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Abstract: Lactic acid is an important product arising from
the anaerobic fermentation by lactic acid bacteria (LAB). It
is used in the pharmaceutical, cosmetic, chemical, and food
industries as well as for biodegradable polymer and green
solvent production. The poly lactic acid (PLA) is an important
material for bio-plastic manufacturing process. For PLA
production by new LAB, we screened LAB isolates from
shellfish. A total of 28 LAB were isolated from various
shellfishes. They were all Gram positive, oxidase and catalase
negative. Based on API 5S0CHL kit, 7 strains among the
28 isolates were identified as Lactobacillus plantarum, 6 strains
as Lactobacillus delbrueckii, 5 strains as Leuconostoc
mesenteroides, 3 strains as Lactobacillus brevis, 2 strains as
Lactococcus lactis, 1 strain as Lactobacillus salivarius, 1 strain
as Lactobacillus paracasei, 1 strain as Lactobacillus pentosus,
1 strain as Lactobacillus fermentum and 1 strain as
Pediococcus pentosaceu. Also, we examined the amount
of total lactic acid produced by these new strains by HPLC
analysis with Chiralpak MA column. One strain E-3 from
Mytilus edulis was indentified as Lactobacillus plantarum
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and found to produce 20.0 g/L of D-form lactic acid from
20 g/L of dextrose. Further studies are underway to increase
the D-lactic acid production by E-3.

Keywords: lactic acid bacteria (LAB), poly lactic acid (PLA),
isolation, identification, D-form

LAE
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, o=l AA, FRdE 278 FaH| A, s
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2 3}elA 287]% 2 Poly lactic acid (PLA) 5% Z7HA|
Ql ZFElo|= (Lactide) k124 (Acrylic acid) 52 -5
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o g, Eel k] gAlo] oA, AHste T
Qe Hol ARA o= Ao 58 A drIt 7k
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U WO E = ARAA Aks Ao E AAkehs A
AT (Lactobacillus spp. &)E AAste] Aiksh= W
o] it} o] WAl o= At Ay it SN 78,
AR oA ek Ao A QJut. Kimura 17+
2o AT A} 3o W= Lactobacillus delbrueckii 2}
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Table 1.Some morphological and biochemical characteristics of lactic acid bacteria from shellfishes

strain No. Gram stain Motility Facultative anaerobic Catalase Oxidase APIS0CHL kit
A-1 + _ + - - Lactobacillus brevis
A-3 + - + - -
A-4 + - + - - Lactobacillus plantarum
A-5 + - + - -
A-6 + - + - - Lactobacillus brevis
M-1 + - + - - Lactobacillus salivarius
M-2 + - + - - Lactobacillus delbrueckii
T1 + - + - - Lactobacillus plantarum
T2 + - + - - Lactococcus lactis
T-4 + - + - - Lactobacillus brevis
E-1 + - + - - Lactococcus lactis
E-2 + - + - - Leuconostoc mesenteroides
E-3 + _ + - - Lactobacillus plantarum
E-4 + - + - - Pediococcus pentosaceus
E-5 + - + - - Lactobacillusparacasei
N-1 + - + - - Lactobacillus delbrueckii
N-2 + - + - - Lactobacillus pentosus
N-3 + - + - -
N-4 + - + - - Lactobacillus delbrueckii
N-5 + - + - -
C-1 + - + - - Lactobacillus plantarum
C-2 + - + - - Lactobacillus fermentum
C-3 + - + - - Lactobacillus plantarum
Cc-4 + - + - - Leuconostoc mesenteroides
C-5 + - + - - Lactobacillus delbrueckii
G-1 + - + - -
G-2 + - + - - Leuconostoc mesenteroides
G-4 + - + - -

A: Isolated from Arca avellana Lamarck, M: Isolated from Mactra veneriformis Reeve, T: Isolated from Tapes phillipinarum, N: Isolated
from Neptunea arthritica cumingi, C: Isolated from Turbo cornutus, E: Isolated from Mytilus edulis, G: Isolated from Crassostrea gigas

+, growth; -, no growth.
Data are from triplicate experiments.
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2.1. 2] 9 Ao

oA Arate] 2215 915k Rogosa SLmedia®t0.1%
bromocresol purple (BCP)©] %7}l Lactobacilli MRS media
i DifcoAl (MI, USA) AlF-& ARSI aL, Aldiulefelli=
MRS medias AHE3ISITE 172 BES flato] wtukey
ol glycerol®] 25%(v/v)7} ¥5=5 Z/dste] -70 Collx| Bt
sh Aol ARg-shaltt. welsh W] Asleha 544 A
A2 $18l141= Gram stain sets= DifcoAl (MI, USA) #3%,
oxidase reagenti= Sigma-AldrichA} (MO, USA) A%, API
50 CHL kiti= BioMerieuxA} (France) A3 ARE-SISIT.
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Table 2. Species distribution of lactic acid bacteria isolated randomly
from shellfishes

Species

Lactobacillus plantarum
Lactobacillus brevis
Lactobacillus delbrueckii
Lactococcus lactis
Leuconostoc mesenteroides
Lactobacillus salivarius
Lactobacillus paracasei
Lactobacillus pentosus
Lactobacillus fermentum
Pediococcus pentosacens

Total
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A: Isolated from Arca avellana Lamarck, M: Isolated from Mactra
veneriformis Reeve, T: Isolated from Tapes phillipinarum, N: Isolated
from Neptunea arthritica cumingi, C: Isolated from Turbo cornutus,
E: Isolated from Mytilus edulis, G: Isolated from Crassostrea gigas.

3.2. &8 #3954

gk 28%2] ol tisto] APISOCHLKits: o]-8-sh A%
Ans ¢ 22 9S $al T3 vk Table 10 YEt
Uit} & 28709 ¥ % A-3,4,5,T-1,E-3,C-1,39] 77}
57} Lactobacillus plantarum 2= 7% 33, M-2,N-1,
3,4,5,C-59 670 ¥==7} Lactobacillus delbrueckii, E-2, G-1,
2,4,C-42] 57 w7} Leuconostoc mesenteroides, A-1,
6, T-42) 371 7} Lactobacillus brevis, T-2, E-12] 27}
57} Lactococcus lactisZ 3F AT}, 71 Qo= B4+
Pediococcus pentosaceu, E-5 Lactobacillus paracasei,
N-23= Lactobacillus pentosus, M-1-Lactobacillus salivarius,
C-23= Lactobacillus fermentum 2 ZY7; 573 %|Slt}. 2871
o] 3 & DF kS 7P wol Aaksk= E-3 w8 -
16S TRNA gene sequencings ©|8310] 57} 57847}, API
S50CHL Kit®} 72o] L. plantarum © 2 2|21 33T,

3.3. 7ol A o] R4t F (species) ] E3E

el Felgt At 28%5 Fd% AIE BTl 5o
oMo o Zhte] F S AU A7 Table 2
off YERUQITE. Ex7elA E2]$t 55 5 Lactobacillus
brevis 25, Lactobacillus plantarum 357} 57J = 1t} %1
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Table 3. Lactic acid productivities with lactic acid bacteria from shellfishes

strain

L-form lactic acid concentration D-form lactic acid concentration Total lactic acid concentration

No. Species (g/L) (g/L) (g/L)
A-1  Lactobacillus brevis 6.5 4.3 10.8
A-3  Lactobacillus plantarum 10.3 8.8 19.1
A-4  Lactobacillus plantarum 10.1 8.4 18.5
A-5 Lactobacillus plantarum 7.4 42 11.6
A-6  Lactobacillus brevis 8.8 4.4 13.2
M-1  Lactobacillus salivarius 9.8 1.1 10.9
M-2  Lactobacillus delbrueckii 15.6 9.0 24.6
T-1  Lactobacillus plantarum 12.4 0.5 12.9
T-2  Lactococcus lactis 8.4 5.5 13.9
T-4  Lactobacillus brevis 11.6 0.8 124
E-1  Lactococcus lactis 10.5 0.2 10.7
E-2  Leuconostoc mesenteroides 1.2 0.4 1.6
E-3  Lactobacillus plantarum 2.2 20.0 22.2
E-4  Pediococcus pentosaceu 27.2 7.1 343
E-5 Lactobacillus paracasei 30.0 4.4 34.4
N-1  Lactobacillus delbrueckii 9.4 1.9 11.3
N-2  Lactobacillus pentosus 10.6 1.0 11.6
N-3  Lactobacillus delbrueckii 7.4 2.4 9.8
N-4  Lactobacillus delbrueckii 9.9 1.3 11.2
N-5  Lactobacillus delbrueckii 10.6 1.9 12.5
C-1  Lactobacillus plantarum 11.3 11.2 22.5
C-2  Lactobacillus fermentum 17.8 2.9 20.7
C-3  Lactobacillus plantarum 8.5 12.2 20.7
C-4  Leuconostoc mesenteroides 13.2 0.6 13.8
C-5  Lactobacillus delbrueckii 19.9 9.7 29.6
G-1  Leuconostoc mesenteroides 10.3 10.1 20.4
G-2  Leuconostoc mesenteroides 16.5 15.2 31.7
G-4  Leuconostoc mesenteroides 14.6 14.3 28.9

A: Isolated from Arca avellana Lamarck, M: Isolated from Mactra veneriformis Reeve, T: Isolated from Tapes phillipinarum, N: Isolated
from Neptunea arthritica cumingi, C: Isolated from Turbo cornutus, E: Isolated from Mytilus edulis, G: Isolated from Crassostrea gigas.

TR B3t 55+ 22 159 Lactococcus lactis,
Leuconostoc mesenteroides, Lactobacillus plantarum,
Pediococcus pentosaceu, Lactobacillus paracasei=. 573
S}, A&l A Z2l$t 55 5 Lactobacillus
delbrueckii 45, Lactobacillus pentosus 157} 5735
Ak, FANA F8 3 255 Lactobacillus salivarius,
Lactobacillus delbrueckii=. 573 | th. v}x|ghof|A] 2]
o} 35=3= Lactobacillus plantarum, Lactococcus lactis,
Lactobacillus brevis= 573 0t}. gl 223t 55+ 5
Lactobacillus plantarum 27, Lactobacillus fermentum,
Leuconostoc mesenteroides, Lactobacillus delbrueckii”}
ZpzE 194 SAESIT e8] a wol ] Beld 3 B
Leuconostoc mesenteroides = 573 % t}. Lee [9]2] A+
AvE B, ZolA el st Aate] 232X Lactobacillus
paracasei’} 7V WSk O™ | Lactobacillus plantarum,
Lactobacillus pentosus, Lactobacillus johnsonii-s©| &3

S 2 1T 4 gloieh

3.4. HPLCO] 9% 3 R4 B4 24l

S99 2859 SAHFS MRS HelA Hjpsiol, chakea
= vjekelol AkEE F R 2] Fepd A
& EQ18) BYTF (Table 3). 5 SAMAIZS FH2 1w,

Lactobacillus plantarum | %3= 755 11.6-22.5 g/L,
Lactobacillus delbrueckii®l <3t= 65 9.8-29.6 g/L,
Lactobacillus brevis®l| £8F= 35== 10.8-13.2 g/L, Leuconostoc
mesenteroides®l %k= 55-= 1.6-31.7 g/L, Lactococcus
lactisQ 27 10.7-13.9 g/L2] AAkE Ak 218 <l
gk = ATk Fu [13]8] A4 3= BH, Lactobacillus
plantarum-2- 37°C, pH 6914 152541 kg Fof & 2k
©] 10-12 g/L, Stenroos [14]2] AT-N|X+= Lactobacillus
delbrueckii7} 20413t 2a & L& 2] ZAHS 12 g/L, Garde
[1518] Aol M= Lactobacillus brevis$} Lactobacillus
pentosus N ZV2F 19.0 g/L, 11.5 g/L2] Zaks AAiksh= A
o7 AdHA U}, Lactobacillus salivarius, Pediococcus
pentosaceu, Lactobacillus paracasei, Lactobacillus fermentum,
Lactobacillus pentosus = 3% =< 22 109 g/L,
343 g/L,34.4 g/L,20.7 g/L, 11.6 g/L 2] AAHES el o
o], o L] kS Ak ISie Ko [7]1€] A
oM AR oA w9 s B Bre] 2l e
5 XY, Lactobacillus plantarum, Lactobacillus casei®l=
L& Al Leuconostoc lactis, Leuconostoc mesenteroides
SE DR B Tz ek 210 A 9o
1, Sung [16]8] A3 NX Lactobacillus delbrueckii,
Lactococcus lactis, Lactobacillus casei, Leuconostoc
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mesenteroideso|A] D& Aito] 2 A= Fo2 o4y
A Ik, 1 QIpol AFRRE Rl E A ko)
735 ol wbA xfo)7E Qi1 sHAIRE, 7]l e A
SJEl T Ak} ol At FFES SR1E 4 9]
ATt 28708] ¥ 5 Lactobacillus plantarum .= 573%
E-3 772 7% DY A4S 20.0 g/LE AAatsted, 2871
o #F % DF 30k o] 4 vk (Fig 1), Ea
Leuconostoc mesenteroidesO. % 3% G-1,2,49 35+
D& ZAto] 10.1-152 g/LE LY Ak} v)Segh Aakaks
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Fig. 1. Determination of the configuration of Lactic acid converted

from pyruvate using HPLC equipped with a chiral column. (a)

Standard sample of D-form lactic acid, (b) standard sample of

L-form lactic acid, (c) D-form lactic acid production from E-3.

& AT Sl AAARD Aol gikts Eefshs W
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T2 T4tk wHelE 28709 v E wEs A, 70
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<=7} Lactobacillus brevis, 27\ w57} Lactococcus
lactisZ 574 AT}, 71 2ol Pediococcus pentosaceu,
Lactobacillus paracasei, Lactobacillus pentosus, Lactobacillus
salivarius, Lactobacillus fermentum % 232} 1 454 574
HATH 4 280 FE vkl AAtE= 2Ake] e
g Ak RS ERIE) 2 Aa), el wt xlol7t QlA|
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& AN

2R 2 ATelA DY Aaks T2 Ak 2R o
A 2] E3vtrel] oisl ARl i o ® Zhte]
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TPl sk, DLBC] 2hks Aikehs =olM e
G-1,2,49] 33t tisiixls LY 24 ddsks fat
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