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Optimization of preparation conditions of
Bdellovibrio bacteriovorus granules
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( State Collection Center for Aquatic Pathogen Collection, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Different conditions of Bdellovibrio bacteriovorus immobilization were investigated in this study, and
the optimal conditions of Bdellovibrio bacteriovorus immobilization were confirmed by adopting sodium alginate
as embedding medium, survived bacterium number as indices. Singlefactor and orthogonal experiments were
employed to evaluate the influences of sodium alginate concentration, calcium chloride concentration, the ratio
of Bdellovibrio bacteriovorus solution to sodium alginate colloidal solution( V/V) , corn oil concentration,
encapsulating temperature, stirring time, stirring rate and crossdinking time on the immobilization of
Bdellovibrio bacteriovorus. The results showed that sodium alginate concentration and corn oil concentration
had significant influence on survival bacterium number, while calcium chloride concentration and the ratio of
Bdellovibrio bacteriovorus solution to sodium alginate colloidal solution( V/V) were not in the orthogonal test

for optimum carrier formula of immobilization. Furthermore, encapsulating temperature and stirring rate had
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significant influence on survival bacterium number while stirring time and crosslinking time were not in the

orthogonal test for optimum parameters of immobilization. The optimal immobilization conditions were as

follows: sodium alginate concentration of 1. 5% , calcium chloride concentration of 6. 5% , the ratio of

Bdellovibrio bacteriovorus solution to sodium alginate colloidal solution( V/V) of 50% , corn oil concentration

of 4.5% , encapsulating temperature at 47.5 C, stirring time for 40 min, stirring rate for 450 r/min and

crosslinking time for 36 h. Under the above conditions, the logarithm of survival bacterium number of granules

was up to 7.51. Therefore, the results demonstrated that the method with the properties of economy, security

and good preservation has a promising future in aquaculture.
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Tab.1 The factors and levels of orthogonal test for optimum carrier formula of immobilization

ES
K ) A ) B C ] D
T R A ke A ES He BE e AT TR VAR TR G A TR e B
(%) (%) WA LB (VIV) (%) (%)
1 1.0 5.5 40 4.0
2 1.5 6.0 45 4.5
3 2.0 6.5 50 5.0
4 2.5 7.0 55 5.5
*2 EEAEBRSHMAUMERAFESR
Tab.2 The factors and levels of orthogonal test for optimum parameters of immobilization
S
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4 50.0 55 500 36
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Fig.2 The effects of the sodium alginate concentration
on survival bacterium numbers of Bdellovibrio

bacteriovorus granules (n =3)
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Fig.3 The effects of the calcium chloride concentration
on survival bacterium numbers of Bdellovibrio

bacteriovorus granules (n =3)
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Fig.4 The effects of different ratios of sodium alginate
colloidal solution to Bdellovibrio bacteriovorus solution
on survival bacterium numbers of Bdellovibrio

bacteriovorus granules (n =3)
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Fig.5 The effects of corn oil concentration on
survival bacterium numbers of Bdellovibrio

bacteriovorus granules ( n =3)
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Fig.6 The effects of different temperature on
survival bacterium numbers of Bdellovibrio

bacteriovorus granules (n =3)
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Fig. 7 The effects of stirring times on survival bacterium

numbers of Bdellovibrio bacteriovorus granules ( n =3)
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Fig.8 The effects of stirring rate on survival bacterium

numbers of Bdellovibrio bacteriovorus granules ( n =3)
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Fig.9 The effects of crosslinking time on survival
bacterium numbers of Bdellovibrio bacteriovorus

granules (n =3)
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Tab.3 The results of orthogonal test for optimum carrier formula of immobilization ( n =3)

A ass A B C D E( %551) i 1 % (1gPFU /g)
1 1 1 1 1 1 5.55
2 1 2 2 2 2 5.38
3 1 3 3 3 3 5.18
4 1 4 4 4 4 4.75
5 2 1 2 3 4 5.91
6 2 2 1 4 3 5.77
7 2 3 4 1 2 6.13
8 2 4 3 2 1 7.12
9 3 1 3 4 2 5.53

10 3 2 4 3 1 5.16
11 3 3 1 2 4 6.54
12 3 4 2 1 3 5.34
13 4 1 4 2 3 5.73
14 4 2 3 1 4 5.65
15 4 3 2 4 1 5.11
16 4 4 1 3 2 4.82
K1 20.85 22.72 22.68 22.67 22.93
K2 24.92 21.95 21.75 24.77 21.86
K3 22.57 22.96 23.48 21.07 22.02
K4 21.31 22.02 21.76 21.16 22.86
R 4.07 1.01 1.73 3.70 1.07
T KL J2 K 136 4 0 355 T 4R A0 X H0 (B =2 s K2 K3 K4 k.
x4 BEEURBEAFEZREHFEDN
Tab.4 The variance analysis of orthogonal test for optimum carrier formula of immobilization
K% i 2 7 J5 Fl 1 H ¥o7 F {4
A 2.49 3 0.83 10.76"
B 0.19 3 0.063 0.82
C 0.52 3 0.17 2.23
D 2.25 3 0.75 9.72°
iR 0.23 3 0.08

ﬁ—i:Fo.osu.s) =9~283Fn.01(3.3) =29.46; % FIRWFEEESR.
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Tab.5 The results of orthogonal test for optimum parameters of immobilization ( n =3)

= E F G H I( Z5 %)) 1 EL(1gPFU /g)
1 1 1 1 1 1 4.88
2 1 2 2 2 2 5.21
3 1 3 3 3 3 5.07
4 1 4 4 4 4 5.25
5 2 1 2 3 4 5.71
6 2 2 1 4 3 5.49
7 2 3 4 1 2 5.88
8 2 4 3 2 1 6.42
9 3 1 3 4 2 7.51
10 3 2 4 3 1 6.20
11 3 3 1 2 4 5.62
12 3 4 2 1 3 5.93
13 4 1 4 2 3 5.12
14 4 2 3 1 4 5.36
15 4 3 2 4 1 4.92
16 4 4 1 3 2 4.24

K1 20.41 23.22 20.23 22.05 22.42
K2 23.50 22.26 21.77 22.37 22.84
K3 25.26 21.49 24.36 21.22 21.61
K4 19.64 21.84 22.45 23.17 21.94
R 5.62 1.73 4.13 1.95 1.23

TE: KL JRIKF 16 41 0 35 3 2000 0 B 2 A1 K2.K3 VK4 24k .

x6 EEAETBESHMUERREATESN

Tab.6 The variance analysis of orthogonal test for optimum parameters of immobilization

H % i 2 F- J7 il
E 5.20
F 0.42
G 2.20
H 0.49
2% 0.22

T Fogss,3) =9-28:F o135 =29.46: % FRmH MRS .
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Fig. 10  The effects of preservation time on
survival bacterium numbers of Bdellovibrio
bacteriovorus granules (n =3)
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