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. i Abstract | ™

Dry formulation is a limiting step for successful development of microbial bio-pesticides with the antagonistic
Gram-negative bacteria because their survival rates are too low during drying and storage. The high concentration
of sodium chloride (NaCl) in culture medium that induces osmolyte in bacterial cells is known to increase
of survival rate during drying in many Gram-negative bacteria. Effect of NaCl on survival of antagonistic
non-pathogenic Erwinia carotovora subsp. carotovora 9-3 (Ecc 9-3) during drying and storage was studied.
Growth rate of Ecc 9-3 was not much different up to 0.5 M NaCl in NB while it was lower significantly
with 0.7 M NaCl. Survival rates were twice and 3 times higher with 0.5 M NaCl than with no additional NaCl
during drying at room temperature and freeze-drying, respectively. Survival rate was also higher with high
NaCl in culture medium during storage after drying. It was not much different on storage at 4C both of drying
at room temperature and freeze-drying. However, the survival rate was higher on storage at 27C and 37C
with high NaCl concentration. Among the additives tested, lactose affects most to survival rate both of drying
at room temperature and freeze-drying, and dextrin influenced significantly to survival rate of drying at room
temperature.
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Table 1. Formulation for drying of Erwinia carotovora subsp.

carotovora
Ingredients % (V/V) Function
Skim Milk 5 Cryo-protectant, sun screen
Lactose 10 Cryo-protectant, stablizer
Dextrin 5 Binder
Zeolite 1.5 Carrier, dispersant
Tween 80 0.5 Surfactant
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Table 2. Survival rate of Erwinia carotovora subsp. carotovora
9-3 after freeze drying

®)

Fig. 1. Effect of NaCl on growth of Erwinia carotovora subsp.
carotovora 9-3 in nutrient broth. (A) cfu, (B) Optical density
at 600 nm.

NaCl concentration cfu (Log)'g Survival
M) Before After rate (%6)

0 11.6 + 0.1 10.8 + 0.0 14.8

03 11,1202 10502 254

0.5 11.3 + 0.1 109 £ 0.1 42.3

0.7 105 £ 02 104 + 0.6 78.9
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Fig. 2. Effect of storage temperature on viability of dried Erwinia carotovora subsp. carotovora 9-3. (A) Freeze drying, (B) Drying

at 30C.
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Table 4. Effect of ecach additive on freeze-drying

cfu (Log)/g ,

. Survival rate

Additives Before After (%)
freeze -drying fieeze -drying

F 80 + 04 0.0 0

E 78 £+ 04 0.0 0

D 112 £ 02 11.0 £ 01 575

C 11.1 £ 0.3 102 + 0.1 10.8

B 115 £ 0.2 82+ 04 0.06

A 11.2 £ 0.0 11.1 £ 0.1 77.6

¥ A: zeolitetTween 80+dextrintlactose+skim milk, B: A-lactose,
C: A-skim milk, ID: A-dextrin, E: zeolite, F: zeolite+Tween80.

Table 5. Effect of each additive on drying at 30C

Additives C.ﬁl (Log) : Survival rate

Before-drying ~ After-drying (%)
F 8.1 +02 0.0 0.0
E 74+ 1.2 0.0 0.0
D 10.7 £ 0.2 73 £ 0.6 0.05
C 11.0 £ 0.2 97 £ 0.6 7.6
B 11.2 £ 0.0 8.0 £+ 0.6 0.07
A 1.1 £ 00 103 £03 20.6

¥ A: zeolite+Tween 80+dextrinHactose+skim milk, B: A-lactose,
C: A-skim milk, D: A-dextrin, E: zeolite, F: zeolite+Tween80.
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