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Abstract

The characteristics of the reaction of calcium carbonate (CaCO,) immobilized with alginate as buffer system
for the high concentration cultivation of bifidobacteria in fermenter are described by the mathematical model,
and tested for the reusing possibility of the used CaCO, beads. When CaCO; beads with the various di-
ameters were reacted in 0.1 M of the mixed organic acids (0.6 M of acetic acid and 0.4 M lactic acid) and in
fermenter inoculated Bifidobacterium longum ATCC 15707, the change of bead diameters can be calculated
with the amount of the decreased CaCO, from the surface of bead using the mathematical model. These
values was similar to the directly measured bead diameter by a micrometer. Therefore, it was considered that
the mathematical model could be used for explaining the reaction charateristics of the CaCO, bead reacted
with the organic acids. When Bifidobacterium longum was incubated at 37°C for 20 hours in fermenter with
CaCO, beads, the buffering effect of CaCO,, the reduce rate of the bead diameter, and the growth rate of Bi-
fidobacterium longum were higher at the smaller beads than beads with the larger diameters. Also, when Bi-
fidobacterium longum was incubated in fermenter with the mixed beads which were added new beads to the
recovered beads in order to equalize with the total surface area of initial beads, the buffering effect of CaCO,
bead and the growth rate of Bifidobacterium longum were very corresponded with the results of the fer-
mentation using the only initial beads. Therfore, it is expected that the used beads can be reused by adding
the initial beads.
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Fig. 1. The schematic diagram of the simple device to
prepare CaCO, beads.
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Fig. 2. The photographs of CaCO, beads immobilized
with Ca-alginate. A: 2.00 mm diameter with 15% CaCO.,
B: 1.75 mm diameter with 15% CaCO,, : 1.53 mm di-
ameter with 15% CaCQ,. D: 1.10 mm diameter with 15%
CaCOy, E: 1.12 mm diameter with 18% CaCO..
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Fig. 3. Plot of dry weight vs. wet weight of 1.10 mm
diameter CaCO, beads.
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Fig. 6. The change of CaCO, bead diameter as the
amount of the decreased CaCO; in 0.1 M 100 mL or-
ganic acid. l—M: pH, A-—A: the amount of the de-
creased CaCO,;, @—@: the calculated bead diameters us-
ing the mathematical model, —O: experimental bead di-
ameter using a microscope.
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Fig. 7. Buffering effect of CaCO; beads in 0.1 M 200
mL organic acid solution. A—a4A: 1.12 mm diamcter
with 18% CaCO,, ®—®: 1.10 mm diameter with 15%
CaCO,, ¥—W¥: 1.53 mm diameter with 15% CaCO;, l-—MN:
1.75 mm diameter with 15% CaCO;, ¢—¢: 2.00 mm di-
ameter with 15% CaCO,.

Rhgol A AlekAl e At ek b ek kgl
o e A4 B AR 2E fshA Ha 6
F14kke] Whg- 3157} 71kl wheh e ERo By
E}] CaC0.8| ZHaskel F7hi Qlste] w]=e] A %o
Zhaalo slo] AA| o) Ede] 2717 2 3
sl 517] B Eolch
$714 HHE F 2R W] ES] CaCO, ¢S &
of Whgmdo] 4Rl whg F b ulEe] 4
L, 440 =] Ag ey e
2 4 3ok elm f]
le_ M bgslel 27] A4
2719h 2 A2 Wgelzl ul

&
A

]

o
-
1k
+
> haa

Time (min)

Fig. 8. The change of pH in 0.1 M 100 mL organic acid
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initial used CaCQO; beads, M—M: second used CaCO; beads,
A—A: third used CaCO, beads, ¢—@: fourth used CaCO,
beads.
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Table 1. Properties of CaCO, bead size fraction before and after reaction in 0.1 M 200 mL organic acid solution

: 1
Bead Diameter CaCO; Conc. Bead Numbers®

., Bead Weight” Surface Area”

Decrease of Bead Diameter (mm)

! 2 5

(mm) (%) (mg) (mm’) CaCO:™ (M8) " Cyjcutative” Experimentat”
2.00 15 175 5.71 2198 0.524 1.861 1.854
1.75 15 268 3.73 2578 0.552 1.621 1.634
1.53 15 404 2.48 2969 0.637 1.398 1.395
1.10 1S 1268 0.79 4818 0.755 0.986 0.977
1.12 18 1108 .90 4366 0.766 1.014 1.045

YCaCO, concentration of bead.
“The number of bead per gram.
“The weight of one bead.
“Surface area of beads per gram.

“The amount of the decreased CaCO; per 10 g bead after 10 minutes reaction in 0.1 M 200 mL organic acid solution.
“The calculated bead diameters using the mathematical model after 10 minutes reaction in 0.1 M 200 mL organic acid solution.
"Experimental bead diameter using a microscope after 10 minutes reaction in 0.1 M 200 mL organic acid solution.
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Fig. 9. pH change of the reused CaCO; beads adjusted
to the same as the total surface area of the initial CaCO,
beads in 0.1 M 100 mL organic acid solution. O—C: in-
itial used CaCO, beads, A—2.: second used CaCO, beads,
{1 third used CaCO3 beads, [ fourth used CaCO,
beads.
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Fig. 10. pH change of the various diameter beads with

the same total surface area by weight control in 0.1 M

100 mL organic acid solution. 7-—<7: 1.10 mm beads,

A—A: 1.53 mm diameter beads, (H{J: 1.75 mm di-
ameter beads, O—O: 2.00 mm diameter beads.
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Fig. 11. The growth of Bifidobacterium longum and
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1.53 mm beads, ¥V-—</: pH change with 1.75 mm beads,
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pH control with 2 N NaOH.
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Table 2. Comparison calculated bead diameter with experimental bead diameter after bifidobacteria incubation for 20

hours in 1 L TPY broth

Bead Diameter CaCO; Conc.” Decrease of CaCO;” Bead Diameter (mm)
(mm) (%) @ Calculative® Experimental”
2.00 15 22.6 1.67 1.6%
1.75 15 28.1 1.36 1.31
1.53 15 319 1.13 1.12
1.10 15 38.5 0.72 0.69
1.12 18 41.2 0.76 0.79

YCaCO, concentration of bead.

“The amount of the decreased CaCO, per 200 g bead after incubation of bifidobacteria for 20 hours in 1 L TPY broth.
“The calculated bead diameters using the mathematical model after incubation of bifidobacteria for 20 hours in 1 L TPY broth.
“Experimental bead diameter using a microscope after incubation of bifidobacteria for 20 hours in 1 L TPY broth.

Table 3. Buffering effects of the reused CaCO; beads and the growth of the bifidobacteria in 1 L TPY broth

Bead Diameter” CaCO, Conc.” Surface Area® The Amount of Beads” Pl Cell Growth
(mm) (%) (m’) @ OD (600 nm) Viable Cell (cfu/mi)
1.67 15 0.3065 60.56 4.68 8.25 4.12x10°
1.36 15 0.3113 79.25 4.76 9.57 4.35%x10°
1.13 15 0.3240 90.87 4.89 11.12 5.05x10°
0.72 15 0.4128 114.32 5.01 12.56 6.76 x 10°
0.76 18 0.4019 107.95 5.11 13.48 6.81x 10°

“The caculated CaCO, bead diameters using the mathematical model.

“CaCO0, concentration of bead.

*Caculated total surface area of beads after incubation of bifidobacteria for 20 hours in 1 L TPY broth.
“The amount of added initial CaCO, beads in order to adjust to the same as the total surface area of initial beads.
“The final pH of culture broth after incubation of bifidobacteria for 20 hours in 1 L TPY broth.
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