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ABSTRACT 

In order to use lactic acid bacterium (LAB) with a high ability to produce    

-aminobutyric acid (GABA) as a starter culture for producing fermented seaweed 

(Gracilaria fisheri) beverage, isolation and selection of LAB were carried out. A total of 

317 LAB strains were isolated from 58 samples of fermented foods and then 340 LAB 

strains (all isolated LAB, 22 LAB strains from our previous studies and Lactobacillus 
casei subsp. rhamnosus TISTR047) were selected for their rapid growth in MRS 

medium (OD660nm >1.0). Only 124 LAB strains were selected for further investigation 

their ability to produce GABA that detected by thin layer chromatography (TLC) and 

only 64 strains (51.61%) produced GABA. However, among them only 10 strains clearly 

showed ability of GABA production in both media (MRS or GYP) that contained 2% 

monosodium glutamate (MSG). Based on amount of GABA detecting by high 

performance liquid chromatography (HPLC), the strain DW12 gave the highest amount 

of GABA (4,156.10 mg/l) and the most releasing of GABA was found in the early log 

phase (7 hrs). This bacterium was identified using traditional method, commercial test 

kit (API 50 CHL) and 16S rDNA sequence analysis as Lactobacillus plantarum DW12.   

The Response Surface Methodology (RSM) fitted to the experimental 

data of CCD (Central Composite Design) was applied to optimize the ratio of the three 

independent variables (sucrose, MSG and initial pH) on GABA accumulation in the MRS 

medium. The results showed that when the ratio mixing of 6% sucrose, 1% MSG and 

initial pH 6.0 provided optimal conditions to produce GABA of starter culture,                
L. plantarum DW12. Three different treatments were designed for producing fermented 

seaweed beverage (FSB) as follows: a traditional formula (seaweed: sucrose: potable 

water = 3: 1: 10; w/w/v) without inoculation, initial pH 6 as a control (treatment A), 5% 
starter culture in the traditional formula (treatment B) and a modified formula              
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(6% sucrose and 1% MSG) with 5% starter culture (treatment C). At the end of 

fermentation of 60 days the total bacterial count was in order of treatments C > A > B 

(6.23, 4.32 and 4.18 log CFU/ml). However, amount of lactic acid bacteria in sets of 

inoculation (B and C) (3.49 and 5.97 log CFU/ml) was higher than that found in the 

control set (2.65 log CFU/ml). Amount of yeasts in treatments A, B, and C were 2.60, 
2.50 and 3.57 log CFU/ml, respectively. Amount of total sugar remained in the 

treatments A and B were 0.78 and 0.81%, whereas in the treatment C was 0.55%. The 

final pH value in the treatment C (3.80) was higher than that found in the treatments A 

and B (pH 3.32, 3.17). The total acidity was in the degree of treatments C > B > A 

(2.06, 1.15 and 1.05 g/100 ml). The amount of acetic acid was found in a range of 0.26-

0.33 g/100 ml, while amount of lactic acid was between 0.52-0.92 g/100 ml. No 

methanol was found in any treatments although ethanol was found in all treatments and 

the highest was observed in the treatment A (3.66 g/l) followed by the treatment B (2.30 
g/l) and the treatment C (1.65 g/l). Level of electrical conductivity (EC) was highest in 

the treatment C (1.66 mS/cm) and levels of following elements; Na, K, Cu, and Zn in all 

treatments were below the recommended safety levels, except Fe (maximum 28.87 mg/l 
in treatment B). In all treatments no detections of As was found but Pb was detected. 

However, Pb levels were in a safety limit for drinking.  

The highest GABA content was observed in the treatment C (3,998.20 
mg/l) at day 45 whereas treatments A and B had GABA of 339.42 and 730.29 mg/l, 

respectively. In addition, the FSB exhibited antioxidant activities, such as DPPH and 

ABTS scavenging and the treatments B gave the higher antioxidant capacities than 

treatments A and C, particularly at day 30. The DPPH-scavenging activity of the FSB 

was between 3.59-19.85%, while ABTS  scavenging was in a range of 8.37-24.95%.  

Based on Thai standard for community fermented plant beverage, all treatment sets 

passed the microbiological quality guidelines for no bacterial indicators (total coliforms 

and Escherichia coli) and foodborne pathogens (Salmonella sp., Staphylococcus aureus 

and Clostridium perfringens) were not detected. However, the amount of yeast in all 

treatments did not meet the standard as it must be less than 100 CFU/ml. Results of 

the sensory evaluation of FSB over 120 days found that treatments A and B showed no 

significant differences in the overall acceptance, color, flavor, clearness and odor  

(P>0.05). The characteristics of both FSBs had the clear solution with yellow color, sour  
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flavor with a little sweet and a little odor of alcohol, and the overall acceptance of both 

FSBs were moderately acceptable ( 3.00) but the treatment C gave the lowest 

acceptable ( 3.00) because of the salty taste from the addition of MSG.   
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(Lactic acid bacteria: LAB) 

 (  , 2548) 

 
 

Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Pseudomonas 

aeruginosa ATCC 27853, Bacillus cereus  Candida albicans ATCC 90028  

( , 2548) Staphylococcus  aureus PSSCMI 0004, Salmonella sp. PSSCMI 0002  

Vibrio parahaemolyticus VP4 (Kantachote and Charernjiratrakul, 2008a) 

Kantachote Charernjiratrakul (2008a) 
 Leuconostoc mesenteroides subsp. mesenteroides  Leuconostoc 

mesenteroides subsp. dextranicum, L. plantarum, L. fermentum L. brevis  

-aminobutyric acid (GABA) 

decarboxylation (glutamic acid) (Cho et al., 2007) 

(neurotransmitter) 

(inhibitor) 

   
 (anterior pituitary) 

(Human Growth Hormone: HGH) 

lipotropic   

 (Komatsuzaki et al., 2005a) 
 Streptococcus 

1 



 

2 

thermophilus  L. delbreukii L. hilgardi, L. sakei, L. brevis,      

L. reuteri, L. confusus, L. casei, L. acidophilus, L. bulgaricus, L. plantarum 

Leuconostoc mesenteroides Jotgal (Cross, 2004; Han and Kim, 

2006; Hayakawa et al., 1997; Jeun, 2004; Kang, 2006)  L.  buchneri   
(Cho et al., 2007)  L. brevis  (Ueno et al., 1997)  (Kome shochu 

kasu) (Yokoyama et al., 2002) Lactococcus lactis  L. brevis 

OPY-1 (Park et al., 2007 

(Gracilaria fisheri) 
,  

- , , 

, - , , , - , , , 

 ( , 2535) 
 G. fisheri 

 (Holum, 1983; Ferner, 2001) 

 

 Gracilaria 

( )  

 
 
 

 
 

 
 

 



 

3 

 

1.  

 (non alcoholic 
beverage) 

 
3: 1: 10 

( , 2548)  

 

, , , , , 
, , , , , acetoin, 

diacetyl, free fatty acids, 2,3-butanediol, acetaldehyde, reuterin,   

antibiotics /
(Talarico et al., 1988; Graciela et al., 1995; Magnusson et al., 2003) 

 E. coli ATCC 25922, S. aureus ATCC 25923,    

P. aeruginosa ATCC 27853, B. cereus  C. albicans ATCC 90028 ( , 2548) 
S. aureus PSSCMI 0004, Salmonella sp. PSSCMI 0002 V. parahaemolyticus VP4 

(Kantachote and Charernjiratrakul, 2008a) 
90  Kantachote  Charernjiratrakul (2008b) 

 (1-5 ) 
Leuconostoc mesenteroides subsp. mesenteroides Leuconostoc mesenteroides 

subsp. dextranicum 6-14 Lactobacillus  plantarum  L. fermentum  
21-45 L. plantarum L. brevis 

(60-90 )  L. plantarum Lactobacillus sp.  
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2.  

 
 

 

2.1 (Yeasts)  

(Kantachote et al., 2009) 

 

 (biofilm)   carboxylic, fatty acid  off-

flavour compound   

   Brettanomyces, Candida, Cryptococcus, 

Debaryomyces, Dekkera, Endomyces, Filobasidium, Hanseniaspora, Hansenula, 

Kloeckera, Kluyveromyces, Pichia, Rhodotorula, Saccharomyces  

Schizosaccharomyces (Barszczewski and Robak, 2004)  non-

Saccharomyces   secondary 

metabolites   
  

purines  pyrimidines (Guillamon et al., 1998)  

 
 

( )        

(Kantachote et al., 2009; 

Boekhout and Robert, 2003) 



 

5 

(Kantachote et al., 2009; Thomas et 

al., 2002)  

( . 481/2547) 
100 1      

 

 19    

(2548) 9   
 5 

6  

 2.2 (Heterotrophic plate count: HPC  Total 

bacterial counts: TBC)  

Prachyakij (2008) 
4   1 

 2  L. plantarum DW3 5%  3 0.5% 

Potassium metabisulfite (KMS) 4 0.5% KMS  L. plantarum DW3 
5% ( 0-7)  

(Total bacterial counts: TBC) (Lactic acid bacteria: LAB) 
7 

4 
7 

30 60 
4 log 

CFU/ml  L. plantarum DW3        
5 log CFU/ml 
0.5% KMS  L. plantarum DW3    

4 4.73 log CFU/ml  
0.5% KMS 2.4 



 

6 

2.6 log CFU/ml 0.5% 

KMS  

Kantachote (2009)       
 

14 

21 
 

 

 

(Kantachote 

and Charernjiratrakul, 2008a)   

 2.3 (Lactic acid bacteria: LAB) 

0.15-1.5% 

(Buckenhuskes, 1997) 

(catalase) (Axelsson, 2004)  
(Cintas et al, 2001) 

2-53 C      

30-40 C 5.58-6.20   5 
(Salminen and Wright, 1993)   

2.3.1 

3 (Salminen et al., 1998; Axelsson, 2004)  
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2.3.1.1 Obligative homofermenter 

 (1 
2 )  Embden-Meyerhof-Parnas (EMP) ( 1-1)  1,6 

biphosphate-aldolase Pediococcus damnosus             

L. ruminis 85% 
hexose ( 6 C6 sugar)  

phosphoketolase pentose ( 5 
C5 sugar) xylose  

2.3.1.2 Facultative heterofermenter 

50%  25%       
 25%           

L. plantarum, L. pentosus, P. acidilactici, P. pentosaceus Enterococcus  faecium 

 phosphoketolase ( 1-2) 
 aldolase  phosphoketolase hexose 

 pentose  arabinose ribose xylose 

phosphoketolase 
oxidation reduction potential (ORP) 

 

2.3.1.3 Obligative heterofermenter 
1  1 1 

1  6 

phosphogluconate/ phosphoketolase ( 1-3) aldolase 
EMP Leuconostoc 

Lactobacillus L. brevis  L. buchneri 

hexose pentose  
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1-1 Embden-Meyerhof-Parnas (EMP) Obligately 

homofermentative  (Salminen et al., 1998) 
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1-2  phosphoketolase  Facultative heterofermenter  
(Aarnikunnas, 2006   Axelsson, 2004)  

Ethanol 

 

 



 

10 

 

1-3  6-phosphogluconate Obligately 

heterofermentative  (Aarnikunnas, 2006   Axelsson, 2004)  
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 20   Lactococcus, 

Lactobacillus, Streptococcus, Leuconostoc, Pediococcus, Aerococcus, Carnobacterium, 

Enterococcus, Oenococcus, Tetragenococcus, Vagococcus  Weisella  
 Alloiococcus, Bifidobacterium, Dolosigranulum, Globicatella  

Lactosphaera Lactobacillus 80 species (Axelsson, 2004)  

2.3.2 

   (Dasechel and 

Klaenhammer, 1989)  

 2.3.2.1 (organic acids)  

    
 

  (pKa) 

5.5 pKa 3.0 

5.0 

pKa ( pKa  = 3.08,  = 4.75, = 4.87) 
  

Listeria monocytogenes,  Bacillus cereus  (Ahmad 

and Marth, 1989; Wong and Chen, 1988) 

 (cytoplasm) 

  
(metabolism) 

 (Fuller, 1989)  Bearso  (1997) 

   

  (Salminen and Wright, 

1998)  
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 2.3.2.2 (hydrogen peroxide, H2O2) 

(flavoprotein)  oxidase, NADH oxidases  

superoxide dismutase         
 (catalase)  

 

 Foentaine  (1996) 

 

 peroxidases, pseudocatalase  flavoproteins 

  

sulfhydryl   

    

 (Ouwehand and 

Vesterlund, 2004)  

2.3.2.3 Diacetyl (2, 3 -butanediol)  

2,3-butanedione 

  Lactobacillus, 

Leuconostoc, Pediococcus Streptococcus  
 7.0 

(arginine) 

(Ouwehand and Vesterlund, 

2004) 

2.3.2.4 Reuterin   

  L. reuteri 
    

      
  dehydration  L. reuteri  

3-hydroxypropanal (reuterin)   1,3-propanediol  
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NADH+H+-dehydrogenase  log phase   
 (stationary phase) 

    (Ouwehand and Vesterlund, 2004) 

2.3.2.5 Microgard  

Pseudomonas, 

Salmonella  Yersinia microgard          
 

microgard Propionibacterium shermanii (Staszewski and Jagus, 2008) 

2.3.2.6  (Bacteriocins) 

   
(De Vuyst and Vandamme, 1994) 

           
 S. aureus, Listeria monocytogenes, Clostridium botulinum, C. tyrobutyricum,                   

C. thermosaccharolyticum, B. sterothermophilus (Davidson and Hoover, 1993 ; 

Schillinger et al., 1996) 
(chelating agent)  EDTA 

(Pongtep, 2003)  

2.3.2.7  (Carbondioxide, CO2)  

heterofermentative 

 

 (CO2) 

 (decarboxylation) 
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(Ouwehand and 

Vesterlund, 2004) 

2.3.3  

 
 

  

 

2.3.3.1   

2  
(kifir) 

curd 

 Streptococcus salivarius subsp. 

thermophilus  L. delbrueckii subsp. bulgaricus  
4 6.3-6.5 5.5 
 Streptococci Lactobacilli 

0.90-0.95 % 

 

(Guzel-seydim  et al.,  2000; Beshkova  et al., 2002) 
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 2.3.3.2   

(Steinkraus, 

1995) 
(Gram negative aerobic bacteria) 

(Mundt et al., 1967; Mundt  and Hammer, 1968; Schneider, 1988 

Wood, 1998 ) 

     

  

2.3.3.3  

(Adam and Moos, 1995) 

 
 

Lactobacillus sp.  Pediococcus sp. 
 Micrococcus sp. 

(Swetwiwathana et al., 2003) 

2.3.3.4  

 
 L. farcimnis, L. pentosus,             

L. plantarum  Leuconostoc sp. 
     

(Tanasupawat et al., 1998) 
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2.3.3.5  

 
3: 1: 10  

( , 2548) 

 
, , , , , 

, ,   antibiotics 
 (Magnusson et al., 2003)  
Leuconostoc mesenteroides subsp. 

mesenteroides Leuconostoc mesenteroides subsp. dextranicum, L. plantarum,        

L. fermentum L. brevis (Kantachote and Charernjiratrakul, 2008a) 

2.3.4   

2.3.4.1   

 
 

 (casein)  

        

    Lactobacillus bulgaricus  
Streptococcus thermophilus    

   

(Lactase)  (Sarkar, 

2008) 
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2.3.4.2  

 

 

(Hiller and Davision, 1991; 

Stiles and Hastings, 1991; Klaenhammer, 1998) 

2.3.4.3 
 

  L. acidophilus 

    
(Hertzler and Clancy, 2003) 

2.3.4.4  

   

macrophage lymphocyte immunoglobulin (IgA) -interferon 

antitumor               
L. acidophilus (Adam and Moss, 1995)  

(phagocytic index) 

(innate immune response) 
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 (Leblanc  et al., 2004)  

3.   -aminobutyric acid (GABA)  

-aminobutyric acid (GABA) 

 (Manyam et al., 1981) 
decarboxylation (glutamic acid) (Varanyanond et al., 2005)  ( 1-4) 

 (antianxiety) 

(Komatsuzaki et al., 2005)   (neurotransmitter) 

(hypotensive), 

(diuretic effects), (Jakobs et al., 

1993; Guin Ting Wong et al., 2003)  Adeghate Ponery (2002) 

 insulin 
(Hagiwara et al., 2004)  

( , 

2551) (Jun et al., 2007)  

 

1-4 Glutamic acid decarboxylase 

(GAD) (Jorgensen, 2005)  

 
 (Gabaron tea) (Sawai et al.,1999; Tsushida and Murai, 

1987) (rice germ by soaking in water) (Saikusa et al., 1994) (GABA 

soya yogurt) (Park et al., 2007)  (cheese) (Nomura et al. 1998) Gammalone 

Shochu (Jun et al., 2007) (tempeh) (Aoki et al., 2003)  (Park and 
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Oh, 2007; Nomura et al.,1998)  (Smith 

et al., 1992; Maras et al., 1992) (Kono and Himeno, 2000) (Hao and Schmit, 

1993)  
   (Komatsuzaki et al., 2008)      

 Streptococcus thermophilus  L. delbreukii 

 L. hilgardi, L. sakei, L. brevis, L. reuteri, L. confusus, L. casei,                  
L. acidophilus, L. bulgaricus,   L. plantarum, Leuconostoc mesenteroides  

(Jotgal) (Cross, 2004; Han and Kim, 2006; 

Hayakawa et al., 1997; Jeun, 2004; Kang, 2006)  L. buchneri   (Cho et al., 

2007) L. brevis  (Ueno et al., 1997)  (Kome shochu kasu) 

(Yokoyama et al., 2002)  Lactococcus lactis   69.60 
/  (Nomura et al., 1998)  L. brevis OPY-1  

424.67 /   (GABA soya yogurt) (Park et al., 2007)       

L. brevis OPK-3   84.29 /  (Park and 

Oh, 2005) 

 
(Kato et al., 

2001; Gran et al., 2003) Siragusa (2007) 

  L. paracasei PF6, L. delbrueckii subsp. bulgaricus PR1, L. lactis 

PU1, L. plantarum C48  L. brevis PM17  
 L. lactis, S. thermophilus,  L. delbrueckii subsp. bulgaricus 

(Nomura et al., 1999) L. plantarum, 

L. paracasei (Leroy et al., 2004; Park et al., 2007) 

Komatsuzaki (2005)  3     
185.60 /

  L. paracasei  NFRI 7415 Funa-sushi, L. plantarum NFRI 7313       
L. brevis NFRI 7340 (IFO 3960) 

 

  natto ( )  (Suk, 2002)   
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3.1 GABA 

L. buchneri  25,880 /  

MRS broth  5% monosodium glutamate (MSG), 1% NaCl  1% 

glucose  5.0 30°C 36 (Cho et al., 2007)  

L. brevis  5,090 /  

Glucose-Yeast Extract-Peptone (GYP) medium 1% MSG  30°C 24 

 (Ueno et al., 1997) 

Ja Young Kim (2009)  L. brevis GABA 100  

(black raspberry)  
21,500 /  12  30°C  5.0  

Ji Won Shin (2007) 3 
 L. brevis AML15, L. brevis AML45-1, L. brevis AML72 

 (Salted fish) L. brevis AML15  1,086 /  

MRS broth 5% (w/v) MSG 10 M pyridoxal phosphate (PLP)     
 5.0   

Ueno  (2007)  Lactobacillus sp. LI3  Senmaizuke (
)  67,730 /  

800 mM MSG 5.0 

Huang   L. brevis CGMCC NO.1306  fed-batch 

fermentation 72   5.0  40,730 /  

 (L-MSG) 76,360 /   108  

Xiaoxue Lu (2008) Lactococcus lactis subsp. lactis B 

3,680 /  MRS broth  1% MSG 

30°C 24  

Siragusa (2007)               

L. paracasei PF6, L. delbrueckii subsp. bulgaricus PR1, L. lactis PU1, L. plantarum C48, 



 

21 

L. brevis PM17  99.9, 63.0, 36.0, 16.0,  15.0 

/   30°C  24  4.7  

L. brevis OPY-1  424.67 /

 (GABA soya yogurt) MRS broth  

1% (w/v) MSG  30oC  150 rpm  24 (Park et al., 2007)  

Park Oh (2005)  L. brevis OPK-3     
 84.29 /   1% (w/v) MSG 

 L. brevis KCTC 41029 (1.89 / ), L. acidophilus KCTC3171 (0.02 

/ )  L. sakei KCTC3603 (0.02 / )  

L. brevis OPK-3  2,023 /  

MRS broth  1% (w/v) MSG  30oC  24  (Park and 

Oh, 2007) 

Komatsuzaki (2005)  L. paracasei  NFRI 

7415 Funa-sushi 581.85 /   MRS  50 mM 

MSG  144  (6 ) Komatsuzaki  (2008) 
3   L. paracasei,  L. brevis L. lactis 

 glutamate decarboxylase (GAD)  L. paracasei, L. brevis  L. lactis  
1-1  
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 1-1  Glutamate decarboxylase (GAD)  L. paracasei,       

L. brevis L. lactis 

Property L. paracaseia L. brevisb L. lactisc 

Molecular weight (kDa)    

   SDS-PAGE 57 60 54 

   Gel filtration 110 120 ND 

Optimum pH 5.0 4.2 4.7 

Optimum temperature 50oC 30oC ND 

Km value (mM) 5.0 9.3 0.51 

10 mM NaCl - - ND 

10 mM (NH4)2SO4 + + ND 

10 mM CaCl2 + ND ND 

GABA ( / ) 6180[100x] 5090[100x] 69.6[0y] 

    [glutamate (mM)d] 950[10x] ND 54.6[20z] 

Km value   Michaelis constant steady state 

affinity                                                                                                 

:  - = ; + =                     

ND (Not determined)                                     
a  Komatsuzaki  (2008)                  
b Ueno et al,1997                                                                                                   

c Nomura et al, 1999                                                                            

d Glutamate concentrations in the growth medium                                                             
x  Komatsuzaki et al., 2005                                                                                       

Y Nomura et al.,1998                                                                                               
Z  Sanders et al., 1998 
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4.  

(Gracilaria fisheri)  Gracilaria 
Division Rhodophyta Class Rhodophyceae 

Gracilaria 
, , , 

 G. fisheri 
           

2 
4  - 3.5  

0.5 - 4.0  G. fisheri 
 

 

 Gracilaria 
3 

gametophyte, sporophyte corposporophyte stages 

(2532 , 2535) 
(carpospore)  Gracilaria 

30 ppt. (Gavino, 1986 , 2535) 
 Gracilaria 15-24 

ppt. (2533) 

  Gracilaria 
G. fisheri, G. changii,  G. verrucosa, G. edulis, G. salicornia  G. tenuistipitata 

( , 2543 , 2547) 
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 ( -3 -6) 
(Burtin, 2003; MacArtain et al., 2007) 

polyphenols, phenolic acid, carotenoids mycosporine-like amino acid 

(antioxidant) 

(antiproliferative) (Yuan and Walsh, 2006) 
Porphyra sp. (Ismail and Hong, 2002) Gracilaria edulis  (Devi et al., 2008) 

(2552) 
(fiber)  

6.66, 0.11, 23.97, 64.41 4.84 
100°C 80% 

Folin-Ciocalteu 

60 46.49 /100  

1,1-diphenyl-2-picrylhydrazyl (DPPH) 

scavenging activity method 

36  
 DPPH 58.70 /100   G. fisheri 

 

 (agar)  
( , 2521) 

 G. saliconia  16.02%  G. fisheri 

 14.38% G. fisheri ( , 2541) 

 

( , 2541)  
 11.38% 0.28% 13.24%  75.00% (

, 2543 , 2547) 
(bioactive compounds) 
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( , 2550 ) 
Plocamium telfairiae halogenated cyclic monoterpenes 

(Watanabe et al., 1990 

5. 

  

( . 481/2547) 
 

 

 ( ) 

 

Kantachote Charernjiratrakul (2008b)  
2 6  

2  20 

90   
 

  Prachyakij 

(2008)  L. plantarum DW3 3 
 3: 1: 10 (w/w/v)  

15 4 1 
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 2  L. plantarum DW3  3 
0.5% Potassium metabisulfite (KMS) 4 0.5% Potassium metabisulfite (KMS) 

 L. plantarum DW3 5%  

30±2oC 60  2  L. plantarum DW3 0.5% 

KMS 
 

(Antioxidant) 

(Free radicals) 

Saengow  (2007) 

 L. plantarum SK 15 
37±1oC 7 

10% 
(4.87x107 / ) (5.05x107 

/ )  4±1oC 4 
 (5.13x103 / ) (5.59x103 /

) 

 

4 10% 
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6. (free radical)   

(free radical) 

 2 
hydrogen radical (H ) hydroxyl radical (HO ) superoxide anion radical (O2

- ) 

(Halliwell, 1991) 1-2 

( , 2548) 

 

 

     

  

(mutation)  (Gladys, 1999) 

  (aging) 

(Culter, 1991) 

4   

1.  (superoxide) 

 

2.   
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3. (singlet oxygen) 

 

 

4. (OH-) 

 
50%   

6.1  

3 

(initiation step)   
 (propagation step) 

(termination step) 

2 (Hudson, 1990) 

2  

 1.            
 (Maxwell, 1995) 

 
 (Lipid peroxidation)  

2. 

 
 (Borek, 1997) 
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1-2 ( , 2549) 

 

Reactive oxygen species (ROS)  

Superoxide, Superoxide anion ( O2
- ) H2O2, Ozone (O3) 

Hydroxyl (HO  ) Hypobromous acid (HOBr) 

Hydroperoxyl (HO2 ) Hypochlorous acid (HOCl) 

Peroxyl (RO2 ) Singlet oxygen (O21 g) 

Alkoxyl (RO ) Organic peroxides (ROOH) 

Carbonate ( CO3
- ) Peroxynitrite (ONOO-) 

Carbon dioxide ( CO2
- ) Peroynitrous acid (ONOOH) 

Reactive nitrogen species (RNS)  

Nitric oxide (NO  ) Nitrous acid (HNO2) 

Nitrogen dioxide (NO2 ), (NO2
- ) Nitrosyl cation (NO+), Nitroxyl anion 

(NO-) Dinitrogen tetroxide (N2O4) 

 Dinitrogen trioxide (N2O3) 

 Peroxynitrite (ONOO-) 

 Peroynitrous acid (ONOOH) 

Reactive chlorine species (RCS)  

Atomic chlorine (Cl ) Hypochlorous acid (HOCl) 

 Chloramines 

 Chlorine gas (Cl2) 

Other  

Thioyl radical (RS )  
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6.2  

 (Antioxidants)  
  ( , 2551; Strain 

and Benzie, 1999) 3  

1.  (preventive antioxidant)  

2.  (scavenging antioxidant)  

3.  (chain breaking antioxidant)  

 
  (Superoxide dismutase) (SOD) 

(catalase)  (Michiels et al, 1994)  
(coenzyme Q10 ) (Beyer, 1992) -

1.     (Sies and Stahl, 1995)  

2.        
(glutathione 

peroxidase) (Michiels et al., 1994)   

3.    (Beyer, 1992) 
(Jayaprakasha and Sakariah, 2001) -

(Scott et al., 1994) (Velioglu et al., 1998) 
  

 (proanthocyanidins)  (gallic acids) 

 (hexahydroxydiphenic acid)  
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(phenolic compound)  
catechin, proanthocyanins, anthocyanidins, flavone, flavonols glycosides  

 (Baskin and Salem, 1997) 

  

 

  
  (

disease) 

  

6.3  8  

6.3.1 Scavenging activity of ABTS radical (Re et al., 1999)  

2, 2'-azino-bis (3-ethylbenzthiazoline-6-
sulphonic acid) ABTS C18H18N4O6S4  

ABTS  -      
  max 660, 734 820  734  

ABTS 0.700 0.02 
ABTS  ( ) 

% inhibition  

 ABTS            + antioxidant            ABTS 

   max734 nm                          colourless 

% Inhibition = [(A734 control - A 734 test sample )/A 734 control] x 100 
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Trolox Trolox Equivalent Antioxidant Capacity (TEAC) 

ABTS  ABTS  

ABTS  

  

6.3.2 DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical (Hou et al., 

2001)  

DPPH  

ABTS  

(spectrophotometer)         
517   DPPH  radical  

(scavenging  

activity)  DPPH  H+ 

(Blois, 1958)  

DPPH    +      RH                  DPPH-H +        R  

( )                 ( ) 

           
% inhibition  

% inhibition = [(A517control -   A517  test sample)/ A517 control)] x 100 

   
  DPPH
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6.3.3 Hydroxyl (OH-) radical scavenging activity (Ohkawa et al., 1979)  

Hydroxyl radical (OH ) 

(Spencer et al., 1994) 

OH  radical 2  

(H2O2) 

H2O2 OH  

Fe2+ H2O2 OH  Fenton reaction 

 

Fe2+  +    H2O2                                              Fe2+  +     OH   +    OH-    (Fenton 

reaction) 

 

 H2O +     hv                                H2O  +     e- 

 H2O  +     H2O                        OH  +     H3O
+ 

OH  radical 

Hydroxyl radical (OH )  deoxyribose Fenton 

reaction model system Thiobarbituric acid (TBA) Trichloroacetic acid 

OH  radical 

532  (Mathew and Abraham, 2006) % 
inhibition  

% Inhibition = [(A532 control - A 532 test sample )/A532 control] x 100 

6.3.4 Lipid peroxidation in liver homogenates (Halliwell et al., 1987)  

 1  
Lipid peroxidation 

 2  
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Lipid peroxidation

   
(Malondialdehyde, MDA)  Lipid peroxidation 3 

  

(L  R ) ( , 2549)  
Lipid peroxidation 

 Lipid peroxidation -
(Malondialdehyde, MDA)  MDA 

TBARS (thiobarbituric  acid reactive 

substances) Lipid peroxidation 

532  (

, 2549)  

% inhibition  

% Inhibition = [(A532 control - A 532 test sample )/A532 control] x 100 

6.3.5 Metal chelating activity (Dinis et al., 1994)  

Fe2+ 
Superoxide anion radical  (O2

+ ) 
 Fe2+ 

562  

Ferrozine Fe2+ Ferrozine - Fe2+ 

complex Fe2+ 
Antioxidant - Fe2+ complex Ferrozine - Fe2+complex 

% inhibition  
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% Inhibition = [(A562 control - A 562 test sample )/A562 control] x 100 

6.3.6 Superoxide radical scavenging (Nikishimi et al., 1972)  

Superoxide anion radical (O2 ) 

    

O2  OH  

O2   

O2   +     e       O2
 

O2 +    O2 +   2H+                                                               H2O2 +     O2 

O2
+  H2O2 OH  Haber-

Weiss reaction (Kappus, 1992)  

O2  +    H2O2   +     H+                                                    OH  +     O2 +     H2O 

O2
+  O2

+  
Phenazine methosulphate (PMS) - Nicotinamide 

adenine dinucleotide (NADH) O2
+ Nitroblue 

tetrazolium (NBT) O2
+  NBT Diformazan 

(DF)  560  

% inhibition  

% Inhibition = [( A560 control - A 560 test sample )/A560 control] x 100 

6.3.7 Reducing power (Oyaizu, 1986)  

-
 

 
Fe3+(CN-)6 Fe2+(CN-)6 
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700  

(NBT)  

 6.3.8   (Total phenolic 

content) 

      
 Folin-Ciocalteu Na2CO3 (Singleton; Orthofer; Lamuela-Raventos, 

1999)  

Phenolic compound + [P2W18O62
7- + H2P2Mo18O62

6-]                   Blue complex

      
(Yellow)

 

765 
     

 

Jumjai  (2009) 
(Gracilaria fisheri ) Xia & Abbott   

G. fisheri (Aq.G) superoxide  
anion  hydroxyl radical gallic acid equivalents (GAE) 

0.01±0.001 TEAC  1.45±0.394  G. fisheri 

lipid peroxidation TEAC 0.46±0.006  

 G. fisheri  
GAE  0.28±0.005  G. fisheri 

Sreenivasan 

(2007)  G. changii  DPPH  

  Ganesan (2008 ) G. edulis 

reducing power  Yakovleva (2008) 
G. vermiculophylla  ascorbate, superoxide dismutase, glutathione 

 catalase  Nishimiki (1972) G. fisheri 

DPPH   
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(2547 ) 28 

24 8  
   

 3 
 1 

  2  

  3 

 
 

 

(2550) 
14 3 1 10 3 

   
 

  

12.25-25%  

  
  

 (2549) 
Reducing power on ferric assay Ferric reducing 

power (FRAP value) 3 : 1 
: 10  Fe3+  

Fe2+ 3 1 10 
Lactobacillus sp. 10%  ABTS (2, -azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)) free radical decolorizing assay 
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vitamin C, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) 

Quercetin 15 
Chelating effect on ferrous 

Chelating  power 15 
 

 (
ABTS FRAP Assay) 

 

(2551)    
 3 1 10   

 0, 30, 
60 90 
23.86 /  

          
90        

  
 

90 

0 60 90  
(2007) 

 
 22.91 1.60 /    

 34.77 5.89% 

  0.45-10.17 /  
 33.90-80.27%   

(2539) 
 DPPH radical scavenging assay 

30 C 
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2 50 
(EC50) 1.24 /  

Lin 

Yen (1999)  19                

L. acidophilus, L. bulgaricus, Streptococcus thermophilus  Bifidobacterium longum  
autoxidation 

ascorbate 7-12% (lipid peroxidation  ascorbate autoxidation (Mishra and 

Korachich, 1984; Rashid et al., 1993) 
, , 

S. thermophilus 821 Fe 2+ B. longum  15 708 

Cu2+ L. acidophilus E 

hydroxyl radical  B. longum B6 hydrogen 

peroxide  reducing activity  
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1. -aminobutyric acid (GABA) 
 

2. -aminobutyric acid (GABA) 

 

3. 
-aminobutyric acid (GABA)  

 

-aminobutyric acid (GABA) 

 

 

 

1.  -aminobutyric acid (GABA) 
 

2. -aminobutyric acid (GABA) 
 

 

 

 

 

 

 

 



 

 2 
 

 
 
1.  ( )         

 

Baird-Parker Medium  Merck 

Brilliant Green Lactose Bile Broth (BGLB) Merck 

Bismuth Sulfite Agar (BS) Merck 

Cooked Meat Medium Difco 

de Man Rogasa Sharp Agar (MRS agar) Merck 

de Man Rogasa Sharp Broth (MRS broth) Merck 

Eosin Methylene Blue Agar (EMB) Merck 

Escherichia coli Broth (EC Broth)  Merck 

Fluid Thioglycollate Medium Difco 

Lactose Broth Difco 

Perfringens Agar Difco 

Phenol Red Broth Base Difco 

Plate Count Agar (PCA) Merck 

Potato Dextrose Agar (PDA) Merck 

 

2.       

 

Absolute ethanol (C2H5OH) Merck 

Acetonitrile (CH3CN) Merck 

Amygdalin Fluka 

D(-)Arabinose Himedia  

L-ascobic acid (Vitamin C ) Sigma 

Bromocresol purple   LABCHEM 

n-butanol Merck 

D(+)Cellobiose Fluka 

Citric acid (C6H8O7) Merck 
41 
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Ethanol (C2H5OH) Merck 

Esculin Fluka 

Ferrous sulfate heptahydrate (FeSO4.7H2O)  Merck 

Folin Ciocalteau reagent     Merck 

D-Fructose UNIVAR 

Galactose Fluka 

Gallic acid  Sigma 

Glacial acetic acid (CH3OOH) Merck 

D-Glucose UNIVAR 

Gamma aminobutyric acid (GABA) Merck 

Hydrochloric acid (HCl)  LABSCAN 

Hydrogen peroxide (35% H2O2) Merck 

Lactose UNIVAR 

Magnesium sulfate heptahydrate (MgSO4 .7H2O)  UNIVAR 

D-Maltose LABCHEM 

Mannitol UNIVAR 

Methanol (CH3OH) Merck 

Ninhydrin  Merck 

Peptone  Difco 

Phenolphthalein BDH 

Phenol Merck 

Phenylisothiocyanate (PITC) Merck 

Potassium persulfate  

(K2S2O8, dipotassium peroxodisulphate) 

UNIVAR 

Raffinose Difco 

L(+)Rhamnose Himedia 

D(-)Ribose Himedia 

Sodium acetate (NaHAc) Merck 

Sodium bicarbonate (Na2CO3)  Merck 

Sodium chloride (NaCl) LABSCAN 

Sodium hydroxide (NaOH) LABSCAN 

Sodium L-glutamate monohydrate (C5H8NNaO4.H2O) Merck 

D-Sorbitol BD 
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Sucrose UNIVAR 

Sulfuric acid Merck 

Tetrahydrated manganese sulfate (MnSO4 .4H2O) BDH 

Thichloro acetic acid (TCA) Merck 

Thiobarturic acid (TBA)  Eastman 

TLC plate silica gel plate (60 F254, 0.25 )   Merck 

Trehalose Fluka 

Triethylamine (TEA) Merck 

Tris (hydroxymethyl) methylamine Fisher ChemAlert® Guide 

Trolox Sigma 

2,2´-azinobiz(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Sigma 

2,2-diphenyl-2-picrylhydrazyl (DPPH) Sigma 

2,4,6-collidine  Merck 

 

3.                  

 

(Incubator) Gallenkamp 

(laminar air flow carbinet)  Microflow 

(hot air oven) Venticell 

(autoclave) Tomy 

 (Centrifuge) Harrier 18/80, Refrigerated 

 (Centrifuge) Sorvall Rc 50 

(stirring heating plate)  

(balance) Metller Toledo 

Vortex mixer  Scientifc 

Micropipette  Eppendorf Research 

Water bath  Julabo, Eco Temp Tw 20 

Electrical conductivity (EC) Metller Toledo 

Metller Toledo 

 Olympus 

High Performance Liquid Chromatography (HPLC) Agilent 1100 series, HP 

Gas chromatography (GC) HP6850 seriesII, HP 

Filter paper Whatman No.1 
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Cellulose acetate filter (0.22  0.45 ) Sartorius 

Freeze dryer N.Y.12484, STS system 

API 50 CHL kit BioMrieux 

 

4.  

 

58 
, , , ( ), , , , -

, , , , , , , , 
, , ,  

  

 

5.  

 

. .            
  22       

( DW)  culture collection 

 (Thailand Institute of Scientific and Technological Research: 

TISTR)   Lactobacillus casei subsp. rhamnosus TISTR 

047 
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1.  
 

 , , ,  ( ), , , , , 

, , , , , , , , 

, , , 58  
 

 50  normal saline dilution 

0.85%  (0.85% NaCl)  450  stomacher 

 30 
1      

pour plate streak  de Man Rogosa and Sharp (MRS) agar  
0.04% bromocresol purple  30 C  18-24  

 streak MRS agar  0.04% bromocresol 

purple  
streak MRS agar 30 C 

 18-24 (Gram stain) 
 (Murray  et al., 1994)    

 catalase 

test (Alexsson, 1993) 

 MRS agar 2  
20% -20 C 

 

2.  
 

2.1  

 

24 1 loopful MRS 
agar MRS broth  30oC  18 
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1% MRS broth MRS broth 5 
  3  30oC  18  

 660 spectrophotometer 

blank   OD660 nm > 1.0 

 
 

2.2 -aminobutyric acid (GABA)  

 

24 1 loopful MRS 
agar MRS broth 10   30oC   18 

1% MRS broth 
MRS broth 10   2% monosodium glutamate (MSG) (Cho et al., 

2007) Glucose-Yeast extract-Peptone (GYP) 2% MSG 10 
 (Hiraga et al., 2008) ( )  30oC  24 

6,000 rpm 15  4oC  
(supernatant)  Thin-Layer Chromatography (TLC)         

(Choi et al., 2006) (  )  Rf Rf 
0.1 M  MSG  0.1 M 

 Rf  

 
 

 

 

2.3  

 

 High Performance Liquid 

Chromatography (HPLC) 
  (supernatant)  1  

 (Freeze dry) ethanol: water: triethylamine 

( 4: 4: 2)  1   

 ethanol: water: triethylamine: phenylisothiocyanate (PITC) ( 6: 1: 1: 1) 

80  20  

Rf = solute  

  solvent  
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 0.2  (0.2 m nylon membrane filter) 

HPLC (Agilent 1100 series)  Hypersil ODS C18 4.0 x 250 

 5  (Flow rate)  

(linear gradient) 0-100%   1.0   B 
60% acetonitrile 50  46oC (Mobile phase) 

A  1.4 mM sodium acetate (NaHAc), 0.1% triethylamine (TEA), 

 6% acetonitrile (CH3CN) (  6.1) acetic acid   B  

60% acetonitrile (60% acetonitrile: 40% water) (Detector)  UV 

detector (VWD) 254  ( Cho et al., 2007) 

 ( ) 
 
3.  
 

10 2.3   
(species)  

 

3.1  

 

 

Volume 2 (Kandler and Weiss, 1986)    
  

3.1.1 

(phenol red borth base) 1% 30°C 18-24 

heterofermentative lactic 

acid bacteria homofermentative lactic acid bacteria 

 

3.1.2 
24 1 loop 
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(phenol red broth base) 1%  16 
 Amygdalin, Arabinose, Cellobiose, Esculin, Fructose, Galactose, Glucose, 

Lactose, Maltose, Mannitol, Raffinose, Rhamnose, Ribose, Sorbitol, Sucrose 
Trehalose 30°C 18-24 

 0.04% bromocresol purple  

 

3.2  (Commercial test kit) 

 

Identification kit (Lactobacillus API 

50 CHL 50300  Bio Merieux Co., France) API 50 CHL 

API 50 CHL strip 

49 
MRS Agar 24 3  

2 McFarland  API 50 CHL  120 

  API 50 CHL strip 
30°C 24 48  control (control 

basal medium ) 
 

 25 Esculin  

Esculin   API 

Web Stand Alone V.5.0  

 

3.3 16S rRNA gene 

 

partial 16S rDNA sequence analysis 

(1 ) 
 KU-VECTOR    

          
1 MRS 5  37 C 

16-18  2% MRS 

4 microtube 1.5 
8,000 rpm 2-5 2-3 

 TE Buffer (10 mM Tris-HCl  8.0, 1 mM EDTA) 500  
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 vortex  10 10,000 rpm 

10    (PCR product)   
 (Polymerase chain  reaction, PCR) 3' 5' 
16S rRNA  Thermalcycler PCR  

 PCR       

 8.8 (1X) (10 mM KCl, 10 mM (NH4)2SO4, 20 mM Tris-HCl, 2 mM  MgSO2, 0.1% 

Triton X-100)   (MgCl2 ) 2.0 mM, 2-5 , 

(dNTP) 0.4 M, 0.4 M  - AGA GTT TGA 

TC(A/C) TGG CTC AG-  - ACG GGC GGT GTG TAC AAG-

Taq DNA  polymerase (Biolab) 1 20  
Thermalcycler PCR 

 Denaturation 

94 C 3 1 35 
1 Denaturation 94 C 30  Primer annealing 

55 C 30  Primer  extension 72 C 2 
35 72 C  5 

 

PCR condition 

  3  min 

  30 sec 

55   30 sec  35 cycle 

  2 min 

  5 min 

Primer sequencing 520F - CAG C(A/C)G CCG CGG TAA 

T(A/T)C-  DNA product  

Automated DNA Sequencing DNA 
 DNA (  16S rRNA)       

 National Center for Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov)  
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4. -aminobutyric acid (GABA) 
 

4.1  

 

 1% (v/v)  MRS broth 

 0.5% MSG ( Cho et al., 2007) 5  
 660   

early log phase, middle log phase, late log phase  

stationary phase  HPLC 

2.3  
 

4.2  Response Surface 

Methodology (RSM) 

 

4.2.1  

 

 ( )   MSG 
  RSM 

Central Composite Design (CCD) 3 (  2-1) 
2-2 

12%    
 ( , 

2547) MSG  2%  
5-7  (Salminen and Wright, 

1993)   1% (v/v) 
 MRS broth 50  MSG 

3 30oC 

5  660         

  25 ( stationary 

phase 4.1) 
HPLC 4.1  
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2-1 

 
 

Variable name Coded 
Levels 

-1 0 +1 

Sucrose (W/V) X1 6 9 12 

MSG (W/V) X2 0 1 2 

pH X3 5 6 7 
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2-2   Central Composite Design 

 

Run 

number 

Code values Real values 

Sucrose 

X1 

MSG 

X2 

pH 

X3 Sucrose (W/V) MSG (W/V) pH 

1 -1 -1 -1 6.00 0.00 5.00 

2 1 -1 -1 12.00 0.00 5.00 

3 -1 1 -1 6.00 2.00 5.00 

4 1 1 -1 12.00 2.00 5.00 

5 -1 -1 1 6.00 0.00 7.00 

6 1 -1 1 12.00 0.00 7.00 

7 -1 1 1 6.00 2.00 7.00 

8 1 1 1 12.00 2.00 7.00 

9 -1 0 0 6.00 1.00 6.00 

10 1 0 0 12.00 1.00 6.00 

11 0 -1 0 9.00 0.00 6.00 

12 0 1 0 9.00 2.00 6.00 

13 0 0 -1 9.00 1.00 5.00 

14 0 0 1 9.00 1.00 7.00 

15 0 0 0 9.00 1.00 6.00 

16 0 0 0 9.00 1.00 6.00 

17 0 0 0 9.00 1.00 6.00 

18 0 0 0 9.00 1.00 6.00 

19 0 0 0 9.00 1.00 6.00 

20 0 0 0 9.00 1.00 6.00 
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4.2.2  

 

2-2 1  
 

Ý = 0+ 1 X1+ 2X2+ 3X3+ 11X1
2+ 22X2

2+ 33X3
2+ 12X1 X2+ 13X1 X3+ 23X2 X3         

(1) 

 

Ý (1)  X1  X2 X3 
0 1 2 3 

  11  22 33   12  13 23 

(Analysis of variance: ANOVA) 

Design Expert (Version 6.0.2) (Stat-Ease Corporation, USA) 

 MSG  

 

4.2.3 CCD 

 

CCD (Predicted value) 

6%  MSG 2% 
5 ( 24.71 / )  (Actual value) 

6%  MSG 1% 6 (
25.04 / ) Contour Plot 

 (Solution)   
6%  MSG 1% 5.73 

 

-  6%                                  
-   MSG 1% 

-  5.73 
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5.  
 

5.1  

 

 Lactobacillus plantarum DW12 2% MRS broth 

50  30oC 15 (  late log phase 

4.1) 6,000 rpm  15 0.85% 

NaCl 2   L. plantarum DW12 1.75 
 500  109 /  (
pour plate  MRS agar  4.1x109 / ) 

 5%   
 

5.2  

 

 (Gracilaria fisheri) 
  

15 
375 (  371.10  375 ) 10 

1 (
2.62  60 21.18 (  8 ) 

) (
3  3: 1: 10 (w/w/v))  

 MSG 
4.2.3  0.5 M citric acid 0.1 M sodium bicarbonate (Kim et al, 2009) 

)  15 
 

(Kantachote and Charernjiratrakul, 2008) 30±2oC 60   
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5.3  

3   

1 4.2.3  ( ) 
2 4.2.3 5% ( - ) 
3   MSG 

4.2.3 5% ( - ) 
3  

 
 

5.3.1  

 

 150   sterile 

pipette  25   0.85% NaCl  225  

10 0.85% NaCl  9  

(Total bacteria count: TBC) (Lactic acid bacteria: LAB) pour 

plate method Plate Count Agar (PCA) MRS agar 

30 C 24 spread plate method 
Potato Dextrose Agar (PDA)  35 C 48 (BAM, 2002) 

0, 1, 2, 4, 7, 14, 21, 30, 45 60 

 

5.3.2 - (  , 2548)  

 

-
 0, 1, 2, 3, 4, 5, 6, 7, 14, 21, 30, 45 60 

 

5.3.2.1  

 
 150       

250   pH meter 
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5.3.2.2  (Electrical conductivity: EC) 

 
5.3.2.1    

Electrical conductivity meter 

 

5.3.2.3 (Total acidity: TA)  

 

5.3.2.1       
 (AOAC, 2002)                

 

 

5.3.2.4 (Total sugar: TS)  

 

5.3.2.1 
 phenol sulfuric method (Dubolis et al. 1956) 

 (  ) 
 

5.3.2.5  

 

ethanol, lactic acid  acetic acid  0, 14, 

30, 45  60  methanol  0 60   Gas 

Chromatography (GC) column HP 6850  

(detector)  240 C  75 C (1 ) 
 180 C  5 C   230 C (5 )  15 C 

  flame ionization detector Yang  Choong (2001)  
(  ) 

 

5.3.2.6  

 

(Fe), (Na), 

(K), (Zn), (Cu), (As) (Pb)  Inductively 

coupled plasma-atomic emission spectroscopy (ICP-AES) 

0 60 2  Vycor 
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hot plate 65% 3  

3 10% 
Whatman No.1 10  deionized 

water ICP-AES         
 (  

) 

 

5.3.2.7  

 

0, 14, 30, 45  60  

6,000 rpm 15  4oC  (supernatant) 1 
 (Freeze Dry)   

HPLC 2.3 (
) 

 

5.3.3   

 

0, 14, 30, 45 60 ( , 2550) (  )  
- 2,2-Diphenyl-1-picrylhydrazyl radical scarvenging capacity assay (DPPH assay) 

- 2,2´-azinobiz(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay 

- Lipid peroxidation assay 

- (Total phenolic content) 

 

5.3.4   

 

 0  60 
spread plate method PDA   

 total coliforms E. coli   Most 

Probable Number (MPN) Salmonella sp. Staphylococcus aureus  

Clostridium perfringens Bismuth Sulfite agar (BS), Baird-Parker medium 
Perfringens agar   S. aureus coagulase test (APHA, 1995) 

( .481/2547)  
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5.3.5  

 

120  
 

multisample difference test (5-point 

hedonic scale) (Meilgard et al., 1998 Prachyakij, 2008)  
 

6.  

 (Standard 

deviation: SD)  
Multivariate General Linear Model  (ANOVA) 

 

 95% (p<0.05) 

 SPSS version 15  Windows 

 

 

 

 

 



 
 

 

 

3 

 
 

 

1.  
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317  44 ( 75.86%) ( 3-1) 

32 /    (19 / )  

( 11 / )   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
59 



 

60

3-1    

 

 

Plara ( ) 2 0 0 

Nham ( ) 10 10 108 

Kung som ( ) 4 3 20 

Nhang ( ) 2 1 5 

Budu ( ) 4 0 0 

Plapangdang ( ) 2 1 5 

Isan sausage ( ) 1 1 2 

Drinking yogurt and yogurt ( ) 5 5 10 

Plasom ( ) 1 1 32 

Som fak ( ) 1 1 10 

Pukgarddong ( ) 5 4 20 

Khaomak ( ) 2 1 1 

Satawdong ( ) 4 4 10 

Fermented Khanomjeen ( ) 3 3 58 

Nowmaidong ( ) 3 3 15 

Kratiumdong  ( ) 5 2 10 

Paksaindong ( ) 2 2 5 

Cabbage pickle ( ) 1 1 3 

Cucumber pickle ( ) 1 1 3 

58 44 317 
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2.  -aminobutyric acid (GABA) 

 

2.1  

 

340  ( 22  

. .   Lactobacillus casei subsp. rhamnosus 
TISTR 047) MRS 4 

 (++++)   (+++)  (++) (+) 

3-2  9% 27% 

2% 62% 

 

 3-2 18 

 MRS broth 

 

 

(OD 660 ) 

   

> 1.5 ++++ 31 9.12 

> 1.0-1.5 +++ 93 27.35 

0.5-1.0 ++ 5 1.47 

< 0.5 + 211 62.06 

  340 100 
 

2.2  

 

124  

 (culture supernatant) 

 Thin-Layer Chromatography (TLC) Choi  (2006) 

64  (51.61%) MRS broth 

2% MSG  

TLC MRS broth ( 3-1) 

GYP 2% MSG ( 3-2)          
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Retardation factor (Rf)  MSG  GABA 0.26  0.36  

64 

 

3-3 

 

 

 

3-1 Thin Layer Chromatography (TLC) 

 : 1, MRS; 2,  MSG 0.1 M; 3, 

0.1 M; 4-10, 

MRS broth 2% MSG 24  

MSG 
GABA
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3-2 Thin Layer Chromatography (TLC) 

 : 1, GYP; 2,  MSG 0.1 M; 3, 

0.1 M; 4-10, 

GYP broth 2% MSG 24 

   

 

 

 

GABA
MSG 
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 3-3  (GABA) 

 

/Culture collection  

 

( )* 

(Fermented plant beverages) 

 

20 DW2, DW5, DW8, DW10, DW11, DW12, 

DW13, DW491, DW492, DW493, DW496, 

DW497, DW498, DW499, DW500 (15) 

 (Nowmaidong) 8 NW3, NW6, NW14, NW15, NW16 (5) 

 (Paksaindong) 5 PK7, PK 8 (2) 

  

(Pickled cabbage)  

2 PB11 (1) 

 (Pickled 

cucumber)  

1 PC13 (1) 

 (Pukgarddong) 9 LA1, LA2, LA3, LA6, LA12, LA16 (6) 

 (Kratiumdong) 10 LS4, LS5, LS6, LS10, LS16, LS26, LS32, 

LS46, LS74, LS14 (10) 

 (Satawdong ) 4 ST4, ST28, ST32, ST81 (4) 

  

(Drinking yogurt  and yogurt) 

8 YA011, YA031, YA061, YA071, YA111 (5) 

 (Nham ) 29 NH2, NH7, NH15, NL6, NL11, NL14 (6) 

 (Plasom)  8 PL15, PL16, PL29 (3) 

  

(Fermented khanom jeen) 

17 KN1212, KN1304, KN1315 (3) 

 (Kungsom)  1 KS7 (1) 

 (Nhang ) 1 HN2 (1) 

 

(TISTR)** 

1 

 

Lactobacillus casei subsp. rhamnosus  

TISTR047 (1) 

 124 64  

*  

** Thailand Institute of Scientific and Technological Research 
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TLC MRS broth 

10  DW2, DW12, 

DW493, DW496, DW500, NW16, YA031, YA061, NH2, LS74  GYP 

14   DW2, DW12, 

DW493, DW496, DW500, PB11, NW16, LA12, LA16, LS46, YA031, NH2, KN1315, 

LS74  

 

2.3  

 

 1-10 

MRS broth GYP  0.5% MSG  

10   MRS broth  0.5% MSG 

 High Performance Liquid Chromatography (HPLC) 

(Cho et al., 2007) 

3-3 DW2, DW12, DW493, DW496, DW500, PB11, NW16, 

YA031, KN1315 NH2 2,850.56, 4,156.10, 3,437.48, 3,849.86, 

3,323.99, 3,159.96, 3,830.16, 4,143.89, 3,981.30, 3,383.59 /

DW12 (4,156.10 / ) 

YA031  

(P 0.05) DW12 

 

 



 

66

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

3500.00

4000.00

4500.00

DW2
DW12

DW49
3

DW49
6

DW50
0

PB
11

NW16
YA

03
1

KN
13

15 NH2

(
/

)

a b
b c

f

a

d d e d

 
3-3  MRS broth 0.5% MSG 

24  (

(P<0.05)) 

 

3.  

 

DW12  MRS GYP  

0.5% MSG DW12 

3-4 DW12 MRS (3,600.20 /

) GYP (3,200.42 / ) MRS  

0.5% MSG  
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2500.00

2700.00

2900.00

3100.00

3300.00

3500.00

3700.00

3900.00

MRS + 0.5% MSG GYP + 0.5% MSG

(
/

)

 
3-4  DW12 MRS broth 

GYP 0.5% MSG 24  

 

DW12  MRS broth  0.5% 

MSG  660  

5  early log phase, middle log phase, late 

log phase  stationary phase 3-5 early log phase 7, 

middle  log phase 10, late log phase 15   stationary phase 

25  7  DW 12 

5,060.20 /  10 3,653.37 /  

15 3,519.57 /  25 

3,725.67 /    5.90 

20  50 3.7 
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0.00

2.00

4.00

6.00

8.00

10.00

0 5 7 10 15 20 25 30 35 40 45 50

( )

(O
D6

60
 n

m
) 

pH

0.00

1,000.00

2,000.00

3,000.00

4,000.00

5,000.00

6,000.00

(
/

)

( / ) (OD660 nm ) pH 

bbc c

a

 
3-5   DW12 

MRS broth 0.5% MSG 50 (

(P<0.05)) 

 

4.  

 

4.1  

 

10  DW2, DW12, 

DW493, DW496, DW500, PB11, NW16, YA031, KN1315 NH2  

 ( 3-4)    

 

2 

(Kandler and Weiss, 1986) 8 DW2, DW12, DW493, DW496, DW500, 

PB11, NW16  KN1315 Lactobacillus plantarum NH2 

Lactobacillus fermentum 1 YA031  Lactobacillus 
acidophilus  Lactobacillus API50 CHL 

  YA031 (L. acidophilus) 
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3-5 8   

 DW2, DW12, DW493, DW496, DW500, PB11, NW16, KN1315  
Lactobacillus plantarum1 (% similarity) 99.9, 99.9, 

99.4, 68.0, 99.9, 99.9, 99.9 99.9% 1 NH2 

Lactobacillus fermentum 2  98.4% ( 3-6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

70

3-4  
2 (1986) 

: + = , - =  

 

 

 

              Isolate 

Characteristic 

DW

2 

DW 

12 

DW 

493 

DW 

496 

DW 

500 

PB 

11 

NW 

16 

NH 

2 

YA 

031 

LA 

16 

Shape Rod Rod Rod Rod Rod Rod Rod Rod Rod Rod 

Gram Stain + + + + + + + + + + 

Catalase test - - - - - - - - - - 

Gas from glucose - - - - - - - + - - 

Growth at 15/45 C +/+ +/+ +/+ +/+ +/+ +/- +/+ -/+ +/+ +/+ 

Carbohydrate 

fermentation           

Amygdalin + + + + + + + - + + 

Arabinose - - - - - - - - - - 

Cellobiose + + + + + + + - + + 

Esculin + + + + + + + - + + 

Fructose + + + + + + + + + + 

Galactose + + + + + + + + + + 

Glucose + + + + + + + + + + 

Lactose + + + + + + + - + + 

Maltose + + + + + + + + + + 

Mannitol + + + + + + + + - + 

Raffinose + + + + + + + + + + 

Rhamnose - - + + + - - - - - 

Ribose + + + + + + + + - + 

Sorbitol + + + + + + + - + + 

Sucrose + + + + + + + + + + 

Trehalose + + + + + + + + + + 
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 3-5  API 50 CHL kit 

Active ingredients 

Isolates 

DW 

2 

DW

12 

DW

493 

DW

496 

DW

500 

PB

11 

NW 

16 

NH

2 

LA

16 

Control - - - - - - - - - 

Glycerol  - - - - + - - - - 

Erythritol - - - - - - - - - 

D-Arabinose - - - - - - - - - 

L-Arabinose + + + + + + + + + 

D-Ribose  + + + + + + + + + 

D-Xylose - - - + - - - - - 

L-Xylose - - - - - - - - - 

D-Adonitol - - - - - - - - - 

-Methyl-xyloside - - - - - - - - - 

D-Galactose + + + + + + + + + 

D-Glucose + + + + + + + + + 

D-Fructose  + + + + + + + + + 

D-Mannose + + + + + + + + + 

L-Sorbose - - - - - - - - - 

L-Rhamnose - - + + + - - - - 

Dulcitol  - - - - - - - - - 

Inositol - - - - - - - - - 

D-Mannitol  + + + + + + + - + 

D-Sorbitol + + + + + + + - + 

-Methyl-D-mannoside - - - - + + + - + 

-Methyl-D-glucoside - - - - - + + - + 

Amygdaline + + + + + + + - + 
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3-5 ( )  API 50 CHL kit  

Active ingredients 

Isolates 

DW 

2 

DW

12 

DW

493 

DW 

496 

DW

500 

PB

11 

NW

16 

NH

2 

LA

16 

Arbutin + + + + + + + - + 

N-Acetyl glucosamine + + + + + + + - + 

Esculine + + + + + + + - + 

Salicine + + + + + + + - + 

D-Cellobiose + + + + + + + - + 

D-Maltose + + + + + + + + + 

D-Lactose + + + + + + + - + 

D-Melibiose + + + + + + + + + 

D-Saccharose (sucrose) + + + + + + + + + 

D-Trehalose + + + + + + + + + 

Inulin - - - - - - - - + 

D-Melezitose + + + + + + + - + 

D-Raffinose + + + + + + + + + 

Amidon - - - - - - - - - 

Glycogen - - - - - - - - - 

Xylitol - - - - - - - - - 

-Gentiobiose - - + + + - + - - 

D-Turanose + + + + + + + - + 

D-Lyxose - - - - - - - - - 

D-Tagatose - - - - - - - - - 

D-Fucose - - - - - - - - - 

L-Fucose - - - - - - - - - 

D-Arabitol - - - - + - - - - 

L-Arabitol - - - - - - - - - 
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3-6 API 50 CHL kit 

 

Isolates Specific for bacteria % similarity 

1. DW2 Lactobacillus plantarum 1 99.9 

2. DW12 Lactobacillus plantarum 1 99.9 

3. DW493 Lactobacillus plantarum 1 99.4 

4. DW496 Lactobacillus plantarum 1 

Lactobacillus pentosus  

68.0 

32.0 

5. DW500 Lactobacillus plantarum 1 99.9 

6. PB11 Lactobacillus plantarum 1 99.9 

7. NW16 Lactobacillus plantarum 1 99.9 

8. NH2 Lactobacillus fermentum 2 98.4 

9. KN1315 Lactobacillus plantarum 1 99.9 

 

4.2 16S rRNA gene 

 

 DW12 

16S rRNA gene ( KU-VECTOR       

)  Primer amplify 

16S rDNA  - AGA GTT TGA TC(A/C) TGG CTC AG-   - ACG 

GGC GGT GTG TAC AAG- Primer  sequencing 520F  - CAG 

C(A/C)G CCG CGG TAA T(A/T)C-  Lactobacillus plantarum strain S7 

 % similarity 100% ( 3-7) Accession number GU195646 

( 3-6) ( )  
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 3-7 DW12  16S rDNA  

sequence analysis         

                                                                               

Sample Name Closets  sequence 

 

% similarity Accession 

number 

DW12 Lactobacillus plantarum strain S7  

Length=1447 

Score =  937 bits (1038),  Expect = 0.0 

Gaps = 0/519 (0%)Strand=Plus/Plus 

519/519 

(100%) 

GU195646 

 

 GU195643

 GU125615

 GU195644

 GU195645

 GU195646

 DW12  
 

3-6  (Phylogenic tree) 16S rDNA 

DW12  

 

5.   

 

5.1  

 

 

Response Surface Methodology (RSM) Design Expert (version 6.0.2) 

3 X1 = Sucrose, X2 = MSG, X3 = pH 

 3 

20 (run number) 3-8  

3-8 linear 

multiple regression 5 

30oC 7 
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  9 6% MSG 1% 

6 25.04 /  

23.34 /   3 6% 

MSG 2% 5 

24.71 /  24.29 /  

 6%  MSG 1% 6  

  

 5.2  

 

 (2) (Y) 

MSG ( : X1  MSG: X2)  94.53% (R2 = 0.9453) 

 

3-9  3-10 

 

Y = 6.53609 - 5.0857X1 + 8.63364X2 - 2.08182X2
2                                              (2) 

 

2 F-test 

 response surface linear model 3-9 

(model) (P 0.0001) (R2) 0.9453 

 (Adjusted R2) 0.8961 

( MSG) 10% 

model 3-10 MSG 

(P 0.0001) MSG (P = 0.0288) 
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3-8  DW12 MRS broth  

Central Composite Design  (Actual value)  (Predicted value) 

 

Run number 

Sucrose 

(X1) 

(W/V) 

MSG  

(X2) 

(W/V) 

pH 

(X3) 

GABA content (mg/L) 

Predicted actual 

1 6.00 0.00 5.00 16.80 16.72 

2 12.00 0.00 5.00 9.06 9.07 

3 6.00 2.00 5.00 24.71 24.29 

4 12.00 2.00 5.00 13.57 14.17 

5 6.00 0.00 7.00 15.08 14.19 

6 12.00 0.00 7.00 9.69 9.82 

7 6.00 2.00 7.00 23.95 23.64 

8 12.00 2.00 7.00 15.15 14.94 

9 6.00 1.00 6.00 23.34 25.04 

10 12.00 1.00 6.00 15.08 14.55 

11 9.00 0.00 6.00 12.37 13.20 

12 9.00 2.00 6.00 19.06 19.41 

13 9.00 1.00 5.00 16.71 16.60 

14 9.00 1.00 7.00 16.64 17.92 

15 9.00 1.00 6.00 17.80 16.67 

16 9.00 1.00 6.00 17.80 16.11 

17 9.00 1.00 6.00 17.80 16.17 

18 9.00 1.00 6.00 17.80 18.66 

19 9.00 1.00 6.00 17.80 17.23 

20 9.00 1.00 6.00 17.80 19.63 

R2      0.9453 

Adjusted R2     0.8961 
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3-9 (ANOVA)  

Source 

Degree of 

freedom 

Sum of 

Square 

Mean 

Square 

F Value p-value 

Model 9 316.61 35.18 19.21 < 0.0001 

Residual 10 18.31 1.83   

Lack of Fit 5 8.01 1.60 0.78 0.6053 

Pure Error 5 10.30 2.06   

Corrected Total 19 334.92    

R2 = 0.9453,  Adjusted R2 = 0.8961 

X1 = Sucrose 

X2 = MSG 

 

  3-10   

Variable Coefficient standard error F-value p-value 

0 17.80 0.47 19.21 < 0.0001 

1 X1 -4.13 0.43 93.30 < 0.0001 

2X2 3.35 0.43 61.11 < 0.0001 

3X3 -0.03 0.43 0.01 0.9382 

11X1
2 1.41 0.82 2.98 0.1151 

22X2
2 -2.08 0.82 6.51 0.0288 

33X3
2 -1.13 0.82 1.91 0.1974 

12X1 X2 -0.85 0.48 3.16 0.1060 

 13X1 X3 0.59 0.48 1.51 0.2475 

 23X2 X3 0.24 0.48 0.25 0.6303 

X1 = Sucrose 

X2 = MSG 

X3 = pH 

 

Contour plot 
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MSG  3-6 

6-7% MSG 1-2% 3-7 

6-6.2%      

5.1-6.3 3-8  MSG 1.1-2% 

 5.1-7 2 

  

MSG  

1% 6 

 (Salminen and Wright, 1993)  

 
3-7 Sucrose MSG L. plantarum DW12 

 

 

 

 

 

 

 

 

 

 

3-8 Sucrose pH L. plantarum DW12 
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3-9 MSG pH  L. plantarum DW12 

 

 5.3 CCD 

 

CCD 

  6%  MSG 

1%  5.73 (Desirability = 0.936) ( 3-11) 

 (25.01 

/ )  9 (25.04 / ) 6.00 

5.73-6.00  (Salminen 

and Wright, 1993) : MSG: pH  6: 1: 6 

 

3-11 MRS broth    

L. plantarum DW12 

Solution Maximum Run no. 9 

 (%) 6 6 

 MSG (%) 1 1 

5.73 6.00 

( / ) 25.01 25.04 

Desirability 0.936  
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6.  

 
6.1  

 

 

-  A  ( : :  (3: 1: 10 (w/w/v)))     

 6.0  ( ) 

-  B  6.0 L. plantarum DW12 5% 

( - ) 

-  C  6% (w/v), MSG 1% (w/v)    

 6.0 L. plantarum DW12 5 % ( - ) 

 

 
 

3-10 15  
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6.2  

 

6.2.1 (Total bacterial count: TBC) 

 

( B) 

(TBC) 8.37 log CFU/ml 

 ( C)  TBC 9.41 log CFU/ml 

( A)  TBC 7.45 log CFU/ml 

( 3-11) 

TBC 3 

2 A 

TBC  8.02 log CFU/ml B  C 

TBC  8.12 8.96 log CFU/ml 

7 B  C 

B  C  TBC 8.34 9.26 log CFU/ml A 

TBC 8.34 log CFU/ml 

C  14  TBC 

9.54 log CFU/ml A B TBC 21 

TBC A, B C 6.13, 6.56 

8.32 log CFU/ml 60 A, B 

 C TBC 4.32, 4.18 6.23 log CFU/ml  
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0.000

2.000

4.000

6.000

8.000

10.000

12.000

0 1 2 4 7 14 21 30 45 60

( )

(lo
g 

CF
U

/m
l)

A B + 5 % DW12, pH6

C + 5 % DW12, pH6

 
3-11 (TBC) 

DW12 

 

6.2.2 (Lactic acid bacteria: LAB) 

 

    

(LAB) A 

LAB 2.37 log CFU/ml ( B) 

 LAB 8.24 log CFU/ml  

( C)  LAB 9.16 log CFU/ml (  3-12) 1       

B  LAB 7.69 log CFU/ml C 

4 LAB   8.85 log CFU/ml 

A 7  LAB 0  LAB 

2-7 7.65  log CFU/ml  B 7 

 LAB 1  LAB 8.45 log CFU/ml  C 

14  LAB 4  LAB 9.38 log CFU/ml  

LAB 21 

A, B C  LAB 5.27, 6.70 7.47 log CFU/ml  
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60  LAB    

B C  LAB 3.49 5.97 log 

CFU/ml  A  LAB 2.65 log CFU/ml  

 LAB 14-60 

0.000

2.000

4.000

6.000

8.000

10.000

0 1 2 4 7 14 21 30 45 60

( )

(lo
g 

CF
U

/m
l)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6

 
3-12 (LAB) 

DW12  
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6.2.3  

 

( 3-13) A, B C 5.89, 

5.78 5.95 log CFU/ml  1 

C 7.94 log CFU/ml 

2 A, B C 

60 A, B C 

2.60, 2.50 3.57 log CFU/ml  

 

0.000

2.000

4.000

6.000

8.000

10.000

0 1 2 4 7 14 21 30 45 60

( )

(lo
g 

C
FU

/m
l)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6

 
3-13 

DW12  
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7. -  

 
7.1   (Total sugar) 

 

         

A B 10.0 

9.6%  ( : : 3: 1: 10 (w/w/v)) 

C 6.92% 

60 A 

B  0.78 0.81% C  

0.55% (  3-14) 

 

0.000

2.000

4.000

6.000

8.000

10.000

12.000

0 1 2 3 4 5 6 7 14 21 30 45 60

( )

(
/1

00
 

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6

 
3-14  (Total sugar) 

DW12 
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7.2  

 

 A,  B C 5.82, 

5.91 5.88  ( 3-15) B 

A C 60 

3.17-3.80  A (

3.32)  B ( 3.17)  C (

3.80)  

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 1 2 3 4 5 6 7 14 21 30 45 60

( )

pH

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-15 

DW12  
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7.3 (Total acidity) 

 

(  3-16) 

0.06-0.12 /100  

60 

 C 2.06 /100  A 

 B 1.05 /100  1.15 /100  

 

  

0.000

0.500

1.000

1.500

2.000

2.500

0 1 2 3 4 5 6 7 14 21 30 45 60

( )

(
/ 1

00
 

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-16 

DW12 
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7.4  

 

       

 C (  3-17A) 

 A  B 0.02 / 100 

 C 0.07 /100  

 60 

 A (0.33 /100 ) 

 B (0.28 /100 )  C (0.26 /

100 )  

 A, B  C 

0.02, 0.04 0.24 /100   (  3-17B) 

60  B     

 C (0.92, 0.86 /100  

)  A 0.52 /100  
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Acetic acid

0.00

0.10

0.20

0.30

0.40

0 14 30 45 60
( )

(
/ 1

00
 

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6

 

Lactic acid

0.000

0.200

0.400

0.600

0.800

1.000

0 14 30 45 60

( )

(
/ 1

00
 

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6

  
3-17 

DW12 

 

A 

B 
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60 

3-18  A  B C 0.07 0.08 

0.09 /  

60  A 3.66 

/   B (2.30 / ) 

 C 1.65 /   

 

Ethanol

0.000

1.000

2.000

3.000

4.000

0 14 30 45 60

( )

(
/

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-18  

DW12 
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7.5  (Electrical conductivity: EC) 

 

EC 

EC 

EC   

 (  3-19) EC  

A B 0.09 0.20 mS/cm 

60  EC A B 0.36 0.50 mS/cm  

C EC A B 

0.74 mS/cm 60  EC 1.66 mS/cm   

0.00

0.50

1.00

1.50

2.00

0 1 2 3 4 5 6 7 14 21 30 45 60

( )

EC
 (m

S/
cm

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-19 EC 

DW12  

 

7.6  

 

(As) (Fe) 

(Na) (K) (Pb) (Zn) 

EC ( 3-20) 3-12 
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(Na) 

 A  B C 18.97, 21.07 645.13 /   

(LOQ 0.005 / ) ( 3-20A)  

A  B (28.90 29.87 / ) 

 C 

 847.63 /  

 (K) 

 A,  B C 45.06, 47.58 66.90 /  

 (LOQ 0.002 / ) ( 3-20B) 

60 

 C  (92.28 / ) 

 B (78.87 / )  A (62.43 

/ )  

 (Fe) 

 A,  B C 1.39, 2.87 2.79 

/   (LOQ 0.001 / ) ( 3-20C) 

60 

 A (19.07 / )  B (28.87 

/ )  C  (31.70 / ) 

 

 A,  B C (Cu) 

  0.001 /  (LOQ 0.001 / ) ( 3-

20D) 60  B 

(0.03 / )  A C 

 

 (Zn)  A  0.001 

/  (LOQ 0.001 / )  

B C 0.23 0.61 /  (     

3-20E) 60 

 A (0.70 / ) 

 B (0.66 / )  C (0.61 /

)  
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 A 0.03 /   

B C   0.009 /  (LOQ 0.009 

/ ) ( 3-20F) 

60  B (0.15 / ) 

 A (0.14 / )  C  

(0.10 / )  

 (As)  A,  B 

C (LOQ 0.033 / ) 

 

3-12 

60  

 

 

( /

) 

A 

 

 B 

 + 

5% DW12, 

pH6 

 C 

 + 

5% DW12, 

pH6 

USFDA* FDA, Thailand** 

 

 0.14 0.15 0.10 0.005 0.50 

 19.07 28.87 31.70 0.30 15.00 

 0.70 0.66 0.61 5.00 5.00 

 28.90 29.87 847.63 - - 

62.43 78.87 92.28 - - 
a ND 0.03 ND 1.00 5.00 

b ND ND ND 0.05 0.20 

* USFDA for drinking water (FDA, 2003) 

**  214 (2543) 

 ( ,  (FDA, 2000)) 
a,b (LOQ): = 0.001 / ,  = 0.033 /  

ND (Not detected) 

-    
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3-20 

DW12   

 A   6.0 ( ) 

 B  L. plantarum DW12 5% 6.0 ( - ) 

 C   L. plantarum DW12 5 %  6.0 ( - ) 

* (LOQ): Na = 0.005 / , K = 0.002 / , Fe = 0.001 / , Cu 

= 0.001 / , Zn = 0.001 / , Pb = 0.009 /  

Na

0.00

200.00

400.00

600.00

800.00

1000.00

A B C 

Na
 (m

g/
L) 0 Day

60 Day

A K

0.00

20.00

40.00

60.00

80.00

100.00

A B C 

K 
 (m

g/
L) 0 Day

60 Day

B

Fe

0.00

10.00

20.00

30.00

40.00

A B C 

Fe
 (m

g/
L) 0 Day

60 Day

C Cu

0.00

0.01

0.02

0.03

0.04

A B C 

C
u 

(m
g/

L) 0 Day

60 Day

D

Pb

0.00

0.05

0.10

0.15

0.20

A B C 

Pb
 (m

g/
L)

0 Day

60 Day

FZn

0.00

0.20

0.40

0.60

0.80

A B C 

Zn
 (m

g/
L) 0 Day

60 Day

E
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7.7  

 

  

A,  B C 384.44, 560.57 475.39 /   (    

3-21)  A 30 (716.49 /

) 60  339.42 

/   B 

60 (730.29 / ) 

 C 

45  (3,998.20 / ) 60 

 C  3,911.18 /   

 

0.00

1,000.00

2,000.00

3,000.00

4,000.00

5,000.00

0 14 30 45 60

( )

(
/

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-21 

DW12 
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8.  

 

  

 
8.1 2,2-Diphenyl-1-picrylhydrazyl radical scarvenging capacity assay (DPPH 

assay) 

 

 DPPH  

 Vitamin C DPPH  

       

  

 3  DPPH 

 (Chen et al, 1999) 

 DPPH  3.59-19.85% 

(  3-22) B 

DW12 0       

B  4.63% 

 30   19.85% 

60  17.75% 

A ( ) 

0   4.49% 60 

  11.62%  

C DW12 

0  

3.60%  30  

6.23%  60  5.36%  
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0.0

10.0

20.0

30.0

40.0

50.0

0 14 30 45 60

( )

(D
PP

H)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-22  DPPH   

 

8.2 2, 2´-azinobiz(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay 

 

 ABTS  

 trolox  

ABTS   

 trolox  (  3-23)  

 linear regression equation calibration 

curve (Y = 1.74X + 4.53, R2 = 0.9944) 8.37-24.95 %  

ABTS

B  

0   10.92% 

 30    24.96% 

60   24.50%  

A 0  15.13% 

60   

19.29% C  
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0  11.91% 

60 12.86%  

 

 

0.0

10.0

20.0

30.0

40.0

50.0

0 14 30 45 60

( )

(A
BT

S)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-23  ABTS   

 

8.3 (Total phenolic content) 

 

gallic acid equivalents 

1  ( / )  3-24 

linear regression equation calibration curve (Y = 0.0002X + 0.0008, R2 = 0.999)   

0.59-1.38 /   

  

 /

 0-45 A 

 0 
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 0.59 /

 30  1.38 /

60 B 

  1.22 /

B 0   

0.64 /  45  

 1.31 / 60  

B A C 

1.36 / C 

0   0.63 

/  45 

 1.24 /  60 

C  1.16       

/  

 

 

Folin-Ciocalteau

0.0

0.5

1.0

1.5

2.0

0 14 30 45 60

( )

ga
lli

c 
ac

id
 e

qu
iv

al
en

t 

(
/

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-24 Folin-  
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8.4 Lipid peroxidation assay  

 

MDA 

 ( , 2550) 

MDA 

 MDA  

 Trimethylpropane (TMP) 

MDA ( / )  3-25 

C 0 MDA 

118.96 / 30 45 MDA 98.54 

95.21 / 60 MDA  

111.04 /  C lipid 

peroxidation 30-45 A  

0 MDA 118.96 /

60 MDA 143.13 /

lipid peroxidation B 

0 MDA 118.96 /

60 MDA 156.35 / B 

lipid peroxidation  
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TBARS

0.0

50.0

100.0

150.0

200.0

0 14 30 45 60

( )

M
DA

 (
/

)

A B + 5 %DW12, pH6

C + 5 %DW12, pH6
 

3-25 Lipid peroxidation assay  

 

9.  

 

3-13 60 

 Total coliforms 

 Salmonella sp. Staphylococcus aureus  Clostridium perfringens 

  60 

 3.17-3.80 

 ( . 481/2547) 

4.3   A  B C 

3.66, 2.30, 1.65 /   

( . 481/2547) 30 /  

(TBC) 

(LAB) 60 A, B  C 

TBC 4.32, 4.18 6.23 log CFU/ml     

 60 
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B C 3.49 5.97 log 

CFU/ml  A 2.65 log CFU/ml  

A, 

B C 5.89, 5.78 5.95 log CFU/ml  

 60 A, B 

C 2.60, 2.50 3.57 log CFU/ml  

 ( . 481/2547) 

2 log CFU/ml (100 / ) ( ) ( 3-13) 
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3-13 -

60   

( . 481/2547) 

 

 

 

A 

 

 

B 

 + 5% 

DW12, pH 6 

C 

 + 5% 

DW12, pH 6 

 

( . 481/2547) 

TBC (log CFU/ml) 4.32 4.18 6.23 - 

LAB (log CFU/ml) 2.65 3.49 5.97 - 

Yeast (log CFU/ml) 2.60 2.50 3.57 2 

Salmonella sp. 

( /50 ) 

ND ND ND ND  

S. aureus  

( /1 ) 

ND ND ND ND  

C. perfringens 
( /0.1 ) 

ND ND ND ND  

Total coliforms ND ND ND - 

E. coli 
(MPN//100 ) 

ND ND ND  2.2 

 3.32 3.17 3.80  4.3 

 ( / ) 3.66 2.30 1.65 30 

* ( / ) ND ND ND 0.24 

 TBC = Total bacterial count  

   LAB = Lactic acid bacteria  

   ND (Not detected) 

   -  

   * (LOQ):  = 0.1 /  
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10.   

 

120 3  ( 3-26) 

10 3 Hedonic test 

20 /

20-55 

 

Hedonic-5-scale 5 =   4 =   3 =  2 =   

1 =  ( ) 

Multivariate General Linear Model  (ANOVA) 

 

 95% (P<0.05) 

 

 
3-26    

   A  ( : : 3: 

1: 10 (w/w/v))   6.0 ( ) 

  B  L. plantarum DW12 5%  6.0 

   ( - ) 

 C   6% (w/v), MSG 1% (w/v)  

 6.0 L. plantarum DW12 5 % ( - ) 
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20 (  3-14)   

  B A 

  C  B 

 A  B (2.85) 

 A (2.75) 

95%  C  

(1.80)  (P 0.05) 

  B 

 A  

 C  

 B (2.85)  A 

(2.75) 95% 

 C  (1.80) 

 (P 0.05) 

  A B  

 C  

 A (3.95) 

 B (3.80) 95% 

 C  (3.30) 

(P 0.05) 

  A B 

 C 

  A 

(3.75)  B (3.70) 

95%  C 

 (3.05)  (P 0.05) 

 

 A B   

  C 

 B (3.05)  A 
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(2.90) 95% 

 C  (2.10) 

 (P 0.05) 

 

 3-14    

120  

   

A  2.90a* 2.75a 2.75a 3.95a 3.75a 

B  

 + 5% DW12, pH 6.0 

3.05a 2.85a 2.85a 3.80a 3.70a 

C  

+ 5% DW12, pH 6.0 

2.10b 1.80b 1.80b 3.30b 3.05b 

*

(P<0.05) 

       
 

 

 
 



 

  4 
 

 
 

1.  
 

58 
317  44 75.86% 

( 3-1) 
12-24 

(Tanasupawat, 1998) 

 ( , 

2550) 
 

2.  
 

   
  10         

 10  (10/10) (4/4) (6/9) 
(15/20) ( 3-3) Lactobacillus plantarum DW12 

 ( 3-3) 

 L. hilgardii K-3, L. sakei B2-16, L. buchneri, L. brevis OPK-3  Lactococcus lactis 

subsp. lactis B  (Kim et al. 2002; Kook et al., 2004; Park and Oh, 

2005; Cho et al., 2007; Lu et al.,2008)  Lactobacillus sp. LI3  

Senmaizuke ( ) (Ueno et al., 2007) 
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2 
(P 0.05) DW12 YA031 

YA031 L. acidophilus ( 3-4) 
DW12 

 

 

3. 

                 

L. plantarum DW12 14  

Amygdalin, Cellobiose, Esculin, Fructose, Galactose, Glucose, Lactose, Maltose, 

Mannitol, Raffinose, Ribose, Sorbitol, Sucrose Trehalose ( 3-4 3-5) 
 

15 
45 C 30±2 C 

  L. plantarum DW12  Facultative 

heterofermenter 50% 
25% 25% 

     
 E. coli ATCC 25922, S. aureus ATCC 

25923, P. aeruginosa ATCC 27853, B. cereus  C. albicans ATCC 90028 ( , 

2548) S. aureus PSSCMI 0004, Salmonella sp. PSSCMI 0002  V. parahaemolyticus 

VP4 (Kantachote et al., 2008; Kantachote and Charernjiratrakul, 2008b) 
 Leuconostoc mesenteroides 

subsp. mesenteroides  Leuconostoc mesenteroides subsp. dextranicum,                   

L. plantarum, L. fermentum L. brevis (Kantachote and Charernjiratrakul, 2008b) 

 4.   

(2) Y = 6.53609 - 5.0857X1 + 8.63364X2 - 2.08182X2
2                     

 MSG    
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MSG 
   

MSG 1% CCD  5.73 
(Desirability = 0.936) 25.01 

/  9 (25.04 / ) 
: MSG: pH  6: 1: 6 6.0 

5.73-6.0 
 

: MSG: pH  6: 1: 6   

L. plantarum DW12 25.04 /  
MSG 1%  Ueno 

(1997)  L. brevis  5,090 /  

Glucose-Yeast extract-Peptone (GYP) medium 1% MSG  Lu (2008)   
Lactococcus lactis subsp. lactis B 3,680 /  

MRS broth  1% MSG  Park Oh (2007)  L. brevis OPK-3 

 L. brevis OPY-1  424.67 2,023 /  

 MRS broth  1% MSG       
6-12% 

 ( , 2547) 
6  (Salminen and 

Wright, 1993) 
 
5.  
 

5.1  

 

(Gracilaria fisheri) 

  (Kim et al., 2009) 
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( -3 -6)    
(Burtin, 2003; MacArtain et al., 

2007) anticoagulation 
    

immunomodulatory (Athukorala et al., 2007; Kim and Joo, 2007) 

 
      

 

5.2  

 

(Total bacteria count: TBC)   3-11 2 
A 

2 B 
4 C 

 B  C  A 
 L. plantarum DW12 5% 

 A 
7.45 log CFU/ml 

 
(P<0.05) 

7 B C 

21 

1.05-2.06 /100    
3.17-3.80 ( 3-14, 3-15, 3-16) 

(Jay, 2002) 
60 A B  C 

4.32, 4.18 6.23 log CFU/ml  

B  C ( 3-11, 3-12)  
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(Lactic acid bacteria: LAB) 

 B C  8.24 log CFU/ml 9.16 
log CFU/ml (P<0.05) 

 
C MSG 

  
A  2.37 log 

CFU/ml Prachyakij  (2008 ) 
 L. plantarum DW3 

1.5 log CFU/ml 

Kantachote  Charernjiratrakul (2008b)   L. plantarum W90A 

1010 /
 L. plantarum W90A 8.6 log CFU/ml 

 L. plantarum DW3  Prachyakij (2008)  
8 log CFU/ml  

B  C 1-4 

   
( 3-12) 

( 3-14) 
( 3-15, 3-16) 2     

 

4.13  ( 3-15) 

5.58-6.20 (Salminen and Wright, 1993) 60 

A B C 2.65, 3.49 5.97 log 

CFU/ml 
  

C 

  C (2.06 /100 ) ( 3-12,  

3-16)  
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 ( 3-14, 3-15, 3-16) C 

B 

C B 
C  

C MSG 
(high buffer capacity) 

 C 
B  

  

1 
60 

2-3 log CFU/ml (1.65-3.66 /
) (0.26-0.33 /100 )  (0.52-

0.92 /100 ) ( 3-17, 3-18)  
 

Lactobacillus sp.  L. coryniformis 
subsp. coryniformis Si3 Aspergillus fumigatus, A. nidulans, Penicillium 

roqueforti, Mucor hiemalis, Talaromyces flavus, Fusarium poae,  F. graminearum,           
F. culmorum  F. sporotrichoides (Magnusson et al., 2003)  L. plantarum 

 (Strom et al., 2002; Sjogren et al., 

2003)  
 L. plantarum DW3 
(Duangjitcharoen, 2006) 

 Rhodotorula sp., Pichia sp., Hansenula sp., Saccharomyces sp., Endomycopsis sp. 

Candida sp. (Prachyakij et al., 2007)  

( .481/2547 ) 2 log CFU/ml (100 / ) 
(Prachyakij et al., 2008) 

  L. plantarum DW12 
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 (5.78-5.95 log CFU/ml) ( 3-13) Prachyakij  (2008) 
4 log CFU/ml 

10   

 

5.3 -  

 

(Total sugar) 

(Total acidity)  A B 
10% ( : : 3: 1: 10 (w/w/v)) 

C 6.92% 1% 

6% 

 
C  

A ( A = 

10.0%, B = 9.6%) 60 B 
 ( A = 0.78%, B = 0.81%) ( 3-14) 

60  A    3.32  B 
3.17  C 3.80  

  
 C 

2.06 /100 A 

1.05 /100 ( 3-
12 , 3-16) 

 
C 0.55% 

  
(Acidity) 

 (  3-16)  
C 
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( 3-16, 3-17)  
  ( 3-18) 60 

  A 3.66 /    
 B  C (2.30, 1.65 /  ) 

L. plantarum DW12 

(Facultative heterofermenter) A 

 Saccharomyces cerevisiae 

 (Prachayakij et al. 2007)          
60  

( .481/2547) 30 
/  ( 3) 240 /  

 (Electrical conductivity: EC) 
     

EC A B 0.09 0.20 mS/cm 

60 EC A B 0.36 
0.50 mS/cm C EC A B 

0.74 mS/cm 60  EC 1.66 

mS/cm ( 3-19) 

    
   B C 

A ( 3-20B, 3-20C) 
            

L. plantarum DW12 
 (tartaric acid)  

(propionic acid) (Gillooly et al., 1983; Glahn et al., 1998; 

Salovaara et al., 2002)  
 C MSG 

MSG ( 3-18,    
3-19)   
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(Fe) (Na) (K) (Zn) 
(Cu)  ( 3-20)  

cofactor (Woodruff et al, 

2004) 60 
 C 847.63 / ( 3-20A) 

 C  MSG   
 A  B 28.90-29.87 

/ Kantachote  Charernjiratrakul (2008a) 
90  20-30 

/

1000-3000 /  ( , 2530) 
3 60 

 A, B  C   (62.43 , 78.87 
92.28 /  ) ( 3-20B)  

Kantachote  Charernjiratrakul (2008a) 
90 120-180 /

.
Kantachote  Charernjiratrakul (2008a,b) .

2000-4000 / ( , 2530) 

  

0 A 0.03 /
 ( 3-20F) 

 (2541) 

(WHO, 1992) . . 2540 0.37 /
( , 2551) (2542) 

0-1.25, 1.26-3.31, 0-0.07, 0.07-6.81 0-0.07 

/ 0.1 /
0.40 /

0.25 / (
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) 
0.20 / 60 

 (0.10-0.15 / ) 
0.50 /  (

214 . . 2543)   
( 3-20C) 

60 
 USFDA (FDA, 2003) 

 214 ( . . 2543) 
(1.39-2.87 / ) 60 

19.07-31.70 /   Prachyakij 

(2008) 
60 0.16 0.18 /

(WHO, 2002)    
 ( 3-20C 3-16) Bergvist  (2005) 

Prachyakij (2008 ) 

16 10 /    
15 /  

15 

/ ( 214/2543)  
 A,  B C (Cu) 

  0.001 /  60  B 
(0.03 / ) 

1.0  / 2-5 /
( ,2532) 

 15 
/  ( , 2532 ) 5 

/ ( 214 234) 
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5.4  

 

 L. plantarum    
 L. plantarum C48 

16.0 /  (Leroy et al., 2004; Siragusa et al., 2007) 
Komatsuzaki (2005)  L. plantarum NFRI 7313 

185.62  /  

 A,  B 
C 384.44, 560.57 475.39 /  

(Lee et al., 2010) 
 L. plantarum DW12 

MSG (  A  B) 
 C 

MSG  L. plantarum DW12 
3,998.20 /   A  B 

 339.42  730.29 /  Lee 

(2010)  L. brevis BJ20 
(Sea tangle)  
(2,465 / ) (23.9 /

)  alanine, valine, glycine leucine 

5   
120  (Less-sodium soy 

sauce) Lactobacillus sp. Miso 1 
12 (Yamakoshi et al., 2006) 

( 10 
0.40 /  300 120 

) 
 
6.  
 

4  ABTS 

DPPH assay A, B C 
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DPPH 4.49%, 4.63%  3.60%  B 

  19.85%  30  
ABTS assay A, B C 

ABTS   15.13%, 10.92%  

11.91% B   24.96 % 
 30  B           

L. plantarum DW12  DPPH ABTS  
 A  

C  lipid peroxidation 

30-45 
 

 ( 3-22, 3-23, 3-24) 
superoxide anion 0.01±0.001 

/   hydroxyl radical 

TEAC  1.45±0.394 lipid peroxidation  TEAC 
0.46±0.006 (Jumjai et al., 2009) Lee  (2010)   

(fermented sea tangle)  

L. brevis BJ20 DPPH assay 

87.7- 92.8%  50  100 /  
  Superoxide radicals 96.2% 

 100 /   
  (2549) 

( ABTS 

FRAP Assay) 
 

 L. plantarum 

 (Rodríguez, 2009) Lin Yen 

(1999)    19      

L. acidophilus,  L. bulgaricus, Streptococcus thermophilus  Bifidobacterium longum 

autoxidation 
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ascorbate 7-12% 

                 
S. thermophilus 821  Fe2+ B. longum 15 708 

Cu2+   L. acidophilus E 

hydroxyl radical   B. longum B6 hydrogen peroxide 

 reducing activity   

Wang (2009) 
 B. longum 

 L. casei   L. plantarum -

 (2549) 
: : ( 3: 1: 10)      

Lactobacillus sp. 10%  -azinobis-(3-ethylbenzothiazoline-6-sulfonic 

acid)) free radical decolorizing assay  
 15 Chelating effect on ferrous 

Chelating  power 15 
         

 (
3-25) (Abiotic control) 

(Jumjai et al., 2009)    
 
7. 

 

Total coliforms   

E. coli 
(APHA, 1995) 

 
6-10%  ( 3-14) 



 

120 

 1.05-2.05 /100  ( 3-16) 
60 

3.17-3.80 4.00 ( 3-15)  
 Salmonella sp. S. aureus 

 (Banwart, 1989)  

 
       

E. coli, Bacillus sp.  Pseudomonas sp.     
(pKa) 

5.5 

  
pKa ( pKa  = 3.08,  = 4.75, 

= 4.87)  
Listeria monocytogenes, B. cereus   

 (Ahmad and Marth, 1989; Wong and Chen, 1988) 

 
(cytoplasm)          

 (metabolism) 

 (Fuller, 1989)  
 Bearso  (1997)  

   

  (Salminen and Wright, 

1998) 

EMP pyruvate (Norr et al., 

2003) (End product) ( 3-13) 
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8.  
 

Hedonic 

test  
(In-house employee)  20  

 

 MSG 

B 

(3: 1: 10)  L. plantarum DW12 5%  
 

      
A 

B C 

MSG 
 

 
Millard  

reaction  

      

  

Aromatic  esters (Battcock  and  Azam-Ali,  1998; 

, 2547) 

 MSG  
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MSG 590 / 2,330 /
5,000 / (Food Standards Australia New 

Zealand, 2003) (FAO/WHO Joint 

Expert Committee on Food Additives: JECFA) 

(FAO/WHO Codex Alimentarius Commission) 

200  MSG 
(Acceptable Daily Intake; not specified) (Joint 

FAO/WHO Food Standards Programme, 2005) 

MSG 

 
   

 

 

 

 

 

 

 



 

 5 
 

 
1. 317 44 

 58 75.86%  
 Lactobacillus plantarum  

2. Response Surface Methodology 

(RSM) : MSG: 

 6: 1: 6 

L. plantarum DW12 5%  

3.  60 
A, B  C 4.32 4.18 6.23 

log CFU/ml   2.65 3.49 5.97 log CFU/ml 
2.60 2.50 3.57 log CFU/ml   

4. 60 C 
45 (3,998.20 / )  

5. B L. plantarum 
DW12 5% DPPH ABTS  

30  A 

 

6. 
( . 481/2547)  

7.  
 A B 

  C 

 
 C 
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1.  

   
 

 
  

2. 
45 

30  

3. 
  

 

4. 
MSG 

5. 
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. . 
. . . 

. 2540 . . 
. 

. 2551 . (Morinda coreia Ham)           
(Lycopersicon esculentum Mill).     

 

. 

. 2535. Gracilaria fisheri 
. 7. 

, . 13 . 

. 2550 . 

. . 11: 11-18. 

 . 2550. Lactobacillus casei TISTR 1341. 

.  

. 

 . 2550.    
. . 

 . 
 . 2550.    

        
.  

.  39. 1, 95-104. 

 . 2547.  

 ( .). 

  . 
 . 2550.   

.  

. . 
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. 2551. 
. 34. : 

http://www.nstlearning.com/blog/?p=409 ( 20  2552) 

     . 2547.  

 

.   

 141-143. 

. 2548. 
. 

. 27(3): 601-615. 
. 2550. 

. 
 . 

( 214) . . 2543. . 
: http://newsser.fda.moph.go.th/food/file/Laws/Notification%20of% 

20Ministry%20of%20PublicHealth/Law03P214.pdf ( 20  2553). 
. 2542. . 

2540-2542. 28-29 

 . 2530. . 4 : . 
. 2533. Gracilaria 

fisheri . 43(5): 327-

336. 

 . 2548. . . 

. 
 . 2541. . Fact Sheet 

, . 3. 6 2541. 

. 2547. (Gracilaria fisheries). 

. : http://library.kku.ac.th/cgibin/ 

websis?show- 000798&from=fac ( 20  . . 2551). 
. 2521. . 

, , . 3. 14 . 
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. (Gracilaria fisheri) 
: http://www.geocities.com/welcometonica121/new-28.htm (

 20 2551).  
. 2551 . .       

.                
. 

.  2549.  
.  

-
. 

. 2541. . 
, , . 23 . 

. 
: 

http://filing.fda.moph.go.th/library/e-learning/CPIC. ( 20 2552). 
 .  2532 . . 4 . 

. 74-81. 
. 2541. , Haliotis 

asinina . , 
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. 2548. . 
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 . 

      . 2547. 

, . 24-36.   , 
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  . 2552. 
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40, 3( ) - 2552. 
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1. de Man Rogosa and Sharpe agar (MRS agar) (Merck) 

Peptone from casein     10.0  

Meat extract       8.0  

Yeast extract       4.0  

D(+)Glucose      20.0   

Tween 80       1.0  

di-Ammonium hydrogen citrate    2.0   

di-Potassium hydrogen phosphate    2.0   

Sodium citrate       5.0   

Magnesium sulfate      0.2   

Manganeses sulfate      0.04   

Agar        14.0    

Distilled water       1,000  

MRS 68.2    
6.5 

 121°C  15 /   15   
 

2. de Man Rogosa and Sharpe broth (Merck) 

Peptone from casein     10.0  

Meat extract       8.0  

Yeast extract       4.0   

D(+)Glucose      20.0   

Tween 80       1.0  

di-Ammonium hydrogen citrate    2.0   

di-Potassium hydrogen phosphate    2.0   

Sodium citrate       5.0   
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Magnesium sulfate      0.2   

Manganeses sulfate      0.04   

Distilled water       1,000  

 MRS 52.2   1,000 

  121°C  15  

 

3. Plate Count Agar (PCA, Merck) 

Tryptone       5.0   

Yeast extract       2.5   

Glucose       1.0   

Agar        15.0   

 22.5   1,000  

 121°C  15  

 

4. Potato Dextrose Agar (PDA, Merck) 

Potato extract       4.0   

Glucose       20.0   

Agar        15.0   

 PDA 39   1,000  

 121°C  15   

 

5. Phenol Red Broth Base (Difco) 

Bacto Beef Extract      1.0   

Bacto Proteose Peptone no.3     10.0   

NaCl        5.0   

Bacto Phenol Red      0.018   

Distilled water       1,000  

 15  1   1%  7.4±0.2 

  115°C  10 /   10 
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6. Glucose Yeast Extract Peptone (GYP) medium (Hiraga et al., 2008) 

glucose      10.0   

yeast extract      10.0   

peptone      5.0   

sodium acetate      2.0    

MgSO4 .7H2O      0.02    

MnSO4 .4H2O      0.001    

FeSO4.7H2O      0.001    

NaCl       0.001   

Distilled water       1,000   

 
6.8  121°C  15   

 

7. API 50 CHL medium (API, BioMerieux) 

Polypeptone       10.0   

Yeast extract       5.0    

Tween 80       1.0    

Dipotassiumphosphate     2.0    

Diammoniumcitrate      2.0    

Sodiumacetatetrihydrate     5.0   

Manganasesulphateheptahydrate    0.20   

Magnesiumsulphatetetrahydrate    0.05   

Bromocresol purple      0.17   

Distilled water      1,000    

121°C 15  

 

8. Baird Parker medium (BP, Merck) 

Peptone       10.0    

Meat extract       5.0   

Yeast extract       1.0    

Sodium pyruvate      10.0    
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Glycine       12.0   

Lithium chloride      5.0   

Agar        15.0   
BP 58 .0  1,000 

 121°C 15 45-50°C 
egg-yolk tellurite emulsion 50   

 

9. Escherichia coli broth (EC, Merck) 

Tryptone       20.0    

Lactose       5.0   

Bile salt       1.5   

Di-potassium phosphate     4.0   

Mono-potassium phosphate     1.5   

EC 37.0  1,000 
 10  

121°C 15  

 

10. Brilliant Green Lactose Bile Broth (BGLB, Merck) 

Peptone       10.0    

Lactose       10.0   

Ox-bile (purified)      20.0   

Brilliant green       0.0133  

 BGLB 40.0   1,000 

  10  

  121°C  15  
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11. Eosin Methylene Blue Agar (EMB, Merck) 

Tryptone       10.0   

Lactose       10.0   

Di-potassium hydrogen phosphate   2.0   

Eosine Y       0.4   

Methylene blue      0.06   

Agar        15.0    
 EMB 36.0   1,000 

  121°C  15  
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1.  

1.1 Crystal violet 

 -   A:  crystal violet 2.0   95% ethyl alcohol  20 

 

 -   B:  ammonium oxalate 0.8   80  

  A  B   24  

 crystal violet staining reagent 

1.2 95% Ethyl alcohol (decolorizing solvent) 

1.3 Gram iodine (mordant) 

 1.0   potassium iodide 2.0   
  300   

 

1.4 Safranin (counterstain) 

 safranin O  2.5 ( / )  95% ethyl alcohol 

 10  100  

 

2.  Reagent  (3% H2O2) 

35% H2O2       8.6   

Distilled water       1,000   

 

 

3.  0.1 N 

 (NaOH) 4  

 (  20 )  1,000  

 (KHC8H4O4) 
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4.  

 1   95% ethyl alcohol  100 

  0.1 N  
 200   1   95% ethyl alcohol 

 50   100  
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1. (Total acidity)  titration method  

(AOAC, 2002) 
 

 

1. ( 20 soda lime ) 
2. 0.1 N NaOH (NaOH 4  1 ) 

 

 

2. 0.1 N NaOH 

Acid potassium phthalate ( 2 120°C 
) 0.3  flask 250  100 

 Acid potassium phthalate (KHC8H4O4) phenolphthalein (
1   95% 100 ) 3 

0.1 N NaOH  

  

(N)  =        KHC8H4O4 x 1000 

       0.1 NaOH x 204.229 

 
 

1  

phenolphthalein 3 0.1 N NaOH 
  

 

 ( /100 ) =  N x V x 90 x 100 

                 1000 x 1 

N  = 0.1 N NaOH 
   V  =  0.1 N NaOH 
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3. (Total sugar)  Phenol sulfuric 

method  (Dubois et al., 1956) 
 

1.  

2. phenol 5%  
phenol 5 100  

 

 

1. 20x150  

 2  

2.  5% 1 2-3 

 

3. 5  10 

20 490  Plot 

curve OD  

 

1. 0.35  100 

 10, 35, 50, 70  2 

 1, 5, 5, 2  6, 5, 2, 0 

 

2. 2   

 5% 1 2-3 

 

3. 5  10 

20 490   

4. OD  
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y = 0.1614x - 0.093

R2 = 0.9921

0.0

0.1

0.2
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10 35 50 70
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4.  

 

4.1 Lipid peroxidation assay 

 Thiobarbituric acid-reactive species (TBARS) assay  
(Banerjee et al., 2005)  

 

 

1. Egg yolk 10% v/v ( ) 
Egg yolk 10  ( 1 ) phosphate buffer  7.4 

100  

2. TCA reagent (Thichloro acetic acid) 

TCA 10  0.6 M HCl 100   

3. TBA reagent (Thiobarturic acid) 

TBA (Eastman, mw. 144.15) 0.12 M 1.7298  0.26 M 2-

amino 2-hydroxymethy-1,3-propanediol 100   (Tris, mw 121.1  3.1486  

100 ) Whatman No.1 

  
4. NSS (normal saline solution) 

NaCl 0.85  100   

5.  MDA 10 mmol/  

Trimethylpropane (TMP, sigma) 20.8  HCl  

(  37%) 5-8 10 

 

6. Ferrous sulphate (FeSO4.7H2O) (MW=278.05) 0.32 M        
50  

 Ferrous sulphate 1.7795  50  

 ( Fe2+) 
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1. 1 , Egg yolk   

2.  

2.1  NSS 0.45  + Standard TMP 0.1  + ferrous sulphate 

50   30  

  2.2 NSS 0.45 + egg yolk 0.5  + 0.1  + 

  ferrous sulphate 50   30  

3. 2.1 2.2 TBA 0.2  TCA 1.0   

4. 30  

5.  3,500  rpm  5  

6. 532  UV/Vis  

spectrophotometer   

7.  

 

 
Negative control  (Set 0) 

Positive control NSS 0.45 + ferrous sulphate 50  +TBA 0.2 

 +TCA 1.0  

Standard TMP NSS 0.45  +  std. TMP 0.1  + ferrous sulphate 50 

 +TBA 0.2  +TCA 1.0  

Sample NSS 0.45  + egg yolk 0.5 + 0.5  + 

ferrous sulphate 50  +TBA 0.2  +TCA 1.0  

 

% Inhibition of lipid peroxidation = (1  E/C) x 100 

 

    C = absorbance value of the fully oxidized control (positive control) 

E = (Abs532+TBA )  (Abs532-TBA) 

 

 (Standard curve)  

stock TMP 10 ppm 

1:100 standard 100 ppm 
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 (ppm) 50 40 30 20 10 0 

Standard TMP 

 100 ppm ( ) 
0.5 0.4 0.3 0.2 0.1 0 

( ) 0.5 0.6 0.7 0.8 0.9 1.0 

 

TMP 

 

 Standard TMP (ppm) Absorbance 532 

0 0.000 

20 0.311 

30 0.437 

40 0.569 

50 0.701 

100 1.299 

  

TBARS

y = 0.0128x + 0.04
R2 = 0.9967
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4.2 Radical scavenging activity DPPH system 

DPPH radical scavenging activity  (  Banerjee et al., 2005) 

 

 

1. 0.004% 2,2-diphenyl-2-picrylhydrazyl (DPPH) methanol  

DPPH 0.008  methanol 200   

2.  Vitamin C (L-ascobic acid, mw 176.12 /mol) 

3.  

 

 

1. 0.1  0.004% DPPH 3  

2. 30  

3. control 517  
UV/Vis spectrophotometer 

4. % radical scavenging activity  

 

DPPH-scavenging activity (%) = (OD517  - OD517 ) X 100 

                                             (OD517 ) 

 

Absorbance 517  

Negative control methanol Set 0 

Positive control Methanol + 0.004% DPPH Ao 
Sample/Standard 

Vitamin C 

Sample 0.1  +  

0.004% DPPH 

Ae 

(OD517  = Ao  Ae) 

 

 (Standard curve) Vitamin C 

1.  Vitamin C  1 /  (1,000 

/ ) 

2. Vitamin C 0.001  methanol  1  

3.  methanol 1:2  Vitamin C 
500 /   

4.  methanol 1:2  
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 (ppm) 500 250 125 62.5 31.25 15.625 7.8125 3.9062 

Standard Vitamin C 

( ) 

1 1 1 1 1 1 1 1 

methanol ( ) 1 1 1 1 1 1 1 1 

 

y = -0.013x + 0.9313
R2 = 0.9983
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y = 1.2972x + 6.9639
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4.3 (Total phenolic 

content) 

Folin Ciocalteau Total phenolics 

Folin Ciocalteau 

reagent Sodium bicarbonate 

molybdotungstate reagent Mo(VI) 

Mo(V)  

Folin Ciocalteau reagent 

1.  Folin Ciocalteau reagent     0.2   N   

  (2  2 N Folin Ciocalteau reagent DI 10 ) 

2. Sodium carbonate (Na2CO3)   75    /  

3. Standard gallic acid solution    100   /50  

4.      1.0    /100  

1. Standard gallic acid  

     1.1 0.2 DI  2  

     1.2       Standard Gallic acid 0.01  DI 

  2.19  

2. 1.1 1.2  Folin-Ciocalteu reagent 0.2  
5  

3. 0.6  
 30  

4. 765  UV/Vis spectrophotometer  

5. 
Gallic acid Phenolic contents = Gallic acid/gram 

(GE/g) 
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Negative control 

(blank) 

DI water 2.2  + Folin-Ciocalteu 0.2  + 5  + 

Na2CO3 0.6  30  

Standard  

gallic acid 

std. gallic acid 0.01  + DI water 2.19 + Folin-

Ciocalteu 0.2  + 5  + Na2CO3 0.6  30 

Sample sample 200  + DI water  2  + Folin-Ciocalteu  0.2 

 + 5  + Na2CO3 0.6  30  

 

Gallic acid 

 gallic acid (ppm) Absorbance (765 ) 

10 0.002 

50 0.012 

125 0.031 

250 0.061 

500 0.124 

1000 0.245 

2000 0.498 

 

y = 0.0002x - 0.0008

R2 = 0.9999

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 100 200 300 400 500 600 700 800 900 1000

 Concentration of gallic acid  (ppm)

Ab
so

rb
an

ce
 (7

65
nm

)

 
5  gallic acid  

765  
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4.4 2,2´-azinobiz(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay 

 

1. trolox (mw 250.3 ) 2.5 mM 10  

trolox 0.0062   absolute ethanol 10 

  absolute ethanol 2.5-0.5 mM 

2. 7 mM ABTS 

ABTS 0.1  DI 25  
DI 

3. Potassium persulfate 2.45 mM  (K2S2O8, dipotassium peroxodisulphate, mw 

270.21 g/mol)  K2S2O8 0.0066  DI 10 

 DI 

4. ABTS stock solution  

- 7 mM ABTS : Potassium persulfate 2.45 mM  = 1:0.5 mol/mol  

- 12-16  

- 2-3  

5. ABTS working solution  

- Dilute ABTS stock solution DI  734    
  0.7-0.9  

-  

-  

 

1. trolox 100   2  ABTS 

working solution 

2. 3  

3.  734  UV/Vis 

spectrophotometer  

 

 

 

 



 

161 

Absorbance 517 nm 

negative control 

(Ref. cell) 

DI water 0.1  + DI water 2 

 + 3  

set 0 

negative control 

(sample cell) 

DI water 0.1  + ABTS working 

solution 2  + 3  

 ( set 0 check Ab. 

ABTS working solution) 

positive control 

(Ref. cell)*** 

std. trolox/sample 0.1  + DI 

water 2  + 3  
 ( a) 

positive control 

(sample cell)*** 

std. trolox/sample 0.1  + ABTS 

working solution 2  + 3  

 ( x) 

** sample DI water (sample 20 : DI water 80 

) 

 
Trolox 

 

 (mM) 2.5 2.0 1.5 1 0.5 

Standard trolox 2.5 mM ( ) 2 1.6 1.2 0.8 0.4 

ethanol ( ) 0 0.4 0.8 1.2 1.6 

 

Ref. cell 

Sample cell 
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y = 0.0033x - 0.0005
R2 = 0.9973
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6  Trolox 
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y = 1.74x + 4.53
R2 = 0.9944
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5.  Thin-Layer Chromatography (TLC) ( Choi et al., 2006)  
 

1 loopful MRS broth 
MRS broth 10   2% monosodium glutamate (MSG)     

(Cho et al., 2007) glucose-yeast extract-peptone (GYP) 2% MSG 
10  (Hiraga et al., 2008)  30oC  24 

6,000 rpm 15  4oC 
(supernatant) TLC plate silica gel plate (Merck; 

60 F254, 0.25 )  3  TLC 

 n-butanol: acetic acid: water (4: 1: 1) 

spray  ninhydrin reagent  (ninhydrin 0.1 , absolute ethanol 70 , 

glacial acetic acid 21 , 2,4,6-collidine 2.9 ) 100 oC 
10   

 
 

 

 

 

8 Thin Layer Chromatography (TLC) 

 : 1, MRS/GYP; 2,  MSG 
0.1 M; 3, 0.1 M; 4-10, 

 

  

 

MSG 

GABA
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6.  High Performance Liquid Chromatography 

(HPLC) ( Cho et al., 2007) 

 

 (supernatant)  1  

 (Freez dry) ethanol: water: triethylamine (

4:4:2)  1    ethanol: 

water: triethylamine: phenylisothiocyanate (PITC) ( 6: 1: 1: 1) 80 

 20  

 0.2  (0.2 m nylon membrane filter) 

HPLC (Agilent 1100 series)  Hypersil ODS C18 4.0 x 250  

5  (Flow rate)  (linear 

gradient) 0-100%  1.0   B 60% acetonitrile 
50  46oC (Mobile phase)  A 

 1.4 mM sodium acetate (NaHAc), 0.1% triethanolamine (TEA),  6% 

acetonitrile (CH3CN) (  6.1) acetic acid    B  60% 

acetonitrile (60% CH3CN: 40% water) (Detector)  UV detector 

(VWD) 254   
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9  

 

 
10 Peak High Performance Liquid Chromatography (HPLC) 

( Cho et al., 2007) 



 

166 

 

 

 

  
 partial 16S rDNA sequencing 

electropheogram KU-VECTOR 

 

 

 
 

 1  partial 16S rDNA sequencing 

electropheogram 
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Lactobacillus plantarum strain S7  

Length = 1447 

Score = 937 bits (1038),  Expect = 0.0 

Identities 519/519(100%), Gaps = 0/519 (0%) 

Strand = Plus/Plus 

Accession number GU195646 
 
Report of Microbial Identification by partial 16S rDNA sequence analysis 
Sample Name : DW12 

 
 
519 bp Identification 

Homology Search with BLASTn program from NCBI database 
 
Sequences producing significant alignments:                           SCORE  
E VALUE 
 
GU195646  Lactobacillus plantarum strain S7      937    
0.0   
GU195645  Lactobacillus plantarum strain S4      937    
0.0   
GU195644  Lactobacillus plantarum strain S3      937    
0.0   
GU195643  Lactobacillus plantarum strain S1      937    
0.0   
GU125615  Lactobacillus plantarum strain IMAU10173      937    
0.0   
 
BLASTN 2.2.22+  
Reference: 
Stephen F. Altschul, Thomas L. Madden, Alejandro A. 
Schäffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David 
J. Lipman (1997), "Gapped BLAST and PSI-BLAST: a new 
generation of protein database search programs", Nucleic 
Acids Res. 25:3389-3402. 
 
RID: J6KCFTWR013 
 
Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, 
GSS,environmental samples or phase 0, 1 or 2 HTGS sequences) 
           10,430,650 sequences; 29,668,669,480 total letters 

Query=  DW12 Length=519 

>DW12 
CTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTG 
CAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACA 
CCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTAG 
CAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGAG 
GGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGCC 
GCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTT 
AATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGAT 
TAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCG 
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT 
Alignment and Phylogenic tree by MEGA 4 
Unweighted pair-group method using arithmetic averages (UPGMA) 
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 GU195643

 GU125615

 GU195644

 GU195645

 GU195646

 DW12
 

 
>gi|268619090|gb|GU195646.1|  Lactobacillus plantarum strain S7 16S 
ribosomal RNA gene, partial sequence Length=1447 
 
 Score =  937 bits (1038),  Expect = 0.0 
 Identities = 519/519 (100%), Gaps = 0/519 (0%) 
 Strand=Plus/Plus 
 
Query  49    TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
108 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  574   TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
633 
 
Query  109   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
168 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  634   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
693 
 
Query  169   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
228 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  694   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
753 
 
Query  229   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
288 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  754   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
813 
 
Query  289   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
348 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  814   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
873 
 
Query  349   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
408 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  874   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
933 
 
Query  409   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
468 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  934   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
993 
 
Query  469   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
528 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
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Sbjct  994   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
1053 
 
Query  529   GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  567 
             ||||||||||||||||||||||||||||||||||||||| 
Sbjct  1054  GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  1092 
 
 
>gi|268619089|gb|GU195645.1|  Lactobacillus plantarum strain S4 16S 
ribosomal RNA gene, partial sequence Length=1446 
 
 Score =  937 bits (1038),  Expect = 0.0 
 Identities = 519/519 (100%), Gaps = 0/519 (0%) 
 Strand=Plus/Plus 
 
Query  49    TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
108 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  575   TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
634 
 
Query  109   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
168 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  635   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
694 
 
Query  169   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
228 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  695   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
754 
 
Query  229   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
288 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  755   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
814 
 
Query  289   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
348 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  815   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
874 
 
Query  349   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
408 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  875   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
934 
 
Query  409   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
468 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  935   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
994 
 
Query  469   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
528 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  995   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
1054 
 
Query  529   GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  567 
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             ||||||||||||||||||||||||||||||||||||||| 
Sbjct  1055  GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  1093 
 
 
>gi|268619088|gb|GU195644.1|  Lactobacillus plantarum strain S3 16S 
ribosomal RNA gene, partial sequence Length=1448 
 
 Score =  937 bits (1038),  Expect = 0.0 
 Identities = 519/519 (100%), Gaps = 0/519 (0%) 
 Strand=Plus/Plus 
 
Query  49    TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
108 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  575   TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
634 
 
Query  109   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
168 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  635   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
694 
 
Query  169   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
228 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  695   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
754 
 
Query  229   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
288 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  755   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
814 
 
Query  289   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
348 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  815   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
874 
 
Query  349   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
408 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  875   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
934 
 
Query  409   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
468 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  935   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
994 
 
Query  469   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
528 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  995   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
1054 
 
Query  529   GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  567 
             ||||||||||||||||||||||||||||||||||||||| 
Sbjct  1055  GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  1093 
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>gi|268619087|gb|GU195643.1|  Lactobacillus plantarum strain S1 16S 
ribosomal RNA gene, partial sequence Length=1451 
 
 Score =  937 bits (1038),  Expect = 0.0 
 Identities = 519/519 (100%), Gaps = 0/519 (0%) 
 Strand=Plus/Plus 
 
Query  49    TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
108 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  576   TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
635 
 
Query  109   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
168 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  636   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
695 
 
Query  169   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
228 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  696   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
755 
 
Query  229   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
288 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  756   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
815 
 
Query  289   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
348 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  816   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
875 
 
Query  349   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
408 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  876   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
935 
 
Query  409   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
468 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  936   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
995 
 
Query  469   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
528 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  996   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
1055 
 
Query  529   GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  567 
             ||||||||||||||||||||||||||||||||||||||| 
Sbjct  1056  GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  1094 
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>gi|268527590|gb|GU125615.1|  Lactobacillus plantarum strain IMAU10173 16S 
ribosomal RNA gene, partial sequence Length=1457 
 
 Score =  937 bits (1038),  Expect = 0.0 
 Identities = 519/519 (100%), Gaps = 0/519 (0%) 
 Strand=Plus/Plus 
 
Query  49    TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
108 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  576   TCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGT  
635 
 
Query  109   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
168 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  636   GCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC  
695 
 
Query  169   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
228 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  696   ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTA  
755 
 
Query  229   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
288 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  756   GCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGA  
815 
 
Query  289   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
348 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  816   GGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGC  
875 
 
Query  349   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
408 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  876   CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTT  
935 
 
Query  409   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
468 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  936   TAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGA  
995 
 
Query  469   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
528 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  996   TTAGACGTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC  
1055 
 
Query  529   GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  567 
             ||||||||||||||||||||||||||||||||||||||| 
Sbjct  1056  GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT  1094 
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LOCUS       GU195646                1447 bp    DNA     linear   BCT 23-NOV-
2009 
DEFINITION  Lactobacillus plantarum strain S7 16S ribosomal RNA gene, 
partial 
            sequence. 
ACCESSION   GU195646 
VERSION     GU195646.1  GI:268619090 
KEYWORDS    . 
SOURCE      Lactobacillus plantarum 
  ORGANISM  Lactobacillus plantarum 
            Bacteria; Firmicutes; Lactobacillales; Lactobacillaceae; 
            Lactobacillus. 
REFERENCE   1  (bases 1 to 1447) 
  AUTHORS   Wan,Q. and Cao,J. 
  TITLE     Isolation and identification of lactic acid bacteria from 
natural 
            fermented pickle 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1447) 
  AUTHORS   Wan,Q., Cao,J., Wu,X.Q., Li,Y.F., Fu,Y. and Li,F.J. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (09-NOV-2009) College of Bioengineering, Henan 
University 
            of Technology, Lianhua Street, Zhengzhou, Henan 450001, China 
FEATURES             Location/Qualifiers 
     source          1..1447 
                     /organism="Lactobacillus plantarum" 
                     /mol_type="genomic DNA" 
                     /strain="S7" 
                     /isolation_source="pickle" 
                     /db_xref="taxon:1590" 
                     /country="China" 
                     /collection_date="18-Aug-2009" 
                     /note="PCR_primers=fwd_name: 27f, rev_name: 1492r" 
     rRNA            <1..>1447 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 ctatacatgc aagtcgaacg aactctggta ttgattggtg cttgcatcat gatttacatt 
       61 tgagtgagtg gcgaactggt gagtaacacg tgggaaacct gcccagaagc gggggataac 
      121 acctggaaac agatgctaat accgcataac aacttggacc gcatggtcca agtttgaaag 
      181 atggcttcgg ctatcacttt tggatggtcc cgcggcgtat tagctagatg gtggggtaac 
      241 ggctcaccat ggcaatgata cgtagccgac ctgagagggt aatcggccac attgggactg 
      301 agacacggcc caaactccta cgggaggcag cagtagggaa tcttccacaa tggacgaaag 
      361 tctgatggag caacgccgcg tgagtgaaga agggtttcgg ctcgtaaaac tctgttgtta 
      421 aagaagaaca tatctgagag taactgntca ggtattgacg gtatttaacc agaaagccac 
      481 ggctaactac gtgccagcag ccgcggtaat acgtaggtgg caagcgttgt ccggatttat 
      541 tgggcgtaaa gcgagcgcag gcggtttttt aagtctgatg tgaaagcctt cggctcaacc 
      601 gaagaagtgc atcggaaact gggaaacttg agtgcagaag aggacagtgg aactccatgt 
      661 gtagcggtga aatgcgtaga tatatggaag aacaccagtg gcgaaggcgg ctgtctggtc 
      721 tgtaactgac gctgaggctc gaaagtatgg gtagcaaaca ggattagata ccctggtagt 
      781 ccataccgta aacgatgaat gctaagtgtt ggagggtttc cgcccttcag tgctgcagct 
      841 aacgcattaa gcattccgcc tggggagtac ggccgcaagg ctgaaactca aaggaattga 
      901 cgggggcccg cacaagcggt ggagcatgtg gtttaattcg aagctacgcg aagaacctta 
      961 ccaggtcttg acatactatg caaatctaag agattagacg ttcccttcgg ggacatggat 
     1021 acaggtggtg catggttgtc gtcagctcgt gtcgtgagat gttgggttaa gtcccgcaac 
     1081 gagcgcaacc cttattatca gttgccagca ttaagttggg cactctggtg agactgccgg 
     1141 tgacaaaccg gaggaaggtg gggatgacgt caaatcatca tgccccttat gacctgggct 
     1201 acacacgtgc tacaatggat ggtacaacga gttgcgaact cgcgagagta agctaatctc 
     1261 ttaaagccat tctcagttcg gattgtaggc tgcaactcgc ctacatgaag tcggaatcgc 
     1321 tagtaatcgc ggatcagcat gccgcggtga atacgttccc gggccttgta cacaccgccc 
     1381 gtcacaccat gagagtttgt aacacccaaa gtcggtgggg taacctttta ggaaccagcc 
     1441 gcctata 
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LOCUS       GU195645                1446 bp    DNA     linear   BCT 23-NOV-
2009 
DEFINITION  Lactobacillus plantarum strain S4 16S ribosomal RNA gene, 
partial 
            sequence. 
ACCESSION   GU195645 
VERSION     GU195645.1  GI:268619089 
KEYWORDS    . 
SOURCE      Lactobacillus plantarum 
  ORGANISM  Lactobacillus plantarum 
            Bacteria; Firmicutes; Lactobacillales; Lactobacillaceae; 
            Lactobacillus. 
REFERENCE   1  (bases 1 to 1446) 
  AUTHORS   Wan,Q. and Cao,J. 
  TITLE     Isolation and identification of lactic acid bacteria from 
natural 
            fermented pickle 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1446) 
  AUTHORS   Wan,Q., Cao,J., Wu,X.Q., Li,Y.F., Fu,Y. and Li,F.J. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (09-NOV-2009) College of Bioengineering, Henan 
University 
            of Technology, Lianhua Street, Zhengzhou, Henan 450001, China 
FEATURES             Location/Qualifiers 
     source          1..1446 
                     /organism="Lactobacillus plantarum" 
                     /mol_type="genomic DNA" 
                     /strain="S4" 
                     /isolation_source="pickle" 
                     /db_xref="taxon:1590" 
                     /country="China" 
                     /collection_date="18-Aug-2009" 
                     /note="PCR_primers=fwd_name: 27f, rev_name: 1492r" 
     rRNA            <1..>1446 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gctatacatg caagtcgaac gaactctggt attgattggt gcttgcatca tgatttacat 
       61 ttgagtgagt ggcgaactgg tgagtaacac gtgggaaacc tgcccagaag cgggggataa 
      121 cacctggaaa cagatgctaa taccgcataa caacttggac cgcatggtcc gagnttgaaa 
      181 gatggcttcg gctatcactt ttggatggtc ccgcggcgta ttagctagat ggtgnggtaa 
      241 cggctcacca tggcaatgat acgtagccga cctgagaggg taatcggcca cattgggact 
      301 gagacacggc ccaaactcct acgggaggca gcagtaggga atcttccaca atggacgaaa 
      361 gtctgatgga gcaacgccgc gtgagtgaag aagggtttcg gctcgtaaaa ctctgttgtt 
      421 aaagaagaac atatctgaga gtaactgttc aggtattgac ggtatttaac cagaaagcca 
      481 cggctaacta cgtgccagca gccgcggtaa tacgtaggtg gcaagcgttg tccggattta 
      541 ttgggcgtaa agcgagcgca ggcggttttt taagtctgat gtgaaagcct tcggctcaac 
      601 cgaagaagtg catcggaaac tgggaaactt gagtgcagaa gaggacagtg gaactccatg 
      661 tgtagcggtg aaatgcgtag atatatggaa gaacaccagt ggcgaaggcg gctgtctggt 
      721 ctgtaactga cgctgaggct cgaaagtatg ggtagcaaac aggattagat accctggtag 
      781 tccataccgt aaacgatgaa tgctaagtgt tggagggttt ccgcccttca gtgctgcagc 
      841 taacgcatta agcattccgc ctggggagta cggccgcaag gctgaaactc aaaggaattg 
      901 acgggggccc gcacaagcgg tggagcatgt ggtttaattc gaagctacgc gaagaacctt 
      961 accaggtctt gacatactat gcaaatctaa gagattagac gttcccttcg gggacatgga 
     1021 tacaggtggt gcatggttgt cgtcagctcg tgtcgtgaga tgttgggtta agtcccgcaa 
     1081 cgagcgcaac ccttattatc agttgccagc attaagttgg gcactctggt gagactgccg 
     1141 gtgacaaacc ggaggaaggt ggggatgacg tcaaatcatc atgcccctta tgacctgggc 
     1201 tacacacgtg ctacaatgga tggtacaacg agttgcgaac tcgcgagagt aagctaatct 
     1261 cttaaagcca ttctcagttc ggattgtagg ctgcaactcg cctacatgaa gtcggaatcg 
     1321 ctagtaatcg cggatcagca tgccgcggtg aatacgttcc cgggccttgt acacaccgcc 
     1381 cgtcacacca tgagagtttg taacacccaa agtcggtggg gtaaccttta ggaaccagcc 
     1441 gctaag 
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LOCUS       GU195644                1448 bp    DNA     linear   BCT 23-NOV-
2009 
DEFINITION  Lactobacillus plantarum strain S3 16S ribosomal RNA gene, 
partial 
            sequence. 
ACCESSION   GU195644 
VERSION     GU195644.1  GI:268619088 
KEYWORDS    . 
SOURCE      Lactobacillus plantarum 
  ORGANISM  Lactobacillus plantarum 
            Bacteria; Firmicutes; Lactobacillales; Lactobacillaceae; 
            Lactobacillus. 
REFERENCE   1  (bases 1 to 1448) 
  AUTHORS   Wan,Q. and Cao,J. 
  TITLE     Isolation and identification of lactic acid bacteria from 
natural 
            fermented pickle 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1448) 
  AUTHORS   Wan,Q., Cao,J., Wu,X.Q., Li,Y.F., Fu,Y. and Li,F.J. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (09-NOV-2009) College of Bioengineering, Henan 
University 
            of Technology, Lianhua Street, Zhengzhou, Henan 450001, China 
FEATURES             Location/Qualifiers 
     source          1..1448 
                     /organism="Lactobacillus plantarum" 
                     /mol_type="genomic DNA" 
                     /strain="S3" 
                     /isolation_source="pickle" 
                     /db_xref="taxon:1590" 
                     /country="China" 
                     /collection_date="18-Aug-2009" 
                     /note="PCR_primers=fwd_name: 27f, rev_name: 1492r" 
     rRNA            <1..>1448 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gctatacatg caagtcgaac gaactctggt attgattggt gcttgcatca tgatttacat 
       61 ttgagtgagt ggcgaactgg tgagtaacac gtgggaaacc tgcccagaag ngggggataa 
      121 cacctggaaa cagatgctaa taccgcataa caacttggac cgcatggtcc nagtttgaaa 
      181 gatggcttcg gctatcactt ttggatggtc ccgcggcgta ttagctagat ggtgnggtaa 
      241 cggctcacca tggcaatgat acgtagccga cctgagaggg taatcggcca cattgggact 
      301 gagacacggc ccaaactcct acgggaggca gcagtaggga atcttccaca atggacgaaa 
      361 gtctgatgga gcaacgccgc gtgagtgaag aagggtttcg gctcgtaaaa ctctgttgtt 
      421 aaagaagaac atatctgaga gtaactgntc aggtattgac ggtatttaac cagaaagcca 
      481 cggctaacta cgtgccagca gccgcggtaa tacgtaggtg gcaagcgttg tccggattta 
      541 ttgggcgtaa agcgagcgca ggcggttttt taagtctgat gtgaaagcct tcggctcaac 
      601 cgaagaagtg catcggaaac tgggaaactt gagtgcagaa gaggacagtg gaactccatg 
      661 tgtagcggtg aaatgcgtag atatatggaa gaacaccagt ggcgaaggcg gctgtctggt 
      721 ctgtaactga cgctgaggct cgaaagtatg ggtagcaaac aggattagat accctggtag 
      781 tccataccgt aaacgatgaa tgctaagtgt tggagggttt ccgcccttca gtgctgcagc 
      841 taacgcatta agcattccgc ctggggagta cggccgcaag gctgaaactc aaaggaattg 
      901 acgggggccc gcacaagcgg tggagcatgt ggtttaattc gaagctacgc gaagaacctt 
      961 accaggtctt gacatactat gcaaatctaa gagattagac gttcccttcg gggacatgga 
     1021 tacaggtggt gcatggttgt cgtcagctcg tgtcgtgaga tgttgggtta agtcccgcaa 
     1081 cgagcgcaac ccttattatc agttgccagc attaagttgg gcactctggt gagactgccg 
     1141 gtgacaaacc ggaggaaggt ggggatgacg tcaaatcatc atgcccctta tgacctgggc 
     1201 tacacacgtg ctacaatgga tggtacaacg agttgcgaac tcgcgagagt aagctaatct 
     1261 cttaaagcca ttctcagttc ggattgtagg ctgcaactcg cctacatgaa gtcggaatcg 
     1321 ctagtaatcg cggatcagca tgccgcggtg aatacgttcc cgggccttgt acacaccgcc 
     1381 cgtcacacca tgagagtttg taacacccaa agtcggtggg gtaacctttt aggaaccagc 
     1441 cgcctaag 
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LOCUS       GU195643                1451 bp    DNA     linear   BCT 23-NOV-
2009 
DEFINITION  Lactobacillus plantarum strain S1 16S ribosomal RNA gene, 
partial 
            sequence. 
ACCESSION   GU195643 
VERSION     GU195643.1  GI:268619087 
KEYWORDS    . 
SOURCE      Lactobacillus plantarum 
  ORGANISM  Lactobacillus plantarum 
            Bacteria; Firmicutes; Lactobacillales; Lactobacillaceae; 
            Lactobacillus. 
REFERENCE   1  (bases 1 to 1451) 
  AUTHORS   Wan,Q. and Cao,J. 
  TITLE     Isolation and identification of lactic acid bacteria from 
natural 
            fermented vegetable juice 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1451) 
  AUTHORS   Wan,Q., Cao,J., Wu,X.Q., Li,Y.F., Li,F.J. and Fu,Y. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (19-OCT-2009) College of Bioengineering, Henan 
University 
            of Technology, Lianhua Street, Zhengzhou, Henan 450001, China 
FEATURES             Location/Qualifiers 
     source          1..1451 
                     /organism="Lactobacillus plantarum" 
                     /mol_type="genomic DNA" 
                     /strain="S1" 
                     /isolation_source="fermented vegetable juice" 
                     /db_xref="taxon:1590" 
     rRNA            <1..>1451 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gcctatacat gcaagtcgaa cgaactctgg tattgattgg tgcttgcatc atgatttaca 
       61 tttgagtgag tggcgaactg gtgagtaaca cgtgggaaac ctgcccagaa gcgggggata 
      121 acacctggaa acagatgcta ataccgcata acaacttgga ccgcatggtc cnagtttgaa 
      181 agatggcttc ggctatcact tttggatggt cccgcggcgt attagctaga tggtggggta 
      241 acggctcacc atggcaatga tacgtagccg acctgagagg gtaatcggcc acattgggac 
      301 tgagacacgg cccaaactcc tacgggaggc agcagtaggg aatcttccac aatggacgaa 
      361 agtctgatgg agcaacgccg cgtgagtgaa gaagggtttc ggctcgtaaa actctgttgt 
      421 taaagaagaa catatctgag agtaactgnt caggtattga cggtatttaa ccagaaagcc 
      481 acggctaact acgtgccagc agccgcggta atacgtaggt ggcaagcgtt gtccggattt 
      541 attgggcgta aagcgagcgc aggcggtttt ttaagtctga tgtgaaagcc ttcggctcaa 
      601 ccgaagaagt gcatcggaaa ctgggaaact tgagtgcaga agaggacagt ggaactccat 
      661 gtgtagcggt gaaatgcgta gatatatgga agaacaccag tggcgaaggc ggctgtctgg 
      721 tctgtaactg acgctgaggc tcgaaagtat gggtagcaaa caggattaga taccctggta 
      781 gtccataccg taaacgatga atgctaagtg ttggagggtt tccgcccttc agtgctgcag 
      841 ctaacgcatt aagcattccg cctggggagt acggccgcaa ggctgaaact caaaggaatt 
      901 gacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgaagctacg cgaagaacct 
      961 taccaggtct tgacatacta tgcaaatcta agagattaga cgttcccttc ggggacatgg 
     1021 atacaggtgg tgcatggttg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgca 
     1081 acgagcgcaa cccttattat cagttgccag cattaagttg ggcactctgg tgagactgcc 
     1141 ggtgacaaac cggaggaagg tggggatgac gtcaaatcat catgcccctt atgacctggg 
     1201 ctacacacgt gctacaatgg atggtacaac gagttgcgaa ctcgcgagag taagctaatc 
     1261 tcttaaagcc attctcagtt cggattgtag gctgcaactc gcctacatga agtcggaatc 
     1321 gctagtaatc gcggatcagc atgccgcggt gaatacgttc ccgggccttg tacacaccgc 
     1381 ccgtcacacc atgagagttt gtaacaccca aagtcggtgg ggtaaccttt taggaaccag 
     1441 ccgcctaagt g 
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LOCUS       GU125615                1457 bp    DNA     linear   BCT 22-NOV-
2009 
DEFINITION  Lactobacillus plantarum strain IMAU10173 16S ribosomal RNA gene, 
            partial sequence. 
ACCESSION   GU125615 
VERSION     GU125615.1  GI:268527590 
KEYWORDS    . 
SOURCE      Lactobacillus plantarum 
  ORGANISM  Lactobacillus plantarum 
            Bacteria; Firmicutes; Lactobacillales; Lactobacillaceae; 
            Lactobacillus. 
REFERENCE   1  (bases 1 to 1457) 
  AUTHORS   Sun,Z., Luo,B., Liu,W., Yu,J., Menghe,B. and Zhang,H. 
  TITLE     Identification and characterization of the dominant lactic acid 
            bacteria from the two humped camel milk produced in Inner 
Mongolia 
  JOURNAL   Unpublished 
REFERENCE   2  (bases 1 to 1457) 
  AUTHORS   Sun,Z., Luo,B., Liu,W., Yu,J., Menghe,B. and Zhang,H. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (19-OCT-2009) Key Laboratory of Dairy Biotechnology 
and 
            Engineering, Education Ministry, Inner Mongolia Agricultural 
            University, 306 Zhaowuda Road, Hohhot, Inner Mongolia 010018, 
China 
FEATURES             Location/Qualifiers 
     source          1..1457 
                     /organism="Lactobacillus plantarum" 
                     /mol_type="genomic DNA" 
                     /strain="IMAU10173" 
                     /isolation_source="fermented camel milk" 
                     /culture_collection="LABCC:S1-1" 
                     /db_xref="taxon:1590" 
                     /country="China: Western Inner Mongolia" 
     rRNA            <1..>1457 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgctatacat gcaagtcgaa cgaactctgg tattgattgg tgcttgcatc atgatttaca 
       61 tttgagtgag tggcgaactg gtgagtaaca cgtgggaaac ctgcccagaa gcgggggata 
      121 acacctggaa acagatgcta ataccgcata acaacttgga ccgcatggtc cgagcttgaa 
      181 agatggcttc ggctatcact tttggatggt cccgcggcgt attagctaga tggtggggta 
      241 acggctcacc atggcaatga tacgtagccg acctgagagg gtaatcggcc acattgggac 
      301 tgagacacgg cccaaactcc tacgggaggc agcagtaggg aatcttccac aatggacgaa 
      361 agtctgatgg agcaacgccg cgtgagtgaa gaagggtttc ggctcgtaaa actctgttgt 
      421 taaagaagaa catatctgag agtaactgtt caggtattga cggtatttaa ccagaaagcc 
      481 acggctaact acgtgccagc agccgcggta atacgtaggt ggcaagcgtt gtccggattt 
      541 attgggcgta aagcgagcgc aggcggtttt ttaagtctga tgtgaaagcc ttcggctcaa 
      601 ccgaagaagt gcatcggaaa ctgggaaact tgagtgcaga agaggacagt ggaactccat 
      661 gtgtagcggt gaaatgcgta gatatatgga agaacaccag tggcgaaggc ggctgtctgg 
      721 tctgtaactg acgctgaggc tcgaaagtat gggtagcaaa caggattaga taccctggta 
      781 gtccataccg taaacgatga atgctaagtg ttggagggtt tccgcccttc agtgctgcag 
      841 ctaacgcatt aagcattccg cctggggagt acggccgcaa ggctgaaact caaaggaatt 
      901 gacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgaagctacg cgaagaacct 
      961 taccaggtct tgacatacta tgcaaatcta agagattaga cgttcccttc ggggacatgg 
     1021 atacaggtgg tgcatggttg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgca 
     1081 acgagcgcaa cccttattat cagttgccag cattaagttg ggcactctgg tgagactgcc 
     1141 ggtgacaaac cggaggaagg tggggatgac gtcaaatcat catgcccctt atgacctggg 
     1201 ctacacacgt gctacaatgg atggtacaac gagttgcgaa ctcgcgagag taagctaatc 
     1261 tcttaaagcc attctcagtt cggattgtag gctgcaactc gcctacatga agtcggaatc 
     1321 gctagtaatc gcggatcagc atgccgcggt gaatacgttc ccgggccttg tacacaccgc 
     1381 ccgtcacacc atgagagttt gtaacaccca aagtcggtgg ggtaaccttt taggaaccag 
     1441 ccgcctaagg tggacca 
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2  Lactobacillus plantarum DW12 API 50 CHL 

kit  positive negative  

 

1  Lactobacillus plantarum DW12 API 50 CHL kit 
Carbohydrate 

fermentation DW12 

Carbohydrate 

fermentation DW12 

Carbohydrate 

fermentation DW12 

Glycerol - Mannitol + D-Raffinose + 

Erythritol - Sorbitol + Amidon - 

D-Arabinose - -Methyl-D-mannoside - Glycogen - 

L-Arabinose + -Methyl-D-glucoside - Xylitol - 

Ribose + N-Acetyl glucosamine + -Gentiobiose - 

D-Xylose - Amygdaline + D-Turanose + 

L-Xylose - Arbutin + D-Lyxose - 

Adonitol - Esculine + D-Tagatose - 

-Methyl-xyloside - Salicine + D-Fucose - 

Galactose + Cellobiose + L-Fucose - 

D-Glucose + Maltose + D-Arabitol - 

D-Fructose + Lactose + L-Arabitol - 

D-Mannose + Melibiose + Gluconate - 

L-Sorbose - Saccharose + 2-Ceto-gluconate - 

Rhamnose - Trehalose + 5-Ceto-gluconate - 

Dulcitol - Inulin -   

Inositol - Melezitose +   
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  Lactobacillus delbrueckii subsp bulgaricus, 
Lactobacillus casei,  (Bifidobacterium), Lactobacillus acidophillus        
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   9.1  

 3   1 

  

4.3  

       

 

4.4  ( ) 

  

4.5  

 3  

4.6  

 240  

4.7 -  

 4.3 

4.8  

4.8.1 Salmonella sp.  50  

4.8.2 Staphylococcus aureus  1  

4.8.3 Clostridium perfringens  0.1  

4.8.4 Escherichia coli   2.2  100  

4.8.5   100  1  

5.  

5.1   . 

6.  

6.1   
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7.  
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