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Heat Sterilization of Lactic Acid Bacteria Contaminating 7ané-koj:

Seinosuke Sugama, Kazuo Hongd, and Hideya Murakami

Research Institute of Brewing, Tax Administration Agency, Takinogawa, Kita-ku, Tokyo

Commercially available tané-koji, sporulated koji used as the seed for koji making,
is sometimes regarded as one of the sources of infection by lactic acid bacteria in saké
brewing. To sterilize these contaminants by heat and, at the same time, to minimize
the heat inactivation of Aspergillus oryzae conidiospores, the heat drying conditions of
tané-koji have been examined.

1) The heat resistance of lactic acid bacteria was different depending on species
and cultural age: Leuconostoc mesenieroides B-95 was more stable than Lactobacillus case:
B-83 and, in regard to the same species, the cells harvested from the culture at the
maximum growth were most stable (see Fig. 1, Fig. 2 and Table 1). Therefore, Leuc.
mesenteroides B-95 cells at the maximum growth was used for determination of the drying
conditions.

2) The patterns of thermal death of the test organisms on the surface of steamed
rice or on tané-koji seemed to be related to the patterns of heat drying of solid materials:
the velocity of thermal death in the constant rate period of drying was more rapid than
that in the falling rate period. In the latter period, the spores of Asp. oryzae became
very stable (see Table 2). In the drying of steamed rice, the critical moisture content
was in the range from 0.15 to 0.20 g H2O per g dry stock.

According to these results, a two steps method for drying of tané-keji, namely low
temperature drying at constant rate period succeeded by high temperature drying at
falling rate period, has been proposed. For example, in the case of the low temperature
drying at 40°C (wet-bulb temperature (tw): 28°C) for 3 hours and high temperature
drying at 60°C (tw: 32°C) for 12 hours, the concentration of Leuc. mesenteroides diminished
to 10-8 times the initial. Under these conditions, the rate of inactivation of Asp. oryzae
spores was only 10 per cent.
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Fig. 1. Thermal death curve of Leuconostoc mesen-
teroides cells at 50°C in wet condition.

Two ml samples of diluted culture medium of
Leuc. mesenteroides B-95 (cell concentration: about
108 cells per ml) were poured into 7ml ampoules.
Sealed ampoules were immersed in a water bath
regulated at 50°C and were shaken 120 times a
minute. After a lapse of definite heating time,
ampoules were taken out one by one and im-
mersed immediately in cold water. Survival cell

concentration (N) was measured by plate culture
method using YAS® agar medium with 0.59%
CaCOg3. Survival rate was calculated as follows:
(survival cell concentration after t minutes of heat
treatment (N))/(initial cell concentration before
heating (No)).

(O—Q: thermal death curve of cells harvested
from 24 hours culture in YAS medium at 34°C;
@ —@: cclls harvested from 48 hours culture:
A—A ; cells harvested from 72 hours culture.

BEOMSHELEZ 28B4, TRIFOMIRORILEE
EXonEREEZETHIIVEBDN S, X4
ZEEL, LIHADOEBRTIZ Lactobacillus 1T { &~R#L

Table 1.
of thermal death.

Fig. 2. Thermal death curve of Lactobacillus casei cells
at 50°C in wet condition.
Experimental conditions were the same asin
Fig. 1. L. casei B-83 was used as the test organism.
O—Q: thermal death curve of the cells harvested
from 24 hours culture in YAS medium at 34°C;
@ —@: cells harvested from 48 hours culture;
A—A: cells harvested from 72 hours culture.
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Influence of the culture age of lactic acid bacteria upon the velocity

. Age Population Rate constant of
Test organism (hr) x 1019/ml medium thermal death
24 3.3 0.078 min—1
Leuc. mesenteroides B-95 48 2.4 0. 087
72 0.8 0.131
24 1.8 0.210
L. casei B-83 48 2.9 0.159
72 2.0 0.347

Results of Fig. 1 and Fig. 2 are summarized in this table.
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Fig. 3. Thermal death of Aspergillus oryzae conidio-
spores and of Leuconostoc mesenteroides cells on the
surface of tané-koji in drying.

Cylindrical glass-vessels (base diameter: 4 cm;
height: 4cm) containing each 3 g of tané-koji were
placed in the air circulating drying room where
the air temperature was regulated to 60°C and
the wet-bulb temperature was 32°C. In the co-
urse of drying, the vessels were taken from the
room one by one and the survival spore concen-
tration was measured by the ordinary plate cul-
ture method. In the case of Leuc. mesenteroides
cells, the conidiospores of Asp. oryzae of tané-koji
had been killed previously by exposure to ether
vapour. After the elimination of ether by aera-
tion, 0.1 ml of diluted culture medium of Leuc.
mesenteroides B-95 was added to 3 g of tané-koji (cell
concentration was approximately 3 x 108 cells per
gram tané-koji).

O-Q:? thermal death curve of 4sp. oryzae conidio-
spores; /A\-/\: thermal death curve of Leuc. mesen-
teroides cells; @-@: moisture content of tané-koji.
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#® L, 2.303+0.020=115.3 [min] =1/101cid L 7-.
TRHOLEREYEN OH T 3RERID 40°C B + 1285

Table 2. Thermal death rate under various heating conditions.

Heating conditions

On the surface of tané-koji

Test is o
€st organism ) 50 C* 50°C 60°C
in wet
at CRP** at FRP*** 3t CRP at FRP

Aspergillus oryzae 0.012 0.003 0. 00008 0.011 0. 00006

strain G
Leuc. mesenteroides 0.078 0. 058 0.012 0.083 0.022

strain B-95
Lactobacillus casei 0.210 0.105 0.017 0.217 0.021

strain B-83

Figures in the table show the rate constant of thermal death (min-1).

* Treated in physiological saline solution.

** Constant rate period of drying.
*** Falling rate period of drying.
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Fig. 4. Drying curve of steamed rice.

Experimental conditions were the same as in
Fig. 3, but the drying room temperature was re-
gulated to 40°C and the wet-bulb temperature
was 28°C. Initial moisture content of steamed
rice was regulated as follows: dehydrated steamed
rice prepared by ethanol-extraction was hydrated
by addition of a calculated amount of water to
attain the required moisture content. Arrows
show the positions of critical moisture content
between the constant rate period and the falling
rate period.
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Fig. 5. Elimination of lactic acid bacteria during the
drying process of tané-koji.

Experimental conditions were the same as in
Fig. 3, but the drying room temperature was
regulated to 40°C (wet-bulb temperature ty:
28°C) during the first 2hr 45min of the constant
rate period, then the room temperature was raised
gradually and after 3 hr, the room temperature
was maintained at 60°C (ty: 32°C).

O-0 : survival rate of Asp. oryzae conidiospores;
@-@ : thermal death curve of Leuc. mesenteroides
cells;

Q©-0© : drying curve of tané-kaji.
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