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V. parahaemolyticus  430  

304  316L  V. parahaemolyticus  

304  BA  2B 
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# # 5372450223 :  MAJOR BIOTECHNOLOGY 
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NATTANIT SRIMANGKORNKAEW : FORMATION AND CONTROL OF Vibrio 

parahaemolyticus BIOFILM ON STAINLESS STEEL SURFACES. ASVISOR : ASST. PROF. 

ROMANEE SANGUANDEEKUL,  Ph.D. CO-ADVISOR : ASSOC. PROF. SUMATE 

TANTRATIAN, Ph.D.,  ASST. PROF. CHEUNJIT PRAKITCHAIWATTANA, Ph.D., 141  pp. 

 

This research studied the attachment, biofilm formation and control of biofilm formed by 

Vibrio parahaemolyticus  ATCC 17802  DMST 21243 on different grades and finishes of stainless 

steel. Three grades (304, 316L and 430) and 2 finishes (2B and BA) were used. It was found that 

stainless steel grade 316L was the most roughness follow by 304 and 430 and 2B finish was rougher 

than BA finish. The results showed that at initial cells suspension of 9 log CFU/ml, at 0 minute 

bacterial cells can attach on coupons. The number of cells attached on coupons grade 316L was 

higher than other grades and 2B finish was higher than BA finish. The bacterial cells can form biofilm 

on coupons. The number of cells on coupon grade 430 was higher than 304 and 316L respect and 

2B finish was higher than BA finish. V. parahaemolyticus can survive and grow on coupons under 

condition that no additional of nutrients. The efficacy of benzalkonium chloride was investigated. In 

planktonic state, the results showed that benzalkonium chloride 0.02% completely eliminated all cells 

at sudden contact at initial cells suspension of 9 log CFU/ml. The efficacy of benzalkonium chloride 

on V. parahaemolyticus biofilm on different grades and finish of stainless steel were studied. At same 

concentration of benzalkonium chloride the time to eliminated bacterial cells on stainless steel grade 

430 was shortest follow by 304 and 316L and BA finish was than 2B finish. 
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 Bacillus cereus, Staphylococcus aureus, 

Salmonella spp.  Vibrio spp.  Vibrio parahaemolyticus

 V. parahaemolyticus  50 (  

,  2550) 

 V. parahaemolyticus 

 

 

     

 V. parahaemolyticus

 Quaternary ammonium 

compound  benzalkonium chloride  alkyl dimethyl benzyl ammonium chloride 
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  2 

 

 

 

   (Good Manufacturing 

Practice; G.M.P.) 

 

 

(Total bacterial count)    

 

    

 

  

 

      

, 2552) 

 

 

1. 
 

 



4 

 

2. 
 4 

 

3. 
 

4. 
 

, 2552) 

 

 Vibrio parahaemolyticus

 

 

Genus Vibrio  69 species  1 Biovar 

(Vuddhakul, 2007)  species  10 species  Vibrio 

alginolyticus, Vibrio carchariae, Vibrio cholera, Vibrio cincinnatiensis, Vibrio fluvialis, 

Vibrio furnissii, Vibrio metschnikovii, Vibrio mimicus, Vibrio vulnificus  Vibrio 

parahaemolyticus (Balows et al., 1992)  Vibrio  species 

 (Maugeri et al., 

2000)  species 

 enterotoxin, cytotoxin, protease, lipase, phospholipase, siderophore, adhesive 

factor, haemagglutinin  haemolysin  (Austin and Austin, 1999; Shinoda, 1999) 

 

 Vibrio parahaemolyticus  (curved 

rod-shaped)  1.4 µm  2.6 µm  0.5 µm  0.8 µm

 (endospore)  (microcyst) 
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 (single polar flagella)  NaCl  

 2  3% (Lee, 1990) 

 (Oliver et al., 1983) Vibrio  20    

 37  pH  pH  9.0 

 0.1% (pH 5.1) 

 (selective media)  (enrichment 

media)  Genus Vibrio  pH  8.0  8.6 (Colwell et al., 1994) 

 (water activity; aw)  0.940  

0.996  0.980 (Lake, Hudson and Cressey, 2003) 

 (facultative anaerobe)  

(metabolism)  (respiration)  (fermentation)  9  10 

 2  (generation time) Vibrio  oxidase 

 (  Vibrio metschnikovii) 

 Vibrio 

 (extracellular enzyme)  gelatinase, chitinase, amylase  

DNase  (Joseph, Colwell and Kaper, 1982)                       

V. parahaemolyticus   2.1 
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 2.1     Vibrio parahaemolyticus 

Test Result 

TCBS Green colony 

MacConkey medium Growth 

ONPG Negative 

Arginine dihydrolase Negative 

Lysine decarboxylase Positive 

Ornithine decarboxylase Positive 

Citrate utilization Positive 

H2S production Negative 

Urease Negative 

Tryptophane deaminase Negative 

Indole production Positive 

Voges proskauer Negative 

Gelatinase Positive 

Cytochome oxidase Positive 

Nitrate reaction Positive 

Sugar fermentation 
 

Glucose Positive 

Mannitol Positive 

Inositol Negative 

Sorbitol Negative 

Rhamnose Negative 

Saccharose Negative 

Melibiose Negative 

Amygdalin Negative 

Arabinose Positive 
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Salt tolerance 

0% NaCl No growth 

3% NaCl Positive growth 

6% NaCl Positive growth 

8% NaCl No growth 

10% NaCl No growth 

 :  Poda (1997)  Lam et al. (1974) 

 

Vibrio parahaemolyticus  

 (Fouz et al., 1990) 

  

 (Makino et al., 2003)  (Joseph 

et al., 1982)  V. parahaemolyticus  

 V. parahaemolyticus          

 viable but non culturable 

(VBNC) state  V. parahaemolyticus

 (stress)  

 (James, 2005)  V. parahaemolyticus 

 minimum salt medium (MMS)  4  

viable but non culturable state  4  25 

 (Wong and Wang, 2004) 

 V. parahaemolyticus  viable but non culturable state

 catalase  sodium pyruvate                             

V. parahaemolyticus  (catalase) 

 H2O2  (Mizunoe et al., 2000)               

V. parahaemolyticus  viable but non culturable state
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 47  (0% NaCl) 

 (Wong and Wang, 2004) 

 V. parahaemolyticus    

V. parahaemolyticus  99 

 (Cook et al., 2002)   V. parahaemolyticus

 V. parahaemolyticus

 (plankton) 

   (Kaneko and Colwell, 1975) 

 

Vibrio parahaemolyticus

 (Su and Liu, 2007) . 2493                 

V. parahaemolyticus  

 thermostable direct hemolysin (TDH)  TDH-related hemolysin (TRH) 

 

 50  V. parahaemolyticus . 1973  

1998  V.  parahaemolyticus  15 

 Guam  1,000  40  (Daniels et al., 

2000)  34 

 5 (Daniels et al., 2000)  V. parahaemolyticus

 

          

V. parahaemolyticus  1 .2540-2545 

, 2550)  V.  parahaemolyticus

 ( infective dose)   106  109 CFU/ml 

, 2550) 
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 4  96 

-  (Barker and 

Gangarosa, 1974)  V. parahaemolyticus  (FDA, 

2005)  37  2  10  15  

 10  3  

 , 2550) 

 

 (Costeron et al., 1995)

 (biotic surface) 

 (abiotic surface)

 Extracellular 

polymeric substances (EPS) (Surdeau, Bouthors and Gelle, 2006; Oulahal et al., 2008) 

   (polysaccharide),  (nucleic acid)  

(Sutherland, 2001) 

 (planktonic) 

 

 

Vibrio parahaemolyticyus 

 (Wong, Chung and Yu, 2002; Shikongo, Kachigunda and Venter, 

2010)  V. parahaemolyticus       

V. parahaemoliticus 
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 (Lawrence et al., 1991)                  

V. parahaemolyticus  2   2 

  

 (Enos-Berlage et al., 2005)  extracellular polymeric 

substances (EPS)  10  (Enos-Berlage and 

McCarter, 2000) 

 

  

 

1. 

 (hydrophobic) 

 (lipopolysaccharide, 

LPS)  (adhesin)       

Escherichia coli  Listeria monocytogenes  (flagella), 

 (pilli)  (Kumar and Anand, 

1998)   V. parahaemolyticus 

 (uronic acid) 

  (Pace, Rossi and Jiang, 1997) 

 

(Kumar and Anand, 1998)  

 

2. 
 conditioning film 
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(hydrophobicity)  (surface free energy)  

 (Garrett, 

Bhakoo and Zhang, 2008) 

 

3.  (roughness) 

 (hydrophobicity)  (surface free 

energy)   

 hydrophilic

 hydrophobic (Chmielewski and Frank, 2003) 

 

  

 Pseudomonas 

aeruginosa    Pseudomonas fluorescens 

 (O’Toole and Kolter, 1998b)  Escherichia coli 

 (Danwanti and Wong, 1995)  

 (dynamic process)  3  (Trachoo, 

2003; Surdeau et al, 2006; Rode et al, 2007)  

 

  

 (attachment)  (Chmielewski 

and Frank, 2003)  2 

 passive

 (fluid dynamic force) 

 (diffusion dynamic force) 

 active
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, ,  (adhesion protein), 

 (capsule)  (Kumar and Anand, 1998) 

 2   

 

   1  (reversible adhesion) 

 (Van der Waals forces), 

electrostatic forces  hydrophobic interaction 

 (Brownian movement) 

 (Kumar and Anand, 1998; Bower, McGuire and 

Daeschel, 1996) 

 

   2  (irreversible adhesion) 

 dipole-dipole interaction  

(hydrogen bonding)  (covalent bonding)  hydrophobic interaction 

 (fibril)

 1 )  

 (scrubbing) 

 5  

30  (Chmielewski and Frank, 2003) 

 

   2  (colonization)  2  

 (microcolony) 

 (Poulsen, 1999)  (polymer) 
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extracellular polymeric substances (EPS) (Kumar and Anand, 1998; Chmielewski and 

Frank, 2003) 

 

   3  (maturation) 

 (mushroom-like shape) 

 extracellular polymeric substances (EPS)  

(porous)  (water channel)  (Chmielewski and 

Frank, 2003)  extracellular polymeric 

substances (EPS)  (Lasa, 2006) 

 

 
 2.1   

: http://www.pasteur.fr/recherche/RAR/RAR2006/Ggb-en.html (2012) 

 

  

 (Kumar and 
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Anand, 1998)  Listeria monocytogenes (Gram et al., 2007; Oulahal et al., 2008), 

Staphylococcus aureus (Valle et al., 2003), Pseudomonas aeruginosa (Ishikawa and 

Horii, 2005; Landry et al., 2006), Yersinia enterocolitica,  Escherichia coli, Salmonella 

spp. (Joseph, Otta and Karunasagar, 2001; Oliveira et al., 2007; Rode et al., 2007; 

Oulahal et al., 2008)  Vibrio parahaemolyticus (Wong et al., 2002; Shikongo, 

Kachigunda and Venter, 2010)

  

-        

 (Oulahal et al., 2008) 

 

 

 90  (  , 2552)  

 (chemical detergent)    (chemical disinfectants)  

  

   

-  (pH) 

 (Marriott, 1994)   
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 5 

 3  2  

 

 3  

 

1.  (soil or dirt)     

  

2.  (detergent) 

3.  (rinsing) 

 

 2  

 

1.  (disinfectants) 

2.  (rinsing)  

(Marriott and Gravani, 2006) 

 

  

 (planktonic)  

 extracellular polymeric substances (EPS)
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 3-4 log CFU/cm2 

 (Jessen and Lammert, 

2003) 

 

   (control and removal)  

 (cleaning)  (sanitizing) 

 

 (Hilbert et al., 2003) 

 3  

  

 

1.  (Physical methods) 

 

   

 (high pressure) 

 (sonication) 

 95         

 100  85 
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 Ultrasound treatment, Super-high magnetic field, High pulsed electrical 

field  Low electrical field  (Kumar and Anand, 1998) 

 

2.  (Chemical methods) 

 

   

 extracellular polymeric substances (EPS)   

 2 

 

 (alkaline detergent)  (nonionic 

detergent)     (Marriott, 

1994)  2.2 

 

 2.2 
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( ) 

 :  Marriott (1994) 

 

  stainless steel 

. 1821 

 (carbon steel) 

   (  

oxidation) 

 10.5% 

 (passive 

layer) 

 (  2.2) 
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 2.2  passive layer  

1) 
 (passive layer)  

2) 
 

3)  (passive layer)

 

:  http://www.poscothainox/steelfacts_what_thai.html (2012) 

 

  

 (Oliveira et al, 2007; Rossoni and 

Gaylarde, 2000) 

 

 4   

 (Austenitic)  (Ferritic)  (Martensitic)  (Duplex) 

  

 

1.  18%  8% 
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2.  10.5-27%  

 

3.  12-14%  0.2-1% 

 

 

4.  19-28%  5%  

4.5-8%  (Ferrite)  (Austenite) 

 

(pitting corrosion)  

(stress corrosion cracking) 

( -  ( ), 2555) 

 

     

 95  ( -

 ( ), 2555) 

 

 

 AISI 

 2.3  
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 2.3  

 

 
  

AISI USA     

 304 0.04 18.5 8.5 - 

 430 0.05 16.5 - - 

 316L 0.025 17.5 11.5 2.0 

:  (2549) 

 

   

  2.4 

 

 2.4   

 

   
*  

( ) (%) 

2D   0.1-0.03 13 

2B   0.03-0.02 22** 

BA   0.02-0.06 - 

No.4 #120-220 - < 1.0 - 

No.8 #1000  - 85 

HL   0.1-0.03 - 

*  

**46%  

:  (2549) 
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1.  (melting)        

  

2.  (casting)  

 slab 

3.  (hot rolling) 

 

 304  1,050   

 430  860  

4.  (cold rolling) 

 3  

4.1  (annealing)  2B 

 BA  

4.2  (pricking)  

 white coil 

4.3  (skin pass)  

 ( , 2554) 

 

  

 (Surdeau 

et al., 2006)  



23 

 

  

 extracellular polymeric substances (EPS)

 (Quaternary ammonium 

compound) 

 (broad spectrum) 

-

 

-  (Marriott, 

1994)  2.5 

 

 2.5  

  

  

  
 clean-in-place (CIP) 

  

  

   (hand dip) 

  

 
 clean-in-place (CIP) 
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Acid anionics  

   clean-in-place (CIP) 

Quaternary ammonium 

compound 

 

 

  :  Marriott (1994) 

 

  Quaternary ammonium compound  Quat  

QACs  (sanitizer)  (disinfectants) 

 (Mustapha and Liewen, 1989) 

 benzalkonium chloride   alkyl dimethyl benzyl ammonium chloride 

(ADBAC)  (detergent)  

(sanitizer) .1996  (Food 

Quality Protection Act ; FQPA) 

 (United states Environmental Protection Agency, 2006) 

 

  Benzalkonium chloride  

 

 Common name  : ADBAC 

 Chemical name  : n- alkyl dimethyl benzyl ammonium chloride 

 IUPAC name  :  benzyl-dimethyl-tridecyl-azanium chloride 

 Chemical family  : quaternary amines 

 

  Benzalkonium chloride 

 2.3
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 benzalkonium chloride    (exposure 

time) 

 benzalkonium chloride 

 benzalkonium chloride  

  benzalkonium chloride  

 (United states Environmental Protection Agency, 2006) 

 2.6 

 

 
 2.3    benzalkonium chloride 

: http://en.wikipedia.org/wiki/ benzalkonium_chloride (2012) 

 

   benzalkonium chloride 

 

 

1.   (cell membrane) :  

benzalkonium chloride 

 (To et al., 2002) 
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2.  (cytoplasm) :  

benzalkonium chloride  

carboxylic group  cytoplasm 

  (To et al., 2002) 

 

 2.6 

 

   (ppm) 

 Iodophor 25 

  Quata 200 

 Active chlorine 1,000-2,000 

  Quat 500-800 

 Iodophor 25 

 Acid sanitizer 130 

 
Acid-quat  

 
Active chlorine 200 

  Iodophor 25 

 Iodophor 25 

 Active chlorine 1,000 

 Active chlorine 200 

 Quat 200 

 
Acid-quat  

  Acid anionic 100 

  Quata     Quaternary ammonium compound 

:  Marriott (1994) 
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3.  (Biological methods) 

 

 (bacteriocin)  

 (nisin) .1988  Food and Drug 

Administration (FDA)  (Generally 

Recognized As Safe; GRAS) 

 

extracellular polymeric substances (EPS)

     

, 2549) 
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 3 

 

 

 

 

 

   Vibrio parahaemolyticus  ATCC 17802  DMST 21243 

     

 

 

 

  304  2B 

  316L  2B 

 430  2B 

 304  BA 

-  ( ) 

 

 

 

 Nutrient broth (Merck Laboratory, Germany) 

 Nutrient agar (Merck Laboratory, Germany) 

 Alkaline peptone water (Merck Laboratory, Germany) 

 Letheen broth (Merck Laboratory, Germay) 
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 Sodium chloride (Carlo Erba Reagents, France) 

 Acetone (Vidhyasom, Thailand) 

 Glycerol (Merck Laboratory, Germany) 

 Gram’s stain (Difco, USA) 

 1% Tetramethyl-p-phenylenediamine (Sigma-Aldrich, USA) 

  

 (Biochemical test kit) 

 

 API 20E (bioMerieux©) 

 

 

 

 Benzalkonium chloride (Alkyl dimethyl benzyl ammonium chloride; ADBAC) 

  

 

 

 

 Incubator (Memmert  500, Germany) 

 Autoclave (TOMY Autoclave  SS-320, Japan) 

 Autoclave (TOMY Autoclave  ES-315, Japan) 

 Vortex (Scientific Industries  G650E, USA) 

 pH meter (Eutech  Cyber scan pH 1000 Bench, Singapore) 

 Spectrophotometer (JAS.CO  V-530, Japan) 

 2  (Sartorius  BT2202S, Germany) 
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 4  (Sartorius  ED, Germany) 

 Centrifuge (Hettich  EBA20, USA) 

 Laminar flow carbinet (Asian Chemical, Thailand) 

 Laminar flow carbinet (BVT-123, Thailand) 

 

 

 

 

3.1  

 

3.1.1  AFM 

 

 304  2B, 316L  2B, 430  

2B  304  BA ( ) 

 Atomic Force Microscopy (AFM)  Scanning probe microscope  

Nanoscope IV  

 

3.1.2  AFM 

 

 304  2B, 316L  2B, 430  

2B  304  BA ( ) 

 Atomic Force Microscopy (AFM)  Scanning probe 

microscope  Nanoscope IV 
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3.1.3  SEM 

 

 304  2B, 316L  2B, 430  

2B  304  BA ( ) 

 Scanning Electron Microscopy (SEM)  Scanning microscope 

 JSM-5800 LV  

 

3.2  (Attachment)  V. parahaemolyticus 

 

 304 316L  430  2B       

 304  BA  9 log CFU/ml 

)  (  22 )  0, 10, 20, 30, 60  

120  Alkaline Peptone 

Water  2  V. parahaemolyticus  

     

 Alkaline Peptone Water  1  

Alkaline Peptone Water  9  Serial dilution 

 0.1  Nutrient Agar  

NaCl 3%  spread plate  37  24 

 25-250  5 

 3 log CFU/ml  

 

3.3  (Biofilm formation)  V. parahaemolyticus 

 

 304 316L  430  2B       

 304  BA  9 log CFU/ml 
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)  (  22 )  30  

 Alkaline Peptone Water  

 2   Nutrient Broth  NaCl 3%  

 (  22  )  24, 48  72  

 Alkaline Peptone Water  2             

V. parahaemolyticus

 Alkaline Peptone Water 

 1  Alkaline Peptone Water  9 

 Serial dilution  0.1 

 Nutrient Agar  NaCl 3%  spread plate 

 37  24 

 25-250  5  

 

3.4  V. parahaemolyticus  

 Scanning Electron Microscope (SEM) 

 

 V. parahaemolyticus  3.3

 9 log CFU/ml ( )    

 304 316L  430  2B  304  BA  

24  72  

Alkaline Peptone Water  2 

 Scanning Electron Microscopy (SEM)  Scanning 

microscope  JSM-5410 LV
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3.5  V. parahaemolyticus    

 

 

 V. parahaemolyticus  3.3

 9 log CFU/ml ( )    

 304 316L  430  2B  304  BA  

72  Alkaline 

Peptone Water  2  (  

22 )  24, 48  72  V. parahaemolyticus

 Alkaline Peptone Water  1  

 Alkaline Peptone Water  9  serial 

dilution  0.1  

Nutrient Agar  NaCl 3%  spread plate  37  

 24  25-250 

 5  

 

3.6  V. parahaemolyticus 

 

 V. parahaemolyticus  9 log CFU/ml 

)  0.1  

benzalkonium chloride   0.005, 0.01  0.02% ) 

 1  (  22 )  0, 1, 5, 10, 20 

 30   Letheen Broth  9   neutralize 

 benzalkonium chloride  3  

 V. parahaemolyticus   1 
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 Alkaline Peptone Water  9  serial dilution 

 0.1  Nutrient 

Agar  NaCl 3%  spread plate  37 

 24  25-250 

 5  

 

3.7 V. parahaemolyticus 

 

 V. parahaemolyticus  3.3

 9 log CFU/ml ( )    

 304 316L  430  2B  304  BA  

24,  72  

Alkaline Peptone Water  2  

benzalkonium chloride   0.005, 0.01  0.02% ) 

 10  (  22 )  0, 1, 5, 10, 20 

 30  Letheen Broth  neutralize 

 benzalkonium chloride 

 3  V. parahaemolyticus  

     

 Alkaline Peptone Water  1  

Alkaline Peptone Water  9  serial dilution 

 0.1  Nutrient Agar  NaCl 

3%  spread plate  37  24 

 25-250  5  
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 4 

 

 

 

4.1  

 

4.1.1  Atomic Force 

Microscopy (AFM) 

 

 AFM  

Scanning probe microscope  Nanoscope IV  4.1  

4.2 

 

 4.1   304 316L  430  Atomic 

Force Microscopy (AFM) 

Type of Parameter (nm) Surface area 

stainless steel Rms (Rq)* Ra** Rmax*** (µm2) 

304/2B 52.382 35.649 486.08 108.86 

316L/2B 83.034 67.592 808.97 114.63 

430/2B 14.976 11.481 184.74 103.38 

*Rms(Rq)  

**Ra   

***Rmax   
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 4.1  Rms, Ra  Rmax

  316L  

 304  430  

 

 4.2   2B  BA  Atomic Force 

Microscopy (AFM) 

Finish of Parameter (nm) Surface area 

stainless steel Rms (Rq) Ra Rmax (µm2) 

2B 52.382 35.649 486.08 108.86 

BA 14.417 11.337 153.85 102.29 

 

 4.2  Rms, Ra  Rmax  

  2B  BA 

 

 (  , 2549) 

 

4.1.2    AFM 

 

 AFM  

Scanning probe microscope  Nanoscope IV  
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4.1  4.2  Atomic Force Microscopy 

 (  4.1  4.2)  (3-D) 

 (  4.1 D) 

 

(A) (B) (C) 

 

(D) 

 4.1  AFM 

A)  304 B)  316L 

C)  430  D)  

 

 4.1    

304  316L 

 430 
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(A)        (B) 

 4.2  2B  BA  AFM 

A)  2B B)  BA 

 

 4.2  (  4.1D)  

 2B  BA  

 

4.1.3    SEM 

 

 Scanning 

electron Microscopy (SEM)  Scanning microscope  JSM-5800LV 

 4.3  4.4)  

 

  (A)     (B)     (C) 

 4.3  SEM 

A)  304 B)  316L 

 C)  430 
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   4.3  SEM 

 AFM  304 

 316L  

 430  

 

  (A)     (B) 

 4.4  2B  BA  SEM 

A)  2B  B)  BA 

 

 4.4  SEM 

 AFM   2B     

 BA  BA 

 54%    

  2B  13%  ( , 

2549) 

 

4.2  (Attachment)  V. parahaemolyticus 

 

 V. parahaemolyticus  

 3  (304, 316L  430)  2  (2B  BA) 
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 0  ( )  

 120 

 0  120        

V. parahaemolyticus  spread plate 

 

4.2.1  (304, 316L  430) 

 V. parahaemolyticus 

 

 (  304, 316L  430) 

 V. parahaemolyticus

 9 log CFU/mL  0   2B  

304, 316L  430   2.808±0.078, 3.171±0.021  2.522±0.016 log CFU/cm2 

 0 

 V. parahaemolyticus  316L  430 

 3.171±0.021  2.522±0.016 log CFU/cm2  4.143±0.052  

3.949±0.086 log CFU/cm2   0.972  1.427 log CFU/cm2  

  V. parahaemolyticus  304 

 0.199 log CFU/cm2  3.007±0.007 log CFU/cm2  

4.086±0.013 log CFU/cm2  1.079 log CFU/cm2  10  20 

 120   4.205±0.019, 4.354±0.022  

4.058±0.019 log CFU/cm2  304, 316L  430  

 4.5)   
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 4.5  V. parahaemolyticus  304, 

316L  430  9 log CFU/ml  

 

 

   0  V. parahaemolyticus  

430  304  316L 

 3  

 316L  430  V. parahaemolyticus 

 0  10  304              

V. parahaemolyticus  10  20 

 V. parahaemolyticus  

 3  (p 0.05) 
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4.2.2  (2B  BA)   

V. parahaemolyticus 

 

 (  2B  BA)

 V. parahaemolyticus

 9 log CFU/ml  0   2B  BA  

  2.808±0.078  2.555±0.078 log CFU/cm2  0 

 V. parahaemolyticus 

 BA  2.555±0.078 log 

CFU/cm2  4.006±0.024 log CFU/cm2   1.451 log CFU/cm2  

  V. parahaemolyticus  2B 

 0.199 log CFU/cm2  3.007±0.007 log CFU/cm2  

4.086±0.013 log CFU/cm2  1.079 log CFU/cm2  10  20 

 120 

  4.205±0.019  4.043±0.032 log CFU/cm2  2B 

 BA   4.6)   
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 4.6  V. parahaemolyticus  2B 

 BA  9 log CFU/ml  

 

   0  V. parahaemolyticus  

2B  BA  BA 

 V. parahaemolyticus  0  10  

 2B  V. parahaemolyticus 

 10  20 

 V. parahaemolyticus   2 

 (p 0.05) 

  

 3 log CFU/ml  0  120  

 V. parahaemolyticus 

      

  passive 
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 9 log CFU/ml 

 passive 

 

 

 (conventional cultivating method) 

 (quantitative)  epifluorescence microscopy 

 scanning electron microscopy, ATP biominescence 

 spectrophotometer 

 

 

 

 

 (hydrophobic)     

 (lipopolysaccharide, LPS)  (adhesin)  

 E. coli  L. monocytogenes  (flagella),  (pilli) 

 (Kumar and Anand, 1998)  

 V. parahaemolyticus  (uronic acid) 

  (Pace et al., 1997) 

 (Kumar and Anand, 1998)  

 

. 2004 

  304  
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 (Hong and Koo, 2004)  

 conditioning film 

 (hydrophobicity) 

 (surface free energy) 

 (Garrett et al., 2008)  

 

 ( , 2551) 

 

 (roughness) 

 (hydrophobicity)  (surface free energy) 

 Listeria monocytogenes  

Scanning Electron Microscope 

 

(Mufu et al., 1990)   

 hydrophilic  

hydrophobic (Chmielewski and Frank, 2003) 

 

4.3  (Biofilm formation)  V. parahaemolyticus 

 

                        

V. parahaemolyticus   3  (304, 316L  

430)  2  (2B  BA)  72  
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 V. parahaemolyticus  0 

 V. parahaemolyticus 

 9 log CFU/ml  

30 

 24, 48  72 

   spread plate 

 

4.3.1  (304, 316L  430)        

 V. parahaemolyticus 

 

 (304, 316L  430)    

 V. parahaemolyticus  1  8   

 V. parahaemolyticus   304  2.603±0.080  

4.548±0.098 log CFU/ml  24  

5.207±0.039 log CFU/ml  5.255±0.032 log CFU/ml 

 72  316L  1 

 8  V. parahaemolyticus  3.147±0.023  

4.285±0.013 log CFU/ml  24  

5.321±0.027 log CFU/ml  6.093±0.014 log CFU/ml 

 72  430  

1  8  V. parahaemolyticus  2.565±0.076  

4.878±0.032 log CFU/ml  24  

5.050±0.020 log CFU/ml  72 

 5.907±0.019 log CFU/ml  4.7)   
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 4.7  V. parahaemolyticus  304, 

316L  430   

 

 

 316L  304  430  

1  V. parahaemolyticus

 (316L)  (430  304)            

 4.7                               

V. parahaemolyticus  3  slope  1 

 8  V. parahaemolyticus  

430  304  316L     

V. parahaemolyticus   3  

(p 0.05) 

 

 

 

 

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

0 8 16 24 32 40 48 56 64 72 80

Lo
g 

 C
FU

/c
m

2

Incubation time (hour)

304/2B

316L/2B

430/2B
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4.3.2  (2B  BA)   

V. parahaemolyticus 

 

 (2B  BA)         

 V. parahaemolyticus   

 9 log CFU/ml  30 

 24, 48  72  

 spread plate  1  8   

 V. parahaemolyticus  2B  2.603±0.080  

4.548±0.098 log CFU/ml  24  

5.207±0.039 log CFU/ml  5.255±0.032 log CFU/ml 

 72  BA  

1  8    V. parahaemolyticus 

 3.714±0.021  4.903±0.030 log CFU/ml  24 

 5.042±0.027 log CFU/ml

 72  6.063±0.021 log CFU/ml  4.8)   
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 4.8  V. parahaemolyticus  2B 

 BA 

 

 2  

 2B   BA  1  

V. parahaemolyticus  (BA) 

 (2B)  4.8

 V. parahaemolyticus  2 

 slope  1  8  V. parahaemolyticus 

 2B  BA 

 V. parahaemolyticus   2 

 (p 0.05) 

 

 V. parahaemolyticus

 

0.000

2.000

4.000

6.000

8.000

0 8 16 24 32 40 48 56 64 72 80

Lo
g 

 C
FU

/c
m

2

Incubation time (hour)

304/2B

304/BA



50 

 

 V. parahaemolyticus

 Nutrient Broth  NaCl 3% 

 1  8  V. parahaemolyticus

 304  2.603±0.080  4.548±0.098 log CFU/ml

 Nutrient Broth  NaCl 3%  4.175±0.005  4.594±0.078 

log CFU/ml 

 Nutrient Broth  NaCl 3% 

 4.9)  316L  430  

 316L  1  8                       

V. parahaemolyticus  3.147±0.023  4.285±0.013 log CFU/ml 

 Nutrient Broth  NaCl 3%  

4.390±0.002  4.664±0.025 log CFU/ml (  4.10)  

430  1  8  V. parahaemolyticus

 2.565±0.076  4.878±0.032 log CFU/ml

 Nutrient Broth  NaCl 3%  4.503±0.006  4.980±0.015 

log CFU/ml (  4.11) 
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 4.9   V. parahaemolyticus  304 

 V. parahaemolyticus  Nutrient Broth 

 NaCl 3% 

 

 
 4.10  V. parahaemolyticus  316L 

 V. parahaemolyticus  Nutrient 

Broth  NaCl 3% 

0.000

2.000

4.000

6.000

8.000

1 8 24 48 72

Lo
g 

  C
FU

/c
m

2
, L

og
  C

FU
/m

l

Incubation  time (hour)

304/2B

Planktonic

0.000

2.000

4.000

6.000

8.000

1 8 24 48 72

Lo
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  C
FU

/c
m

2
, L

og
  C

FU
/m

l

Incubation  time (hour)

316L/2B

Planktonic
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 4.11  V. parahaemolyticus  430 

 V. parahaemolyticus  Nutrient 

Broth  NaCl 3% 

 

 BA  1  8 

 V. parahaemolyticus  3.714±0.021  

4.903±0.030 log CFU/ml  Nutrient Broth 

 NaCl 3%  5.051±0.007  5.109±0.004 log CFU/ml (  4.12) 

 

 

0.000

2.000

4.000

6.000

8.000

1 8 24 48 72

Lo
g 

  C
FU

/c
m

2 
, L

og
  C

FU
/m

l

Incubation  time (hour)

430/2B

Planktonic
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 4.12  V. parahaemolyticus  BA 

 V. parahaemolyticus  Nutrient 

Broth  NaCl 3% 

 

  V. parahaemolyticus    

 3  (304, 316L  430)  2  (2B  BA)                 

V. parahaemolyticus  Nutrient Broth  NaCl 3% 

 V. parahaemolyticus  Nutrient Broth 

 NaCl 3%

 1  8 

 (planktonic cell) 

 (Kumar and Anand, 1998) 

 

 

 (Tolker et al., 2000) 

0.000

2.000

4.000

6.000

8.000

1 8 24 48 72
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  C
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 (Geesey, 2001)  

 

. 1998  P. aeruginosa  

 type IV  (O’ Toole and Kolter, 

1998a)  V. cholera  (Watnick et al., 

2001) . 2002  type I  flimbriae 

 E. coli (Jackson et al., 2002) . 2006 

 V. parahaemolyticus  mannose-sensitive hemagglutinin pilus     

chitin-regulated pilus  

mannose-sensitive hemagglutinin pilus  

chitin-regulated pilus  (Shime-Hattori et al., 2006) 

 

. 2003 Stepanovic

 Salmonella spp.  3  37, 30  22           

 24  Salmonella spp.         

 30  48  Salmonella spp. 

 22  (Stepanovic et al., 2003) 

 

 (conditioning film)  (planktonic cell) 

 (Van der 

Waal forces)  50 

 10  20 
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 2  (reversible adhesion) 

 15 

 (covalent bonding)  

(irreversible adhesion)

 ( , 2549) 

 

. 2551  

Salmonella Anatum  S. Anatum

 ( , 2551) 

 

4.4  V. parahaemolyticus  

 SEM 

 

 V. parahaemolyticus

 SEM  3  (304, 316L  430)  2 

 (2B  BA)  9 log CFU/ml        

 Nutrient Broth  NaCl 3%

 (  22 )  24  72 

 V. parahaemolyticus   SEM  

Scanning microscope  JSM-5410LV  V. parahaemolyticus 

 304 

 24  monolayer biofilm 

 (72 ) 

 multilayer biofilm  

(  4.13) 
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  (A)     (B) 

 4.13  V. parahaemolyticus

 304  2B  SEM 

A)  304  24  5000x 

B)  304  72  7500x 

 

 316L 

 (  4.14)  430 

 (  4.15) 

 304  V. parahaemolyticus

 24  monolayer 

biofilm   (72 

)  multilayer biofilm 
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  (A)     (B) 

 4.14  V. parahaemolyticus

 316L  2B  SEM 

A)  316L  24  5000x 

B)  316L  72  5000x 

 

  (A)     (B) 

 4.15  V. parahaemolyticus

 430  2B  SEM 

A)  430  24  5000x 

B)  430  72  7500x  

 

 BA                         

V. parahaemolyticus

 24  
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monolayer biofilm

 (72 )  multilayer biofilm

 (  4.16) 

 

  (A)     (B) 

 4.16   V. parahaemolyticus

 304  BA  SEM 

A)  BA  24  5000x 

B)  BA  72  7500x 

 

 V. parahaemolyticus

 24  multilayer biofilm 

 72  

(Quarum sensing) 

 (Jefferson, 2004; Bower et al. 1996) 
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4.5  V. parahaemolyticus

 

 

 V. parahaemolyticus

 Nutrient Broth  NaCl 3%  1-72  

 72  3  

(304, 316L  430)  2  (2B  BA) 

 V. parahaemolyticus

 

 

4.5.1  V. parahaemolyticus 

 304, 316L  430  

 

 V. parahaemolyticus 

 304, 316L  430  0    

 72 )  304  5.049±0.044 

log CFU/cm2  (  22 )  24  

 5.225±0.006 log CFU/cm2

 72  5.291±0.012 log CFU/cm2

 (p 0.05) 

 

 316L  0  (  72 

)  6.012±0.011 log CFU/cm2 
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 (  22 )  24 

 6.120±0.008 log CFU/cm2  72 

 6.154±0.006 log CFU/cm2  

(p 0.05) 

 

 430  0  (  72 

)  5.907±0.093 log CFU/cm2 

 (  22 )  24 

 6.080±0.008 log CFU/cm2  72 

 6.957±0.006 log CFU/cm2 

 (p 0.05) 

 

 (  4.17) 

 V. parahaemolyticus  3 
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 4.17  V. parahaemolyticus  304, 

430  316L  2B  

 

4.5.2  V. parahaemolyticus 

 2B  BA  

 

 304  BA  0  (

 72 )  5.911±0.091 log CFU/cm2 

 (  22 )  24 

 6.059±0.018 log CFU/cm2  72  

 6.503±0.047 log CFU/cm2 

 (p 0.05) 

 

 (  4.18)      

 V. parahaemolyticus  2 

 

0.000
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 4.18  V. parahaemolyticus  2B 

 BA  

 

 V. parahaemolyticus

     

V. parahaemolyticus  

 

 

. 2003 Kusumaningrum

 Staphylococcus aureus 

 Salmonella enteridis  4  

(Kusumaningrum et al., 2003) . 2551  S.  Anatum

 72 

 ( , 

2551) 
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4.6  V. parahaemolyticus 

 

 

Benzalkonium chloride (alkyl dimethyl benzyl ammonium chloride; ADBAC) 

 quaternary ammonium compound  V. parahaemolyticus 

 benzalkonium chloride 3   0.005, 0.01  0.02% 

 2.6)  V. parahaemolyticus

 9 log CFU/ml  benzalkonium chloride

 (  22 )  0, 1, 5, 10, 20  30 

 Letheen Broth           

V. parahaemolyticus  Nutrient Agar  NaCl 3% 

 benzalkonium chloride  0.005%                

V. parahaemolyticus  Nutrient Broth  NaCl 3%  1 

  benzalkonium chloride  0.02% 

 V. parahaemolyticus  (0B)  (  4.19) 
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 4.19  V. parahaemolyticus  benzalkonium 

chloride  0.005%, 0.01%  0.02% 

 0A  V. parahaemolyticus 

 

 0B  V. parahaemolyticus 

 (  10 )  

 

4.7  

V. parahaemolyticus 

 

4.7.1  V. parahaemolyticus 

 304, 316L  430 

 

 benzalkonium chloride

 V. parahaemolyticus  24  72  3  (304, 316L 

 430)  benzalkonium chloride 3   0.005, 0.01  

0.02%  benzalkonium chloride  (  22     

0.000

2.000

4.000

6.000

8.000

10.000

0A 0B 1 5 10 20 30

Lo
g 

 C
FU

/m
l

Exposure time (minute)

0.005%

0.01%

0.02%
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)  0, 1, 5, 10, 20  30 

 Letheen Broth  V. parahaemolyticus

 Nutrient Agar  NaCl 3%  

benzalkonium chloride  0.005%  V. parahaemolyticus 

 24  304  2B  83.97% 

 0.837±0.097 log CFU/cm2  5.223±0.032 log CFU/cm2 

 5  V. parahaemolyticus  10  

 benzalkonium chloride  0.01%  0.02%  (0B)  

 V. parahaemolyticus  79.40%  84.61% 

 1.076±0.058 log CFU/cm2  0.804±0.172 log CFU/cm2  

 5.223±0.032 log CFU/cm2  V. parahaemolyticus

 1  

 

 V. parahaemolyticus  72 

 304  2B  benzalkonium chloride  

0.005%  5  V. parahaemolyticus  80.09%    

 1.050±0.084 log CFU/cm2  5.275±0.022 log CFU/cm2     

 V. parahaemolyticus  10  

0.01%  0.02%  (0B)  V. parahaemolyticus  78.01%           

 82.94%  1.160±0.068 log CFU/cm2      

0.900±0.174 log CFU/cm2  5.275±0.022 log CFU/cm2                     

V. parahaemolyticus  1  

 

   benzalkonium chloride

 24  316L  2B  

benzalkonium chloride  0.005%  V. parahaemolyticus 
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 78.16%  1.162±0.052 log CFU/cm2  5.321±0.011 

Log CFU/cm2  5  V. parahaemolyticus

 10  benzalkonium chloride  0.01%  0.02%  (0B) 

 V. parahaemolyticus  77.52%  82.94%  

 1.196±0.050 log CFU/cm2  0.908±0.843 log CFU/cm2 

 5.321±0.011 log CFU/cm2  V. parahaemolyticus

 1  

 

 V. parahaemolyticus  72 

 316L  2B  benzalkonium chloride  

0.005%  5  V. parahaemolyticus  79.19%    

 1.268±0.039 log CFU/cm2  6.094±0.012 log CFU/cm2     

 V. parahaemolyticus  10  
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 benzalkonium chloride    

 24  430  2B  

benzalkonium chloride  0.005%  V. parahaemolyticus 

 78.97%  1.063±0.092 log CFU/cm2  5.055±0.017 

log CFU/cm2  1  V. parahaemolyticus

 5  0.01%  (0B)                                

V. parahaemolyticus  81.19%  0.951±0.119 log 

CFU/cm2  5.055±0.017 log CFU/cm2  V. parahaemolyticus



67 

 

 1  benzalkonium chloride  0.02%  

V. parahaemolyticus  (0B)  
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chloride  0.005%  V. parahaemolyticus

 24  2B  83.97%  

0.837±0.097 log CFU/cm2  5.223±0.032 log CFU/cm2  5  

 V. parahaemolyticus  10  benzalkonium 

chloride  0.01%  0.02%  (0B)                          

V. parahaemolyticus  79.40%  84.61% 

 1.076±0.058 log CFU/cm2  0.804±0.172 log CFU/cm2  

5.223±0.032 log CFU/cm2  V. parahaemolyticus  1 

 

 

 V. parahaemolyticus  72 

 2B  benzalkonium chloride  5 

 V. parahaemolyticus  80.09%  1.050±0.084 log 

CFU/cm2  5.275±0.022 log CFU/cm2  V. parahaemolyticus
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 V. parahaemolyticus  78.01%  82.94% 
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 BA  benzalkonium chloride

 0.005%  V. parahaemolyticus  24  

 81.77%  0.919±0.110 log CFU/cm2  5.042±0.027 

log CFU/cm2  1  V. parahaemolyticus

 5  benzalkonium chloride  0.01%  (0B)  

 V. parahaemolyticus  83.90%  
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 25 ppm  B. cereus 

 5 

 (Peng, Wei-Chong and Cheng, 2002) . 2550 

 extracellular polymeric substances  

 (      

, 2550) . 2005              

S. aureus  48 

 

(Resch et al., 2005) . 2007 Takashi  

benzalkonium chloride  S. aureus  E. coli  

benzalkonium chloride  0.5 mg/ml  6 log CFU/dish 

 2 log CFU/dish  10  benzalkonium chloride 

 1.0  2.0 mg/ml  

(Takashi et al., 2007)  

 

(Chlorination)  (Oxidation)  (Wei, Cook and Kirk, 

1995) 

 

 

 benzalkonium chloride            

 V. parahaemolyticus

 V. parahaemolyticus      
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1. Nutrient  Agar (NA, Merck Laboratory, Germary)  3% sodium chloride  

 

Peptone from meat  5.0  

Meat extract   3.0  

Agar-agar   12.0  

Sodium chloride  30.0  

    1.0  

 

 Nutrient Agar  20  sodium chloride 

 3  1  pH  7

 121  15  

 

2. Nutrient  Broth (NB, Merck Laboratory, Germary)  3% sodium chloride 

 

Peptone from meat  5.0  

Meat extract   3.0  

Sodium chloride  30.0  

    1.0  

 

 Nutrient Broth  8  sodium chloride 

 3  1  pH  7

 

121  15  
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3. Alkaline  Peptone  Water (APW, Merck Laboratory, Germary) 

 

Peptone   10.0  

Sodium chloride  10.0  

    1.0  

 

 Alkaline  Peptone  Water  20  1 

 pH  8.5

 121  15  

 

4. Letheen  Broth ( Merck Laboratory, Germary) 

 

Peptone from meat  20.0  

Peptone from casein  5.0  

Meat extract   5.0  

Yeast extract   2.0  

Sodium chloride  5.0  

Soy lecithin   0.7  

Sodium hydrogen sulfite 0.1  

polysorbate (Tween 80) 5.0  

    1.0  

 

 Letheen-Broth  37.8  polysorbate (Tween 80)   

5  1  pH  7.2 

 121 

 15  
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 304  2B, 316L  2B, 430  

2B  304  BA  1x1  (  0.6 ) 

 Rivas, Dykes  Fegan (2007)

 acetone  30  2  alkaline 

detergent  80   1  

 121  15  
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  Vibrio parahaemolyticus 
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  Vibrio parahaemolyticus 

 

 (Vibrio parahaemolyticus ATCC 17802 

DMST 21243)  Nutrient Broth (NB)  

NaCl 3%  glycerol 5%  -20  1 loop  Nutrient 

Broth  NaCl 3% pH 7  aseptic techniques  37             

 24  580  

 Alkaline Peptone Water (APW) pH 7 

 0.3   9 log CFU/ml  serial dilution 

  3 log CFU/ml 
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  benzalkonium chloride (Alkyl Dimethyl Benzyl Ammonium Chloride; ADBAC) 

80% 

  

    benzalkonium chloride  0.005, 0.01  

0.02%   benzalkonium chloride 80% 1  1,250  

 10% 

    benzalkonium chloride  0.005, 

0.01  0.02% 
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.1  Vibrio parahaemolyticus  

304, 316L  430  9 log CFU/ml  

 
  

( ) (log CFU/cm2) 

304/2B 

0 2.808±0.078d 

10 3.007±0.007bc 

20 4.086±0.013ab 

30 4.148±0.020a 

60 4.181±0.008a 

120 4.205±0.019a 

316L/2B 

0 3.171±0.021bc 

10 4.143±0.052a 

20 4.187±0.028a 

30 4.292±0.029a 

60 4.356±0.030a 

120 4.354±0.022a 

430/2B 

0 2.522±0.016d 

10 3.949±0.086ab 

20 4.008±0.022ab 

30 4.020±0.014ab 

60 4.034±0.014ab 

120 4.058±0.019ab 

 *  spread plate 

 Nutrient Agar  3% NaCl 

  (a, b, c, …)  (p 0.05) 
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.2  Vibrio parahaemolyticus  

2B  BA  9 log CFU/ml  

 
  

( ) (log CFU/cm2) 

2B 

0 2.808±0.078bc 

10 3.007±0.007bc 

20 4.086±0.013a 

30 4.148±0.020a 

60 4.181±0.008a 

120 4.205±0.019a 

BA 

0 2.555±0.078d 

10 4.006±0.024ab 

20 4.039±0.004ab 

30 4.026±0.017ab 

60 4.028±0.028ab 

120 4.043±0.032ab 

 *  spread plate 

 Nutrient Agar  3% NaCl 

   (a, b, c, …)  (p 0.05) 
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.3  Vibrio parahaemolyticus  

304, 316L  430  9 log CFU/ml  

 
  

( ) (log CFU/cm2) 

304/2B 

1 2.603±0.080f 

8 4.548±0.098cd 

24 5.207±0.039c 

48 5.246±0.014c 

72 5.255±0.032c 

316L/2B 

1 3.147±0.023de 

8 4.285±0.013cd 

24 5.321±0.027c 

48 6.009±0.022a 

72 6.093±0.014a 

430/2B 

1 2.565±0.076f 

8 4.878±0.032cd 

24 5.050±0.020cd 

48 5.117±0.006cd 

72 5.907±0.019a 

 *  spread plate 

 Nutrient Agar  3% NaCl 

   (a, b, c, …)  (p 0.05) 
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.4  Vibrio parahaemolyticus  

2B  BA  9 log CFU/ml  

 
 * 

( ) (log CFU/cm2) 

2B 

1 2.603±0.080e 

8 4.548±0.098cd 

24 5.207±0.039ab 

48 5.246±0.014ab 

72 5.255±0.032ab 

BA 

1 3.714±0.021cd 

8 4.930±0.030bc 

24 5.042±0.027bc 

48 5.892±0.044a 

72 6.063±0.021a 

 *  spread plate 

 Nutrient Agar  3% NaCl 

   (a, b, c, …)  (p 0.05) 
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.5  Vibrio parahaemolyticus  Nutrient Broth  

 304, 316L  430   9 log CFU/ml

 

 
 * 

( ) (log CFU/ml) 

304/2B 

1 4.175±0.005f 

8 4.594±0.078de 

24 5.334±0.022c 

48 5.857±0.042bc 

72 6.050±0.031ab 

316L/2B 

1 4.390±0.002de 

8 4.664±0.025cd 

24 5.310±0.010cd 

48 6.045±0.009ab 

72 6.110±0.003a 

430/2B 

1 4.503±0.006de 

8 4.980±0.015cd 

24 5.350±0.012bc 

48 5.992±0.005b 

72 6.075±0.045ab 

 *  Nutrient Broth  3% NaCl  

spread plate  Nutrient Agar  3% NaCl 

  (a, b, c, …)  (p 0.05) 

 

 

 

 



115 

 

.6  Vibrio parahaemolyticus  Nutrient Broth  

 2B  BA   9 log CFU/ml  

 
 * 

( ) (log CFU/ml) 

2B 

1 4.175±0.005e 

8 4.594±0.078e 

24 5.334±0.022bc 

48 5.857±0.042ab 

72 6.050±0.031a 

BA 

1 5.015±0.007bc 

8 5.109±0.004bc 

24 5.408±0.006ab 

48 6.089±0.004a 

72 6.147±0.007a 

 *  Nutrient Broth  3% NaCl  

spread plate  Nutrient Agar  3% NaCl 

  (a, b, c, …)  (p 0.05) 
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.7  Vibrio parahaemolyticus  304, 316L 

 430   9 log CFU/ml     

 72  

 
  

( ) (log CFU/cm2) 

304/2B 

0 5.049±0.044c 

24 5.225±0.006c 

48 5.259±0.011c 

72 5.291±0.012c 

316L/2B 

0 6.012±0.011ab 

24 6.120±0.008ab 

48 6.148±0.008ab 

72 6.154±0.006ab 

430/2B 

0 5.907±0.094ab 

24 6.080±0.008ab 

48 6.128±0.017ab 

72 6.957±0.006a 

 *  304, 316L  430

 spread plate  Nutrient Agar 

 3% NaCl 

 0  72  

  (a, b, c, …)  (p 0.05) 
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.8  Vibrio parahaemolyticus  2B  

BA   9 log CFU/ml

 72  

 
  

( ) (log CFU/cm2) 

2B 

0 5.049±0.044b 

24 5.225±0.006b 

48 5.259±0.011b 

72 5.291±0.012b 

BA 

0 5.911±0.091a 

24 6.059±0.018a 

48 6.138±0.020a 

72 6.503±0.047a 

 *  2B  BA

 spread plate  Nutrient Agar  

3% NaCl 

 0  72  

  (a, b, c, …)  (p 0.05) 
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.9  Vibrio parahaemolyticus  benzalkonium 

chloride  0.005, 0.01  0.02%  9 log 

CFU/ml  

 (%)  ( ) 
 

(log CFU/ml) 

0.005 0A 8.150±0.062a 

 
0B 3.091±0.015ab 

 
1 <10c 

 
5 <10c 

 
10 <10c 

 
20 <10c 

  30 <10c 

0.01 0A 8.150±0.062a 

 
0B 1.083±0.062bc 

 
1 <10c 

 
5 <10c 

 
10 <10c 

 
20 <10c 

  30 <10c 

0.02 0A 8.150±0.062a 

 
0B <10c 

 
1 <10c 

 
5 <10c 

 
10 <10c 

 
20 <10c 

  30 <10c 
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 *  Nutrient Broth  3% NaCl

 benzalkonium chloride  0.005, 0.01  0.02% 

 spread plate  Nutrient Agar  3% NaCl 

 0A  

0B  

 (a, b, c, …)  (p 0.05) 
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.10  Vibrio parahaemolyticus  304, 316L 

 430  benzalkonium chloride  0.005, 

0.01  0.02%  9 log CFU/ml  24 

 

 (%)  ( ) 
 (log CFU/cm2) 

304/2B 316L/2B 430/2B 

0.005 0A 5.223±0.032a 5.312±0.011a 5.055±0.017ab 

 
0B 3.758±0.039ab 4.035±0.049ab 1.498±0.041bc 

 
1 2.099±0.061ab 2.826±0.057ab 1.063±0.092bc 

 
5 0.837±0.097bc 1.162±0.052bc <10d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 

0.01 0A 5.223±0.032a 5.312±0.011a 5.055±0.017ab 

 
0B 1.076±0.058bc 1.196±0.050bc 0.951±0.119bc 

 
1 <10d <10d <10d 

 
5 <10 d <10 d <10 d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 

0.02 0A 5.223±0.032a 5.312±0.011a 5.055±0.017ab 

 
0B 0.804±0.172bc 0.908±0.182bc <10 d 

 
1 <10d <10d <10d 

 
5 <10 d <10 d <10 d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 
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 *  304, 316L  430

 benzalkonium chloride  0.005, 0.01  0.02% 

 spread plate  Nutrient Agar  3% NaCl 

 0A  

0B  

 (a, b, c, …)  (p 0.05) 
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.11  Vibrio parahaemolyticus  304, 316L 

 430  benzalkonium chloride  0.005, 

0.01  0.02%  9 log CFU/ml  72 

 

 (%)  ( ) 
 (log CFU/cm2) 

304/2B 316L/2B 430/2B 

0.005 0A 5.275±0.022ab 6.094±0.012a 5.913±0.025a 

 
0B 4.103±0.013ab 4.898±0.043ab 1.662±0.030bc 

 
1 2.358±0.029ab 3.133±0.038ab 1.248±0.033bc 

 
5 1.050±0.084bc 1.268±0.039bc <10 d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 

0.01 0A 5.275±0.022ab 6.094±0.012a 5.913±0.025a 

 
0B 1.160±0.068bc 1.245±0.056bc 1.006±0.055bc 

 
1 <10d <10d <10d 

 
5 <10 d <10 d <10 d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 

0.02 0A 5.275±0.022ab 6.094±0.012a 5.913±0.025a 

 
0B 0.900±0.174bc 0.843±0.051bc <10 d 

 
1 <10d <10d <10d 

 
5 <10 d <10 d <10 d 

 
10 <10 d <10 d <10 d 

 
20 <10 d <10 d <10 d 

  30 <10 d <10 d <10 d 
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 *  304, 316L  430  

benzalkonium chloride  0.005, 0.01  0.02%  

spread plate  Nutrient Agar  3% NaCl 

 0A  

0B  

 (a, b, c, …)  (p 0.05) 
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.12  Vibrio parahaemolyticus  2B  

BA  benzalkonium chloride   0.005, 0.01 

 0.02%  9 log CFU/ml  24  

 

 (%)  ( ) 
 (log CFU/cm2) 

2B BA 

0.005 0A 5.223±0.032a 5.042±0.027ab 

 
0B 3.758±0.039bc 1.376±0.032bc 

 
1 2.099±0.061bc 0.919±0.110cd 

 
5 0.837±0.097cd <10d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 

0.01 0A 5.223±0.032a 5.042±0.027ab 

 
0B 1.076±0.058cd 0.812±0.153cd 

 
1 <10 d <10 d 

 
5 <10 d <10 d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 

0.02 0A 5.223±0.032a 5.042±0.027ab 

 
0B 0.804±0.172 cd <10 d 

 
1 <10 d <10 d 

 
5 <10 d <10 d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 
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 *  2B  BA  

benzalkonium chloride  0.005, 0.01  0.02%  

spread plate  Nutrient Agar  3% NaCl 

 0A  

0B  

 (a, b, c, …)  (p 0.05) 
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.13  Vibrio parahaemolyticus  2B  

BA  benzalkonium chloride  0.005, 0.01 

 0.02%  9 log CFU/ml  72  

 

 (%)  ( ) 
 (log CFU/cm2) 

2B BA 

0.005 0A 5.275±0.022ab 6.067±0.008a 

 
0B 4.103±0.013ab 1.795±0.047ab 

 
1 2.358±0.029ab 1.265±0.049bc 

 
5 1.050±0.084bc <10 d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 

0.01 0A 5.275±0.022ab 6.067±0.008a 

 
0B 1.160±0.068bc 0.775±0.060bc 

 
1 <10 d <10 d 

 
5 <10 d <10 d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 

0.02 0A 5.275±0.022ab 6.067±0.008a 

 
0B 0.900±0.174bc <10 d 

 
1 <10 d <10 d 

 
5 <10 d <10 d 

 
10 <10 d <10 d 

 
20 <10 d <10 d 

  30 <10 d <10 d 
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 *  2B  BA  

benzalkonium chloride  0.005, 0.01  0.02%  

spread plate  Nutrient Agar  3% NaCl 

 0A  

0B  

 (a, b, c, …)  (p 0.05) 
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.1  Vibrio parahaemolyticus 

 304, 316L  430  9 log 

CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 20.938a 7 2.991 67.755 .000 

Intercept 1138.109 1 1138.109 2.578E4 .000 

Grade 1.864 2 .932 21.115 .000 

Time 19.016 5 3.803 86.153 .000 

Error 3.046 69 .044   

Total 1165.316 77    

Corrected Total 23.984 76    

a. R Squared = .873 (Adjusted R Squared = .860)   

 

.2  Vibrio parahaemolyticus 

 2B  BA  9 log CFU/ml

 

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 13.702a 6 2.284 39.274 .000 

Intercept 725.432 1 725.432 1.248E4 .000 

Grade .043 1 .043 .732 .397 

Time 13.537 5 2.707 46.561 .000 

Error 2.617 45 .058   

Total 758.235 52    

Corrected Total 16.319 51    

a. R Squared = .840 (Adjusted R Squared = .818)   
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.3  Vibrio parahaemolyticus        

 304, 316L  430  9 

log CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 81.194a 6 13.532 202.025 .000 

Intercept 1529.408 1 1529.408 2.283E4 .000 

Grade 1.684 2 .842 12.571 .000 

Time 79.594 4 19.898 297.065 .000 

Error 4.153 62 .067   

Total 1592.525 69    

Corrected Total 85.347 68    

a. R Squared = .951 (Adjusted R Squared = .947)   

 

.4  Vibrio parahaemolyticus        

 2B  BA  9 log 

CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 40.920a 5 8.184 141.692 .000 

Intercept 1036.565 1 1036.565 1.795E4 .000 

Grade 3.166 1 3.166 54.816 .000 

Time 36.810 4 9.202 159.323 .000 

Error 2.253 39 .058   

Total 1082.691 45    

Corrected Total 43.173 44    

a. R Squared = .948 (Adjusted R Squared = .941)   
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.5  Vibrio parahaemolyticus  Nutrient 

Broth  304, 316L  430  

 9 log CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 28.485a 6 4.747 672.873 .000 

Intercept 1791.381 1 1791.381 2.539E5 .000 

Grade .305 2 .152 21.585 .000 

Time 28.342 4 7.085 1.004E3 .000 

Error .402 57 .007   

Total 1852.209 64    

Corrected Total 28.887 63    

a. R Squared = .986 (Adjusted R Squared = .985)   

 

.6  Vibrio parahaemolyticus  Nutrient 

Broth  2B  BA   9 log 

CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 15.954a 5 3.191 122.635 .000 

Intercept 1264.970 1 1264.970 4.862E4 .000 

Grade 1.223 1 1.223 47.006 .000 

Time 14.887 4 3.722 143.042 .000 

Error .989 38 .026   

Total 1319.409 44    

Corrected Total 16.942 43    

a. R Squared = .942 (Adjusted R Squared = .934)   
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.7  Vibrio parahaemolyticus  

 304, 316L  430  

 9 log CFU/ml  72  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 17.620a 5 3.524 13.450 .000 

Intercept 1805.369 1 1805.369 6.891E3 .000 

Grade 14.635 2 7.317 27.930 .000 

Time 3.595 3 1.198 4.573 .007 

Error 12.052 46 .262   

Total 1842.601 52    

Corrected Total 29.671 51    

a. R Squared = .594 (Adjusted R Squared = .550)   

 

.8  Vibrio parahaemolyticus  

 2B  BA  

 9 log CFU/ml  72  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 8.428a 4 2.107 252.188 .000 

Intercept 1123.861 1 1123.861 1.345E5 .000 

Grade 7.805 1 7.805 934.236 .000 

Time .699 3 .233 27.902 .000 

Error .251 30 .008   

Total 1133.187 35    

Corrected Total 8.679 34    

a. R Squared = .971 (Adjusted R Squared = .967)   



133 

 

.9  Vibrio parahaemolyticus 

 benzalkonium chloride   0.005, 0.01  0.02% 

 9 log CFU/ml  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 691.575a 8 86.447 382.272 .000 

Intercept 188.325 1 188.325 832.782 .000 

Conc 3.617 2 1.809 7.998 .001 

Time 687.958 6 114.660 507.031 .000 

Error 21.031 93 .226   

Total 850.649 102    

Corrected Total 712.606 101    

a. R Squared = .970 (Adjusted R Squared = .968)   
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.10  Vibrio parahaemolyticus  

 304, 316L  430  

benzalkonium chloride  0.005, 0.01  0.02% 

 9 log CFU/ml  24   

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1014.519a 10 101.452 339.439 .000 

Intercept 370.075 1 370.075 1.238E3 .000 

Conc 32.777 2 16.389 54.833 .000 

Time 973.307 6 162.218 542.751 .000 

Grade 7.178 2 3.589 12.008 .000 

Error 89.963 301 .299   

Total 1473.741 312    

Corrected Total 1104.482 311    

a. R Squared = .919 (Adjusted R Squared = .916)   
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.11  Vibrio parahaemolyticus  

 304, 316L  430  

benzalkonium chloride  0.005, 0.01  0.02% 

 9 log CFU/ml  72  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1240.169a 10 124.017 304.661 .000 

Intercept 459.654 1 459.654 1.129E3 .000 

Conc 43.870 2 21.935 53.885 .000 

Time 1190.048 6 198.341 487.247 .000 

Grade 6.906 2 3.453 8.482 .000 

Error 122.934 302 .407   

Total 1819.121 313    

Corrected Total 1363.103 312    

a. R Squared = .910 (Adjusted R Squared = .907)   
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.12  Vibrio parahaemolyticus  

 2B  BA  benzalkonium 

chloride  0.005, 0.01  0.02%  9 log 

CFU/ml  24  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 653.312a 9 72.590 327.721 .000 

Intercept 208.791 1 208.791 942.625 .000 

Grade 3.852 1 3.852 17.390 .000 

Conc 12.500 2 6.250 28.217 .000 

Time 635.367 6 105.895 478.079 .000 

Error 43.636 197 .222   

Total 907.570 207    

Corrected Total 696.948 206    

a. R Squared = .937 (Adjusted R Squared = .935)   
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.13  Vibrio parahaemolyticus 

 2B  BA  benzalkonium 

chloride  0.005, 0.01  0.02%  9 log 

CFU/ml  72  

Tests of Between-Subjects Effects 

Dependent Variable:LogCFU     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 720.579a 9 80.064 240.539 .000 

Intercept 257.458 1 257.458 773.489 .000 

Conc 19.837 2 9.918 29.798 .000 

Time 695.242 6 115.874 348.122 .000 

Grade 1.793 1 1.793 5.387 .021 

Error 65.239 196 .333   

Total 1014.897 206    

Corrected Total 785.818 205    

a. R Squared = .917 (Adjusted R Squared = .913)   
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 Vibrio parahaemolyticus 

 

 V. parahaemolyticus

 (V. parahaemolyticus ATCC 17802 DMST 21243)  Nutrient Broth 

 NaCl 3%  37  24  

(Gram’s stain)  100  

  oxidase  1% tetramethyl-p-

phenylenediamine  API 20 E   

(Biochemical test kit) 

 

 
(A) 

 

 
(B) 



140 

 

 
(C) 

 

(A),(B)  Bio code 

(C)  Software APILAB Plus 
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 Vibrio parahaemolyticus  stainless steel. 

 3. 10  2555. .  
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