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Abstract

The growth inhibition by nisin-producing lactococci against Bacillus subtilis and its application to doenjang
fermentation were investigated. Lactococcus lactis subsp. lactis IFO 12007, L. lactis subsp. lactis ATCC 7962
and L. lactis subsp. lactis ATCC 11454 were used as nisin—producing lactococci. All of three sirain rapidly
proliferated to more than 10° CFU/ g in steamed soybeans. Only L. lactis subsp. lactis IFO 12007 was in steamed
soybeans without any pH decrease. In spite of the mild decrease in pH, the growth of B. subtilis was completely
inhibited; no living cells were detected in a soybean sample inoculated with 10° CFU/g and incubated for 24
to 72 h. The L. lactis subsp. lactis IFO 12007 was applied to doenjang fermentation as a starter culture. It produced
high nisin activity in steamed soybean, resulting in the complete growth inhibition of B. subtilis, which had
been inoculated at the beginning of the meju fermentation, throughout the process of doernjang production.
Over-acidification, which is undesirable for doenjang quality, was successfully prevented simply by adding salt
which killed the salt—intolerant L. lactis subsp. lactis IFO 12007. Furthermore, the nisin activity in deoenjang

disappeared with aging.
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Fig. 1. Growth of nisin—producing lactococci in steamed
soybeans.
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Fig. 2. Changes in pH by growth of nisin—-producing lac—
tococci in steamed soybeans.
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Table 1. Inhibition of B. subtilis in fermented soybeans by
nisin-producing lactococci

Incubation time (h)

Bacteria 0 12 24 36
+ATCCT962
B. subtilis NIV NI <10 <10
LAB? 5.06x10°  87x107  24x10°  28%10°
pH 6.41 491 4.75 4.66
-ATCC11454
B. subtilis NI NI <10 <10
LABY 48%x10°  32%107 18x10° 22x10°
pH 6.41 5.14 481 462

B. subtilis at the level of 10° CFU/g was inoculated into soy—
beans that had been lactic~fermented with L. lactis subsp. lactis
ATCC 7962 or L. lactis subsp. lactis ATCC 11454 for 24 h at
30°C.

r”Not inoculated.

L. lactis subsp. lactis ATCC 7962.

37, lactis subsp. lactis ATCC 11434,

Table 2. Inhibition of B. subtilis in fermented soybeans by
L. lactis subsp. lactis IFO 12007

Incubation time (h)

Bacteria 0 24 2 o
B. subtilis NIV <20 <20 <20
LAB? 29%10f  22x10° 57x10° 31%10°
pH 6.40 6.12 6.07 6.02
Control (no LAB)
B. subtilis 34x10° 56x10° 74x10° 68%10°
pH 6.41 7.33 736 735

B. subtilis at the level of 10° CFU/g was inoculated into soy-
beans that had been lactic-fermented with L. lactis subsp. lactis
IFO 12007 for 24 h at 30°C.

UNot inoculated.

2L lactis subsp. lactis TFO 12007.

Ao 2 B subtilis7} =A18ke] o] olA] B e M

FALEY T nE2FE AL 2T o) &
A AR e Fog ulFe] T2} Fof t}E Fo] 249
7] Aol A ST EE Ao o Fd 2)HE AA
sl 24 B, subtilis?) 455 Ao £7H 0 2 A
& 4= dodoh AT 7962, 11454, 1200702 fAd A gl F
22| B. subtilis®] A& A & F Fig. 34 Yl et A 75
2% B subtilis®] A-4-& ZIA 07 A slel ot 79629}
11454 FAMg ol 4 3hd A F 27 FAb-S A4kste &4
3 pH W37} 2l Elo] A 7] 34 & 9E 87} 9
12007¢5hg Aeste] 22 fAabtael Ab4stgch

L. lactis subsp. lactis IFO 120072 @EA|Z] S0
F2 M=t =& Fo| B, subtilis MEX Y

AP A7) Fo| Asp. orvzaet B. subtilisE A ol 4
237 £ TSATHA ol A of] =ate] wjokal = B sub-
tilis7} A &= A &gtek. fAPLER Fol| F2F 2
£ A A £33 48417k sl sl F-oll Asp. oryzaed] 4}



78

Fig. 3. Inhibition of B. subtilis in steamed soybeans by nisin-producing lactococci.
Nisin-producing laclococel were grown in steamed soybeans at 30°C for 24 h.
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Fig. 4. Inhibition of B. subtilis during aging of doenjang
containing 122 sodium chloride.

After the lactic fermentation with L. lactis subsp. lactis IFO 12007
for 24 h, the soybeans were inoculated with Asp. oryzae together
with 10° CFU/g of B. subtilis, before incubating at 30°C for 48 h
as the meju fermentation step. Doenjang was incubated at 30°C
for 30 days for aging.
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Fig. 5. Inhibition of B. subtilis during aging of doenjang
containing 8% sodium chloride.

After the lactic fermentation with L. lactis subsp. lactis IFO 12007
for 24 h, the soyheans were inoculated with Asp. oryzae together
with 10° CFU/g of B. subtilis, before incubating at 30°C for 48 h
as the meju fermentation step. Doenjang was incubated at 30°C
for 30 days for aging.
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