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49513201 : 

 : / / ; / /

/ 16S rDNA/ 

 : 

. : . . ,

. . . : 237 .

56 D-glucose, D-fructose,                   

D-galactose, D-mannose, L-arabinose, mannitol, proline, DL-alanine, L-alanine, L-ornithine 

monohydrochloride,  L-glutamine casein DL-lysine, DL-valine, 

DL-phynyl alanine, ammonium molydate-4-hydrate  proline

ceftazdime (30 g) ampicillin (30 g)  chloramphenicol (30 g) pH

5.0 6.5 20 30  NaCl 0 0.2 M

IAA  IAA 4.310±0.672

34.757±0.178 g/ml 16S rDNA  28 

16S rDNA GenBank

genus Pseudoalteromonas, Ralstonia-Cupriavidus, Rhizobium, Sinorhizobium

Bradyrhizobium  genus Rhizobium

genus Rhizobium, Sinorhizobium Bradyrhizobium

5 nifH nodC

nifH

genus Bradyrhizobium Sinorhizobium

 nodC genus Bradyrhizobium Sinorhizobium

extracellular enzyme 

intracellular enzyme  acid phosphatase DASA 

68062  neutral phosphatase  alkaline phosphatase 

DASA 68056 phosphatase

 DASA 57020 DASA 68056 DASA 68066 D-fructose 

acid phosphatase, neutral phosphatase  alkaline phosphatase extracellular enzyme 
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KEY WORDS : INDIGOFERA TINCTORIA/ PUERARIA MIRIFICA/ DERRIS ELLIPTICA; 

THAI MEDICINAL PLANTS/ ROOT NODULE BACTERIA / NUMERICAL 
ANALYSIS/ 16S rDNA GENE/ PHOSPHATASE 

CHONCHANOK  LEELAHAWONG : MOLECULAR CHARACTERIZATION AND 
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MEDICINAL PLANTS. THESIS ADVISORS :  ASST. PROF. NEELAWAN PONGSILP, Ph.D.,  
ACHARA NUNTAGIJ, Ph.D., AND ASSOC. PROF. NEUNG TEAUMROONG, Ph.D. 237 pp. 

Fifty-six strains of root-nodule bacteria isolated from Thai medicinal plants 
(Pueraria mirifica, Derris elliptica and Indigofera tinctoria) were characterized. All isolates 
utilized D-glucose, D-fructose, D-galactose, D-mannose, L-arabinose, mannitol, proline, DL-
alanine, L-alanine, L-ornithine monohydrochloride, L-glutamine and casein as sole carbon 
sources. They could use DL-lysine, DL-valine, DL-phynyl alanine, ammonium molydate-4-
hydrate and proline as sole nitrogen sources. Most isolates showed resistance to ceftazdime 
(30 µg) ampicillin (10 µg) and chloramphenicol (30 µg). They grew well at pH 5.0 and 6.5. The 
optimum temperatures were 20 and 30°C. They were able to grow at 0 and 0.2 M NaCl. The 
concentration of IAA produced by these isolates ranging from 4.310 ± 0.672 to 34.757 ± 0.178
µg/ml. The 16s rDNA sequence of 28 strains were analyzed. The bacterial strains from root 
nodules of Indigofera tinctoria were similarly related to genera Pseudoalteromonas, Ralstonia-
Cupriavidus, Rhizobium, Sinorhizobium and Bradyrhizobium. The strains from root nodules of 
Pueraria mirifica were related to genera Rhizobium and Bradyrhizobium, while the strains 
from Derris elliptica were related to members of genera Rhizobium, Sinorhizobium and 
Bradyrhizobium. Five strains were selected to analyze nifH and nodC genes. The results 
indicated that nifH gene of symbionts isolated from Indigofera tinctoria, Pueraria mirifica and 
Derris elliptica correlated with nifH of genera Bradyrhizobium and Sinorhizobium. The nodC 
gene of symbionts isolated from Indigofera tinctoria and Derris elliptica correlated with nodC
of genera Bradyrhizobium and Sinorhizobium. Then, phosphatase activities were studied in all 
strains. They had extracellular enzyme activitity higher than intracellular enzyme activity. The 
highest level of acid phosphatase activitiy was generated by the strain DASA 68062. While 
the highest level of alkaline and neutral phosphatase activities were generated by the strain
DASA 68056. Furthermore, factors influencing phosphatase activities were studied in the 
strains DASA 57020, DASA 68056 and DASA 68066. The result showed that D-fructose 
increased acid phosphatase, neutral phosphatase and alkaline phosphatase of extracellular 
enzyme.
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1.

 (symbiosis) 

(  2541 : 9 - 17  ; Gregory 2006 : 185 - 187) 

 (Pueraria mirifica)

(Indigofera tinctoria)  (Derris elliptica ) 

(phytoestrogen)  (Cherdshewasart and Sutjit 

2008 : 38 - 43) 

(Chandeying and Lamlerkittikul 2007 : 1274 - 1280) 

 (Bakasso et al. 2008 : 1428 - 1435)  (Singh 

et al 2001 : 294 - 297)  (Puri et al. 2007 : 59 - 64) 

 (Bukill 1995 : 654 - 670 ; Dorfling 2001 : 791) 

(Palasuwan et al. 2005 : 458 - 463)  (rotenone) 

(Matsumura 1975 : 94 - 98)  3 

(phenotypic characteristics)  litmus milk 

1

 
 
 
 

 
 
 
 

 
 



2

 (cross-inoculation group) 

 (serology)  (numerical analysis) 

 (genotypic characteristics) 

 56 

 pH 5.0, 6.5  8.0  20, 30  40 C

NaCl 0, 0.2  1.0 M  (Indole-3-

acetic acid; IAA)  28 

 16S rDNA 

(nifH gene)  (nodC

gene)  5  (phosphatase) 

 3 

phosphatase

 3 

2.

1.

2.  (genus)  16S rDNA

3.  (nifH gene) 

 (nodC gene) 

4.  (phosphatase) 

5.

(phosphatase)

 
 
 
 

 
 
 
 

 
 



3

3.

 56 

 pH 5.0, 

6.5  8.0  20, 30  40 C  NaCl 0, 0.2  1.0 M 

 (Indole-3-acetic acid; IAA) 

 28 

 16S rDNA (nifH gene) 

(nodC gene)  5 

 (phosphatase)  3 

 (phosphatase)

4.

1.  (genus) 

2.

3.  (phosphatase) 

 (phosphatase) 

 
 
 
 

 
 
 
 

 
 



 2 

1.  (symbiosis) 

 (symbiosis) 

 (  2541 : 9 - 17 ; Gregory 2006 : 185 - 187)

 (Pueraria mirifica)

 (phytoestrogen) 

 (phytoestrogen) 

 (Cherdshewasart and Sutjit 2008 : 38 - 43) 

 (Chandeying and Lamlerkittikul 2007 : 1274 - 

1280)  (Indigofera tinctoria)  (Bakasso et al. 

2008 : 1428 - 1435)  (Singh et al 2001 : 294 - 

297)  (Puri et al. 2007 : 59 - 64) 

 (Bukill 1995 : 654 - 670 ; Dorfling 2001 : 791)  (Derris 

elliptica ) 

 (Palasuwan et al. 2005 : 458 - 463)  (rotenone) 

(Matsumura 1975 : 94 - 98) 

4
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2.

 (phenotypic 

characteristics)  (genotypic characteristics) 

 intracellular symbionts 

 (flagella) 

 phase contrast illumination  poly- -

hydroxybutyrate (Young 2001 : 89-103) 

                      2.1  ( -Proteobacteria)

Rhizobium

Rhizobium Rhizobiaceae

 Yeast-mannitol Agar (Vincent, 1970)

 25-30 C  pH  6-7  (fast grower)  doubling time 

 6   2-4

 Yeast-mannitol agar  3-5  genus 

Rhizobium

 biotin (vitamin B7)  (Jordan 1982 : 136 - 

139 ; Holt et al. 1994 : 95 ; Young 2001 : 89 - 103) Rhizobium R.

gallicum  (Phaseolus vulgaris L.) (Amerger  et al. 1997 : 996)  R. 

yanglingense Coronilla varia Amphicarpaea triserma (Tan et al. 2001 : 909) R. 

indigoferae Indigofera spp. Kummerowia stipulacea (Wei et al.  2002 : 2231)

Sinorhizobium

Sinorhizobium Rhizobiaceae

 Yeast-mannitol agar  25 - 

30 C  10  35 C  pH 6-8 

 pH 5  1% NaCl 1.5% NaCl 

 4.5% NaCl  (fast grower)  doubling time 
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6  2 - 4 

 Yeast-mannitol agar  3-5  genus Sinorhizobium

 D-arabinose, cellobiose, 

fructose, D-galactose, glucose, L-glutamine, lactose, D-mannose, mannitol, D-ribose, sodium 

succinate, xylose  D-turanose 

 ammonium tartrate, ammonium oxalate, cellulose, dulcitol, 

fucose, glycine, sorbose, sodium alginate  vanillic acid 

 calcium panthothenate (vitamin B5)  nicotonic acid (vitamin B3)

 Sinorhizobium S. meliloti Maliotus,

Medicago Trigonell  S. fredii Glycine max  (Chen et al, 1988: 392 -397 ; Young 

2001 : 89 - 103) Willems et al. (2003)  Sinorhizobium (Chen et al. 1988) 

Ensifer (Casida 1982)  2 

16S rDNA nod recA

 Sinorhizobium  Ensifer

Bradyrhizobium

Bradyrhizobium Bradyrhizobiaceae  Young 

 Haukka (1996)  16s rDNA Bradyrhizobium

japonicum Rhodopseudomonas palustris  genus Bradyrhizobium

 doubling time  6 

Yeast-mannitol agar  25-30 C  pH  6-7 

 Yeast-mannitol agar 

 5-7  1 

 sodium citrate, xylose, mannitol, 

arabinose, fructose, galactose, pentose  dextran 

 (Jordan 1982 : 136 - 

139 ; Holt et al. 1994  : 78)  Bradyrhizobium B. liaoningense

 (Glycine max L. Glycine soja) (Xu 1995 : 706) B. yuanmingense

Lespedeza Cuneata (Yao et al. : 2219) 
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Azorhizobium

Azorhizobium Hyphomicrobiaceae  Dreyfus 

et al. (1988)  A. caulinodans Sesbania

rostrata  Yeast-mannitol agar 

 12-43 C  pH  5  8 

azelate, malate, adipate, pimelate, suberate, gluconate, mucate, crotonate, nicotinate,                          

2-ketogluconate, propionate, butyrate, isobutyrate, valerate, isovalerate, caproate, laurate,                 

2-ketoglutarate, fumarate, glutarate, sebacate, DL-malate, citrate, pyruvate, quinate, aconitate, 

citraconitate, D-glucuronate, -D-galacturonate, m-hydroxybenzoate

L-aspartate, L-alanine, L-lysine, L-asparagine, sarcosine, betaine 

 nicotonic acid (vitamin B3)

Mesorhizobium

Mesorhizobium Phyllobacteriacea  Jarvis et 

al. (1997)  genus Mesorhizobium  genus Bradyrhizobium

Rhizobium Bradyrhizobium Rhizobium

Sinorhizobium  doubling time  6 

Yeast-mannitol agar Rhizobium  Sinorhizobium  3-7 

28 C  2-4  genus Mesorhizobium

 glucose, rhamnose  sucrose  Mesorhizobium

M. huakuii  Astragalus sinicus ( Hu et al 2006 : 845) 

Allorhizobium

Allorhizobium Rhizobiaceae  de Lajudie et 

al. (1998) A. undicola

Neptunia natan  genus Allorhizobium  doubling time  6  1-2 

 Yeast- mannitol agar  0.5-3.0 

Methylobacterium

Methylobacterium  facultatively methylotrophic bacteria 

 C1 metabolism

 (Patt et al 1976: 226 - 229 ; Jourand 2004 : 2269 
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- 2273)  Green (1992)  Methylobacterium

 formate, formaldehyde  methanol 

Methylobacteriaceae  Sy et al. (2001)   M. nodulans

Crotalaria spp. C. glaucoides, C. perrottetii C. podocarpa

nifH nifH

Gluconacetobacter diazotrophicus  Jaftha et al. (2002) Methylobacterium

Lotonois bainesii Methylobacterium

 Mathaiyan et al. (2006) Methylobacterium  Sesbania

Crotalaria

juncea

Devosia

Devosia  Hyphomicrobiaceae Rivas et al. 

(2002 , 2003)  Neptunia natans

 Devosia riboflavin 95.9% 

D. riboflavin nodD

nifH Devosia  Neptunia natans

nodD nifH  Rhizobium tropici  species 

Devosia neptuniae (Rivas et al 2003 : 5217 - 5222) 

Phyllobacterium

Phyllobacterium  Phyllobacteriaceae 

Rubiaceae Myrsinaceae  Valverde et al. 

(2005) Phyllobacterium trifolii Trifolium pratense

 16S rRNA 

 16S rRNA  Phyllobacterium myrsinacearum

Mesorhizobium spp. 98 %  nodD nodD

Ochrobactrum -proteobacteria  Lupinus

Sym plasmids 
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Ochrobactrum

Ochrobactrum Brucellaceae  Ngom et al. 

(2004) (Acacia mangium) 

 16S rDNA

 G  C   DNA 

Ochrobactrum  Trujillo 

et al. (2005) O. lupini Lupinus honoratum

 16S rDNA  16S rDNA  genus 

Ochrobactrum anthropi 

Ochrobactrum tritici 

Sym plasmids

2.2  ( -Proteobacteria)

Ralstonia -Cupriavidus

Ralstonia taiwanensis Cupriavidus taiwanensis  Wautersia

taiwanensis Mimosa diplotricha Mimosa pudica

nod  3.5 Mb nif

 2.4 Mb Sym plasmids (Chen et al. 2001 : 1729 - 1735, 2003 : 7266 - 7272) 

 species 

 Winn (2006)  Cupriavidus taiwanensis 

Burkhoderiaceae  0.5-0.7  0.8-2.0 m

 6.5% NaCl

 esculin  42 C  colistin 

 tryptic soy agar  28-37 C

Herbaspirillum

Oliveres et al. (1997) Herbaspirillum

 (rhizoplane) 

 Burkhoderiaceae Valverde et al. (2003)  species 

Herbaspirillum lustitanum  (Phaseolus vulgaris L.) 

 16S rDNA 

 Herbaspirillum  seropedicae Herbaspirillum rumbrisubalbicans
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Burkholderia

 Gillis (1995)  genus Burkholderia

Burkhoderiaceae  genus Pseudomonas

Burkholderia vietnamiensis

 species Burkholderia Burkholderia tuberum Aspalathus

carnosa  16S rDNA 

Burkholderia kururiensis  96.9 % nodA

nodA Methylobacterium nodulans (Moulin et al. 2001 : 948 - 950) Balachander (2007) 

Burkholderia phymatum Machaerium lunatum

nodA nodA  Cupriavidus taiwanensis

3.

 (Zahran 1999 : 968 - 989) 

 2  dinitrogenase reductase protein (Fe-

protein)  nitrogenase molybdenum-iron protein (Mo-Fe protein) (  2542)

 Fe-protein
+

 ferredoxin
-

 ATP 4 

 Mo-Fe protein
+

 Mo-Fe protein
-

 (NH=NH)  (H2N-NH2)

 (2NH3)

 (  2542) 

                                   Nitrogenase 

N + 8H+ + 8e  + 16 ATP                                            2NH  + H + 16ADP + 16 Pi                           2

-

3 2
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 glutamate dehygrogenase (GDH) glutamine 

synthetase (GS)  glutamate synthase (GOGAT)   (Vance and Gantt 1992 : 266 - 274)

4.

 flavonoid (Dakora and Phillips 2002 : 35 - 47; Kang and 

Mills 2004 : 55 - 65 ; Marschner 1995)

 (Bais  2004 : 26 - 32) 

 1

 1: 

-

-

glucose, fructose, sucrose, maltose, 

galactose, rhamnose, ribose, xylose, 

arabinose,raffinose,oligosaccharides,

desoxyribose, biotin, thiamin, 

niacin, pantothenate   riboflavin 

-

-

acid/alkaline phosphatase, invertase, 

amylase, proteinase, 

polygalacturonase,  protease 
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 1 ( )

- HCO
3-
, OH

-
, H

+
, CO2  H2

-

-

-

-

-

-

-

-

-

liquiritigenin, daidzein, genistein, 

coumetrol, eriodictyol, naringenin, 

isoliquiritigenin, umbelliferone, 

formononetin, quercetin, luteolin, 

4',7-dihydroxyflavanone, 4',7-

dihydroxyflavone, 4,4'-dihydroxy -

2'-methoxychalcone, 4'-7-

dihydroxyflavone, 3,5,7,3'-

tetrahydroxy -4'-methoxyflavone, 

7,3'-dihydroxy -4'-methoxyflavone, 

(+)-  (-)- catechin  

- adenine, guanine, cytidine 

uridine

-

-

-

-
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 1 ( )

-

-

-

asparagine, -alanine, glutamine, 

aspartic acid, leucine/ isoleucine, 

serine, proline, tryptophan,

aminobutyric acid, glycine, 

cysteine/cystine, methionine, -

alanine, arginine, homoserine, 

lysine, tyrosine, phenylalanine, 

threonine, cystathionine, 

aminoadipic acid, histidine, valin 

 ornithine 

-

-

-

-

-

-

citric, oxalic, malic, fumaric, 

succinic, acetic, butanoic, lactic, 

butyric, syringic, valeric, glutaric, 

formic, pyruvic, ferulic, rosmarinic, 

glycolic, piscidic, trans- cinnamic, 

vanillic, tetronic, aconitic, malonic, 

aldonic  erythronic 

: Sullivan, T. “Interactions between Soil Microbial Communities and Plant Roots: A 

Minireview.” Soil and Crop Sciences, Colorado State University, (2004): 4 - 5. 

5.

flavonoids  chalchones

nodD  NodD protein 
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 polysaccharide Lectin

 Nod-factor (NF) 

lipochitooligosaccharide (LCO)  chitin backbone  4  5 

N-acetylglucosamine (GlcNAc)  3  5 

 16  20 

 (Lindstrom et al. 2002 : 61)  nodF  NodF 

protein  acyl carrier proteins (ACP)  4-phosphopantetheine prosthetic group 

 nodE  NodE protein -keto acyl synthases 

 (van Rhijn and Vanderleyden, 1995 : 134 - 135) 

 hydroxyl  carbamoyl, methyl, fucosyl, arabinosyl, sulphuryl  acetyl 

(Denarie et al. 1996: 503  ; Perret et al. 2000 : 180 - 201) 

 (Lindstrom et al. 2002: 61 – 64 ; Gregory 2006 : 185 - 187)

Lindstrom et al. (2002) 

6.

6.1.

 (nod genes)

Sym plasmids nodD flavonoid

 (Triplett and Sadowsky 1992 : 399) 

 common nod genes  Nod  factors 

 Nod factors  nodC 

 UDP-GLcNAc transferase  Chito oligosaccharide 
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backbone  De-N-acetylase nodB

(N-acetyl)  (non-reducing sugar) N-acetyl-D-

glucosamine oligosaccharides nodA N-

acyltransferase  chitin backbone nodI 

 nodJ  Nod factors (Prome, 1996 : 671 - 678 ; Perret  et al. 

2000 : 180 - 201; Werner and Muller 2003 : 9)  host-specific nod (hsn) genes 

 nodF nodE  Nod factors 

 nodF nodE Rhizobium leguminosarum Sinorhizobium meliloti Nod 

factor R.

leguminosarum  18  20 S. meliloti

 16 

 (van Rhijn  Vanderleyden, 1995 : 134 – 135 ; Debelle et al. 2001 : 359 - 365) 

6.2

 (nif genes)

Sym plasmids nif genes

 2  dinitrogenase reductase protein (Fe-protein) nifH

 nitrogenase molybdenum-iron protein (Mo-Fe protein)  alpha chain ( -

subunit)  beta chain ( -subunit) nifD nifK

(Kaminski et al. 1998 : 433 - 434) 

 nif genes  nifB, nifE nifN

 FeMo 

 NifE  NifD  NifN 

 NifK  nifE nifN  heterotetrameric 

complex  Mo-Fe protein (Aguilar et al. 1987, 1997 ; Brigle et al. 1987) 

nifS  Fe-S  Fe-protein (Zheng et al. 

1993) nifW  dinitrogenase (Postgate 1998 : 84 - 85 ) 

Kim and Burgess (1996)  NifW  Mo-Fe protein

complex  Mo-Fe protein nifA
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nif nifX

 (Hennecke 1990) nifQ

 (Mo)  FeMo 

nifZ  FeMo  dinitrogenase nifL

 NifA 

nifF  flavodoxin  pyruvate  Fe-

protein nifJ  pyruvate oxido-reductase 

 reduction  dinitrogen (Kaminski et al. 1998 : 433-434 ; Postgate 1998 : 84 - 85) 

fix genes 

fix fixK

 211 fixJ  FixK 

 (positive regulator) fixNOQP

 (respiratory chain)  FixL/FixJ regulator genes 

fixL

sensor gene  (David et al. 1988) fixL

 FixL  505 

phosphorylation  FixL  upstream fixK

 -69  -44 

 -57  -31  -35 

 (promoter)  FixL  (phosphoryl groups) 

sensor kinase fixJ

 FixJ  204  (de-Philip et al. 1990) 

 acetyl-phosphate (Lukat et al. 1992; Reyrat et al. 1993) 

sensor protein (Sanders et al. 1992)  (transcriptional 

activator) nifA (Kaminski

et al. 1998 : 434 - 435) 

7.

 DNA 

 DNA 
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 (bacterial genome) 

(distinct evolutionary lineages) (horizontal transfer genes) 

(virulence)  (symbiosis)  xenobiotic 

 (Minamisawa et al. 2002 : 687 - 710) 

 (purple bacteria)

 16S rRNA 

(purple bacteria) (Nagashima et al. 1997 : 131 - 136) 

 (Sanjuan et al. 2000 : 593 - 594) nif

genes

8.

(phenotypic characteristics)  litmus milk 

 (cross-inoculation group) 

 (serology)  (numerical analysis) 

 (genotypic characteristics) 

16 S ribosomal DNA (16S rDNA) 

8.1

 (numerical analysis) 

 litmus milk 

 methyl blue  peptone broth
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 pH  NaCl 

 cluster 

 dendrograms 

(Sneath 1985 : 217 - 231 , 1995 : 281 - 298)

-  2 

Rhizobium, Mesorhizobium  Sinorhizobium

 Yeast-mannitol agar  bromthymol blue  (Rathore et al. 

2009 : 115 - 122) Bradyrhizobium

 Yeast-mannitol agar  bromthymol blue  (van Berkum and  Eardly 

1998 : 132 - 136 ; Rathore et al. 2009 : 115 - 122)

 Teixeira et al. (2010) 

Cratylia mollis Mart. ex Benth, Calliandra depauperata Benth. Mimosa

tenuiflora (Willd.) 

 Yeast-mannitol agar  Girgis et al. (2007) Bradyrhizobium spp.

 (Glycine max)

 Yeast-mannitol agar 

 Kalita et al. (2004) 

Rhizobium spp., Sinorhizobium spp. Mesorhizobium sp.

Genista tinctoria  3-5 Bradyrhizobium sp. 

 7-10  Amrani et al. (2010)  Rhizobium spp.

Sinorhizobium spp. Acacia saligna (Labill.)Wendl.  doubling time 2.3-4.7 

Bradyrhizobium spp.  doubling time 7.2-9.4 

 
 
 
 

 
 
 
 

 
 



19

 (  2545)  El-Akhal et al. (2009) 

 genus Rhizobium  (Arachis hypogaea L.)

 genus Bradyrhizobium

 Bradyrhizobium sp.  Genista tinctoria  L-alanine, 

DL-arginine hydrochloride, L-asparagine, cellobiose, sodium citrate, glycerol, L-glutamine, 

sodium hippurate, inulin, L-lysine, sodium tartate, salocin, starch, Tween 20  L-tyrosine 

 (Kalita et al. 2004 : 707 - 715) 

 (  2545)  Wei et al. (2006) 

 genus Rhizobium Astragalus, Lespedeza Hedysarum

 L-arginine, L-threonine, L-proline, L-histidine 

sodium glutamate Bradyrhizobium sp.  Genista tinctoria

L-isoleucine, DL-arginine, L-methionine, L-proline, L-serine, L-threonine, L-tyrosine 

ammonium nitrate  (Kalita et al. 2004 : 707 - 715)

Fleming (1946) 

 5 

1.  rifampicin  chloroquine 

-subunit  RNA polymerase  RNA

 2.  erythromycin

 chloramphenicol 

lincomycin

aminoglycosides  steptomycin, spectinomycin, neomycin, kanamycin, tobramycin 

 gentamycin 
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complex  Mg
2+

 ribosome  protein  tetracycline 

 DNA gyrase  DNA 

 DNA replication  DNA  novobiocin 

3.  amphothericin B, polyenes, nystatin, colistin 

 polymyxin B  decapeptides  lipid bilayer 

4.

trimethoprim  paraaminosalicylic acid 

5.  penicillin, cefotaxime sodium, 

cephalosporins, imipenem, bacitracin, ampicillin, ceftazdime, fosfomycin  vancomycin

 2

 2: 

choloramphenicol, streptomycin 

Tetracycline

-lactams, erythromycin 

lincomycin

-lactams, erythromycin 

-lactams, fusidic acid 

sulfononamides, trimethoprim 

sulfononamides,trimethoprim

blcomycin 

: Egorov, N. S. Antibiotic A Scientific Approach. Moscow:  MIR Publishers, 1985:  385-387. 
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 Kucuk et al. (2006) 

(Phaseolus vulgaris)  streptomycin, erythromycin, 

chloramphenicol  kanamycin  (hydrophobicity) 

 exopolysaccharides 

lipopolysaccharides

 Zurdo-Pineiro et al. (2004) 

 Sesbania, Caliandra, Poitea, Piptadenia, Neptunia  Mimosa

 ampicillin, erythromycin, penicillin, cefuroxime  cloxacillin 

 oxytetracyclin, gentamicin   neomycin

1  1 

 (  2544) 

 Graham (1963) Rhizobium trifolii, R. 

leguminosarum Rhizobium phaseoli  thiamine (vitamin B1), biotin 

(vitamin B7)  calcium pantothenate (vitamin B5) Bradyrhizobium japonicum

 biotin  Watson (2001) Sinorhizobium meliloti

 biotin (vitamin B7)

 pH 

     pH 

 pH  pH 

 pH  3-5  pH  6.5-7.5  pH  8 - 

10 (  2545) Kucuk et al. (2005) Rhizobium sp. 

 (Phaseolus vulgaris L.)  pH 3.5 - 9.0 

 Wei et al. (2006)  Rhizobium spp.

Astragalus, Lespedeza Hedysarum  pH 5  Rathore  et al.  (2009) 

 pH 

Mucuna pruriens Pueraria tuberose  pH 3-11 
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 Zahran (1999)  28-

31 C  37 C  genus Rhizobium

 40 C  Moschetti et al. (2005) 

Vicia, Lathyrus Pisum  15-44 C  Young et al. (2001) 

Rhizobium Sinorhizobium  28, 35  40 C

 NaCl 

 NaCl 

 (AW)  NaCl 

 NaCl 

 NaCl  (  2545) 

 Kucuk et al. (2005) Rhizobium sp. 

 (Phaseolus vulgaris L.)  5% NaCl  Wei et al. (2006) 

Rhizobium spp. Astragalus, Lespedeza Hedysarum

1-2 % NaCl  Rathore et al.  (2009)  NaCl 

Mucuna pruriens Pueraria tuberose

 2-6 % NaCl 

   

(phenolic)

 (Precursor) 

 3  Eumelanins 

 Oxidation  tyrosine  phenylalanine o- dihydroxyphenyalanine 

(DOPA)  dopaquinone  cyclization  5,6-dihydroxyindole (DHI) 

 5,6-dihydroxyindole-2-carboxylic acid (DHICA) (Plonka and Grabacka 2006 : 429) 

 1 
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 1:  Eumelanins

: Plonka, P. M. and M. Grabacka “Melanin synthesis in microorganisms-biotechnological and 

medical aspects,” Acta biochimica. Polonica 53. (2006): 430. 

 Pheomelanins 

Eumelanins  DOPA  cysteinylation  mediation  glutathione 

 cysteinylDOPA  benzothiazines (Plonka and 

Grabacka, 2006 : 429)  2 
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 2:  Pheomelanins 

: Plonka, P. M. and M. Grabacka “Melanin synthesis in microorganisms-biotechnological and 

medical aspects,” Acta biochimica. Polonica 53. (2006): 430. 

 Allomelanins  heterogenous 

oxidation  polymerization  di –(DHN)  tetrahydroxynaphthalene

pentaketide  flavioline  DHN-melanins 

 3A  homogentisic acid (pyomelanins)  3B -glutaminyl-4-

hydroxybenzene, catechols   4-hydroxyphenylacetic acid

 (Plonka and Grabacka, 2006 : 430) 
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 3:  Allomelanins

: Plonka, P. M. and M. Grabacka “Melanin synthesis in microorganisms-biotechnological and 

medical aspects,” Acta biochimica. Polonica 53. (2006): 430. 

 genus Rhizobium 

leguminosarum biovar phaseoli (Beynon et al. 1980 : 421 -429) Rhizobium meliloti (Mercado-

blanco et al. 1993 : 5403 - 5410) 

 L-tyrosine  Cu
2+

 (CuSO4)  tyrosinase 
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 oxidation  monophenols  Cu
2+

 orthohydroxylation  tyrosine monophenols  aromatic amines 

o- dihydroxyphenyalanine (DOPA) o-diphenols o-quinones

 dopaquinone  Eumelanins  Pheomelanins 

(Mercado-blanco et al. 1993 : 5403 - 5410)  Hawkins and Johnston (1988) 

 tyrosinase 

 secondary metabolite 

 potential substrates 

 (Plonka and Grabacka, 2006 : 428 -  433 ) 

  IAA 

 (Indole-3-acetic acid: IAA)

(phytohormone)

 (Basu and Ghosh 2006 : 362 - 366) IAA 

Tryptophan  IAA  Indoles 

myo-insitol  ester linkages  amino acids  peptides

amide linkages (Cohen and Bandurski 1982; Bartel et al. 2001; Ljung et al. 2002) 

IAA

IAA Rhizobium, Azotobacter, Azospirillum, Agrobacterium, Pseudomonas,

Epiphytic microorganism , Mycorrhizal fungi  Algae IAA

 IAA 

 IAA 

 4 
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 4:  IAA  IPyA  pathway  IAM pathway (1)  IAN pathway (2)

 TAM pathway (3) 

: Buchanan, B. B., Gruissem, W., and Jones, R. L. Biochemistry and Molecular Biology of 

Plants.  Rockville: Courier Companies, 2000 : 884-894. 

 3 

 3:  IAA 

 IAA 

 RNA

: Frankenberger, W. T. and M. Arshad Phytohormone in Soil Microbial Production and 

Function. New York : Marcel Dekker, 1995 : 20. 
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 Kumari et al. 2009  Ghosh et al. (2008) 

Rhizobium spp.  IAA  L-TRP, D-TRP  DL-TRP 

  8.2 

16S rDNA

 16S ribosomal DNA (16S rDNA) 

 16S rDNA  (species) 

  (low phylogenetic power) 

(genus)  100 % (Janda and Abbortt 2007 : 

2761 - 2764)  Sy et al. (2001) 

Crotalaria 16S rDNA

Phylogenetic tree Rhizobium, Sinorhizobium, Mesorhizobium  Allorhizobium

branch  1 Azorhizobium  branch  2 Bradyrhizobium  branch  3 

Methylobacterium  branch  4 Methylobacterium

nodulans 16S rDNA Methylobacterium

branch  4  5 
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 5: Phylogenetic tree 

16S rDNA 

 16S rDNA 

: Sy, A et al. “Methylotrophic Methylobacterium bacteria nodulate and fix nitrogen in 

symbiosis with legumes.” J. Bacteriol 183 (2001): 214-220.

9.

 ATP 

 DNA, RNA 

 (  2549 ; Stevenson 1986 ; 
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Chen et al, 2006) 

 (phosphatase)  (nucleotidases)      

 (glecerophosphatase)  (phytase) 

 pH 

 siderophere (Rodriguez 

and Fraga 1999 : 319 - 359 ) 

 (phosphatase)  phosphoric monoester hydrolases 

phosphoric diester hydrolases  2   phytase, nucleotidase 

 sugar phosphotase  nuclease  phospholipases

phosphatase  acid phosphatase, neutral phosphatase  alkaline 

phosphatase

 phosphatase  phosphate esters 

 (polyphosphates) 

 (H2PO4

-1
 HPO4

-2
)

 (H
+
)  pH 

 (Rodriguez  and Fraga, 1999 : 319 - 359) 

 (2537)  phosphatase 

 phenolphthalein phosphate 

 phosphatase  phenolphthalein 

 pH  ( ) ( )  5-bromo-4-chloro-3-indolyl 

phosphate  pH 5.2  phophotase 
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 blue-green indigo  p-nitrophenyl phosphate  4-

nitrophenyl phosphate ( )  phosphatase 

 p-nitrophenol   4-Nitrophenoxide ( )

Rodriguez and Fraga (1999) 

 tricalcium phosphate [Ca3(PO4)2], Hydroxyapatite  Rock 

phosphate  Pikovskaya  Pseudomonas, Bacillus Rhizobium

 tricalcium phosphate [Ca3(PO4)2], Hydroxyapatite  Rock 

phosphate  acid phosphatase  pH 

 3 - 6 

Hesham and El-Komy (2005) Pseudomonas fluorescens, Bacillus

megaterium and Azospirillum spp. 

[Ca3(PO4)2]  Pikovskaya Pseudomonas fluorescens Bacillus

megaterium  [Ca3(PO4)2]

Pseudomonas fluorescens  pH reduction  2.8 Bacillus megaterium  pH 

reduction  1.2  Azospirillum lipoferum  137 

pH reduction  0.5

Chen et al. (2006) 

 tricalcium phosphate [Ca3(PO4)2]  Pikovskaya 

 16S rDNA 

tricalcium phosphate [Ca3(PO4)2]  genus Bacillus, Rhodococcus, Arthrobacter,

Serratia, Delftia, Gordonia, Chryseobacterium Phyllobacterium

Rajankar et al. (2007) 

 Purna 

Aspergillius spp. Penicillium spp. Fusarium 

spp. Bacillus subtilis

Bacillus megatherium

Chaiharn and Lumyong (2009) 

(Plant-Growth Promoting Rhizobacteria: PGPR) 
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Acinetobacter CR 1.8  CR 

 tricalcium phosphate [Ca3 (PO4)2]  aluminium phosphate [AlPO4]

Linu et al. (2009) 

 Kerala  tricalcium phosphate [Ca3 (PO4)2]

 Pikovskaya Gluconacetobacter sp. Burkhoderia sp. 

Nautiyal et al. (2000) 

 (Cicer arietinum L) 

NBRI0603, NBRI2601, NBRI3246  NBRI4003  fructose, galactose, sorbitol, 

mannitol, xylose, sucrose, maltose   lactose  ammonium 

nitrate, potassium nitrate, calcium nitrate  sodium nitrate 

 xylose, lactose  glucose 

Neddermann and Nausch (2004) 

 phosphatase 

 ammonium  glucose  phosphatase  leucine 

 phosphatase 

 phosphatase 

Onthong et al. (2007)  acid 

phosphatase Ustilago sp.

 modified Pikovskaya, pH 4 

 acid 

phosphatase  acid 

phosphatase

 
 
 
 

 
 
 
 

 
 



33

Srividya et al. (2009) 

 Aspergillus niger (F7)

 Pikovskaya  0.5 % [Ca3 (PO4)2]

Aspergillus niger (F7), A. niger (F4), A. niger Penicillium sp. 

 107.7%  108.3 %  112.7 %  110.3% 

Pikovskaya's liquid broth  0.5 %  [Ca3 (PO4)2 ] 

 285 g/ml 187.5 g/ml 258 g/ml  70.5 g/ml

Aspergillus niger (F7)

 maltose 

  pH  glucose  sucrose  

 fructose, xylose  galactose  pH 

  ammonium sulfate 

 pH  ammonium chloride, casein, potassium nitrate, urea, sodium 

nitrate  sodium nitrite
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  3 

1.

1.1  Yeast-mannitol agar  Yeast-mannitol 

broth (Vincent 1970) 

1.2  Basal medium (Amerger et al. 1997) 

1.3 Bergersen’s synthetic medium (BSM; 

Bergersen 1961) 

1.4  TY (Beringer 1974 ) 

1.5  Tris-TMRT broth (Nuntagij et al.) 

1.6  Pikovskaya broth (Pikovskaya 1948) 

1.7

1.8  IAA  Colorimetric (Gordon and Weber 1951) 

1.9  (phosphatase) 

1.10  (reagent)  Polymerase Chain Reaction 

(PCR)

1.11  PCR  gel electrophoresis 
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2.

 56 

 4 

 4:

DASA 57003 

DASA 57004 

DASA 57005 

DASA 57009 

DASA 57010 

DASA 57015 

DASA 57019 

DASA 57020 

DASA 57024 

DASA 57027 

DASA 57034 

DASA 57038 

DASA 57050 

DASA 57053 

DASA 57057 

DASA 57065 

DASA 57066 

DASA 57075 

DASA 57076 

DASA 57098 

DASA 64006 
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 4 ( )

DASA 64008 

DASA 64010 

DASA 64011 

DASA 64012 

DASA 64014 

DASA 64016 

DASA 64020 

DASA 64021 

DASA 64022 

DASA 64023 

DASA 64026 

DASA 64027 

DASA 64031 

DASA 64034 

DASA 64038 

DASA 64040 

DASA 64042 

DASA 68003 

DASA 68006 

DASA 68010 

DASA 68012 

DASA 68020 

DASA 68025 

DASA 68030 

DASA 68032 

DASA 68053 
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 4 ( )

DASA 68055 

DASA 68056 

DASA 68058 

DASA 68061 

DASA 68062 

DASA 68066 

DASA 68069 

DASA 68070 

DASA 68071 

3.

3.1

1. -

-

 Yeast-mannitol agar (Vincent 1970)  bromthymol blue  25 

 pH  6.80  streak 

 30 ºC  3- 7 

2.

 spread plate 

 Yeast-mannitol agar (Vincent 1970)  congo red  25 

 30ºC  3- 7 

carbol fuchin 

3.

 Yeast-mannitol broth 

(Vincent 1970)  180  30 ºC  5-7 

 Amarger et al. (1997)  Ji 
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and Wilson (2002)  1  6,000 

10  potassium phosphate buffer 

(0.01M, pH 7.0)  5 

potassium phosphate buffer (0.01M, pH7.0)  1 

 10  Basal medium (Amerger et al. 1997) 

 DL-lysine, DL-alanine, glycerol, citric acid, potassium acetate, 

ammonium citrate, L-asparagine monohydrate, potassium sodium tartrate, D-serine, galactonoric 

acid, sodium acetate, lithium lactate, L-alanine, 4-phenylphenol, proline, L-ornithine 

monohydrochloride, DL-aspatic acid, malic acid, isopropyl alcohol, phthalic acid, sodium 

benzoate, DL-valine, D-maltose, sodium tartrate dehydrate, mannitol, L-arabinose, Lactose, D-

fructose, sucrose, D-glucose, D-xylose, ammonium oxalate, glycine, L-glutamine, - cellulose, 

tannic acid, trehalose, anthrone, benzoic acid, D-cellobiose, urea, D-sorbitol, D-raffinose, D-

mannose, xylitol, inulin, sorbose, D-galactose, dextrose, myo-inositol, adenitol  casein

 0.1%  3  30 ºC  3-7 

 negative control 

4.

 Yeast-mannitol Broth 

(Vincent 1970)  180  30ºC  5-7 

 Amarger et al. (1997) 

Ji and Wilson (2002)  1  6,000 

 10  potassium phosphate buffer 

(0.01M, pH7.0)  5 

potassium phosphate buffer (0.01M, pH7.0)  1 

 10  Basal medium (Amerger et al. 1997) 

 L-glutamine, glycine, D-serine, DL- phynyl alanine, proline, 

DL-valin, L-alanine, DL-threonine, DL-aspartic acid, L-arginine, DL-lysine, DL-alanine, L-

aspartic acid, urea, L-tyrosine, L-ornithine monohydrochloride, ammonium nitrate, ammonium 

citrate tribasic , ammonium chloride, sodium barbitone, sodium nitrite, sodium nitrate, 

ammonium oxalate, L-asparagine, galactonoric acid, ammonium dihydrogen orthophosphate, 

calcium nitrate, diphenyl amine, trimethyl ammonium bromide  ammonium molydate-4-
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hydrate  0.1%  3  30ºC  3-

7  negative control 

5.

 Yeast-mannitol broth 

(Vincent 1970)  180  30ºC  5-7 

 spread  100 

 Yeast-mannitol agar (Vincent 1970)  antibiotic discs (OXOID, UK) 

 plate  Tetracycline (30 )

Ceftazdime (30 ) Ampicillin (10 ) Chloramphenicol (30 ),

Spectinomycin (10 ) Cefotaxime sodium (30 ), Gentamicin (120 

) Streptomycin (10 ) Kanamycin  (30 )  Novobiocin (30 

)  3  30 ºC  3-5 

 clear zone  antibiotic disc

6.

 myo-

inositol, aminobenzoic acid (vitamin B) thiamine hydrochloride (vitamin B1) riboflavin (vitamin 

B2) nicotonic acid (vitamin B3) D-calcium panthothenate (vitamin B5) pyridoxine hydrochloride 

(vitamin B6) biotin (vitamin B7 or H) folic acid (vitamin B9) cyanocobalamin (vitamin B12)

L-ascorbic acid (vitamin C)  0.025 

 Watson  (2001)  streak  Bergersen’s 

synthetic medium (pH 6.8)  (BSM; Bergersen 1961)  30ºC  3-7 

 streak  BSM   3  1) 

 BSM  glutamate, thiamine  biotin  agarose 12  1 

agar 2)  BSM glutamate, thiamine  biotin  agarose 12 

1  agar  3)  BSM  glutamate, thiamine 

 biotin  agarose 12  1  agar  yeast extract 50 

 1  30 ºC  3-7 

 negative control 
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7.  pH 

 50 

 Yeast-mannitol broth (Vincent 1970)  4  Hepes 

buffer  1  pH  5.0, 6.5  8.0  180 

  30ºC  5-7 

 Total plate count  yeast-mannitol agar (Vincent 1970)  congo red 

 25 

8.

 50 

 Yeast-mannitol broth (Vincent 1970)  5 

 180  20, 30  40 C  5-7 

 Total plate count  Yeast-

Mannitol Agar (Vincent 1970)  congo red  25 

9.  NaCl 

 50 

 Yeast-mannitol broth (Vincent 1970)  5  NaCl 

 0, 0.2  1 M  180  30 ºC  5-7 

 Total plate count 

 Yeast-Mannitol Agar (Vincent 1970)  congo red  25 

10.

 Cubo  (1988)  streak  TY (Beringer 1974)  L- 

tyrosine (600 )  CuSO4 (40 )

30ºC  3-4  7-10 

 TY  CuSO4  40 

 CuSO4 4 

 10 % (w/v)  sodium dodecyl sulfate (SDS) 

 TBE (pH 8.3)  0.05  plate  24 

negative control  TY  L -tyrosine  CuSO4
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11.   IAA 

 Tris-TMRT Broth 

(Nuntagij et al. 1997 : 183 - 187)  180 rpm  30 ºC  7 

 supernatant 1  Colorimetric (Gordon and Weber) 

 (Absorbance)  530  UV/VIS Spectophotometer  CE1011 

1000 SERIES (Cecle, Cambridge, UK)  3 

 IAA  IAA 

(Absorbance)  530 

4.  16S rRNA

 Yeast-mannitol broth (Vincent 

1970)  3  6,000 

10  total genomic DNA 

 500  resuspend  12000  5 

 100  resuspend  5 

 3  12000  5  supernatant 

total genomic DNA  template  16S rDNA  universal 

primers 1   UN 16S 926f (5’- AAA CTY AAA KGA ATT GAC GG –3’)  UN 16S 

1392r (5’- ACG GGC GGT GTG TRC –3’) [Y = C  T; K = G  T; R = A  G] (Lane 

1991)  polymerase chain reaction (PCR)  1 cycle  98° C  5 

, 34 cycles  95°C  30 , 62°C  30 , 72°C  1

 1 cycle  72°C  5  4°C (Pongsilp et al.  2002) 

 25 l  2.5 l  10x , 2 l  2.5 mM 

dNTP,  2 l  50 mM MgCl
2, 1 l  primer 0.25 l  Taq polymerase (5U/ l)

 PCR  1% agarose gel electrophoresis 

DNA  agarose   QIA Quick Gel Extraction kit (Qiagen, Valencia, CA)  DNA 

 16S rDNA  Bio Basic (Markham, 

Canada)  NCBI  BLASTN 

(http://www.ncbi.nlm.nih.gov)
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5. nifH

 total genomic DNA  3.4 

 supernatant  template  nifH  primer 2   primer 

  primer nifHF (5’-TACGGNAARGGSGGNATCGGCAA-3’)  primer nifHI 

(5’AGCATGTCYTCSAGYTCNTCCA-3’) [Y = C  T; H = A, C  T; R = A  G; S = 

C  G; K  = G  T; N = A, C, G  T; I = inosine  (Laguerre et al. 1994,  1997 , 2001) 

 polymerase chain reaction (PCR)  Laguerre et 

al. (1997 , 2001)  1 cycle  95°C  3 , 34 cycles  94°C  1 

, 60°C  1 , 72°C  2  1 cycle  72°C  3 

 4°C  25 l  2.5 l  10x ,

2 l  2.5 mM dNTP,  2 l  50mM MgCl2, 1 l  primer 0.25 l  Taq 

polymerase (5U/ l)  primer  primer Zehr-nifHf (5’- TGYGAYCCNAARGCNGA-

3’)  primer Zehr-nifHr (5’-ADNGCCATCATYTCNCC-3’) (Zehr and McReynolds 1989) 

 1 cycle  94°C  1 , 39 cycles  94°C  1 ,

57°C  2 , 72°C  2  1 cycle  72°C  3 

 4°C (Chowdhury et al. 2008)  50 l  5 

l  10x ,4 l  50 mM MgCl2, 4 l  2.5 mM dNTP,  1 l  primer 

 0.5 l  Taq polymerase (5U/ l)  PCR  1% agarose 

gel electrophoresis  DNA  agarose   QIA Quick Gel 

Extraction kit (Qiagen, Valencia, CA)  DNA 

 nifH  Bio Basic (Markham, Canada) 

 NCBI  BLASTN 

(http://www.ncbi.nlm.nih.gov)

6. nodC

 total genomic DNA  3.4 

 supernatant  template  nodC  primer 1 primer

nodCF (5’- AYGTHGTYGAYGACGGTTC -3’)  primer nodCI (5’ 

CGYGACAGCCANTCKCTATTG -3’) [Y = C  T; H = A, C  T; R = A  G; S = C 

 G; K  = G  T; N = A, C, G  T; I = inosine (Laguerre et al. 1994, 1997, 2001) 
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 polymerase chain reaction (PCR)  1 cycle  95°C  3 , 34 

cycles  94°C  1 , 55°C  1 , 72°C  2  1 

cycle  72° C  3  4°C (Laguerre et al. 1997, 2001) 

 25 l  2.5 l  10x , 2 l  2.5 mM 

dNTP,  2 l  50 mM MgCl2, 1 l  primer 0.25 l  Taq polymerase (5U/ l)

 PCR  1% agarose gel electrophoresis 

DNA  agarose   QIA Quick Gel Extraction kit (Qiagen, Valencia, CA)  DNA 

 nodC  Bio Basic (Markham, Canada) 

 NCBI 

 BLASTN (http://www.ncbi.nlm.nih.gov)

7.

 SPSS  analysis of variance (ANOVA)

8.  (phosphatase)

 5.00 x 10
6

 5  6,000 

10

 5 

 Pikovskaya broth (Pikovskaya 1948)  180 

 30ºC  4  Pikovskaya broth 

(Pikovskaya 1948)  Total plate count  Yeast-Mannitol broth (Vincent 

1970)  congo red  25 

supernatant  resuspend 

sonicate  10  supernatant 

 phosphatase  Garrahan et al. (1969)  supernatant 

3  reaction buffer 1  Citric acid  sodium citrate 

buffer (pH 5),  Na2HPO4
.12H2O  NaH2PO4

.H2O (pH 7)  Tris buffer (pH 9.0)  0.5M p-

nitrophenyl phosphate 100  37ºC  20  3M NaOH 
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 1  (Absorbance)  405  UV/VIS 

Spectrophotometer  CE1011 1000 SERIES (Cecle,Cambridge, UK)  3 

 p-nitrophenyl phosphate 

 p-nitrophenol ( )  (Absorbance) 

405  (Enzyme activity)  1  (unit) 

 p-nitrophenyl phosphate  p-nitrophenol 1 

1   (Streeter 1989) 

9.  (phosphatase)

 3 

 phosphatase 

 1)  D-fructose  D-xylose 2) 

 sucrose  maltose 3)  sugar alcohol  D-sorbitol 

D-mannitol 4)  soluble starch 5) 

L-alanine  L-lysine 6)  Urea, NH4Cl  KNO3 7)

 AlPO4  3.8
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 4 

1.

1.1 -

-  56 

Yeast-mannitol agar  bromthymol blue  25 

 6  46 

 4 -

6 -  5

 6:  Yeast-mannitol agar 

bromthymol blue  25  pH indicator 

A:  Yeast-mannitol agar, pH 6.8 

B:  Yeast-mannitol agar 

C:  Yeast-mannitol 

agar

D: -  Yeast-mannitol agar 

A B C D
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1.2

 Yeast-mannitol agar  congo red 

 30 ºC  3-7  7  6 

 7: 

Yeast-mannitol agar, pH 6.8  congo red 

A:

 0.5-3.0 

B:

 4.0-9.0 

C: 

 4.0-14.0 

 6: 

DASA 57003  C 1×2 m

DASA 57004  C 1×2 m

DASA 57005  A 1×1-2 m

DASA 57009  A 1×1-2 m

DASA 57010  C 1×2 m

B C A
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 6 ( )

DASA 57015  B 1×1-2 m

DASA 57019  A 1×2 m

DASA 57020  C 1×1-2 m

DASA 57024  A 1×1-2 m

DASA 57027  C 1×2 m

DASA 57034  B 1×2 m

DASA 57038  A 1×1-2 m

DASA 57050  A 1×1-2 m

DASA 57053  C 1×2 m

DASA 57057  B 1×2 m

DASA 57065  C 1×2 m

DASA 57066  C 1×2 m

DASA 57075  C 1×2 m

DASA 57076  C 1×2 m

DASA 57098  B 1×2 m

DASA 64006  C 1×2 m

DASA 64008  A 1×2 m

DASA 64010  C 1×1-2 m

DASA 64011  B 1×2 m

DASA 64012  C 1×2 m

DASA 64014  A 1×1-2 m

DASA 64016  C 1×2 m

DASA 64020  A 1×1-2 m
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 6 ( )

DASA 64021  C 1×2 m

DASA 64022  A 1×1-2 m

DASA 64023  C 1×2 m

DASA 64026  A 1×1-2 m

DASA 64027  A 1×2 m

DASA 64031  A 1×2 m

DASA 64034  C 1×2 m

DASA 64038  C 1×2 m

DASA 64040  C 1×2 m

DASA 64042  A 1×2 m

DASA 68003   C 1×1-2 m

DASA 68006  C 1×2 m

DASA 68010  A 1×2 m

DASA 68012   B 1×2 m

DASA 68020  C 1×2 m

DASA 68025  C 1×2 m

DASA 68030  A 1×1-2 m

DASA 68032   B 1×2 m

DASA 68053  B 1×2 m

DASA 68055  C 1×2 m

DASA 68056  A 1×2 m

DASA 68058  A 1×1-2 m

DASA 68061  C 1×2 m

DASA 68062  B 1×1-2 m

DASA 68066  C 1×2 m

DASA 68069  C 1×2 m
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 6 ( )

DASA 68070  C 1×2 m

DASA 68071  A 1×1-2 m

1.3.

 52 

 56  Amarger et al. (1997)  Ji and Wilson (2002) 

 Basal medium  56 

 D-glucose, D-fructose, D-

galactose, D-mannose, L-arabinose, mannitol, proline, DL-alanine, L-alanine, L-ornithine 

monohydrochloride, L-glutamine  casein 

 4-phenylphenol, tannic acid  benzoic acid 

 8  7 

 8:  Basal medium 

A:  (-) 

B:  (+) 

A B

C D
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C:   (++) 

D:  (+++) 
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 10  DASA 57004 DASA 57020 DASA 57034 

DASA 57050 DASA 57076 DASA 64012 DASA 64016 DASA 68010 DASA 68030  DASA 

68055  gentamycin  kanamycin 

 4  DASA 57009 DASA 64040 DASA 68006  DASA 

68053  gentamycin  kanamycin  3 

 DASA 57066 DASA 57075  DASA 64008
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1.6

 56 

 Watson et al. (2001) 

 22 11

 24  DASA 

57015 DASA 57020 DASA 57027 DASA 57066 DASA 57075  DASA 57076 DASA 64006 

DASA 64008 DASA 64011 DASA 64012 DASA 64016 DASA 64021 DASA 64023 DASA 

64027 DASA 64034 DASA 64038 DASA 64040 DASA 68020 DASA 68025 DASA 68055 

DASA 68058  DASA 68061 DASA 68062  DASA 68070 

 11  10

 11:
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C, D: 
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 11: 

DASA 57003 Bm, Ba, B2, B3, B5, B6, B7, B9, B12, C 

DASA 57004 B2 

DASA 57005 Nd 

DASA 57010 Ba, B1, B5, B6, B9 

DASA 57019 Ba, B1, B2, B5, B6, B12 

DASA 57024 Bm, B1, B5, B6, B7, B12 

DASA 57038 Bm, B1, B5, B6, B7, B9, B12 

DASA 57050 Ba, , B1, B6 

DASA 57053 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 57057 B5 

DASA 57098 Ba, , B1, B5, B7, B9 

DASA 64014 B1, B2,  B7, B9 

DASA 64020 Bm, B1, B5, B6, B12 

DASA 64022 Ba, B1, B7, B9 

DASA 64026 Ba, B2, B3, B5, B9 

DASA 68003 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 68006 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 68010 Bm, B2, B5, B7 

DASA 68012 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 68032 Nd 

DASA 68053 Bm, B5 

DASA 68066 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 68069 Bm, Ba, B1, B2, B3, B5, B6, B7, B9, B12, C 

DASA 68071 Ba, B1, B2, B5, B9 

Bm, Myo-inositol; Ba, Aminobenzoic acid; B1,Thiamine hydrochloride; B2,Riboflavin; B3,Nicotonic acid; B5,D-Calcium 

panthothenate; B6,Pyridoxine hydrochloride; B7,Biotin; B9,Folic acid; B12,Cyanocobalamin; C, L-Ascorbic acid; Nd, not 

determined 
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1.7  pH 

 56  pH 

pH 5.0, 6.5  8.0 

 pH 5.0  21  DASA 57003 DASA 57019 

DASA 57027 DASA 57034 DASA 57053 DASA 57066 DASA 57076 DASA 57098  DASA 

64006  DASA 64012 DASA 64014 DASA 64020 DASA 64021 DASA 64038 DASA 68003 

DASA 68010 DASA 68012 DASA 68020 DASA 68061 DASA 68066  DASA 68070

 pH 8.0  28  DASA 57003 DASA 

57004 DASA 57010  DASA 57015  DASA 57019 DASA 57020 DASA 57024  DASA 57034 

DASA 57053 DASA 57066 DASA 57076 DASA 64006  DASA 64011 DASA 64012 DASA 

64014 DASA 64021 DASA 64023 DASA 64034 DASA 64038 DASA 68003 DASA 68020 

DASA 68025 DASA 68058 DASA 68061 DASA 68062 DASA 68066 DASA 68069  DASA 

68070  pH  12 

 12:  pH 5.0, 6.5  8.0 

 (CFU/ml)*  pH

pH 5.0 pH 6.5 pH 8.0 

DASA 57003 1.47 x 10 
8
± 4.16 x 10

7
 1.67 x 10 

8
± 5.77 x 10 

7
4.67 x 10

9
± 1.15 x 10 

9

DASA 57004 7.67 x 10 
5
± 1.15 x 10 

5
1.47 x 10 

8
± 3.79 x 10 

7
4.16 x 10 

8
± 2.06 x 10 

8

DASA 57005 1.33 x 10
7
± 5.77 x 10

6
 2.00 x 10 

7
± 0.00 3.33 x 10

7
± 2.08 x 10 

7

DASA 57009 8.07 x 10
7
± 1.01 x 10

7
 2.76 x 10 

8
± 2.31 x 10 

7
1.78 x 10

5
± 6.56 x 10 

4

DASA 57010 7.30 x 10
5
± 6.04 x 10

6
 1.53 x 10 

9
± 2.10 x 10 

8
9.40 x 10

8
± 6.93 x 10 

7

DASA 57015 2.00 x 10
 4
± 1.00 x 10

 4
 4.93 x 10

 8
± 5.69 x 10 

7
2.20 x 10

 8
± 6.08 x 10 

7

DASA 57019 3.16 x 10 
8
± 6.43 x 10 

7
8.00 x 10

 8
± 5.57 x 10 

7
1.83 x 10 

8
± 3.51 x 10 

7

DASA 57020 4.30 x 10
7
± 0.00  1.16 x 10 

9
±2.15 x 10 

8
2.20 x 10 

8
± 3.00 x 10 

7

DASA 57024 1.83 x 10 
8
± 1.89 x 10

 7
 5.73 x 10

 8
± 9.50 x 10 

7
 1.42 x 10

9
± 1.39 x 10 

8

DASA 57027 4.67 x 10
6
± 2.08 x 10

6
 8.70 x 10 

8
± 3.00 x 10 

7
1.33 x 10

9
± 1.62 x 10 

8

DASA 57034 3.86 x 10 
9
± 4.04 x 10

8
 3.53 x 10 

8
±3.06 x 10 

7
3.20 x 10 

8
± 6.24 x 10 

7

:  Standard deviation 
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 12 ( )

 (CFU/ml)*  pH

pH 5.0 pH 6.5 pH 8.0 

DASA 57038 3.40 x 10 
7
± 3.61 x 10

6
 1.05 x 10 

9
± 3.46 x 10 

7
 1.00 x 10

4
± 0.00 

DASA 57050 5.50 x 10 
7
± 5.00 x 10

6
 9.33 x 10 

7
± 3.79 x 10 

7
 1.33 x 10

7
± 5.77 x 10 

6

DASA 57053 1.00 x 10 
8
± 0.00 3.30 x 10 

9
± 1.40 x 10 

9
 8.70 x 10 

8
± 3.51 x 10 

7

DASA 57057 3.00 x 10
6
± 1.73 x 10

6
 4.53 x 10 

7
±1.53 x 10 

6
4.40 x 10 

7
± 3.61 x 10 

6

DASA 57065 1.13 x 10 
7
± 1.15 x 10

6
 2.00 x 10 

7
± 0.00 0.00 ± 0.00 

DASA 57066 6.67 x 10 
8
± 1.07 x 10 

8
7.47 x 10 

8
±1.31 x 10 

8
 3.13 x 10 

8
± 1.04 x 10 

8

DASA 57075 5.20 x 10
7
± 1.00 x 10

6
 1.80 x 10 

8
± 3.61 x 10 

7
 0.00 ± 0.00 

DASA 57076 3.30 x 10 
8
± 7.55 x 10 

8
7.30 x 10 

8
± 3.61 x 10 

7
1.47 x 10 

8
± 2.29 x 10 

7

DASA 57098 1.41 x 10 
8
± 2.15 x 10 

7
4.20 x 10

8
±1.00 x 10 

7
 4.03 x 10

 2
± 1.00 x 10 

2

DASA 64006 2.67 x 10 
8
± 5.77 x 10 

7
 2.67 x 10 

9
± 6.51 x 10 

8
 2.22 x 10

9
± 2.43 x 10 

8

DASA 64008 1.43 x 10
7
± 4.51 x 10 

6
 2.00 x 10

7
± 0.00 1.00 x 10 

6
± 0.00 

DASA 64010 3.00 x 10
7
± 0.00 9.00 x 10 

7
± 1.00 x 10 

7
 0.00 ± 0.00 

DASA 64011 8.67 x 10 
5
± 1.53 x 10 

5
6.47 x 10 

8
± 1.51x 10 

8
 1.77 x 10 

8
± 2.08 x 10 

7

DASA 64012 3.00 x 10 
8
± 1.00 x 10 

8
 3.50 x 10 

9
± 6.00 x 10 

8
 2.47 x 10

9
± 6.51 x 10 

8

DASA 64014 1.15 x 10
 8
 ± 4.04 x 10 

6
3.03 x 10

8
± 2.08 x 10 

7
 3.97 x 10 

8
± 1.53 x 10 

7

DASA 64016 6.00 x 10
6
± 0.00 2.67 x 10

7
± 1.15 x 10 

7
 0.00 ± 0.00 

DASA 64020 4.30 x 10 
8
± 9.85 x 10 

7
3.30 x 10

8
± 4.36 x 10 

7
 1.41 x 10 

6
± 1.35 x 10 

5

DASA 64021 1.67 x 10 
8
± 5.77 x 10 

7
 3.37 x 10 

8
± 3.21 x 10 

7
 1.87 x 10 

8
± 3.51 x 10 

7

DASA 64022 1.37 x 10
6
± 2.65 x 10 

5
 2.40 x 10

7
± 7.94 x 10 

6
 0.00 ± 0.00 

DASA 64023 7.00 x 10
6
± 1.73 x 10 

6
 9.00 x 10 

8
± 2.00 x 10 

8
 9.17 x 10 

8
± 3.79 x 10 

7

DASA 64026 1.00 x 10
5
± 0.00 3.07 x 10 

7
± 5.77 x 10 

5
1.00 x 10

5
± 0.00

DASA 64027 1.43 x 10 
7
± 1.53 x 10 

6
6.30 x 10

8
± 1.37 x 10 

8
 7.46 x 10

7
± 1.16 x 10 

7

DASA 64031 9.67 x 10
6
± 2.08 x 10 

6
 6.33 x 10 

7
± 3.21 x 10 

7
 0.00 ± 0.00 

DASA 64034 2.00 x 10
7
± 1.00 x 10 

7
 1.57 x 10 

9
± 1.53 x 10 

8
 9.87 x 10 

8
± 1.15 x 10 

7

:  Standard deviation 
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 12 ( )

 (CFU/ml)*  pH

pH 5.0 pH 6.5 pH 8.0 

DASA 64038 3.33 x 10
8
± 1.15 x 10 

8
 5.27 x 10 

9
± 1.53 x 10 

8
 1.60 x 10

9
± 2.65 x 10 

8

DASA 64031 9.67 x 10
6
± 2.08 x 10 

6
 6.33 x 10 

7
± 3.21 x 10 

7
 0.00 ± 0.00 

DASA 64034 2.00 x 10
7
± 1.00 x 10 

7
 1.57 x 10 

9
± 1.53 x 10 

8
 9.87 x 10 

8
± 1.15 x 10 

7

DASA 64038 3.33 x 10
8
± 1.15 x 10 

8
 5.27 x 10 

9
± 1.53 x 10 

8
 1.60 x 10

9
± 2.65 x 10 

8

DASA 64040 0.00 ± 0.00 2.00 x 10 
6
± 0.00 0.00 ± 0.00 

DASA 64042 4.60 x 10 
7
± 3.61 x 10 

6
 1.00 x 10 

7
± 0.00 0.00 ± 0.00 

DASA 68003 1.00 x 10 
8
± 0.00 3.97 x 10 

8
± 5.51 x 10 

7
 1.07 x 10

9
± 5.77 x 10 

7

DASA 68006 2.67 x 10 
7
± 5.77 x 10

6
 2.57 x 10 

8
± 3.06 x 10 

7
 9.33 x 10 

6
± 1.15 x 10 

5

DASA 68010 1.06 x 10
 8
± 1.05 x 10

7
5.27 x 10

8
± 5.51 x 10 

7
 1.90 x 10

 5
± 4.00 x 10 

4

DASA 68012 2.33 x 10
 8
± 5.77 x 10

7
 5.00 x 10 

8
± 1.73 x 10 

8
 1.00 x 10

5
± 0.00 

DASA 68020 1.00 x 10 
9
± 9.18 x 10 

9
 3.47 x 10 

9
± 3.21 x 10 

8
 9.03 x 10

8
± 2.68 x 10 

8

DASA 68025 4.67 x 10 
7
± 1.53 x 10

7
 3.63 x 10 

8
± 4.04 x 10 

7
 6.67 x 10 

8
± 4.93 x 10 

7

DASA 68030 7.30 x 10 
6
± 1.32 x 10 

6
 1.52 x 10 

8
± 9.16 x 10 

7
7.30 x 10 

6
± 1.32 x 10 

6

DASA 68032 2.33 x 10 
7
± 5.77 x 10 

6
 4.17 x 10 

8
± 3.51 x 10 

7
 3.63 x 10 

6
± 1.15 x 10 

5

DASA 68053 1.67 x 10 
6
± 5.77 x 10 

5
 5.33 x 10 

7
±  2.52 x 10 

7
0.00 ± 0.00 

DASA 68055 1.87 x 10
6
± 1.15 x 10 

5
 2.90 x 10 

9
±  2.65 x 10 

8
0.00 ± 0.00 

DASA 68056 5.83 x 10
7
± 2.08 x 10 

6
 1.00 x 10 

6
± 0.00 0.00 ± 0.00 

DASA 68058 4.00 x 10 
6
± 0.00 1.67 x 10 

8
±  6.87 x 10 

8
8.53 x 10 

8
± 8.08 x 10 

7

DASA 68061 1.00 x 10 
8
± 0.00 1.87 x 10 

8
± 9.90 x 10 

8
 1.21 x 10

9
±  4.04 x 10 

7

DASA 68062 1.00 x 10 
7
± 0.00 1.77 x 10 

8
± 4.51 x 10 

7
 8.13 x 10 

8
± 4.73 x 10 

7

DASA 68066 4.33 x 10 
8
± 2.52 x 10 

8
 6.47 x 10 

8
±  3.51 x 10 

7
7.43 x 10 

8
± 1.25 x 10 

8

DASA 68069 3.00 x 10 
7
± 0.00 2.53 x 10 

8
±  1.00 x 10 

7
1.08 x 10 

9
± 1.66 x 10 

8

DASA 68070 2.00 x 10 
8
± 1.00 x 10 

8
 8.67 x 10 

8
±  2.52 x 10 

8
9.43 x 10 

8
± 1.15 x 10 

7

DASA 68071 3.17 x 10 
5
±  2.89 x 10 

4
6.93 x 10 

7
±  1.51 x 10 

7
0.00 ± 0.00 

:  Standard deviation 
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1.8

 56 

20, 30  40 C

 20 C  31  DASA 57003 DASA 57004 

DASA 57009 DASA 57010  DASA 57019 DASA 57020 DASA 57024 DASA 57038 DASA 

57053 DASA 57066 DASA 57075 DASA 57076 DASA 64006 DASA 64014 DASA 64020 

DASA 64026 DASA 64034 DASA 64038 DASA 68003 DASA 68010 DASA 68020 DASA 

68025 DASA 68030 DASA 68053 DASA 68055 DASA 68058 DASA 68066 DASA 68069 

DASA 68070  DASA 68071  40 C  23 

 DASA 57003 DASA 57004 DASA 57005 DASA 57010 DASA 57015  

DASA 57020 DASA 57027 DASA 57075 DASA 57076 DASA 64006 DASA 64014 DASA 

64021 DASA 64034 DASA 64038 DASA 68003 DASA 68010 DASA 68020 DASA 68025 

DASA 68058 DASA 68061 DASA 68062 DASA 68069  DASA 68070 

 13

 14:  20, 30  40 C

 (CFU/ml)* 

20 C   30 C  40 C

DASA 57003 3.33 x 10
 8
± 5.77 x 10 

7
 1.67 x 10 

8
± 5.77 x 10 

7
 7.67 x 10

 8
± 7.51 x 10 

7

DASA 57004 1.13 x 10
 8
 ± 2.52 x 10 

7
1.47 x 10 

8
± 3.79 x 10 

7
2.10 x 10 

8
± 6.00 x 10 

7

DASA 57005 1.33 x 10 
7
± 5.77 x 10 

6
 2.00 x 10 

7
± 0.00 6.13 x 10 

8
± 8.02 x 10 

7

DASA 57009 1.00 x 10 
10

± 0.00 2.76 x 10 
8
± 2.31 x 10 

7
 1.47x 10

 6
± 1.15 x 10 

5

DASA 57010 1.47 x 10 
9
± 1.60 x 10 

8
 1.53 x 10 

9
± 2.10 x 10 

8
1.33 x 10

 9
± 5.77 x 10 

7

DASA 57015 8.67 x 10 
6
± 1.53 x 10 

6
 4.93 x 10

 8
± 5.69 x 10 

7
1.57 x 10 

8
± 2.89 x 10 

7

DASA 57019 4.77 x 10
 8
± 1.22 x 10 

8
 8.00 x 10

 8
± 5.57 x 10 

7
4.87 x 10 

3
± 1.80 x 10 

3

DASA 57020 7.43 x 10
 8
± 1.63 x 10 

8
 1.16 x 10 

9
±2.15 x 10 

8
1.83 x 10 

8
± 1.53 x 10 

7

:  Standard deviation 
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 13 ( )

 (CFU/ml)* 

20 C   30 C  40 C

DASA 57024 3.53 x 10 
8
± 3.21 x 10 

7
 5.73 x 10

 8
± 9.50 x 10 

7
2.47 x 10 

4
± 6.06 x 10 

3

DASA 57027 1.00 x 10 
5
± 0.00 8.70 x 10 

8
± 3.00 x 10 

7
 1.45 x 10 

8
± 7.00 x 10 

6

DASA 57034 1.67 x 10 
7
± 5.77 x 10 

6
 3.53 x 10 

8
±3.06 x 10 

7
 0.00 ± 0.00 

DASA 57038 1.98 x 10 
8
± 3.75 x 10 

7
 1.05 x 10 

9
± 3.46 x 10 

7
3.33 x 10 

4
± 3.06 x 10 

3

DASA 57050 5.00 x 10 
7
± 0.00 9.33 x 10 

7
± 3.79 x 10 

7
 4.27 x 10

7
± 4.93 x 10 

6

DASA 57053 1.60 x 10 
9
±  2.65 x 10 

8
3.30 x 10 

9
± 1.40 x 10 

9
 2.13 x 10 

7
± 3.39 x 10 

6

DASA 57057 1.67 x 10 
7
± 5.77 x 10 

6
 4.53 x 10 

7
±1.53 x 10 

6
 0.00 ± 0.00 

DASA 57065 2.67 x 10 
7
± 1.53 x 10 

7
 2.00 x 10 

7
± 0.00 1.53 x 10

 6
± 2.08 x 10 

5

DASA 57066 2.20 x 10
 9
± 5.00 x 10 

8
7.47 x 10 

8
±1.31 x 10 

8
 6.63 x 10 

5
± 7.64 x 10 

4

DASA 57075 6.33 x 10 
8
± 8.50 x 10 

7
 1.80 x 10 

8
± 3.61 x 10 

7
 2.87 x 10 

8
± 9.02 x 10 

7

DASA 57076 9.50 x 10 
8
± 5.00 x 10 

7
7.30 x 10 

8
± 3.61 x 10 

7
2.63 x 10 

8
± 1.01 x 10 

5

DASA 57098 2.69 x 10 
7
± 5.33 x 10 

6
4.20 x 10

8
±1.00 x 10 

7
 2.10 x 10

7
± 1.00 x 10 

6

DASA 64006 6.50 x 10 
8
± 5.00 x 10 

7
 2.67 x 10 

9
± 6.51 x 10 

8
 7.60 x 10 

8
± 8.89 x 10 

7

DASA 64008 0.00 ± 0.00 2.00 x 10
7
± 0.00 5.83 x 10 

5
± 8.50 x 10 

4

DASA 64010 3.67 x 10 
7
± 2.52 x 10 

7
 9.00 x 10 

7
± 1.00 x 10 

7
 5.67 x 10 

5
± 5.77 x 10 

4

DASA 64011 1.00 x 10 
7
±0.00 6.47 x 10 

8
± 1.51x 10 

8

0.00 ± 0.00 

DASA 64012 3.63 x 10
 9
± 3.51 x 10 

8
 3.50 x 10 

9
± 6.00 x 10 

8
 1.00 x 10

 6
± 2.65 x 10 

5

DASA 64014 1.43 x 10 
8
± 5.77 x 10 

6
3.03 x 10

8
± 2.08 x 10 

7

3.47 x 10 
8
± 2.52 x 10 

7

DASA 64016 4.33 x 10 
7
± 2.52 x 10 

7
 2.67 x 10

7
± 1.15 x 10 

7
 3.13 x 10

 6
±  1.15 x 10 

5

DASA 64020 1.46 x 10
8
± 4 .51 x 10 

7
3.30 x 10

8
± 4.36 x 10 

7
 3.50 x 10 

3
± 5.29 x 10 

2

DASA 64021 1.33 x 10 
7
± 5.77 x 10 

6
 3.37 x 10 

8
± 3.21 x 10 

7
 6.73 x 10 

8
± 1.19 x 10 

8

DASA 64022 0.00 ± 0.00 2.40 x 10
7
± 7.94 x 10 

6
 7.37 x 10

 6
± 1.15 x 10 

6

DASA 64023 2.00 x 10 
6
± 0.00 9.00 x 10 

8
± 2.00 x 10 

8
 1.04 x 10

9
± 1.73 x 10 

7

:  Standard deviation 
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 13 ( )

 (CFU/ml)* 

20 C   30 C  40 C

DASA 64026 2.66  x 10 
8
± 3.00 x 10 

7
3.07 x 10 

7
± 5.77 x 10 

5

0.00  ± 0.00 

DASA 64027 7.03 x 10 
7
± 3.06 x 10 

6
 6.30 x 10

8
± 1.37 x 10 

8
 8.90 x 10 

3
± 1.14 x 10 

3

DASA 64031 0.00 ± 0.00 6.33 x 10 
7
± 3.21 x 10 

7
 2.30 x 10

7
± 4.36 x 10 

6

DASA 64034 2.40 x 10 
9
± 6.08 x 10 

8
 1.57 x 10 

9
± 1.53 x 10 

8
 1.04 x 10 

9
± 1.71 x 10 

8

DASA 64038 7.70 x 10 
8
± 7.00 x 10 

7
 5.27 x 10 

9
± 1.53 x 10 

8
 8.30 x 10

 6
± 9.02 x 10 

5

DASA 64040 1.00 x 10 
4
± 0.00 2.00 x 10 

6
± 0.00 1.35 x 10

 6
± 1.25 x 10 

5

DASA 64042 8.64 x 10 
6
± 1.18 x 10 

6
 1.00 x 10 

7
± 0.00 6.80 x 10

 6
± 1.60 x 10 

6

DASA 68003 6.00  x 10 
8
± 0.00 3.97 x 10 

8
± 5.51 x 10 

7
 3.90 x 10 

3
± 0.00 

DASA 68006 3.60 x 10 
7
± 7.81 x 10 

6
 2.57 x 10 

8
± 3.06 x 10 

7
 5.67 x 10

7
± 1.15 x 10 

7

DASA 68010 1.58  x 10 
8
± 1.30 x 10 

7
5.27 x 10

8
± 5.51 x 10 

7

0.00 ± 0.00 

DASA 68012 9.33 x 10 
7
± 5.77 x 10 

6
 5.00 x 10 

8
± 1.73 x 10 

8
 2.33 x 10

 6
± 5.77 x 10 

5

DASA 68020 2.10 x 10
 9
± 4.58 x 10 

8
 3.47 x 10 

9
± 3.21 x 10 

8
 6.80 x 10 

8
± 1.00 x 10 

7

DASA 68025 5.33  x 10 
8
± 8.33 x 10 

7
3.63 x 10 

8
± 4.04 x 10 

7
 2.61 x 10 

8
± 2.52 x 10 

7

DASA 68030 6.73 x 10
8
±  4.16 x 10 

7

1.52 x 10 
8
± 9.16 x 10 

7
1.62 x 10 

3
± 3.84 x 10 

2

DASA 68032 9.67 x 10 
7
± 1.15x 10 

7
 4.17 x 10 

8
± 3.51 x 10 

7
 9.00 x 10 

5
± 2.00 x 10 

5

DASA 68053 1.17 x 10 
8
± 4.51 x 10 

7
 5.33 x 10 

7
±  2.52 x 10 

7
 7.00 x 10

 6
± 0.00 

DASA 68055 3.60  x 10 
8
± 3.61 x 10 

7
2.90 x 10 

9
±  2.65 x 10 

8
 8.43 x 10 

8
± 1.29 x 10 

8

DASA 68056 4.50 x 10 
6
± 5.00 x 10 

5
 1.00 x 10 

6
± 0.00 2.67 x 10 

5
± 5.77 x 10 

4

DASA 68058 3.23 x 10
 9
± 5.51 x 10 

8
 1.67 x 10 

8
±  6.87 x 10 

8
 1.05 x 10

9
± 2.00 x 10 

8

DASA 68061 2.00 x 10 
7
± 1.00 x 10 

7
 1.87 x 10 

8
± 9.90 x 10 

8
 8.33 x 10 

8
± 7.64 x 10 

7

DASA 68062 7.33 x 10 
7
± 1.53 x 10 

7
 1.77 x 10 

8
± 4.51 x 10 

7
 7.47 x 10 

8
± 6.43 x 10 

7

DASA 68066 9.30 x 10
 8
± 1.57 x 10 

8
 6.47 x 10 

8
±  3.51 x 10 

7
 1.00 x 10

 6
± 0.00 

DASA 68069 1.00 x 10 
8
± 2.00 x 10 

7
 2.53 x 10 

8
±  1.00 x 10 

7
 2.90 x 10 

8
± 1.05 x 10 

8

DASA 68070 7.67 x 10
 8
± 2.52 x 10 

8
 8.67 x 10 

8
±  2.52 x 10 

8
 7.13 x 10 

8
± 7.23 x 10 

7

:  Standard deviation 
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 13 ( )

 (CFU/ml)* 

20 C   30 C  40 C

DASA 68071 1.30 x 10 
8
± 4.36 x 10 

7
6.93 x 10 

7
±  1.51 x 10 

7
 7.70 x 10

7
± 0.00 

:  Standard deviation 

1.9  NaCl 

 56 

NaCl  0, 0.2 M (1.17%)  1.0 M (5.84%)

 NaCl  DASA 64031  DASA 

68053  NaCl 0.2 M  27 

 DASA 57003 DASA 57010 DASA 57015 DASA 57020 DASA 57027 DASA 57066 

DASA 57076  DASA 64006 DASA 64011 DASA 64012 DASA 64014 DASA 64016 DASA 

64021 DASA 64023 DASA 64034  DASA 64038 DASA 68003 DASA 68006  DASA 68012 

DASA 68020 DASA 68032 DASA 68058 DASA 68061 DASA 68062 DASA 68066 DASA 

68069  DASA 68070  NaCl 1.0 M  2 

 DASA 64006  DASA 64012 

 NaCl  14

14:  NaCl  0, 0.2 

 1.0 M

 (CFU/ml)*  NaCl 

0 M 0.2 M 1.0 M 

DASA 57003 3.33 x 10 
8
± 1.53 x 10 

8
2.16 x 10

10
± 3.21 x 10 

8
 5.37 x 10

7
± 1.91 x 10 

7

DASA 57004 2.33 x 10 
8
± 5.77 x 10 

7
5.33 x 10 

7
± 5.77 x 10 

6
 4.50 x 10 

4
± 1.22 x 10 

4

DASA 57005 8.00 x 10
7
± 0.00 8.33 x 10

7
± 2.08 x 10 

7
 1.13 x 10

6
± 1.53x 10 

5

DASA 57009 7.67 x 10 
8
± 1.36 x 10 

8
3.10 x 10

5
± 6.93 x 10 

4
 1.00 x 10 

3
± 0.00 

:  Standard deviation 
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 14 ( )

 (CFU/ml)*  NaCl 

0 M 0.2 M 1.0 M 

DASA 57010 1.24 x 10 
9
± 3.04 x 10 

8
 1.18 x 10 

9
± 1.80 x 10 

8
 1.67 x 10

5
± 5.77 x 10 

5

DASA 57015 2.00 x 10 
9
± 0.00 1.05 x 10 

9
± 7.00 x 10 

7
 1.38 x 10

5
± 1.51 x 10 

4

DASA 57019 1.11 x 10 
9
± 5.77 x 10 

8
 3.17 x 10 

4
± 9.50 x 10 

2
 3.00 x 10

 1
± 0.00 

DASA 57020 4.00 x 10 
8
± 0.00 1.03 x 10 

9
± 9.29 x 10 

7
 4.50 x 10 

4
± 7.00 x 10 

3

DASA 57024 1.16 x 10 
9
± 6.40 x 10 

8
 3.10 x 10 

4
± 4.58 x 10 

3
 5.07 x 10

 2
± 11.55 

DASA 57027 3.00 x 10
8
± 1.00 x 10 

8
 2.13 x 10 

8
± 4.73 x 10 

7
 2.33 x 10

 1
± 1.10 x 10 

1

DASA 57034 9.00 x 10
7
± 2.65 x 10 

7
 4.00 x 10 

7
± 3.46 x 10 

7
 1.97 x 10 

3
± 3.51 x 10 

2

DASA 57038 7.90 x 10 
8
± 9.17 x 10 

7
 3.53 x 10 

4
± 1.35 x 10 

4
 0.00 ± 0.00 

DASA 57050 3.87 x 10 
8
± 5.51 x 10 

7
 1.00 x 10 

5
± 0.00 0.00 ± 0.00 

DASA 57053 3.00 x 10
 6
± 0.00 8.00 x 10 

5
± 0.00 3.50 x 10 

3
± 5.00 x 10 

2

DASA 57057 4.13 x 10 
7
± 9.29 x 10 

6
 3.33 x 10 

7
± 2.52 x 10 

7
 3.33 x 10

 1
± 5.77 

DASA 57065 2.33 x 10 
8
± 1.53 x 10 

8
 4.00 x 10 

7
± 3.00 x 10 

7
 1.33 x 10

 1
± 5.77 

DASA 57066 1.13 x 10 
9
± 2.52 x 10 

8
 1.44 x 10 

9
± 8.89 x 10 

7
 3.06 x 10

5
± 2.75 x 10 

4

DASA 57075 6.40 x 10 
8
± 7.94 x 10 

7
 6.30 x 10 

7
± 2.01 x 10 

7
 3.47 x 10

5
± 4.16 x 10 

4

DASA 57076 2.50 x 10 
9
± 1.78 x 10 

9
 1.35 x 10 

9
± 1.05 x 10 

8
 1.49 x 10

5
± 1.01 x 10 

4

DASA 57098 9.83 x 10 
9
± 1.63 x 10 

8
 1.40 x 10 

6
± 1.00 x 10 

5
 0.00 ± 0.00 

DASA 64006 6.33 x 10 
8
± 5.77 x 10 

7
 8.57 x 10 

8
± 3.23 x 10 

8
 1.10 x 10 

8
± 1.42 x 10 

7

DASA 64008 6.55 x 10 
8
± 5.03 x 10 

8
 1.87 x 10

5
± 1.15 x 10 

4
 3.43 x 10 

4
± 1.15 x 10 

3

DASA 64010 1.90 x 10 
8
± 5.00 x 10 

7
 9.00 x 10

7
± 2.65 x 10 

7
 1.06 x 10 

2
± 5.77 

DASA 64011 8.67 x 10
7
±  2.65 x 10 

7
 5.63  x 10 

8
± 9.45 x 10 

7
 2.00 x 10

 2
± 57.74 

DASA 64012 2.67 x 10
9
± 6.51 x 10 

8
 6.77 x 10 

8
± 4.51 x 10 

7
 2.63 x 10 

8
± 1.53 x 10 

7

DASA 64014 1.79 x 10 
9
± 8.96 x 10 

8
 1.21 x 10 

9
± 7.23 x 10 

7
 3.30 x 10 

4
± 6.56 x 10 

3

DASA 64016 4.00 x 10
7
± 1.73 x 10 

7
 8.83 x 10 

8
± 1.06 x 10 

8
 4.00 x 10

5
± 0.00 

:  Standard deviation 
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 14 ( )

 (CFU/ml)*  NaCl 

0 M 0.2 M 1.0 M 

DASA 64020 3.21 x 10 
8
± 7.29 x 10 

7
 1.40 x 10

5
± 2.00 x 10 

4
 0.00 ± 0.00 

DASA 64021 6.87 x 10 
8
± 3.06 x 10 

7
 2.87 x 10

9
± 2.31 x 10 

8
 1.53 x 10 

4
± 2.52 x 10 

3

DASA 64022 1.93 x 10
 6
± 1.15 x 10 

5
 4.00 x 10

7
± 0.00 0.00 ± 0.00 

DASA 64023 1.33 x 10 
8
± 5.77 x 10 

7
 7.33 x 10 

8
± 3.51 x 10 

8
 5.57 x 10

6
± 1.15 x 10 

5

DASA 64026 5.20 x 10 
8
± 5.29 x 10 

7
 4.30 x 10 

4
± 1.70 x 10 

4
 0.00 ± 0.00 

DASA 64027 1.00 x 10 
10

± 4.36 x 10 
8
 2.92 x 10 

4
± 3.03 x 10 

3
 4.80 x 10

 3
± 0.00 

DASA 64031 0.00 ± 0.00 8.00 x 10 
4
± 0.00 1.03 x 10 

2
± 15.28 

DASA 64034 1.01 x 10
9
± 2.26 x 10 

8
 2.30 x 10

9
±  5.57 x 10 

8
 8.00 x 10

 3
± 4.36 x 10 

3

DASA 64038 4.13 x 10
8
± 4.16 x 10 

7
 7.33 x 10 

8
± 1.53 x 10 

8
  2.00 x 10

6
± 1.73 x 10 

6

DASA 64040 9.30 x 10 
8
± 2.65 x 10 

7
 8.90 x 10 

6
± 6.08 x 10 

5
 1.00 x 10 

4
± 0.00 

DASA 64042 2.97 x 10 
7
± 6.11 x 10 

6
 1.67 x 10

5
± 1.15 x 10 

5
 1.00 x 10

5
± 0.00 

DASA 68003 5.87 x 10 
8
± 3.77 x 10 

8
2.03 x 10 

8
± 0.00 7.67 x 10

 2
± 57.74 

DASA 68006 4.60 x 10 
8
± 2.99 x 10 

8
5.67 x 10 

8
± 2.89 x 10 

8
3.33 x 10

 3
± 5.77 x 10 

3

DASA 68010 3.73 x 10 
8
± 5.77 x 10 

6
2.05 x 10

5
± 6.51 x 10 

3
 6.67 x 10

 1
± 11.55 

DASA 68012 3.00 x 10
7
± 0.00 3.33 x 10 

8
± 5.77 x 10 

6
2.67 x 10

5
± 1.53 x 10 

5

DASA 68020 3.00 x 10
9
± 0.00 8.97 x 10 

8
± 1.07 x 10 

8
1.62 x 10

5
± 2.91 x 10 

4

DASA 68025 3.67 x 10
 6
± 1.15 x 10 

6
9.43 x 10

7
± 7.51 x 10 

6
 7.33 x 10

6
± 2.52 x 10 

6

DASA 68030 9.50 x 10
9
± 7.00 x 10 

7
 3.11 x 10

5
± 6.27 x 10 

4
 3.57 x 10

5
± 6.66 x 10 

4

DASA 68032 7.43 x 10 
8
± 1.31 x 10 

8
1.73 x 10 

8
± 6.66 x 10 

7
0.00 ± 0.00 

DASA 68053 1.33 x 10 
5
± 5.77 x 10 

4
0.00 ± 0.00 0.00 ± 0.00 

DASA 68055 5.07 x 10 
8
± 5.77 x 10 

6
3.00 x 10 

3
± 0.00 1.90 x 10

 3
±1.00 x 10 

2

DASA 68056 2.77 x 10
9
± 3.79 x 10 

8
 1.00 x 10

6
± 2.00 x 10 

5
 0.00 ± 0.00 

DASA 68058 8.10 x 10 
8
± 9.00 x 10 

7
3.33 x 10 

8
± 4.00 x 10 

7
1.27 x 10 

4
± 1.27 x 10 

4

:  Standard deviation 
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 14 ( )

 (CFU/ml)*  NaCl 

0 M 0.2 M 1.0 M 

DASA 68061 6.00 x 10 
8
± 4.58 x 10 

8
 1.40 x 10

9
± 3.61 x 10 

8
 1.33 x 10

5
± 1.33 x 10 

5

DASA 68062 3.87 x 10 
8
± 1.15 x 10 

8
 2.22 x 10

9
± 4.00 x 10 

7
 6.00 x 10

4
± 9.33 x 10 

4

DASA 68066 2.33 x 10
 6
± 1.53 x 10 

6
 3.40 x 10 

8
± 7.21 x 10 

7
 3.93 x 10

4
± 3.93 x 10 

4

DASA 68069 3.00 x 10
9
± 0.00 3.00 x 10

9
± 0.00 3.00 x 10

 2
± 0.00 

DASA 68070 5.10 x 10 
8
± 1.30 x 10 

8
 6.17 x 10 

8
± 2.52 x 10 

7
 1.00 x 10

5
± 0.00 

DASA 68071 4.37 x 10
8
± 6.43 x 10 

7
 5.27 x 10 

3
± 1.10 x 10 

3
 3.00 x 10 

4
± 0.00 

:  Standard deviation 

1.10

 56 

Cubo et al. (1988) 

 negative control  TY  L -tyrosine  CuSO4

 DASA 57003 

 9 

 NaCl  CuSO4

 DASA 57015 DASA 57050 DASA 57098 DASA 64027 DASA 64042 DASA 68053 

DASA 68056 DASA 68061  DASA 68071  1 

NaCl, CuSO4  L-tyrosine  DASA 57019 

 12  15 
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 12:  TY  tyrosine  CuSO4

A:  10% (wt/vol) sodium dodecyl sulfate 

(SDS)  TBE (pH 8.3)  24 

B:  10% (wt/vol) sodium dodecyl sulfate 

(SDS)  TBE (pH 8.3)  24 

 15:  TY  L -tyrosine  CuSO
4

DASA 57003 + DASA 64006 - DASA 68003 - 

DASA 57004 - DASA 64008 - DASA 68006 - 

DASA 57005 - DASA 64010 - DASA 68010 - 

DASA 57009 - DASA 64011 - DASA 68012 - 

DASA 57010 - DASA 64012 - DASA 68020 - 

DASA 57015 Nd DASA 64014 - DASA 68025 - 

DASA 57019 Nd DASA 64016 - DASA 68030 - 

DASA 57020 - DASA 64020 - DASA 68032 - 

+ ,  -  Nd, not determined 

A B 
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 15 ( )

DASA 57024 - DASA 64021 - DASA 68053 Nd 

DASA 57027 - DASA 64022 - DASA 68055 - 

DASA 57034 - DASA 64023 - DASA 68056 Nd 

DASA 57038 - DASA 64026 - DASA 68058 - 

DASA 57050 Nd DASA 64027 Nd DASA 68061 Nd 

DASA 57053 - DASA 64031 - DASA 68062 - 

DASA 57057 - DASA 64034 - DASA 68066 - 

DASA 57065 - DASA 64038 - DASA 68069 - 

DASA 57066 - DASA 64040 - DASA 68070 - 

DASA 57075 - DASA 64042 Nd DASA 68071 Nd 

DASA 57076 -     

DASA 57098 Nd     

+ ,  -  Nd, not determined 

1.11  IAA

 IAA  56  Tris-

TMRT Broth (Nuntagij et al. 1997)  Colorimetric (Gordon and Weber 1951) 

 IAA  4.310±0.672  34.757±0.178 g/ml

 IAA  16 
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 16:  IAA 

 IAA ( g/ml)

 1  2  3  4  5  6 *

DASA 57003 20.227 20.485 24.045 20.647 22.621 23.463 21.915±1.669

DASA 57004 18.414 21.78 18.252 21.521 17.12 16.181 18.878±2.297

DASA 57005 30.68 33.528 32.201 31.877 34.887 31.812 32.497±1.484

DASA 57009 8.22 6.472 6.311 6.343 8.22 8.544 7.352±1.077 

DASA 57010 19.676 24.757 17.152 18.414 18.932 19.288 19.703±2.626

DASA 57015 34.693 34.498 34.628 34.887 34.951 34.887 34.757±0.178

DASA 57019 9.935 9.482 7.67 6.99 6.926 7.184 8.031±1.333 

DASA 57020 25.825 21.456 19.515 24.531 24.142 25.793 23.544±2.537

DASA 57024 20.939 21.521 21.392 20.744 18.22 19.223 20.340±1.324

DASA 57027 25.631 23.786 24.207 24.725 24.401 21.812 24.094±1.278

DASA 57034 25.663 25.34 26.958 25.275 24.854 25.372 25.577±0.725

DASA 57038 6.958 8.285 6.99 9.223 9.223 8.317 8.166±1.011 

DASA 57050 11.359 12.265 10.874 10.939 10.777 10.162 11.063±0.704

DASA 57053 13.042 14.984 15.89 10.162 9.903 13.269 12.875±2.446

DASA 57057 25.243 27.994 28.026 28.544 28.997 28.544 27.891±1.350

DASA 57065 19.482 26.084 24.466 25.955 20.68 20.712 22.896±2.944

DASA 57066 16.505 15.469 15.858 16.731 17.087 16.472 16.354±0.591

DASA 57075 17.573 14.207 13.657 15.178 13.43 17.184 15.205±1.793

DASA 57076 7.896 7.767 7.864 6.57 8.544 8.803 7.907±0.777 

DASA 57098 12.298 13.625 13.107 13.463 15.049 11.197 13.123±1.301

DASA 64006 21.262 18.285 20.356 21.036 18.35 20.518 19.968±1.320

DASA 64008 7.929 7.411 8.544 6.796 4.919 4.79 6.731±1.565 

DASA 64010 9.935 7.735 8.382 9.029 10.485 9.029 9.099±1.000 

DASA 64011 30.744 31.392 29.871 30.356 31.392 31.553 30.885±0.676

*  Standard deviation 
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 16 ( )

 IAA ( g/ml)

 1  2  3  4  5  6 *

DASA 64012 26.926 22.298 21.65 24.66 24.887 21.036 23.576±2.276

DASA 64014 22.395 18.35 21.197 21.1 21.521 21.942 21.084±1.424

DASA 64016 24.951 25.113 27.443 23.01 27.12 24.757 25.399±1.646

DASA 64020 11.489 13.074 14.045 13.528 13.463 13.754 13.225±0.910

DASA 64021 23.722 19.838 22.718 23.916 23.528 24.11 22.972±1.609 

DASA 64022 5.34 3.139 5.21 5.178 5.081 5.275 4.871±0.853 

DASA 64023 21.456 18.706 23.236 20.259 20.324 19.45 20.572±1.599 

DASA 64026 12.848 13.107 12.977 13.786 14.272 14.79 13.630±0.787 

DASA 64027 8.641 8.188 8.997 8.447 9.612 11.489 9.229±1.212

DASA 64031 23.916 18.058 24.66 18.317 18.252 24.142 21.224±3.313

DASA 64034 23.139 20.129 22.589 19.45 19.935 23.43 21.446±1.795 

DASA 64038 7.896 10.032 7.411 8.964 8.188 6.699 8.198±1.175 

DASA 64040 4.013 3.657 3.722 4.239 4.887 5.34 4.310±0.672 

DASA 64042 12.298 10.841 10.453 11.586 12.168 11.165 11.419±0.734

DASA 68003 9.223 8.317 9.094 8.252 9.482 8.35 8.786±0.541 

DASA 68006 10.194 9.579 11.942 10.939 10.68 11.553 10.814±0.867

DASA 68010 11.23 12.298 11.1 11.359 11.23 10.809 11.338±0.506

DASA 68012 23.528 24.401 24.531 26.505 22.395 19.838 23.533±2.260

DASA 68020 15.275 18.576 18.673 18.252 18.997 19.709 18.247±1.538

DASA 68025 6.861 7.767 8.123 7.638 8.803 10.647 8.306±1.310

DASA 68030 5.146 5.243 4.984 5.825 5.955 5.955 5.518±0.442 

DASA 68032 5.663 5.178 7.411 6.117 6.343 6.958 6.278±0.820 

DASA 68053 7.799 6.893 7.087 7.12 8.091 7.12 7.352±0.476 

DASA 68055 10.065 11.78 11.23 11.586 9.968 10.259 10.814±0.811

*  Standard deviation 
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 16 ( )

 IAA ( g/ml)

 1  2  3  4  5  6 *

DASA 68056 9.644 8.155 9.515 9.515 9.256 10.194 9.380±0.676

DASA 68058 14.498 11.521 13.269 8.673 8.641 8.511 10.852±2.634 

DASA 68061 15.437 13.948 15.955 13.495 14.79 13.786 14.569±0.987

DASA 68062 11.618 10.777 11.197 11.133 10.939 11.877 11.257±0.416

DASA 68066 14.822 11.748 11.456 12.751 11.197 10.356 12.055±1.563

DASA 68069 11.553 10.097 9.709 9.191 11.845 9.45 10.307±1.122 

DASA 68070 10.615 13.107 13.366 13.56 12.46 9.709 12.136±1.599 

DASA 68071 10.227 11.586 15.049 9.547 9.741 12.006 11.359±2.062

*  Standard deviation 
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2.  16S rRNA 

 28  total genomic DNA 

 16S rRNA  universal primers 1  primer UN 16S 926f  primer UN 

16S 1392r  polymerase chain reaction (PCR) 

PCR  gel electrophoresis  DNA 

 500 bp  13 

500 bp500 

bp

1000

1500

2000

2500
3000

3500
4000

10000
7000

L
a
n
e
 1

1

L
a
n
e
 1

0

L
a
n
e
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L
a
n
e
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L
a
n
e
 7

L
a
n
e
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L
a
n
e
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L
a
n
e
 4

L
a
n
e
 3

L
a
n
e
 2

L
a
n
e
 1

M
a
r
k
e
r

13:  PCR  16S rDNA 

 500 bp (Marker: 1Kb ladder  Lane 1-11: 

)

alignment  GenBank  BlastN 

(http:\\www.ncbi.nlm.nih.gov)  17

 16S rRNA  DASA 57003 DASA 57004 DASA 57066 

 DASA 57075  16S rRNA  genus

Pseudoalteromonas  70-88%  16S rRNA  DASA 

57009 DASA 57020  DASA 57038 

16S rRNA  genus Ralstonia-Cupriavidus  69-72%  16S 

rRNA  DASA 57010 DASA 57027 DASA 57053 DASA 64006 DASA 64012 
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DASA 64016 DASA 64021 DASA 64038 DASA 64040 DASA 68020 DASA 68025 DASA 

68053 DASA 68061 DASA 68066  DASA 68069  DASA 68070 

 16S rRNA  genus Rhizobium  90-100% 

 16S rRNA  DASA 57015  DASA 68012 

 16S rRNA  genus Sinorhizobium  95-99% 

 16S rRNA  DASA 57019 DASA 68010  DASA 68056 

 16S rRNA  genus Bradyrhizobium  87-99% 

 17:  16S rRNA 

 GenBank  BlastN

 NCBI 

 16S rDNA 

bits

score

%

Identities

Genbank

Accession

no.

DASA 57003 Pseudoalteromonas sp. 134 70 FJ172090.1

EU722712.1

DASA 57004 Pseudoalteromonas sp. 841

836

84

85

AM990863.1

EU586897.1

DASA 57009 Ralstonia sp.

Cupriavidus sp.

235

232

72

72

DQ026295.1

FJ648699.1

DASA 57010 Rhizobium sp. 560 93 GQ355323.1

GQ355317.1

FJ969841.1

FJ688380.1

DASA 57015 Sinorhizobium sp. 138 95 FJ405372.1

EU255298.1

DASA 57019 Bradyrhizobium sp. 

Bradyrhizobium elkanii 

432

430

95

95

AY507980.1

AF417556.1

DASA 57020 Cupriavidus sp.

Ralstonia sp.

221

214

69

69

EU652873.1

DQ854844.1
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 17 ( )

 NCBI 

 16S rDNA 

bits

score

%

Identities

Genbank

Accession

no.

DASA 57027 Rhizobium sp. 836 99 GQ355323.1

GQ355317.1

FJ969841.1

DASA 57038 Ralstonia sp. 

Cupriavidus sp. 

167

165

69

67

DQ887520.1

AB480341.1

EU882153.1

DASA 57053 Rhizobium sp. 288 90 EU359716.1

DASA 57066 Pseudoalteromonas sp. 71.6 65 EU330364.1

DASA 57075 Pseudoalteromonas sp. 973

969

88

88

AM990863.1

EU586897.1

DASA 64006 Rhizobium sp. 838 99 GQ355323.1

GQ355317.1

DASA 64012 Rhizobium sp. 852 100 GQ355323.1

GQ355317.1

DASA 64016 Rhizobium sp. 843 99 GQ355323.1

GQ355317.1

DASA 64021 Rhizobium sp. 832 98 GQ355323.1

GQ355317.1

DASA 64038 Rhizobium sp. 838 99 GQ355323.1

GQ355317.1

DASA 64040 Rhizobium sp. 700

699

93

93

EU359716.1

EU259511.1
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 17 ( )

 NCBI 

 16S rDNA 

bits

score

%

Identities

Genbank

Accession

no.

DASA 68010 Bradyrhizobium sp. 

Bradyrhizobium elkanii 

841

841

99

99

GQ249217.1

FJ959102.1

AB509378.1

FJ959102.1

DASA 68012 Sinorhizobium sp. 838 99 FJ405372.1

EU255298.1

DASA 68020 Rhizobium sp. 843 100 EU359716.1

DASA 68025 Rhizobium sp. 569 96 GQ355323.1

GQ355317.1

DASA 68053 Rhizobium sp. 843 99 GQ355323.1

GQ355317.1

DASA 68056 Bradyrhizobium sp.

Bradyrhizobium elkanii 

583

583

91

91

GQ249217.1

FJ959102.1

AB509378.1

DASA 68061 Rhizobium sp. 843 99 GQ355323.1

GQ355317.1

DASA 68066 Rhizobium sp. 843 99 GQ355323.1

GQ355317.1

DASA 68069 Rhizobium sp. 841 99 GQ355323.1

GQ355317.1

DASA 68070 Rhizobium sp. 544 91 GQ355323.1

GQ355317.1
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3. nifH

 genus  nifH  total genomic 

DNA  nifH  primer nifH 2  primer nifH 1 

primer  nifHF  primer nifHI nifH

780 bp    PCR  gel electrophoresis 

 5  DASA 57009 DASA 57075 DASA 64014 

DASA 68012  DASA 68056  primer  DNA 

780 bp  1  DASA 57009  14 

780 bp

564

bp

2027

2322

4361

6557

9416

23130

L
a
n
e
 3

L
a
n
e
 2

L
a
n
e
 1

M
a
r
k
e
r

 14:  PCR  nifH

 780 bp.  primer nifHF  nifHI (Laguerre et al. 1994 ; 1997 ; 2001)

(Marker: VC Lamda Hind III marker; Lane 2: Negative control ; Lane 3  4:DASA 

57009)

 primer  2  primer  Zehr-nifHf  primer Zehr-nifHr

nifH  360 bp  PCR  gel 

electrophoresis  PCR product 

nifH  DNA  360 bp 15
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 15:  PCR  nifH

 360 bp.  primer Zehr-nifHf  Zehr-nifHr (Zehr and McReynolds, 

1989) (Marker: 100bp DNA marker; Lane 1: Negative control ; Lane 2-4: DASA 

57075; Lane 6  7: DASA 64014; Lane 8  9: DASA 68012;  Lane 11  12: 

DASA 68056 (B) Marker: 100bp DNA marker; Lane 1-4 : DASA 57066) 

nifH  PCR 

 alignment GenBank

 BlastN (http:\\www.ncbi.nlm.nih.gov)  18 

nifH DASA 57075 

nifH Bradyrhizobium sp. KO20A Bradyrhizobium sp. KO13 

95% nifH DASA 64014 

nifH Bradyrhizobium yuanmingense SR35, Bradyrhizobium sp. CCBAU 

Bradyrhizobium sp. CCBAU 35186-1  97% nifH DASA 68012 

nifH Sinorhizobium sp. CCBAU 83751 

 95% nifH DASA 68056 

nifH  Bradyrhizobium elkanii  92% 
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 18:  nifH

GenBank  BlastN

 NCBI 

nifH

bits

score

%

Identities

Genbank

Accession no. 

DASA 57075 Bradyrhizobium sp. KO20A

Bradyrhizobium sp. KO13

477

477

95

95

AB367740.1

AB367736.1

DASA 64014 Bradyrhizobium yuanmingense SR35

Bradyrhizobium sp. CCBAU

Bradyrhizobium sp. CCBAU 35186-1

533

533

533

97

97

97

FJ514065.1

FJ514065.1

EU113225.1

DASA 68012  Sinorhizobium sp. CCBAU 83751  502 95 EU146012.1

DASA 68056 Bradyrhizobium elkanii

Bradyrhizobium elkanii

450

450

92

92

AF484640.1

AB094963.1
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4. nodC

 genus  5  DASA 

57015 DASA 57019 DASA 57038 DASA 57075  DASA 68012  nodC

total genomic DNA  nodC  primer nodC 1  primer

nodCF  primer nodCI nodC  930 bp.   

 PCR  gel electrophoresis 

 PCR product nodC  DNA 

 930 bp  16 

16:  PCR  nodC

 930 bp.   primer nodCF  nodCI (Laguerre et al. 1994 ; 1997 ; 

2001)  (A) Marker: 100bp DNA marker; Lane 1  2: Negative control ; Lane 3 

4: DASA 57038;  Lane 5: Negative control; Lane 6 7: DASA 57075; Lane 8: 

Negative control; Lane 9  10: DASA 68012 (B) Lane 1 : 100bp DNA marker; 

Lane 2  3: DASA 57019; Lane 4 : 100bp DNA marker;  Lane 5: Positive control; 

Lane 7  8 : DASA 57015 
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nodC  PCR 

 alignment  GenBank

 BlastN (http://www.ncbi.nlm.nih.gov)  19 

nodC DASA 57015 

nodC Sinorhizobium meliloti  80% nodC DASA

57019 nodC Bradyrhizobium sp. 

KO20A Bradyrhizobium sp. KO13  84% nodC DASA 57038 

nodC Bradyrhizobium yuanmingense

CCBAU23230  81% nodC DASA 57075 

nodC Sinorhizobium fredii CPAC 402, Bradyrhizobium

japonicum SEMIA 566 Bradyrhizobium sp. CCBAU 43169  87% nodC

DASA 68012 nodC

Sinorhizobium meliloti  Llan-6 Sinorhizobium fredii CCBAU:45274  87%

 19:  nodC

GenBank  BlastN

 NCBI 

nodC

bits

score

%

Identities

Genbank

Accession

no.

DASA 57015 Sinorhizobium meliloti

Sinorhizobium meliloti

129

129

80

79

FM178857.1

FM178855.1

DASA 57019 Bradyrhizobium sp. KO20A

Bradyrhizobium sp. KO13

567

567

84

84

AB367760.1

AB367756.1

DASA 57038 Bradyrhizobium yuanmingense

CCBAU23230

156 81 DQ010033.2
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 19 ( )

 NCBI 

nodC

bits

score

%

Identities

Genbank

Accession

no.

DASA 57075 Sinorhizobium fredii CPAC 402

Bradyrhizobium japonicum SEMIA 

566

Bradyrhizobium sp. CCBAU 43169

221

221

221

87

87

87

DQ485716.1

DQ485699.1

DQ010041.1

DASA 68012 -Sinorhizobium meliloti  Llan-6 

- Sinorhizobium fredii CCBAU:45274

343

343

87

87

FM178857.1

EU753431.1

5.  (phosphatase) 

 56  Pikovskaya 

 tricalcium phosphate [Ca3(PO4)2]  22 

Pikovskaya  tricalcium phosphate [Ca3(PO4)2]  DASA 57020  DASA 57027 

DASA 57034 DASA 57038 DASA 57053 DASA 57057 DASA 57098 DASA 64006 DASA 

64016 DASA 64020 DASA 64021 DASA 64023 DASA 64031  DASA 64038 DASA 64040   

DASA 68020 DASA 68032 DASA 68061 DASA 68062 DASA 68066 DASA 68070  DASA 

68071  phosphatase 

 phosphatase  Extracellular enzyme  Intracellular enzyme 

DASA 68062 acid phosphatase  Extracellular enzyme 

 7.86 ± 0.26 milliunit/ml  DASA 68056  neutral 

phosphatase  alkaline phosphatase  Extracellular enzyme   5.88 ± 0.01 

milliunit/ml  12.65 ± 0.13 milliunit/ml  20 
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6.  (phosphatase) 

 phosphatase 

 3  phosphatase

 DASA 57020  L-alanine 

 (CFU/ml)  Pikovskaya 

 Pikovskaya  2.43 x 10
8
  ± 3.21 x 10

7

 1.02 x 10
9
  ± 2.52 x 10

7

 phosphatase  D-xylose, D-fructose, D-mannitol, ammonium chloride 

[NH4Cl]  urea  acid phosphatase, neutral phosphatase 

 alkaline phosphatase  Extracellular enzyme  D-mannitol 

 acid phosphatase  3.54 ± 0.08 milliunit/ml  5.05 ± 0.06 milliunit/ml  

 D-fructose  neutral phosphatase  2.46 ± 0.14 

milliunit/ml  9.66 ± 0.51 milliunit/ml  D-xylose  alkaline 

phosphatase   3.69 ± 0.47 milliunit/ml  16.59 ± 0.75 milliunit/ml

 DASA 68056  maltose 

 (CFU/ml)  Pikovskaya 

 Pikovskaya   6.00 x 10
6
 ± 1.11 x 10

6

 1.11 x 10
9
 ± 1.50 x 10

8
 phosphatase 

 D-xylose, D-fructose  ammonium chloride [NH4Cl]

 acid phosphatase, neutral phosphatase  alkaline phosphatase  Extracellular 

enzyme  D-xylose  acid phosphatase  neutral 

phosphatase  6.55 ± 0.12 milliunit/ml  5.88 ± 0.01 milliunit/ml 

 25.79 ± 1.32 milliunit/ml  15.13 ± 0.78 milliunit/ml  D-fructose 

 alkaline phosphatase   12.65 ± 0.31 milliunit/ml  25.48 

± 0.67 milliunit/ml  DASA 68066 

 (CFU/ml)  Pikovskaya 

 Pikovskaya 

phosphatase  fructose, sucrose  potassium nitrate [KNO3]

 acid phosphatase, neutral phosphatase  alkaline phosphatase  Extracellular 
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enzyme  D-fructose  acid phosphatase  alkaline 

phosphatase  6.91± 0.06 milliunit/ml  9.94 ± 0.50 milliunit/ml

 10.72 ± 0.72 milliunit/ml  14.42 ± 0.28 milliunit/ml  D-xylose 

 neutral phosphatase  5.06 ± 0.10 milliunit/ml  20.93 ± 

0.16 milliunit/ml  phosphatase  Intracellular enzyme 

3  acid phosphatase, neutral 

phosphatase  alkaline phosphatase  21-23  17-19 
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 5 

 16S rRNA 

 GenBank  BlastN  12 

 16S rRNA  genus 

Pseudoalteromonas  70-80 % Ralstonia-Cupriavidus  69-72% Rhizobium

90-100 % Sinorhizobium  95%  Bradyrhizobium  95% 

 6  16S rRNA 

 genus Rhizobium  93-100%  10 

 16S rRNA  genus Rhizobium  91-

100 %  Sinorhizobium  99% Bradyrhizobium  91-99% 

 1 genus Indigofera spp. 

Kummerowia stipulacea  genus Rhizobium  Sinorhizobium

(Wei et al. 2002 : 2231 - 2239) Robinia pseudoacacia (black locust) 

genus Bradyrhizobium, Rhizobium, Sinorhizobium Mesorhizobium (Mierzwa et al. 2009 : 

687 - 710)  genus 

(Fuentes et al. 2002 : 181 - 191)

Pseudoalteromonas  species 

 genus Pseudoalteromonas  % 

identity L-ornithine monohydrochloride 

 DL-valine  adenitol 

Pseudoalteromonas  species  Gauthier et al. (1995)  Pseudoalteromonas

 L-ornithine monohydrochloride, DL-valine  adenitol 

 Pseudoalteromonas  species 
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 genus Pseudoalteromonas

 genus Pseudoalteromonas

-  genus Ralstonia-Cupriavidus, Rhizobium 

Sinorhizobium

 genus Rhizobium Sinorhizobium  (Rathore et 

al. 2009 : 115 - 122)  genus Ralstonia-Cupriavidus  (Chen et al. 

2001 : 1729 - 1735) -  genus Bradyrhizobium

- Bradyrhizobium

(van Berkum and Eardly, 2002 : 1132 – 1136 ; Rathore et al.  2009 : 115 - 122) 

 genus Pseudoalteromonas

-

Yeast-mannitol agar 

 1×2 m  1x1-2 m

 Yeast-mannitol agar  congo red 

 Teixeira et al. 

(2010) Cratylia mollis Mart. ex Benth, 

Calliandra depauperata Benth. Mimosa tenuiflora (Willd.)

 Girgis et al. (2007) Bradyrhizobium

spp.  (Glycine max)

 genus Ralstonia-Cupriavidus

Ralstonia taiwanensis

  (Chen et al. 2001 : 1729 - 1735) 

 genus Pseudoalteromonas  Pseudoalteromonas

Pseudoalteromonas aliena sp. nov.

 2-3 

marine agar  medium B (Ivanova et al. 2004 : 1431 - 1437) 
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 52  genus 

Rhizobium  DASA 57010 DASA 57027 DASA 57038 DASA 57053  DASA 64006 

DASA 64012 DASA 64016 DASA 64021 DASA 64038 DASA 64040  DASA 68020  DASA 

68025 DASA 68053 DASA 68061  DASA 68066  DASA 68069  DASA 68010 

 DL-alanine, ammonium citrate, L-asparagine monohydrate, D-serine, lithium lactate, L-

alanine, proline, L-ornithine monohydrochloride, DL-valin, mannitol, L-arabinose, D-fructose, D-

glucose, L-glutamine, D-mannose, D-galactose  casein Rhizobium

 DL-lysine, glycerol, citric acid, 

potassium acetate, potassium sodium tartrate, sodium tartrate dehydrate, galactonoric acid, 

sodium acetate, DL-aspatic acid, malic acid, isopropyl alcohol, sodium benzoate, lactose, sucrose, 

D-xylose, ammonium oxalate, glycine, D-maltose, - cellulose, trehalose, anthrone, D-

cellobiose, urea, D-sorbitol, D-raffinose, xylitol, inulin, sorbose, myo-inositol   adenitol 

Rhizobium  4-phenylphenol, phthalic acid, 

benzoic acid  tannic acid  genus Rhizobium

Vicia angustifolia Mucuna pruriens  D-xylose, D-galactose, D-

maltose  lactose (Pandey 2004 : 204 - 207) 

 genus Bradyrhizobium  DASA 57019 DASA 

68010  DASA 68056   DL-lysine, DL-alanine, glycerol, ammonium 

citrate, L-asparagine monohydrate, lithium lactate, L-alanine, proline, L-ornithine 

monohydrochloride, DL-aspatic acid, isopropyl alcohol, DL-valine, sodium tartrate dehydrate, 

mannitol, L-arabinose, D-fructose, D-xylose, L-glutamine, D-cellobiose, D-mannose, D-

galactose, potassium sodium tartrate, lactose, D-maltose, sucrose, trehalose  casein 

Bradyrhizobium

citric acid, potassium acetate, D-serine, galactonoric acid, sodium acetate, phthalic acid, sodium

benzoate, ammonium oxalate, glycine, - cellulose, malic acid, anthrone, urea, D-sorbitol, D-

raffinose, xylitol, inulin, sorbose, myo-inositol  adenitol Bradyrhizobium

 4-phenylphenol, tannic acid  benzoic acid 

Bradyrhizobium sp.  Genista tinctoria  L-alanine, L-
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asparagine, cellobiose, sodium citrate, glycerol, L-glutamine  inulin (Kalita et al. 2004 : 707 - 

715)

 genus Sinorhizobium  DASA 57015  DASA 

68012   DL-lysine, DL-alanine, ammonium citrate, L-asparagine 

monohydrate, D-serine, L-alanine, proline, L-ornithine monohydrochloride, DL-aspatic acid, DL-

valin, D-maltose, sodium tartrate dehydrate, mannitol, L-arabinose, D-fructose, D-glucose, D-

xylose, L-glutamine, D-cellobiose, D-sorbitol, D-mannose, xylitol, inulin, D-galactose, 

casein Sinorhizobium

 glycerol, citric acid, potassium acetate, potassium sodium tartrate, galactonoric acid, 

sodium acetate, lithium lactate, malic acid, isopropyl alcohol, phthalic acid, Lactose, sucrose,

ammonium oxalate, glycine, - cellulose, trehalose, anthrone, urea, D-raffinose, myo-inositol

 adenitol Sinorhizobium  4-

phenylphenol, sodium benzoate, tannic acid, benzoic acid  sorbose 

 genus Sinorhizobium

D-arabinose, cellobiose, fructose, D-galactose, glucose, L-glutamine, lactose, D-mannose, 

mannitol, D-ribose  xylose (Chen et al. 1988 : 392 - 307; Young 2001 : 89 - 103 ) 

 genus Ralstonia-Cupriavidus  DASA 57009 DASA 

57020  DASA 57038   DL-lysine, DL-alanine, glycerol, ammonium 

citrate, L-asparagine monohydrate, D-serine, lithium lactate, L-alanine, proline, L-ornithine 

monohydrochloride, DL-aspatic acid, sodium tartrate dehydrate, mannitol, L-arabinose, D-

fructose, D-glucose, D-xylose, L-glutamine, D-cellobiose, D-mannose, D-galactose  casein 

Ralstonia-Cupriavidus

 potassium sodium tartrate, galactonoric acid, isopropyl alcohol, sodium benzoate, 

DL-valine, D-maltose, sodium acetate, lactose, sucrose, ammonium oxalate, glycine, trehalose, 

xylitol, inulin, sorbose, myo-inositol  D-sorbitol Ralstonia-Cupriavidus

  citric acid, potassium acetate, 4-phenylphenol, malic acid, 

phthalic acid, - cellulose, tannic acid, anthrone, benzoic acid, urea, D-raffinose  adenitol 

R. taiwanensis Mimosa diplotricha 

Mimosa pudica  L-
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alanine, L-asparagine, D-serine,  L-aspartic acid, L-ornithine  L-proline (Chen et al. 2001 : 

1729 - 1735)

 DASA 57003 DASA 57004 

DASA 57066  DASA 57075  genus Pseudoalteromonas

  DL-lysine, DL-alanine, glycerol, ammonium citrate, L-asparagine monohydrate, potassium 

sodium tartrate, lithium lactate, L-alanine, proline, L-ornithine monohydrochloride, DL-aspatic 

acid, isopropyl alcohol, DL-valine, D-maltose, sodium tartrate dehydrate, mannitol, L-arabinose, 

lactose, D-fructose, sucrose, D-glucose, D-xylose, ammonium oxalate, L-glutamine, D-cellobiose, 

D-mannose, D-galactose  casein 

 genus Pseudoalteromonas

potassium acetate, D-serine, galactonoric acid, sodium acetate, sodium benzoate, - cellulose, 

trehalose, anthrone, urea, D-sorbitol, D-raffinose, glycine, xylitol, inulin, sorbose, myo-inositol 

 adenitol  genus 

Pseudoalteromonas   citric acid, phthalic acid, malic acid, tannic acid, 

benzoic acid  4-phenylphenol  Pujalte et al. (2007) 

Pseudoalteromonas  gilthead sea bream (Sparus aurata L.) 

European sea bass (Dicentrarchus labrax L.)  D-glucose, maltose, sucrose, glutamate, 

aspartate  L-ornithine  Gauthier et al. (1995) 

Pseudoalteromonas  adonitol, L-valine  L-ornithine 

 30  genus 

Rhizobium  DL- phynyl alanine, proline, DL-valine, DL-lysine, 

urea, ammonium citrate tribasic, ammonium oxalate, ammonium dihydrogen orthophosphate 

ammonium molydate-4-hydrate Rhizobium

 L-glutamine, glycine, D-serine, L-alanine, DL-threonine, 

DL-aspartic acid, L-arginine, L-tyrosine, L-ornithine monohydrochloride, ammonium nitrate, DL-

alanine, L-aspartic acid, ammonium chloride, sodium barbitone, sodium nitrate, L-asparagine, 

galactonoric acid  calcium nitrate Rhizobium

sodium nitrite, diphenyl amine  trimethyl ammonium bromide 

 genus Rhizobium Astragalus, Lespedeza
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Hedysarum  L-arginine, L-threonine  L-

proline (Wei et al. 2006 : 1 - 12)

 genus Bradyrhizobium

glycine, DL- phynyl alanine, proline, DL-valine, DL-aspartic acid, DL-lysine, DL-alanine, urea, 

ammonium citrate tribasic, ammonium chloride, L-asparagine, ammonium dihydrogen 

orthophosphate, diphenyl amine  ammonium molydate-4-hydrate 

Bradyrhizobium  L-ornithine 

monohydrochloride, ammonium oxalate, D-serine, L-aspartic acid, L-tyrosine, L-glutamine, DL-

threonine, L-alanine, ammonium nitrate, sodium nitrate, L-arginine  calcium nitrate 

Bradyrhizobium   sodium barbitone, 

galactonoric acid, sodium nitrite  trimethyl ammonium bromide 

Bradyrhizobium sp.  Genista tinctoria  DL-arginine, L-proline, 

L-serine, L-threonine, L-tyrosine  ammonium nitrate (Kalita et al. 2004: 707 - 715 ) 

 genus Sinorhizobium   DL- 

phynyl alanine, proline, DL-valine, L-alanine, DL-aspartic acid, DL-lysine, urea, L-tyrosine, 

ammonium citrate tribasic, ammonium chloride, L-asparagine, ammonium dihydrogen 

orthophosphate  ammonium molydate-4-hydrate Sinorhizobium

 glycine, ammonium oxalate, L-

aspartic acid, L-ornithine monohydrochloride, L-glutamine, DL-threonine, ammonium nitrate, 

DL-alanine, sodium nitrate, D-serine, L-arginine  calcium nitrate 

Sinorhizobium   galactonoric acid, sodium barbitone, diphenyl 

amine, trimethyl ammonium bromide  sodium nitrite  genus 

Sinorhizobium  ammonium 

oxalate, cellulose  glycine (Chen et al. 1988 : 392 - 397 ; Young 2001 : 89 - 103)

 genus Ralstonia-Cupriavidus

  L-glutamine, glycine, DL- phynyl alanine, proline, DL-valine, DL-aspartic acid, DL-

lysine, urea, L-ornithine monohydrochloride, ammonium citrate tribasic, ammonium oxalate, 

ammonium dihydrogen orthophosphate  ammonium molydate-4-hydrate 
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Ralstonia-Cupriavidus  DL-

threonine, L-alanine, ammonium nitrate, DL-alanine, sodium nitrate, L-asparagine, D-serine, L-

aspartic acid, L-arginine, calcium nitrate, L-tyrosine, galactonoric acid  ammonium chloride 

Ralstonia-Cupriavidus   sodium 

barbitone, sodium nitrite, diphenyl amine  trimethyl ammonium bromide 

 genus Cupriavidus

 (Vandamme and Coenye 2004 : 2285 - 2289)

 DASA 57003 DASA 57004 

DASA 57066  DASA 57075  genus Pseudoalteromonas

  L-glutamine, glycine, DL- phynyl alanine, proline, DL-valine, L-alanine, DL-threonine, 

DL-aspartic acid, DL-lysine, DL-alanine, urea, L-tyrosine, L-ornithine monohydrochloride, 

ammonium nitrate, sodium nitrate, L-asparagine, ammonium dihydrogen orthophosphate 

ammonium molydate-4-hydrate 

genus Pseudoalteromonas

L-aspartic acid, ammonium chloride, sodium barbitone, galactonoric acid, ammonium citrate 

tribasic, ammonium oxalate, D-serine, L-arginine  calcium nitrate 

 genus Pseudoalteromonas

  diphenyl amine, trimethyl ammonium bromide  sodium nitrite

 genus 

 (Marschner 

1995 ; Sullivan 2004 : 1)   

 genus 

(Bais et al. 2004 : 26-32 , 2006 : 233 - 266 ; Weisskopf  2006 : 919 - 927)

 10  genus 

Rhizobium  Bradyrhizobium  ampicillin, ceftazdime 
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chloramphenicol  Zurdo-Pineiro et al. (2004) 

 Sesbania, Caliandra, Poitea, Piptadenia, Neptunia  Mimosa

 ampicillin, erythromycin, penicillin, cefuroxime  cloxacillin 

oxytetracyclin, gentamycin  neomycin  Kalita and Malek (2004) 

Bradyrhizobium sp.  Gentista tintoria

chloramphenicol, rifampicin  steptomycin  genus Sinorhizobium

 ampicillin  ceftazdime  Wei et al. (2002) 

Sinorhizobium kummerowiae ap. nov. Kummerowia stipulacea 

 kanamycin, chloramphenicol  erythromycin  genus Ralstonia-Cupriavidus

 spectinomycin, ampicillin, ceftazdime  chloramphenicol

R. taiwanensis  penicillin 

streptomycin  ampicillin, chloramphenicol, kanamycin, tetramycin, 

nalidixic acid  piperacillin  genus 

Pseudoalteromonas  ampicillin, gentamycin  kanamycin 

Pseudoalteromonas citrea

 rifampicin, ampicillin, gentamycin, oxacillin, polymyxin, erythromycin 

 ofloxacin  (Ivanova et al. 2004 : 1431 - 1437) 

 exopolysaccharides (EPS)  lipopolysaccharides  (LPS) 

 (Kucuk et al. 2006 : 127 - 

132)

 10  genus Ralstonia-

Cupriavidus  DASA 57038  myo-inositol (vitamin B), 

thiamine (vitamin B1), D-calcium panthothenate (vitamin B5), pyridoxine hydrochloride (vitamin 

BB6), biotin (vitamin B7), folic acid (vitamin B9), cyanocobalamin (vitamin B12)

 DASA 57020  genus Sinorhizobium

 DASA 68012 

DASA 57015  genus Bradyrhizobium  DASA 

57019  DASA 68010  D-calcium panthothenate (vitamin B5)  riboflavin (vitamin 

 
 
 
 

 
 
 
 

 
 



115

B2B )  genus Rhizobium  DASA 57010 DASA 57053 DASA 

68053 DASA 68066  DASA 68069  calcium panthothenate (vitamin B5)

 DASA 57027 DASA 64006 DASA 64012 DASA 64016  DASA 64021 

DASA 64038 DASA 64040 DASA 68020 DASA 68025 DASA 68061  DASA 68070 

 genus Pseudoalteromonas

 DASA 57003  57004  riboflavin (vitamin B2)

 DASA 57066  57075 

 Rhizobium R. trifolii, R. leguminosarum R.

phaseoli  D-calcium pantothenate (vitamin B5)  genus  

Bradyrhizobium Bradyrhizobium japonicum

biotin (vitamin B7) (Graham 1963 : 245 - 248) 

 (

 2544) 

 (Marschner 1995 ; Sullivan 2004 : 1)

 genus 

 (Bais et al. 2004 : 26-32 , 2006 : 233 - 266 ; Weisskopf  2006 

: 919 - 927)

 pH  pH 5.0, 6.5  8.0 

genus Sinorhizobium  pH 5.0  6.5  pH 8 

Sinorhizobium spp.  pH 6.0  8.0 

pH 5.0 (Chen et al. 1988 : 392 -397 ; Young  2001 : 89 - 103)  genus Ralstonia-

Cupriavidus  DASA 57009 DASA 57020  DASA 57038  pH 6.5 

 Chen et al. (2001) R. taiwanensis  pH 6.5 

 genus Rhizobium  DASA 57053 DASA 64012 DASA 64021 DASA 64038 

DASA 68020 DSASA 68062 DASA 68066 DASA 68070  pH 5.0, 6.5  8.0 

 Wei et al. (2006) Rhizobium spp.

Astragalus, Lespedeza Hedysarum  pH 5.0  Kucuk et al. 
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(2005) Rhizobium sp.  (Phaseolus vulgaris L.)

 pH 3.5-9.0  genus Bradyrhizobium

DASA 57019  pH 5.0, 6.5  8.0  DASA 68010  pH 5.0 

6.5  Kalita and Malek (2004) Bradyrhizobium sp. 

 Gentista tintoria  pH 5.0-8.0  Fuentes et al. 

(2002) Bradyrhizobium spp. (Pachyrhizus erosus 

L. Urban)  pH 6.5-8.5 genus

Pseudoalteromonas  DASA 57003  DASA 57066 

 pH 5.0, 6.5  8.0  DASA 57004  pH 6.5  8.0 

 DASA 57075  pH 5.0  Pseudoalteromonas

 Pseudoalteromonas aliena sp. nov.

pH 6.0 - 10.0 (Ivanova et al 2004 : 1431 - 1437) 

 20, 30  40 C

genus Sinorhizobium  30 C

 genus Sinorhizobium  25-30 C (Chen , 1988; John ,

1994; Young, 2001)  genus Bradyrhizobium  57019  DASA 68010 

 20  30 C  Kalita  Maleky (2004) 

Bradyrhizobium spp.  Gentista tintoria  28- 

30 C  genus Ralstonia-Cupriavidus  20  30 C

 Chen  (2001) R. taiwanensis

 30 C  genus Rhizobium  20  30 C

 DASA 57010 DASA 64006 DASA 68020 DASA 68025 DASA 68053 

DASA 68069  DASA 68070  40 C  Zahran 

(1999)  28-31 C

 40 C  Moschetti et al. (2005) 

Vicia, Lathyrus Pisum  15-

44 C  genus Pseudoalteromonas

 DASA 57003 DASA 57004  DASA 57075  20, 30 

40 C  DASA 57066  40 C
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Pseudoalteromonas gen. nov.  20 C (Gauthier , 1995) 

Pseudoalteromonas aliena sp. nov.  22-25 C (Ivanova , 2004) 

 NaCl  0, 0.2 M (1.17%)  1.0 

M (5.84%)  genus Bradyrhizobium

NaCl  NaCl 0.2  1 M

Bradyrhizobium sp.  Gentista tintoria  1% NaCl (Kalita 

 Maleky, 2004)  genus Ralstonia-Cupriavidus  NaCl 

 DASA 57020  NaCl 0.2 M

 Chen  (2001) R. taiwanensis

0.5-1.0 %  genus Sinorhizobium  DASA 57015 

 NaCl 0  0.2 M  DASA 68012 

 NaCl 0.2 M  Young (2003) 

 genus Sinorhizobium  1-1.5% NaCl  genus 

Rhizobium  NaCl 0  0.2 M 

 Wei et al. (2006) Rhizobium spp. Astragalus,

Lespedeza Hedysarum  1-2% NaCl 

genus Pseudoalteromonas  NaCl  DASA 

57003  DASA 57066  NaCl 0.2 M

Pseudoalteromonas gen. nov. 

NaCl   (Gauthier , 1995)

 L-tyrosine 

 CuSO4 (Mercado-blanco et al. 1993 : 5403 - 5410) 

 56 

 DASA 57003  genus Pseudoalteromonas

 IAA  Tryptophan 

Tryptophan  (Precursor)  IAA (Farah et al, 2005) 
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 IAA  56 

 IAA  IAA 

4.310±0.672  34.757±0.178 g/ml  IAA 

IAA

(Leveau and Lindow, 2005 : 2365 - 2371)  IAA 

 Isomer  Tryptophan (Bhattacharyya and Basu  1997, 108 - 109)

nifH  alignment 

nifH  GenBank  BlastN  5 

nifH DASA 57075 

nifH Bradyrhizobium sp. KO20A Bradyrhizobium sp. KO13  95% nifH

DASA 64014 nifH

Bradyrhizobium yuanmingense SR35, Bradyrhizobium sp. CCBAU Bradyrhizobium sp. 

CCBAU 35186-1  97% nifH DASA 68012 

nifH Sinorhizobium sp. CCBAU 83751  95% nifH

DASA 68056 nifH

Bradyrhizobium elkanii  92% nifH

nifH  dinitrogenase 

reductase protein (Fe-protein)   (Kaminski et al. 1998 : 

433 - 434) 

nodC  alignment 

nodC  GenBank  BlastN  5 

nodC DASA 57015 

nodC Sinorhizobium meliloti  80% nodC DASA 57019 

nodC Bradyrhizobium sp. KO20A 

Bradyrhizobium sp. KO13  84% nodC DASA 57038 

nodC Bradyrhizobium yuanmingense CCBAU23230

 81% nodC DASA 57075 

nodC Sinorhizobium fredii CPAC 402, Bradyrhizobium japonicum SEMIA 
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566 Bradyrhizobium sp. CCBAU 43169  87% nodC DASA 68012 

nodC Sinorhizobium meliloti  Llan-6 

Sinorhizobium fredii CCBAU:45274  87% nodC

 nodC  Nod  factors 

 UDP-GLcNAc transferase 

Chito oligosaccharide backbone (Prome 1996: 671 -678; Perret  et al, 2000 : 180 - 201; Werner 

and Muller 2003 : 9) 

nifH  nodC  DASA 

57075  genus Pseudoalteromonas  DASA 57075 

nifH nifH Bradyrhizobium sp. KO20A 

Bradyrhizobium sp. KO13  95% nodC

nodC Sinorhizobium fredii CPAC 402, Bradyrhizobium japonicum SEMIA 566 

Bradyrhizobium sp. CCBAU 43169  87%  % identity nifH  nodC

 DASA 57075 

nif  nod

 (horizontal gene transfer) 

Sym plasmid

 genus  (Banfalvi et al. 1985 : 129 - 

138; Fuentes et al.  2002 : 181 - 191) 

 Pikovskaya 

 tricalcium phosphate [Ca3(PO4)2]  genus Ralstonia-Cupriavidus

DASA 57020  DASA 57038  genus Rhizobium  DASA 57027 

DASA 57053 DASA 64006 DASA 64016 DASA 64021 DASA 64038 DASA 64040   DASA 

68020 DASA 68061 DASA 68066 DASA  68070 

Pikovskaya  tricalcium phosphate [Ca3(PO4)2]

 tricalcium phosphate [Ca3(PO4)2]

 phosphatase 

phosphatase  Extracellular enzyme  Intracellular enzyme 
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( , 2544)  Pikovskaya 

tricalcium phosphate [Ca3(PO4)2] phosphatase

 phosphatase  tricalcium phosphate 

[Ca3(PO4)2]

 phosphatase 

 phosphatases 

 acid phosphatase, neutral phosphatase  alkaline phosphatase (Oliveira  et al, 2007 : 1 - 6) 

 Freitas et al. (1997) Rhizobium spp, Bacillus

thuringiensis  Xanthomonas maltophilia

Pikovskaya alkaline phosphatase  phosphate 

esters

 pH  10  Rodriguez and Fraga 

(1999)  Pseudomonas, Bacillus Rhizobium

tricalcium phosphate [Ca
3 (PO4)2], Hydroxyapatite  Rock phosphate 

 acid phosphatase  pH  3-6

 phosphatase 

 3  phosphatase

 genus Ralstonia-Cupriavidus  DASA 57020  L-alanine 

 D-xylose, D-fructose, D-mannitol, ammonium chloride [NH4Cl]  urea

 acid phosphatase, neutral phosphatase  alkaline phosphatase 

Extracellular enzyme  D-mannitol  acid phosphatase 

 D-fructose  neutral phosphatase  D-xylose

 alkaline phosphatase  genus Bradyrhizobium 

 DASA 68056  maltose  D-xylose, D-fructose 

 ammonium chloride [NH4Cl]  acid phosphatase, neutral 

phosphatase  alkaline phosphatase  Extracellular enzyme  D-xylose

 acid phosphatase  neutral phosphatase  D-fructose 

 
 
 
 

 
 
 
 

 
 



121

 alkaline phosphatase  genus Rhizobium

DASA 68066  fructose, sucrose  potassium 

nitrate [KNO3]  acid phosphatase, neutral phosphatase 

alkaline phosphatase  Extracellular enzyme  D-fructose 

 acid phosphatase  alkaline phosphatase  D-xylose 

 neutral phosphatase 

 oxidation  (Moat and Foster 1988 : 111 - 

115)  heterotrophs 

 (Nahas 2007 : 111 - 115) 

 (H
+
)

 NH4

+
 assimilation (Roos and Luckner 1984 : 1007 -1014) 

 (Nahas 2007 : 111 - 115) 

 (Ryan et al 2001)

 
 
 
 

 
 
 
 

 
 



 6 

1.  12 

 16S rRNA  genus Pseudoalteromonas  70-80% Ralstonia-

Cupriavidus  69-72% Rhizobium  90-100 % Sinorhizobium  95% 

Bradyrhizobium  95%  6 

 16S rRNA  genus Rhizobium  93-100%

 10  16S 

rRNA  genus Rhizobium  91-100 %  Sinorhizobium  99%

Bradyrhizobium  91-99% 

2.  genus Rhizobium  DL-alanine, 

ammonium citrate, L-asparagine monohydrate, D-serine, lithium lactate, L-alanine, proline, L-

ornithine monohydrochloride, DL-valine, mannitol, L-arabinose, D-fructose, D-glucose, L-

glutamine, D-mannose, D-galactose  casein 

 DL- phynyl alanine, proline, DL-valin, DL-lysine, urea, ammonium citrate tribasic, 

ammonium oxalate, ammonium dihydrogen orthophosphate  ammonium molydate-4-hydrate 

3.  genus Rhizobium  ampicillin, ceftazdine 

 chloramphenicol  D-calcium panthothenate (vitamin B5)

 pH 5.0, 6.5  8.0 

 20  30 C  NaCl 0  0.2 M

4.  genus Bradyrhizobium   DL-lysine, 

DL-alanine, glycerol, ammonium citrate, L-asparagine monohydrate, lithium lactate, L-alanine, 

proline, L-ornithine monohydrochloride, DL-aspatic acid, isopropyl alcohol, DL-valine, sodium 

tartrate dehydrate, mannitol, L-arabinose, D-glucose, D-fructose, D-xylose, L-glutamine, D-

cellobiose, D-mannose, D-galactose, potassium sodium tartrate, lactose, D-maltose, sucrose, 

trehalose  casein   glycine, DL- phynyl 

alanine, proline, DL-valine, DL-aspartic acid, DL-lysine, DL-alanine, urea, ammonium citrate 
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tribasic, ammonium chloride, L-asparagine, ammonium dihydrogen orthophosphate, diphenyl 

amine  ammonium molydate-4-hydrate 

5.  genus Bradyrhizobium  ampicillin, 

ceftazdine  chloramphenicol  D-calcium panthothenate (vitamin B5)

riboflavin (vitamin B2)

 pH 5.0  6.5  20  30 C  NaCl

6.  genus Sinorhizobium   DL-lysine, DL-

alanine, ammonium citrate, L-asparagine monohydrate, D-serine, L-alanine, proline, L-ornithine 

monohydrochloride, DL-aspatic acid, DL-valine, D-maltose, sodium tartrate dehydrate, mannitol, 

L-arabinose, D-fructose, D-glucose, D-xylose, L-glutamine, D-cellobiose, D-sorbitol, D-

mannose, xylitol, inulin, D-galactose,  casein 

  DL- phynyl alanine, proline, DL-valine, L-alanine, DL-aspartic acid, DL-lysine, urea, L-

tyrosine, ammonium citrate tribasic, ammonium chloride, L-asparagine, ammonium dihydrogen 

orthophosphate  ammonium molydate-4-hydrate 

7.  genus Sinorhizobium  ampicillin 

ceftazdine

 pH 5.0  6.5  30 C

 NaCl 0  0.2 M

8.  genus Ralstonia-Cupriavidus   DL-

lysine, DL-alanine, glycerol, ammonium citrate, L-asparagine monohydrate, D-serine, lithium 

lactate, L-alanine, proline, L-ornithine monohydrochloride, DL-aspatic acid, sodium tartrate 

dehydrate, mannitol, L-arabinose, D-fructose, D-glucose, D-xylose, L-glutamine, D-cellobiose, 

D-mannose, D-galactose  casein   L-

glutamine, glycine, DL- phynyl alanine, proline, DL-valine, DL-aspartic acid, DL-lysine, urea, L-

ornithine monohydrochloride, ammonium citrate tribasic, ammonium oxalate, ammonium 

dihydrogen orthophosphate  ammonium molydate-4-hydrate

9.  genus Ralstonia-Cupriavidus

spectinomycin, ampicillin, ceftazdine  chloramphenicol  myo-inositol 

(vitamin B), thiamine (vitamin B 1), D-calcium panthothenate (vitamin B5), pyridoxine 

hydrochloride (vitamin B6), biotin (vitamin B7), folic acid (vitamin B9), cyanocobalamin (vitamin 
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BB12)  pH 6.5  20 

30 C  NaCl

10.

 genus Pseudoalteromonas   DL-lysine, DL-alanine, glycerol, ammonium 

citrate, L-asparagine monohydrate, potassium sodium tartrate, lithium lactate, L-alanine, proline, 

L-ornithine monohydrochloride, DL-aspatic acid, isopropyl alcohol, DL-valine, D-maltose, 

sodium tartrate dehydrate, mannitol, L-arabinose, lactose, D-fructose, sucrose, D-glucose, D-

xylose, ammonium oxalate, L-glutamine, D-cellobiose, D-mannose, D-galactose  casein                   

 genus 

Pseudoalteromonas   L-glutamine, glycine, DL- phynyl alanine, proline, DL-

valine, L-alanine, DL-threonine, DL-aspartic acid, DL-lysine, DL-alanine, urea, L-tyrosine, L-

ornithine monohydrochloride, ammonium nitrate, sodium nitrate, L-asparagine, ammonium 

dihydrogen orthophosphate  ammonium molydate-4-hydrate 

11.  genus Pseudoalteromonas

 ampicillin, gentamycin  kanamycin 

riboflavin (vitamin B2)

pH 5.0, 6.5  8.0  20, 30  40 C

 NaCl  NaCl 0.2 M 

12.  DASA 57003 

genus Pseudoalteromonas

13.  IAA  IAA 

 4.310±0.672  34.757±0.178 g/ml  genus Sinorhizobium

DASA 57015  IAA 

14.  DASA 57075 DASA 64014 DASA 68056 

nifH  genus Bradyrhizobium  92-97% 

 DASA 68012 nifH  genus

Sinorhizobium  95% 

15.  DASA 57015 DASA 57075  DASA 68012 

 nodC  genus Sinorhizobium  80-87% 
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 DASA 57019 DASA 57038  DASA 57075 nodC

 genus Bradyrhizobium  81-87% 

16.  Pikovskaya  tricalcium phosphate 

[Ca3(PO4)2]  phosphatase  Extracellular enzyme  Intracellular 

enzyme  DASA 68062 acid phosphatase  7.86 

± 0.26 milliunit/ml  DASA 68056  neutral phosphatase 

 alkaline phosphatase   5.88 ± 0.01 milliunit/ml  12.65 ± 0.13 milliunit/ml 

17.  genus Ralstonia-Cupriavidus  DASA 57020  L-

alanine  1.02 x 10
9
  ± 2.52 x 10

7

 genus Bradyrhizobium  DASA 68056  maltose 

 1.11 x 10
9
 ± 1.50 x 10

8
 genus Rhizobium  DASA 

68066

 phosphatase  D-fructose  acid 

phosphatase, neutral phosphatase  alkaline phosphatase  extracellular enzyme 

 acid phosphatase, neutral phosphatase 

alkaline phosphatase  Intracellular enzyme 
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1.  Yeast Mannitol Agar (Vincent 1970) 

Mannitol  10 

K2HPO4   0.5 

MgSO4 7H2O  0.2 

NaCl   0.1 

Yeast extract  0.5 

Agar                                  15

Distilled water  1000 

:  pH  6.8 

 1000  Autoclave  121 °C 15  /  15 

2.  Basal medium (Amerger et al. 1997)

K2HPO4   1 

KH2PO4   1    

FeCl3 6H2O  0.01 

MgSO4 7H2O  0.2 

CaCl2   0.1 

(NH4)2SO4  1 

Agar                                  15

Distilled water  1000 

:  1000 

 Autoclave  121 °C 15  /  15 

:  Mannitol  (NH4)2SO4

 
 
 
 

 
 
 
 

 
 



3. Bergersen Synthetic Medium (BSM; Bergersen 1961)

Mannitol  10 

Na2HPO4 12H2O 0.45 

MgSO4 7H2O  0.1 

FeCl3   0.02 

CaCl2   0.04 

Agarose   12 

Distilled water  970 

:  pH  6.8

 970  Autoclave  121 °C 15  /  15 

 stock solution 

-  stock solution  L-glutamic acid monosodium salt  11  Distilled water 

100  10  pH  6.8 

stock solution  4 

-  stock solution  thiamine 0.01  Distilled water 1000 

 10  pH  6.8  stock solution 

 foil  4 

-  stock solution  biotin 0.025  Distilled water 1000 

 10  pH  6.8  stock solution 

 foil  4 

3.1  BSM plates (pH 6.8)  Glutamate, thiamine 

biotin

3.2  BSM plates (pH 6.8)  vitamin 

Glutamate, thiamine  biotin

3.3  BSM plates (pH 6.8)  yeast extract 50 

1000  Glutamate, thiamine  biotin

4.  TY agar (Beringer 1974) 

 
 
 
 

 
 
 
 

 
 



Tryptone  10 

NaCl    8 

Yeast extract   5 

Agar                                  12

Distilled water  1000 

:  1000 

 Autoclave  121 °C 15  /  15 

:  L-tyrosine 0.6  CuSO4 5H2O 0.04 

 TY agar 

5.  Tris-TMRT Broth (Nuntagij et al. 1997) 

Mannitol   10 

CaCl2 .2H2O  0.2 

MgSO4.7H2O  0.25 

Tris   1.21 

Yeast extract  0.2 

DL-tryptophan  0.06 

Distilled water  1000 

:  pH  6.8 

 1000  Autoclave  121 °C 15 /  15 

6.  Pikovskaya broth (Pikovskaya, 1948) 

Glucose   10 

(NH4)2SO4  0.5 

NaCl   0.2 

MgSO4.7H2O  0.1  

KCl   0.2 

Yeast extract  0.5 

 
 
 
 

 
 
 
 

 
 



MnSO4                0.1  stock solution 0.1  100 

FeSO4.7H2O  0.1    stock solution 0.1  100 

Ca3(PO4)2  5 

Distilled water  1000 

:  pH  7.0 

 1000  Autoclave  121 °C 15  /  15 

 
 
 
 

 
 
 
 

 
 



 
 
 
 

 
 
 
 

 
 



 1. 

sodium dodecyl sulfate  10  

TBE (pH 8.3)   100 

2.  IAA  Colorimetric (Gordon and Weber 1951)

0.01 M FeCl3     2.70 

70 % HClO 4    500    

:  0.01 M FeCl3 2.70  70 % HClO 4

 HClO4  35 % HClO 4

 1000 

3.  (phosphatase)

3.1 Citric acid / sodium citrate buffer, pH 5.0 

 Stock solution:

0.1M Citric acid monohydrate solution(C6H8O7:MW :210.14) : 21.01 

0.1M Trisodium citrate dehydrate(C 6H5O7Na3.2H2O:MW:294.12): 29.41

 1.  0.1M Citric acid monohydrate solution 35  0.1M Trisodium 

citrate dehydrate 65 

      2.  MgCl2.6H2O 20.33  100 

 3.  buffer 25  MgCl2.6H2O 10 

 500  pH  5.0 

3.2 Na2HPO4
.12H2O / NaH2PO4

.H2O,  pH 7.0 

 Stock solution:

0.2 M Na2HPO4
.12H2O (MW :358.14) : 71.63 

 0.2 M NaH2PO4
.H2O (MW :137.99) : 27.60

1.  0.2 M Na2HPO4
.12H2O solution 24.50  0.2 M NaH2PO4

.H2O 19.50 

 
 
 
 

 
 
 
 

 
 



2.  MgCl2.6H2O 20.33  100 

3.  buffer 25  MgCl2.6H2O 10 

500  pH  7.0 

3.3 Tris buffer, pH 9.0 

 Stock solution:

Tris buffer 12.1  80  pH  9.0 

1.  100 ml 

2.  MgCl2.6H2O 20.33  100 

3.  buffer 25  MgCl2.6H2O 10 

500  pH  9.0 

 
 
 
 

 
 
 
 

 
 



 
 
 
 

 
 
 
 

 
 



 (reagent)  PCR  gel electrophoresis 

1.

5x TBE ( Tris-borate buffer ) 

Tris base     54.0 

Boric acid     27.5 

0.5 M Na2EDTA     20.0 

:  1000  stock solution

 agarose gel  1x 
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 24:  clear zone 

Tetracycline 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 1.70 2.00 1.50 1.73±0.25 

DASA 57004 2.50 2.60 2.50 2.53±0.06 

DASA 57005 - - - - 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 2.90 3.60 3.10 3.20±0.36 

DASA 57019 3.00 3.00 3.00 3.00±0.00 

DASA 57020 2.60 2.50 2.60 2.57±0.06 

DASA 57024 - - - - 

DASA 57027 1.80 2.00 1.90 1.90±0.10 

DASA 57034 2.50 2.50 2.50 2.50±0.00 

DASA 57038 2.00 1.70 2.50 2.07±0.40 

DASA 57050 2.60 2.90 2.80 2.77±0.15 

DASA 57053 2.80 2.70 2.70 2.73±0.06 

DASA 57057 2.60 2.80 2.60 2.67±0.12 

DASA 57065 1.60 1.50 1.60 1.57±0.06 

DASA 57066 - - - - 

DASA 57075 2.40 2.50 2.50 2.47±0.06 

DASA 57076 2.00 2.00 1.80 1.93±0.12 

DASA 57098 1.70 2.00 1.80 1.83±0.15 

:  Standard deviation 
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 24 ( )

Tetracycline 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 2.50 2.90 3.40 2.93±0.45 

DASA 64008 - - - - 

DASA 64010 1.10 1.30 1.50 1.30±0.20 

DASA 64011 - - - - 

DASA 64012 2.60 2.50 2.50 2.53±0.06 

DASA 64014 1.80 2.00 1.50 1.77±0.25 

DASA 64016 1.70 2.00 1.90 1.87±0.15 

DASA 64020 - - - - 

DASA 64021 1.70 1.90 2.40 2.00±0.36 

DASA 64022 3.00 3.50 3.00 3.17±0.29 

DASA 64023 - - - - 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 2.00 2.60 2.20 2.27±0.31 

DASA 64038 2.50 2.40 2.60 2.50±0.10 

DASA 64040 - - - - 

DASA 64042 1.70 1.70 1.70 1.70±0.00 

:  Standard deviation 

 
 
 
 

 
 
 
 

 
 



156

 24 ( )

Tetracycline 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.10 1.80 1.80 1.90±0.17 

DASA 68012 4.20 4.40 4.40 4.33±0.12 

DASA 68020 - - - - 

DASA 68025 2.10 2.20 2.20 2.17±0.06 

DASA 68030 2.00 2.10 2.20 2.10±0.10 

DASA 68032 2.50 2.60 2.50 2.53±0.06 

DASA 68053 - - - - 

DASA 68055 2.90 2.90 2.90 2.90±0.00 

DASA 68056 1.90 2.30 2.00 2.07±0.21 

DASA 68058 - - - - 

DASA 68061 - - - - 

DASA 68062 3.10 3.10 3.00 3.07±0.06 

DASA 68066 2.70 2.60 3.00 2.77±0.21 

DASA 68069 3.00 3.20 3.80 3.33±0.42 

DASA 68070 - - - - 

DASA 68071 - - - - 

:  Standard deviation 
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 24 ( )

Ceftazidime  30 g.

 clear zone ( cm.) 

  1  2  3 

DASA 57003 - - - - 

DASA 57004 1.80 1.60 1.60 1.67±0.12 

DASA 57005 3.10 3.20 3.20 3.17±0.06 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 - - - - 

DASA 57019 - - - - 

DASA 57020 2.80 2.80 2.70 2.77±0.06 

DASA 57024 1.40 1.10 1.20 1.23±0.15 

DASA 57027 3.70 4.40 4.30 4.13±0.38 

DASA 57034 1.50 1.90 2.00 1.80±0.26 

DASA 57038 - - - - 

DASA 57050 2.20 2.40 2.50 2.37±0.15 

DASA 57053 1.60 1.00 1.10 1.23±0.32 

DASA 57057 1.50 1.50 1.50 1.50±0.00 

DASA 57065 3.00 3.20 3.40 3.20±0.20 

DASA 57066 - - - - 

DASA 57075 - - - - 

DASA 57076 2.40 2.50 2.40 2.43±0.06 

DASA 57098 3.70 3.60 4.20 3.83±0.32 

:  Standard deviation 
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 24 ( )

Ceftazidime  30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 - - - - 

DASA 64010 - - - - 

DASA 64011 - - - - 

DASA 64012 3.00 2.70 2.80 2.83±0.15 

DASA 64014 2.90 3.00 3.40 3.10±0.26 

DASA 64016 2.10 2.40 1.90 2.13±0.25 

DASA 64020 - - - - 

DASA 64021 3.30 3.60 3.40 3.43±0.15 

DASA 64022 1.90 1.80 1.70 1.80±0.10 

DASA 64023 - - - - 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 - - - - 

DASA 64038 2.70 2.80 2.70 2.73±0.06 

DASA 64040 - - - - 

DASA 64042 1.90 2.00 1.70 1.87±0.15 

:  Standard deviation 
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 24 ( )

Ceftazidime  30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.00 1.90 1.80 1.90±0.10 

DASA 68012 - - - - 

DASA 68020 - - - - 

DASA 68025 - - - - 

DASA 68030 2.00 2.40 2.30 2.23±0.21 

DASA 68032 - - - - 

DASA 68053 - - - - 

DASA 68055 2.60 2.40 3.00 2.67±0.31 

DASA 68056 - - - - 

DASA 68058 2.70 2.50 2.80 2.67±0.15 

DASA 68061 - - - - 

DASA 68062 2.00 2.20 2.20 2.13±0.12 

DASA 68066 - - - - 

DASA 68069 3.00 3.20 3.10 3.10±0.10 

DASA 68070 - - - - 

DASA 68071 1.30 1.50 1.30 1.37±0.12 

:  Standard deviation 
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 24 ( )

Ampicillin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 - - - - 

DASA 57004 1.00 1.00 1.00 1.00±0.00 

DASA 57005 - - - - 

DASA 57009 - - - - 

DASA 57010 1.20 1.30 1.20 1.23±0.06 

DASA 57015 - - - - 

DASA 57019 - - - - 

DASA 57020 2.60 2.60 2.60 2.60±0.00 

DASA 57024 1.60 1.50 1.00 1.37±0.32 

DASA 57027 - - - - 

DASA 57034 2.40 2.40 2.30 2.37±0.06 

DASA 57038 - - - - 

DASA 57050 2.40 2.40 2.50 2.43±0.06 

DASA 57053 - - - - 

DASA 57057 0.90 1.10 1.00 1.00±0.10 

DASA 57065 - - - - 

DASA 57066 - - - - 

DASA 57075 - - - - 

DASA 57076 3.10 2.90 2.90 2.97±0.12 

DASA 57098 4.00 4.00 4.00 4.00±0.00 

:  Standard deviation 
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 24 ( )

Ampicillin 10 g.

 clear zone ( cm.) 

  1  2  3 

DASA 64006 - - - - 

DASA 64008 - - - - 

DASA 64010 - - - - 

DASA 64011 - - - - 

DASA 64012 2.20 2.70 2.40 2.43±0.25 

DASA 64014 - - - - 

DASA 64016 1.60 1.50 1.60 1.57±0.06 

DASA 64020 - - - - 

DASA 64021 - - - - 

DASA 64022 1.50 1.10 1.10 1.23±0.23 

DASA 64023 - - - - 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 - - - - 

DASA 64038 1.30 1.20 1.30 1.27±0.06 

DASA 64040 - - - - 

DASA 64042 - - - - 

:  Standard deviation 
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 24 ( )

Ampicillin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.50 2.50 2.30 2.43±0.12 

DASA 68012 - - - - 

DASA 68020 - - - - 

DASA 68025 - - - - 

DASA 68030 2.00 1.90 2.20 2.03±0.15 

DASA 68032 - - - - 

DASA 68053 - - - - 

DASA 68055 2.80 2.50 2.70 2.67±0.15 

DASA 68056 - - - - 

DASA 68058 - - - - 

DASA 68061 - - - - 

DASA 68062 - - - - 

DASA 68066 - - - - 

DASA 68069 - - - - 

DASA 68070 - - - - 

DASA 68071 - - - - 

:  Standard deviation 
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 24 ( )

Chloramphenicol 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 0.80 0.80 0.90 0.83±0.06 

DASA 57004 2.90 3.00 2.70 2.87±0.15 

DASA 57005 - - - - 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 0.80 0.70 0.70 0.73±0.06 

DASA 57019 - - - - 

DASA 57020 2.70 2.70 2.70 2.70±0.00 

DASA 57024 - - - - 

DASA 57027 - - - - 

DASA 57034 3.00 3.00 3.00 3.00±0.00 

DASA 57038 - - - - 

DASA 57050 3.50 3.20 3.20 3.30±0.17 

DASA 57053 - - - - 

DASA 57057 - - - - 

DASA 57065 1.00 0.80 0.90 0.90±0.10 

DASA 57066 - - - - 

DASA 57075 - - - - 

DASA 57076 3.30 3.20 3.00 3.17±0.15 

DASA 57098 - - - - 

:  Standard deviation 

 
 
 
 

 
 
 
 

 
 



164

 24 ( )

Chloramphenicol 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 - - - - 

DASA 64010 - - - - 

DASA 64011 - - - - 

DASA 64012 2.90 2.70 2.90 2.83±0.12 

DASA 64014 - - - - 

DASA 64016 3.50 3.60 4.20 3.77±0.38 

DASA 64020 - - - - 

DASA 64021 - - - - 

DASA 64022 3.50 3.50 3.50 3.50±0.00 

DASA 64023 - - - - 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 - - - - 

DASA 64038 1.20 1.30 1.20 1.23±0.06 

DASA 64040 - - - - 

DASA 64042 - - - - 

:  Standard deviation 
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 24 ( )

Chloramphenicol 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.80 2.60 3.00 2.80±0.20 

DASA 68012 1.50 1.50 1.40 1.47±0.06 

DASA 68020 - - - - 

DASA 68025 - - - - 

DASA 68030 2.90 3.00 2.80 2.90±0.10 

DASA 68032 3.40 3.10 3.00 3.17±0.21 

DASA 68053 - - - - 

DASA 68055 3.90 3.40 3.10 3.47±0.40 

DASA 68056 - - - - 

DASA 68058 - - - - 

DASA 68061 - - - - 

DASA 68062 3.90 3.90 3.90 3.90±0.00 

DASA 68066 - - - - 

DASA 68069 2.90 3.40 3.80 3.37±0.45 

DASA 68070 - - - - 

DASA 68071 - - - - 

:  Standard deviation 
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 24 ( )

Spectinomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 1.00 1.00 0.70 0.09±0.17 

DASA 57004 2.10 1.70 2.00 1.93±0.21 

DASA 57005 1.60 1.70 1.60 1.63±0.06 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 1.30 1.60 1.40 1.43±0.15 

DASA 57019 1.20 1.50 1.20 1.30±0.17 

DASA 57020 2.20 2.40 2.30 2.30±0.10 

DASA 57024 1.60 1.00 1.40 1.33±0.31 

DASA 57027 - - - - 

DASA 57034 2.60 2.60 2.50 2.57±0.06 

DASA 57038 - - - - 

DASA 57050 2.70 2.70 2.80 2.73±0.06 

DASA 57053 1.10 1.00 1.40 1.17±0.21 

DASA 57057 1.50 1.30 1.70 1.50±0.20 

DASA 57065 - - - - 

DASA 57066 - - - - 

DASA 57075 2.40 2.90 2.30 2.53±0.32 

DASA 57076 3.00 3.00 2.80 2.93±0.12 

DASA 57098 - - - - 

:  Standard deviation 
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 24 ( )

Spectinomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 - - - - 

DASA 64010 - - - - 

DASA 64011 - - - - 

DASA 64012 2.50 2.60 2.90 2.67±0.21 

DASA 64014 1.80 1.40 1.90 1.70±0.26 

DASA 64016 1.70 2.00 1.90 1.87±0.15 

DASA 64020 1.70 1.40 1.80 1.63±0.00 

DASA 64021 - - - - 

DASA 64022 - - - - 

DASA 64023 2.00 2.00 2.00 2.00±0.00 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 1.00 0.90 0.90 0.93±0.06 

DASA 64038 2.70 2.40 2.30 2.47±0.21 

DASA 64040 - - - - 

DASA 64042 1.40 1.40 1.30 1.37±0.06 

:  Standard deviation 
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 24 ( )

Spectinomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.40 2.70 2.70 2.60±0.17 

DASA 68012 2.80 3.20 3.00   

DASA 68020 - - - - 

DASA 68025 - - - - 

DASA 68030 2.20 2.00 2.10 2.10±0.10 

DASA 68032 1.10 1.10 1.20 1.13±0.06 

DASA 68053 - - - - 

DASA 68055 2.80 2.60 3.00 2.80±0.20 

DASA 68056 - - - - 

DASA 68058 - - - - 

DASA 68061 - - - - 

DASA 68062 1.20 2.00 1.70 1.63±0.40 

DASA 68066 1.70 1.40 1.50 1.53±0.15 

DASA 68069 1.40 1.70 1.50 1.53±0.15 

DASA 68070 - - - - 

DASA 68071 1.20 1.20 1.20 1.20±0.00 

:  Standard deviation 
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 24 ( )

Cefotaxime sodium 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 1.50 1.20 1.50 1.4±1.17 

DASA 57004 2.40 2.90 2.60 2.63±0.25 

DASA 57005 - - - - 

DASA 57009 - - - - 

DASA 57010 5.20 5.30 5.30 5.27±0.06 

DASA 57015 2.20 2.20 2.00 2.13±0.12 

DASA 57019 2.70 2.70 2.80 2.73±0.06 

DASA 57020 3.20 2.90 2.80 2.97±0.21 

DASA 57024 3.20 3.30 3.20 3.23±0.06 

DASA 57027 2.50 2.10 1.90 2.17±0.31 

DASA 57029 3.30 3.60 3.50 3.47±0.15 

DASA 57034 3.00 2.80 2.60 2.80±0.20 

DASA 57038 2.50 2.50 2.60 2.53±0.06 

DASA 57050 3.40 3.90 3.50 3.60±0.26 

DASA 57053 2.50 2.80 2.70 2.67±0.15 

DASA 57057 2.00 2.20 2.00 2.07±0.12 

DASA 57065 1.90 1.70 1.60 1.73±1.15 

DASA 57066 - - - - 

DASA 57075 3.70 3.50 3.60 3.60±0.10 

DASA 57076 3.40 3.30 3.40 3.37±0.06 

DASA 57098 2.30 2.30 2.20 2.27±0.06 

:  Standard deviation 
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 24 ( )

Cefotaxime sodium 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 3.50 3.40 3.70 3.53±0.15 

DASA 64010 3.30 3.40 3.20 3.30±0.10 

DASA 64011 - - - - 

DASA 64012 2.70 2.60 2.60 2.63±0.06 

DASA 64014 3.40 3.20 3.90 3.50±0.36 

DASA 64016 2.50 2.20 2.60 2.43±0.21 

DASA 64020 3.30 3.20 3.40 3.30±0.10 

DASA 64021 2.20 2.40 1.70 2.10±0.36 

DASA 64022 2.70 3.00 2.70 2.80±0.17 

DASA 64023 1.20 1.10 1.20 1.17±0.06 

DASA 64026 - - - - 

DASA 64027 - - - - 

DASA 64031 - - - - 

DASA 64034 2.00 2.50 1.90 - 

DASA 64038 3.20 3.20 3.20 3.20±0.00 

DASA 64040 - - - - 

DASA 64042 3.80 3.70 3.70 - 

:  Standard deviation 
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 24 ( )

Cefotaxime sodium 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 2.70 2.70 3.00 2.80±0.17 

DASA 68012 2.70 3.10 2.80 2.87±0.21 

DASA 68020 - - - - 

DASA 68025 - - - - 

DASA 68030 2.90 3.00 3.50 3.13±0.32 

DASA 68032 3.70 3.50 3.60 3.60±0.10 

DASA 68053 - - - - 

DASA 68055 3.60 3.60 3.70 3.63±0.06 

DASA 68056 1.50 1.50 1.40 1.47±0.06 

DASA 68058 4.10 4.70 4.50 4.43±0.31 

DASA 68061 - - - - 

DASA 68062 3.90 4.50 4.00 4.13±0.32 

DASA 68066 - - - - 

DASA 68069 3.30 4.60 3.70 3.87±0.67 

DASA 68070 - - - - 

DASA 68071 - - - - 

:  Standard deviation 
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 24 ( )

Gentamicin 120 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 2.80 2.70 2.70 2.73±0.06 

DASA 57004 2.40 2.40 2.50 2.43±0.06 

DASA 57005 4.00 3.50 3.60 3.70±0.26 

DASA 57009 3.20 3.20 3.70 3.37±0.29 

DASA 57010 - - - - 

DASA 57015 2.90 2.90 2.80 2.87±0.06 

DASA 57019 2.80 2.80 2.70 2.77±0.06 

DASA 57020 2.30 2.30 2.40 2.33±0.06 

DASA 57024 2.60 2.70 2.20 2.50±0.26 

DASA 57027 3.10 2.70 3.10 2.97±0.23 

DASA 57029 2.90 2.60 2.60 2.70±0.17 

DASA 57034 2.50 2.60 2.40 2.50±0.10 

DASA 57038 2.80 2.70 2.70 2.73±0.06 

DASA 57050 2.40 2.30 2.40 2.37±0.06 

DASA 57053 2.40 2.90 3.10 2.80±0.36 

DASA 57057 2.60 2.60 2.50 2.57±0.06 

DASA 57065 2.90 3.10 2.90 2.97±0.12 

DASA 57066 - - - - 

DASA 57075 - - - - 

DASA 57076 3.00 3.00 2.80 2.93±0.12 

DASA 57098 2.50 2.60 2.50 2.53±0.06 

:  Standard deviation 
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 24 ( )

Gentamicin 120 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 - - - - 

DASA 64010 3.00 2.50 2.60 2.70±0.26 

DASA 64011 3.90 3.20 3.60 3.57±0.35 

DASA 64012 2.80 2.80 2.90 2.83±0.06 

DASA 64014 3.20 3.20 3.00 3.13±0.12 

DASA 64016 2.50 2.40 2.30 2.40±0.10 

DASA 64020 2.80 2.40 3.00 2.73±0.31 

DASA 64021 3.00 3.00 2.80 2.93±0.12 

DASA 64022 2.90 2.70 2.80 2.80±0.10 

DASA 64023 3.20 4.20 3.80 3.73±0.50 

DASA 64026 2.60 2.60 2.70 2.63±0.06 

DASA 64027 2.60 2.70 3.00 2.77±0.21 

DASA 64031 2.60 2.60 2.70 2.63±0.06 

DASA 64034 2.50 2.80 2.70 2.67±0.15 

DASA 64038 2.40 2.20 2.30 2.30±0.10 

DASA 64040 2.40 2.70 2.70 2.60±0.17 

DASA 64042 2.50 2.70 3.00 2.73±0.25 

:  Standard deviation
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 24 ( )

Gentamicin 120 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 2.40 2.20 2.30 2.33±0.15 

DASA 68006 3.00 3.00 3.00 3.00±0.00 

DASA 68010 2.30 2.20 2.70 2.40±0.26 

DASA 68012 3.50 3.70 3.70 3.63±0.12 

DASA 68020 4.00 3.70 4.10 3.93±0.21 

DASA 68025 2.60 2.40 2.50 2.50±0.10 

DASA 68030 2.50 2.50 2.40 2.47±0.06 

DASA 68032 1.30 1.60 1.70 1.53±0.21 

DASA 68053 3.20 3.40 3.40 3.33±0.12 

DASA 68055 2.40 2.40 2.20 2.33±0.12 

DASA 68056 3.20 3.10 3.20 3.17±0.06 

DASA 68058 3.40 3.30 3.50 3.40±0.10 

DASA 68061 2.30 2.30 2.30 2.30±0.00 

DASA 68062 2.30 2.60 2.40 2.43±0.15 

DASA 68066 2.50 3.20 2.90 2.87±0.35 

DASA 68069 1.60 2.00 1.90 1.83±0.21 

DASA 68070 2.80 2.70 2.90 2.80±0.10 

DASA 68071 3.50 3.50 3.50 3.50±0.00 

:  Standard deviation
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 24 ( )

Streptomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 0.90 0.90 0.90 0.90±0.00 

DASA 57004 2.20 2.40 2.10 2.23±0.15 

DASA 57005 3.00 3.40 3.00 3.13±0.23 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 2.10 2.30 2.20 2.20±0.10 

DASA 57019 2.50 2.80 2.50 2.60±0.17 

DASA 57020 1.90 1.90 2.00 1.93±0.06 

DASA 57024 2.40 2.60 2.50 2.50±0.10 

DASA 57027 1.40 1.30 1.30 1.33±0.06 

DASA 57029 2.10 2.20 2.20 2.17±0.06 

DASA 57034 2.50 2.50 2.30 2.43±0.12 

DASA 57038 2.40 2.50 2.10 2.33±0.21 

DASA 57050 1.90 1.90 1.90 1.90±0.00 

DASA 57053 1.50 1.50 1.40 1.47±0.06 

DASA 57057 2.80 2.80 2.70 2.77±0.06 

DASA 57065 1.30 1.50 1.70 1.50±0.20 

DASA 57066 - - - - 

DASA 57075 1.30 1.50 1.30 1.37±0.12 

DASA 57076 2.70 2.50 2.20 2.47±0.25 

DASA 57098 2.40 2.50 2.50 2.47±0.06 

:  Standard deviation
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 24 ( )

Streptomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 0.90 0.90 0.90 0.90±0.00 

DASA 64008 1.40 1.60 1.40 1.47±0.12 

DASA 64010 3.00 3.30 3.40 3.23±0.21 

DASA 64011 - - - - 

DASA 64012 2.10 2.10 2.00 2.07±0.06 

DASA 64014 1.70 2.20 2.20 2.03±0.29 

DASA 64016 2.00 2.10 1.90 2.00±0.10 

DASA 64020 2.10 2.60 2.50 2.40±0.26 

DASA 64021 1.00 1.10 1.30 1.13±0.15 

DASA 64022 2.50 2.50 2.20 2.40±0.17 

DASA 64023 3.10 3.10 3.40 3.20±0.17 

DASA 64026 2.50 2.30 2.20 2.33±0.15 

DASA 64027 2.40 2.40 2.30 2.37±0.06 

DASA 64031 2.60 2.50 2.40 2.50±0.10 

DASA 64034 1.50 1.30 1.40 1.40±0.10 

DASA 64038 1.00 1.10 1.00 1.03±0.06 

DASA 64040 - - - - 

DASA 64042 1.10 1.30 1.40 1.27±0.15 

:  Standard deviation
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 24 ( )

Streptomycin 10 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 2.40 2.40 2.00 2.27±0.23 

DASA 68006 - - - - 

DASA 68010 2.00 1.70 1.80 1.83±0.15 

DASA 68012 1.00 1.10 1.10 1.07±0.06 

DASA 68020 2.40 2.60 2.50 2.50±0.10 

DASA 68025 2.50 2.50 2.50 2.50±0.00 

DASA 68030 2.00 2.30 1.90 2.07±0.21 

DASA 68032 2.20 2.00 2.30 2.17±0.15 

DASA 68053 - - - - 

DASA 68055 3.00 3.00 2.70 2.90±0.17 

DASA 68056 - - - - 

DASA 68058 1.50 1.30 1.20 1.33±0.15 

DASA 68061 1.40 1.50 1.40 1.43±0.06 

DASA 68062 2.30 2.40 2.30 2.33±0.06 

DASA 68066 2.20 2.90 2.70 2.60±0.36 

DASA 68069 2.20 2.20 2.40 2.27±0.12 

DASA 68070 1.30 1.20 1.20 1.23±0.06 

DASA 68071 - - - - 

:  Standard deviation
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 24 ( )

Kanamycin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 1.50 1.50 1.40 1.47±0.06 

DASA 57004 2.30 2.30 2.40 2.33±0.06 

DASA 57005 3.50 3.50 3.40 3.47±0.06 

DASA 57009 2.50 3.00 3.00 2.83±0.29 

DASA 57010 - - - - 

DASA 57015 2.60 2.60 2.60 2.60±0.00 

DASA 57019 2.30 2.30 2.40 2.33±0.06 

DASA 57020 2.40 2.30 2.00 2.23±0.21 

DASA 57024 2.60 2.40 2.20 2.40±0.20 

DASA 57027 2.90 2.60 3.00 2.83±0.21 

DASA 57029 2.50 2.50 2.40 2.47±0.06 

DASA 57034 3.00 3.00 2.90 2.97±0.06 

DASA 57038 2.10 2.10 2.20 2.13±0.06 

DASA 57050 2.80 3.20 3.40 3.13±0.31 

DASA 57053 2.70 3.00 3.00 2.90±0.17 

DASA 57057 2.20 2.30 2.40 2.30±0.10 

DASA 57065 3.10 3.00 2.90 3.00±0.10 

DASA 57066 - - - - 

DASA 57075 - - - - 

DASA 57076 2.80 2.80 2.80 2.80±0.00 

DASA 57098 2.40 2.20 2.60 2.40±0.20 

:  Standard deviation
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 24 ( )

Kanamycin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 1.90 2.00 2.00 1.97±0.06 

DASA 64008 - - - - 

DASA 64010 4.00 4.00 4.30 4.10±0.17 

DASA 64011 3.50 3.50 3.50 3.50±0.00 

DASA 64012 2.40 2.60 2.60 2.53±0.12 

DASA 64014 2.40 2.20 2.40 2.33±0.12 

DASA 64016 2.20 2.20 2.40 2.27±0.12 

DASA 64020 2.40 2.40 2.60 2.47±0.12 

DASA 64021 2.60 3.00 3.00 2.87±0.23 

DASA 64022 2.50 2.40 2.30 2.40±0.10 

DASA 64023 3.30 3.70 4.20 3.73±0.45 

DASA 64026 2.60 2.40 2.30 2.43±0.15 

DASA 64027 2.10 2.20 2.20 2.17±0.06 

DASA 64031 2.30 2.20 2.50 2.33±0.15 

DASA 64034 2.00 1.70 2.40 2.03±0.35 

DASA 64038 3.00 2.40 2.80 2.73±0.21 

DASA 64040 2.50 2.50 2.50 2.50±0.00 

DASA 64042 1.20 1.80 1.60 1.53±0.31 

:  Standard deviation
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 24 ( )

Kanamycin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 2.40 2.70 2.70 2.60±0.17 

DASA 68006 2.60 2.70 2.60 2.63±0.06 

DASA 68010 2.50 2.60 2.20 2.43±0.21 

DASA 68012 2.80 3.20 3.00 3.00±0.20 

DASA 68020 2.50 2.50 2.60 2.53±0.06 

DASA 68025 2.70 2.40 2.50 2.53±0.15 

DASA 68030 2.30 2.40 2.00 2.23±0.21 

DASA 68032 - - - - 

DASA 68053 2.70 2.60 2.70 2.67±0.06 

DASA 68055 2.00 2.00 2.30 2.10±0.17 

DASA 68056 3.00 2.90 2.90 2.93±0.06 

DASA 68058 3.20 3.40 3.60 3.40±0.20 

DASA 68061 2.00 2.00 2.00 2.00±0.00 

DASA 68062 - - - - 

DASA 68066 - - - - 

DASA 68069 1.20 1.20 1.30 1.23±0.06 

DASA 68070 2.70 2.70 2.70 2.70±0.00 

DASA 68071 3.00 3.00 3.00 3.00±0.00 

:  Standard deviation
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 24 ( )

Novobiocin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 57003 1.30 1.60 1.20 1.37±0.21 

DASA 57004 2.40 2.40 2.80 2.53±0.23 

DASA 57005 3.50 4.00 3.60 3.70±0.26 

DASA 57009 - - - - 

DASA 57010 - - - - 

DASA 57015 1.00 0.90 1.00 0.97±0.06 

DASA 57019 2.60 3.00 2.50 2.70±0.26 

DASA 57020 2.60 2.70 2.50 2.60±0.10 

DASA 57024 3.30 2.70 2.60 2.87±0.38 

DASA 57027 - - - - 

DASA 57029 - - - - 

DASA 57034 3.00 2.70 2.80 2.83±0.15 

DASA 57038 2.60 2.30 2.40 2.43±0.15 

DASA 57050 3.60 3.30 3.10 3.33±0.25 

DASA 57053 3.40 3.10 3.00 3.17±0.21 

DASA 57057 2.70 2.70 2.20 2.53±0.29 

DASA 57065 - - - - 

DASA 57066 - - - - 

DASA 57075 2.30 3.50 3.20 3.00±0.62 

DASA 57076 3.80 3.80 3.60 3.73±0.12 

DASA 57098 2.80 2.60 2.70 2.70±0.10 

:  Standard deviation

 
 
 
 

 
 
 
 

 
 



182

 24 ( )

Novobiocin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 64006 - - - - 

DASA 64008 2.70 2.40 2.40 2.50±0.17 

DASA 64010 2.80 2.80 2.80 2.80±0.00 

DASA 64011 3.50 3.80 4.00 3.77±0.25 

DASA 64012 3.00 3.00 2.90 2.97±0.06 

DASA 64014 - - - - 

DASA 64016 2.50 2.70 2.80 2.67±0.15 

DASA 64020 2.90 3.00 2.70 2.87±0.15 

DASA 64021 - - - - 

DASA 64022 2.70 2.70 2.40 2.60±0.17 

DASA 64023 3.90 3.20 4.00 3.70±0.44 

DASA 64026 2.20 2.60 2.50 2.43±0.21 

DASA 64027 2.50 2.50 2.40 2.47±0.06 

DASA 64031 2.60 2.60 2.50 2.57±0.06 

DASA 64034 - - - - 

DASA 64038 1.60 1.60 1.60 1.6±0.00 

DASA 64040 - - - - 

DASA 64042 2.80 2.80 2.90 2.83±0.06 

:  Standard deviation
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 24 ( )

Novobiocin 30 g.

 clear zone ( cm.) 

  1  2  3 *

DASA 68003 - - - - 

DASA 68006 - - - - 

DASA 68010 3.00 3.60 3.70 3.43±0.38 

DASA 68012 2.80 3.40 3.10 3.10±0.30 

DASA 68020 4.10 3.60 4.00 3.90±0.26 

DASA 68025 - - - - 

DASA 68030 2.60 2.70 2.80 2.70±0.10 

DASA 68032 2.60 2.70 2.60 2.63±0.06 

DASA 68053 - - - - 

DASA 68055 3.50 3.10 3.20 3.27±0.21 

DASA 68056 - - - - 

DASA 68058 - - - - 

DASA 68061 - - - - 

DASA 68062 3.70 3.50 3.00 3.40±0.36 

DASA 68066 - - - - 

DASA 68069 3.00 4.20 3.70 3.63±0.60 

DASA 68070 - - - - 

DASA 68071 - - - - 

:  Standard deviation
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 25:  pH 5.0 

 (CFU/ml) 

 1  2  3 *

DASA 57003 1.00 x 10 
8
 1.80 x 10

8
 1.60 x 10

8
 1.47 x 10 

8
± 4.16 x 10

7

DASA 57004 7.00 x 10 
5
 7.00 x 10

 5
 9.00 x 10

5
 7.67 x 10 

5
± 1.15 x 10 

5

DASA 57005 1.00 x 10
7
 2.00 x 10

7
 1.00 x 10

7
 1.33 x 10

7
± 5.77 x 10

6

DASA 57009 8.60 x 10
7
 6.90 x 10

7
 8.70 x 10

7
 8.07 x 10

7
± 1.01 x 10

7

DASA 57010 4.00 x 10
5
 7.00 x 10

5
 1.10 x 10

6
 4.03 x 10

6
± 6.04 x 10

6

DASA 57015 2.00 x 10
 4
 3.00 x 10

 4
 1.00 x 10

 4
 2.00 x 10

 4
± 1.00 x 10

 4

DASA 57019 2.70 x 10 
8
 2.90 x 10 

8
 3.90 x 10 

8
 3.16 x 10 

8
± 6.43 x 10 

7

DASA 57020 4.00 x 10 
7
 4.00 x 10

 7
 4.00 x 10 

7
 4.00 x 10

7
± 0.00

DASA 57024 1.79 x 10
 8
 1.67 x 10

 8
 2.04 x 10 

8
 1.83 x 10 

8
± 1.89 x 10

 7

DASA 57027 7.00 x 10 
6
 3.00 x 10

6
 4.00 x 10

6
 4.67 x 10

6
± 2.08 x 10

6

DASA 57034 3.50 x 10
 9
 3.80 x 10 

9
 4.30 x 10 

9
 3.86 x 10 

9
± 4.04 x 10

8

DASA 57038 3.70 x 10 
7
 3.50 x 10

 7
 3.00 x 10

7
 3.40 x 10 

7
± 3.61 x 10

6

DASA 57050 5.00 x 10 
7
 6.00 x 10

 7
 5.50 x 10

7
 5.50 x 10 

7
± 5.00 x 10

6

DASA 57053 1.00 x 10
 8
 1.00 x 10

 8
 1.00 x 10 

8
 1.00 x 10 

8
± 0.00 

DASA 57057 4.00 x 10
6
 4.00 x 10

6
 1.00 x 10

6
 3.00 x 10

6
± 1.73 x 10

6

DASA 57065 1.20 x 10 
7
 1.00 x 10

 7
 1.20 x 10

7
 1.13 x 10 

7
± 1.15 x 10

6

DASA 57066 7.60 x 10
 8
 5.50 x 10

 8
 6.90 x 10 

8
 6.67 x 10 

8
± 1.07 x 10 

8

DASA 57075 5.20 x 10
7
 5.10 x 10

7
 5.30 x 10

7
 5.20 x 10

7
± 1.00 x 10

6

DASA 57076 2.60 x 10 
8
 4.10 x 10 

8
 3.20 x 10 

8
 3.30 x 10 

8
± 7.55 x 10 

8

DASA 57098 1.16 x 10 
8
 1.55 x 10 

8
 1.51 x 10 

8
 1.41 x 10 

8
± 2.15 x 10 

7

:  Standard deviation
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 25 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 3.00 x 10
 8
 3.00 x 10

 8
 2.00 x 10 

8
 2.67 x 10 

8
± 5.77 x 10 

7

DASA 64008 1.90 x 10
7
 1.40 x 10

7
 1.00 x 10

7
 1.43 x 10

7
± 4.51 x 10 

6

DASA 64010 3.00 x 10
7
 3.00 x 10

7
 3.00 x 10

7
 3.00 x 10

7
± 0.00 

DASA 64011 9.00 x 10 
5
 1.00 x 10

 6
 7.00 x 10

5
 8.67 x 10 

5
± 1.53 x 10 

5

DASA 64012 4.00 x 10
 8
 2.00 x 10

 8
 3.00 x 10 

8
 3.00 x 10 

8
± 1.00 x 10 

8

DASA 64014 1.13 x 10
 8
 1.13 x 10

 8
 1.20 x 10

 8
 1.15 x 10

 8
 ± 4.04 x 10 

6

DASA 64016 6.00 x 10 
6
 6.00 x 10

6
 6.00 x 10

6
 6.00 x 10

6
± 0.00 

DASA 64020 3.20 x 10
 8
 4.60 x 10

 8
 5.10 x 10 

8
 4.30 x 10 

8
± 9.85 x 10 

7

DASA 64021 1.00 x 10
 8
 2.00 x 10

 8
 2.00 x 10 

8
 1.67 x 10 

8
± 5.77 x 10 

7

DASA 64022 1.40 x 10 
6
 1.50 x 10

6
 1.00 x 10

6
 1.37 x 10

6
± 2.65 x 10 

5

DASA 64023 6.00 x 10 
6
 9.00 x 10

6
 6.00 x 10

6
 7.00 x 10

6
± 1.73 x 10 

6

DASA 64026 1.00 x 10
5
 1.00 x 10

5
 1.00 x 10

5
 1.00 x 10

5
± 0.00

DASA 64027 1.20 x 10 
7
 1.50 x 10 

7
 1.60 x 10 

7
 1.43 x 10 

7
± 1.53 x 10 

6

DASA 64031 9.00 x 10 
6
 8.00 x 10

6
 1.20 x 10

7
 9.67 x 10

6
± 2.08 x 10 

6

DASA 64034 2.00 x 10
7
 3.00 x 10

7
 1.00 x 10

7
 2.00 x 10

7
± 1.00 x 10 

7

DASA 64038 2.00 x 10
8
 4.00 x 10

8
 4.00 x 10

8
 3.33 x 10

8
± 1.15 x 10 

8

DASA 64040 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64042 4.30 x 10 
7
 4.50 x 10 

7
 5.00 x 10 

7
 4.60 x 10 

7
± 3.61 x 10 

6

:  Standard deviation
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 25 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 1.00 x 10
 8
 1.00 x 10

 8
 1.00 x 10 

8
 1.00 x 10 

8
± 0.00 

DASA 68006 2.00 x 10 
7

3.00 x 10 
7

3.00 x 10 
7

2.67 x 10 
7
± 5.77 x 10

6

DASA 68010 9.60 x 10 
7
 1.06 x 10

 8
 1.17 x 10

 8
 1.06 x 10

 8
± 1.05 x 10

7

DASA 68012 2.00 x 10 
8
 2.00 x 10

 8
 3.00 x 10

 8
 2.33 x 10

 8
± 5.77 x 10

7

DASA 68020 8.00 x 10
 8
 1.00 x 10

 9
 1.20 x 10 

9
 1.00 x 10 

9
± 9.18 x 10 

9

DASA 68025 3.00 x 10
 7
 6.00 x 10

 7
 5.00 x 10 

7
 4.67 x 10 

7
± 1.53 x 10

7

DASA 68030 8.80 x 10 
6
 6.30 x 10 

6
 6.80 x 10 

6
 7.30 x 10 

6
± 1.32 x 10 

6

DASA 68032 2.00 x 10 
7

3.00 x 10 
7

2.00 x 10 
7

2.33 x 10 
7
± 5.77 x 10 

6

DASA 68053 2.00 x 10 
6
 1.00 x 10 

6
 2.00 x 10 

6
 1.67 x 10 

6
± 5.77 x 10 

5

DASA 68055 1.80 x 10 
6
 2.00 x 10

6
 1.80 x 10

6
 1.87 x 10

6
± 1.15 x 10 

5

DASA 68056 5.90 x 10
7
 6.00 x 10

7
 5.60 x 10

7
 5.83 x 10

7
± 2.08 x 10 

6

DASA 68058 4.00 x 10 
6
 4.00 x 10 

6
 4.00 x 10 

6
 4.00 x 10 

6
± 0.00 

DASA 68061 1.00 x 10
 8
 1.00 x 10

 8
 1.00 x 10 

8
 1.00 x 10 

8
± 0.00 

DASA 68062 1.00 x 10
 7
 1.00 x 10

 7
 1.00 x 10 

7
 1.00 x 10 

7
± 0.00 

DASA 68066 7.00 x 10
 8
 4.00 x 10

 8
 2.00 x 10 

8
 4.33 x 10 

8
± 2.52 x 10 

8

DASA 68069 3.00 x 10 
7

3.00 x 10 
7

3.00 x 10 
7

3.00 x 10 
7
± 0.00

DASA 68070 1.00 x 10
 8
 3.00 x 10

 8
 2.00 x 10 

8
 2.00 x 10 

8
± 1.00 x 10 

8

DASA 68071 3.50 x 10 
5
 3.00 x 10

 5
 3.00 x 10

5
 3.17 x 10 

5
±  2.89 x 10 

4

:  Standard deviation
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 26:  pH 6.5 

 (CFU/ml) 

 1  2  3 *

DASA 57003 2.00 x 10 
8
 1.00 x 10

8
 2.00 x 10

8
 1.67 x 10 

8
± 5.77 x 10 

7

DASA 57004 1.30 x 10 
8
 1.20 x 10

8
 1.90 x 10

8
 1.47 x 10 

8
± 3.79 x 10 

7

DASA 57005 2.00 x 10 
7
 2.00 x 10 

7
 2.00 x 10 

7
 2.00 x 10 

7
± 0.00 

DASA 57009 2.86 x 10 
8
 2.93 x 10

8
 2.50 x 10

8
 2.76 x 10 

8
± 2.31 x 10 

7

DASA 57010 1.74 x 10 
9
 1.52 x 10 

9
 1.32 x 10 

9
 1.53 x 10 

9
± 2.10 x 10 

8

DASA 57015 5.40 x 10
 8
 5.10 x 10

 8
 4.30 x 10

 8
 4.93 x 10

 8
± 5.69 x 10 

7

DASA 57019 8.50 x 10
 8
 8.10 x 10

 8
 7.40 x 10

 8
 8.00 x 10

 8
± 5.57 x 10 

7

DASA 57020 9.50 x 10 
8
 1.38 x 10

 9
 1.16 x 10 

9
 1.16 x 10 

9
±2.15 x 10 

8

DASA 57024 5.70 x 10
 8
 4.80 x 10

 8
 6.70 x 10

 8
 5.73 x 10

 8
± 9.50 x 10 

7

DASA 57027 9.00 x 10 
8
 8.40 x 10

8
 8.70 x 10

8
 8.70 x 10 

8
± 3.00 x 10 

7

DASA 57034 3.60 x 10 
8
 3.20 x 10 

8
 3.80 x 10 

8
 3.53 x 10 

8
±3.06 x 10 

7

DASA 57038 1.01 x 10 
9
 1.07 x 10 

9
 1.07 x 10 

9
 1.05 x 10 

9
± 3.46 x 10 

7

DASA 57050 1.10 x 10 
8
 1.20 x 10 

8
 5.00 x 10 

7
 9.33 x 10 

7
± 3.79 x 10 

7

DASA 57053 4.70 x 10 
9
 1.90 x 10 

9
 3.30 x 10 

9
 3.30 x 10 

9
± 1.40 x 10 

9

DASA 57057 4.50 x 10 
7
 4.40 x 10 

7
 4.70 x 10 

7
 4.53 x 10 

7
±1.53 x 10 

6

DASA 57065 2.00 x 10 
7
 2.00 x 10 

7
 2.00 x 10 

7
 2.00 x 10 

7
± 0.00 

DASA 57066 6.00 x 10 
8
 7.90 x 10 

8
 8.50 x 10 

8
7.47 x 10 

8
±1.31 x 10 

8

DASA 57075 2.20 x 10 
8
 1.70 x 10 

8
 1.50 x 10

8
 1.80 x 10 

8
± 3.61 x 10 

7

DASA 57076 6.90 x 10 
8
 7.40 x 10 

8
 7.60 x 10 

8
7.30 x 10 

8
± 3.61 x 10 

7

DASA 57098 4.20 x 10
 8
 4.10 x 10 

8
 4.30 x 10 

8
4.20 x 10

8
±1.00 x 10 

7

:  Standard deviation
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 26 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 2.00 x 10 
9
 2.70 x 10 

9
 3.30 x 10 

9
 2.67 x 10 

9
± 6.51 x 10 

8

DASA 64008 2.00 x 10
7
 2.00 x 10

7
 2.00 x 10

7
 2.00 x 10

7
± 0.00 

DASA 64010 8.00 x 10 
7
 9.00 x 10 

7
 1.00 x 10 

8
 9.00 x 10 

7
± 1.00 x 10 

7

DASA 64011 5.40 x 10 
8
 8.20 x 10

8
 5.80 x 10

8
6.47 x 10 

8
± 1.51x 10 

8

DASA 64012 4.10 x 10 
9
 2.90 x 10 

9
 3.50 x 10 

9
 3.50 x 10 

9
± 6.00 x 10 

8

DASA 64014 3.20 x 10
 8
 3.10 x 10 

8
 2.80 x 10 

8
3.03 x 10

8
± 2.08 x 10 

7

DASA 64016 2.00 x 10
7
 2.00 x 10

7
 4.00 x 10

7
 2.67 x 10

7
± 1.15 x 10 

7

DASA 64020 3.80 x 10
 8
 3.00 x 10 

8
 3.10 x 10 

8
3.30 x 10

8
± 4.36 x 10 

7

DASA 64021 4.90 x 10 
8
 4.30 x 10

8
 4.80 x 10

8
 4.67 x 10 

8
± 3.21 x 10 

7

DASA 64022 2.70 x 10
7
 1.50 x 10

7
 3.00 x 10

7
 2.40 x 10

7
± 7.94 x 10 

6

DASA 64023 9.00 x 10 
8
 7.00 x 10

8
 1.10 x 10

9
 9.00 x 10 

8
± 2.00 x 10 

8

DASA 64026 3.10 x 10 
7
 3.00 x 10 

7
 3.10 x 10 

7
3.07 x 10 

7
± 5.77 x 10 

5

DASA 64027 4.80 x 10
 8
 6.60 x 10 

8
 7.50 x 10 

8
6.30 x 10

8
± 1.37 x 10 

8

DASA 64031 1.00 x 10 
8
 5.00 x 10 

7
 4.00 x 10 

7
 6.33 x 10 

7
± 3.21 x 10 

7

DASA 64034 1.40 x 10 
9
 1.70 x 10 

9
 1.60 x 10 

9
 1.57 x 10 

9
± 1.53 x 10 

8

DASA 64038 5.30 x 10 
9
 5.40 x 10 

9
 5.10 x 10 

9
 5.27 x 10 

9
± 1.53 x 10 

8

DASA 64040 2.00 x 10 
6
 2.00 x 10 

6
 2.00 x 10 

6
 2.00 x 10 

6
± 0.00 

DASA 64042 1.00 x 10 
7
 1.00 x 10 

7
 1.00 x 10 

7
 1.00 x 10 

7
± 0.00 

:  Standard deviation
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 26 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 4.50 x 10 
8
 3.40 x 10

8
 4.00 x 10

8
 3.97 x 10 

8
± 5.51 x 10 

7

DASA 68006 2.30 x 10 
8
 2.90 x 10

8
 2.50 x 10

8
 2.57 x 10 

8
± 3.06 x 10 

7

DASA 68010 4.70 x 10
 8
 5.30 x 10 

8
 5.80 x 10 

8
5.27 x 10

8
± 5.51 x 10 

7

DASA 68012 6.00 x 10 
8
 3.00 x 10

8
 6.00 x 10

8
 5.00 x 10 

8
± 1.73 x 10 

8

DASA 68020 3.10 x 10 
9
 3.60 x 10 

9
 3.70 x 10 

9
 3.47 x 10 

9
± 3.21 x 10 

8

DASA 68025 3.70 x 10 
8
 4.00 x 10

8
 3.20 x 10

8
 3.63 x 10 

8
± 4.04 x 10 

7

DASA 68030 1.40 x 10 
8
 1.50 x 10

8
 1.66 x 10

8
 1.52 x 10 

8
± 9.16 x 10 

7

DASA 68032 3.80 x 10 
8
 4.50 x 10

8
 4.20 x 10

8
 4.17 x 10 

8
± 3.51 x 10 

7

DASA 68053 3.00 x 10 
7
 8.00 x 10 

7
 5.00 x 10 

7
 5.33 x 10 

7
±  2.52 x 10 

7

DASA 68055 3.10 x 10 
9
 2.60 x 10 

9
 3.00 x 10 

9
 2.90 x 10 

9
±  2.65 x 10 

8

DASA 68056 1.00 x 10 
6
 1.00 x 10 

6
 1.00 x 10 

6
 1.00 x 10 

6
± 0.00 

DASA 68058 1.30 x 10 
9
 1.00 x 10 

8
 1.20 x 10 

8
 5.07 x 10 

8
±  6.87 x 10 

8

DASA 68061 1.90 x 10 
9
 1.80 x 10 

8
 1.90 x 10 

8
 7.57 x 10 

8
± 9.90 x 10 

8

DASA 68062 1.30 x 10 
8
 2.20 x 10

8
 1.80 x 10

8
 1.77 x 10 

8
± 4.51 x 10 

7

DASA 68066 6.10 x 10 
8
 6.80 x 10

8
 6.50 x 10

8
 6.47 x 10 

8
±  3.51 x 10 

7

DASA 68069 2.40 x 10 
8
 2.70 x 10

8
 2.50 x 10

8
 2.53 x 10 

8
±  1.00 x 10 

7

DASA 68070 1.10 x 10 
9
 6.00 x 10 

8
 9.00 x 10 

8
 8.67 x 10 

8
±  2.52 x 10 

8

DASA 68071 8.00 x 10 
7
 5.20 x 10 

7
 7.60 x 10 

7
 6.93 x 10 

7
±  1.51 x 10 

7

:  Standard deviation
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 27:  pH 8.0 

 (CFU/ml) 

 1  2  3 *

DASA 57003 3.50 x 10
9
 5.80 x 10

9
 4.70 x 10

9
 4.67 x 10

9
± 1.15 x 10 

9

DASA 57004 2.20 x 10 
8
 6.30 x 10

8
 4.00 x 10

8
4.16 x 10 

8
± 2.06 x 10 

8

DASA 57005 1.00 x 10
7
 4.00 x 10

7
 5.00 x 10

7
 3.33 x 10

7
± 2.08 x 10 

7

DASA 57009 1.84 x 10
5
 1.79 x 10

5
 1.71x 10

5
 1.78 x 10

5
± 6.56 x 10 

4

DASA 57010 9.00 x 10 
8
 9.00 x 10

8
 1.02 x 10 

9
9.40 x 10

8
± 6.93 x 10 

7

DASA 57015 2.50 x 10
 8
 2.60 x 10

 8
 1.50 x 10

 8
2.20 x 10

 8
± 6.08 x 10 

7

DASA 57019 1.80 x 10 
8
 1.50 x 10

8
 2.20 x 10

8
1.83 x 10 

8
± 3.51 x 10 

7

DASA 57020 2.20 x 10 
8
 2.50 x 10 

8
 1.90 x 10 

8
2.20 x 10 

8
± 3.00 x 10 

7

DASA 57024 1.38 x 10
9
 1.57 x 10

9
 1.30 x 10

9
 1.42 x 10

9
± 1.39 x 10 

8

DASA 57027 1.50 x 10
9
 1.18 x 10

9
 1.30 x 10

9
 1.33 x 10

9
± 1.62 x 10 

8

DASA 57034 3.00 x 10 
8
 3.90 x 10 

8
 2.70 x 10 

8
3.20 x 10 

8
± 6.24 x 10 

7

DASA 57038 1.00 x 10
4
 1.00 x 10

4
 1.00 x 10

4
1.00 x 10

4
± 0.00 

DASA 57050 2.00 x 10
7
 1.00 x 10

7
 1.00 x 10

7
 1.33 x 10

7
± 5.77 x 10 

6

DASA 57053 8.30 x 10 
8
 9.00 x 10

8
 8.80 x 10

8
 8.70 x 10 

8
± 3.51 x 10 

7

DASA 57057 4.80 x 10 
7
 4.10 x 10 

7
 4.30 x 10 

7
4.40 x 10 

7
± 3.61 x 10 

6

DASA 57065 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57066 2.30 x 10 
8
 2.80 x 10 

8
 4.30 x 10 

8
3.13 x 10 

8
± 1.04 x 10 

8

DASA 57075 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57076 1.29 x 10 
8
 1.40 x 10 

8
 1.73 x 10 

8
1.47 x 10 

8
± 2.29 x 10 

7

DASA 57098 5.00 x 10
 2
 3.00 x 10

 2
 4.10 x 10

 2
4.03 x 10

 2
± 1.00 x 10 

2

:  Standard deviation
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 27 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 2.06 x 10
9
 2.10 x 10

9
 2.50 x 10

9
 2.22 x 10

9
± 2.43 x 10 

8

DASA 64008 1.00 x 10 
6
 1.00 x 10 

6
 1.00 x 10 

6
 1.00 x 10 

6
± 0.00 

DASA 64010 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64011 1.60 x 10 
8
 2.00 x 10 

8
 1.70 x 10 

8
1.77 x 10 

8
± 2.08 x 10 

7

DASA 64012 3.10 x 10
9
 1.80 x 10

9
 2.50 x 10

9
 2.47 x 10

9
± 6.51 x 10 

8

DASA 64014 4.00 x 10 
8
 3.80 x 10 

8
 4.10 x 10 

8
3.97 x 10 

8
± 1.53 x 10 

7

DASA 64016 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64020 1.32 x 10 
6
 1.59 x 10 

6
 1.46 x 10 

6
1.41 x 10 

6
± 1.35 x 10 

5

DASA 64021 1.90 x 10 
8
 2.20 x 10

8
 1.50 x 10

8
 1.87 x 10 

8
± 3.51 x 10 

7

DASA 64022 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64023 8.90 x 10 
8
 9.60 x 10

8
 9.00 x 10

8
 9.17 x 10 

8
± 3.79 x 10 

7

DASA 64026 1.00 x 10
5
 1.00 x 10

5
 1.00 x 10

5
1.00 x 10

5
± 0.00

DASA 64027 8.70 x 10
 7
 6.40 x 10 

7
 7.30 x 10 

7
7.46 x 10

7
± 1.16 x 10 

7

DASA 64031 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64034 9.80 x 10 
8
 1.00 x 10

9
 9.80 x 10

8
 9.87 x 10 

8
± 1.15 x 10 

7

DASA 64038 1.90 x 10
9
 1.40 x 10

9
 1.50 x 10

9
 1.60 x 10

9
± 2.65 x 10 

8

DASA 64040 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64042 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

:  Standard deviation
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 27 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 1.10 x 10
9
 1.00 x 10

9
 1.10 x 10

9
 1.07 x 10

9
± 5.77 x 10 

7

DASA 68006 1.00 x 10 
6
 8.00 x 10 

5
 1.00 x 10 

6
 9.33 x 10 

6
± 1.15 x 10 

5

DASA 68010 2.30 x 10
 5
 1.50 x 10

 5
 1.90 x 10

 5
1.90 x 10

 5
± 4.00 x 10 

4

DASA 68012 1.00 x 10
5
 1.00 x 10

5
 1.00 x 10

5
 1.00 x 10

5
± 0.00 

DASA 68020 6.00 x 10 
8
 1.11 x 10

9
 1.00 x 10

9
 9.03 x 10

8
± 2.68 x 10 

8

DASA 68025 6.10 x 10 
8
 7.00 x 10

8
 6.90 x 10

8
 6.67 x 10 

8
± 4.93 x 10 

7

DASA 68030 8.80 x 10 
6
 6.30 x 10 

6
 6.80 x 10 

6
7.30 x 10 

6
± 1.32 x 10 

6

DASA 68032 3.70 x 10 
6
 3.50 x 10 

6
 3.70 x 10 

6
 3.63 x 10 

6
± 1.15 x 10 

5

DASA 68053 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68055 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68056 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68058 9.40 x 10 
8
 7.80 x 10

8
 8.40 x 10

8
 8.53 x 10 

8
± 8.08 x 10 

7

DASA 68061 1.25 x 10
9
 1.17 x 10

9
 1.20 x 10

9
 1.21 x 10

9
±  4.04 x 10 

7

DASA 68062 7.60 x 10 
8
 8.50 x 10

8
 8.30 x 10

8
 8.13 x 10 

8
± 4.73 x 10 

7

DASA 68066 6.20 x 10 
8
 8.70 x 10

8
 7.40 x 10

8
 7.43 x 10 

8
± 1.25 x 10 

8

DASA 68069 9.00 x 10 
8
 1.23 x 10

9
 1.10 x 10

9
 1.08 x 10 

9
± 1.66 x 10 

8

DASA 68070 9.50 x 10 
8
 9.30 x 10

8
 9.50 x 10

8
 9.43 x 10 

8
± 1.15 x 10 

7

DASA 68071 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

:  Standard deviation
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 28:  20 

 (CFU/ml) 

 1  2  3 *

DASA 57003 3.00 x 10
 8
 4.00 x 10

 8
 3.00 x 10

 8
 3.33 x 10

 8
± 5.77 x 10 

7

DASA 57004 9.00 x 10 
7
 1.10 x 10

 8
 1.40 x 10

 8
 1.13 x 10

 8
 ± 2.52 x 10 

7

DASA 57005 1.00 x 10 
7
 1.00 x 10 

7
 2.00 x 10 

7
 1.33 x 10 

7
± 5.77 x 10 

6

DASA 57009 1.00 x 10 
10

 1.00 x 10 
10

 1.00 x 10 
10

 1.00 x 10 
10

± 0.00 

DASA 57010 1.48 x 10 
9
 1.62 x 10 

9
 1.30 x 10 

9
 1.47 x 10 

9
± 1.60 x 10 

8

DASA 57015 1.00 x 10 
7
 7.00 x 10 

6
 9.00 x 10 

6
 8.67 x 10 

6
± 1.53 x 10 

6

DASA 57019 4.50 x 10
 8
 6.10 x 10

 8
 3.70 x 10

 8
 4.77 x 10

 8
± 1.22 x 10 

8

DASA 57020 6.30 x 10
 8
 6.70 x 10

 8
 9.30 x 10

 8
 7.43 x 10

 8
± 1.63 x 10 

8

DASA 57024 3.30 x 10 
8
 3.40 x 10

 8
 3.90 x 10 

8
 3.53 x 10 

8
± 3.21 x 10 

7

DASA 57027 1.00 x 10 
5
 1.00 x 10 

5
 1.00 x 10 

5
 1.00 x 10 

5
± 0.00 

DASA 57034 2.00 x 10 
7
 2.00 x 10 

7
 1.00 x 10 

7
 1.67 x 10 

7
± 5.77 x 10 

6

DASA 57038 2.45 x 10 
8
 3.20 x 10

8
 2.80 x 10

8
 2.82 x 10 

8
± 3.75 x 10 

7

DASA 57050 5.00 x 10 
7
 5.00 x 10 

7
 5.00 x 10 

7
 5.00 x 10 

7
± 0.00 

DASA 57053 1.80 x 10
 9
 1.30 x 10

 9
 1.70 x 10

 9
 1.60 x 10

 9
±  2.65 x 10 

8

DASA 57057 2.00 x 10 
7
 1.00 x 10 

7
 2.00 x 10 

7
 1.67 x 10 

7
± 5.77 x 10 

6

DASA 57065 3.00 x 10 
7
 1.00 x 10 

7
 4.00 x 10 

7
 2.67 x 10 

7
± 1.53 x 10 

7

DASA 57066 2.70 x 10
 9
 1.70 x 10

 9
 2.20 x 10

 9
 2.20 x 10

 9
± 5.00 x 10 

8

DASA 57075 7.30 x 10 
8
 5.70 x 10

8
 6.00 x 10

8
 6.33 x 10 

8
± 8.50 x 10 

7

DASA 57076 9.00 x 10 
8
 1.00 x 10

9
 9.50 x 10 

8
 9.50 x 10 

8
± 5.00 x 10 

7

DASA 57098 2.24 x 10 
7
 3.28 x 10 

7
 2.56 x 10 

7
 2.69 x 10 

7
± 5.33 x 10 

6

:  Standard deviation
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 28 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 7.00 x 10 
8
 6.50 x 10 

8
 6.00 x 10 

8
 6.50 x 10 

8
± 5.00 x 10 

7

DASA 64008 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64010 4.00 x 10 
7
 6.00 x 10 

7
 1.00 x 10 

7
 3.67 x 10 

7
± 2.52 x 10 

7

DASA 64011 1.00 x 10 
7
 1.00 x 10 

7
 1.00 x 10 

7
 1.00 x 10 

7
±0.00

DASA 64012 3.30 x 10
 9
 4.00 x 10

 9
 3.60 x 10

 9
 3.63 x 10

 9
± 3.51 x 10 

8

DASA 64014 1.50 x 10 
8
 1.40 x 10 

8
 1.40 x 10 

8
 1.43 x 10 

8
± 5.77 x 10 

6

DASA 64016 2.00 x 10 
7
 7.00 x 10 

7
 4.00 x 10 

7
 4.33 x 10 

7
± 2.52 x 10 

7

DASA 64020 1.90 x 10
 8
 1.00 x 10 

8
 1.50 x 10 

8
 1.46 x 10

8
± 4 .51 x 10 

7

DASA 64021 1.00 x 10 
7
 1.00 x 10 

7
 2.00 x 10 

7
 1.33 x 10 

7
± 5.77 x 10 

6

DASA 64022 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64023 2.00 x 10 
6
 2.00 x 10 

6
 2.00 x 10 

6
 2.00 x 10 

6
± 0.00 

DASA 64026 2.31 x 10 
8
 2.82 x 10

8
 2.84 x 10

8
2.66  x 10 

8
± 3.00 x 10 

7

DASA 64027 7.30 x 10 
7
 7.10 x 10 

7
 6.70 x 10 

7
7.03 x 10 

7
± 3.06 x 10 

6

DASA 64031 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64034 2.10 x 10
 9
 3.10 x 10

 9
 2.00 x 10

 9
 2.40 x 10

 9
± 6.08 x 10 

8

DASA 64038 7.70 x 10 
8
 7.00 x 10 

8
 8.40 x 10 

8
 7.70 x 10 

8
± 7.00 x 10 

7

DASA 64040 1.00 x 10 
4
 1.00 x 10 

4
 1.00 x 10 

4
 1.00 x 10 

4
± 0.00 

DASA 64042 7.90 x 10 
6
 8.00 x 10 

6
 1.00 x 10 

7
 8.64 x 10 

6
± 1.18 x 10 

6

:  Standard deviation
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 28 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 6.00 x 10 
8
 6.00 x 10

8
 6.00 x 10

8
 6.00  x 10 

8
± 0.00 

DASA 68006 3.10 x 10 
7
 3.20 x 10 

7
 4.50 x 10 

7
 3.60 x 10 

7
± 7.81 x 10 

6

DASA 68010 1.73 x 10 
8
 1.50 x 10

8
 1.51 x 10

8
1.58  x 10 

8
± 1.30 x 10 

7

DASA 68012 9.00 x 10 
7
 9.00 x 10 

7
 1.00 x 10 

8
 9.33 x 10 

7
± 5.77 x 10 

6

DASA 68020 2.20 x 10
 9
 1.60 x 10

 9
 2.50 x 10

 9
 2.10 x 10

 9
± 4.58 x 10 

8

DASA 68025 4.40 x 10 
8
 5.60 x 10

8
 6.00 x 10

8
 5.33  x 10 

8
± 8.33 x 10 

7

DASA 68030 6.60 x 10
 8
 6.40 x 10 

8
 7.20 x 10 

8
6.73 x 10

8
±  4.16 x 10 

7

DASA 68032 1.10 x 10 
8
 9.00 x 10 

7
 9.00 x 10 

7
 9.67 x 10 

7
± 1.15x 10 

7

DASA 68053 1.60 x 10 
8
 7.00 x 10 

7
 1.20 x 10 

8
 1.17 x 10 

8
± 4.51 x 10 

7

DASA 68055 3.30 x 10 
8
 3.50 x 10

8
 4.00 x 10

8
 3.60  x 10 

8
± 3.61 x 10 

7

DASA 68056 4.00 x 10 
6
 5.00 x 10 

6
 4.50 x 10 

6
 4.50 x 10 

6
± 5.00 x 10 

5

DASA 68058 3.80 x 10
 9
 3.20 x 10

 9
 2.70 x 10

 9
 3.23 x 10

 9
± 5.51 x 10 

8

DASA 68061 1.00 x 10 
7
 3.00 x 10 

7
 2.00 x 10 

7
 2.00 x 10 

7
± 1.00 x 10 

7

DASA 68062 6.00 x 10 
7
 9.00 x 10 

7
 7.00 x 10 

7
 7.33 x 10 

7
± 1.53 x 10 

7

DASA 68066 1.00 x 10
 9
 7.50 x 10

 8
 1.04 x 10

 9
 9.30 x 10

 8
± 1.57 x 10 

8

DASA 68069 8.00 x 10 
7
 1.20 x 10 

8
 1.00 x 10 

8
 1.00 x 10 

8
± 2.00 x 10 

7

DASA 68070 1.00 x 10
 9
 5.00 x 10

 8
 8.00 x 10

 8
 7.67 x 10

 8
± 2.52 x 10 

8

DASA 68071 1.50 x 10 
8
 8.00 x 10 

7
 1.60 x 10 

8
 1.30 x 10 

8
± 4.36 x 10 

7

:  Standard deviation
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 29:  30 

 (CFU/ml) 

 1  2  3 *

DASA 57003 2.00 x 10 
8
 1.00 x 10

8
 2.00 x 10

8
 1.67 x 10 

8
± 5.77 x 10 

7

DASA 57004 1.30 x 10 
8
 1.20 x 10

8
 1.90 x 10

8
 1.47 x 10 

8
± 3.79 x 10 

7

DASA 57005 2.00 x 10 
7
 2.00 x 10 

7
 2.00 x 10 

7
 2.00 x 10 

7
± 0.00 

DASA 57009 2.86 x 10 
8
 2.93 x 10

8
 2.50 x 10

8
 2.76 x 10 

8
± 2.31 x 10 

7

DASA 57010 1.74 x 10 
9
 1.52 x 10 

9
 1.32 x 10 

9
 1.53 x 10 

9
± 2.10 x 10 

8

DASA 57015 5.40 x 10
 8
 5.10 x 10

 8
 4.30 x 10

 8
 4.93 x 10

 8
± 5.69 x 10 

7

DASA 57019 8.50 x 10
 8
 8.10 x 10

 8
 7.40 x 10

 8
 8.00 x 10

 8
± 5.57 x 10 

7

DASA 57020 9.50 x 10 
8
 1.38 x 10

 9
 1.16 x 10 

9
 1.16 x 10 

9
±2.15 x 10 

8

DASA 57024 5.70 x 10
 8
 4.80 x 10

 8
 6.70 x 10

 8
 5.73 x 10

 8
± 9.50 x 10 

7

DASA 57027 9.00 x 10 
8
 8.40 x 10

8
 8.70 x 10

8
 8.70 x 10 

8
± 3.00 x 10 

7

DASA 57034 3.60 x 10 
8
 3.20 x 10 

8
 3.80 x 10 

8
 3.53 x 10 

8
±3.06 x 10 

7

DASA 57038 1.01 x 10 
9
 1.07 x 10 

9
 1.07 x 10 

9
 1.05 x 10 

9
± 3.46 x 10 

7

DASA 57050 1.10 x 10 
8
 1.20 x 10 

8
 5.00 x 10 

7
 9.33 x 10 

7
± 3.79 x 10 

7

DASA 57053 4.70 x 10 
9
 1.90 x 10 

9
 3.30 x 10 

9
 3.30 x 10 

9
± 1.40 x 10 

9

DASA 57057 4.50 x 10 
7
 4.40 x 10 

7
 4.70 x 10 

7
 4.53 x 10 

7
±1.53 x 10 

6

DASA 57065 2.00 x 10 
7
 2.00 x 10 

7
 2.00 x 10 

7
 2.00 x 10 

7
± 0.00 

DASA 57066 6.00 x 10 
8
 7.90 x 10 

8
 8.50 x 10 

8
7.47 x 10 

8
±1.31 x 10 

8

DASA 57075 2.20 x 10 
8
 1.70 x 10 

8
 1.50 x 10

8
 1.80 x 10 

8
± 3.61 x 10 

7

DASA 57076 6.90 x 10 
8
 7.40 x 10 

8
 7.60 x 10 

8
7.30 x 10 

8
± 3.61 x 10 

7

DASA 57098 4.20 x 10
 8
 4.10 x 10 

8
 4.30 x 10 

8
4.20 x 10

8
±1.00 x 10 

7

:  Standard deviation
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 29 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 2.00 x 10 
9
 2.70 x 10 

9
 3.30 x 10 

9
 2.67 x 10 

9
± 6.51 x 10 

8

DASA 64008 2.00 x 10
7
 2.00 x 10

7
 2.00 x 10

7
 2.00 x 10

7
± 0.00 

DASA 64010 8.00 x 10 
7
 9.00 x 10 

7
 1.00 x 10 

8
 9.00 x 10 

7
± 1.00 x 10 

7

DASA 64011 5.40 x 10 
8
 8.20 x 10

8
 5.80 x 10

8
6.47 x 10 

8
± 1.51x 10 

8

DASA 64012 4.10 x 10 
9
 2.90 x 10 

9
 3.50 x 10 

9
 3.50 x 10 

9
± 6.00 x 10 

8

DASA 64014 3.20 x 10
 8
 3.10 x 10 

8
 2.80 x 10 

8
3.03 x 10

8
± 2.08 x 10 

7

DASA 64016 2.00 x 10
7
 2.00 x 10

7
 4.00 x 10

7
 2.67 x 10

7
± 1.15 x 10 

7

DASA 64020 3.80 x 10
 8
 3.00 x 10 

8
 3.10 x 10 

8
3.30 x 10

8
± 4.36 x 10 

7

DASA 64021 4.90 x 10 
8
 4.30 x 10

8
 4.80 x 10

8
 4.67 x 10 

8
± 3.21 x 10 

7

DASA 64022 2.70 x 10
7
 1.50 x 10

7
 3.00 x 10

7
 2.40 x 10

7
± 7.94 x 10 

6

DASA 64023 9.00 x 10 
8
 7.00 x 10

8
 1.10 x 10

9
 9.00 x 10 

8
± 2.00 x 10 

8

DASA 64026 3.10 x 10 
7
 3.00 x 10 

7
 3.10 x 10 

7
3.07 x 10 

7
± 5.77 x 10 

5

DASA 64027 4.80 x 10
 8
 6.60 x 10 

8
 7.50 x 10 

8
6.30 x 10

8
± 1.37 x 10 

8

DASA 64031 1.00 x 10 
8
 5.00 x 10 

7
 4.00 x 10 

7
 6.33 x 10 

7
± 3.21 x 10 

7

DASA 64034 1.40 x 10 
9
 1.70 x 10 

9
 1.60 x 10 

9
 1.57 x 10 

9
± 1.53 x 10 

8

DASA 64038 5.30 x 10 
9
 5.40 x 10 

9
 5.10 x 10 

9
 5.27 x 10 

9
± 1.53 x 10 

8

DASA 64040 2.00 x 10 
6
 2.00 x 10 

6
 2.00 x 10 

6
 2.00 x 10 

6
± 0.00 

DASA 64042 1.00 x 10 
7
 1.00 x 10 

7
 1.00 x 10 

7
 1.00 x 10 

7
± 0.00 

:  Standard deviation

 
 
 
 

 
 
 
 

 
 



198

 29 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 4.50 x 10 
8
 3.40 x 10

8
 4.00 x 10

8
 3.97 x 10 

8
± 5.51 x 10 

7

DASA 68006 2.30 x 10 
8
 2.90 x 10

8
 2.50 x 10

8
 2.57 x 10 

8
± 3.06 x 10 

7

DASA 68010 4.70 x 10
 8
 5.30 x 10 

8
 5.80 x 10 

8
5.27 x 10

8
± 5.51 x 10 

7

DASA 68012 6.00 x 10 
8
 3.00 x 10

8
 6.00 x 10

8
 5.00 x 10 

8
± 1.73 x 10 

8

DASA 68020 3.10 x 10 
9
 3.60 x 10 

9
 3.70 x 10 

9
 3.47 x 10 

9
± 3.21 x 10 

8

DASA 68025 3.70 x 10 
8
 4.00 x 10

8
 3.20 x 10

8
 3.63 x 10 

8
± 4.04 x 10 

7

DASA 68030 1.40 x 10 
8
 1.50 x 10

8
 1.66 x 10

8
 1.52 x 10 

8
± 9.16 x 10 

7

DASA 68032 3.80 x 10 
8
 4.50 x 10

8
 4.20 x 10

8
 4.17 x 10 

8
± 3.51 x 10 

7

DASA 68053 3.00 x 10 
7
 8.00 x 10 

7
 5.00 x 10 

7
 5.33 x 10 

7
±  2.52 x 10 

7

DASA 68055 3.10 x 10 
9
 2.60 x 10 

9
 3.00 x 10 

9
 2.90 x 10 

9
±  2.65 x 10 

8

DASA 68056 1.00 x 10 
6
 1.00 x 10 

6
 1.00 x 10 

6
 1.00 x 10 

6
± 0.00 

DASA 68058 1.30 x 10 
9
 1.00 x 10 

8
 1.20 x 10 

8
 5.07 x 10 

8
±  6.87 x 10 

8

DASA 68061 1.90 x 10 
9
 1.80 x 10 

8
 1.90 x 10 

8
 7.57 x 10 

8
± 9.90 x 10 

8

DASA 68062 1.30 x 10 
8
 2.20 x 10

8
 1.80 x 10

8
 1.77 x 10 

8
± 4.51 x 10 

7

DASA 68066 6.10 x 10 
8
 6.80 x 10

8
 6.50 x 10

8
 6.47 x 10 

8
±  3.51 x 10 

7

DASA 68069 2.40 x 10 
8
 2.70 x 10

8
 2.50 x 10

8
 2.53 x 10 

8
±  1.00 x 10 

7

DASA 68070 1.10 x 10 
9
 6.00 x 10 

8
 9.00 x 10 

8
 8.67 x 10 

8
±  2.52 x 10 

8

DASA 68071 8.00 x 10 
7
 5.20 x 10 

7
 7.60 x 10 

7
 6.93 x 10 

7
±  1.51 x 10 

7

:  Standard deviation
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 30:  40 

 (CFU/ml) 

 1  2  3 *

DASA 57003 8.40 x 10
 8
 6.90 x 10

 8
 7.70 x 10

 8
 7.67 x 10

 8
± 7.51 x 10 

7

DASA 57004 1.50 x 10 
8
 2.70 x 10

8
 2.10 x 10

8
2.10 x 10 

8
± 6.00 x 10 

7

DASA 57005 6.20 x 10 
8
 6.90 x 10

8
 5.30 x 10

8
 6.13 x 10 

8
± 8.02 x 10 

7

DASA 57009 1.40 x 10
 6
 1.60 x 10

 6
 1.40 x 10

 6
 1.47x 10

 6
± 1.15 x 10 

5

DASA 57010 1.30 x 10
 9
 1.30 x 10

 9
 1.40 x 10

 9
1.33 x 10

 9
± 5.77 x 10 

7

DASA 57015 1.40 x 10 
8
 1.90 x 10

8
 1.40 x 10

8
1.57 x 10 

8
± 2.89 x 10 

7

DASA 57019 6.10 x 10 
3
 5.70 x 10 

3
 2.80 x 10 

3
4.87 x 10 

3
± 1.80 x 10 

3

DASA 57020 2.00 x 10 
8
 1.70 x 10

8
 1.80 x 10

8
1.83 x 10 

8
± 1.53 x 10 

7

DASA 57024 1.77 x 10 
4
 2.83 x 10 

4
 2.81 x 10 

4
2.47 x 10 

4
± 6.06 x 10 

3

DASA 57027 1.45 x 10 
8
 1.38 x 10

8
 1.52 x 10

8
 1.45 x 10 

8
± 7.00 x 10 

6

DASA 57034 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57038 3.60 x 10 
4
 3.40 x 10 

4
 3.00 x 10 

4
3.33 x 10 

4
± 3.06 x 10 

3

DASA 57050 4.60 x 10
7
 4.50 x 10

7
 3.70 x 10

7
 4.27 x 10

7
± 4.93 x 10 

6

DASA 57053 2.43 x 10
7
 1.76 x 10

7
 2.19 x 10

7
 2.13 x 10

7
± 3.39 x 10 

6

DASA 57057 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57065 1.30 x 10
 6
 1.60 x 10

 6
 1.70 x 10

 6
 1.53 x 10

 6
± 2.08 x 10 

5

DASA 57066 7.30 x 10 
5
 6.80 x 10 

5
 5.80 x 10 

5
6.63 x 10 

5
± 7.64 x 10 

4

DASA 57075 2.80 x 10 
8
 2.00 x 10

8
 3.80 x 10

8
 2.87 x 10 

8
± 9.02 x 10 

7

DASA 57076 2.00 x 10 
8
 3.80 x 10

8
 2.10 x 10

8
2.63 x 10 

8
± 1.01 x 10 

5

DASA 57098 2.20 x 10
7
 2.10 x 10

7
 2.00 x 10

7
2.10 x 10

7
± 1.00 x 10 

6

:  Standard deviation
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 30 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 7.30 x 10 
8
 6.90 x 10

8
 8.60 x 10

8
 7.60 x 10 

8
± 8.89 x 10 

7

DASA 64008 5.80 x 10 
5
 6.70 x 10 

5
 5.00 x 10 

5
 5.83 x 10 

5
± 8.50 x 10 

4

DASA 64010 6.00 x 10 
5
 6.00 x 10 

5
 5.00 x 10 

5
 5.67 x 10 

5
± 5.77 x 10 

4

DASA 64011 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64012 1.10 x 10
 6
 1.20 x 10

 6
 7.00 x 10

 5
 1.00 x 10

 6
± 2.65 x 10 

5

DASA 64014 3.70 x 10 
8
 3.50 x 10

8
 3.20 x 10

8
 3.47 x 10 

8
± 2.52 x 10 

7

DASA 64016 3.20 x 10
 6
 3.00 x 10

 6
 3.20 x 10

 6
 3.13 x 10

 6
±  1.15 x 10 

5

DASA 64020 3.90 x 10 
3
 3.70 x 10 

3
 2.90 x 10 

3
3.50 x 10 

3
± 5.29 x 10 

2

DASA 64021 7.10 x 10 
8
 7.70 x 10

8
 5.40 x 10

8
 6.73 x 10 

8
± 1.19 x 10 

8

DASA 64022 8.70 x 10
 6
 6.70 x 10

 6
 6.70 x 10

 6
 7.37 x 10

 6
± 1.15 x 10 

6

DASA 64023 1.03 x 10
9
 1.03 x 10

9
 1.06 x 10

9
 1.04 x 10

9
± 1.73 x 10 

7

DASA 64026 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00   

DASA 64027 1.02 x 10 
4
 8.10 x 10 

3
 8.40 x 10 

3
8.90 x 10 

3
± 1.14 x 10 

3

DASA 64031 1.80 x 10
7
 2.50 x 10

7
 2.60 x 10

7
 2.30 x 10

7
± 4.36 x 10 

6

DASA 64034 1.22 x 10
9
 1.02  x 10

9
 8.80 x 10

8
 1.04 x 10

9
± 1.71 x 10 

8

DASA 64038 7.30 x 10
 6
 8.30 x 10

 6
 9.10 x 10

 6
 8.23 x 10

 6
± 9.02 x 10 

5

DASA 64040 1.45 x 10
 6
 1.39 x 10

 6
 1.21 x 10

 6
 1.35 x 10

 6
± 1.25 x 10 

5

DASA 64042 8.40 x 10
 6
 5.20 x 10

 6
 6.80 x 10

 6
 6.80 x 10

 6
± 1.60 x 10 

6

:  Standard deviation
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 30 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 3.90 x 10 
3
 3.90 x 10 

3
 3.90 x 10 

3
 3.90 x 10 

3
± 0.00 

DASA 68006 5.00 x 10
7
 5.00 x 10

7
 7.00 x 10

7
 5.67 x 10

7
± 1.15 x 10 

7

DASA 68010 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68012 2.00 x 10
 6
 3.00 x 10

 6
 2.00 x 10

 6
 2.33 x 10

 6
± 5.77 x 10 

5

DASA 68020 6.90 x 10 
8
 6.70 x 10

8
 6.80 x 10

8
 6.80 x 10 

8
± 1.00 x 10 

7

DASA 68025 2.84 x 10 
8
 2.34 x 10

8
 2.65 x 10

8
 2.61 x 10 

8
± 2.52 x 10 

7

DASA 68030 1.18 x 10 
3
 1.83 x 10 

3
 1.86 x 10 

3
1.62 x 10 

3
± 3.84 x 10 

2

DASA 68032 7.00 x 10 
5
 1.10 x 10

 6
 9.00 x 10 

5
 9.00 x 10 

5
± 2.00 x 10 

5

DASA 68053 7.00 x 10
 6
 7.00 x 10

 6
 7.00 x 10

 6
 7.00 x 10

 6
± 0.00 

DASA 68055 7.00 x 10 
8
 8.80 x 10

8
 9.50 x 10

8
 8.43 x 10 

8
± 1.29 x 10 

8

DASA 68056 3.00 x 10 
5
 2.00 x 10 

5
 3.00 x 10 

5
 2.67 x 10 

5
± 5.77 x 10 

4

DASA 68058 1.21 x 10
9
 1.13  x 10

9
 8.30 x 10

8
 1.05 x 10

9
± 2.00 x 10 

8

DASA 68061 8.50 x 10 
8
 9.00 x 10

8
 7.50 x 10

8
 8.33 x 10 

8
± 7.64 x 10 

7

DASA 68062 7.00 x 10 
8
 7.20 x 10

8
 8.20 x 10

8
 7.47 x 10 

8
± 6.43 x 10 

7

DASA 68066 1.00 x 10
 6
 1.00 x 10

 6
 1.00 x 10

 6
 1.00 x 10

 6
± 0.00 

DASA 68069 4.00 x 10 
8
 2.80 x 10

8
 1.90 x 10

8
 2.90 x 10 

8
± 1.05 x 10 

8

DASA 68070 7.60 x 10 
8
 7.50 x 10

8
 6.30 x 10

8
 7.13 x 10 

8
± 7.23 x 10 

7

DASA 68071 7.70 x 10
7
 7.70 x 10

7
 7.70 x 10

7
 7.70 x 10

7
± 0.00 

:  Standard deviation
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 31:  NaCl

 (CFU/ml) 

 1  2  3 *

DASA 57003 2.00 x 10 
8
 3.00 x 10 

8
 5.00 x 10

8
 3.33 x 10 

8
± 1.53 x 10 

8

DASA 57004 2.00 x 10 
8
 3.00 x 10

8
 2.00 x 10

8
 2.33 x 10 

8
± 5.77 x 10 

7

DASA 57005 8.00 x 10
7
 8.00 x 10

7
 8.00 x 10

7
 8.00 x 10

7
± 0.00 

DASA 57009 8.50 x 10 
8
 8.40 x 10 

8
 6.10 x 10

8
 7.67 x 10 

8
± 1.36 x 10 

8

DASA 57010 1.51 x 10 
9
 9.10 x 10 

8
 1.29 x 10 

9
 1.24 x 10 

9
± 3.04 x 10 

8

DASA 57015 2.00 x 10 
9
 2.00 x 10 

9
 2.00 x 10 

9
 2.00 x 10 

9
± 0.00 

DASA 57019 1.18 x 10 
9
 1.13 x 10

8
 1.03 x 10 

9
 7.74 x 10 

8
± 5.77 x 10 

8

DASA 57020 2.00 x 10 
8
 2.00 x 10

8
 2.00 x 10

8
 2.00 x 10 

8
± 0.00 

DASA 57024 1.29 x 10 
9
 1.06 x 10

8
 1.12 x 10 

9
 8.39 x 10 

8
± 6.40 x 10 

8

DASA 57027 4.00 x 10 
8
 2.00 x 10

8
 3.00 x 10

8
 3.00 x 10

8
± 1.00 x 10 

8

DASA 57034 1.10 x 10 
8
 1.00 x 10

8
 6.00 x 10

7
 9.00 x 10

7
± 2.65 x 10 

7

DASA 57038 7.10 x 10 
8
 8.90 x 10

8
 7.70 x 10

8
 7.90 x 10 

8
± 9.17 x 10 

7

DASA 57050 3.30 x 10 
8
 3.90 x 10 

8
 4.40 x 10

8
 3.87 x 10 

8
± 5.51 x 10 

7

DASA 57053 3.00 x 10
 6
 3.00 x 10

 6
 3.00 x 10

 6
 3.00 x 10

 6
± 0.00 

DASA 57057 3.70 x 10 
7
 3.50 x 10 

7
 5.20 x 10 

7
 4.13 x 10 

7
± 9.29 x 10 

6

DASA 57065 4.00 x 10 
8
 2.00 x 10 

8
 1.00 x 10

8
 2.33 x 10 

8
± 1.53 x 10 

8

DASA 57066 1.40 x 10 
9
 9.00 x 10

8
 1.10 x 10 

9
 1.13 x 10 

9
± 2.52 x 10 

8

DASA 57075 7.00 x 10 
8
 5.50 x 10 

8
 6.70 x 10

8
 6.40 x 10 

8
± 7.94 x 10 

7

DASA 57076 4.50 x 10 
9
 1.90 x 10 

9
 1.10 x 10 

9
 2.50 x 10 

9
± 1.78 x 10 

9

DASA 57098 1.04 x 10 
9
 8.00 x 10

8
 1.11 x 10 

9
 9.83 x 10 

9
± 1.63 x 10 

8

:  Standard deviation
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 31 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 6.00 x 10 
8
 7.00 x 10 

8
 6.00 x 10

8
 6.33 x 10 

8
± 5.77 x 10 

7

DASA 64008 9.60 x 10 
8
 1.07 x 10

9
 8.00 x 10

8
 9.43 x 10 

8
± 1.36 x 10 

8

DASA 64010 2.40 x 10 
8
 1.90 x 10

8
 1.40 x 10

8
 1.90 x 10 

8
± 5.00 x 10 

7

DASA 64011 7.00 x 10
7
 6.00 x 10

7
 1.10 x 10 

8
 8.00 x 10

7
±  2.65 x 10 

7

DASA 64012 2.00 x 10
9
 2.70 x 10

9
 3.30 x 10

9
 2.67 x 10

9
± 6.51 x 10 

8

DASA 64014 1.70 x 10 
9
 1.89 x 10

8
 1.78 x 10 

9
 1.22 x 10 

9
± 8.96 x 10 

8

DASA 64016 6.00 x 10
7
 3.00 x 10

7
 3.00 x 10

7
 4.00 x 10

7
± 1.73 x 10 

7

DASA 64020 3.40 x 10 
8
 2.40 x 10

8
 3.82 x 10

8
 3.21 x 10 

8
± 7.29 x 10 

7

DASA 64021 7.20 x 10 
8
 6.80 x 10 

8
 6.60 x 10

8
 6.87 x 10 

8
± 3.06 x 10 

7

DASA 64022 1.80 x 10
 6
 2.00 x 10

 6
 2.00 x 10

 6
 1.93 x 10

 6
± 1.15 x 10 

5

DASA 64023 1.00 x 10 
8
 1.00 x 10 

8
 2.00 x 10

8
 1.33 x 10 

8
± 5.77 x 10 

7

DASA 64026 4.60 x 10 
8
 5.60 x 10

8
 5.40 x 10

8
 5.20 x 10 

8
± 5.29 x 10 

7

DASA 64027 1.05 x 10 
10

 9.80 x 10 
9
 9.70 x 10 

9
 1.00 x 10 

10
± 4.36 x 10 

8

DASA 64031 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64034 7.60 x 10 
8
 1.07 x 10

9
 1.20 x 10

9
 1.01 x 10

9
± 2.26 x 10 

8

DASA 64038 4.00 x 10 
8
 4.60 x 10

8
 3.80 x 10

8
 4.13 x 10

8
± 4.16 x 10 

7

DASA 64040 9.40 x 10 
8
 9.00 x 10 

8
 9.50 x 10

8
 9.30 x 10 

8
± 2.65 x 10 

7

DASA 64042 2.30 x 10 
7
 3.10 x 10 

7
 3.50 x 10 

7
 2.97 x 10 

7
± 6.11 x 10 

6

:  Standard deviation
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 31 ( )

 (CFU/ml) 

 1  2  3 

DASA 68003 2.60 x 10 
8
 1.00 x 10

9
 5.00 x 10

8
 5.87 x 10 

8
± 3.77 x 10 

8

DASA 68006 8.00 x 10 
8
 3.40 x 10

8
 2.40 x 10

8
 4.60 x 10 

8
± 2.99 x 10 

8

DASA 68010 3.70 x 10 
8
 3.70 x 10

8
 3.80 x 10

8
 3.73 x 10 

8
± 5.77 x 10 

6

DASA 68012 3.00 x 10
7
 3.00 x 10

7
 3.00 x 10

7
 3.00 x 10

7
± 0.00 

DASA 68020 3.00 x 10
9
 3.00 x 10

9
 3.00 x 10

9
 3.00 x 10

9
± 0.00 

DASA 68025 5.00 x 10
 6
 3.00 x 10

 6
 3.00 x 10

 6
 3.67 x 10

 6
± 1.15 x 10 

6

DASA 68030 1.03 x 10 
9
 9.20 x 10

8
 9.00 x 10

8
 9.50 x 10

9
± 7.00 x 10 

7

DASA 68032 6.40 x 10 
8
 8.90 x 10 

8
 7.00 x 10

8
 7.43 x 10 

8
± 1.31 x 10 

8

DASA 68053 2.00 x 10 
5
 1.00 x 10 

5
 1.00 x 10 

5
 1.33 x 10 

5
± 5.77 x 10 

4

DASA 68055 5.10 x 10 
8
 5.10 x 10

8
 5.00 x 10

8
 5.07 x 10 

8
± 5.77 x 10 

6

DASA 68056 3.20 x 10
9
 2.60 x 10

9
 2.50 x 10

9
 2.77 x 10

9
± 3.79 x 10 

8

DASA 68058 9.00 x 10 
8
 7.20 x 10 

8
 8.10 x 10

8
 8.10 x 10 

8
± 9.00 x 10 

7

DASA 68061 2.00 x 10 
8
 5.00 x 10 

8
 1.10 x 10

9
 6.00 x 10 

8
± 4.58 x 10 

8

DASA 68062 5.20 x 10 
8
 3.10 x 10 

8
 3.30 x 10

8
 3.87 x 10 

8
± 1.15 x 10 

8

DASA 68066 2.00 x 10
 6
 1.00 x 10

 6
 4.00 x 10

 6
 2.33 x 10

 6
± 1.53 x 10 

6

DASA 68069 3.00 x 10
9
 3.00 x 10

9
 3.00 x 10

9
 3.00 x 10

9
± 0.00 

DASA 68070 4.30 x 10 
8
 4.40 x 10 

8
 6.60 x 10

8
 5.10 x 10 

8
± 1.30 x 10 

8

DASA 68071 4.10 x 10 
8
 3.90 x 10

8
 5.10 x 10

8
 4.37 x 10

8
± 6.43 x 10 

7

:  Standard deviation
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 32:  NaCl 0.2 M 

 (CFU/ml) 

 1  2  3 *

DASA 57003 2.15 x 10
10

 2.14 x 10
10

 2.20 x 10
10

 2.16 x 10
10

± 3.21 x 10 
8

DASA 57004 6.00 x 10 
7
 5.00 x 10 

7
 5.00 x 10 

7
 5.33 x 10 

7
± 5.77 x 10 

6

DASA 57005 6.00 x 10
7
 9.00 x 10

7
 1.00 x 10

8
 8.33 x 10

7
± 2.08 x 10 

7

DASA 57009 2.70 x 10
5
 3.90 x 10

5
 2.70 x 10

5
 3.10 x 10

5
± 6.93 x 10 

4

DASA 57010 1.00 x 10 
9
 1.36 x 10 

9
 1.19 x 10 

9
 1.18 x 10 

9
± 1.80 x 10 

8

DASA 57015 1.05 x 10 
9
 9.80 x 10

8
 1.12 x 10 

9
 1.05 x 10 

9
± 7.00 x 10 

7

DASA 57019 3.17 x 10 
4
 3.08 x 10 

4
 3.27 x 10 

4
 3.17 x 10 

4
± 9.50 x 10 

2

DASA 57020 9.20 x 10
8
 1.09 x 10 

9
 1.07 x 10 

9
 1.03 x 10 

9
± 9.29 x 10 

7

DASA 57024 3.00 x 10 
4
 2.70 x 10 

4
 3.60 x 10 

4
 3.10 x 10 

4
± 4.58 x 10 

3

DASA 57027 1.60 x 10 
8
 2.50 x 10 

8
 2.30 x 10

8
 2.13 x 10 

8
± 4.73 x 10 

7

DASA 57034 2.00 x 10 
7
 2.00 x 10 

7
 8.00 x 10 

7
 4.00 x 10 

7
± 3.46 x 10 

7

DASA 57038 4.90 x 10 
4
 2.20 x 10 

4
 3.50 x 10 

4
 3.53 x 10 

4
± 1.35 x 10 

4

DASA 57050 1.00 x 10 
5
 1.00 x 10 

5
 1.00 x 10 

5
 1.00 x 10 

5
± 0.00 

DASA 57053 8.00 x 10 
5
 8.00 x 10 

5
 8.00 x 10 

5
 8.00 x 10 

5
± 0.00 

DASA 57057 1.00 x 10 
7
 3.00 x 10 

7
 6.00 x 10 

7
 3.33 x 10 

7
± 2.52 x 10 

7

DASA 57065 4.00 x 10 
7
 7.00 x 10 

7
 1.00 x 10 

7
 4.00 x 10 

7
± 3.00 x 10 

7

DASA 57066 1.51 x 10 
9
 1.34 x 10 

9
 1.47 x 10 

9
 1.44 x 10 

9
± 8.89 x 10 

7

DASA 57075 4.20 x 10 
7
 8.20 x 10 

7
 6.50 x 10 

7
 6.30 x 10 

7
± 2.01 x 10 

7

DASA 57076 1.35 x 10 
9
 1.24 x 10 

9
 1.45 x 10 

9
 1.35 x 10 

9
± 1.05 x 10 

8

DASA 57098 1.40 x 10 
6
 1.50 x 10 

6
 1.30 x 10 

6
 1.40 x 10 

6
± 1.00 x 10 

5

:  Standard deviation
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 32 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 1.20 x 10
9
 8.10 x 10

8
 5.60 x 10

8
 8.57 x 10 

8
± 3.23 x 10 

8

DASA 64008 2.00 x 10
5
 1.80 x 10

5
 1.80 x 10

5
 1.87 x 10

5
± 1.15 x 10 

4

DASA 64010 6.00 x 10
7
 1.00 x 10

8
 1.10 x 10

8
 9.00 x 10

7
± 2.65 x 10 

7

DASA 64011 6.70 x 10 
8
 5.30 x 10

8
 4.90 x 10

8
 5.63  x 10 

8
± 9.45 x 10 

7

DASA 64012 6.80 x 10 
8
 6.30 x 10

8
 7.20 x 10

8
 6.77 x 10 

8
± 4.51 x 10 

7

DASA 64014 1.17 x 10 
9
 1.16 x 10 

9
 1.29 x 10 

9
 1.21 x 10 

9
± 7.23 x 10 

7

DASA 64016 9.00 x 10 
8
 9.80 x 10

8
 7.70 x 10

8
 8.83 x 10 

8
± 1.06 x 10 

8

DASA 64020 1.40 x 10
5
 1.20 x 10

5
 1.60 x 10

5
 1.40 x 10

5
± 2.00 x 10 

4

DASA 64021 2.60 x 10
9
 3.00 x 10

9
 3.00 x 10

9
 2.87 x 10

9
± 2.31 x 10 

8

DASA 64022 4.00 x 10
7
 4.00 x 10

7
 4.00 x 10

7
 4.00 x 10

7
± 0.00 

DASA 64023 1.10 x 10
9
 4.00 x 10 

8
 7.00 x 10

8
 7.33 x 10 

8
± 3.51 x 10 

8

DASA 64026 2.60 x 10 
4
 6.00 x 10 

4
 4.30 x 10 

4
 4.30 x 10 

4
± 1.70 x 10 

4

DASA 64027 2.68 x 10 
4
 3.26 x 10 

4
 2.82 x 10 

4
 2.92 x 10 

4
± 3.03 x 10 

3

DASA 64031 8.00 x 10 
4
 8.00 x 10 

4
 8.00 x 10 

4
 8.00 x 10 

4
± 0.00 

DASA 64034 2.80 x 10
9
 1.70 x 10

9
 2.40 x 10

9
 2.30 x 10

9
±  5.57 x 10 

8

DASA 64038 9.00 x 10 
8
 6.00 x 10

8
 7.00 x 10

8
 7.33 x 10 

8
± 1.53 x 10 

8

DASA 64040 8.60 x 10 
6
 8.50 x 10 

6
 9.60 x 10 

6
 8.90 x 10 

6
± 6.08 x 10 

5

DASA 64042 1.00 x 10
5
 3.00 x 10

5
 1.00 x 10

5
 1.67 x 10

5
± 1.15 x 10 

5

:  Standard deviation
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 32 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 2.10 x 10 
8
 2.00 x 10

8
 2.00 x 10

8
 2.03 x 10 

8
± 0.00 

DASA 68006 4.00 x 10 
8
 4.00 x 10

8
 9.00 x 10

8
 5.67 x 10 

8
± 2.89 x 10 

8

DASA 68010 1.99 x 10
5
 2.05 x 10

5
 2.12 x 10

5
 2.05 x 10

5
± 6.51 x 10 

3

DASA 68012 3.30 x 10 
8
 3.40 x 10

8
 3.30 x 10

8
 3.33 x 10 

8
± 5.77 x 10 

6

DASA 68020 8.30 x 10 
8
 8.40 x 10

8
 1.02 x 10

9
 8.97 x 10 

8
± 1.07 x 10 

8

DASA 68025 9.00 x 10
7
 9.00 x 10

7
 1.03 x 10

8
 9.43 x 10

7
± 7.51 x 10 

6

DASA 68030 2.55 x 10
5
 3.03 x 10

5
 3.75 x 10

5
 3.11 x 10

5
± 6.27 x 10 

4

DASA 68032 1.00 x 10 
8
 1.90 x 10

8
 2.30 x 10

8
 1.73 x 10 

8
± 6.66 x 10 

7

DASA 68053 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68055 3.00 x 10 
3
 3.00 x 10 

3
 3.00 x 10 

3
 3.00 x 10 

3
± 0.00 

DASA 68056 8.00 x 10
5
 1.20 x 10

6
 1.00 x 10

6
 1.00 x 10

6
± 2.00 x 10 

5

DASA 68058 3.70 x 10 
8
 2.90 x 10

8
 3.30 x 10

8
 3.33 x 10 

8
± 4.00 x 10 

7

DASA 68061 1.70 x 10
9
 1.00 x 10

9
 1.50 x 10

9
 1.40 x 10

9
± 3.61 x 10 

8

DASA 68062 2.18 x 10
9
 2.26 x 10

9
 2.22 x 10

9
 2.22 x 10

9
± 4.00 x 10 

7

DASA 68066 4.20 x 10 
8
 3.20 x 10

8
 2.80 x 10

8
 3.40 x 10 

8
± 7.21 x 10 

7

DASA 68069 3.00 x 10
9
 3.00 x 10

9
 3.00 x 10

9
 3.00 x 10

9
± 0.00 

DASA 68070 5.90 x 10 
8
 6.40 x 10

8
 6.20 x 10

8
 6.17 x 10 

8
± 2.52 x 10 

7

DASA 68071 4.00 x 10 
3
 5.80 x 10 

3
 6.00 x 10 

3
 5.27 x 10 

3
± 1.10 x 10 

3

:  Standard deviation
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 33:  NaCl 1.0 M 

 (CFU/ml) 

 1  2  3 *

DASA 57003 7.40 x 10
7
 3.60 x 10

7
 5.10 x 10

7
 5.37 x 10

7
± 1.91 x 10 

7

DASA 57004 4.30 x 10 
4
 2.30 x 10 

4
 2.10 x 10 

4
 2.90 x 10 

4
± 1.22 x 10 

4

DASA 57005 1.00 x 10
6
 1.10 x 10

6
 1.30 x 10

6
 1.13 x 10

6
± 1.53x 10 

5

DASA 57009 1.00 x 10 
3
 1.00 x 10 

3
 1.00 x 10 

3
 1.00 x 10 

3
± 0.00 

DASA 57010 2.00 x 10
5
 2.00 x 10

5
 1.00 x 10

5
 1.67 x 10

5
± 5.77 x 10 

5

DASA 57015 1.43 x 10
5
 1.50 x 10

5
 1.21 x 10

5
 1.38 x 10

5
± 1.51 x 10 

4

DASA 57019 3.00 x 10
 1
 3.00 x 10

 1
 3.00 x 10

 1
 3.00 x 10

 1
± 0.00 

DASA 57020 5.00 x 10 
4
 3.70 x 10 

4
 4.80 x 10 

4
 4.50 x 10 

4
± 7.00 x 10 

3

DASA 57024 5.00 x 10
 2
 5.20 x 10

 2
 5.00 x 10

 2
 5.07 x 10

 2
± 11.55 

DASA 57027 1.00 x 10
 1
 3.00 x 10

 1
 3.00 x 10

 1
 2.33 x 10

 1
± 1.10 x 10 

1

DASA 57034 1.60 x 10 
3
 2.30 x 10 

3
 2.00 x 10 

3
 1.97 x 10 

3
± 3.51 x 10 

2

DASA 57038 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57050 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 57053 3.00 x 10 
3
 4.00 x 10 

3
 3.50 x 10 

3
 3.50 x 10 

3
± 5.00 x 10 

2

DASA 57057 3.00 x 10
 1
 3.00 x 10

 1
 4.00 x 10

 1
 3.33 x 10

 1
± 5.77 

DASA 57065 1.00 x 10
 1
 2.00 x 10

 1
 1.00 x 10

 1
 1.33 x 10

 1
± 5.77 

DASA 57066 2.74 x 10
5
 3.20 x 10

5
 3.23 x 10

5
 3.06 x 10

5
± 2.75 x 10 

4

DASA 57075 3.60 x 10
5
 3.00 x 10

5
 3.80 x 10

5
 3.47 x 10

5
± 4.16 x 10 

4

DASA 57076 1.50 x 10
5
 1.38 x 10

5
 1.58 x 10

5
 1.49 x 10

5
± 1.01 x 10 

4

DASA 57098 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

:  Standard deviation
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 33 ( )

 (CFU/ml) 

 1  2  3 *

DASA 64006 1.23 x 10 
8
 1.13 x 10 

8
 9.50 x 10

7
 1.10 x 10 

8
± 1.42 x 10 

7

DASA 64008 3.30 x 10 
4
 3.50 x 10 

4
 3.50 x 10 

4
 3.43 x 10 

4
± 1.15 x 10 

3

DASA 64010 1.10 x 10 
2
 1.00 x 10 

2
 1.10 x 10 

2
 1.06 x 10 

2
± 5.77 

DASA 64011 2.00 x 10
 2
 3.00 x 10

 2
 2.00 x 10

 2
 2.33 x 10

 2
± 57.74 

DASA 64012 2.60 x 10 
8
 2.50 x 10 

8
 2.80 x 10

8
 2.63 x 10 

8
± 1.53 x 10 

7

DASA 64014 3.40 x 10 
4
 2.60 x 10 

4
 3.90 x 10 

4
 3.30 x 10 

4
± 6.56 x 10 

3

DASA 64016 4.00 x 10
5
 4.00 x 10

5
 4.00 x 10

5
 4.00 x 10

5
± 0.00 

DASA 64020 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64021 1.50 x 10 
4
 1.80 x 10 

4
 1.30 x 10 

4
 1.53 x 10 

4
± 2.52 x 10 

3

DASA 64022 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64023 5.50 x 10
6
 5.70 x 10

6
 5.50 x 10

6
 5.57 x 10

6
± 1.15 x 10 

5

DASA 64026 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 64027 4.80 x 10
 3
 4.80 x 10

 3
 4.80 x 10

 3
 4.80 x 10

 3
± 0.00 

DASA 64031 1.20 x 10 
2
 1.00 x 10 

2
 9.00 x 10 

1
 1.03 x 10 

2
± 15.28 

DASA 64034 3.00 x 10
 3
 1.00 x 10

 4
 1.10 x 10

 4
 8.00 x 10

 3
± 4.36 x 10 

3

DASA 64038 4.00 x 10
6
 1.00 x 10

6
 1.00 x 10

6
 2.00 x 10

6
± 1.73 x 10 

6

DASA 64040 1.00 x 10 
4
 1.00 x 10 

4
 1.00 x 10 

4
 1.00 x 10 

4
± 0.00 

DASA 64042 1.00 x 10
5
 1.00 x 10

5
 1.00 x 10

5
 1.00 x 10

5
± 0.00 

:  Standard deviation
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 33 ( )

 (CFU/ml) 

 1  2  3 *

DASA 68003 7.00 x 10
 2
 8.00 x 10

 2
 8.00 x 10

 2
 7.67 x 10

 2
± 57.74 

DASA 68006 3.00 x 10
 3
 4.00 x 10

 3
 3.00 x 10

 3
 3.33 x 10

 3
± 5.77 x 10 

3

DASA 68010 8.00 x 10
 1
 6.00 x 10

 1
 6.00 x 10

 1
 6.67 x 10

 1
± 11.55 

DASA 68012 1.00 x 10
5
 4.00 x 10

5
 3.00 x 10

5
 1.77 x 10

5
± 1.97 x 10 

5

DASA 68020 1.87 x 10
5
 1.69 x 10

5
 1.30 x 10

5
 1.62 x 10

5
± 2.91 x 10 

4

DASA 68025 9.00 x 10
6
 9.00 x 10

6
 4.00 x 10

6
 7.33 x 10

6
± 2.52 x 10 

6

DASA 68030 4.30 x 10
5
 3.00 x 10

5
 3.40 x 10

5
 3.57 x 10

5
± 6.66 x 10 

4

DASA 68032 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68053 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68055 1.80 x 10
 3
 1.90 x 10

 3
 2.00 x 10

 3
 1.90 x 10

 3
±1.00 x 10 

2

DASA 68056 0.00 x 10
 0
 0.00 x 10

 0
 0.00 x 10

 0
 0.00  

DASA 68058 1.30 x 10 
4
 1.20 x 10 

4
 1.30 x 10 

4
 1.27 x 10 

4
± 1.27 x 10 

4

DASA 68061 1.00 x 10
5
 2.00 x 10

5
 1.00 x 10

5
 1.33 x 10

5
± 1.33 x 10 

5

DASA 68062 1.10 x 10
5
 8.00 x 10

4
 9.00 x 10

4
 9.33 x 10

4
± 1.53 x 10 

4

DASA 68066 4.80 x 10
4
 3.60 x 10

4
 3.40 x 10

4
 3.93 x 10

4
± 7.57 x 10 

3

DASA 68069 3.00 x 10
 2
 3.00 x 10

 2
 3.00 x 10

 2
 3.00 x 10

 2
± 0.00 

DASA 68070 1.00 x 10
5
 1.00 x 10

5
 1.00 x 10

5
 1.00 x 10

5
± 0.00 

DASA 68071 3.00 x 10 
4
 3.00 x 10 

4
 3.00 x 10 

4
 3.00 x 10 

4
± 0.00 

:  Standard deviation
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 IAA  (Absorbance)  530 

 IAA  5, 10, 15, 20, 25, 30, 35, 40, 45 

50  IAA  Colorimetric 

(Gordon  Weber, 1951)  (absorbance)  530 

21  IAA  530 

  y =0.0309x  34  20 

 34:  IAA ( / )

 (Absorbance)  530 

 IAA  OD
530

( g/ml)  1  2  3  4 *

0 0 0 0 0 0.00±0.00 

5 0.11 0.104 0.119 0.106 0.10975±0.01 

10 0.311 0.321 0.308 0.289 0.30725±0.01 

15 0.462 0.472 0.467 0.455 0.464±0.01 

20 0.635 0.677 0.605 0.623 0.635±0.03 

25 0.831 0.788 0.77 0.779 0.792±0.03 

30 0.936 0.931 0.952 0.959 0.945±0.01 

35 1.12 1.062 1.114 1.086 1.096±0.03 

40 1.238 1.14 1.288 1.256 1.231±0.06 

45 1.346 1.388 1.416 1.352 1.376±0.03 

50 1.556 1.5 1.602 1.432 1.523±0.07 

:  Standard deviation 
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 IAA      

 530 

y = 0.0309x

R
2
 = 0.9985

0

0.5

1

1.5

2

2.5

0 5 10 15 20 25 30 35 40 45 50 55

 IAA (  / )

 5
3
0
 

 20:  IAA  530 

 IAA ( / ) I

Error bars  ± Standard deviation 

 21:  IAA  colorimetric 
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 35:  (Absorbance)  530 

 IAA 

 (Absorbance)  530 

 1  2  3  4  5  6 

DASA 57003 0.625 0.633 0.743 0.638 0.699 0.725 0.677 

DASA 57004 0.569 0.673 0.564 0.665 0.529 0.500 0.583 

DASA 57005 0.948 1.036 0.995 0.985 1.078 0.983 1.004 

DASA 57009 0.254 0.200 0.195 0.196 0.254 0.264 0.227 

DASA 57010 0.608 0.765 0.530 0.569 0.585 0.596 0.609 

DASA 57015 1.072 1.066 1.070 1.078 1.080 1.078 1.074 

DASA 57019 0.307 0.293 0.237 0.216 0.214 0.222 0.248 

DASA 57020 0.798 0.663 0.603 0.758 0.746 0.797 0.728 

DASA 57024 0.647 0.665 0.661 0.641 0.563 0.594 0.629 

DASA 57027 0.792 0.735 0.748 0.764 0.754 0.674 0.745 

DASA 57034 0.793 0.783 0.833 0.781 0.768 0.784 0.790 

DASA 57038 0.215 0.256 0.216 0.285 0.285 0.257 0.252 

DASA 57050 0.351 0.379 0.336 0.338 0.333 0.314 0.342 

DASA 57053 0.403 0.463 0.491 0.314 0.306 0.410 0.398 

DASA 57057 0.780 0.865 0.866 0.882 0.896 0.882 0.862 

DASA 57065 0.602 0.806 0.756 0.802 0.639 0.640 0.708 

DASA 57066 0.510 0.478 0.490 0.517 0.528 0.509 0.505 

DASA 57075 0.543 0.439 0.422 0.469 0.415 0.531 0.470 

DASA 57076 0.244 0.240 0.243 0.203 0.264 0.272 0.244 

DASA 57098 0.380 0.421 0.405 0.416 0.465 0.346 0.406 
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 35 ( )

 (Absorbance)  530 

 1  2  3  4  5  6 

DASA 64006 0.657 0.565 0.629 0.650 0.567 0.634 0.617 

DASA 64008 0.245 0.229 0.264 0.210 0.152 0.148 0.208 

DASA 64010 0.307 0.239 0.259 0.279 0.324 0.279 0.281 

DASA 64011 0.950 0.970 0.923 0.938 0.970 0.975 0.954 

DASA 64012 0.832 0.689 0.669 0.762 0.769 0.650 0.729 

DASA 64014 0.692 0.567 0.655 0.652 0.665 0.678 0.652 

DASA 64016 0.771 0.776 0.848 0.711 0.838 0.765 0.785 

DASA 64020 0.355 0.404 0.434 0.418 0.416 0.425 0.409 

DASA 64021 0.733 0.613 0.702 0.739 0.727 0.745 0.710 

DASA 64022 0.165 0.097 0.161 0.160 0.157 0.163 0.151 

DASA 64023 0.663 0.578 0.718 0.626 0.628 0.601 0.636 

DASA 64026 0.397 0.405 0.401 0.426 0.441 0.457 0.421 

DASA 64027 0.267 0.253 0.278 0.261 0.297 0.355 0.285 

DASA 64031 0.739 0.558 0.762 0.566 0.564 0.746 0.656 

DASA 64034 0.715 0.622 0.698 0.601 0.616 0.724 0.663 

DASA 64038 0.244 0.310 0.229 0.277 0.253 0.207 0.253 

DASA 64040 0.124 0.113 0.115 0.131 0.151 0.165 0.133 

DASA 64042 0.380 0.335 0.323 0.358 0.376 0.345 0.353 
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 35 ( )

 (Absorbance)  530 

 1  2  3  4  5  6 

DASA 68003 0.285 0.257 0.281 0.255 0.293 0.258 0.272 

DASA 68006 0.315 0.296 0.369 0.338 0.330 0.357 0.334 

DASA 68010 0.347 0.380 0.343 0.351 0.347 0.334 0.350 

DASA 68012 0.727 0.754 0.758 0.819 0.692 0.613 0.727 

DASA 68020 0.472 0.574 0.577 0.564 0.587 0.609 0.564 

DASA 68025 0.212 0.240 0.251 0.236 0.272 0.329 0.257 

DASA 68030 0.159 0.162 0.154 0.180 0.184 0.184 0.171 

DASA 68032 0.175 0.160 0.229 0.189 0.196 0.215 0.194 

DASA 68053 0.241 0.213 0.219 0.220 0.250 0.220 0.227 

DASA 68055 0.311 0.364 0.347 0.358 0.308 0.317 0.334 

DASA 68056 0.298 0.252 0.294 0.294 0.286 0.315 0.290 

DASA 68058 0.448 0.356 0.410 0.268 0.267 0.263 0.335 

DASA 68061 0.477 0.431 0.493 0.417 0.457 0.426 0.450 

DASA 68062 0.359 0.333 0.346 0.344 0.338 0.367 0.348 

DASA 68066 0.458 0.363 0.354 0.394 0.346 0.320 0.373 

DASA 68069 0.357 0.312 0.300 0.284 0.366 0.292 0.319 

DASA 68070 0.328 0.405 0.413 0.419 0.385 0.300 0.375 

DASA 68071 0.316 0.358 0.465 0.295 0.301 0.371 0.351 
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 p-nitrophenol 

(Absorbance)  405 

 Stock solution  p-nitrophenol  100 

 1, 5, 10, 15, 20, 25, 30, 35, 40, 45  50 

 23  p-nitrophenol ( )

 405 

y = 28.652x  36  22 

 36:  p-nitrophenol ( / )

 (Absorbance)  405 

( g/ml) (mg/ml)  1   2   3  *

0 0.000 0.000 0.000  0.000  0.000 ± 0.000 

1 0.001 0.079 0.077  0.079  0.078 ± 0.001 

5 0.005 0.218 0.208  0.217  0.214 ± 0.006 

10 0.010 0.391 0.414  0.416  0.407 ± 0.014 

15 0.015 0.572 0.519  0.543  0.545 ± 0.027 

20 0.020 0.669 0.670  0.702  0.680 ± 0.019 

25 0.025 0.816 0.798  0.842  0.819 ± 0.022 

30 0.030 0.906 0.914  0.922  0.914 ± 0.008 

35 0.035 1.026 1.010  1.002  1.013 ± 0.012 

40 0.040 1.110 1.104  1.128  1.114 ± 0.012 

45 0.045 1.212 1.216  1.240  1.223 ± 0.015 

50 0.050 1.324 1.326  1.304  1.318 ± 0.012 

:  Standard deviati99 
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 22:  p-nitrophenol 

405  p-nitrophenol 

( / ) I  Error bars  ± Standard deviation 

 23:  p-nitrophenol
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1  (unit)  p-nitrophenyl phosphate 

  p-nitrophenol 1  1   (Streeter 1989)

 extracellular enzyme (milliunit/ml )

 intracellular enzyme (milliunit/mg)

 supernatant  3.0 ml  (Extracellular enzyme ) 

 20 mg (Intracellular enzyme) 

 5.1 ml

 20 min 

 p-nitrophenol  139.11 g/mol 

:  acid phosphatase  extracellular enzyme 

(milliunit/ml)  DASA 57003

 OD405   = 0.192    y   = 28.652x 

 p-nitrophenol    =  0.0067 mg/ml 

 p-nitrophenol 1.0 ml  p-nitrophenol      =       0.0067    mg 

 p-nitrophenol 5.1 ml  p-nitrophenol      =       0.0340    mg 

 supernatant 3.0 ml  p-nitrophenol             =       0.0340    mg 

 supernatant 1.0 ml  p-nitrophenol             =       0.0113   mg/ml 

 20 min  p-nitrophenol                         =       0.0113   mg/ml 

 1.0 min  p-nitrophenol                        =       0.000565   mg/ml/min 

                          =       0.565 g/ml/min

 p-nitrophenol   139.11 g      1.0 mol

  p-nitrophenol     0.565 g    0.004 mol

        1.0 mol/ min         = 1.0  unit 

       0.004 mol /min   =            0.0041  unit 

                                                         =           4.10  milliunit/ml 

 p-nitrophenol  p-nitrophenol  0.0067 mg/ml 

  acid phosphatase  extracellular enzyme  4.10  milliunit/ml 
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 :  Intracellular enzyme (milliunit/mg) 

 20 mg  supernatant 
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 37:  (CFU/ml)  Pikovskaya 

tricalcium phosphate [Ca3(PO4)2]

 ( CFU / ml) 

 1  2  3 *

DASA 57003 4.60 x10
6

5.00 x10
6

5.60 x10
6
 5.07 x10

6
 ± 5.03 x10

5

DASA 57004 1.00 x10
3

2.00 x10
3

5.00 x10
3
 2.67 x10

3
 ± 2.08 x10

3

DASA 57005 1.00 x10
5

1.00 x10
5

1.00 x10
5
 1.00 x10

5
 ± 0.00 

DASA 57009 1.20 x10
5

2.00 x10
5

1.80 x10
5
 1.67 x10

5
 ± 4.16 x10

4

DASA 57010 2.00 x10
6

2.00 x10
6

2.00 x10
6
 2.00 x10

6
 ± 0.00 

DASA 57015 3.70 x10
5

5.60 x10
5

4.00 x10
5
 4.43 x10

5
 ± 1.02 x10

5

DASA 57019 5.00 x10
5

5.00 x10
5

5.00 x10
5
 5.00 x10

5
 ± 0.00 

DASA 57020 2.80 x10
8

2.30 x10
8

2.20 x10
8
 2.43 x10

8
 ± 3.21 x10

7

DASA 57024 9.00 x10
4

7.00 x10
4

5.00 x10
4
 7.00 x10

4
 ± 2.00 x10

4

DASA 57027 3.20 x10
8

3.00 x10
8

2.30 x10
8
 2.83 x10

8
 ± 4.73 x10

7

DASA 57034 1.17 x10
8

6.80 x10
8

9.30 x10
8
 9.27 x10

8
 ± 2.45 x10

8

DASA 57038 8.00 x10
8

8.00 x10
8

7.00 x10
8
 7.67 x10

8
 ± 5.77 x10

7

DASA 57050 2.00 x10
5

6.00 x10
5

1.00 x10
6
 6.00 x10

5
 ± 4.00 x10

5

DASA 57053 7.20 x10
8

7.30 x10
8

7.50 x10
8
 7.33 x10

8
 ± 1.53 x10

7

DASA 57057 1.00 x10
7

1.10 x10
7

1.00 x10
7
 1.03 x10

7
 ± 5.77 x10

5

DASA 57065 2.50 x10
6

2.00 x10
6

3.10 x10
6
 2.53 x10

6
 ± 5.51 x10

5

DASA 57066 1.00 x10
4

2.00 x10
4

1.00 x10
4
 1.33 x10

4
 ± 5.77 x10

3

DASA 57075 9.00 x10
6

9.30 x10
6

9.50 x10
6
 9.27 x10

6
 ± 2.52 x10

5

DASA 57076 1.00 x10
6

1.00 x10
6

1.00 x10
6
 1.00 x10

6
 ± 0.00 

DASA 57098 6.00 x10
8

8.30 x10
8

9.40 x10
8
 7.90 x10

8
 ± 1.73 x10

8

*  Standard deviation 
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 37 ( ):

 ( CFU / ml) 

 1  2  3 *

DASA 64006 2.20 x10
8

2.20 x10
8

2.70 x10
8
 2.37 x10

8
 ± 2.89 x10

7

DASA 64008 2.00 x10
4

1.00 x10
4

2.00 x10
4
 1.67 x10

4
 ± 5.77 x10

3

DASA 64010 2.00 x10
6

2.00 x10
6

2.00 x10
6
 2.00 x10

6
 ± 0.00 

DASA 64011 1.00 x10
6

1.00 x10
6

1.00 x10
6
 1.00 x10

6
 ± 0.00 

DASA 64012 7.00 x10
6

3.00 x10
6

2.00 x10
6
 4.00 x10

6
 ± 2.65 x10

6

DASA 64014 2.00 x10
4

2.00 x10
4

2.00 x10
4
 2.00 x10

4
 ± 0.00 

DASA 64016 1.52 x10
7

1.55 x10
7

1.60 x10
7
 1.56 x10

7
 ± 4.04 x10

5

DASA 64020 4.00 x10
7

2.00 x10
7

3.00 x10
7
 3.00 x10

7
 ± 1.00 x10

7

DASA 64021 3.00 x10
8

3.00 x10
8

3.00 x10
8
 3.00 x10

8
 ± 0.00 

DASA 64022 1.20 x10
6

1.00 x10
6

1.10 x10
6
 1.10 x10

6
 ± 1.00 x10

5

DASA 64023 2.05 x10
8

2.10 x10
8

1.70 x10
8
 1.95 x10

8
 ± 2.18 x10

7

DASA 64026 1.00 x10
6

1.00 x10
6

1.00 x10
6
 1.00 x10

6
 ± 0.00 

DASA 64027 4.00 x10
4

1.00 x10
4

3.00 x10
4
 2.67 x10

4
 ± 1.53 x10

4

DASA 64031 4.70 x10
8

5.00 x10
8

4.80 x10
8
 4.83 x10

8
 ± 1.53 x10

7

DASA 64034 1.00 x10
6

2.00 x10
6

2.00 x10
6
 1.67 x10

6
 ± 5.77 x10

5

DASA 64038 3.60 x10
8

5.50 x10
8

5.80 x10
8
 4.97 x10

8
 ± 1.19 x10

8

DASA 64040 1.50 x10
8

1.65 x10
8

1.81 x10
8
 1.65 x10

8
 ± 1.55 x10

7

DASA 64042 7.00 x10
5

5.00 x10
5

6.00 x10
5
 6.00 x10

5
 ± 1.00 x10

5

                    *  Standard deviation 
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 37 ( ):

 ( CFU / ml) 

 1  2  3 *

DASA 68003 2.60 x10
5

2.20 x10
5

1.90 x10
5
 2.23 x10

5
 ± 3.51 x10

4

DASA 68006 1.00 x10
6

1.00 x10
6

1.00 x10
6
 1.00 x10

6
 ± 0.00 

DASA 68010 1.00 x10
5

1.00 x10
5

1.00 x10
5
 1.00 x10

5
 ± 0.00 

DASA 68012 1.80 x10
6

1.80 x10
6

1.80 x10
6
 1.80 x10

6
 ± 0.00 

DASA 68020 1.60 x10
8

1.60 x10
8

1.60 x10
8
 1.60 x10

8
 ± 0.00 

DASA 68025 8.00 x10
4

8.00 x10
4

8.00 x10
4
 8.00 x10

4
 ± 0.00 

DASA 68030 1.00 x10
4

1.00 x10
4

1.00 x10
4
 1.00 x10

4
 ± 0.00 

DASA 68032 6.70 x10
7

6.80 x10
7

5.30 x10
7
 6.27 x10

7
 ± 8.39 x10

6

DASA 68053 1.00 x10
5

1.00 x10
5

1.00 x10
5
 1.00 x10

5
 ± 0.00 

DASA 68055 7.60 x10
6

6.50 x10
6

8.00 x10
6
 7.37 x10

6
 ± 7.77 x10

5

DASA 68056 4.00 x10
6

2.00 x10
6

1.20 x10
7
 6.00 x10

6
 ± 5.29 x10

6

DASA 68058 1.80 x10
6

2.10 x10
6

2.00 x10
6
 1.97 x10

6
 ± 1.53 x10

5

DASA 68061 1.20 x10
7

1.10 x10
7

1.30 x10
7
 1.20 x10

7
 ± 1.00 x10

6

DASA 68062 2.70 x10
7

2.30 x10
7

1.80 x10
7
 2.27 x10

7
 ± 4.51 x10

6

DASA 68066 7.40 x10
8

6.50 x10
8

6.70 x10
8
 6.87 x10

8
 ± 4.73 x10

7

DASA 68069 1.00 x10
6

1.00 x10
6

1.00 x10
6
 1.00 x10

6
 ± 0.00 

DASA 68070 2.20 x10
8

1.77 x10
8

1.93 x10
8
 1.97 x10

8
 ± 2.17 x10

7

DASA 68071 9.60 x10
8

7.00 x10
8

8.30 x10
8
 8.30 x10

8
 ± 1.30 x10

8

 *  Standard deviation 
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คําอธิบายคาํยอ 
คํายอ   =                คําเต็ม 
bp             =   base pair 
° C              =              degree Celsius 
rDNA             =   ribosomal deoxyribonucleic acid 
rRNA              =  ribosomal ribonucleic acid 
M              =  molarity 
kb              =  kilobase 
L              =              liter 
mg              =  milligram 
ml              =   milliliter 
OD             =              optical density 
U             =              unit 
μg              =              microgram 
μl                                  =   microliter 
Fe-protein           =               dinitrogenase reductase protein 

molybdenum-iron proteinMo-Fe protein           =               nitrogenase 
EPS                     =               exopolysaccharide 
NF            =               Nod-factor 
LCO            =               lipochitooligosaccharide 
PCR             =  Polymerase chain reaction 
IAA            =   Indole-3-acetic acid 
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