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Abstract

The combined effects of heat treatment and y-irradiation on the inactivation of major lactic

acid bacteria associated with Kimchi fermentation were investigated. The radiosensitivities (D,
values) of lactic acid bacteria in case of a single treatment of irradiation were 0.61 kGy in
Lactobacillus brevis, 0.60 kGy in Lactobacillus plantarum, 0.50 kGy in Leuconostoc mesenterotdes, 0.
4 kGy in Pediococcus cerevisiae, 0.39 kGy in Streptococcus faecalis. The heat sensitization (Dmin
values) by a single treatment of heat ranged 9.2-15.6 at 50°C and 3.7-5.5 at 60°C. Synegistic effects
were shown in the radiosensitivities of Streptococcus faecalis, Pediococcus cerevisiae, Lactobacillus
plantarum, and Lactobacillus brevis by the combined treatment(Dose multiplying factors ranged 1.
20~1.56). It seems, therefore, that the combined treatment can be applied to the radiation
preservation of Kimchi, minimizing the side-effects like physical changes induced by the high
dose irradiation or heat treatment.
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Lactobacillus brevis(IFD 3345),
plantarum (KFCC 11322 IFD 3070), Leuconostoc
mesenteroides(KFCC 35471 IFD 12060), Pedio-
coccus cerevisiae(KFCC 11728 IFD 12231), Strepto-
coccus faecalis(tKFCC 11729 IFD 3971)5 tiA-d-5
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Fig. 1. Radiation survival curves of bacterial celis
related to Kimchi fermentation. — X —: Lactobacillus
brevis, — 0 —: Llatobacillus plantarum, —A—: leu-

conostoc mesenteroides, — ® —: Pediococcus cerevisiae,
— C —: Streptococcus foecalis.

2e 98 HRMAFo T o 45+ 2 kGy & 3 kGy A
o 294 8} A4 (n) & A ssted Z1ah Ze AAE QD
Ak WA ol & FAkgo] dfr)e] EFHL 29 13
o} Aol Mo e FrAF (1) FA4Y =2
o} Dy, o bR S A & A A E-Fol
wrel 2ol S e Streptococcus faecalis 7+ 0.39
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Table 1. Radiosensitivity of bacterial cells related to
Kimchi fermentation

Inactivation

Dio 12D, factor

Strain value valvg —
(kGy) (kGy) 2 kGy 3 kGy

Lactohacillus brevis 0.61 7.32 3.28 4.92
Lactobacillus plantarum 0.60 7.20 3.33 5.00
Leuconostoc mesenteroides 0.50 6.00 4.00 6.00
Pediococcus cerevisiae 0.40 4.80 5.00 7.50
Streptococcus faecalis 0.39 4.68 5.13 7.68
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Fig. 2. Heat survivai curves of bacterial cells related to
Kimchi fermentation. — @ —: Pediococcus cerevisice,
— O —: Streptococcus faecalis, — 0 —: Latobacillus
plantarum,— A —: Leuconostoc mesenteroides, —— X —:
Lactobacillus brevis.

Table 2. Heat sensitivity of bacterial cells reloted to
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Kimchi fermentation

© value (min)?@

Temperature
(°C) Lactobacillus Lactobacillus Leuconostoc Pediococcus Streptococcus
brevis plantarum mesenteroides cerevisiae faecalis
50 9.2 11.3 10.1 15.6 14.0
60 3.7 4.3 4.0 5.5 4.8

. 0) D volue (Decimal reduction timel The time in minutes

required to destroy 90% of the population
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Table 3. Combined effect of radiationlRl and heat (H! on the inactivation of Lactobacillus plantarum

R+H (50°C) R+H (80°C)
R 10 min 20 min 30 min 10 min 20 min 30 min
Die value (kGy) 0.60 0.50 0.48 0.47 0.49 0.47 0.45
DMFa) 1.00 1.20 1.25 1.28 1.22 1.28 1.33
12D1¢ value (kGy) 7.20 6.00 5.76 5.64 5.88 5.64 5.40
tnactivation factor at 3.33 4.00 4.17 4,26 4.08 4.26 4.44
2 kGy
a) DMF: Dose multiplying factor
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Fig. 3. Survival curves of Lactobacillus plantarum by the
combined treatment of radiation and heat.
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Fig. 4. Survival curves of Streptococcus foecalis by the
combined freatment of radiation and heat.
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Table 4. Combined effect of radiation(Rl and heat IHI on the inactivation of Streptococcus faecalis

R+H (50°C)

R+H (60°C)
R 10 min 20 min 30 min 10 min 20 min 30 min
Do value (kGy) 0.39 0.26 0.25 0.24 0.24 0.22 0.21
DME3) 1.00 1.50 1.56 1.63 1.63 1.77 1.86
12D1 0 vaiue (kGy) 4.68 3.12 3.00 2.88 2.88 2.64 2.52
fnactivation factor at 5.13 7.70 8.00 8.33 8.33 9.09 9.52

2 kGy
-
a] DMF: Dose multiplying foctor
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Fig. 5. Survival curves of Pediococcus cerevisiae by the
combined treatment of radiation and heat.
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Fig. 6 Survival curves of Lactobacillus brevis by the
combined treatment of radiation and heat.

Table 5. Combined effect of radiationiR) and heat (H! ©n the inactivation of Pediococcus cerevisiae

R+H (50°C) R+H (60°C)
R 10 min 20 min 30 min 10 min 20 min 30 min
Do value {kGy) 0.40 0.28 0.26 0.23 0.35 0.33 0.28
DMF ) 1.00 1.43 1.54 174 1.14 1.21 1.43
12D vaiuve (kGy) 4.80 3.36 3.12 2.76 4.20 3.96 3.36
Inactivation factor at 5.00 7.14 7.69 8.70 5.7 6.06 .14

2 kGy

a} DMF: Dose multiplying factor




190 A Far A A 214 A28 (1989)

Table 6. Combined effect of radiation{R) and heat (H) on the inactivation of Lactobacillus brevis

ReH (50°C) R+H (60°C)
R 10 min 20 min 30 mn 10 min 20 min 30 min
D1o value (kGy) 0.61 0.70 0.58 0.53 0.75 0.63 0.55
DMF3) 1.00 0.87 1.05 115 0.81 0.97 RE
1201, value (kGy) 7.27 8.40 6.96 6.36 9.00 7.56 6.60
Inactivation factor at 3.28 2.86 3.45 3.77 2.67 3.17 3.64

2 kGy

a) DMF: Dose multiplying factor

Table 7. Combined effect of radiation(Rl and heat (H) on the inactivation of Leuconostoc meseteroides

R+H (50°C) R+H (60°C)
R 10 min 20 min 30 min 10 min 20 min 30 min
D1o value (kGy) 0.50 0.58 0.55 0.53 0.51 0.49 0.48
DMF a) 1.00 0.86 0.91 0.94 0.98 1.02 1.04
12D, vaive (kGy) 6.00 6.96 6.60 6.3€ 6.12 5.88 5.76
Inactivation factor at 4.00 3.45 3.64 3.77 3.92 4,08 4.17

2 kGy

a) DMF: Dose multiplying foctor
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Fig. 7. Survival curves of Leuconostoc mesenteroides by
the combined treatment of radiation and heat.
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