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Factors Affecting the Survival of Lactobacillus delbrueckii subsp. bulgaricus on
Freezing Process
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Summary

Factors affecting the survival on freezing process of Lactobacillus delbrueckii subsp. bulgaricus suspension
were investigated. At first, the survival rate as a function of cooling speed (from -1°C/min to -40°C/min) was
examined. The results showed the least survival rate at -7°C/min, however, the differences in the all cooling
rates were not significant. Subsequently, adding NaCl in medium, the effect of the final temperature (7%,) from
-15°C to -50°C on the damage of L. delbrueckii subsp. bulgaricus was investigated at a cooling rate of
-7°C/min. It was found that the survival rate in the range Tt, > -21.1°C ( eutectic temperature of NaCl solution)
decreased significantly with Tp, but it was constant and independent of Ty, below -21.1°C These results
suggested that the freeze concentration effect during freezing process damages L. delbrueckii subsp.
bulgaricus significantly. Finally, we studied the change of survival rate when L. delbrueckii subsp. bulgaricus
was immersed at room temperature in solution of NaCl and glucose with the same osmotic pressure as that
observed during freezing. The results showed that there was no difference among solutions but the survival
rate decreased by 70% in a short time even at room temperature. These results support that the main factor of

damaging L. delbrueckii subsp. bulgaricus during freezing is the freeze concentration effect.
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Table 1 Relation of survival counts and cooling
rate. (n=3)

Cooling rate  Viable cells
°C/min cfu/g cfu/g

Average of viable cells

Before 1.2E+10
freezing 3.0E+10

2.1E+10

8.4E+09
5.0E+09

1 _— 6.4E+09
6.2E+09

5.8E+09

1.1E+09
7 3.2E+09 2.0E+09
1.8E+09

2.0E+09
2.5E+09
40 5.6E+09 3.8E+09
6.0E+09
3.0E+09
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Fig. 1 The effect of minimum temperature for the

survival rate . (n=2)
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Fig. 2 DSC warming trace at 7°C/min for L.
bulgaricus suspension in medium solution with

sodium chloride.



330

33 MR Xk A AEEEE
Fig. 3 |2 NaCl X O/ o — ZAKVEHK I
IR Ti2 i L 7R D AEMFR ORI ZE L 2 7~ T

100 g
90

@ NaCl (about 10.4 osmol)

H glucose (about 10.4 osmol)

survival g‘ates [26]
=

50 . S T -

+ = T

0.0 0.5 1.0 1.5 2.0 25 3.0
immersing time [h]

Fig. 3 Changes of survival rate after immersing in

the solution of sodium chloride and glucose. (n = 3)
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