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In the previous paper, we reported that the bacteriostatic effect of condensed phosphate.

The present study was intended to observe influence of various environmental factors on

the bacteriostatic effect of condensed phosphates in the laboratory media, in order to get

the information on the possibility to use the phosphate as food preservative.

Bacteriostatic effect of sodium polyphosphate was not reduced by the heating at 100

for 1 hour, but it was considerably decreased by heating at 121 T for 15 min and the phos-

phate sensitivity of bacteria was increased by freezing and heating. On the other hand, the

strong bacteriostatic activity of condensed phosphate was observed below pH 6.5 in nut-

rient broth culture, and the activity was decreased by the addition of CaCl;, KCl and

MgSO4.
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Table 1. Comparison of bacterial growth in standard plate count agar containing various concentration of sodium

polyphosphate treated at 121 C for 15 min.

Number

. - Concentration of sodium polyphosphate added in SPC agar (%)

Strain o 0.1 02 03 04 05
- Unheated Heated Ratio? Unheated Heated Ratio® Unheated Heated Ratio® Unheated Heated Ratio® Unheated Heated Ratio®

E: coliww o -3—5><107_ ESXI(V 28X107 080 34X107 28X107 082 30X 27XH7T 090 25X107 22X107 088 21X107 17X107 080
Salmonella sp.  63X107  63X107 62X107 098  6IX107 61X107 100  60X107 59X107 098  60XI07 36X107 060  STXNT 26X107 046
S. aureus 10X10%  1OX10 60X107 060  10X108 46X107 046 NC®  45X107 NCP 37X107 NC®  20X107

* Ratio = Number of colony under heated phosphate

Number of colony under unheated phosphate

® NC indicates no colonies developed
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Table 2. Comparison of bacterial growth in nutrient broth containing various concentration of sodium polyphos-

phate treated at 85 and 100 C for 60 min.

Temperature Concentration of Optical density at 660 nm
Strain vgci)tlil hseozg;ﬁi Sg%g;gl a%(:jlzghions i Culturing time at 35C (hrs)
polyphosphate nutrient broth(%) 5 10 15 20 o5
S. aureus Unheated 0 0.146 0.225 0.259 0.450 0.890
0.2 0045 0145 0250 0430 0.850
04 0045 0045 0041 0047 0.046
85T 0.2 0.076  0.143 0220 0440 0.860
04 0.043 0046 0043 0041 0.041
100C 0.2 0.090 0.147 0.235 0.400 0.860
04 0046 0.045 0045 0044 0045
E. coli Unheated 0 0.180 0330 0420 0825 1.100
0.5 0.065 0.130 0.400 0.800 1.100
1.0 0.069 0.100 0360 0.780  1.000
8T 0.5 0.067 0200 0380 0780  0.990
1.0 0.067 0.110 0.320 0.810 1.020
100 0.5 0051 0180 0420 0800  1.000
1.0 0037 0130 0480 0880  1.000

Table 3. Change of viable cell count® of S. aures and E. coli in nutrient broth with 0.5% sodium phosphate treated

at 55 for 30 and 60 min.

heating time

Number of colony

Strain (min) Control® sodium sodium Polymixer
polyphosphate pyrophosphate
S. aureus 0 3.2X108 - - -
30 3.8x10* 1.2X%10* 1.2X10* 1.2X10*
60 3.6X10* 6.1X10° 53X10° 54X10°
E. coli 0 1.9X107 - - -
30 4.8X10° 23X10* 1.0X10* 6.7X10°
60 45X10° 4.8X10° 3.3X10° 2.2X10°

@ plate count was made with standard plate count agar at 35C for 48 hrs.
> phosphate buffered dilution water was used for bacterial suspension.
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Table 4. Changes of viable cell counts in phosphate buffer solution containing various concentration of sodium
phosphate by freezing or frozen storage at -20C for 7 days.

Number of colony

Strain

Concentration of sodium polyphosphate solution for bacterial suspention(%)

Before
freezing  Control® 0.1 03 05 0.7 09 10
E coli 62X107 39X10° 56X10° 54X10° 48X10° 40X10' 32X10° 1.1X10*
Salmonella sp. 52X107  1LOX10° 18X10° 17x10° 17X10* 16X10* 14X10* 12X10*
S awrews  73X10°  12X10° 36X10' 31X10' 14X10* ; ; -
B. cereus 12X10°  10X10' 47X10° 33X10° 24X10° . - ;
B. subtilis  23X10° 32X10° 19X10* 16X10° 14X10° - - -

2 plate count was made with standard plate count agar at 35T for 48 hrs.
b phosphate buffered dilution water was used for bacterial suspension.

c

not examined

Table 5. Growth of E. coli in nutrient broth containing various concentration of polyphosphates and metal salts

(1mM) at 35T for 24 hrs.

Concentration of

Optical density at 660 nm

Kind of phosphates phosphates( % ) Control CaCl, KCl MgS0,
sodium polyphosphate 0 0.307 0411 0.402 0.527
0.8 0.086 0.088 0.124 0.093
09 0.074 0.084 0.085 0.086
1.0 0.064 0.069 0.080 0.064
11 0.060 0.065 0.081 0.060
1.2 0.060 0.063 0.077 0.061
sodium pyrophosphate 0 0.307 0411 0.402 0.527
0.8 0.089 0.100 0.137 0.102
0.9 0.084 0.096 0.148 0.101
1.0 0.084 0.084 0.085 0.132
11 0.083 0.080 0.083 0.088
1.2 0.081 0.080 0.080 0.070
sodium polymixer 0 0.307 0411 0.402 0.527
0.8 0.087 0.101 0.085 0.095
0.9 0.089 0.088 0.085 0.082
1.0 0.066 0.088 0.089 0.084
11 0.065 0.085 0.087 0.082
12 0.046 0.081 0.068 0.062
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Table 8. Growth of Salmonella sp. in nutrient broth containing various concentration of polyphosphates and metal

salts (1mM) at 35C for 24 hrs.

Concentration of

Optical density at 660 nm

Kind of phosphates

phosphates( % ) Control CaCl, KCl MgSO0,
sodium polyphosphate 0 0.172 0.276 0.270 0.273
0.8 0.069 0.092 0.045 0.051
09 0.009 0.067 0.007 0.012
1.0 0.005 0.042 0.006 0.007
11 0.005 0.064 0.006 0.007
12 0.005 0.056 0.006 0.007
sodium pyrophosphate 0 0.172 0.276 0.270 0.273
0.8 0.043 0.102 0.060 0.034
0.9 0.009 0.075 0.006 0.009
1.0 0.010 0.038 0.005 0.009
11 0.009 0.038 0.005 0.008
1.2 0.009 0.036 0.005 0.009
sodium polymixer 0 0.172 0.276 0.270 0.273
08 0.044 0.076 0.039 0.036
0.9 0.008 0.080 0.006 0.009
1.0 0.007 0.046 0.006 0.009
11 0.007 0.008 0.005 0.009
1.2 0.007 0.008 0.005 0.009
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Table 7. Growth of S. aureus in nutrient broth containing various concentration of polyphosphates and metal salts
(1mM) at 35C for 24 hrs.

Kind of phosphates

Concentration of

Optical density at 660 nm

phosphates( %) Control CaCl, KCl MgSO,

sodium polyphosphate 0 0.198 0.205 0.229 0.265
0.2 0.052 0.123 0.245 0.165

0.3 0.015 0.117 0.240 0.200

04 0.012 0.120 0.035 0.050

0.5 0.014 0.118 0.027 0.053

sodium pyrophosphate 0 0.198 0.205 0.229 0.265
0.2 0.040 0.127 0.039 0.191

0.3 0.023 0.093 0.045 0.115

04 0.014 0.024 0.033 0.083

0.5 0.013 0.032 0.035 0.094

sodium polymixer 0 0.198 0.205 0.229 0.265
0.2 0.068 0.118 0.067 0.196

0.3 0.066 0.159 0.067 0.254

04 0.015 0.126 0.083 0.063

0.5 0.016 0.044 0.043 0.052

Table 8. Growth of E. coli in nutrient broth containing various concentration of sodium polyphosphate under diffe-

rent pH conditions at 35 for 24 hrs.

Concentration Optical density at 660 nm
of phosphate pH
(%) 55 6.0 6.5 7.0 75 8.0 85
0 0.100 0.143 0.163 0.158 0.157 0.141 0.130
0.8 0.001 0.001 0.001 0.023 0.022 0.024 0.042
0.9 0.002 0.002 0.002 0.025 0.022 0.031 0.001
1.0 0.003 0.002 0.004 0.004 0.021 0.065 0.001
1.5 0.002 0.001 0.001 0.001 0.003 0.003 0.001

Table 9. Growth of Salmonella sp. in nutrient broth containing various concentration of sodium polyphosphate un-
der different pH condition at 35 for 24 hrs.

Concentration Optical density at 660 nm

of phosphate pH
(%) 55 6.0 6.5 7.0 75 8.0 85
0 0.265 0.268 0.286 0.285 0.349 0.276 0.223
0.8 0.002 0.002 0.001 0.001 0.160 0.173 0.051
0.9 0.001 0.001 0.001 0.003 0.188 0.166 0.051
1.0 0.002 0.002 0.002 0.010 0.070 0.094 0.052
1.5 0.003 0.002 0.002 0.003 0.004 0.034 0.001
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Table 10. Growth of S. aureus in nutrient broth containing various concentration of sodium polyphosphate under

different pH conditions at 35 for 24 hrs.

RES - PR

Concentration Optical density at 660 nm
of phosphate pH
(%) 55 6.0 6.5 7.0 75 8.0 8.5
0 0.154 0.207 0.205 0.170 0.173 0.177 0.164
0.1 0.052 0.043 0.160 0.145 0.178 0.106 0.074
0.2 0.002 0.002 0.043 0.072 0.025 0.026 0.080
0.3 0.001 0.001 0.001 0.001 0.003 0.003 0.004
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