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Production of L-Lactic Acid from Soluble Starch by Enterococcus sp. JA-27. Kim, Kyung-A, Mi-Gyeong
Kim, Kyung-Lib Jang, and Hong-Ki Jun*. Division of Biological Sciences, Pusan National University, Busan
609-735, Korea - Lactic acid bacteria with amylolytic and acid producing activities can ferment starch directly
to lactic acid thereby producing a monomer for the production of biodegradable poly lactic acid (PLA). In this
study, the strain producing L-lactic acid from soluble starch was isolated from Nuruk. The isolated strain was
identified as Enterococcus sp. through its morphological, cultural, biochemical characteristics as well as the
16S tDNA sequence analysis, and named Enterococcus sp. JA-27. Enterococcus sp. JA-27 produced exclu-
sively L-lactic acid from soluble starch as a carbon source. The optimal conditions for the maximum produc-
tion of L-lactic acid from Enterococcus sp. JA-27 were 30°C, pH 8, 1.5 % soluble starch as a substrate and
3.5 % tryptone as a nitrogen source, 0.1 % K,HPO4, 0.04 % MgSO, - TH,0, 0.014 % MnSO, - 4H,0, 0.004 %
FeSO4 - 7TH,0. Batch and fed batch culture were carried out and the former was more effective. L-Lactic acid
production in the optimum medium was significantly increased in a 7 L jar fermenter, where the maximum L-
lactic acid concentration was 3 g/L. For the purification of lactic acid in fermented broth, two stage ion-
exchange column chromatographies were employed and finally identified by HPLC.
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Tabsle] 37°Coll A 3~4U 7t wiokst 3 PRzl 29
= Z712 94953}4 clear zoneo| YeIIE colonys F
starch F3l%5-0] FHol'd #FE YxPH L2 Ao, o]
E #FE tHA] 1.5% CaCO3-MRS Hj=]ol] wiek3le] colony
F9o T4 YH-F-E 2AIE Colony el clear
zoneS 3A)8E Tl o3l L-lactic acid YA S ZHES},
I YA o] 71 St S FEA o= AT F
2202 HMAF FF= 2% soluble starch, 1% peptone,
0.5% yeast extract, 0.1% K,HPO4, 0.1% NaCl, 0.04%
MgSO, - 7TH,0, 0.014% MnSO, + 4H,0, 0.004% FeSO, *
TH,09) 2422 o] Foiz] WAE 7| Bulx| 2 A3,

3o Fd

Felde] AR HES 53 HeE S48 H 4
Z iAo e) ool B FESAL #F2) Ay
2 A 33 EXS Bergey's Manual of Determinative
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2502 8 1 mell 55 1 miE ¥A1A 620 nmell
A FR=E SA3IGTH10). ek A uiAe] FETe} vl
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80 piok A A28k sample 80 piE ¥ F 340 nmellM F
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Lactic acid AFF AAH1]

C= %XXMV'WX F [ug/ml]
C: concentration,
AE: extinction change,

AE=AEg— AEp, AEg=Egy — Eg,

AEg=Epy — Ep

d: light path(cm),
M+ W pg/umol (lactic acid M - W: 90.08),
V: assay volume(ml),
v: volume of sample used in assay(ml),
g: extinction coefficient(cm?/umol),
NADH®] £(340 nm)=6.22 cm?mol,
F: dilution factor of the sample.
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Fig. 1. Photograph of the isolated strain, JA-27 degradating
soluble starch.

Table 1. Taxonomical characteristics of the isolated strain JA-

27.
Morphological characteristics
Shape coccus
Cell size 1.5-2
Mortility nonmortility
Gram stain positive

Cultural characteristics
Colonies circular, convex
Colony surface
Colony color
Colony opacity

Biochemical characteristics
Aerobic growth +

smooth
milky color

opaque

Anaerobic growth +
Catalas test -
Urease test

Citrate utilization

Esculin hydrolysis
Starch hydrolysis
Acid production from glucose

+ + +

Gas production from glucose
Growth at 10°C
45°C
pH 9.6
Growth on 6.5 % NaCl broth
0.1 % methylene blue milk
Growth on 10 % bile agar
40 % bile agar
Survive of 60°C for 30 min

O S SR S

+: positive, —: negative

2] FF JA-2723E] genomic DNAE B2|gt ¥ 27f
1492r primerE- AF8-3ld 16S tDNA $-9|S- PCRE £FA]
7 auto-sequenceE- ©]8-3) F7IMLDE HAAs ﬂ‘f‘rrl ]
A% 42509] 971M<9E Gene bank databasee} B3 A
3} Enterococcus faecium®} 100%2] A5AS Ry} K-
56 T52] efshy, wiokeld, A3k A 9 partial 16S
tDNA sequencing A 59| At E73H EAES v
3t A=}, B FFZ Enterococcus faecium® FR8kT 12
A} Enterococcus sp. JA-27= 3390},

L-Lactic acid &t Y =4 ZHE

1.5%2] soluble starch, 3.5%2] tryptonee] T-F% 7))
21¢] pHE 8.02.2 FA3}3L 30°ColA 34|17t 2HE 22 42
AZFERE 9] A&, 9] ASE, Lelactic acid®] A S
ZE3} A3} Enterococcus sp. JA-27 L-lactic acid® A9
Aoz Ak wioF F 30A7H M e XSS
A (Fig. 3). =3k vk zke] Aol ule} DY 24k
AA3eke] F7HE-E & 4 SUsiTH(Table 2).

2 A7olAE Lactic acid®] HFARE #1381 2pdAlol
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Fig. 2. Transmission electron micrograph of the strain JA-27.
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Fig. 3. Time courses for the production of L-lactic acid. Cul-
tures were carried out in a screw cap tube containing 10 ml of pro-
duction medium at 30°C.
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Table 2. L(+)- and D(-)- isomer production by Enterococcus sp.
JA-27.

Time(hrs) L(+) (%) D(-) (%)
30 100 0
48 99.7 0.3
72 99.7 0.3
96 99.2 0.8

Cultures were carried out in a flask containing 100 m! of production
medium (soluble starch 15 g/L) at 30°C.

Table 3. Optimal conditions for L-lactic acid production.

Components %
Soluble starch 1.5
Tryptone 3.5
K,;HPO, 0.1
MgSO4 * TH,O 0.04
MnSO4 * 4H,0 0.014
FeSO4 * TH,0 0.004
Other conditions
Initial pH 8.0
Temperature 30°C
Culture time 30hrs
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Fig. 4. Effect of inoculum size on the production of L-lactic

acid and cell growth. Cultures were carried out in a flask contain-
ing 100 ml of production medium at 30°C.
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Fig. 5. Time course of batch culture of Enterococcus sp. JA-27.
Cultures were carried out in a flask containing 100 ml of produc-
tion medium at 30°C. (A), soluble starch 1.5% and tryptone 3.5%;
(B), corn starch 1.5% and tryptone 3.5%.

Ae) FU7 A|ZRNol) Blgt oF L-lactic acidE AYAFSHA
th(Fig. 5(B)).
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Fig. 6. Time course of intermittent feeding fed-batch culture of
Enterococcus sp. JA-27. Culture was carried out in a flask con-
taining 1 L of production medium (soluble starch 15 g/L) at 3¢°C.
Soluble starch stock solution was fed intermittently.
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Fig. 7. Time course of Jar-fermentor culture of Enterococcus
sp. JA-27. Cultures were carried out in a 7 L Jar-fermentor con-
taining 3 L of production medium (soluble starch 15 g/L) at 30°C.
pH was controled to 7.0 automatically.
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wjokall-g- AlEa)sle] wjpds S F53Hwt. Strong
anion exchange resin?] Dowex 1x8-200% 1 M NaOH A
8] ¥ ZF4Z washingdt ¥ 1 M sodium carbonate®
2]5}e] carbonate formo-E A& F AHl| AL 55
g wF e s loading?'sl—°=] FA7} AJFe] FHAE A
A|F)aL ZFEE 205 washingsldth. 15 5% ammonium
carbonate solut1on—E— ZajmA] RARS- ammonium salty 0=
clutiondt F Z+7+9) fractionS &3 A4 WO ZE -
lactic acid®] k& AaFs}dch(Fig. 8). vH AL A9 L-
lactic acid”} elution® fractionS
23}9]c}. Strong cation exchange resindl Amberlite 2002
5% NaOH$} 5% HCEE 7o}l A2lsle] hydrogen form®

vaccum evaporator®. %

L-lactic acid (g/L)
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Fig. 8. Lactic acid recovery : concentration of the different
fractions. The data for the recovery of lactic acid from the anionic
resin by eluting with 5 % ammonium carbonate solution.

Table 4. Recovery and purification of L(+)-lactic acid from
Enterococcus sp. JA-27 culture broth.

Steps Volume Concentration of Yield?
P (ml) lactic acid (g/L) (%)
Broth 250 3.00 100.0
Dowex 18-200 450 1.49 89.4
Amberlite 200 550 1.17 86.1
Evaporation 10 64.01 85.3
2 Based on lactic acid in broth
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8
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Fig. 9. HPLC chromatogram of the L-lactic acid recovered
from fermented broth by Enterococcus sp. JA-27. (A), standard
L-lactic acid; (B), recovered L-lactic acid.

2 XH"ESM 2] 9L 553 AdA 9] AEE loading
3 ¥ B2 elutiond}e] 1 fractiond HPLCE F-A3ld A
A £EF AEsGIT 929 A HAF& T3] v
%9] Llactic acid BA $&-2 o 85% F =2 veiy
(Table 4). AAE AFZ-E L-lactic acid®] standarde} U3t
retention timedl A pealrt FHBH 0 99.7%9] TE= A
A= At (Fig. 9).
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