'Uel\l'J ~1J1J.fJiJ~lJn'W 'JllJ~\I!~tJl~el\l n1Jfll'J clotting, non-

self recognition, phagocytosis, melanization, encapsulation, cytotoxicity U"~ ceil-to-cell communication 

(S6derhall, 1999) 1'\.Jfl'J~1Jl'Wf)1'J{Y11\1 melanin J'W!~~!~el~'il~!~tJl~el\ln'lJfl'j::::1Jl'Wfll'j.QN1'W'YlH 
prophenoloxidase (proPO) system l~tJ semi-granular lln:::: granular cells 'il~iltJ1'Wfll'j'Vl111,r1~'U{)\I proPO 

system (Johansson and S6derhall, 1989) l'Wril'W 'U{)\I!{)'W lGtf:U phenoloxidase 'il~!iJ'\.J!tl'W lGtfJJ\9l1f!~Yi'1tJlw 
dI 9J 9J . "I9J(.

proPO system Gtf\l'il~\lflfl'J~~'\.J~lU{1'l'J'Wlfl polysacchandes !~ Sntunyalucksana, et al., 1999) 
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Group 
Body weight gain (g) Total length (em) 

8 week 12 week 8 week 12 week 

O%PG 8.05 ± 0.19
3b 

16.46 ± 0.47 7.26 ± 0.54c 9.88± 0.46
c 

l %PG 8.34 ± 0.343 17.08 ± 0.95 7.84 ± 0.54
3 

10.73 ± 0.50
a 

2%PG 8.30±0.lt 16.04 ± 1.31 7.67 ± 0.56
ab 

10.66 ± 0.54
3b 

3%PG 7.72 ± 0.34b 15.94 ± 0.69 7.45 ± 0.65
bc 

10.56 ± O.4t 
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. .. 
Vll':il.:.tn 5 ff~,jr-l(l'Ut!\I PG <fit! survival rate, FeR Hft~ biomass h'!~\lfJ(ll~l (black tiger shrimps) "'~\lf)l'H~tI\I 
31 31 ~I Il'R I <I I 

~ltlt!l"'l'lfJ\lr-lfflJ PG lLJ'WtlftTW1'W 8 H(l~ 12 ffLJ~l'" Uff~\lr-l(lfll mean ± SD 

Group 
survival rate (%) Biomass (g) FeR 

8 week 12 week 8 week 12 week 8 week 12 week 

O%PG 98.00 ± 2.74
3b 

94.00 ± 5.48 J63.44 ± 4.99 3] 5.18 ± 23.82 0.99 ± 0.03 1.84 ± 0.14 

1%PG 95.00 ± 5.00
b 

93 .00 ± 4.47 163.76 ± 4.06 322.88 ± 20.] 0 0.99 ± 0.03 1.79 ± 0.11 

2%PG 97.00 ± 2.74
b 

93 .00 ± 6.71 166.69 ± 4.33 302.22 ± 35.31 0.99 ± 0.02 1.91 ± 0.22 

3%PG 
100.00 ± 

0.00
3 

96.00±4.18 160.08 ± 6.73 311.56 ± 16.07 1.01 ± 0.04 1.85 ± 0.l0 

http:Vll':il.:.tn
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1000 a 

ab 
~c:

+oJ 
- 8000_

0- Q)
> +oJ 

~o 
to) .... 

nJQ. 
Q) 600

Cl 
f/) 

nJ E l!12 weeks I"'Co_ c:
><0

-- 400o E 
o f/) 
c:~ 
Q) c: 

..t::::::I 
0..- 200 

0 

control 1.0%PG 2.0%PG 3.0%PG 

, I ,.. I 

_I q 'j/ 0 "" "" "'_ 1 a' 3J "" "" ') q "I a'
llJ'YI8 Total phenoloxidase activity '1JO~fJ~fJClI~I'YIU;HJ~'WI'W 12 {11J~TH~1t10TVI1';i<YH\9l')Jt\lCl t'VfClU9fflfll t';i~\llf) 

tl1~Of)'YJl~ tI'W (PG) 1~mt{1~'H1J'Wrhm~tI ± fht~tI~t'U'W')Jl\9l';i~TW (SD), Control = 0% PG . 
. . . 

, " t:::::t ~ Q.J 

a, b, c = fll1lJU\9lf)\9l1~';i ~l111~f)~')Jf)lJ'YI~ClO~'Y1fl11')Jl"lfO')J't-.I P < 0.05 
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~----------------------------------------------------------------~ 

!.12 weeks It'

control 1.0% PG 3.0% PG 

2.5 -r-----------------------.---, 

2 

E-::J 1.5u. 
0 , l-
0 
~ 1)( 

0 
::I: 
t

0.5 

a 

ltl~ 9 Total hemocyte count 6ijfJ~t1~fl(n~'h~liu,nnu 12 i1Ll~1t1~dUfJ1Vll'~~L~hJL"ft 1'\t'1~LL9fflflll'j~"'mLl~fJf1 
'VJL~Uh! (PG) 1~£JLLtH1,1L1Jh!fhm~£J ± fhL~(J~L'Uh!lJl~~111h! (SO), Control = 0% PG. 

. .. 
a, b, c = fldl1HL~f1~1~'j~Vlil\lf1~lJf11J'Vl~ftfJ~V)fldllJt~fJlJh! P < 0,05 
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V1nl-:)~ 6 Nft'\Jt)~ PG ~t)iJiJ~lJnUh.J~1~~11~~fhWl111'jNft'lJ PG L'iJU!1ftlU1U 12 iYU~ll1 uft'~~fh 
mean ± SD 

Shrimp Control Shrimp basal diet with PG 

Immunity tests 
number (0% PG) l%PG 2%PG 3%PG 

THC 
1.33 ± 0.36 bIS l.74 ± 0.64 a 1.68 ± 0.41 a 1.48 ± 0.37 

(xl0
7 

cells/mO 

ab 

ProPO activity 
40S ± 19S.19

c 
721.08 ± 20S.27

a 
633.80 ± 164.99

ab 
S34 .66 ± 120.88

b
IS 

(units/mins/mg 

protein) 
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CjJ oci~ 3J d4 1 ~ ~ \f} a' 

fJ-:JfJ(llm'Vl!'HJ-:J~lUen'l11,)'VH\9llJ PG 1.0-3.0% l!f1'~-:Jm!'V'llJ'U'tJ'Utl-:J activity 'Utl-:Jltl'U lCJ5lJ phenoloxidase 

c::i I. 1 .d <V 0 Q.I fj} 0 ci ~ C).I d .c I ~ & 
'Vl'l-:JflllmJlJfllUfJlJeJU1-:JlJ'tJUf1'lflll!!I(l~fJ-:JfJ(llm'VlmU-l~1(Jm'l11':i'Vl!fllJ PG 10 !!(l~ 2.0% Uf1'~-:Jfl11'WlJ'U'U'Uil-:J 

d~~lfteJ~ (P <0.05) lJ1fl fll1fl~1JfllUfJ lJtl U1-li~1 \l 'U~,:j Hf1'~,:j1'tJ 111 ~ 8 lW~ 9 \9l1lJ('~h~U 111lJ1UH~~lfttl~ 

1~mllJ (THe) 'UeJ-:J~-:JfJ(ll~'h~!i(J'I'l-Il'U 90 l'tJ~~ruHfJiJ 24.2-27.5 "c hn~uuJ1l'Ul!Uu1J~ ,rU~l'Ul'W'UeJ-:J 
cj ~ 1 9 9J "" , d' '''' 7IlJ~meJ~ ~(J I'M haemocylometer (Rukpratanporn ,1999) LfltJm 1U,:j1'tJl1lJfl1tl~'Vl 1.35 ± 0.56 x 10 cells/ml 

'UtlfHllfl.Q Lee W'l~ SiaL! (2004) lJi'1~r11 THC 'Utl-:JQ-l~li(J-l'tJ1'tJ 49 1'tJ ~~ruHfJiJ 24.2-27.5 "c 11.1 aquarium 

tank 'WU11lJri1 1.52 ± 3.69 x 10
7 

cells/ml ~-:J\llflNm~,:j'l1lJ~~111f~'Wf1-lNn'UD-l PG ~Unl,)!~lJ')~UUfJiJ~lJn'W 

5. Challenge test 

5.1 WSSV Challenge test by cohabitation method 

NOnl,)Mn1J1~-:J1U~ 1 0 Uf1'~-ll11I~'tJ il-l~\Ol,) 1nl,) ') tl~~l\Ol'Utl'lQ'IfJnlIP11~~li(J-lJi'1(Jen'l11,) Q-l Nf1'lJ PG 

Q.I ~ ,.,~ ~ \ ~.:. 6 Ij} Q.aC 

'U1'U 12 f1'U~111 Iln~i'l1\9l~I'Mtl h')Q.I

f1'~lUl'lfeJ WSSV 10 cells/ml (1 :30 dilution) ~lUl1j cohabitation method 

rp , I .::!l iJ '" 1 , '" ,~ ~.::::Ict ,., 

1If1'~,:j~lUfl1 relative percent survival (RPS) u~U'IUDflf1'1fll1lJ\Oll'tJYI1'U\9ltl!'Mtl WSSV ~tJfJ-:J'VlmtJ'I~1(Jm'l11,) 

~1~lJ PG 1.0.2.0 Un::; 3.0 % 1If1'~'1r11LUtl{!c]'Ul9l'nl,),)tl~~l\Ol~U'lfll1n~lJfllUfJlJ nl,) Yl~ntl-l(control) 'l1~-l\llfl 

nl,) 111'~~I~tl'W 1'U 9 l'U ~ '1~-:J 1'tJ fl~lJfllUfJlJ \l ~\9l1U'l1lJ~H~ tl~ ~m 1nl,) ') tl~~ l \9Hi~n'l u'Ul'Vh nu 0 ril'U n~lJ 
'Vl~oeJ'I~liu'I~nJl'U 12 rrl1~1r1Ji'lUen'l11')~iJ PG 1.0. 2.0 lII'~ 30% ntl'tJl~lJnl,)'Vl~Otl'l111'~~!~tllm~'WU11 
Icril'11'~~!~tlu~iJ~\9l,)lnl,),)tl~~l\Oll'Vhnu 76, 100 Ilo~ 83% \OlllJ(11~U ~-:Jf1'il1Lll''tJ\OllJ1'l~ 7 !lO~''UYlf(Y1N~ 

'jJ '" 'jJ' 1 9J 0' ~ " 9J "''''' 9 • 
f1'tl~flotl'ln'WN(l'Utl'ln1,)\Oll'tJ'Vl1'tJ\OltlJfl'Utl-lfJ'IfJ(ll~l\Oltll'Mtl WSSV ~ltJTD cohabitation method !'Ufl'llJ 

'Vl~Otl'l~!ifNJi'lUtl1'l11')~iJ PG 1.0, 2.0 !ln~ 3.0% ntl'UnlJYhii1~~I~'eJ 12 A'u~n,}1 'WU11lJri1 percent 

mortality ~~lnl1r11~'WU 1'tJn~lJ cOlltroll'Ul'U~ 6 'l1c1'1u1nnl,) 111'~~I~eJ~'1ri1 mOl1ality (%) 'U'B'I~-l~!itJ'I~lU 
tll'l11,)~lJ PG J .0, 2.0 I!n~ l.O% 'U1'U 12 rrl1~ l'I-1lJri1 13, 0 Im~ ~% \OlllJ~l~U 

fll,)li(J'IJi'ltJeJ1'l11J~iJ PC; neJ'W'U I'U 12-ffU~11r1It~Ty'h'11~~I~tl WSSV Y>ju';il111'fi1 RPS 'l'l1~UtlU 
fllllnrucvl60% ~'1()'B1Ji'111~'W fish vaccines ~iJU,)~~'Vl~f11'W (Amend, 1981) VlUl1r11 RPS 'Utl-:J~'1~li(J'IJi'l(J 
tll'l11,)~lJ PG 1-3% iJr11U'Inl160% \9itll~tl WSSV ~'1()tllJi'll PG 1~'UTI'lJ~951Ul'Ufll,)~l'U'Vl1'U~tlI~tl WSSV 

'1 11].1": "" 'jJ '" 1 9J 1 9J Ll 9J
0ll9)tJ lU!'Wm~UUfllJ\9ltlUf1''Utl,:j'Utl'llJlJfJlJn'U 'UfllJ\Oll'U'Vl1'U ')fl'Utl'lfJ-:JfJ(lll9)l . ~ 

5.2 Vibrio harvey; 1526 challenge test by immersion method 
.

~...." ..::::t,~ ~, 0 ,)).<::::0 ~ 6 
No'l1eJ~ f1l'H1f11lIfl\Ol ') 1fllJ J tl~'1flfl 'U 0'1 fJ'I\OltlfllJ 'Ill 11 \Olm'Mtl Vi/)iiv harveyi 1526, 'U'U 119) 1.47;.; 10 

. '" . 
CFU/ml ~ltJl~ immersion method l'Ufl~lJ'Vl~otl'l.yj!~(J'IJi'lVeJl'l11,)~1~lJ PG 1.0, 2.0 Ilo~ 3.0% 'U1'U 12 

~U~lr1ntl'U fll') '1114tlI!Uflyh~ tJ 'WUll1Je)\Ol ') lfllJ ') tl~~l\Ol U'I nl1f1~lJfllUf} lJfll,) 'Vl~(ltl'l (control) l~Nml TI'~'1 
~'1'l11~ 1 1 'l1~'1u1flVh111~I9)I~tl!l Ufl.yj!~ tJ'tJ 1'tJ 4 l'tJ Vl1fllJ r11'tJlrufi1~" ()19),:j f).:jfllllJ~l'U't'll'U \9itl fll') !f)~h fI ~ eJ 
" . 

l~tl Vibrio harl'eyi 1526 1!()~-l1~'tJr11 relative percent survival (RPS) l!f1~ percent mortality (\Oll,)1-:JYl8) 'Utl,:j 
• 'jJ. • I 

, .c;:I.c:t. V d ~ .::9 .::::t I d 0 Q.J 

fl'llJ'Vl~oeJ'I'VlmtJ'I~ltJtll'l11J'Vlt\OllJ PG 1.0, 2.0 fln~ 3.0% CJ5-llJfl1 RPS values 11 3 L 36 !lf1~ 22% \OlllJfll~U 



28 

. 

survivaI rate{'Yo) 

100 
--*- control 

-G-1.0%PG 
80 

-A- 2.0%PG 

-e- 3.0% PG 
60 

40 

20 

0 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Day 

111~ 10 B~11flll1f)~;1~'\Jf)~n~fllllfll~111~~14fl wssv 1~w1li cohabitation method l1"~~l1f1~~i{J~o~~';w. - .~ 
.,;~ 

fll'»l'nllJ PG ~fl11lJl~lJ~t.I }-3% 'Ult.1 ]2 ih.j~1111~{JUff~~lrlt.lftll~~ml1f)flll·)'h~13 J1Hll:: control Afl 
'JJ 

. ~ 

flTYI1'H'W~t1~~lhm PG 

: . 

. 

, 

I 

! 

i 

J 
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, , jI 

.,. • J! 0 dO'''~ .c!I 1 ""'.,.Vll1H'YI 7 f11 Relative percent survival (RPS) u,,~ percent mortality 'U~FhJ~fJCll~TYI'YI1 'Y/fl~!')f~ WSSV ftU11i 
, jI jI .,. • '" ~ .... .,. l""""'.c!I QI .,." 1!cohabitation method lJfll Cumulative mortality tW~ RPS 'Y/1 ~¥I nnu'YI 6 'U~~f)Ti 'Y/~ft!')f~'Y/"~'i)lm"U~fJ~¥l1U 

" .d.,. QI r/1' 1 " 0" .dlY. ' ~l'Y/l';ifJ~'YIlJ PG U1U 12 ",11ft1,.., ~Wf)'llJ Control ,.., 0.0% PG. n = ~TU1UfJ~'YI "D lUf)1';i'YI~HHN1UHfl"~f)1';i 

Mean of 
Shrimp group Mortality (%) RPS (%) 

dead shrimp/n 

Control 4.3/8 54
8 OC 

1.0%PG 1.0/8 ]3b 76
b 

2.0%PG 0.0/8 OC 100
a 

3.0%PG 0.7/8 9
bc 

83
b 
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suvival rate(%) 

100 --------------------------------------------~ 

80 +-~~~--------------------------------------~ 

20 +---------------------------------------------~ 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Day 

~control 

-B- 1 .o%PG 

--fr- 2.0%PG 

-9-3.0%PG 

, " 
_ • .,.... """" ~ O'.!l 6 ~ """" 

llJYI 11 tJlIdlf11d'l<H)fI'lfll1~tJ~f.!~f.!ftlf1111fW)ft) Vibrio harvey; 1526 ~'Wlf1 1.47x 10 CFU/ml "lU1l) immersion 

method 11",UiU~~lUtJl111d~l~lJ PG ~fl111Jl~1J~'W }-3% 'WTU 12 n\Jf\ll1 lf1mlnfl~t.rJ'Wfilm~fJ~1f1f11d..;lJ13 
J1Uft~ control fltJtJll1l'HitJ~~.:J~'l.iij PG 
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~nn~~ 8 Relative percent survival (RPS) EU6~Q~fl111~1~hH46 Vibrio harvey; 1526 ~1tJn immersion method 

, "'" "l .... .d "",.l"j
hWfll Cumulative mortality u,,~ RPS ~~1tfl'l1~11 'U1'U'YI 4 EU6~f)1'l~~H'I16 l~W Control = 0.0% PG. n = 

~1'U1lHl~~ln'Uf)11'Yl~"6~l'Uu~"~f111yh 3 <il 

Shrimp group 

Control 

1.0% PG 

2.0%PG 

3.0%PG 

Mean of 


dead shrimp/n 


4.7/8 

3.3/8 

3.0/8 

3.7/8 

Mortality (%) 

59
3 

41ab 

38
b 

ab
46

RPS (%) 

0 

3] 

36 

22 

a,b tlC)~ c = f)~lJ'Yl~"6~~iifl11lJU~f)~1~mh~ih!mhrlty (P < 0.05) 
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'\lw::~ij percent mortality nilo1J 59% l'Un~lJ control ~~ijtll~~n'hn~lJ~l,rfhHnl1l'HH"lJ PG ihh morta1ity 

(%) ~ 41, 38, U~:: 46% l'Wn~lJ ), 2 U~:: 3% PG "llJ~l~1.J (911dl.:J~ 8) 
, ~ t'JI , 0' .c!i.<!l.' ~ ~"* 

tl1 relative percent survival (RPS) fl1d~~ ~lJ'UtHJn11lnWCV1 60% 'iH~::t;)tl11'U'U fish vaccines 'YllJ 

'lhdY'Ylnil1l1 (Amend, 1981) ~~nld'Yl~~tl.:Jl11.J':hfh RPS '\Itl~tll11l'HifJ.:JQ~~t~lJ PG 2.0% ijfh~~~tl~nil 
O~lJg'W'l tld~ 36% 1'Wri1'W'\Itl.:Jtll111d~1~lJ PO 1.0% iJth RPS t'vi1f11.J 31 % (~~~lniltnWcvl60%) ,rltl,VlrJ1.Jf11.J 

I .J d I .... ~d t cv .... 61 'JI ... 
fl'llJ control 9f.:Jllflll'Yll01.J 0% '\IW::'Ylll percent mortality l'Ylln'U 59% l1~~~nfl ~11 infect 'Wl'W 4 1'\..1 H~'\Itl~flld 

II • JI ~. 


'J/ "'" 1 I..!I 'JI 0 dd 'JI d 'JI d"" , 


~1'W'YI1'Wnld!fl~ 'lfl~tlt'lftl Vibrio harvey; 1526 '\Itl~fl~fl~1~1'Y1mU\l~1Utlll1YH~U\lfl\l'YIt~1l PO 1.0-2.0% fltllJ 

fll'l1,r~~t4tl 'WllJ ] 2 iftJ~l..r 111.J11')bm~lJer~'llfll'j·H)~~1~'\Itl.:JQ~,\~'W'j::~'U'lh'Wn~H (ti1tl~"lfliJfh RPS 

~lfli160%) 

• 
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.ci "l rI ~ d d cf ~ 0 , 

lll(ll'Vi(lUC}lflfll L'Hl1l1mtJ~H)O'Ylt'HJ'U'Ylf'HflJ(l~hJeJ1Ml'H(ltl~fl~O(l1~1 (Penaeus monodon) ll~'lfJtl"W. . . 

9J "'" 9J~"'" .c::.1: ~",,;.J' 9J ,,;""QI<V 

Ol':i O':i ~'fl'W 01';) lll';)ty'UeJ~fJ~C}I~'Vi 1l1':i rul~lOOl':i l'VilJ 'U'W 'Utl~'W 1'Yi 'U O~lU(l~ biomass C}I~fJ~'Ylt(ltl~~ltle 1'Yi 1';) 'YlL~lJ 

~ : Q.I <V ,J d 9J ~ C1 QI I d d jJ Q.I c' 

PG 1.0% ~~l'Vi'lJ'Wlrt'W01l1H(l~ biomass lJl0'U'U!(lO'WeJVllJet'Yltl'Uo'UO'llJ control tlJe!(lV~fJ~'Ul'W 12 ~-U~lM 
I oQlycid g) ~~ _ d ~& d!J} I c:lCVOQ./ 

~1'W fll1lJVll'Ue~(lWIJfJ~'VH" V~~lve 1'Yi l'J'Yl L~lJ PG 1.0-3.0% 'Vi'UlJfll1lJ tl1l!'VilJ 'U'W!(l O'W e tl'0Vl~lJ'W tltl"lflty 

!rt'0tYlv'Un'Uf1~lJ control l'Uril'W'Ue~fher~,;)lfll':i';)e~;i~H(l~ feed conversion ratio (FeR) 'Ue~Q~~!itl~~ltJ 
eJ1'Yi1':i~!~lJ PG 'Vi'U11111ijfll1'lJU~ol9il~!Yltl'Un'Uf1~lJ control 

~(ll9ie':i~'U'U.fJiJ~lJ n'W 'UeJ~t1,:nf'W 'Vi'Ull1 'Vi1=iUC}lf1rll1 ':i 19l'~t~lJ(l~ 1'W elM 1':i 'lhm~lJ ~ 1'W l'U 'Ue~ !~~ !~e~ 
t1~~!iV~~lVtl1'Yi1'J~!~lJ PG 1.0 u,,~ 2.0% 'Wl'W 12 fftJ~l'l1'!rte!Yltl'Un'Uf1~lJ control ~!itl~~ltltll111'J~111iJ 
PG l'Wril'W'Utl~ activity 'Utl~!eJ'W 19f,J prophenoloxidase 'Utl~Q~ ~ltltl1'H l'J~!~lJ PG 1.0-3.0% 'Wl'W 12 ft1.l~1'l1' 

ijfh~~f111f1~lJ control ~ 111 !~lJ PG 'We 01l10ri!~(l1'Vi~L!9fflfl11 'J I9l'1l1mtJ~eO'Yl!1 tl'W ~!~lJ(l~ 1'W tl1rt1,;) titl~f{~
cu ~ q q 

." , I , 

1.0 U(l~ 2.0% djeJyhll1~~t:}feJ 'Vi'Ullf11':if)'UeJl'Yil':iQ~Yl~~lJ PG 1l~'lhmYilJe)~':i1f11'J'JeJ~;i~U(l~!YilJfll1lJ 

J11'W'Yl1'W'Utl~Q~fJ(l1~1I9itl l'Jfl1l1m;eJ Vibrio harveyi 1526 !!(l~ white spot syndrome virus (WSSV) 
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iJi~) ~'W'Yl{m'Yniu, lIu~f~n.r ~U'Yl{fl~'YnG~u llC\~~u'Wn 'W':)14ftllJ1'JO 

OJ , 

1J'Ylfl~£W 

lrhci'ufl'Uftl) 1'W~llCJfflfll l'j ~l1)c\ (PG) ~l,rr-tftlJntH)1'H l'Hiu':) ln PG L1n~Hllmll~Bfl'\JB,:)~C\'VJl~UlJ 

(Durio zibethinus) 11lU ftlll 'W fl~fll 'W ~llCJffl fll 1'j ~~lJtl 'Yli~B.fJiJ ~lJ tll-Hlc\~~l'Wll 'UflVl t~ ul~ flll flfl1:lll1n 

i~fll1'j ~L1\lAl'Ufll'jl1'j~lihHh~ffYlljfll'W'\JB\l PG l'WiTl'W~ Bl'\1 YHL1~lJ 1'W~1'W fll'HvilJJ1"'Ufl fl~':ilUnmifu. ~ 

fll'j C\~1fltC\L1l~H),H)c\ fll'H'~ ~l'Wl'UU'lJflVll~ V1flV'jdlJUC\~ciC\ lUl'U c\c\ll'UlqIC\'\JU\l lnrd'B irilci'B ~l'Wd'W 80 ~d 

ll'U\llriBufl l~U~lJl'LJ'U 4 fl~lJ'lC\~ 2 Jl lnfl~lJ'Ylflc\B\l1,rVl'\11'j~lfl~B1J~lU PG ''U{)~l'nriTw 1, 211C'l~ 3 fl'i'lJ 

~B 100 fl'i'lJU1'\1l'j 1n ~llJih~1J UC\~ lrifl~lJfll1JfllJl,rBl"'l'jif'U~l'W~llilL1~lJ PG llJ'UllC\l 42 1'W lO'VJfl1id 

'~ftJ1fl9h.rt1v\ln'U1'j fliJ1f11m91c\Uc\~ltJB{CJfl{)mL1'lJ~~~B vilrnnJ'U'Vimil"'Uf11il1ri ,j~lJ1UW1"'1'j~nu l~B 

l~iil'UlruU\'\1'Un~l'~lJ~'WUC\~{)~'j lunm.crB(FCR) In'lJ~1BV1\ll.JCl lriL1~l'lf1 1 El1~l"ril'Wi'W'l~nl'J'Yl~'W\l l~B 

~'jd'il"'l~l'Ul'WUtJflVll~Ul~u'jllJUC\~ciC\ llJl'WC\C'l11UlJCl lrlL1~ Yilnl'H'ill~l~B~ iri'Yln 1 El1~TM'il'WilJL1~lfn'.i 
'II • • 

ftG~'\JB\lJlt1Uf11rl~1~lJ~'Ul'Wf1~lJ'Yl~c\B\lUC'l~f)~lJfl11JfllJ ~B1Q 421'W'rln~lJ~1~'i'tJ PG lJf>h FCR UBUf111 

'rln~lJ~llil~fll PG VU1\llliljuu,hfity lri'Vl~C'lB\ln~lJ~'~f1J PG 'WlI':illUEl1~l"r~ 4 lj~lUll-HLtJflYl(i(J 

l~U'.illJl'U'lq!o lri"1flC'l~n\l 81-97 % BV1\lljumhfity (p<0.05) lrlVl'VlU1Ji)1Jlrin~lJflTUfllJ~llil~f1J PG ,j~lJ1W 

l4BiClllJl'WClc\ln~Cl\lBV1\lUn~1ju{Jthfity'Vll\!fti)~ UC\~llh"i1J lfllC'li1'\JB\ll~BciC\ llJl'WClOll'WEtJ~n"r~ 6 Um~\l 

lrln~lJ~l~i'1J 3%PG lUB1'Hl'jihHlJlru lfllC\m~B'.iBnhU.crB iriuBuO'hlrlfl~lJ~lli'$i'i'tJ PG BU1\lih!ml1ft'ty 

(p<0.05) illnfll'j'Yl~ClB\lL1llJl'jflft~111f1'11 PG ~,mt1lJ h.JB1'H ldlf'U~l'U lliiJm'l~vnl'j l 'il~ tlJl~'U 1~ ~vf)lll~lJ 

Jl",trfHLO~fh FCR'\Jv\! irl U~iJUc\~~1'W1'WUtJflVll~Ul~£JdllJUn~ciC'lllJL'UClnll'WlJC'l in{l'~ i~~ irl~oue:nl1n 
'II 

~H{l'lJ 3%PG 'il~lJ111lJlru lflmftt~B)vC\ lWn~llJlifBBnlri~lnll'nn~lJ~ilii$i'f1J PG ~\lJ'WBlill~tJ':i~ lU'l1U 

'\JB~ PG l'th.-AL11':l·lhmft~lJ l'U vl'H 1'j lrlL~B"lilm~lJfll'j~B1Jt1'W B~.fJiJ~lJi)'U'\Jv-:J lrlHC'l~ LL1~lJ'l'\J.f)l'Wl'W10lifBl~ 
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Research Plan Bioactivity and uses of polysaccharide gel from durian fruit-rinds as 

antimutagen, immunomodulator and anti bacteria 

Project Title Effects of polysaccharide gel extracted from durian fruit-rinds on immune system 

and cholesterol reduction in chickens 

Name of the Investigators Niwat Chansiripomchai, Piyarat Chansiripomchai and Sunanta Pongsamart 

Year 30 September, 20 II 

Abstract 

Broiler chickens were fed with polysaccharide gel (PG) mixed in chicken feed. PG extracted 

from fruit-rind of durian (Durio zibethinus Murr.) is a pectic polysaccharide having the immunomodulating and 

antibacterial activity. The objective of this study was to evaluate the efficacy of PG as a feed-supplement diet 

on weight gain, fed conversion ratio (FCR), reduction of cholesterol, reduction of total bacterial count and 

Salmonella bacterium in feces of broiler chickens. Eighty of I day old broiler chicks were randomly divided 

into 4 groups of 2 replicates each. Experimental groups fed commercially available broiler diet coated with PG 

I, 2 and 3 gil 00 g diet, respectively, and control group fed basal broiler diet without PG for 42 days. All 

chickens were vaccinated with Newcastle and Infectious bursal disease vaccines. Chickens weights were 

measured and feed intake was recorded, weight gains and FCR were calculated. Feces were sampled every 

week until the end of experiment to evaluate the total bacterial count and Salmonella bacterium colony. 

Chicken blood was withdrawn every week to examine the immune response against Newcastle and Infectious 

bursal disease. At the end of experiment, chickens were euthanized. Cholesterols in chest muscles at 42 days 

old and plasma at I and 42 days old were analyzed by HPLC method. PG did not affect on chicken weight gains 

in treated groups, total weight gain in treatment groups were not significantly different from that of the control 

group. FCR values at 42 days old of PG treatment groups were not significantly lower than that of the control 

group. At 4 weeks old, total bacterial counts in chicken feces were significantly reduced and exhibited 81-97 % 

reduction in treated groups comparing to the control group. The Salmonella bacterium was much reduced and 

these bacterial colonies were not found at 6 weeks of age. Cholesterol content in chest muscles of broiler 

chicken fed with 3% PG feed-supplement diet was significantly lower than the control group. The results 

suggest that PG did not affect the weight gains and FCR in broiler chickens whereas the effect on high bacterial 

reduction in feces was observed in group fed feed-supplement diet contained 1-3%PG. Chicken fed with 3%PG 

exhibited a lower amount of cholesterol in chicken muscle than control group fed the diet without PG. It may be 

conclude that PG from durian-rind may be useful in diet for the immune response and health promotion in 

broiler chickens. 
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ll11~tl{;lfHm~ff~flf)fl'YIt~ u'W1'U'l1~lJlru lJltl ~~tt~1J 'W.f1. 2544-2554 1h~t'YIffl'VWff~f)etl'YIt~ V'W l~m\lftuiJ 
'V q q 

n~lJlf)fYh 12 ~1'W~'U (~ltTfl~TUtf1''JfliJ n1ltlTHtl1:J~'J 1~Ufll1lJ'i llJti fl'tl"f)~tl'JlJf1"tlltlJ) 'YIl~ tJ'U rth.J~n'l1~ 
... q 'I 

~flU1YltJUUlJi'lJ,j'J~ 'YIl'W ff ~H{;l111'tnCflt'l1fletl'YIt~ tJUtM ~"f)~lfltll'J 1J~lnfl1'U u~ lJltUlJltl ~~fll:orifj1Y(ln~
q 

'W{;lfl(J '~~lflfllJ t'Wl~11" fl'YIl~ tJ'U tm~'tIU~!UTItltlYlt~ UU~tM TIf)~ lfl fllJ lJ!lnfl ffl'J fffl~1l1tltU~etlYlt~ tJ'U~ 
'II 'I q q 

~ ~ Gt <S 4 i .d lIJ cI & .d <l..I ~I 9J 9 ""'1 
tlJUYltY'U ~~fl'fl1:Jl fltl ~l1{;lW1fflfll t'J~t~(;'l (polysaccharide gel; PG) C}f~lJ{;ltlflru~tu'Utff'U ~tJffllJ1H)lJ'l ~nfl 

II] 'j) .d ~ II! 'j) & c1 "9 cl ~ 0 OJ .". <l..I" OJ 

~~ (dietary fiber; DF) 'YI{;l~(;'lltJtn t~ C)5~lJUJ~ lU'lf'W t'Wtll'Jtll'Uffe (excipient) 'ffl11JlJr,..m~nruCVl'YI1,:}t.fHY'lf 

fl'J'JlJ (Pongsamart and Panmaung, 1998) ttcl~iJfJUH"lJ1J~lUtllJ ~l'W'YI1'WHlJflVh~tI (antibacterial activity) 
iI 

(Pongsamart et aI., 2005, Pholdaeng et al., 2005) 'Uflfl~ltliJ PG l1i'ffllJl'HltJflfHl1t1 (hydrolyse) ~lfl 
cl II] "9 "'" & lI] 'j) QJ <S I .d A I i a' I 

!flU t<]lHUJ~'U'U'Vll~!~'Wf)1111'J (Brody, 1999) <].:} DF t~'j'Uf)1'Jfl'fl1:J1JllJ1J'J~ ~tllJf'W~tl~'-'fll'W 'ffllJ1Jtl 

l1fl'lf)U L-lfl ttcl~!1JUtll'Ji'tlln llfl~ltlfll111'j (nutritional therapy) (Gal1aher et aI., 2002; Jenkins et aI., 
iI iI 

1997; Lu et aI., 2000; Wolk et ai., 1999) 'Uflf)~ltlijfll1lJl1{1~'tIf)'l PG l1jflflru'fflJU~ltHllJ~~tllU{;l~'Wfl~
q cu 

~lflflm~Ut~ml1iJvl ri'HHl111' PG ffllJl'J ()"f)cil'Wfl'j~t'Wl~tm~ih1ffl~lCf1t11:U()tlci"f)v iCfltlJlciemm~1,jtlf)
'II 'II cu 

~~clflJ114th1 f{ v'h1M'()fl~1JcilUflfltl~1f)'YI1'l t~'W fll111'J l1J'Wfll'H~lJf)lflfl~~lJ ~ ~~ri~lifi1~~flJ~lJlJ~lJril 
'II 'II q 

uft~YnY:htYl'J ffn~!:Ofll1fli)uctlfwI11J~~~ flfHnlJt1'l'j t}1111J 'Wl0ftll~ ~~iJflJllJffllJl'j tl1'WfllJfl~ 
. . " 

lflmff!~t}'Jel(l1'WtTIe~ (Cynthia et a1., 2000) tll'j1J~lflfl DF 1'W1l~lJltuYiri1lJ~'W~~~JVflJlJfllJflJllJU114 

(David et aI., 1984) {;l~ ifltntYt~fl'J"f)~1'Wl1(lltYlJl (;l~fll1lJt~U~~fll'JfI'l111:o If11'i'Wl~ U(l~(;'l~fl11lJ 
'j) "" = 1 31~'I _91 QJ cl 0 ~ 'j)
~fl'lfll'jfl'W1!"'W 'WrjultJt1Jl1111'W (Kiehm et a1., 1976; Wood et a1., 1994) ~(;'lfl~~'U1Jfl~f)UlJ~!J...'l(lllff 

iI • 

rilU lr){;)t}'W (Freudenheim, 1990) '4flO:OltlU'W1Jl1 PG 'lirt'li1v1ul111'!nCflfll1lJl1JUvh-J!Utl'U'W"'Wlm~ 
,.. 

fll1lJ!1I'WVifl!~e~r~lul1~n'j~U(;'l~l1lJ'lJCJ1 (Pongsamart et aI., 2001,2002) 'WlJl1 PG lJUJ~ lU'l$,r''Wfll'j 

_IV AI =31 .", G}" 0 ~ " 'j)

1J'jU1J~~'j~lJlJiJlJfllJfl'W ~Ufl~fl(ll~l (Penaeus monodon) (Pholdaeng et al., 2005) :Oltlf)lJ'Vl~(l"f)~!Uel~~'\.J 
,.. 

luln l~tI Chansiripomchai et a!. (2008) l1lJl1 fll':iHtYlJ PG 1'WfllY'll'Jlrirwfl 1'W~1'W~1~Q!~lJl~lJ''\.J 
iI 

fll'ttl'j (feed additive) lJu'Wl1UlJ 1'W tll'J f)'J ~~'W .niJfi'lJf1'W !t{;l~(;'l~ 1 rH(;'lfft~fl'Jflfl1'Wf)~llJ!ile1ri 
'I 'IJ q 



,. . 
lfl9$14 i'lfl~~H:jfV '1i'{YYirilfltl.J1Jl~6)$iJ~ 114 1n 

2. th::1ihnh~i1'Vl~fll~'\JV~{yl'l{Yn~ l~ftU9fflfl1' 'l~'illfH1J~f)f)'Vl'1 tJ14 114fll'l"~1fH""'U~V'lV"1U q 

.. 
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",,"q ",,"v 

11ifll'j11l[J 

.cI ~.cI lIJ o! _I.o!t q
1. fll'j~VI'j[JlJhl"&'rHU&CUflfll &'j~ (PG) 1l1flhJilflflfj&'j[JU 

1.1 fll'lUtlm1lilln~WUflfll''j~ (PG) 


l'lltll'HYf)~ PG 1l1tl!-Ui1flfl'Yl!~ tI'U l~tI't.h!-ui1 flfl'Yl!~ tI'W~~l~\J1r,1lJfl'U 'YIfl~lJl~,.·n11f1111HY~fll~

q q .. 

Ul'1 t1tJ~Ur;\'1fl1JUM~~1t1 hot air oven ~tH;Ul1 nil 60°C ~ltlJ'WlntJ~1flrj,~111'U~lu'W~'Ufll11l~'t.h!1Hlflfl 
.. <u 

').I Q.I .& Cj 0 <:od 

!ll1~lJl~tl~lWtl PG 95~fl';i~lJ1'Ufll';i ~'Wfll';iUtlfl PG 'YI1~llJ11itll'j'\Jfl~ Pongsamart !m~ Panmuang (1998) 
v ,~ • 

Un~ Hokputsa (2004) ~~ ij vllfll';i~lJ!-Ui1flfl'VJ!~ tI'U UM'lYh~1 tllJ~l~~'U i 'U U lfl-ft'Ul1j lJWlJ 25 rYh'\JD~ 
: '" .cI ').I Q.I ').Ie:: ').I ').I e:: Q If] ').I:

'Ull1'Ufll,jn'Omll1~ ll':ilJ pH iVl!u'U 4.0 ~1t1 citric acid ~:lJ1lJ'Unnl'Wl'U 45 'Ul'YI fl'jf)'l~'U ~~'Wlfl';if)~h,. 
~ v 

Ur;\'1Ul'1 ,j';i~ll1t1Ul~'U,j''Ul1U~Un~~fl~~flf)'U PG ~1t1 acid-ethanol (4% HCllu 75% ethanol) ~lflU'UUl 

PG ~l~'1t1t)tJUM~~ 60 
0 

C U~1lJ~1,rn~lfltl~ ~~~~'1¢\,~~ PG i1111i1D~u\~nneiD'U 
1.2 fl"HVI~tllJ PG tTl'H~'Uf..J~lJ1'Ufll'Hl'j!~tI-3'n (feed-suppJement diet) 

v 

Ul PG ~lmtJ~Dfl'VJ1~tI'Ul~lJn~'UDl111';i!~tI'llfirill1flJfl~lJ'Vl11nf)'l lu-ujlJltu 1, 2 Un~ 3 flflJ~f) 
v " • " 

f)1111'j l~V~ lfi 100 flflJUn~1~Dll1l'H~U~ In.n'1tllJfll';i l~lJ PG t~U!-l~lJfl1lJfJlJ fll'j ~tt'lJ PGh.J fll 11 l';i 1~ V~ 
v ,t " 

In vb 1~utJ1H~ PG tJjlJlill 1, 2 Un~ 3 flflJ lJl~fflJUllm~'VhHY7Dlf1~DlJlJUDl111'j!~tI~'1nril11~';itJ'l1tJ11 
, , ", <u 

1~~Yl~111111t1''Wl1't)'l~nl~ (Betagro, Thailand) t1jlJlill 100 fl1lJ lY7D '..rl~Dl111';i!~tI~ '1n.nlJ PG !tt'jlJ1U 

f)l11l'J 'U';i~~lJ 1%, 2% lm~ 3% ~llJih~lJ 

" 
inllJDtl1f11lJV D1V 1 1'W ~1'U1U 80 ~1 vllfll';ifflJUti~l1JU 4 flcllJ 1!~n~fl~lJuti'll1J'U 2 fl~lJVf)V

q q q il q 

, , t ." 

flcilJVflVn~ 10 ~1'1nflcilJYll '1~flJf)1111'jYi'1tl~tt'lJ PG flcilJYl 2, 3 Un~ 4 l1J'UflcilJYl'1~i'lJD1111';iYl'U~1'U
il q q q o.a 

v 

~fflJ PG 1, 2 Un~ 3 flflJ % ~nlJih~u '1ri'VJfl~1l'l11f1;'Wl;;;m1J,.J l-jflU1f11fflcUn (Bl Type, B 1 Strain) 

" 
(Merial SERECT, INC., Gainesville, USA) vll1f19$'Ul;;;D~1t11'jfliJ1f11bHcU" (Chick N-K) (Fort Dodge 

y 

Saude Animal Ltda, Campinas, Brazil) !m~vll1f1;'tH91DL'l]'U1'JfI!lJD{951flfl!'ff'U~~~D (Merial SERECT, 
. . 
~ cv oQ..l ~ c::v 0 

INC., Gainesville, USA) tlJDD1~ 1, 7 Un~ 14 11.J ~llJ"l~lJ !lJtJD1~ 1, 7, 14, 21, 28, 35 Un~ 42 1'W 'YI1fll'j 
,., ., " 

lJ'WYiflU 111 Ufl in!!n~tJ~ lJlill f)1111'JY;fi1.J tYlDfh1.J 1 ill fl~ ';i lUnfl!UD (feed conversion ratio, FCR) vl1fl1';i . ,., . 
t~lJlJC\1n'ff~lVlt)111tJ~ lJ1illUlJflYlt~ tlUn ~-uj lJlillt;;;Din llJ!'Wnn 1 t1l1~ t~D~ '1 n!Ylul!fI'jl~r1fh'Vll'llnl1~ 

'U 

1'VlV1Un~';i~~lJlJiJ~lJtl1.J 1Jlun fl~'J1ri1UliJ~!~U~'\Jl1'lftJ~ Heterophill : Lymphocyte (H:L ratio) 

iJ:iJ~lJtl1.J~t) l'JflihfllfflcUC\ (ND) ~1Vl~ Hemagglutination inhibition test fJii~lJtl'U~D1'j f1!lJ f) {951 flfl lffU 

~~~D (IBD) ~1Vl~ ELISA 1~v1~9I~'Yl11fff)'U!~~l11ru'lfU (Synbiotics, USA) lrlf) 'nDl~ 4211-,1 vl1fl1~tu(J 
" . 

~l~Un~!~lJl'UDlJ~l1rul1.wlDfl !YlDl!f1';il~MtljlJlill lf1mtt'!~D';iDn l~m'VlfltJfI HPLC 
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~ cv , 

3.1 fll'l&~'l[JlJ~1i)£Jl-:J 

lfhJ~1Vcil.:jlH110ft!f)~ll..11l..1 5 :O~ ~1f)fll~':iV-:J1H'l10 ~V 4 ~~~lJlJfll!f) UC1~ 1 ~~~f)C11-:Jfll~ Uft1 
CU II CU ca q III 

" . " " 
l1l't1-:J 5 ~~lJ1HfflJ)1lJill..ll~tJ 1 ~lvcil-:J 1~V~)1~'M1U1lJ1UHllJfI'Yh1[Jr1-:J'VIlJ~UC1~tJ~lJ1UH~U9fC11lJltJilC11 

h..ll;JC11r1ff~ l~[Jf)l)t.h~Tu{h-:)~C1 ir1ff~l~lJ buffer peptone water (BPW) pH 7.5 "UV~':iTffTW 1:9 

. "" 
(~1vcil-:) (g): BPW (ml)) l.wUltJl..I stock h..lf)1)~':il~l11r;Yl'VI11JU1lJlru11lJf)Yl11t1r1-:)l1lJ~Uo~U~lJ1UH~U9fil 

llJ1'Wilol'tJl;Jolr1ff~ 

3.2 fll'l't11cUn!1'UH'Ufl'yi&j[J1~[J'l1'JJ1'U1J~'nu~, Total plate count (TPC) 

2 " 1~t)li11-:J~1Vcil-:JtJ1lJ1W 1 m) ~1V BPW 111'~f)11lJl~lJ~tJ 10. ()-:J 10·I) rvil ~1f)t1'W1i'lhu~~~cil[J
'IJ 

'\nNtl1il1,j~lJl~'j 0.1 ml '\1[J~il-:)lJ'U plate count agar agar (Merck KGaA, Darmstadt, Germany) Vllf11'j 

" " ." 
spreaded plate ~1f1t1tJU11~1~tilJl~1~t~U f;!W'VI]JlJ 35°C U1U 24 9fJ llJ-:J ~1f)11'Wcy'hf11'jt1lJ~TWTW if) lou 

" ".
l'U1J1Ul'Wl~1~U-:Jl~VYlij~TUltJ If) loU)~l1il-:) 30-300 If) lou (Benson, 2002). 

3.3 fll'l't1l1JjlJl1lU~i)i'~llJ!'U~~11'U\Jil'n(,J~ (ISO, 2002) 


1~t)li11.:J~1f)(h.:JtJ1lJ1W 1 m1 ~1U BPW 1'Wv~'jl'ff1U 1:9 (~1f)cil-:) (g): BPW (mI)) 'Ml~f)11lJl~lJ 


1 " " . "" 'l1'U 10. l'Vh ~lf)t1tJ 'i'lhtJ~~!f)cil[J6ijf)-:Jll1il1tJ~lJl~'j 0.1 ml 11 (J~il-:)1J'U ul'U 1~1~1~f)YlijUll11'j l~[J-:)t~f)
'IJ 

Y 
• • 0 tv 0 'j) y

xylose lysme tergltol 4 agar (Merck KGaA, Dannstadt, Gennany) Yllf)l'j spreaded plate ~1f)tJ'W'W116ijl~ 
,.. , ,,, ". 

tilJl'Wl~l~f) ''*m:UlHllJ 35°C 'Ul'W 24 i11lJ-:) Yilf)1'JU1J~ltJ1'W If) loUYliJih111U1Jl\H'Wl~t~[J-:)lt);f)Yllj
" 'IJ 

4. fll 'l't11mlJlwlrHil(,J!vH) '1 i)~1'U'Viill(,JlJ1Uil~!~i)'n 
4.1 fll'liIf)~Ifln;Hn~i)'li)~'Ulfl'YI~UnJ1 (Havel et aI., 1995) 


l'llf)l'jffn~ If)l('lffl~t)'jf)01Jlf)~olfflJ11r1Vl(J 1 UO~ 4211..1 1~HJ'Wl'W01TI'lJlU~lJl~'j 0.5 ml ~1[J

" . " ", 

methanol YiU'lflUtJU1lJl~'j 0.5 ml UC1~ hexane U'ilJW1'j 2.5 mll6ijcillr111Jl..Il'Wt)1~(JliltJ 1Jlf)l1UYilf)l'li1'U 
. " 

n11(J-:) ~1Uf)11lJl~1'jt)U 1700 rpm f;!Wlt]J:U 4°C 'Ul'W 5 'Wl'Yl ullf)nHy!~t)'juoll..li''W hexane lth~tl·HJ1M 
'j)'j) a Q.I' Y "" ~o

lll1-:)~1[Jf)1'l1 N2 UC1~i'\~ol{J~1t)(Jl-:)!f)1[J acetonitrile/isopropanal (75:25, v/v) ll<jlJl~'l 1 ml 1Jlf)'Ul..I'Yllf)l'l 

"" <1'31 • 
1lfl'jl~11~1(J HPLC (Shimadzu Corporation, Japan) 

4.2 fll'liIO~hU(liI!V1i)'li)~1'U!~i)'ri 
" " ~lJ~1f)Vl-:)1r1f)~lJC1~ 6 ~l1Jlf)r1-:Jl1lJ~ 4 f)~lJ l'l1f)11ruCJJ1~ uC1~1,*rwt)'U~nW'\1U1Uf)lJlf1't1~ 

" if1mffl~tJJf)o l~(Jfft1!f)~llJl~6ijf)-:J Folch et a1. (1957) 1~(JU1~1f)Vl-:Jruu10100 f)1lJ lJll'lltJBf)~(Jl 
. "" ..cS ~ o'J1 OJ' 0 evV 0 cv 

saponification Ylf;!U!l1]JlJ 93 C ~1{J ethanol UC1~ potassium hydroxide ~lf)'W\"!'UllJlfff)!f)~l{J'Wlf)C1\..1 UO~ 
" ,,~ ~ 

Q.I "" lIJ'j) Q.I 9 <U 1fJ~1 9 'j) ~ 'j) QI Qj ,01
hexane ~-:J'Yl-:J n'i)\..Iu(Jf)'}f'U 'Wl f)mff~~f)'Jf)o ~\..I'}f'U hexane tu'j~l'VI(J tl1Ul1-:)~l(Jf)l~ N2!W~il~ol[J~1t)(Jl\l 
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f)~lJ~ 1 flVl-:)iJUVrllrlty'Vll 'HY()~ (p<O.05) U~~~C)1~ 6 rl'u~l1,1 ~u';i1infl~lJ~ 2, 3 U~~ 4 ~-:)t~tJf)~lJ~ 
" " '~rUVll1THH,(lJ PG 1, 2 U~~ 3 g % ~llJftl~1J iJltifvcir'ftllJllJ~~lvi'-:)l1lJ~H1JU 0 rqull PG 'lhVllJfllJ 

" " • • JI " 

V1JrJ~l~fl~~ llJllJ ~,n llJlq!'ft 11 n U~~ CYllJ1J ()1~ PG 1hI,j~lJltu Yl~l (I g%PG) 1UfllJ iJ1JV~ltiffl~ClllJllJ-a~l 
jJ" I • 

ltJlq!~'n vi'-:)UfllulUfl~ulflfllJYl PG ':UtJfl~~91lJllJf)J~t'Wl~fll111J (Tippayakul et aI., 2002) ~~~hlJi,ju-:) 
" ~11~1~f)c}f-:)t1Jhl1J1ntuU'Jfl1lJfllJ~~t~fli-a llJl'W~~l (Bangtrakulnonth, 2002) u-a~ PG iJfJtu'fflJiJ~lWf11'j 

" JI91 .<:1.::1 .:l Q.I Q.I 0 ~,., 

~ltJ'Yll'WUUf1'Vll'JtJ (antibacterial activity) (Pholdaeng et aI., 200S) PG u-:)'ffllJl()VUU-:)ullJ1lJ!'lffl9$~ 
,.. 

llJl'W~~11~1~tI~'J -:) Yll1,rlJ~ in'ff~iJu1lJluHtiffli~ llJ!UnnlUfltJlJlf)uhl~-:) i:uiJ!~tI 
'U 

.,.. . 
~111-:)fl3 fll'J !'Wl~!tiffli~ llJ!U~-a11lJlq!~ 'n'ff~1h1in 4 fl~lJVl1,rfhJfll111J inH'fflJ PG 0, 1, 2 !m~ 3g% 

~llJftl~U 

2
Number of Salmonella (mean±SDxlO cfutm) 

Group 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks 

(1-7 days) (8-14 days) (15-21 days) (22-28 days) (29-35 days) (36-42 days) 

a a
1(0% PG) 272.7S±2S.7Sa 299±24.2Sa 3S0±14.00a 30±lS 27 .S±6.50 10±1.00

b b b Ob Ob2(1% PG) 112.S±2.7S 196.2S±7.S0 105±4.50 0 

b b Ob Ob3(2% PG) 47.2S±23.63 113.S±1. SOb 89.7S±22.2S 5±2.00 

b b b Ob4(3% PG) 24.7S±6.2S IOO.5±39.75 16.5±6.50 0 2±1 .00b 

a, b = statistically significant difference between group (p<O.OS). 

,. 
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Ull1l''H'HYlJ PG 1~nf111lJU~tl~1·:H)'WUV1.:)ihrVfflrlW'Yll·HY()~ ('jU~ 6) U~lijltltll'j 'Vl~HlU':)'W1r,h iritl~lJ~ 
tI '\I q 

1~i'1J PG iju'W11t!lJ~u~iju~lJ1W lf1mTI'!~fl'jUil1lJYHlTfflJl~1f)il irlf)~lJ~'~'~i'u PG ~':)TI'U~fl"'~NtiU 
v v • 

,)lt1':)l'WttJU':) Chansiripomchai et a1. (2008) '~'Vlltll'j'Vl~f1U':)'l1'W~lJ l~(Jf)l'j~TI'lJ PG il.:)1ufll'Hl'j-WU!1'WYl 
v • 

1~!~v.:)ln Uf1~ll1UjlJlru lf1!iltH~u')e:r,,1u9$i'lJ 'W1Jil1nf)~lJ111#!i'1J PG uil~l~l~i'u PG ij,j~lJltu 

1flmtH~eJ'j u'11 ~ijfl11lJU~ tl~ 1,:) UV1.:)ijiTVthrlty'Yll.:)~i1~ 

IIO%PG) 2 II%PG) 3 (2%PG) 4 (3%PG) 

~'l1~ 6 U'jlJ1W lf1~'1TI'~~u'ju,,1lJ'W"1TI'lJlttJfl.:)lri 4 tl~lJ~"Hn'WU1111'jin~TI'lJ PG 0,1, 2 U'1~ 3g% 

~llJih~1J !1l'UJ~tJ~n'11 42 1'U 

182 

,..-., 

"CJ 181 
o:v 
S 

180 
C'3 

~ 
~ 179 
c
.5 
Q) 178 
>

o o day 

~ 

"0 177 ... .6 weeks 

~ 
Cl.I 176"0 

..c 
U 

175 group 

v • 

'W 1J i 1 U 1lJ 1 tu 1fl ~ '1 TI' t~V J fl" 1lJ f) ItllJ t{jUeJ f1 r.u u.:) 1 ri fl ~ lJ 'Vl ~ '1 fl'l Vi , #!i'1J Ul 'H 1 J ~ TI'lJ PG 3% ~ 
• v • 

U'jlJ1U!.wU(Jfll1tl~lJf111JfJlJ111~i'UV1'H 1'j~'U ~!1'W lfhJn~ t)Vl.:)ijiTtJfflrlty'Vll':)TI'()~ (p<0.05)(~Ul1 7) 1~{j 
• v. 

ViUl1infl~lJVii~i'1JV1YllJ~TI'lJ PG 3 g% ijtll'jil~il':)r.uV,:) lflmTI't~fl'jv"h.Huuirit'Hftu 75.78 % tljeJ 

!U~tJ1J!Yiv1Jn1Jltitl"lJfl11JfllJ ~.:)1~i'1JU1'H1111f)~~i~vHYlJ PG ( ~111':) 4) ~.:)tH)~fl~tJ.:)ti1J11tJ':)1'U'UtJ~
Q .. 

dl "'" 'JI -% , -=>.<:S 

Chansiripomchai et a1. (2008) 9f':)'Yl~'1tJ~Yll,j'jlJ1u! lflt"TI't~v'jtJil1'Uf)'11lJtUflif) 1~V11J colorimetric 
v • 

lAlUl1 PG TI'llJl 1 fl'1~U1lJ1u!1fltt1 TI't~fl'j V'1 lw ruv1til#! ()':)uDl~ Vi1 ~ltf11 1~l1'111lJ1u!1f1t'1TI'!~U'j tJ'1lij~ 
)I 

U~f)~l.:)i)'U u~Nflfl111tfl1 1~l1''W1Jl1ijfl11lJt1U~flfitJ':)tm~!1l'W i 111lJYlfl''Vll':) t~V1f)U iTUflUfl11 Nt1lJ PG '1-:) 
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" • " " v 
1U '01111 'J rllJ ~ llJ Yil eN~~v-:)., n Ll' llJ 1 tl (l ~ tJ~ lJ 1 W 1fit (\ Ll' 1~ '0 'J fl (lllJ fl ftllJ 1U'0 in'~ Vfll'l-:) if-:) {1' fl ~ fI ftfl.:J flU 

·:llU1~tltJ'O.:J Tippayakul et a1. (2002) YlU ,·h PG ijfl11JJ'ffllJl'J tll 'U fl1'J nfl~nULl'l'J fll111'J Yl1fl~tI~ lGJflJ 

cholesterol U(l~ fl'J ~ '1 tJ:UlJ '1~~ 'ij 1flfJW Ll'lJU~~.:J flci11fl1 'ijij ~(lll1'dl ~ fl1 'J ~ll9flJLl'l'J fll111'J lipid Uft~ 
" cholesterol 1U 'Yll.:J~~'U fl1'111'J 1~uflVfll1tJ fl~hl11 Mlfl~fl1'J Ll'~ Ll'lJUflV 1 'U flftllJ1U fl1n~-:) ~ 'J 11lYlUtJjlJ1W 

1f1!oLl'l~'O'Jflo1 'Univ '1 o5JtJj lJ1W1fllftffl~fl'J vO~ll 'U nftlJ~ '1~~11 PG fll1flftlJfl1UfllJ~-:) 1:ul~~u PG 
q q q 

)I yo" I 
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