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The aim of this research was to study on the isolation and characterization of lactic acid producing
bacteria in Thailand. Ten bacterial strains isolated from soils and plant bark and root were screened for
their lactic acid production. They were divided into 7 groups based on their phenotypic and
chemotaxonomic characteristics including 16S rRNA gene sequence analyses. Four isolates in Group |
were identified as P. pentosaceus, and each isolate in Group Il to Group VII was identified as
Enterococcus casseliflavus, E. hirae, Lactobacillus. plantarum, L. paraplantarum, Bacillus coagulans and
Sporolactobacillus terrae, respectively. The isolates in Group I, IV, V and VIl produced DL-lactic acid
ranged from 54.50-77.31 g/L (45.88-75.11% vyield) and 0.76-1.07 g/L.h of productivity. The isolates in
Group I, 1l and VI produced optically pure L (+)- lactic acid ranged from 60.72-89.34 g/L (70.00-
74.45% vyield) and 0.84-1.24 g/L.h of productivity. B. coagulans isolate in Group VI could produce the
highest optically pure L-lactic acid (99.75%).

INTRODUCTION

Lactic acid bacteria (LAB) are Gram positive, non-
sporing, catalase negative, acid tolerant and produce lactic acid as
the major end product from sugar fermentation. LAB consist of
bacterial genera such as Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus,  Aerococcus, Carnobacterium,  Enterococcus,
Oenococcus, Tetragenococcus, Vagococcus, and Weissella (Reddy
et al., 2008). They were recognized by their ability to produce
lactic acid and are commonly distributed in nature such as
fermented foods, plants, aminals and soils (Kandler and Weiss,
1986; Tanasupawat and Komagata, 2001; Axelsson, 2004). Lactic
acid is an importantly versatile chemical. It has a wide range of
applications including the acidulant and preservative in food, the
chemical feedstock in pharmaceutical, cosmetic, and textile
industries. Lactic acid can be produced via microorganisms by
their homofermentation and heterofermentation (Wee et al., 2006;
Xu et al., 2008; John et al., 2009). Recently, the current demand of
lactic acid is increasing due to the increasing trend of replacing
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petroleum based plastic by biobased plastic derived from plant
materials such as polylactic acid (PLA) (Wee et al., 2006).
Therefore, this work deals with isolation and characterization of
lactic acid producing bacteria from soils and plant materials in
Thailand.

MATERIALS AND METHODS

Sources and Isolation methods
The soils, plant bark and root collected from Bangkok,

Nakhonpathom and Udonthani provinces, Thailand were used for
the bacterial isolation (Table 1). A 0.25 gram of sample was
enriched in 5 ml GYP broth containing (per liter) 10 g glucose, 5 g
yeast extract, 5 g peptone, 250 mg KH,PO,, 250 mg K,HPO, and
10 ml salt solution (400 mg MgS0O,.7H,0, 20 mg MnSQ,.5H,0, 20
mg FeSO,.7H,0 and 20 mg NaCl per 10 ml solution) and incubated
under anaerobic conditions at 37°C for 3 days. The isolates were
streaked on GYP agar plate containing CaCO; (0.5 %) and
incubated at the same temperature until the colonies developed.
They were purified and kept on GYP agar slant for further study.
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Table. 1: Samples, location, isolate number, group and identification.

Sample Province Isolate no. Group Identification
Soil Bangkok Cu37-12 | P. pentosaceus
Soil Bangkok Cu3sr-21 | P. pentosaceus
Bark of Tamarindus indica Linn. Bangkok BK78-1 | P. pentosaceus
Root of Peperomia pellucida Nakhonpathom NK121 | P. pentosaceus
Bark of Lagerstroemia floribunda Jack ex Blume. Bangkok Cu72-2 I E. casseliflavus
Bark of Samanea saman Bangkok Cu39-21 1l E. hirae

Bark of Muntingla calabura Udonthani uD57 v L. plantarum
Bark of Muntingla calabura Udonthani UD58 \Y L. paraplantarum
Bark of Lagerstroemia floribunda Jack ex Blume. Bangkok Cu3s-11 VI B. coagulans
Bark of Lagerstroemia floribunda Jack ex Blume. Bangkok CU68-2 VII S. terrae

Identification methods

Phenotypic and chemotaxonomic characterization

Phenotypic characteristics such as morphological and
cultural of the isolates were observed on the cells grew on GYP
CaCO; agar plate after incubated under anaerobic conditions at
37°C for 3 days. Gram reaction, spore formation, gas formation,
catalase activity, nitrate reduction, arginine hydrolysis, growth at
different temperatures (10- 50°C), at different pH values (4-8.5)
and different NaCl concentrations (w/v) were performed as
described by Tanasupawat et al.(1992; 1998). Acid formation from
various carbohydrates were tested as described by Tanasupawat et
al.(1998). Meso-diaminopimelic acid (DAP) in the cell wall
peptidoglycan was determined as described by Komagata and
Suzuki (1987). The isomer of lactic acid produced by each strain
was analyzed by using high-performance liquid chromatography
(Chotisubha-anandha, 2008).

Genotypic characterization
The 16S rRNA gene was PCR amplified using primers

27F (5’AGAGTTTGATCMTGGCTCAG’3), 518F
(5’CCAGCAGCCGCGGTAATACG’3), 800R
(5’TACCAGGGTATCTAATCC’3) and 1492R

(5’TACGGYTACCTTGTTACGACTT’3) and the amplified 16S
rRNA gene sequence was analyzed by Macrogen®, Korea.
Sequence alignment was employed using the BLAST software
from the Gen Bank. Multiple alignments of the sequences
determined were performed with a program CLUSTAL X (version
1.81). Gaps and ambiguous bases were eliminated prior to
construction of a phylogenetic tree. A phylogenetic tree was
constructed by the neighbour-joining method (Saitou and Nei,
1987) with the program MEGA version 5.05. The confidence
values of individual branches in the phylogenetic tree were
determined by using the bootstrap analysis of Felsenstein (1985)
based on 1000 replications.

Determination of lactic acid and end product

The isolates grew on GYP slant at 37°C for 48 h were
transferred to GYP preculture medium with glucose 10 g/L at
37°C for 48 h. The preculture broth was inoculated into the
fermentation medium containing glucose 120 g/L and incubated at
37°C for 72 h. At the end of fermentation, the supernatant was
collected for the analysis of lactic acid and the remained glucose
using high-performance liquid chromatography (HPLC; Biorad,

Aminex HPX-87H ion exclusion organic acid column, 300mm X
7.8mm) maintained at 45°C in a column oven (Shimadzu-CTO-
6A). An eluant, 0.005 M H,SO,4, was pumped through the system
at the flow rate of 0.6 mL/min (Shimadzu-LC-10Avp). A
refractive index detector (Shimadzu-RID-10A) was used to detect
the organic compounds detail.

RESULTS AND DISCUSSION

Ten isolates were Gram-positive, catalase (except isolate
CU38-1) and oxidase negative lactic acid producing bacteria. They
fermented glucose homofermentatively and produced no gas from
glucose. They did not grow at 50 °C (except isolate CU38-1) and
showed negative reaction to nitrate reduction, hydrolysis of
arginine and starch. All isolates were divided into seven groups
based on the cell form, spore formation, growth at different
temperatures and pH, and NaCl concentrations, peptidoglycan cell
wall type and acid production from carbohydrates (Table 2)
including 16S rRNA gene sequence analyses.

Group | consisted of four isolates, CU37-12, CU37-21,
BK78-1 and NK121. Cells were tetrad forming cocci and non-
spore forming. Colonies were smooth, circular, convex, white in
colour (0.3-2.9 mm in diameter). They grew at 20-45°C, at pH 4-
8.5 and in 7% NaCl. Acid is produced from amygdalin, L-
arabinose, D-cellobiose, D-fructose, D-galactose, glucose, lactose,
D-maltose, D-mannose, D-ribose and D-xylose. Variable
fermentation was found in inulin, D-mannitol, D-melibiose,
raffinose, sorbitol and sucrose. Meso-diaminopimelic acid was not
present in the cell wall peptidoglycan (Table 2). The 16S rRNA
gene sequence of all isolates in this group showed 100% similarity
to Pediococcus pentosaceus DSM 20336 (Figure 1). Therefore,
they were identified as P. pentosaceus (Tanasupawat et al., 1993).
Group Il consisted of an isolate CU72-2. Cells were cocci in chain
and non-spore forming. Colonies were smooth, circular, convex,
ivory-white in colour (0.8-0.9 mm in diameter). The isolate grew
at 25-45°C, at pH 5-8.5 and in 7% NaCl. Acid is produced from
amygdalin, L-arabinose, D-fructose, D-galactose, glucose, lactose,
D-mannose, D-melibiose, D-ribose, sucrose and D-xylose but did
not produce acid from D-cellobiose, inulin, D- maltose, D-
mannitol, raffinose, sorbitol and L-sorbose. meso- diaminopimelic
acid was not present in the cell wall peptidoglycan (Table 2). The
16S rRNA gene sequence of this isolate showed 99.9% similarity
to Enterococcus casseliflavus CECT 696" (Figure 1).
Therefore, it was identified as E. casseliflavus (Naser et al., 2006).



Prasirtsak et al. / Journal of Applied Pharmaceutical Science 3 (01); 2013: 033-038

71

100

73

80

100

99\;

100

100

100

65

—=l
— 1

100

o —
[

100

78

— 1

97

L
92\;

100
100

99

— &l

100

— 1

100

100

83

— 1

L
wol

7

035

Pediococcus pentosaceus DSM 20336" (AJ305321)
BK78-1

NK121

CuU37-21

CU37-12

Pediococcus stilesii LMG 23082T(AJ973157)
Pediococcus acidilactici DSM 20284 (GL397069)
Pediococcus lolii NGRI 0510Q" (AB362985)
Pediococcus argentinicus CRL 776" (AM709786)
Lactobacillus fabifermentans DSM 21115 (AM905388)
UD58

Lactobacillus paraplantarum DSM 10667 (AJ306297)
Lactobacillus pentosus JCM 15587(D79211)
Lactobacillus plantarum subsp. argentoratensis DKO 22 (AJ640078)
Lactobacillus plantarum subsp. plantarum ATCC 14917"(ACGZ01000098)
uD57

CuU72-2

Enterococcus casseliflavus CECT969"(AJ420804)
Enterococcus gallinarum CECT970" (AJ420805)
Enterococcus gilvus ATCC BAA-350"(DQ411810)
Enterococcus malodoratus NCFB 846" (Y18339)
Enterococcus devriesei LMG 14595"(AJ891167)
Enterococcus faecium ATCC 194347(DQ411813)
CU39-21

Enterococcus hirae CECT279" (AJ420799)
Enterococcus durans CECT4117(AJ420801)
Enterococcus sanguinicola $5-1729"(AY321376)
Enterococcus thailandicus FP48-3"(EF197994)
CuU38-11

Bacillus coagulans IAM 124637(D16267)

Bacillus acidiproducens SL213"(EF379274)

Bacillus shackletonii LMG 18435' (AJ250318)

Bacillus ginsengihumi Gsoil 114" (AB245378)
Sporolactobacillus putidus QC81-06" (AB374522)
CuU68-2

Sporolactobacillus terrae DSM 116977 (AJ634662)
Sporolactobacillus inulinus NRIC 1133"(AB362770)
Sporolactobacillus kofuensis DSM 117017 (AJ634661)
Sporolactobacillus laevolacticus IAM123217(D16270)
Sporolactobacillus nakayamae subsp. nakayamae DSM 11696 (AJ634663)
Sporolactobacillus nakayamae subsp. racemicus DSM 163247 (AJ698860)

Fig. 1: Phylogenetic tree constructed using the neighbour-joining method showing the position of isolates and related species based on 16S rRNA gene sequences.

Group Il consisted of an isolate CU39-21. Cells were cocci in
chain and non-spore forming. Colonies were smooth, circular,
convex, ivory-white in colour (0.5-1.0 mm in diameter). The
isolate grew at 20-45°C, at pH 5-8.5 and in 7% NaCl. Acid is
produced from amygdalin, L-arabinose, D-cellobiose, inulin, D-
fructose, D-galactose, glucose, lactose, D-mannose, D-melibiose,
D-ribose, sucrose and D-xylose but did not produce acid from D-
maltose, D-mannitol, raffinose, sorbitol and L-sorbose. meso-
diaminopimelic acid was not present in the cell wall peptidoglycan

(Table 2). The 16S rRNA gene sequence of this isolate showed
100% similarity to Enterococcus hirae CECT 279" (Figure 1).
Therefore, it was identified as E. hirae (Farrow and Collins, 1985).
Group 1V consisted of one isolate, UD57. Cells were rod shaped
and non-spore forming bacteria. Colonies were smooth, circular,
convex, ivory-white in colour (1-2.4 mm in diameter). The isolate
grew at 25-45°C, at pH 4-8.5 and in 7% NaCl. Acid is produced
from amygdalin, L-arabinose, D-cellobiose, D-fructose, D-
galactose, glucose, lactose, D-maltose, D-mannitol D-melibiose,
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raffinose, D-ribose, sucrose and D-xylose but did not produce acid
from inulin, D-mannose, sorbitol and L-sorbose. The cell wall
peptidoglycan contained meso- diaminopimelic acid (Table 2). The
16S rRNA gene sequence of this isolate showed 100% similarity
to Lactobacillus plantarum TCC 14917" (Figure 1). Therefore, it
was identified as L. plantarum (Curk et al., 1996).

Group V consisted of an isolate UD58. Cells were rod
shaped and non-spore forming bacteria. Colonies were smooth,
circular, ivory-white in colour (0.7-2 mm in diameter). The isolate
grew at 20-45 °C, at pH 4-8.5 and in 7% NaCl. Acid is produced
from amygdalin, L-arabinose, D-cellobiose, D-fructose, D-
galactose, glucose, lactose, D-mannose, D-maltose, D-mannitol D-
melibiose, raffinose, D-ribose, L-sorbose, sucrose and D-xylose
but did not produce acid from inulin and sorbitol. The cell wall
peptidoglycan contained Meso-diaminopimelic acid (Table 2). The
16S rRNA gene sequence of the isolate showed 100% similarity to
Lactobacillus paraplantarum DSM 10667" (Figure 1). Therefore,
it was identified as L. paraplantarum (Curk et al., 1996).

Group VI consisted of an isolate CU38-11. Cells were
rod shaped and spore forming bacteria. Colonies were smooth,
circular, convex, ivory-white in colour (0.5-1.3 mm in diameter).
This isolate produced catalase, grew at 25-50 °C, at pH 5-8.5 and
in 5% NaCl. Acid is produced from amygdalin, L- arabinose, D-
cellobiose, D-fructose, D-galactose, glucose, inulin, D-mannose,
D-maltose, D-melibiose, raffinose, D-ribose, sucrose and D-xylose
but did not produce acid from lactose, D-mannitol, sorbitol and L-
sorbose. The cell wall peptidoglycan contained Meso-
diaminopimelic acid (Table 2). The 16S rRNA gene sequence of
this isolate showed 99.5% similarity to Bacillus coagulans IAM
12463 (Figure 1). Therefore, it was identified as B. coagulans
(Nakamura et al., 1988).

Group VII consisted of one isolate, CU68-2. Cells were
rod shaped and spore forming bacteria. Colonies were smooth,
circular, convex, ivory-white in colour  (0.6-1.8 mm in diameter).

Table. 2: Phenotypic characteristics of the isolates.
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The isolate grew at 25-45°C, at pH 4-8.5 and in 5% NaCl. Acid is
produced from amygdalin, L-arabinose, D-cellobiose, D-fructose,
D-galactose, glucose, lactose, D-mannose, D-mannitol, D-maltose,
raffinose, D-ribose, sorbitol, L-sorbose, sucrose and D-xylose but
did not produce acid from inulin and D-melibiose. The cell wall
peptidoglycan contained meso-diaminopimelic acid (Table 2). The
16S rRNA gene sequence of this isolate showed 99.8% similarity
to Sporolactobacillus terrae DSM 11697" (Figure 1). Therefore, it
was identified as S. terrae (Yanagida et al., 1997).

The results on the qualitative stereoisomer of lactic acid
by using HPLC were shown in Table 2 and Table 3. The isolates
in Group I, IV and V produced racemic DL-lactic acid but Group
VIl (CU68-2) could rather produce optically pure D more than L
(+)- lactic acid. In contrast, the isolates in Group I, Ill and VI
were optically pure L (+)- lactic acid producers. It was observed
that lactic acid of the isolates CU37-12, CU37-21, BK78-1 and
NK121 identified as P. pentosaceus were 56.62, 56.74, 56.17 and
77.31 g/L, respectively. E. casseliflavus CU72-2, E. hirae CU39-
21, L. plantarum UD57, L. paraplantarum UD58, and S. terrae
CU68-2 produced 60.72, 66.04, 70.26, 54.50, and 55.30 g/L of
final lactic acid, respectively. In addition, only CU38-11,
identified as B. coagulans produced the highest 99.75% of
optically pure L-lactic acid. L-lactic acid concentration and
productivity of this isolate were 89.34 g/L and 1.24 g/L.h from 120
g/L glucose, respectively. In the previous reports, P. pentosaceus,
E. casseliflavus, E. hirae, L. plantarum, L. paraplantarum isolates
were isolated from fermented food products (Tanasupawat and
Komagata, 2001) while B. coagulans was isolated from evaporated
milk (Skerman et al., 1980) and S. terrae was isolated from soil
(Yanagida et al., 1997). However, our lactic acid bacterial strains
are isolated from soils, plant bark and root that they could produce
DL-lactic acid and L-lactic acid which are useful for food
preservation, the chemical in pharmaceutical, cosmetic and textile
industries.

Characteristics | 11 11 [\ V VI VIl
Cell form Cocci Cocci Cocci Rods Rods Rods Rods
Spore formation - - - - - + +
Growth temp. (°C) 20-45 25-45 20-45 25-45 20-45 25-50 25-45
Growth in NaCl (%) 7 7 7 7 7 5 5
Growth at pH 4-85 5-8.5 5-8.5 4-85 4-85 5-8.5 4-85
Acid from:
D-Cellobiose +(wl) - w w w + +
Inulin w(-1) - w - - w -
Lactose w(+1) w w + w - +
D-Maltose w(+1) - - + w w +
D-Mannitol -(+1) - - + w - +
D-Mannose + w + - w + +
D-Melibiose w(-1) w + + w w -
Raffinose -(+2) - - w + w +
D-Ribose + + + + + + +
Sorbitol -(w) - - - - - w
L-Sorbose +(2) - - - + - +
Sucrose +(-1) + + + + + +
Meso-DAP - - - + + + +
Isomer of lactic acid DL L L DL DL L DL

+, positive reaction; -, negative reaction; w, weak reaction. Numbers in parentheses indicate the number of isolates showing the reaction.
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Table. 3: Lactic acid and remained glucose of the isolates.
Isolate no. Group Lactic acid (g/L) Remained glucose
Final lactic acid (g/L) % Yield Productivity(g/L.h) (g/L) Isomer (% Optical purity)
CU37-12 | 56.62 61.29 0.79 27.62 DL (ND)
CuU37-21 | 56.74 47.28 0.79 0 DL (ND)
BK78-1 | 56.17 70.72 0.78 40.57 DL (ND)
NK121 | 77.31 75.11 1.07 17.07 DL (ND)
CuU72-2 1 60.72 73.64 0.84 37.55 L (96.78)
CU39-21 1 66.04 70.00 0.92 25.66 L (66.82)
uUD57 v 70.26 72.08 0.98 22.52 DL (ND)
UD58 \Y 54.50 45.88 0.76 1.20 DL (ND)
CuU38-11 VI 89.34 74.45 124 0 L (99.75)
CuU68-2 VI 55.30 46.08 0.77 0 DL (ND)
ND, not determined.
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Fig. 2: Lactic acid fermentation and remained glucose of isolates.

CONCLUSION

In this present study, we found that lactic acid producing
bacteria distributed in diverse samples. P. pentosaceus isolates are
isolated from soils, plant bark and root while E. casseliflavus, E.
hirae, Lactobacillus. plantarum, L. paraplantarum, B. coagulans
and S. terrae isolates are distributed in plant bark. The isolates in
Group I, IV, V and VII produced DL-lactic acid and the isolates
inin Group I, Il and VI produced L (+)- lactic acid. However, B.
coagulans isolate in Group VI could produce high optically pure
L-lactic acid with 99.75 % that will be interesting for the further
study.
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