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Abstract

This work was carried out to investigate the heat resistance of Bacillus subtilis var. globigii (G8), the
dominant proteolytic microorganism found in meju and kanjang, Korean traditional soy sauce by testing
the D value, Z value, Q,, value and other values of the organism in kanjang medium and, to determine
the appropriate thermal process time and sterilization method of kanjang by detecting the changes in the
chemical compositions and viable cell counts of kanjang during heat sterilization of kanjang. Lactic acid
bacteria and yeast cells present in kanjang were observed to be completely destroyed before reaching
to the respective sterilization temperature of 80°C and 90°C during sterilization; however, 5.1x10° CFU/
mL and 1.3x10° CFU/mL of aerobic bacterial cells were found to be survived even after sterilization
for five hours at 80°C and three hours at 90°C respectively. Increases in the intensity of pigment and
lactic acid content and slight decrease in total nitrogen content in kanjang during sterilization were
oserved. The D value (decimal reduction time) of the bacteria at 100°C, 95°C and 90°C was 10.5, 20.6
and 128.2 minutes respectively. The Z and Q,, value was 9.2°C and 12.2 respectively. F value at 100°C, .
95°C and 90°C was 10.5, 20.6 and 128.2 minutes respectively. The calculated thermal death time of the
bacteria at 120°C and 130°C was 0.7 minutes and 3.6 seconds respectively. Due to the high heat resis-
tance of B. subtilis var. globigii (G8), it seemed to be desirable to sterilize kanjang by HTST (high tem-
perature short time) sterilization at 120°C for 0.7 minutes or UHT (ultra high temperature) sterilization
at 130°C for 3.6 seconds.
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Fig. 1. Changes in the viable cell counts of aerobic
bacteria during sterilization of kanjang. @- @ : aerobic
bacteria at sterilization temperature of 90°C, O - O: aerobic
bacteria at sterilization temperature of 80°C, A -A: lactic
acid bacteria at sterilization temperature of 90°C, [1-[1:
yeasts at sterilization temperature of 80°C.
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Fig. 2. Changes in pigment and total nitrogen content
during sterilization at 80°C. @-@: pigment, O - O total
nitrogen
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Fig. 3. Survivor curve for a temperature of 100°C.

Z AZHADEIFE F, 1997). 749 £A4A E4
of HEg v|Ae Fd4e AT 2F HAIRE
o, oA Foll o3t vl S ¢ ¢ NHH 2
42 Y S 93 &dde Aoz BBHUGY
(Stanbury et al., 1994). ZF3E ©dA] FE3 WA 5
9] EFujg yus e 84 AARTRE njdN
A BE A o, A ddEe e
Mg UE A RS S4ATE Bl 9l
omg kel A7 UHT 4dolv &% A%l ¢l
= godayel o AIFYPE AMEske Rl ulg3
g Ao #AHA.

7 LHOIA B. subtilis var. globigii(G8)2| LigdA
A AEyoFE 7HFE 90°CAA 3AZF AFAl
3N AFe A3 AE:SHAs AY ] B
o] Y& e Bacillus sp.2) WEAHS FARIRA
stk B dA7AddA Bttt s e &
W3 EalFel 53 B2F B subdlis var. globigii
(G8)% ol&3td Axd 1S ANt o] AR
D#E AT A 7HE 100°C, 95°C ¥ 90°Ce]
2xo 7tgsle] DL, k(AFEESEAF)E, FRL Q,
9 738 ZARE A= Fig. 3~Fig. 73 2sich A
ga& W WeN HE AEge W D, B
1058, F o %& 10XDtR sof 105802 UER}
o8, D, .. %kl 2068, F . e 206501907,
Dy oc e 128.2%, L e 1282802 e
th 7 x4 A& DIE ol g3td ANHFY
phantom thermal death time curve® &}Esld J& 2
=7t 1 biF F718 Adule] =211 Z3ke 9.2°C
2 veldt}. &, B. subtilis var. globigii(G8)2} AdA
7He 1089 182 Foled 285e 254 9.2°CE

45
. y =-0.0486x + 5.4096
4T R=0973%
Baciltus sublilis var. globighi{ G8 )
35t Terrperature = 95 ( T)
@
!
4 D-value =20.6 (rir)
& 25§ F -value = 10Dy
° { =206 (min)
E 2
£
815
S
1
05 |
0 e ~
25 35 45 55 65 75 85 95 105 115

Time (min)

Fig. 4. Survivor curve for a temperature of 95°C.
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Table 1. Heat resistance data of Bacillus subtilis var. globigii in Korean kanjang

D (min) k (Vmin)  F=10Dt (min) Z(C) Q, A(l/min)  Ea (kcal/mol)
100°C 10.5 0.2193 105
95°C 20.6 0.1118 206 9.2 122 110%™ 67.02
90°C 1282 0.0180 1,282

D-value: the death rate of an organism at a given temperature (also termed the “death rate constant” or “decimal reduction
time”). It is the time in minutes at a constant temperature necessary to destroy 90% of organisms present.

k-value: death rate constant (D=2.303/k).

F-value: the number of minutes required to destroy a given number of organisms at a given temperature.

Z-value: the number of °C required for the TDT or phantom TDT curve to traverse one log cycle (It may be expressed as
the number of °C required to bring about tenfold change in TDT or D value).

Q,,: the ratio of the velocity of a reaction at a particular temperature to the velocity at a temperature that is lower by 10°C
(Z(°C)=10/1og Q).

A: arrhenius factor or Frequency factor.

Ea: activation energy.
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Table 2. Calculated thermal death time of Bacillus subtilis
var. globigii in Korean kanjang

Temperature 1=F X 107102 Z
§9)] (min) (°C)
130 0.06
125 0.20
120 0.70
115 2.46 9.2
110 8.59
105 30.04
100 105.00

*1: thermal death time at temperature t(°C) of the target
organisms with definite F- and Z-value. Fg0=105 minutes.
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