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Black tiger shrimp, Penaeus monodon, cultivated in aquaria and cement tanks, were fed 

with commercial feed supplemented with benzoic acid in order to find out its influence on shrimp 

growth and survival. Growth rate and the survival of benzoic acid shrimp were not different compare 

to those of the control groups. Challenge tests on shrimp after being tainted with Vibrio harveyi strain 

639 revealed that cumulative mortality of the benzoic acid fed shrimps cultivated after 90 days were 

not different compare to those of the control group. Recultivate using probiotic bacteria, Bacillus sp. 

S11, as the positive control was performed. Growth rate and the survival of 45 days cultivated- 

benzoic acid shrimp were significantly lower (P<0.05) than those of the control and the positive 

control groups. Thus, it can be concluded that benzoic acid cannot stimulate growth of the shrimp. 

However, the shrimp survival of benzoic acid treatment was not different compare to those of the 

controls. Challenge test on shrimp with Vibrio harveyi strain 639 showed the cumulative mortality of 

75- days cultivated benzoic acid fed shrimp for 7 days were significantly higher (P<0.05) than those 

of the control group. Immunity testing of total hemocyte and antibacterial activity on shrimp before 

and after 2 days of challenge test was conducted. The total hemocyte count of the benzoic acid 

shrimp before challenging were lower than those of the controls, while antibacterial activity was not 

different. After the challenge test, the total hemocyte count and antibacterial activity of the benzoic 

acid shrimp were lower than those of the control and the positive control. Decrease in total hemocyte 

from ~108 cell ml-1 to ~107 cell ml-1 and increase in antibacterial activity after challenge tests among 

shrimp in every treatment were observed.      

Department       Microbiology   Student’s Signature…………………………. 

Field of  Study   Industrial Microbiology Advisor’s Signature…………………………. 

Academic Year 2006  



. .

. .

. .

. .

-

. . -

immunohistochemistry 

   



………………………………………………………………………..

…………………………………………………………………… 

………………………………………………………………………...

…………………………………………………………………………………… 

……………………………………………………………………………..

…………………………………………………………………………......

   1

1.1 ……………….. ..………………………….…………………..1 

1.2 …………..………………………………..………3 

1.3 ......................................................................4 

   2

2.1  (Penaeus monodon) ………..…………………………………5 

2.2 ………………….….……………..15 

2.3 .….……….….……………………21 

2.4 (Benzoic acid)…………….……….….……………………25 

2.5 …..……………………….……………..…….26  

   3

3.1 ……………………………….……………………………28 

3.2 ……………...…………………………………...29 

3.3  Immunohistochemistry………………………………….29 

3.4 ........................................................................30 

3.5 ………………………………………….……………….30 

   4  ……………………………………………..………………………..39 

   5  ……………………………..….…………………...62 

………………………..…………………………………………..………68 

 ……………………………..………………………………………………...74 

………….………..…………………………………………137 



           

    1  –  2547  2548……………...…2

    2 .................................................................27 

    3  1..........................................42 

    4  1........................42 

    5  2..........................................47 

    6  2........................47 

    7  3..........................................52 

    8  3........................53 

    9   3.....................53 

   10  2.............................................83 

   11   Bacillus sp. S11  3.....................................84 

   12   3.............................................84 

   13  Aeromonas hydrophila.........................85 

   14  Vibrio harveyi 639...............................85 

   15   1...................................................................86 

   16   2...................................................................86 

   17   3...................................................................87 

   18   1  2...........................................87 

   19   3.....................................................87 

   20   1..........................88 

   21   2..........................88 

   22   3..........................89 

   23   1.............89 

   24   2.............90 

   25   3.............90 

   26   Vibrio harveyi
 3........................................................................................................90 



           

   27   3........................................................................91 

   28   3....................................91 

   29   1 .................................92 

   30   2 .................................93 

   31   3 .................................94 

   32   1.....................................................................95 

   33   2.....................................................................99 

   34   3...................................................................103 

   35  1..................................107 

   36  1..............................113 

   37 

 1............................................................................................114 

   38  2..................................116 

   39  2..............................119 

   40 

 2............................................................................................120 

   41  3..................................123 

   42  3..............................128 

   43 

 3............................................................................................128 

44

 3............................................................................................131 

   45 

 3............................................................................................132 

   46 

 3............................................................................................134 

   47 

 3............................................................................................135 



                      

  1 …………………………..…………………………6 

  2 .…………………………………………….………..….……...10 

  3  ....................................................................................25 

  4 

Aeromonas hydrophila……………………………………………………..………….39 

  5 

Vibrio harveyi 639 ......……………………………………………………..………….40 

  6  1…..............................................43 

  7  1.....................43 

  8  1..............45 

  9  1.......45 

 10  2…..............................................48 

 11  2.....................48 

 12  2..............50 

 13  2.......50  

 14  3…..............................................54 

 15  3.....................55 

 16  3..............56 

 17  3.......57 

 18  Vibrio spp. 

 3............................................................................................57 

 19 

 3..............................................................................................59 

 20 

 3........................59 



                      

 21   Vibrio harveyi 639 .................60 

 22   Vibrio harveyi 639 

...................................................................................60 

 23   Vibrio harveyi 639 .............61 

 24  …………………...…..............................................83 



 1 

1.1

 2  Good 

Aquaculture Practice (GAP) 

 Code of Conduct (COC)  Biosecure System 

 GMP, HACCP, ISO 9001: 2000, ISO 

14001  (Traceability) 

 90% 

10% 

 (Yellow Head Disease)  (Yellowhead 

baculovirus),  (White spot disease)  (Systemic 

Ectodermal and Mesodermal Baculovirus),  (Luminescent disease) 

 (Vibrio spp.) 

 2545  ( )

 (zero tolerance) 



2

 30% 

 2547  6 

 2548 

 5.95 % 

 (Continuous bond) 

 ( , . . 2548) 

2548  2547   2548 

 282,932  71,582.00  2547 

 17.48%  6.38% 

 1 ( , . .2549) 

 1  –  2547  2548 

 / . .47 - . .47 . .48 - . .48 % 

 74,477 22,598 82,802 22,110 11.18 -2.16 
 2,844 640 3,302 594 16.10 -7.19 

 46,264 16,261 49,409 15,611 6.80 -4.00 

 25,369 5,697 30,091 5,905 18.61 3.65 

 131,691 35,794 158,185 39,370 20.12 9.99 
 8,001 2,130 11,686 2,804 46.06 31.64 

 8,604 2,075 10,421 2,401 21.12 15.71 
 18,068 4,692 19,838 4,897 13.51 6.69 

 240,841 67,289 282,932 71,582 17.48 6.38 
 : , : , :
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 (Bahruddin , 2005)  200 – 3000 

(ppm)  (

, 2547) 

Vibrio harveyi Aeromonas hydrophila

Rengpipat  (1998, 2000, 2003) 

 (Penaeus monodon) Bacillus sp.  S11 (BS11) 

     BS11 

 BS11 

 (p < 0.05)  BS11 

Bacillus sp.  S11 

1.2
1.

2.



4

1.3



 2 

2.1   (Penaeus monodon Fabricius) 

 Giant Tiger Prawn 

Penaeus monodon  Penaeidae  

  Phylum Arthropoda
Subphylum Crustacea

          Class Malacostraca
                  Order Decapoda

                                 Superfamily Penaeoidea 

                                     Family Penaeidae Rafinesque, 1815 

                                            Genus Penaeus Fabricius, 1798 

                                                  Subgenus Penaeus
                                                         Species monodon

Penaeus monodon, Fabricius, 1798 

(  : Brusca and Brusca, 1990) 
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 19 

 3 

 (

)

 5 

 1.  (antennule)  2 

 2.  (antenna)    

 3.  3 

 8 

 1.  (maxillipeds) 3 

 2.  (periopods)  5 

 3  2 

 6 

 " "

 5  (uropod)  (telson) 

 1 

 1  ( : Primavera, 1990) 
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1.  ( )   
  6  

 1   0.30 

  3  1  

 2    0.30 - 0.36  

 3    0.36 – 0.38  

 3 

 4    0.36 – 0.40 

 4  

 5    0.40 – 0.44 

  2  

 6  0.42 – 0.50 

  7  

  40 – 50  

2.   ( )

 4 

 4 

 1   0.85 – 1.00 

 6 

  2   3  

  7  

 2    1.20 – 1.40 

    1 



8
  5  

 3    1.50 – 2.00 

 5 

3.  ( )
  7 

 3 

 1  
 2   6  1  2  

 8  1   3 

 2.50 – 3.00  

 2  
  1  3  

3   3.00 – 3.45  

 3   2  1-2 

  4.04 – 4.50 

4.   ( )
 5.50 

 25  25  1 (  1)  

 25 (  25)  

   

 ” ”

 3-8 

 2 

  20 – 30 
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 150 – 200 

 3 –4 

  0.2 – 70 

  15 – 30    

   

  1    2  

   

 18 – 24   30 

– 40 

 0.27-0.31 

(nauplius)  10-15 

 2  0.3-0.33 

 6  3.  0.6 

 (protozoea)  (zoea)   1-3.3 

 3  3-4 

 (mysis)  3.3-5.0 

 3  3-4 

(postlarva)  P1  P1 

 20-21  2-3 

 (juvenile) 

 (subadult) 



10
(adult)   150 

 300  600 

(Primavera, 1990; Motoh, 1984)  2

 2  ( : Motoh, 1984) 

1.  (Traditional farming  Extensive farming)  ( ,

    2534)

 20-60

  10-20   30-60 

  1-2 

  60-100      

2.  (Semi-intensive farming) ( , 2534) 

  6-20 

  0.80-1.20 

  5-10  8,000-10,000 
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  5   200-600 

3.  (Intensive farming) ( , 2534)

  4 

  4   1.5-2.0 

  20-40 

4.  (Ultra-intensive  Super-intensive Growout System) 

( , 2544) 

 0.25 

 100 . .

 100 

 80-90 

 30,000 – 150,000  3 
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 ( , 2531) 

  5-9   111-200 

  0.30-0.45   5-6 

  18-22   45-56   0.63-0.73 

 (   3.3-3.5 )

  1-2   2-3 

 4  25  100 

 5  20  100 

 5   6.00 

   

 6 

  14   4   4  

 5   7-15 

 1.  
  25 – 30 
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2.  

. . . (ppt)    5 – 38 

  25

3.  
   

  3 – 5 

  3    1  

4.  
 (pH)    0 – 14   

 7.5 – 

8.5

-



14
- -

6   9 -

5.     

  0.05  

6.   (NH3)   

NH3   +   H2O                            NH4OH                                NH4
+   +   OH-

  0.10  

7.   (NO3
-)   

8.   (NO2
-)

 8.0 
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9.     

10.  

  25 

11.     

2.2

 (Lightner  Redman, 

1998)  

2.2.1
2.2.1.1  (Monodon  Baculovirus) 

  PL 20    3 

  (

, 2537) 

2.2.1.2 -  (Hepatopancreatic  Parvo-like   
          virus) 

  2537  
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 ( , 2537) 

2.2.1.3  (Yellow-head  Baculovirus    YBV) 

 ( , 2537) 

2.2.1.4  (V-shaped  virus) 
  2537  

 ( , 2537) 

2.2.1.5  (Systemic  Ectodermal  and  Mesodermal  Baculovirus  
           SEMBV) 

   

  2537  

   

  7 – 10 

 (

, 2539) 
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2.2.2
2.2.2.1  (Luminescent  disease) 

  37    20    1  

  3  

2.2.2.2 Vibrio harveyi  (Luminescent  disease from Vibrio  
            harveyi)

V. harveyi    (Gram negative )   

 (flagella) 1 

 20-30 -

 7-9  10-40 

V. harveyi
(hepatopancreas) 

 (septicemia) 

2.2.2.3 
Vibrio spp.
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  20  

 50

2.2.2.4 

  20   1  

 150  1  20 

 10  1  3 

2.2.2.5 

2.2.3
2.2.3.1 

Fusarium sp. 
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  7 – 10 

  1 – 3   48 

– 96 

2.2.3.2 

 10-20% 

2.2.3.3 

2.2.4
2.2.4.1 

 (Zootamnium  



20
  30  

  30

2.2.4.2 
 Zootamnium 

 3-4 

2.2.4.3 

 2-3 

2.2.4.4 

2.2.5
2.2.5.1 



21

  2,000 – 3,000   1 

2.2.5.2 

 2 – 3 

2.3

 2 

  (Millar and Ratcliffe, 1994)  
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 2.3.1  (cellular defenses) 

 (non-specific defense) 

 2.3.1.1 

 (hyaline)  (coagulogen) 

 (TGase) 

 (Ca2+)

 (Polymerization) 

 (melanin)  (Kopacek et al., 1993; Yeh et 

al., 1998)   

 2.3.1.2 

 (Munoz et al., 2000) 

 (respiratory burst) 

 (superoxide anion; O2
-)  NADPH oxidase  

 O2
-  (superoxide dismutase; 

SOD)  (hydrogen peroxide; H2O2)

 (Catalase) 

 (Peroxidase) (O2
-)

 (H2O2)  (singlet oxygen; 1O2)

 O2
-  H2O2  (hydroxyl 

radical; •OH) (TorbjÖrn  SÖderhäll, 1999) 

 O2
- , H2O2 , 

1O2  •OH 

 (fixed cell) 

 nephrocytes 
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 (%phago-

cytosis) 

 (opsonin) 

(ThÖrnqvist  SÖderhäll, 1997) 

 2.3.1.3 

 (melanin production)  (Johansson 

SÖderhäll, 1989) 

 2.3.1.4 

 10 

 (semigranular cell) 

 (granular cell) 

 76 

kDa  (Johansson 

SÖderhäll, 1989) 

 2.3.1.5 

 (TorbjÖrn  SÖderhäll, 1999)  

 2.3.2.  (humoral defenses) 

 (Ratcliffe , 1985; , 2542) 
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2.3.2.1 

 (bactericidin)  (penaeidins) 

 (5.2-6.0) 

Carcinus 
maenas  Schnapp  (1996) 

 6.5 kDa -  (proline-rich)  N-terminus (TorbjÖrn 

 SÖderhäll, 1999) 

 2.3.2.2 

 2.3.2.3 

 76 kDa 

 2.3.2.4 

 proteinase inhibitor 

-macroglobulin  

 2.3.2.5 

 210 kDa 

 (TorbjÖrn  SÖderhäll, 1999) 
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2.4  (Benzoic acid) 

 3
(C6H5COOH) (  3) -

 122.4  249  (pKa)
 4.21  (  25  2.9 )

(http://en.wikipedia.org/wiki/Benzoic_acid [Online] [6 .49]) 
 (Bahruddin , 2005)

 200 – 3000  (ppm)
 (  2) 

Knarreborg  (2002) 

 Coliforms 

(Mode of action) 

(Knarreborg , 2002)
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(Heres , 2004)

 Castillo  (2004) 

-

Heres  (2004) 

 5.7%  0.7% 

Campylobacter
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 2 -

(  1 )

- 300 

 - 1,000 

 ( )

80
- 1,000 

- 1,000 

- 1,000 

 - 1,000 

 - 1,000 

 - 1,000 

 - 1,000 

 - 1,000 

- 1,000 

 - 1,000 

 - 1,000 

 - 1,000 

 - 2,000 

 - 1,000 

- 3,000 

 - 1,000 

 - 1,000 

 - 500 

 - 200 

 : http://www.fda.moph.go.th/fda-net/html/product/food/ntf/DirtyFood3Attach.html 

         [Online] 
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3.1

1.  (Refrigerated centrifuge)  J2-21                

Beckman,  Germany 

2.  (pH meter)  Mettler Toledo, Switzerland 

3.  (Vortex mixter)  G650E  Scientific Industries, Inc.,     

      USA 

4.  (Autoclave)   HA-36  Hirayama   

      Manufacturing  Corporation, Japan 

5.  (Incubator)  RO-8  Memmert, Western Germany 

6.  PT 1200  Sartorius, Germany 

 7.    (Spectrophotometer)   Spectronic 21 

       Bausch & Lomb, USA   

 8.    (Shaker)  2100  Innova, USA 

 9.    (Hemacytometer) 

 10.  High Performance Liquid Chromatography (HPLC) 

  - Liquid chromatography  LC-10ADvp  Shimadzu, Japan. 

  - UV-visible detecter  SPD-10Avp  Shimadzu, Japan. 

  - Auto injector  SIL-10ADvp  Shimadzu, Japan. 

  - Column oven  CTO-10ASvp  Shimadzu, Japan. 

  - Column : Inertsil  ODS-3  4.6x150  GL Sciences Inc.  

    Japan. 

  - Degasser  DGU-14A  Shimadzu, Japan. 

  - System controller  SCL-10Avp  Shimadzu, Japan. 

  -  Class-VP 
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3.2

1.  (Tryptic  soy  broth)  Difco  

     Laboratories, USA  

2.  (Thiosulfate citrate bile salt   

     agar)  Eiken chemical, Japan 

3.  Sera, Germany 

4.

5.   Vivo-Vitall  DSM 

6.  99% (Absolute methanol)  Merck, Germany. 

7.  (glacial CH3COOH)  Merck, Germany. 

3.3  Immunohistochemistry

1.  (Ethyl alcohol)  70%, 80%, 90%, 95% BDH                      

2. N-butyl alcohol Univar              

3.  (Xylene) Carlo Erba      

4. Formaldehyde Carlo Erba       

5.  (phosphate buffer saline, PBS )  0.15 M    pH 7.2   

( )                                                                                    

6.  P1+ (calf bovine serum:PBS dilution 1:10) ( )

7.              Sigma 

(Diaminobenzidine tetrahydrochloride, DAB)                           

8.  (Hydrogenperoxide, H2O2) 30 % Sigma              

9.  (Eosin Y) 0.02%  95 %            Harleco 

( )                                                                                   

10.  (Hematoxylin) ( )          Harleco          

11.  ( Paraplast plus paraffin) Sherwood      

12.  (Gelatin coat slide solution)                      Difco  

( )                                                                                   

13. Davidson’s fixative  ( )                         
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14.   (Sodium hydroxide , NaOH)  Riedel- 

  de Haen    

15.  (Hydrochloric acid ,  HCl)  Merck             

16. Permount  Ficther  

  Scientific  

17.  VH3-3H  Vibrio harveyi  639

(Phianphak, 2005) ( )

3.4

 3.4.1 Bacillus sp.  S11 (BS 11) 

 3.4.2 Vibrio harveyi  639  CENTEX 

 3.4.3 Aeromonas hydrophila -

   

3.5

3.5.1

3.5.1.1  Aeromonas hydrophila
Aeromonas hydrophila

 0, 1, 2, 3, 10  20 

 3  Aeromonas hydrophila  0.25 

 (McFarland)  3  Total plate counts (CFU/ml, CFU/g) 

 (Tryptic Soy Agar) 

3.5.1.2  Vibrio harveyi  639 

Vibrio harveyi  639 

 0, 1, 2, 3, 10  20 

 3  Vibrio harveyi  639 

 0.25  (McFarland)  3  Total plate counts 
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(CFU/ml, CFU/g) -        

 (Thiosulfate Citrate Bile-salt Sucrose Agar) 

3.5.2

 3.5.2.1  

 0, 3, 10  20 

3.5.2.2  Bacillus sp.  S11 (BS11) 

Bacillus sp.  S11 Bacillus sp. -

 S11 ( )  30  200 

 24 

-  2 %  1:3 

 1010 CFU  ( , 2547) 

BS11  37 

3.5.3

3.5.3.1   1 

 Postlarvae-60 (PL-60) 

 25  (ppt)  0.8 

 20 ppt  2 

 0.03 

 20  20  7 

 4 

-

-  3 

-  10 

-  20 
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 3 

 8:00, 12:00   18:00 .  15  90 

1  ( )

2 Vibrio spp.  plate count 

Vibrio spp.

3

-  (NH4
+) (mg/l)  Ammonium test kit    Merck, 

Germany 

-  (NO2
-) (mg/l) (mg/l(  Nitrite test kit   Merck, 

Germany 

-  (PO4
3-) (mg/l)  Phosphate test kit   Merck, 

Germany 

-  (oC)  thermometer 

-  (DO) (mg/l)  DO meter 

-  pH meter 

-  (ppt)  Refractometer 

 (%) 

3.5.3.2   2 

 Postlarvae-60 (PL-60) 

 25  (ppt) 

0.3  20 ppt  2 

 0.3 

 20  10  3 

 4 

-

-  3 

-  10 
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-  20 

 3 

8:00, 12:00   18:00 .  15  90 

1  ( )

2 Vibrio spp.  plate count 

Vibrio spp.

3

-  (NH4
+) (mg/l)  Ammonium test kit    Merck, 

Germany 

-  (NO2
-) (mg/l) (mg/l(  Nitrite test kit   Merck, 

Germany 

-  (PO4
3-) (mg/l)  Phosphate test kit   Merck, 

Germany 

-  (oC)  thermometer 

-  pH meter 

-  (ppt)  Refractometer 

 (%) 

3.5.3.3  3 

 Postlarvae-75 (PL-75) 

 25  (ppt)  0.3 

 20 ppt  2 

 0.3  20 

 20  3 

 4 

-
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-

 1  2 

-  BS11 

-

 1  2 

 3 

8:00, 12:00   18:00 .  15  75 

1  ( )

2 Vibrio spp.  plate count 

Vibrio spp.

3

-  (NH4
+) (mg/l)  Ammonium test kit    Merck, 

Germany 

-  (NO2
-) (mg/l) (mg/l(  Nitrite test kit   Merck, 

Germany 

-  (PO4
3-) (mg/l)  Phosphate test kit   Merck, 

Germany 

-  (oC)  thermometer 

-  pH meter 

-  (ppt)  Refractometer 

 (%) 

3.5.4

3.5.4.1  (total hemocyte count)   
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 100  Alsever’s solution  400 

 100 

 40 

 3.5.4.2  (antibacterial activity) 

V.  harveyi  639 

 2  ( )  37 

 (log phase)  660 

 104 CFU/ml   660 

V.  harveyi  639 ( , 2547)   8,000 

4 oC 10  2  ( )

 1  2  ( )

 104 CFU/ml 

 100 

Van Harrevald’s salt 1.4  11,000  4  10 

 (Millipore membrane filter)  0.45 

V.  harveyi  639 

 1:1  37 oC  1  50  (spread 

plate)  37 oC  24 

V.  harveyi  639 

3.5.5

    V. harveyi  639 

V.  harveyi  639  107 CFU/ml  

 1  6 

 2  6 

 3  9 

 3.5.5.1  (cumulative mortality)  

 3.5.5.2 V.  harveyi  639  plate count 

 2 
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 3.5.5.3 V.  harveyi  639 

Total plate count V.  
harveyi  639 

3.5.5.4 

3.5.4

3.5.6 Vibrio  harveyi  639 

          Immunohisto chemistry (  Sithigorngul et al., 2000) 

 3.5.6.1  histology  

 challenge V. harveyi 639 

 Davidson’s fixative 

 3 

-

 70  1 ,  90   1 

,  95   1 

95  95 

 1:1  1 ,  1 , -

 1:1  1 

 (clearing)  2 1

 (impregnation) -

 1:1  60  30 

 3  45

 (embedding) 

 (sectioning) 

 (rotary microtome)  8 
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 1  3 

 50 

 40  24 

          3.5.6.2    Indirect peroxidase immunohistochemistry    

  (deparaffination) 

 (slide basket)  3  10 ,5  5 

 (rehydration)  

 1:1  5 -

 5  95  5 -

90  5  80  5 -

 70  5  5 

 10  10  3 

 15 

 1 

 P1
+  30 

 P1
+

 2  VH3-3H 

 1  4  24 

 37  5 

 2  1 

 3  15 

 2  Goat 

antimouse IgG heavy and light chain horseradish peroxidase conjugate (GAM-HRP) 

 P1
+  1:1000 

 4  24  37  3 

 2 

 3  15 

 3,3’   (DAB) 0.03 15

 0.006 10



38
 50  5 

 5 

5

  3  1 -

 1 

 10  0.05 

 1 

 1 

 1 

-

 70  5 ,  80  5

 90  5 ,  95  5 

 (counterstain)  0.02  95 

 95 -

 5 ,  1:1  5 

 3  10 

 3.5.6.3 

 (mount)  (permount)  3 

 45 

V. 
harveyi 639  -

3.5.7

 (Completely randomized design; CRD) 

 Duncan’s New Multiple Range Test



 4 

4.1

4.1.1  Aeromonas hydrophila
 Aeromonas hydrophila  0.25  (McFarland) 

 3  0, 1, 2, 3, 10 

 20  3  24 

 8.95, 8.16, 8.56, 8.61, 7.73  7.36 CFU/ml 

 (  4)  Aeromonas 
hydrophila  20 
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4.1.2  Vibrio harveyi  639 

 Vibrio harveyi  639  0.25 

(McFarland)  3 

0, 1, 2, 3, 10  20  3  24 

 8.30, 8.10, 7.95, 7.18, 6.40  6.42 

CFU/ml  (  5)  Vibrio harveyi
 639  10 

5
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7
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9

10

0 6 12 18 24

 ( )

To
ta
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ou

nt
 (L

og
 C

FU
/m

l)

 :  |------|  (SD) 

 5 0( ),1( ),2 ( ),3( ), 

10( )  20(  ) Vibrio harveyi 639  37 

 ( )
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4.2  1 

4.2.1  3, 10  20 

 90  4  (  7 )

-

-  3 

-  10 

-  20 

 60 (PL60)  0.05 

 20 

 4  (  6)  (P > 0.05) 

 (  3) 

Vibrio spp.  (  4) 

 8.36 x 102 - 1.16 x 

104 CFU/ml Vibrio spp.  5.09 x 101 - 6.52 x 102 CFU/ml 

 3 

7.85x 102 - 1.66 x 104 CFU/ml Vibrio spp.  4.38 x 101 - 1.18 x 103 CFU/ml 

 10 

 6.31 x 102 - 1.31 x 104 CFU/ml Vibrio spp.  6.55 x 

101 - 9.29 x 102 CFU/ml  20 

 7.82 x 102 - 1.26 x 104 CFU/ml 

Vibrio spp.  6.77 x 101 - 1.54 x 103 CFU/ml 
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 90 

 (P > 0.05)  13.57% 

 3 

12.86%  10 

 9.29%  20 

 14.29%  (  7) 

 3.  1 

 ( - )

3 ./ . 10 ./ . 20 ./ .

 (mg/l) 0.00-0.08 0.00-0.10 0.00-0.08 0.00-0.08 

 (mg/l) 0.00-0.50 0.00-0.50 0.00-0.50 0.10-2.00 

(mg/l) 0.10- 2.00 0.10- 2.00 0.10-2.00 0.00-0.50 

(ºC) 26.10-31.20 25.20-29.80 25.20-29.80 25.40-29.50 

 (pH) 7.70-7.98 7.70-7.96 7.71-7.95 7.70-7.98 

(mg/l) 6.54-7.80 6.70-7.90 6.44-7.90 6.30-7.90 

(ppt) 19.10-25.40 19.20-24.20 19.50-25.60 19.20-24.00 

 4.  (Log CFU/ml)  1 

 ( - )

3 ./ . 10 ./ . 20 ./ .

 2.92-4.06 2.89-4.22 2.80-4.12 2.89-4.10 

Vibrio spp.  1.71-2.81 1.64-3.07 1.82-2.97 1.83-3.19 
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4.2.2 

 90 

Vibrio harveyi  639 

 6 Vibrio harveyi 639  107 CFU/ml 

 3, 10  20 

 (P>0.05)  36 (  8) 

 91.67% 

 3, 10  20  100, 100  100 % 

Vibrio harveyi  639

(  9) Vibrio harveyi  639

 3.45 x 108 CFU/ml  Vibrio harveyi  639 1.81 

x 106 CFU/ml  3 

 2.32 x 108  CFU/ml Vibrio harveyi  639 1.61 x 106  CFU/ml 

 10 

4.68 x 108  CFU/ml Vibrio harveyi  639 6.48 x 105  CFU/ml 

 20  3.24 x 108

CFU/ml Vibrio harveyi  639 6.62 x 105  CFU/ml 
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4.3  2 

4.3.1  3, 10  20 

 90  4  (  3 )

-

-  3 

-  10 

-  20 

 60 (PL60)  0.8 

 40 

 4  (  10)  (P > 0.05) 

 (  5) 

Vibrio spp.  (  6) 

 2.31 x 103 - 1.11 x 

104 CFU/ml Vibrio spp.  3.12 x 102 - 6.59 x 102 CFU/ml 

 3 

3.94 x 103 - 4.48 x 103 CFU/ml Vibrio spp.  1.86 x 102 - 4.01 x 102 CFU/ml 

 10 

 9.11 x 102 - 7.75 x 103 CFU/ml Vibrio spp.  1.17 x 

102 - 7.98 x 102 CFU/ml  20 

 1.06 x 103 - 5.96 x 103 CFU/ml 

Vibrio spp.  1.18 x 102 - 9.89 x 102 CFU/ml 
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 90 

 (P> 0.05)  18.52% 

 3 14.81%  

 10 

 28.89%  20 

 23.70%  (  11) 

 5.  2 

 ( - )

3 ./ . 10 ./ . 20 ./ .

 (mg/l) 0.00 0.00 0.00 0.00 

 (mg/l) 0.00-0.10 0.00-0.05 0.00-0.05 0.00-0.10 

(mg/l) 1.00-2.00 1.00-2.00 1.00-2.00 1.00-2.00 

(ºC) 24.80-29.00 24.90-29.00 24.50-28.40 24.40-28.10 

 (pH) 7.82-8.08 7.85-8.10 7.91-8.05 7.91-8.08 

(ppt) 17.90-23.70 16.60-25.60 20.30-23.60 21.70-25.80 

 6.  (Log CFU/ml)  2 

 ( - )

3 ./ . 10 ./ . 20 ./ .

 3.36-4.05 3.60-3.65 2.96-3.89 3.03-3.78 

Vibrio spp.  2.49-2.82 2.27-2.60 2.07-2.90 2.07-3.00 
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4.3.2 

 90 

 10  20 

Vibrio harveyi  639 

 6 

Vibrio harveyi 639  107 CFU/ml 

 10  20 

 (P>0.05)  6 (  12) 

 58.33% 

 10  20  91.67  91.67 % 

Vibrio harveyi  639

(  13) Vibrio harveyi  639

 9.56 x 108 CFU/ml  Vibrio harveyi  639 6.40 

x 107 CFU/ml  10 

 5.10 x 108  CFU/ml Vibrio harveyi  639 3.36 x 107 CFU/ml 

 20 

 1.91 x 109  CFU/ml Vibrio harveyi  639 1.35 x 108 CFU/ml 



50

0

20

40

60

80

100

120

0 1 2 3 4 5 6

 ( )

 (%
)

 :  |------|  (SD) 

 12  ( ) -

 10( )  20( ) 2

Vibrio harveyi 639

0

2

4

6

8

10

Vibrio spp.

To
ta

l c
ou

nt
 (L

og
 C

FU
/m

l)

 13  ( ) 

 10( )  20( ) 

 6  2  



51
4.4  3 

4.4.1 ,  (BS11) 

 75  4  (  3 )

-

-  BS11 

-  10 

-  10 

 BS11 

 75 (PL75)  0.8 

 20 

 4  (  14)  (P > 0.05) 

 (  7) 

Vibrio spp.  (  8) 

 2.54 x 103 - 1.08 x 

104 CFU/ml Vibrio spp.  7.23 x 102 - 1.08 x 103 CFU/ml 

 BS11  7.43 x 103 - 2.61x 

104 CFU/ml Vibrio spp.  2.42 x 102 - 1.55 x 103 CFU/ml 

 10 

 1.62 x 103 - 1.29 x 104 CFU/ml Vibrio spp.  2.46 x 102 - 1.46 x 103

CFU/ml  10 

 BS11  2.79 x 103 - 2.73 x 104 CFU/ml 

Vibrio spp.  4.73 x 102 - 1.69 x 103 CFU/ml 
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Vibrio spp.  (  9) 

 2.12 x 105 – 6.92 x 107

CFU/ml Vibrio spp.  5.39 x 104 – 3.86 x 105 CFU/ml 

 BS11  2.12 x 105 – 3.73x 107

CFU/ml Bacillus sp.  S 11  0.00 - 2.73 x 105 CFU/ml Vibrio spp.
 5.39 x 104 - 1.18 x 106 CFU/ml 

 10  2.12 x 105 – 9.33 x 106 CFU/ml 

Vibrio spp.  5.39 x 104 – 9.14 x 104 CFU/ml 

 10  BS11 

 2.12 x 105 – 4.99 x 106 CFU/ml Vibrio spp.  5.39 x 

104 – 2.39 x 105 CFU/ml

 75 

 (P > 0.05)  94.74% 

 BS11  94.74% 

 10  96.49% 

 10 

 BS11  94.74%  (  15) 

 7.  3 

 ( - )

         
10

./ .

10

./ .

 (mg/l) 0.00-0.05 0.00-0.05 0.00-0.05 0.00-0.05 

 (mg/l) 0.00-0.50 0.00-0.25 0.00 0.00-0.25 

(mg/l) 0.00-1.00 0.00-1.00 0.00-0.25 0.00-0.25 

(ºC) 28.20-29.20 28.30-29.60 28.70-29.70 28.00-29.50 

 (pH) 7.67-7.98 7.70-7.99 7.70-7.98 7.68-7.91 

(ppt) 17.40-20.10 18.10-21.90 18.20-22.90 17.10-21.00 
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 8.  (Log CFU/ml)  3 

 ( - )

         
10

./ .

10

./ .

 3.40-4.03 3.87-4.42 3.21-4.11 3.45-4.44 

Vibrio spp.  2.86-3.03 2.38-3.19 2.39-3.16 2.67-3.23 

 9.  (Log CFU/ml)  3 

 ( - )

         
10

./ .

10

./ .

 5.33-7.84 5.33-7.57 5.33-6.97 5.33-6.70 

BS 11 ND ND-5.44 ND ND 

Vibrio spp.  4.73-5.59 4.73-6.07 4.73-4.96 4.73-5.38 

 : ND 
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4.4.2 

 75 

Vibrio harveyi  639 

 9 Vibrio harveyi 639  107 CFU/ml 

 ,  10 -

 10 

 (P<0.05)  7 (  16)  51.85% 

 ,  10 

 10 

 55.56, 88.89  51.85 % 

, Bacillus sp.  S11 Vibrio harveyi -

 639  (  17) Vibrio harveyi -
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 639   2.99 x 108 CFU/ml 

Vibrio spp. 1.41 x 107 CFU/ml  BS11 

1.86 x 108  CFU/ml Bacillus sp.  S 11 2.68 x 107 CFU/ml 

Vibrio spp. 2.68 x 107 CFU/ml 

 10  9.73 x 107 CFU/ml Vibrio spp. 1.79 

x 107  CFU/ml  10 

 BS11  3.60 x 108 CFU/ml Vibrio 
spp. 6.45 x 107  CFU/ml 

Vibrio harveyi  639  (  18) 

Vibrio harveyi  639  7 

Vibrio harveyi  639 1.14 x 104 – 5.10 x 107 CFU/ml  

0

20

40

60

80

100

0 1 2 3 4 5 6 7
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 16  ( ) -
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4.4.3 

75  Vibrio harveyi 639  2 

 (P<0.05) 

 ~8.48x107 cell/ml 

 ~2.14x107 cell/ml  ~1.81x108 cell/ml 

 ~4.44x107 cell/ml 

~1.01x108 cell/ml  ~8.56x106 cell/ml 

 ~1.01x108 cell/ml 

 ~2.68x107 cell/ml (  18) 

 Vibrio harveyi 639 

 75 

 (P<0.05) 

 (P<0.05) 

 85.67  98.32 

 73.76  99.65 

 85.09  95.70 

 80.90  88.37  (  19) 
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4.5
     Immunohistochemistry  

 3  V.  harveyi 639 

 VH3-3H 

 V. harveyi 639 

 21-23 

    
         
         
         
         

   
         

      
         

 :  500 

 21   Vibrio harveyi 639 

 ( )

 ( ) ( ,  ) 

    
         
         
         

   
         
         
         

      
 :  500 

 22   Vibrio harveyi 639 -

 ( )

 ( ) ( ,  ) 
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 :  500 

 23   Vibrio harveyi 639 

 ( )

 ( ) ( ,  ) 



 5 

Aeromonas hydrophila Vibrio harveyi

 1 

 60  4  (control) 

 3 

 10  20  3 

 (P > 

0.05) (  6)  90 

 13.57%, 12.86%, 9.29%  14.29% 

 (  7) 

 2  60 

 4  (control) 

 3  10 

 20  3 

 (P > 0.05) (

10)  90 

 18.52%, 14.81%, 28.89%  23.70% 

(  11) 
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 3  75 

 4  (control) 

Bacillus sp.  S11 

 10 Bacillus sp.   

 S11  10  3 

 (P > 0.05) (  14)  75 

Bacillus sp.  S11 

 10 Bacillus
sp.    S11  10 

94.74%, 94.74%, 96.49%  94.74% (  15) 

 3 

 3 

 2.80 - 4.44 Log CFU/ml Vibrio spp.  1.64 – 3.23 Log CFU/ml (

4, 6  9)  Lavilla-Pitogo, Leano  Paner (1998) 

 2 – 4 Log CFU/ml Vibrio spp.  1 - 3 Log CFU/ml 

 3  5.33 – 7.84 Log CFU/ml 

Vibrio spp.  4.73 – 6.07 Log CFU/ml 

Bacillus sp.  S11  ND – 5.44 Log 

CFU/ml (  10)   Bacillus sp. S11 

 3 

 (heat shock) 
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 3  (  3, 5 

 8) 

 Rengpipat  (1998a, 2000) 

 Bacillus sp.  S11 

 3, 10  20  2 -

 0 

 3, 10  20 

 3.48, 11.00  18.05  (  7) 

 3 

 (Total plate count) 

-

 12.87 - 12.98 Log CFU/g

 11.06 

 Bacillus sp. S11  11.98 – 12.28 Log CFU/g  12.10 

 (  11, 12) 
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Vibrio harveyi

 1  90 

Vibrio 
harveyi  639  107 CFU/ml  (immersion technique) 

 50  24  36 

 91.67% 

 3, 10  20 

 100%, 100% 100%  36 

 (P > 0.05) (  8) 

 2 

 (immersion 

technique) Vibrio harveyi  639  107 CFU/ml 

 50  6  6 

 58.33% 

 10  20  91.67% 91.67% 

 6  (P > 

0.05) (  12) 

 3  75 

Vibrio harveyi  639 

 107 CFU/ml  (immersion technique) 

 50  7  7 

 51.85% 

 55.56% 

 88.89% 

 51.85%   7 

 (P < 0.05) 
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 (  16) 

Vibrio harveyi  639 

 3 

 3 

 3  2 

 (Normal flora) 

 Allochthonous 

 (Rengpipat , 2000)  

 3  75 

 (P > 0.05) 

 108 cell/ml 

 (  19)

 3  75 

 (P<0.05)   4 

(P<0.05)   (  20) 

(P<0.05) 
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1.

2.

3. Vibrio harveyi
 639  3 

 (P < 0.05)   

4.

5. Bacillus sp.  S11 
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. 2537. .

. 72:1-4. 

. 2547.  : http://www.fda.moph.go.th/fda- 

net/html/product/food/ntf/DirtyFood3Attach.html [Online] [6  49] 
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. . 209: 1,4 
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. 2547. 
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Bacillus  S11.
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. 2546. Bacillus subtilis BP11 

Vibrio Harveyi.
.

.  2539. . . 3: 42-51.  

. 2544. Bacillus S11 .
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1. Bacillus sp.  S11(BS11) 

 (NaCl)      10.0   

 ( Yeast extract )     5.0  

 ( Dextrose)      2.5  

 (K2HPO4)   2.5   

 ( 15  /  121 

15  )  15  1 

2.  ( Tryptic soy broth ) + 2% Nacl 

 ( Tryptone )                                            17.0    

 (Soytone)                                         3.0    

 (Dextrose)                                                           2.5   

 (NaCl)                                               20.0   

 ( K2HPO4)                   2.5   

 7.3 0.2 

3.  ( Tryptic soy agar ) + 2% Nacl 

 ( Tryptone )                                                           17.0    

 (Soytone)                                              3.0    

 (Dextrose)                                                           2.5   

 (NaCl)                                                       20.0   

 ( K2HPO4)                       2.5   

                                                                                    15.0     

 7.3 0.2 
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4.  (Thiosulfate citrate bile salt agar) + 2% Nacl 

 (Yeast extract)          5.0  

 3 (Proteose peptone No.3) 10.0  

 (Na2S2O3)      10.0  

 (HOC(COONa)(CH2COONa)2)    10.0  

 (Oxgall)         8.0  

        20.0  

 (NaCl)       20.0  

 (C6H5O7Fe.5H2O)        1.0  

 (Bromthymol blue)    0.04  

         15.0  

 8.6  0.2 

 2-3 

Bacillus sp.  S11 (BS11) -probiotics 
preculture  1  Bacillus sp.

S11 (BS11)  500 200 /  24 

.  3% ( / )  Bacillus sp.

 S11 (BS11)  200 /  24 .

 8,000 /  10 

 -20 

Vibrio  harveyi  639
Vibrio  harveyi  639  -20 

 2 ( / )

 5  ( / )  200 /

 18  TCBS  2 

 37  24 

 TSA  2  37 

 200 /  18 



77

 Immunohistochemistry 

1.  (coated slide solution) 

Clone alum (chromium potassium sulphate)   0.05  

Gelatin        1  

 Distilled water       100  .

2. Davidson’s fixative 

 95 % Ethyl alcohol      30  .

 100 % Formalin      20  .

 Glacial acetic acid      10  .

 Distilled water       30  .

3. Phosphate buffered saline (PBS) 0.15 M, pH 7.2 

 NaCl        8  

 Na2HPO4.7H2O       1.5  

 KCl        0.2  

 KH2PO4       0.2                    

 Distilled water      1000  .

4.  Calf Serum 10% (P1
+)

 Calf serum       10  .

 Phosphate buffered saline     100  .

5.  Enrilich’s acid hematoxylin 

 Aluminium Potassium Sulphate    8  

 Hematoxylin       8  
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 95% Ethyl alcohol      400 

.

 Glycerine       400  .

 Glacial acetic acid      400  .

 Distilled water       400  .

6. 0.2 % Eosin Y  95% Ethyl alcohol 

 Eosin Y        0.2  

 95% Ethyl alcohol      100  .

1.  Alsever’solution (AS)

NaCl        14.01  

Glucose       36.17           

EDTA        2.31  

 Na-citrate(tri)       5.68  

Distilled water      1000  .

 7.2 

2.  Van Harrevald’s salt 

 NaCl        11.98  

 KCl        0.40  

 CaCl2        1.50  

 Mg2Cl        0.53  

 NaHCO3       0.19  

 Distilled water      1000  .

 0.45  4 ºC 
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1.

  32.0 %(w/w) 

  25.0 %(w/w) 

  10.0 %(w/w) 

 1.0 %(w/w) 

 20.0 %(w/w) 

 (Wheat gluten) 5.0 %(w/w) 

       2.0 %(w/w) 

 3.0 %(w/w) 

 5.0 %(w/w) 

   

2.

PL15 - PL30 50%   3-5 

PL30 – 1  20%   3-5 

1 – 5                  10%   3 

5 – 10                 6%   3 

10 – 20   4%   4 

20– 30   3%   4 

 30                2%   4 
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 (HPLC) 

y = 0.0833x
R2 = 0.9933

0.0

0.4

0.8

1.2

1.6

2.0

0 5 10 15 20

 ( ./ .)
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(HPLC) 

 ( ./ .) = 
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 99%  1 : 1 

 Shimadzu 

Inertsil  ODS-3  40  pH 2.8 

 1 

 40  2.75 

 (Internal 

standard) 

 2 

-

(Retention 

time)  7.5  10  (  14) 

 ( 7)  0.00 

 3  3.48  10 

11.00  20  18.05 
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 14 
 (HPLC)

 10  ( )  2 

 ( )

 0.00 

 3  3.48 

 10  11.00 

 20  18.05 

 3 

( 11) 

Bacillus sp.  S11 

 Bacillus sp.  S11  7.33 

x1012 – 9.47 x1012 CFU/g  9.47 x1011 – 1.90 x1012 CFU/g 
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-

 ( 12)  0.00 

 0.00  11.06 -

 12.10 

 11.  Bacillus sp. S11 (Log CFU/g)  3 

 ( - )

 ND 

 12.87-12.98 

 ND 

 11.98-12.28 

 : ND 

 12.  ( )  3 

 ( )

 ND 

 ND 

 11.06 

 12.10 

 : ND 
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 13 Aeromonas hydrophila  37 

 ( )

 (Log CFU/ml) 

0 6 12 18 24 

0 ./ . 8.36 8.19 8.47 8.75 8.95 

1 ./ . 8.36 8.23 8.48 8.45 8.16 

2 ./ . 8.36 8.48 8.46 8.51 8.56 

3 ./ . 8.36 8.30 8.38 8.47 8.61 

10 ./ . 8.36 8.58 8.47 8.00 7.73 

20 ./ . 8.36 8.48 8.39 7.38 7.36 

 14 Vibrio harveyi 639  37 -

 ( )

 (Log CFU/ml) 

0 6 12 18 24 

0 ./ . 8.37 8.62 8.60 8.50 8.30 

1 ./ . 8.37 8.30 8.29 8.00 8.10 

2 ./ . 8.37 8.05 8.32 7.99 7.95 

3 ./ . 8.37 8.22 8.18 7.18 7.18 

10 ./ . 8.37 8.18 7.46 7.00 6.40 

20 ./ . 8.37 8.45 6.52 6.48 6.42 
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 15  1 (  ± SD) 

 ( )

3 ./ . 10 ./ . 20 ./ .

0 0.06  0.01 0.06  0.01 0.06  0.01 0.06  0.01 

2 0.12  0.02 0.11  0.01 0.11  0.01 0.11  0.02 

4 0.19  0.03 0.19  0.02 0.17  0.02 0.18  0.03 

6 0.29  0.07 0.28  0.05 0.25  0.03 0.27  0.07 

8 0.35  0.08 0.39  0.07 0.34  0.06 0.34  0.10 

10 0.38  0.09 0.43  0.11 0.41  0.10 0.34  0.14 

12 0.46  0.09 0.50  0.22 0.48  0.14 0.39  0.09 

: n =  140 

 16  2 (  ± SD) 

 ( )

3 ./ . 10 ./ . 20 ./ .

0 0.21  0.06 0.21  0.06 0.21  0.06 0.21  0.06 

3 0.56  0.03 0.57  0.02 0.58  0.06 0.63  0.10 

6 0.86  0.13 0.93  0.11 0.86  0.02 1.11  0.22 

9 1.46  0.32 1.81  0.22 1.37  0.36 1.58  0.37 

: n =  30 
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 17  3 (  ± SD) 

 ( )

   
   

0 9.30  0.83 9.30  0.83 9.30  0.83 9.30  0.83 

15 11.18  0.40 11.44  0.11 10.81  0.12 11.03  0.31 

30 12.34  0.64 12.61  0.28 11.92  0.17 11.99  0.58 

45 13.99  0.67# 14.37  0.04# 12.88  0.23# 12.91  0.65#

60 15.72  1.37 16.31  0.23 14.48  0.07 14.81  0.57 

75 16.97  1.89 17.57  0.10 15.31  0.20 15.84  0.49 

: n =  60 

#  (p < 0.05)

 18  1  2 (  ± SD) 

 (%) 

3 ./ . 10 ./ . 20 ./ .

1 13.57  4.76 12.86  8.09 9.29  4.50 14.29  8.86 

2 18.52  8.98 14.81  9.25 28.89  21.89 23.70  10.02 

: 1 n = 7  , 2 n = 3 

 19  3 (  ± SD) 

 (%) 

   
   

3 94.74  0.00 94.74  0.00 96.49  3.04 94.74  0.00 

: n = 3 
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 20  (challenge test) 

(immersion) Vibrio harveyi  1 (  ± SD) 

 (%) 

3 ./ . 10 ./ . 20 ./ .

0 0.00 0.00 0.00 0.00 

6 0.00 0.00 0.00 0.00 

12 0.00 0.00 0.00 0.00 

18 16.67  0.00 33.34  47.14 50.00  47.14 50.00  0.00 

24 66.67  23.57 83.34  23.57 66.67  47.14 83.34  23.57 

30 66.67  23.57 83.34  23.57 83.34  23.57 91.67  11.79 

36 91.67  11.79 100.00 100.00 100.00 

: n = 2 

 21  (challenge test) 

(immersion) Vibrio harveyi  2 (  ± SD) 

 (%) 

  10 ./ .   20 ./ .

0 0.00 0.00 0.00 

1 8.33  11.79 8.33  11.79 0.00 

2 25.00  11.79 50.00  0.00 41.67  35.36 

3 33.33  0.00 83.33  23.57 58.33  35.36 

4 33.33  0.00 91.67  11.79 75.00  35.36 

5 41.67  11.79 91.67  11.79 83.33  23.57 

6 58.33  11.79 91.67  11.79 91.67  11.79 

: n = 3 
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 22  (challenge test) 

(immersion) Vibrio harveyi  3 (  ± SD) 

 (%) 

   
   

0 0.00 0.00 0.00 0.00 

1 3.70  0.58 7.41  0.58 7.41  0.58 11.11  0.00 

2 25.93  1.53 29.63  2.31 62.96  2.52 44.44  1.00 

3 29.63  1.53 33.33  2.65 66.67  2.65 48.15  1.15 

4 29.63  1.53 37.04  2.89 70.37  2.89 48.15  1.15 

5 37.04  1.53 37.04  2.89 77.78  2.65 48.15  1.15 

6 44.44  1.73 51.85  1.53 77.78  2.65 51.85  1.53 

7 51.85  1.53# 55.56  1.00# 88.89  1.00# 51.85  1.53#

: n = 3 

#  (p < 0.05)

 23  36 

 1 

 (Log CFU/ml)

Vibrio spp.

8.54 6.26 

   3 ./ . 8.37 6.21 

   10 ./ . 8.67 5.81 

   20 ./ . 8.51 5.82 
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 24  6 

 2 

 (Log CFU/ml)

Vibrio spp.

8.98 7.81 

   10 ./ . 8.71 7.53 

   20 ./ . 9.28 8.13 

 25  7 

 3 

 (Log CFU/ml)

 BS11 Vibrio spp.

8.48 0 7.15 

8.27 7.43 7.43 

7.99 0 7.25 

8.56 0 7.81 

 26  Vibrio harveyi
(challenge  test)  (immersion) Vibrio harveyi  3 

 Vibrio harveyi (Log CFU/ml) 

   
   

0 3.12 3.13 3.17 3.20 

2 7.67 7.73 7.70 7.72 

4 4.05 4.04 4.08 4.06 

6 7.11 7.06 7.03 7.05 
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 27  3 (  ± SD) 

 ( x108 cell/ml) 

   

 0.85  0.25# 1.81  0.25# 1.01  0.12# 1.01  0.23#

 0.21  0.13# 0.44  0.06# 0.09  0.07# 0.27  0.08#

: n =  3 

#  (p < 0.05) 

 28  ( )

 3 (  ± SD) 

 (%) 

   

 85.67  10.36 73.76  9.75 85.09  13.68 80.90  31.98 

 98.32  1.21# 99.65  0.19# 95.70  4.65# 88.37  0.58#

: n =  3 

#  (p < 0.05) 
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 1

 35

 2 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

5.753E-04 3 1.918E-04 1.007 .407 

Within 

Groups 

4.571E-03 24 1.904E-04   

Total 5.146E-03 27    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A        0.116814       7    1 

                                 A 

                                 A        0.113086       7    4 

                                 A 

                                 A        0.107071       7    3 

                                 A 

                                 A        0.105586       7    2 
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 4 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

2.385E-03 3 7.949E-04 1.100 .368 

Within 

Groups 

1.734E-02 24 7.223E-04   

Total 1.972E-02 27    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         0.19130       7    1 

                                 A 

                                 A         0.18684       7    2 

                                 A 

                                 A         0.17979       7    4 

                                 A 

                                 A         0.16691       7    3 
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 6 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

7.252E-03 3 2.417E-03 .799 .506 

Within 

Groups 

7.257E-02 24 3.024E-03   

Total 7.983E-02 27    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         0.29120       7    1 

                                 A 

                                 A         0.28336       7    2 

                                 A 

                                 A         0.27053       7    4 

                                 A 

                                 A         0.24866       7    3 
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 8 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

1.079E-02 3 3.595E-03 .543 .658 

Within 

Groups 

.159 24 6.622E-03   

Total .170 27    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         0.38684       7    2 

                                 A 

                                 A         0.35221       7    1 

                                 A 

                                 A         0.34279       7    4 

                                 A 

                                 A         0.33571       7    3 
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 10 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

3.114E-02 3 1.038E-02 .874 .469 

Within 

Groups 

.273 23 1.188E-02   

Total .304 26    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         0.43200       7    2 

                                 A 

                                 A         0.41129       7    3 

                                 A 

                                 A         0.37797       7    1 

                                 A 

                                 A         0.34042       6    4 
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 12 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

4.863E-02 3 1.621E-02 .835 .489 

Within 

Groups 

.427 22 1.941E-02   

Total .476 25    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         0.50430       6    2 

                                 A 

                                 A         0.48334       7    3 

                                 A 

                                 A         0.45679       7    1 

                                 A 

                                 A         0.38582       6    4 
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 36

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

4.143 3 1.381 .739 .539 

Within 

Groups 

44.857 24 1.869   

Total 49.000 27    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          2.8571       7    4 

                                 A 

                                 A          2.7143       7    1 

                                 A 

                                 A          2.5714       7    2 

                                 A 

                                 A          1.8571       7    3 
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 37 Vibrio harveyi
639

 18 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

5.500 3 1.833 .458 .726 

Within 

Groups 

16.000 4 4.000   

Total 21.500 7    

 24 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

2.000 3 .667 .190 .898 

Within 

Groups 

14.000 4 3.500   

Total 16.000 7    
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 30 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

2.375 3 .792 .487 .709 

Within 

Groups 

6.500 4 1.625   

Total 8.875 7    

 36 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.375 3 .125 1.000 .479 

Within 

Groups 

.500 4 .125   

Total .875 7    

Treatment y = a + bx R2

control Mort = 0.25 + 1.35time 0.70 

Benzoic acid 3 mg/g Mort = 1.50 + 1.20time 0.48 

Benzoic acid 10 mg/g Mort = 2.00+ 1.00time 0.35 

Benzoic acid 20 mg/g Mort = 2.50 + 0.95time 0.70 
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 2 

 38

 3 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

8.114E-03 3 2.705E-03 .745 .555 

Within 

Groups 

2.903E-02 8 3.628E-03   

Total 3.714E-02 11    

                   

Means with the same letter are not significantly different. 

                  Duncan Grouping           Mean       N    trt 

                                 A         0.62600       3    4 

                                 A 

                                 A         0.57900       3    3 

                                 A 

                                 A         0.57333       3    2 

                                 A 

                                 A         0.55567       3    1 
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 6 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.124 3 4.131E-02 2.115 .177 

Within 

Groups 

.156 8 1.954E-02   

Total .280 11    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          1.1107       3    4 

                                 A 

                                 A          0.9317       3    2 

                                 A 

                                 A          0.8643       3    3 

                                 A 

                                 A          0.8600       3    1 
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 9 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.333 3 .111 1.066 .416 

Within 

Groups 

.833 8 .104   

Total 1.166 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean      N    trt 

                                 A          1.8128       3    2 

                                 A 

                                 A          1.5762       3    4 

                                 A 

                                 A          1.4613       3    1 

                                 A 

                                 A          1.3670       3    3 
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 39
ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

68.667 3 22.889 .606 .629 

Within 

Groups 

302.000 8 37.750   

Total 370.667 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          13.000       3    3 

                                 A 

                                 A          10.667       3    4 

                                 A 

                                 A           8.333       3    1 

                                 A 

                                 A           6.667       3    2 
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 40 Vibrio harveyi

639

 1 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.333 2 .167 .500 .650 

Within 

Groups 

1.000 3 .333   

Total 1.333 5    

 2 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

2.333 2 1.167 .700 .563 

Within 

Groups 

5.000 3 1.667   

Total 7.333 5    
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 3 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

9.000 2 4.500 2.077 .272 

Within 

Groups 

6.500 3 2.167   

Total 15.500 5    

 4 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

13.000 2 6.500 3.900 .146 

Within 

Groups 

5.000 3 1.667   

Total 18.000 5    
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 5 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

10.333 2 5.167 5.167 .107 

Within 

Groups 

3.000 3 1.000   

Total 13.333 5    

 6 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

5.333 2 2.667 5.333 .103 

Within 

Groups 

1.500 3 .500   

Total 6.833 5    

Treatment y = a + bx R2

control Mort = 0.20 + 0.51time 0.77 

Benzoic acid 10 mg/g Mort = 0.87+ 0.94time 0.68 

Benzoic acid 20 mg/g Mort =  -0.10 + 1.03time 0.65 
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 3 

 41

 15 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.624 3 .208 2.935 .099 

Within 

Groups 

.567 8 7.090E-02   

Total 1.191 11    

                    

Means with the same letter are not significantly different. 

                      Duncan Grouping           Mean       N    trt 

                                      A         11.4350       3    2 

                                       A 

                               B    A       11.1782       3    1 

                               B    A 

                               B    A         11.0287       3    4 

                               B 

                               B              10.8080       3    3 
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 30 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.925 3 .308 1.444 .300 

Within 

Groups 

1.708 8 .213   

Total 2.632 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         12.6118       3    2 

                                 A 

                                 A         12.3427       3    1 

                                 A 

                                 A         11.9908       3    4 

                                 A 

                                 A         11.9247       3    3 



125

 45 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

5.133 3 1.711 7.388 .011 

Within 

Groups 

1.853 8 .232   

Total 6.986 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A         14.3658       3    2 

                                 A 

                                 A         13.9892       3    1 

                                 B         12.9147       3    4 

                                 B 

                                 B         12.8796       3    3 
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 60 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

6.215 3 2.072 3.680 .062 

Within 

Groups 

4.504 8 .563   

Total 10.719 11    

                    

Means with the same letter are not significantly different. 

                      Duncan Grouping           Mean       N    trt 

                                      A         16.3093       3    2 

                                      A 

                               B    A         15.7183       3    1 

                               B 

                               B              14.8103       3    4 

                               B 

                               B              14.4804       3    3 
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 75 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

9.594 3 3.198 3.304 .078 

Within 

Groups 

7.744 8 .968   

Total 17.338 11    

                    

Means with the same letter are not significantly different. 

                      Duncan Grouping           Mean       N    trt 

                                     A         17.5700       3    2 

                                     A 

                               B    A         16.9717       3    1 

                               B    A 

                               B    A         15.8433       3    4 

                               B 

                               B              15.3070       3    3 
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 42

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.250 3 8.333E-02 1.000 .441 

Within 

Groups 

.667 8 8.333E-02   

Total .917 11    

 43 Vibrio harveyi
639

 1 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.667 3 .222 .889 .487 

Within 

Groups 

2.000 8 .250   

Total 2.667 11    
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 2 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

20.667 3 6.889 1.837 .219 

Within 

Groups 

30.000 8 3.750   

Total 50.667 11    

 3 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

20.667 3 6.889 1.560 .273 

Within 

Groups 

35.333 8 4.417   

Total 56.000 11    

 4 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

23.000 3 7.667 1.508 .285 

Within 

Groups 

40.667 8 5.083   

Total 63.667 11    
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 5 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

27.000 3 9.000 1.895 .209 

Within 

Groups 

38.000 8 4.750   

Total 65.000 11    

 6 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

15.583 3 5.194 1.417 .308 

Within 

Groups 

29.333 8 3.667   

Total 44.917 11    

 7 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

23.583 3 7.861 4.717 .035 

Within 

Groups 

13.333 8 1.667   

Total 36.917 11    
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Treatment y = a + bx R2

control Mort = 0.43 + 0.60time 0.48 

BS11 Mort = 0.76 + 0.62time 0.32 

Benzoic acid Mort = 2.14+ 0.92time 0.40 

BS11 and Benzoic acid Mort = 2.14 + 0.44time 0.33 

 44

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

1.700 3 .567 11.547 .003 

Within 

Groups 

.393 8 4.907E-02   

Total 2.092 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          1.8100       3    2 

                                 B          1.0083       3    4 

                                 B 

                                 B          1.0050       3    3 

                                 B 

                                 B          0.8480       3    1 
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 45

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.440 3 .147 2.815 .107 

Within 

Groups 

.417 8 5.208E-02   

Total .857 11    

Means with the same letter are not significantly different. 

                      Duncan Grouping           Mean       N    trt 

                                     A          1.0153       3    2 

                                     A 

                               B    A          0.6113       3    1 

                               B    A 

                               B    A          0.5737       3    3 

                               B 

                               B               0.5447       3    4                   
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 Vibrio harveyi  639 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.199 3 6.638E-02 8.248 .008 

Within 

Groups 

6.438E-02 8 8.048E-03   

Total .264 11    

Means with the same letter are not significantly different. 

                      Duncan Grouping           Mean       N    trt 

                                     A         0.44433       3    2 

                                     B         0.26800       3    4 

                                     B 

                               C    B         0.21400       3    1 

                               C 

                               C              0.08560       3    3 
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 46  ( )

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

271.402 3 90.467 .256 .855 

Within 

Groups 

2824.132 8 353.016   

Total 3095.534 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A           85.67       3    1 

                                 A 

                                 A           85.09       3    3 

                                 A 

                                 A           80.90       3    4 

                                 A 

                                 A           73.76       3    2 
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 47  ( )

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

7.216 3 2.405 .541 .668 

Within 

Groups 

35.566 8 4.446   

Total 42.782 11    

                   

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          98.118       3    3 

                                 A 

                                 A          96.971       3    2 

                                 A 

                                 A          96.383       3    4 

                                 A 

                                 A          96.097       3    1 
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 Vibrio harveyi  639 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

228.523 3 76.174 12.993 .002 

Within 

Groups 

46.903 8 5.863   

Total 275.426 11    

Means with the same letter are not significantly different. 

                   Duncan Grouping           Mean       N    trt 

                                 A          99.653       3    2 

                                 A 

                                 A          98.322       3    1 

                                 A 

                                 A          95.701       3    3 

                                 B          88.365       3    4 
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