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Fig. 1. Synergistic effect of nisin Z and alanine on Bacillus subtilis
spores. Spore suspension of B. subtilis (1x108 cells/m!-0.85%
NaCl) was incubated at 30°C in the presence of the indicated
additives. Symbols: @, without additives; O, L-alanine
(5 mM) added at 0 h; A ; nisin Z (100 U/ml) added at 0 h;
A, L-alanine (5 mM) and nisin Z (100 U/ml) added at 0 h;
M, nisin Z (100 U/ml) added at 4 h; OO, L-alanine (5 mM)
added at 0 h and nisin Z (100 U/ml) added at 4 h.
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Fig. 2. Synergistic effect of nisin Z and alanine on microbial changes of (A) Bacillus subtilis and (B) koji mold
during koji fermentation. Soybeans cooked and crushed were inoculated with koji mold and incubated
for 2.d at 30°C in the presence of the indicated additives. Koji thus obtained was then stored at 5°C.
Symbols: @, without additives; A, nisin Z (400 U/g) added at 0 h; B, L-alanine (5 mg/g) added at 0 h and

nisin Z (400 U/g) added at 4 h.
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Fig. 3. Synergistic effect of nisin Z and CaCl; on Bacillus subtilis.
B. subtilis was inoculated into soybean milk at a level of ca.
108 cells/ml and incubated at 35°C in the presence of the
indicated additives. Symbols: @, without additives; O, nisin
Z (200 U/ml) added at 0 h; &, CaCly (5% w/v) added at
0 h; A, CaCls (5% w/v) added at 0 h and nisin Z (200 U/ml)
added at 1 h; W, nisin Z (200 U/mi) added at 0 h and CaCl,
(5% w/v) added at 1 h.
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Fig. 4. Synergistic effect of nisin Z and CaCl; on microbial changes of (A) Bacillus subtilis and (B) koji mold
during koji fermentation. Soybeans cooked and crushed were inoculated with koji mold and incubated
for 2 d at 30°C in the presence of the indicated additives. Koji thus obtained was then stored at 5°C.
Symbols: @, without additives; O, nisin Z (200 U/g) added at 0 h; A, CaCl; (5% w/w) added at 0 h; A, nisin
Z (200 U/g) added at 0 h and CaCl; (5% w/w) added at 1 h.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

572 EE OREL

EYITF H0E

Bacteriocin
producing

Starter Culture

Biopreservation -
PP Safe antimicrobial

Bacteriocin

riocin- Probiotics Fermented milk
i - Improvement of gut microbiota
lactic acid bacteria Feed for livestock

- Reduction of dosage of antibiotics

e Fermented foods

- Control of spoilage bacteria
(under low salt concentration)

Other foods

- Control of spoilage and poisoning bacteria
(Staphylococcus, Clostridium, Listeria)

Fig. 5. Applications of bacteriocin-producing lactic acid bacteria and bacteriocins.
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Table 1. New bacteriocin-producing lactic acid bacteria in our laboratory.

Species Strain Source Bacteriocin
Lactococcus lactis 10-1 Kitchen sink Nisin Z
Lactococcus lactis Chizuka, Yasaka Fermented rice bran (Nukadoko) Nisin Z
Lactococcus lactis QU1 Seaweed Nisin Z
Lactococcus lactis QU3 Corn Nisin Z
Lactococcus lactis Qu 8 Carrot Nisin Z
Lactococcus lactis WNC 20 Fermented sausage (Nham) Nisin Z
Lactococcus lactis - 12N, 18N Fermented rice noodle Nisin Z
Lactococcus lactis 61-14 River water Nisin Q
Lactococcus lactis QU4 Corn Lactococcin Q
Enterococcus mundtii Qu 2 Soybean Mundticin
Enterococcus faecium WHESI Soft cheese Enterocin A, B
Pediococcus pentosaceus TISTR 536 Fermented sausage (Nham) Pediocin PA-1
Pediococcus acidilactici S3 Fermented sausage Pediocin PA-1
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