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Fig. 54. BGS production by batch cultures of propionic acid bacteria using glucose as a carbon
source.

(a) P, freudenreichii, (b) P freudenreichii subsp. shermanni, () P. arabinosum

Symbols : (O) Turbidity, (l) Glucose, (<) Propionic acid, (V) Succinic acid, (A) Acetic acid.

Table 5-1. BGS production by cultures of propionic acid bacteria using glucose
as a carbon source.

Culture Propionic Acetic Succinic BGS
strains used time acid acid acid
(h) (a/M) (a/1) (a/m (mg/)
P. freudenreichii 216 25.6 5.62 13.1 5.32
P. freudenreichii
subsp. shermanii 168 23.3 5.27 11.5 93.5
P. arabinosum 168 22.1 5.61 10.6 233

Glucose, Proplonic acid(g/£)
Succlnlc acid, Aceticacid(g/2)
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Fig. 5-5.  BGS production by batch cultures of propionic acid bacteria using 10 g/L. of lactic acid

as a carbon source.

() P, freudenreichii, (b) P, freudenreichii subsp. shermarii, (c) P, arabinosum
Symbols : (O) Turbidity, ((J) Lactic acid, () Propionic acid, (A\) Acetic acid.
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Fig 5-6. Effect of lactic acid concentration on cell growth and BGS production by batch culture
of P, freudenreichii subsp. shermarii.
Lactic acid concentration : (a) 5 g/L , (b) 20 g/L. Symbols : (O) Turbidity, ((J) Lactic acid, (C)
Propionic acid, (&) Acetic acid.



BROWEREZ RN LRI BW T, e A VU BEOBITE L HES N,
SO IO ORREY, ABICKSEERELRT 572 DI BEEE % 10
gl BELLT, WMBEZHETHIRHHEDEZHRETCENIEBG SER L 4AE
TEHEEZBND,

5. 5 ZFREBEBELESEEICLDIBGSOMEMGERE
BEHOBHFRIHOBRIG, T 27 b—R%RFEP L LT Bifidobacterium longum
R LT, EOFER LB E TP, shermanii % X587 5 BIRIGE AT
ol, TOMBERS-TIIRYT, HHPIZEITNTOWIEAREZHEL T P
shermanii XML, BGSZAELE, RICT77 F—A%&ExFRELT
Lactobacillus casei & P. shermani DIgG¥EEZIT 72, 30 gL DT 7 b—R%H
W OFRERZX 5-8I127-Y, 27 b—XIX L casei |ZL > TW\Woi- AFLEE
WCEHSI, ZOH%P. shermani (X > TT a4 L BgICERSI N, T
7 FM—RIREE 50 gL W LRSI, BRI D 5 BITEWIRE OB A4 pE
X, P. shermani O¥EFEIIHEINE, ZOFREE, BG SOAFERITIKIRIZE
TLE, TNETRATELABERERE U MBS, B longum DRFEIR
EHWEEREEE, BXORT 7 F—A%REKPE LT L. casei & P. shermani O
BAWEEOBREERS-21Z77, ABEZHWZEMEROBE LFL X )i,
BRRIERCRAERICBWTOBG S EAETEXHZ L3 bo Tz,

5. 6 EREEVATLIZESBGSOMEMLERE

P. shermanii DT 2 HHIABBRE O K 5- 91T/, HEMT LI
SHMERE u, HiAR 24 WHROWE L ThThord, ABREZENIE 51200
T, P. shermanii O WHEFEES L OEEIIRAIZIETF L7, LaL, RVWiLE
REEDOFHIIZ 1T 5 AR LOBEDOEP L5 L 512, P shermanii
OFEIZFEAFBE IR D 10g/] Bid F CTHEEZZ T2 o7, IRIZ, P. shermanii
DOIEFE 3T D HEDRE O ELZK 5-10 (27T, KERTH ILBORE
10 g1 & LT, 7u A UBEiIBi e fIcim U P. shermanii % ¥53%
L7, TORIX, REEDTHL I a s U BE X OB L I L2 8BE O
FEHPE p EEM U2 NG O HIIEEE 1 o DI E T, EORITE# 24 Rt



Y )
3 g
n 2
3 ?
8g °
@ —_—
R 2
[ RCA =

g - > —

x =N

~ ~

o 30 =)

10 | 203 —~3

3 2%

- © o =38

] [-4 ~— 20__ o

P 23 2 I

5 1 e~ 3 L 5

2 {ree 8 5%

=y o [

= > 33 F 1072

@ @ 25

L2 23

8@ Q g

0.1 \_Lj E’Ig A ‘ s =

1 [} | 1 1 0 || Jo
0 8 16 24 32 40 48 56 €4 0 24 48 72 96 120
Culture time (h) Culture time (h)

Fig 5-7. BGS production by batch cultureof ~ Fig. 5-8. BGS production by co-culture of L. casei

P, freudenreichii subsp. shermanii using the and P, freudenreichii subsp. shermamii using lactose
medium spent once for cultivation of B. longum.  as a carbon source.

Symbols : (O) Turbidity, (L) Lactic acid, Symbols : (O) Turbidity, (H) Lactose, (L) Lactic
(<) Propionic acid, (A) Acetic acid. acid, () Propionic acid, (A) Acetic acid.

Table 5-2. Comparison of amounts of BGS produced among different cultures methods.

Carbon source Culture BGS BGS
Culture methods Strains used Kind Concentration time Productivity Remarks
(a/Mm (h) (mg/l)  (ma/l/h)
Monoculture P freudenrelchil subsp. shermanli Lactic acld 5 40 4.76 0.12 Fig. 2-6
P. freudenreichil subsp. shermanii Lactic acld 10 48 5.93 0.12 Fig. 2-5
R freudenrelchll subsp. shermanil Lactic acld 20 96 62.9 0.65 Fig. 2-6
Two-stage culture B. longum — P. freudenrelchii subsp. shermanii Lactose 40 64 9.37 0.15 Fig. 2-7
Co-culture L casel + P freudenreichii subsp. shermanil Lactose 10 60 2.50 0.042 -
L, casel + P freudenreichif subsp. shermanil Lactose 30 120 19.7 0.16 Fig. 2-8
L. casel + P freudenrelchil subsp. shermanil Lactose 50 168 0.50 0.030 -
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Fig. 5-9. Influence of the lactate concentrationon  Fig. 5-10. Influence of the concentrations of metabolites
cell growth of £, freudlenreichii subsp. shermansi.  on cell growth of P, freudenreichii subsp. shermarii,
Symbols: () Propionic acid, (A\) Acetic acid.
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Fig. 5-11. Continuous production of BGS using a bioreactor with a microfiltration module.
Filtration was started at 24 h as indicated by the dotted line. The dilution rate (D) was maintained
at 0.075 b, The same volume of fresh medium with 10 g/L lactic acid as the filtration was
supplied. - Symbols: (O) Turbidity, () Propionic acid, (A) Acetic acid, ((J) Lactic acid.
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Fig 5-12. BGS production using a bioreactor with a feed back control system of lactic acid
concentration in the culture broth.

Controlling of lactic acid concentration in the culture broth was started at 42 h as indicated by the
broken line. The concentration of lactic acid was maintained at 3 g/L by feeding the fresh
medium with 50 g/L lactate. The concentration of lactic acid in the culture broth calculated by the
controller system was shown by the solid wave line. Symbols: (O) Turbidity, (<) Propionic acid,
(2) Acetic acid, ([J) Lactic acid.
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Fig. 5-13.  Continuous production of BGS using a bioreactor with a microfiltration module and a
feed back control system of lactic acid concentration in the culture broth.

Filtration was started at 24 h as indicated by the dotted line. The dilution rate (D) was maintained
at0.075 h". The same volume of fresh medium with 10 g/L lactate as the filtration was supplied.
Controlling of lactic acid concentration in the culture broth was started at 46 h as indicated by the
broken line. The concentration of lactic acid was maintained at 3 g/L by feeding the fresh
medium with 50 g/L lactate. The concentration of lactic acid in the culture broth calculated by the
controller system was shown by the solid wave line. Symbols: (O) Turbidity, () Propionic acid,
(&) Acetic acid, ([J) Lactic acid.

Table 5-3. Comparison of BGS productivity among different culture systems.

Culture Turbidity Viable Proplonic  Acetic BGS BGS
Culture methods time cell acid acld Productivity  Remarks
(h) Q] (cfu/mi) (a/!) (9/) (mg/l)  (mg/i/h)
Batch culture 48 3.76 5.5 x 10® 6.4 2.5 5.93 0.124 Fig. 2-5
Culture with flitration 144~288 31.9 5.4 x 10% 6.4 3.1 13.4 1.00 Fig. 2-11
Fed-batch culture 144 4.44 1.1 x 10° 20.4 6.3 154 1.07 Fig. 2-12
Fed-batch culture with filtration 120~216 16.2 5.4 x 100 27.8 9.8 204 15.3 Flg. 2-13
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