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Abstract — In order to screen microorganism producing lactic acid with high productivity from
nature, we used a medium containing 100 g// glucose and selected several microorganisms produ-
cing more than 80 g/l L-lactic acid. We investigated their physiological characteristics and compared
them. The best microorganism was identified as Lactobacillus casei subsp. rhamnosus. The optimum
pH for growth and production of lactic acid was 6.0 and this strain showed the highest growth
rate at around 30T, but the optimum temperature for lactic acid production was 45T . The growth
was inhibited proportionally from 50 g/l to 300 g/l of glucose and the maximal cell mass increased
according to increasing the concentration of corn steep liquor (CSL) protein up to 30 g/l. In batch
fermentation for lactic acid production, we produced 128 g/l L-lactic acid with 20 g/l CSL protein
and 150 g/l glucose in 35 hours. In pH-stat fed-batch fermentation, we were able to produce

183 g/l L-lactic acid.
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Table 1. The compositions of lactic acid production
media |

Elements Content (g/l)
Glucose 100
Yeast extract 5
Sodium acetate 3
KH,PO, 0.2
K.HPO, 0.2
MgSO.; . 7H20 0.6
MnSO,-4H,0 (.03
FeSO;- 7H.0 0.01
CaCQO, 60

Table 2. The compositions for lactic acid production
media II.

Elements Content (g/)
Glucose 150
CSL protein 20
MnS0O,-4H,0 0.03
CaCO; 90

CSL of Sunhill glucose company was used and protemn
of CSL was analyzed by Lowry method.
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Fig. 1. Procedure for isolation of microorganisms pro-
ducing large amount of lactic acid.

Table 3. The conditions of HPLC analysis for organic
acid

[tem Condition
Instrument Waters HPLC
Column Bio-rad Aminex HPX 87H
Column temp. 41C
Detector UV detector (436 nm)
Eluent 0.006 N H;S50, sol'n
Flow rate 0.6 m/mn.

Post column reagent BTB 0.2 mM pH 10.0

BAZNYSI 2700)5 AHE-ste] EA 3kl o o 1
714t % D-lactate”} &% HA lactic acids

3}7] $18te] HPLCE AH-8-3lod ¥4 2712 Table
3ol A=js}taict

4zt 3 O3

EuiAlel DA FAL HAR Hal

790 Faol A BB A ste) WAkt Aol
ol -3hich, BCP-MRS #eoxlold 24702 %
e 200 of Tl skl HAPAE v A Tof
HE:ae] 80 g/ ol Habe AAY FFE 132
M sheleh o] CSLol &4¥ A4S whA
oA sfegstel 4 B e sl A% 43

oo 1w Awsel 5Tt



Table 4. Biochemical characteristics of isolated strain

Characteristics Results

*Growth in 0.02% NaN; —
*Catalase test —
*Gram staining +
*Gas from glucose ~—
*Major fermentation Lactic acid
product from carbohydrate
*Lactic acid configuration L{+ )-form
*Growth at 15C +
*Growth at 45C -
*Carbohydrate fermentation test
Glycerol -
Erythritol —
D-arabinose -
[.-arabinose -
Ribose +
D-xylose —
L-xylose
Adonitol
B-methylxyloside
Galactose
D-glucose
D-Fructose
D-mannose
L-sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol
a-methyl-D-mannoside
a-methyl-D-glucoside
N-acethylglucosamine
Amygdalin
Arbutin
Esculin
Salicin
Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Trehalose
Inulin
Melezitose
D-raffinose
Amidon
Glycogen
Xylitol
B-gentiobiose
D-turanose
D-lyxose
D-tagatose
D-fucose
L-fucose
D-arabitol
L-arabitol
(luconate
2-Ketogluconate
5-Ketogluconate
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Fig. 2. Effect of temperature on lactic acid production
and cell growth. Fermentation was carried out in pro-
duction media [ for 24 hours.
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pH

Fig. 3. Effect of pH on lactic acid production and cell
growth. Fermentation was carried out in 1 liter fermen-
tor at 45°C for 24 hours. pH was controlled by ammo-
nium hydroxide solution.

B Cell conc. (OD at 620 nm)

Lactic acid conc. (g/l)

Table 5. The carbohydrate fermentation test for starch
sugar

Carhohydrate Results

Glucose +
Fructose +
Maltose +
Isomaltose +
Pannose —
Maltotriose —
Maltotetraose —
Maltopentaose —
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Fig. 4. Inhibitory effect of glucose on cell growth. Fer-
mentation was carried out in 1 liter fermentor at 45°C,
pH 6.0.
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Fig. 5. Effect of CSL protein concentration on cell gro-
wth. Fermentation was carried out in 1 liter fermentor

at 45°C, pH 6.0. Protein of CSIL. was analyzed by Lo-
wry method.
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Fig. 6. Trends in batch culture using ammonium hydro-

xide for pH adjustment. pH was controlled at 6.
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Fig. 7. Trends in batch culture using calcium carbonate
for pH adjustment.

—B- Cell, —O- Glucose, —&— L-Lactate, — ¥ -
pH
pH F4-2 ammonium hydroxide®} calcium car-

bonateZ. ZtZ} ZAshH A 3F 4] wjks 383l
Ammonium hydroxide £} & pHE %2 X|(Fig. 6)
o+ pH 6.02.2 3}¢i 2.7 calcium carbonate®] 7%
(Fig. T)ell= 271¢] wi#) pHE 6022 slglon) A
Ato] A e ule} pH7E Polx] ull ok 104] 7F Fofl =
pH7} 48742 yrolac) z7]e] 9 *‘““?E 2
AAA = 5 797} v)seslgd o wiok &
ol calcium carbonateZ pHEZ A3t 79 01] ]
APRA S 7 "al "HelHE o 4 qlddch Ammo-
nium hydroxide §4 22 pH FHAldl& A A<l
ujekA o] Ruj7} 12% HE Eolwton] 3547k wlo
128 g/l L-lactated 38 4 Uch

_ah

RIH el st
PEES] WA

BA| AAH

Aaksto] giste] §714 Wik

Kor. J. Appl. Microbiol. Biotechnol.

180 30
160
140
120
100|
80
60
40
20

Conc. (g/)
Cell Conc (OD at 620nm)

—— : Y . L 0
0 10 20 30 40 50 80
Time (hrs)
Fig, 8. Results of fed-batch fermentation with intermit-
tent feeding method. Fermentation was carried out at

45°C, pH 6.0. CSL protein (20/5/5 g/I) was fed with

glucose.
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Fig. 9. Results of fed-batch fermentation with pH-stat
method. Fermentation was carried out at 45°C, pH 6.0.
CSL protein (30 g/I) was fed at initial time.
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