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Screening and Identification of Lactic Acid Bacteria Isolated from
Southern Thai Fermented Foods for Their Inhibition Efficacy Against
Food-Borne Bacteria

Apichat Upaichit'

Abstract

Lactic acid bacteria have been reported to be the majority of microorganisms in fermented foods.
Fermentation of perishable raw materials by lactic acid bacteria to preserve the nutritive value of foods
and beverages over an extended shelf-life is one of the oldest forms of food preservation techniques practiced
by mankind. To isolate and screen for lactic acid bacteria with antibacterial activity against food-borne
bacteria, the sandwich test and the broth microdilution assay were applied. A total of 36 samples of various
fermented foods were collected and screened for lactic acid bacteria with antagonistic activity against
Staphylococcus aureus. By using the sandwich test, 223 isolates of LAB were selected. When the broth
microdilution assay was used to screen all of the selected strains, a total of 48 LAB strains showed the
highest level of growth inhibition against S. aureus (50 AU/ml). Eight LAB strains showed a broad inhibitory
spectrum against food-borne bacteria including Bacillus cereus, Listeria monocytogenes, Vibrio
parahaemolyticus, Salmonella sp. and Escherichia coli with antibacterial activity of 25 AU/ml. However,
strain KP12 was the only isolate that displayed the highest level of growth inhibition (20 AU/ml) under the
condition that eliminated hydrogen peroxide and decreased inhibitory effect caused by organic acid.
Further investigation revealed that antibacterial activity of this selected strain might contribute to organic
acid production since the growth inhibition was lost after a cell-free supernatant was neutralized to a pH
0f 6.5. According to morphological, physiological and biochemical characteristics together with nucleotide
sequence analysis of 16S rDNA, this selected strain was identified as Lactobacillus plantarum KP12. From
these results, Lb. plantarum KP12 showed its potential as starter culture or protective coculture in traditional
Thai fermented foods.

Keywords : Jactic acid bacteria, food-borne bacteria, traditional fermented food, antibacterial activity

Introduction as safe (GRAS) (Leroy and De Vuyst, 2004; Pascual

Lactic acid bacteria (LAB) are Gram-positive,non- et al.,2008). They have a long history of application
motile, non-sporulating, catalase-negative, as natural or selected starters in fermented foods
microaerophilic and carbohydrate fermenting food  because of their beneficial influence on hygienic

grade microorganisms that are generally recognized  safety, storage stability and attractive sensory
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properties (Savadogo et al., 2006). LAB comprise
both Gram-positive bacteria belonging to the
phylum Firmicutes (Carnobacterium, Enterococcus,
Lactobacillus, Lactococcus, Lactosphaera,
Leuconostoc, Melissococcus, Oenococcus,
Pediococcus, Streptococcus, Tetragenococcus,
Vagococcus, Weissella) (Jay, 2000; Ercolini et al.,
2001; Carr et al., 2002) and Gram-positive bacteria
belonging to the phylum Actinobacteria
(Aerococcus, Microbacterium, Propionibacterium,
Bifidobacterium) (Gibson and Fuller 2000;
Holzapfel etal.,2001; Sneath and Holt, 2001). They
are capable of inhibiting spoilage and pathogenic
microorganisms in a food environment and display
crucial antimicrobial properties with respect to food
preservation and safety. Moreover, it has been
observed that members of LAB such as Lactobacillus
spp., Enterococcus spp. and Bifidobacterium spp.
are classified as probiotics (Klein et al., 1998). These
bacteria possess interesting health-promoting
properties by improving the balance between
beneficial and potentially harmful intestinal
microflora by competitive exclusion and by the
production of antioxidants, enzymes, vitamins,
exopolysaccharides and antimicrobial compounds
such as organic acids (e.g. lactic acid and acetic
acid), diacetyl, hydrogen peroxide, ethanol, carbon
dioxide, bacteriocin- or antibiotic-like substances
and bacteriocins (De Vuyst and Vandamme, 1994;
Stiles and Holzapfel, 1997; Diop et al., 2007). In
addition, probiotics are able to create the maturation
of the immune system and development of normal
intestinal morphology (Tannock, 2004). Probiotics
have also been shown to combat human
gastrointestinal pathogenic bacteria such as
Helicobacter pylori, Escherichia and Salmonella
(De Vuyst and Leroy, 2007). More recently,
increasing consumer demand for healthy foods has

led to greater interest in the application of LAB as

biopreservation organisms in natural and additive
free products (Stiles, 1996). According to numerous
reports, the use of LAB to protect various pathogens
in fermented foods has been successfully developed
(Coffey et al., 1998; Swetwiwathana et al., 1999;
Scannell et al., 2001). Hence, the use of LAB as
starter cultures or protective cocultures in food
fermentation systems implies one of the possible
ways to improve food safety.

In the present study, we reported the
isolation, screening and preliminary characterization
of LAB from various southern Thai fermented
foods with inhibitory effect against indicator
microorganism. The antibacterial activity was tested
against food-borne bacteria. The LAB strain showed
a broad inhibitory spectrum and displayed the
highest level of growth inhibition against all of the
pathogenic bacteria tested was selected and
identified.

Materials and Methods
1. Samples, media and reagents
Freshly-prepared food samples used as the
sources to screen for LAB were bought from
local markets in southern Thailand (Nakhon-
Srithummarat, Suratthanee, Songkhla) (Table 1).
De Man Rogosa Sharpe (MRS) was purchased from
Himedia (India). Nutrient broth and tryptic soy broth
were supplied by Difco (USA). Catalase was
purchased from Sigma (USA) whereas Tag DNA
polymerase was supplied by Invitrogen (USA). The
API 50 CHL test kit was purchased from BioMérieux
(France). The NucleoSpin®” Extract II PCR
purification kit was supplied by Macherey-Nagel
(Germany).

2. Bacterial strains and growth conditions
Bacterial strains used in this study were

obtained from culture collection of Microbiology
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Table 1 Results of initial screening for antagonistic activity of lactic acid bacteria isolated from southern

Thai fermented foods

s B E 2
Thai f S w B« ° . o= 2
ai fermented foods S8 <38 =38 o b s
e %% 8% %5 s
s§ 2§ 2§ 28 ¢
Fermented fish (Plaa-Som) 3 3 100 4.8x 10° 18
Fermented fish (Plaa-Ra) 3 2 66.7 2.0x 10* 20
Fermented fish (Tai-Plaa) 4 2 50 43x10* 24
Fermented fish (Narm-Koei) 3 2 66.7 3.9x 10 3
Fermented shrimp (Kung-Som) 2 2 100 42 x10° 12
Fermented shrimp (Ka-Pi) 5 3 60 3.2 x10* 12
Fermented beef (Nhang) 3 2 66.7 3.0x 10° 19
Fermented pork (Nham) 4 3 75 5.2 x10° 44
Fermented vegetable (Naw-Mai-Dong) 5 4 80 4.8 x 10 45
Fermented vegetable (Pak-Sian-Dong) 2 1 50 2.9x10° 3
Fermented vegetable (Sa-Taw-Dong) 2 2 100 6.3x 10 23
Total 36 26 72.2 223
Laboratory, Faculty of Agro-Industry, Prince of  activity.

Songkla University. Indicator bacteria were
cultivated in 10 ml of nutrient broth (Staphylococcus
aureus, Bacillus cereus, Escherichia coli) and tryptic
soy broth (Listeria monocytogenes, Salmonellasp.)
at 37 °C for 18-24 h whereas Vibrio parahaemolyticus
was grown in tryptic soy broth supplemented with
3.0% NaCl at the same condition as mentioned
above. All strains were maintained as frozen stocks
held at -80 °C in appropriate medium broth
containing 30% glycerol. Before use in experiments,
0.1 ml of frozen stock was inoculated in 5 ml of
liquid medium and cultivated for 24 h. Finally, 1
ml of these overnight cultures were propagated
twice in 9 ml of liquid medium for another 18 h.
Bacterial cells were then harvested and cell
concentration was adjusted in normal saline solution
(0.85% NaCl) for the determination of antibacterial

3. Isolation of LAB from food samples
Samples (25 g) of fermented foods were
added to 225 ml of normal saline solution (0.85%
NaCl). Appropriate decimal dilutions (10° to 10°)
were prepared in normal saline solution and poured
into sterilized petri-dish on molten MRS agar (45
°C) supplemented with 1.5% NaCl. The plates were
incubated at 37 °C for 2-3 days under microaerophilic
condition (Olasupo et al., 1999). For detection of
antagonistic activity, the sandwich test was applied
(Bromberg et al., 2004). The plates were overlaid
with 10 ml of soft nutrient agar (0.75% agar)
containing S. aureus at the concentration of 10°-10°
CFU/ml. The plates were incubated aerobically at
37 °C for 18-24 h. Colonies producing zones of

growth inhibition on bacterial lawn cells were
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isolated and purified on MRS agar. All isolates
exhibited Gram-positive, catalase-negative and
non-motile cells were selected and stored at -80 °C

in MRS broth containing 30% glycerol.

4. Determination of antibacterial spectrum
and activity assay

Cell-free neutralized and unneutralized
supernatants were used to determine the spectrum
of antibacterial activity. Cell-free supernatant was
obtained by growing LAB in MRS broth for 24 h
at 37 °C after which the cultured broth was
centrifuged at 14,580 xg for 10 min at 4 °C (CFS).
Then cell-free supernatant was neutralized by
adjusting pH value to 6.5 with 5 N NaOH (CFSN).
After that neutralized supernatant was added with
catalase for final concentration of 300 U/ml
(CFSNC). All samples were filtered sterile (0.2 um)
before being used to assay for antibacterial activity
toward pathogenic bacteria. The spectrum of activity
was tested against indicator strains comprising
Gram-positive (S. aureus, B. cereus, L.
monocytogenes) and Gram-negative (V.
parahaemolyticus, Salmonella sp., E. coli) bacteria
using the broth microdilution assay modified from
Kang and Lee (2005). One hundred microliters of
two-fold serial dilution of cell-free supernatant was
added to 100 pl of cell suspension to yield a final
concentration of 10° CFU/ml in each well of a 96-
well microtiter plate. One arbitrary unit (AU) was
defined as the reciprocal of the highest dilution of
supernatant required to completely inhibit bacterial
growth (ODGOO) after incubation at 37 °C for 24 h
and was multiplied by a factor of 10 to obtain the
AU/ml of the original sample.

5. Identification of bacterial strain
5.1 Morphological, physiological and
biochemical characteristics

All isolates were initially tested for colony
morphology, catalase activity and motility test. The
cell morphology was also determined using light
microscopy with magnification of 1,000 times after
Gram staining. The physiological and biochemical
characteristics of the selected strain were
characterized according to the method and criteria
of Kandler and Weiss (1986). Carbohydrate
fermentation was determined using the API 50 CHL
system.

5.2 Analysis of 16S rDNA sequence

The selected strain was grown in MRS broth
at 37 °C until OD at 600 nm of 0.65-0.95 and DNA
was extracted according to a freeze/unfreeze shock
method. Briefly, 2 ml aliquots of selected LAB
cultivated in MRS broth were pelleted by
centrifugation at 14,580 xg for 10 min. The pellet
was then washed with 1 ml of sterile 0.85% NaCl
and further centrifuged (14,580 xg; 10 min). The
supernatant was discarded and the pellet was washed
once again. Washed cell pellet was resuspended in
150 pl of sterile distilled water. Cell lysis was
performed by 18 h freezing at -20 °C, followed by
exposure to ambient temperature for 10 min. This
freezing-thawing step was repeated 2 times. Lysed
crude extract was stored at -20 °C before being used
as DNA template for PCR reaction. The 16S rRNA
gene was partially amplified by PCR using the
universal primers UFUL (5°-GCCTAACAC
ATGCAAGTCGA-3’) and URUL (5’-CGTA
TTACCGCGGCTGCTGG-3). PCR reaction was
performed in 20 pl volumes, containing 5 ul DNA,
2 pl 10x buffer with 1.5 mM MgClz, 2.5 Units Taq
DNA polymerase, 0.2 mM dNTP mix and 0.5 uM
of each primer. The PCR was performed in a DNA-
Thermal cycler (Gene Amp PCR system 9700,
Applied Biosystems Forster City, CA, USA)
programmed as followed: 94 °C for 5 min; 35 cycles
of 94 °C for 2 min, 55 °C for 1 min, and 72 °C for
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1.5 min; and finally an elongation step of 72 °C for
15 min (Dandavate et al., 2009; Kantha et al., 2010).
After cycling, the PCR product was analyzed by
electrophoresis on a 1% agarose gel, staining with
ethidium bromide and visualizing under UV light.
The amplified PCR fragments were purified with a
NucleoSpin® Extract II PCR purification kit.
Nucleotide sequencing of 16S rDNA was performed
by Mahidol University-Osaka University
Collaborative Research Center for Bioscience and
Biotechnology (MU-OU:CRC; Thailand). Searches
for 16S rDNA nucleotide sequences were performed
in the GenBank database by BLAST at NCBI (www.
ncbi.nlm.nih.gov) (Altschul et al., 1990).

Results and Discussion
1. Isolation and screening of LAB inhibiting
pathogenic bacteria

LAB were isolated from 36 samples of
various southern Thai fermented foods including
fermented fish (Plaa-Som; Plaa-Ra; Tai-Plaa; Narm-
Koei), fermented shrimp (Kung-Som; Ka-Pi),
fermented beef (Nhang), fermented pork (Nham)
and fermented vegetable (Naw-Mai-Dong; Pak-
Sian-Dong; Sa-Taw-Dong). The colonies exhibited
antibacterial activity against S. aureus were
observed by clear zones of growth inhibition. These
colonies were picked and purified by re-streaking
on MRS agar to obtain pure cultures of LAB. A
total of 223 LAB strains were shown to produce
inhibition zones against S. aureus (Table 1). All of
them were Gram-positive, non-motile, non-spore-
forming and catalase negative bacteria. Of these
223 strains, 65 strains were cocci; 121 strains were
short rods and 37 strains were rods. Most of LAB
(152 strains) were isolated from food samples
prepared from fishery products and meat products
(2.0x10*5.2x10” CFU/g). On the contrary,
approximately one-third of LAB (71 strains) were

isolated from food samples prepared from vegetal
products (4.8x107-2.9x10° CFU/g). These results
were supported by previous research from Nuphet
etal. (2004). They reported that 234 strains of LAB
were isolated from food samples prepared from
fishery products and meat products (9.5x10°-4.0x10’
CFU/g) whereas 93 strains of LAB were isolated
from food samples prepared from vegetal products
(5.5x10%-6.5x10° CFU/g).

Two hundred and twenty three strains of
LAB exhibiting antibacterial activity isolated from
Thai fermented foods were tested for their ability
to inhibit growth of S. aureus using the broth
microdilution assay. It was observed that only forty-
eight strains of selected LAB exhibited antibacterial
activity (50 AU/ml) against test microorganism
(Table 2). Of these 48 strains, 1 strain was isolated
from Plaa-Som; 1 strain was isolated from Plaa-Ra;
3 strains were isolated from Kung-Som; 2 strains
were isolated from Ka-Pi; 2 strains were isolated
from Nhang; 10 strains were isolated from Nham;
16 strains were isolated from Naw-Mai-Dong and

13 strains were isolated from Sa-Taw-Dong.

2. Spectrum of antagonistic activity

B. cereus, L. monocytogenes, V.
parahaemolyticus, Salmonella sp. and E. coli were
applied as indicator microorganisms in order to
select LAB with a broad spectrum of inhibition.
Forty-eight strains of selected LAB exhibited
varying degree of inhibitory activity against all of
pathogens tested. Cell-free supernatants (CFS)
obtained from selected LAB were used to test for
antibacterial activity against B. cereus, L.
monocytogenes, V. parahaemolyticus, Salmonella
sp. and E. coli using the broth microdilution
assay. The result showed that CFS obtained
from 28 strains, 25 strains, 8 strains, 25 strains and
48 strains of selected LAB were able to inhibit
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Table 2 Growth inhibition of cell-free supernatants obtained from selected LAB at 50 AU/ml tested

against S. aureus

Fermented foods No. Of.LAB No. of effective LAB strains Perc?,nt detected (.)f
strains effective LAB strains
Plaa-Som 18 1 (PS5) 5.6
Plaa-Ra 20 1 (PR1) 5.0
Tai-Plaa 24 0 0.0
Narm-Koei 3 0 0.0
Kung-Som 12 3 (KS1, KS4, KS11) 25.0
Ka-Pi 12 2 (KP1,KP12) 16.7
Nhang 19 2 (NG1, NG4) 10.5
Nham 44 10 (NM4, NM7, NM10, NM11, NMI18, 22.7
NM22, NM27, NM33, NM37, NM41)
Naw-Mai-Dong 45 16 (ND2, ND5, ND6, ND§, ND9, ND11, 35.6
ND12,ND14, ND15, ND16, ND19, ND23,
ND24, ND29, ND35, ND43)
Pak-Sian-Dong 3 0 0.0
Sa-Taw-Dong 23 13 (SD1, SD2, SD5, SD6, SD8, SD9, 56.5
SD10, SD11, SD12, SD13, SD15, SD16,
SD20)
Total 223 48 21.5

growth of B. cereus, L. monocytogenes, V.
parahaemolyticus, Salmonella sp. and E. coli,
respectively with antibacterial activity of 25 AU/
ml (Table 3).

These strains of LAB presented a broad
inhibitory spectrum since they were able to inhibit
many of the indicator microorganisms. However,
only eight strains of LAB were able to inhibit all
of food-borne bacteria tested. They were isolated
from Kung-Som (KS1,KS4,KS11), Ka-Pi(KP12),
Nham (NM10) and Sa-Taw-Dong (SD6, SD16,
SD20). This result is in agreement to other studies.
For example, Chung and Yousef (2005) reported
that they were able to isolate Lactobacillus curvatus
OSY-HIC6 from fermented Asian food with
antibacterial activity against both Gram-positive
and Gram-negative pathogenic bacteria including

L. monocytogenes ScottA, B. cereus 14579, E. coli
0O157:H7, Sal. enterica serovar Enteritidis and Sal.
typhimurium. Similarly, Osuntoki et al. (2008) also
reported that lactobacilli strains isolated from
Nigerian fermented dairy products exhibited a broad
inhibitory spectrum against food-borne bacterial
pathogens (L. monocytogenes, enterotoxigenic E.
coli, Sal. typhimurium).

In order to determine the effects of organic
acid and hydrogen peroxide (Hzoz) on growth
inhibition, CFS obtained from selected strains were
neutralized (pH 6.5) to eliminate the effect of
organic acid (CFSN) whereas the effect of hydrogen
peroxide was also eliminated by adding CFSN with
catalase for final concentration of 300 U/ml. Both
CFSN and CFSNC were used to evaluate the

antibacterial activity toward pathogenic bacteria (S.
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Table 3 Growth inhibition activity at 25 AU/ml of cell-free supernatants obtained from selected LAB

against selected food-borne pathogens

Selected food-borne pathogens

Fermented

foods Strains B. L. V. Salmonella E.
cereus  monocytogenes parahaemolyticus sp. coli

Plaa-Som PS5 + - -

Plaa-Ra PRI + - - +
Kung-Som KS1 + + + +
Kung-Som KS4 + + + +
Kung-Som KS11 + + + +
Ka-Pi KP1 - + - +
Ka-Pi KP12 + + + +
Nhang NGl1 + - — -
Nhang NG4 + + - +
Nham NM4 - - - -
Nham NM7 - - - -
Nham NM10 + + + +
Nham NM11 - + - —
Nham NM18 - - - -
Nham NM22 - + -

Nham NM27 + + - +
Nham NM33 + - - +
Nham NM37 - - -

Nham NM41 + + -

Naw-Mai-Dong ~ ND2 + + -

Naw-Mai-Dong ~ NDS5 - - - -
Naw-Mai-Dong ~ ND6 - - - -
Naw-Mai-Dong ~ NDS§ + - - -
Naw-Mai-Dong ~ ND9 - - - -
Naw-Mai-Dong  ND11 - - - -
Naw-Mai-Dong  ND12 - - - -
Naw-Mai-Dong  ND14 - - - -
Naw-Mai-Dong  NDI15 + - - +
Naw-Mai-Dong  NDI16 + - - -
Naw-Mai-Dong  ND19 - - - -

I e T S S S S S O S S S

Naw-Mai-Dong  ND23 + - +
Naw-Mai-Dong  ND24 + - —
Naw-Mai-Dong  ND29 - + - _
Naw-Mai-Dong  ND35 + + - +
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Table 3 Growth inhibition activity at 25 AU/ml of cell-free supernatants obtained from selected LAB
against selected food-borne pathogens (cont.)

Selected food-borne pathogens

Fermented Strains
foods B. L. V. Salmonella E.
cereus  monocytogenes parahaemolyticus sp. coli
Naw-Mai-Dong  ND43 + - _ +
Sa-Taw-Dong SD1 + + - + +
Sa-Taw-Dong SD2 - - + +
Sa-Taw-Dong SD5 + — + +
Sa-Taw-Dong SD6 + + + + +
Sa-Taw-Dong SD8 + + - + T
Sa-Taw-Dong SD9 + + - + +
Sa-Taw-Dong SD10 - + - + T
Sa-Taw-Dong SD11 - - - _ +
Sa-Taw-Dong SD12 - — - — +
Sa-Taw-Dong SD13 + + - + T
Sa-Taw-Dong SD15 - - - — +
Sa-Taw-Dong SD16 + + +
Sa-Taw-Dong SD20 + + +
Symbols: + = inhibition

— = non inhibition

aureus, B. cereus, L. monocytogenes, V.
parahaemolyticus, Salmonella sp., E. coli). The
result revealed that both CFSN and CFSNC of all
LAB strains did not inhibit the growth of pathogenic
bacteria tested (data not shown). Therefore, the
majority of inhibitory effect against all of
microorganisms tested may be contributed by
organic acid production due to loss of growth
inhibition after neutralizing pH value of CFS
obtained from all LAB strains to 6.5. The same
result was also observed by Hwanhlem et al. (2010)
who reported that 4 probiotic LAB strains (Lb.
plantarum D6SM3, Lb. plantarum D8SM21, Lb.
plantarum D10SM16, Lb. plantarum D10SM20)
isolated from Thai fermented shrimp (Kung-Som)

were able to inhibit food-borne pathogens including

S. aureus, B. cereus, E. coli, Salmonella sp. and V.
parahaemolyticus, whereas antibacterial activity
was mainly derived from organic acid production.
Moreover, it was revealed that no differences in pH,
acidity, LAB count and liking scores when Lb.
plantarum D6SM3 was applied as starter culture
compared with that with spontaneous fermentation.
Nonetheless, Enterobacteriaceae of Kung-Som
prepared using starter culture was lower than
spontaneous Kung-Som. Therefore, the pH value
of CFSNC obtained from 8 LAB strains exhibiting
a broad inhibitory spectrum including KS1, KS4,
KS11, KP12, NM10, SD6, SD16 and SD20 was
adjusted to 5.0 in order to decrease the effect of
organic acid. The pH-adjusted samples were then

tested for the inhibitory spectrum against S. aureus,
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B. cereus, L. monocytogenes, V. parahaemolyticus,
Salmonella sp. and E. coli. MRS broth adjusted pH
value to 5.0 was used as a control. The broth
microdilution assay was applied and all LAB strains
exhibited varying degree of inhibitory activity
against all of pathogens tested (Table 4). The strain
KP12 was the only isolate that displayed a broad
inhibitory spectrum against all of food-borne
bacteria tested with the highest level of antibacterial
activity (20 AU/ml). Therefore, strain KP12 was
selected and further identified.

3. Identification of selected strain

The morphology of strain KP12 was
observed as a wet mount and after Gram staining,
using an Olympus microscope under 1000x
magnification. Results showed that strain KP12 was
Gram-positive, non-spore-forming, short rod,
catalase negative and off-white colony. Finally, this
LAB strain was identified as Lactobacillus
plantarum based on the morphological properties
as well as the physiological and biochemical tests
by API 50 CHL. It was clear that the physiological
and biochemical characteristics of this LAB strain

were very similar to those described by Kandler and
Weiss (1986) for Lb. plantarum (Table 5). Results
from biochemical characteristics showed that strain
KP12 did not produce carbon dioxide from glucose
fermentation. Hence, this LAB strain could be
categorized into a group of homofermentative lactic
acid bacteria or homolactics. Homolactics produce
lactic acid as the sole or major end product using
the glycolitic pathway (Jay, 2000). They are able
to produce two lactic acid molecules from one
glucose molecule. Approximately 85% of organic
acids produced by this group of LAB are classified
as lactic acid (Axelsson, 2004). Furthermore, it was
also reported that Lb. plantarum VTT E-78076
produced low molecular mass (LMM) compounds
including 5-methyl-2, 4-imidazolidinedione,
tetrahydro-4-hydroxy-4-methyl-2H-pyran-2-one,
3-(2-methylpropyl)-2, 5-piperazinedione and
benzoic acid. These compounds totally inhibited
the growth of the Gram-negative test organism,
Pantoea agglomerans VIT E-90396. They were
also active against Fusarium avenaceum VTT
D-80147 (Niku-Paavola et al., 1999). The strain
identification was confirmed by nucleotide

Table 4 Inhibitory spectrum of catalase-treated supernatants (pH 5.0) obtained from selected LAB

against selected food-borne pathogens (AU/ml)

Selected food-borne pathogens

Strains
S. B. L. V. Salmonella E.

aureus cereus monocytogenes parahaemolyticus sp. coli
KS1 <10 <10 <10 <10 <10 <10
KS4 20 10 20 10 10 20
KS11 <10 <10 <10 <10 <10 <10
KP12 20 20 20 20 20 20
NM10 10 <10 10 <10 <10 <10
SD6 20 <10 10 <10 <10 10
SD16 20 10 20 <10 10 20
SD20 <10 <10 <10 <10 <10 <10
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sequence analysis of 16S rRNA gene. Alignment  similar to 16S rDNA sequence of Lb. plantarum
by nr database using the BLAST program revealed AF1 (100% identical over 677 bp; GenBank
that the partial nucleotide sequence of 16S rDNA  accession number FJ386491) (Figure 1) (Yang
obtained from strain KP12 was significantly and Chang, 2010).

Query 4 TCAGGACGARACGCTGGCGGCGIGCCTAATACATGCAAGTCGAACGAACTCTGGTATTGAT 63
EEREER R e e e ettt eeennennnl
Sbjct 662 TCAGGACGARCGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGAACTCTGGTATTGAT 721

Query 64 TGGTGCTIGCATCATGATTTACATTTGAGTGAGTGGCGARACTGGTGAGTAACACGTIGEGA 123
CERTRER e e e et e el
Sbjct 722 IGGTGCTIGCATCATGATTIACATTTGAGTGAGTIGGCGRACTGGTGAGTARCACGTIGGGAR 781

Query 124  ARACCTGCCCAGAAGCGGGGGATRACACCTGGAAACAGATGCTRATACCGCATAACAACTT 183
PORERRRR e e e e e e et
Sbjct 782  AACCTGCCCAGAAGCGGGGGATAACACCTGGAAACAGATGCTAATACCGCATAACAACTT 841

Query 184 GGACCGCATGETCCGAGCTTGAAAGATGGCTTCGECTATCACTITIGGATGGTCCCGCGE 243
CERT R e e e e i e e e n e e e nnnentl
Sbjct 842 GGARCCGCATGGTCCGAGCTTGARAGATGGCTTCGGCTATCACTTTTGGATGGTCCCGCGGE 901

Query 244 CGTATTAGCTAGATGGTGGGGTAACGGCTCACCATGGCRATGATACGTAGCCGACCTGAG 303
R N R NN AR NN
Sbjct 902 CGTATTAGCTAGATGGTGGGGTARCGGCTCACCATGGCAATGATACGTAGCCGACCTGAG 961

Query 304 AGGGTAATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTA 363
TERRRRRRR R e e e e e e e e e ennnnenl
Sbjct 962 AGGGTAATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTA 1021

Query 364 GGGRAATCTTCCACARTGGACGRAARGTCTGATGGAGCAACGCCGCGTGAGTGAAGARGGGT 423

PEREEERRn et e e e e e e e e e e inrnntl
Sbjct 1022 GGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGT 1081

Query 424 TTCGGCTCGIARRACTCTGTITGTTARAGARGARCATATCTGAGAGTARCTGTTCAGGTAT 483
RN NN R R RN NERNENAN
Sbjct 1082 TTICGGCICGCTARAACTCTGITGTTAAAGAAGAACATATCTGAGAGTAACTGTTCAGGTAT 1141

Query 484 TGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA 543
R R NN R NN RN EEEE SRR
Sbjct 1142 TGACGGTATTTAACCAGRAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA 1201

Query 544 GGTGGCAAGCGTTGTCCGGATTTATTGGGCCTARAGCGAGCGCAGGCGGTITTITTAAGTC 603
PERERERRe e e e e e e e e ennnninenntl
Sbjct 1202 GGIGGCARGCGTTGTCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGGTTTITTAAGTC 1261

Query 604 TGATGTGARAGCCTTCGGCTCAACCGAAGAAGTGCATCGGARACTGGGARACTTGAGTGC 663
TR et e e e e e e r e nnnnnntl
Sbjct 1262 TGATGTGAAAGCCTTCGGCTCAACCGRAGRAGTGCATCGGRAACTGGGRAACTTGAGTGC 1321

Query 664 AGRAGAGGACAGTGGARA 680
FEERRRRRRERtnnnni
Sbjct 1322 LAGAAGAGGACAGTGGAA 1338
Figure 1 The partial nucleotide sequence of 16S rDNA obtained from strain KP12 (Query) showed 100%
(677/677 bp) homology to Lactobacillus plantarum AF1 (Shjct)
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Table 5 Morphological, physiological and biochemical characteristics of strain KP12 isolated from

fermented shrimp (Ka-Pi)

Characteristics Results
Cell morphology Short rod
Gram stain reaction Gram-positive

Spore formation -
Catalase activity -
CO2 from glucose -
NH3 from arginine -
Esculine hydrolysis +
Growth at temperature (°C)

- 10 °C -

- 35, 40,45 °C +
Growth at pH

- 44,85 +

- 9.6 -
Growth in NaCl (%)

- 6.5% +

- 18% -

Fermentation of

+

- amygdaline

- arabinose
- cellobiose
- fructose

- galactose

- glucose

- lactose

- maltose

- mannitol

+ o+ + o+ o+ o+ o+

- raffinose

- rhamnose
- ribose
- sorbitol

+ + +

- sucrose
- trehalose +

Identification Lactobacillus plantarum

Symbols: + = positive

— = negative
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Conclusions

Two hundred and twenty three strains of
LAB were isolated from traditional Thai fermented
foods collected from local markets in southern
Thailand (Nakhon-Srithummarat, Suratthanee,
Songkhla). The strain KP12 identified as Lb.
plantarum was selected based on its spectrum of
inhibitory activity. This selected strain showed
antibacterial activity against food-borne bacteria
including S. aureus, B. cereus, L. monocytogenes,
V. parahaemolyticus, Salmonella sp. and E. coli.
The ability of Lb. plantarum KP12 to produce

antibacterial compound suggests its potential as
starter culture or protective coculture to prevent
food spoilage and to inhibit growth of food-borne

bacteria in traditional Thai fermented foods.
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Abstract

The objective of this research was to investigate seed morphological characteristics and total anthocyanins
content extracted from husk and brown rice of local colored rice varieties in Southern Thailand by using
pH differential method. Five varieties of rice used in this study were Sang Yod, Chaw Jam Pah, Niaw Look
Pueng, Niaw Dawk Yong, and Khao/ Nang. The results showed that the five varieties of paddy rice were
extra long in grain length (more than 7.5 millimeter), grain shape were slender (Sang Yod, Chaw Jam Pah,
and Niaw Dawk Yong varieties) and medium (Niaw Look Pueng, and Khao/ Nang varieties). The average
0of 100 seeds weight was 1.81 grams. The percentage of hulled was averaged as 76.88. The seed coat color
were straw and brown (L*, a*, and b* average were 41.49, 6.34, and 22.92, respectively), and brown rice
color was red (L*, a* 1la® b* average were 32.64, 11.49, and 16.60, respectively). Anthocyanins content in
the hull and brown rice was 2.95 and 2.33 milligrams per 100 grams dry matter, respectively.
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Genetic Diversity of Indigenous Rice in Thale Noi Basin of Phatthalung
Province by Seed Morphology
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Nantiya Panomjan and Vijittra Amornviriyachai

Abstract

Local rice varieties (Oryza sativa L.) are maintained by farmers for specific needs and conditions of
individual farming systems. They make up an important genetic resource for useful traits such as resistance
to pests, diseases and abiotic stresses, so providing farmers with alternatives in the areas where modern
varieties are not adopted. The objectives of this study were to examine indigenous rice germplasm grown
in Thale Noi basin of Phatthalung province and genetic diversity analyzed based on seed morphological
traits. The study was carried out in two parts, the field survey and the evaluation of genetic diversity. The
field survey found the total of seven cultivar including Dawk Pa-Yawm (upland rice), Sang Yod, Leb Nok,
Khem Tong, Niaw Dam (glutinous rice), Chiang Phatthalung and Hawm Jan. The evaluation of genetic
diversity was made by the use of seed morphology trait. They consisted of four qualitative traits and seven
quantitative traits. The qualitative traits were evaluated by Shannon-weaver index (H”). The highest divers
trait was found in hull color (H=0.8418), followed by brown rice length (H’=0.7562), brown rice color
(H’=0.6693) and brown rice shape (H’=0.4418), respectively. For quantitative traits, the data showed
significant difference in 100 seeds weight, un-hulled width, un-hulled length, un-hulled breadth, hulled
width and hulled length (P<0.01). The results indicated the high level of genetic diversity of indigenous
rice from Thale Noi basin.

Keywords : Indigenous rice, genetic diversity, seed morphology, Tale Noi basin
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Network Forms of the Rubber-Smallholder Fund’s Cooperatives :
a Case Study in Amphoe Thepha, Songkhla Province
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Abstract

The objectives of this research were to analyse network system of rubber-smallholder fund’s cooperatives
(RSFC) in Amphoe Thepha, Songkhla Province. The detail of study included the network’s origin and
establishment background, relationship or cooperation within or among each network, roles and conditions
of networks on the management of RSFC, and finally, the impacts of the network existence on RSFC. This
study was a qualitative research. Investigations of data were conducted using related documents, key
informants interviews and focus group discussions. The results found that there were two main patterns
of RSFC network. They included internal networks and external networks. Most of the internal networks
were community-based groups such as community leader network, women groups, savings groups and
community fund groups. Some of these networks were established before the RSFC and some later but all
interacted with the management of RSFC. The community-based networks strongly facilitated the
management of RSFC and assured its reliability from community members, the RSFC also supports various
activities of the networks. The external networks established naturally by RSFC itself and by the policy
of related government agency such as the Office of Rubber Replanting Aid Fund, which routinely supports
RSFC activities and the academic institutes, which support related knowledge and technology via different
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projects. The external network activities are cores for knowledge exchange, affected on several RSFC
management aspects such as efficiently accounting system, channels for recruiting staff and workers,
opportunity for new markets, bargaining power on raw material and goods prices, and technologies for
improving production efficiency.

Keywords : Network, rubber-smallholder fund’s cooperatives, management
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Potentials of Palmpattana Community in Ecotourism Management,
Palmpattana Sub-district, Manang District, Satun Province.
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Suwatchanee Petcharat

Abstract

The research on potentials of Palmpattana community in ecotourism management, Palmpattana Sub-
district, Manang District, Satun Province aimed to investigate the opinions of Palmpattana community
concerning the ecotourism management and to evaluate the potentials of Palmpattana community in
ecotourism management in accordance with 7 factors as details. The factors are the community capability
on self-management, the tourism service, the handling of tourism activities, the outstanding tourism
activities in a year, the area, the leadership, and the competency determination to handle the tourism in
view of the community leaders and people. The study was implemented among 25 community leaders and
359 people, who live in Palmpattana Sub-district, Manang District, Satun Province.

The results revealed that most of the respondents are educated, understandable and able to explain
the ecotourism management. In view of the requirements on ecotourism management in Palmpattana
Sub-district, Manang District, Satun Province, the community leaders and people expressed similar views.
The majorities are willing to have ecotourism activities, and ready to take part in the ecotourism
management. The community leaders are ready to be the tourism committee of the community, the tourism
leaders, and the tour guides for natural tourist attractions. Meanwhile, the people are ready to implement
the supplementary career, for example, selling food, drinks and souvenirs. The people request more
fundamental facilities, for example, telephone, electricity and stores. As for the opinions concerning
potentials of Palmpattana community in ecotourism management, the community leaders and people
express similar opinions that Palmpattana community have potentials for all factors in the moderate level.
However, the different opinions were raised on the potential sequences. The leaders view that the tourism
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service is the most potential factor while the people view that the tourism activities is the most potential
factor.

Besides, the respondents express their opinions regarding the problems and suggestions as details.
The community leaders view that the ecotourism is the good point but need more information for the
development, especially the aspect regarding the continuous environmental deterioration. The absence of
explicit and subjective disciplines in ecotourism management results in the local people to be inadequate
educated in ecotourism management. It is necessary to increase the people’s understanding on the importance
and necessity of natural resources and environmental conservation as well as the performance and creative
operation to conserve natural resources and to increase the people’s knowledge in communication with
the foreign tourists.

Keywords : Potentials of community, ecotourism, tourism management
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Analysis of Price Integration of Thailand Ribbed Smoked Sheet No. 3
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Archara Wongwaipairoth and Visit Limsomboonchai

Abstract

This study analyzes the price integration of Thai Ribbed Smoked Sheet No.3 (RSS3) in central market,
export market, and foreign market during 2003 - 2010. The results showed that all RSS3 market prices
have the cointegration in the same direction. Testing of causality in the horizontal and vertical markets
by Granger Causality Test found that in the horizontal market; the Tokyo Commodity Exchange (TOCOM)
interinfluence the Singapore Commodity Exchange (SICOM), and Thai exporting (F.O.B) market, Hatyai
Central Rubber Market interaffect Nakhon Si Thammarat Central Rubber Market and Suratthani Central
Rubber Market. In the vertical market, Thai exporting (F.O.B) market interrelate the TOCOM and Nakhon
Si Thammarat Central Rubber Market.

Keywords : Cointegration, ribbed smoked sheet No.3, causality
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Market Structure of Oyster at the Farm Level in Amphoe Kanchanadit
Changwat Surat Thani, 2010
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Tanyakorn Ritthapai and Jamnean Boonma

Abstract

This research were aimed to study the market structure, conduct and performance of oyster market in
Amphoe Kanchanadit, Surat Thani, 2010. Secondary data from various government sources were used
and primary data were collected from surveys of oyster farms and assemblers and analyzed by qualitative
method. The study results revealed that the market structure of oyster in Amphoe Kanchanadit, Surat
Thani was in oligopsony with concentration ratio or CR3 of 0.60. There were two large scale buyers with
low degree of competition. However, the two buyers competed each other in term of services. Barrier to
entry business of new buyer was not difficult for small buyer. There was a close relationship between oyster
farms and the buyers. Each farm sold the product to not exceed 3 buyers while some farm sold only to
regular buyer. Quality of oyster was based on the freshness and size. It was recommended that in order
to increase the competitiveness of oyster market, assemblers with retail stall should be promoted.

Keywords : Oyster, market structure, Kanchanadit
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Relationships between Individual Creativity, Emotional Quotient (EQ),
and Spiritual Quotient (SQ)
wande AnddpaudY

Chalermchai Kittisaknawin

Abstract

This research was aimed to (1) investigate the relationships between the individual creativity, Emotional
Quotient (EQ) and Spiritual Quotient (SQ) (2) to Examined factors influencing individual creativity. The
researcher utilized quantitative methods in carrying out a survey research. The quality of the inventory
(i.e. individual creativity inventory, Emotional Quotient inventory and Spiritual Quotient inventory) used
by the researcher in conjunction with an evaluation form was established to be a reliable instrument of
research for collecting data from 194 civil officials or employees in public sector, state enterprise, and
private sector organizations. Data were analyzed, formulated and tabulated in the forms of Pearson’s
correlation coefficient and stepwise multiple regression analysis. Findings were as follows : (1) In respect
to individual creativity, the researcher found that was positively correlated with Spiritual Quotient (SQ)
and Emotional Quotient (EQ) and (2) factoring influencing individual creativity were Spiritual Quotient
(SQ) and Emotional Quotient (EQ).

Keywords : Creative thinking, EQ, SQ, innovation, management
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