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Kinetic Studies of Lactic Acid Fermentation(Part 4)*

—Kinetic Stuies on Continuous Cultivation—

Keun-Tai LEg and Hyeun-Suk YANG

Department of Food Science and Technology, National Fisheries University
of Busan, Namgu. Busan, 608 Korea

The behavior of continuous flow culture of Lactobacilius bulgricus was investigated by applica-

tion of Monod’s kinetic model.

The parameters obtained from Monod’s chemostat theory

successfully predicted the behavior of the chemostat. Then, it was found that Monod’s kinetics

were applicable to the growth rate dependence on glucose concentration.

Under steady-state condition, the maximum growth rate, saturation constant,and wash out
were found to be 0.62/hr, 7.69 g/, 0.51/hr of continuous culture. And the optimum condition
for the highest cell production was 0.41/h7 in dilution rate, and at that point the cell production

rate was 0.178g/l+hr.
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Fig. 1. Schematic diagram of experimental set
up.

1. Feed vessel 2. Peristaltic pump

3. Alkali solution 4. Feeding pump

5. Recorder 6. pH controller

7. pH meter 8. Motor

9. Baffle plate 10. Impeller

11. Level controller 12, Recorder

13. Temperature con- 14. Thermometer
troller

15. Heat exchanger 16.
17. Product receiver

Heating & cooling
water pump

4. BREGH

wEzyel e wekzAL Table 24 ZA314Y
t}. Starter = 241] 7‘} ¢ AR AL &3}
9w pHASZAE 95k 2N NaOH ¢ pH
controller i/ﬁ %%%}9:1 ok od &l oo} A wlAl A
&) &t 3] F-Alu) ok X715 Table 29 e},

Ingredient Concentration Table 2. Culture conditions for fermentation
K,HPO, 1g Fermentor volume 71
KH,PQ, 1g Working volume 57
MgSO, 0.4g Agitation 500rpm
NaCl 0.02g pH 5.8
Fe, SO, 2g Temperature 45°C
Yeast extract 2g
Glucose 40g
Distilled water 1 5. BjEnELe) IR

3. BEEE TA TR 2L 229 A -g(dilution rate)e
A1 &) %27t (retention time)$] 4w} x)zle] A}
484 4183 A& Bench Scale Fermentor TF 3alzkel A AA T TAFE vebda o] 5 B A
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Fig.2. The time course of glucose consumption.
S(g/D), cell concentration, X(g/{), and

acid production, a(mi/I).
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Parameter?] i
2742 B A fol wg A (steady-state val-

ue) k-2 Table 33} 7o w parameter®] =Awkw
2 Oliva%-(1979)0] o]-&3}t double reciprocal Line-
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Table3. Steady-state values for continucus

cultivation of L. bulgaricus on the
present medium(glucose 40 g/1)

Glucose Yield Cell
Dilution concn in Cell  coef-  production
rate fermentor concn ficient rate
(hr1) &/h g/ (/)  (g/ishr)
0.102 3.0 0.55 0.015 0. 056
0.190 3.6 0.53 0.015 0.101
0.331 7.0 0.46 0.014 0. 152
0.414 16 0.43 0.018 0.178
0.452 26 0.34 0.017 0.154
0.490 34 0. 10 0.017 0. 050
%‘
K S ) -1 1
-1 _ D —_— 1
D ( Vmax'so )( Sa + Vimas ( )
o 7] 41

D=dilution rate, hr—
K,=saturation constant, g/l
Vmez=maximum growth rate, hr-!

S,=glucose concentration in the feed vessel,

g/l
S=glucose concentration inthe fermentor,

g/
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Fig.3. Lineweaver-Burk plot of dilution rate

versus relative glucose concentration.
So=40g/L.
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Fig.4. Determination of maximum growth rate
in continuous cultivation,
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Fig.5. Comparison of experimental(marks) and

theoritical(lines) results, Symbols: the
cell production rate is DX(g/l-kr), and

the others are the same as in Fig. 2.
ek T e 34 ge]l W¥ge o wash out 3
T AFR Aol E JEbm Qo ol A4
parameter 5 T3u] wralule}l o] F 2 wjoral
2] glucose Xxo 7lQlgelm P2=}. Bills 5(1
972) o] Rmitute] st fabwe F4d oA
o} ko o] sucrose FEIF 4% ol dul F44
Ao Aol Vet ®aslg on Stocklin(196
93} Ueno 5 (1966)%. 8~10.5 % oA 7+& &3}
7} vebhdela 2estget. @9 Tramer(1973)&-
Lactobacillus bulgaricus = 53] wjokRZe n3E
o Fxd ulzteld 24% A= uPE FEAA
249 Qe dehideR e mastith =
Sinclair & (1975)& Candida utilis &) o <v) okl
o1} ool vt WAS Rustgs. F Ajlr
A9l FEE 028104 S AAARE 3

TR FFA TA e A o] BT

=

— 182 —



HREEEA A BHRORCEER)

AGAAE FE7 5 A9l Monod 8] chemo-
stat o] 22 HBA77 Al qE 28T AEA
et FRe2 YAt

A3gr 95 Holx gittm AXsHY . agnE

= 7

Lactobacilius bulgaricus & glucose & A 3t7)4
2 S §AMA A RS ASE eokstd
st 2ok,

1. 243 model & Monod ¢ chemostat o] 24
ALAZ2 T A+t

2. 248 model |48 )
rate = 0.178 g/l-hr 24 4% 0.414hrt <l
ol ek,

3. <ok A3} saturation constant(K )+ 7.
69 g/l, HNe]|FAEEVimar)e 0.62hr 1 o] g},

4. wash out gA& 0.5l hrlofjA] dejyton
cell yield coefficient & 0.016 g/! o] gl c}.

cell production

X Bk

Bills, D.D., Yang, C. S., M. E. Morgan and
F. W. Bodyfelt. 1972. Effect of sucrose
on the production of acetaldehyde and
acid by yoghourt culture bacteria. J.
Dairy Sci. 55, 1570—1573.

Dubois, M., K. A. Gilles, J. K. Hamilton, P.
A. Rebers and F. Smith. 1956.
metric method for determination of sugars

Chem. 28,

Colori-

and related substances. Anal.
350.

Fujie, K., N. Ishihara, and H. Kubota. 1980.
Mass transfer coefficient of dispersed fine
bubble in electrolytic solution, J. Ferm-
ent. Technol. 58(5), 477—484.

Fukuda, H., T. Shiotami, W. Qkada and H.
Morikawa. 1978,

new tower bioreactor containing a draft

Oxygen transfer in a

tube and perforated plates. J. Ferment.
Technol. 56(6), 619—625.

Higastrom, M. H. and N. L. Molin. 1980.
Factors regulating product formation in

Streptococcus lactis,  6th  International

Ferment. Sym. held in London, Canads,
July 20—25.

Hassan, I. T.M. and C. W. Robinson. 1977.
Oxygen transfer in mechanically agitated
aqueous systems containing dispersed
hydrocarbon. Biotechnol. Biceng. 19, 661—
682.

Lee, K. T. and B. H. Han. 1979a.

studies of lactic acid fermentation(part

Kinetic

1). Effect of mechanical agition on fer-
mentation. Bull. Korean Fish. Soc.12(3),
155—160.

Lee, K. T., M. S. Lee and B. H. Han. 1979b.

Kinetic studies of lactic acid fermentation

(part 2). Influence of temperature on
fermentation. Bull. Korean Fish. Soc.12
(3), 161—166.

Lee, K. T. and H. S. Yang. 1981.

studies of lactic acid fermentation(part 3).

Kinetic

Effect of phenol derivatives on fermenta-
tion. Bull. Korean Fish. Soc.14(4), 212

—218.
HALSAER. 1957, FIRLZE#E. Vol. 23,p. 421,
LE B

Oliva, R. U. and Y. D. Hang. 1979. Continuous
removal of lactic acid from wastewater
by Cendida utilis. Appl.
Microbiol. 38(5), 1027-—1028.

Pette, J. W. and H. Lolkema. 1950. Yoghourt.

1. Symbiosis and antibiosis in mixed cul-

and Environ.

tures of Lactobacillus bulgaricus and Strepto-

coccus thermophilus, Neth. Milk Dairly
J.4, 197—208.

Pirt,S. J. 1975. Principles of microbe and cell
cultivation. 4—14. Jhon Wiley & Son, New

York.

Romeo, J., M. Scherage and W. W. Umbreit.
1977. Stimulation of the growth and res-
piration of a methylotrophic bacterium by
morphine. Appl. and Environ. Microbiol.
34, 611—614.

Sinclair, C. G. and D. N. Ryder. 1975. Models
for the continuous culture of microorgan-

isms under both oxygen and carbon limiting

— 183 —



F R %2 -RE S

condition. Biotechnol. Bioeng. 17, 375— Dairl y Technol. 26, 16—21.

398, Ueno, J., R. Hanabusa,, R. Nakai, K. Musa-
Stocklin, P. 1973. The production and handling shi, S. Kaneko, and M. Kanbe. 1966.

of yoghourt on a commercial scale. Cult. Studies on continuous yoghourt manufac-

Dairyprod. J. 4(3), 6. ture : its equipment and microbiological
Tramer, T. 1973. Yoghourt cultures. J. Soc. problems. 17th Int. Dair. Congr. F.617,

— 184 —



