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Effect of Disinfectants, Food Preservatives and Antibiotics

on the Process of Spore Germination of Bacillus subtilis
Buhei ZeniTani

It is uncertain at which stage of the germivaton process the chemical reagenis exert its inhibitory
effect, In this éaper an attempt is made to decide the inhibitory effect of disinfectants, food preservatives
and antibiotics on the germination process of Bacillus subtilis spores, The technique employed as criter-
ia of germination was based on changes in optical density of spore suspension,

The experiments yielded the following results:

1. Spores of B.subtilis germinated rapidly in 0.1% glucose, yeast extract medinm (medium F) as
listed in Table 1. The curves of optical density-change in germination process were shown in Figure
I, A typical curve of optical density-change shown in Figure 2 may indicate the three steps a,
b and c¢ as described by Schmid3),

2. Inhibitory effect of some chemical reagents on the spore germination was investigated by using a
curve of optical density-change,

a, Phenol and mercuric chloride inhibited germination in step a, but in the concentration of less than
0.01% of mercuric chloride, germination was inhibited in step b (Figure 3). Nitrofurazone had no
effect on spore germination but inhibited it effectively in step b or in step ¢ (Figure 4), Vi.tamin K
seems inhibitory in step a, Sorbic acid, dehydroacetic acid, boric acid and their sodium salts did
not relard the rate of germination, but in acidic side at pH 5, 5, it took a little lag time for sorbic
acid to inhibit germination in step a, Chiortetracycline and dihydrostreptomycin inhibited the
outgrowth only, that is, step b or ¢, The results above mentioned are summarized in Table 3.

b, Enzyme inhibitors as listed in Table 4 have less effect upon spore germination. Oxine, cuperon

and «.’-dipyridil seem to have inhibitory action at an intermediate stage of spore germination.
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Table 1. The rate of germination of Bacillus subtilis
spores in various media.

Media ) Rate of germination

(%)

A 0.75% sSodium chloride. 0*

B 0.1% Glucose. 4

C 0.1% (Glucose and 0.1% yeast extracts. 78

D 0.1% VYeast extracts. 73

B 0.1% Polypeptone. 18

F 0.1% Glucose, 0.5% yeast extracts,

0.5% polypeptone and 0.1% NaCl. 98

* Three ml of spore suspension with 0.1 M phosphate buffer solution at pH 7.3

and 3 ml] of medium were incubated at 30°C for 4 hours.
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" Figure 1. The curves of optical density-change of
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Figure 2. The standard curve of optical density-
change of spore suspension at the process of spore
germination of B.cillus subtitis.
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Figure 3. Effect of phenol and mercuric chlotide on the germination
process of Buacillus subtilis spores.

% LT CIRBFICBIRI S Step b B)D ouigrowth LBERMET 5 X 5 ICIREET X ->-CH SR 11 48R
T5. L LARBIXEERTICER LRFLIEET 5080.01% Crigh L EFEMIE ORI, WG
O ERBE R OFRFR T Table 217K LTz,

Table 2. Inhibitory effect of phenol and mercuric chloride on
the process of spore germination of B, subfilis,

Reagent Concent. Inhibition step Rate of germi- Time of MB.
% . nation. % reduction
Phenol 1 A 0 0 (60)* —=(210)*
5x10°1 A 0 0 —
1x10-t A 6 3 -
5x107% A 27 21 -
1x10-2 None 94 87 12min.
Mercuric 1x10-! A 0 21 (90) -
chloride 5X1072 A 0 24 -
1x10°2 B 4 91 -
1x10-3 B~C 17 100 - .
1x10-% None 98 100 10min.

# indicates the rate of germination by the equation of Hachisuka et al.
() shows the incubation-time.
+ indicates the time passed before MB (Methylen blue) was added

to the reaction mixture.
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Figure 4.

germination process of B.subtilis spores.
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Figure 5. Effect of Vitamin K3 on the process
of spore germinatiom of B .cillus subtilis.
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Figure 6. Inhibitory effect of Chlortetracycline

on the process of spore germination of B.subtilis.
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Table 3. TInhibitory effect of some food preservatives and antibiotics
on the germination of spores of Bacillus subiilis,
Reagent Concent. Step inhibited. % of spores Time of MB.
% germinated. reduction.

Nitrofrazor.e 1x70-2 B Q0 97 (60) - (210)
5x10-8 B-C 0 95 -
2Xx10-3 B-C 0 98 -
1x10-3 C 6 98 -

Vitamin Kg 8.4x10°3 A 0 35 (90) — (210)
4,2%10-8 A-B 0 686 -
1.7%x10-3 A-B 11 78 -
8.4%x107¢ none 97 77 9

Sorbic acid 1%10-1 A? a7 — (90) 18 (210)
5x10-2 none 98 — 18
1%x10-2 none - = 10

Sodium dehydro- 1 x10-1 none 98 — (9O) 18 (210)
acetate 5x10-2 none - - 14
1x10-2 none - - 10

Borax 1 B 3 100 (90) — (240)
5x10°% c -~ 5100 —
1X10-* none 98 - 9
5x10-2 none 97 — 6

Chlortetra- 30ppm. B-C 0 96 (90) — (240)
cycline 20ppm. B-C 0 97 -
10ppm. C 0 94 -
5ppm. C 0 100 —
lppm. C 0 100 —
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Table 4,

Effect of some inhibitors on the germination
of spores of Bacillus subtilis,

Inhibitor Concent. Rate of germination :
(2 hours incubation at 30° C)
Todoacetate M/50 — (96)
M/100 100 —
Malonate M/100 92 (88)
Arsenite M/100 — (84)
Flouride M/100 — (95)
2.4 Dinitrophenol M/1000 92 (90)
Oxalic acid M/100 81 —
Hydroxylamine M/100 92 —
8 Hydroxyquinoline ~ M/1000 0
M/10000 100
2,2 Dipyridil M/100 11
' M/1000 88
- Cuperon M/100 25
M/1000 98
Thiourea M/100 92
M/1000 100
Cyanide M/100 91 (80)

() shows the results of Hachisuka et al’s experiment.
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