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Summary

Bacteriocin-like activity (BLA) was screened in 133 strains of lactic acid bacteria
(LAB) isolated from traditional Thai fermented sausages. The inhibition assay against
the test organisms showed that eight out of 133 isolates (CP1-15, CP2-11, CP3-1,
CP7-3, CP10-3, CP11-6, CP14-1 and CP14-4) suppressed the growth of Bacillus
cereus and four (CP1-15, CP7-3, CP14-2 and CP14-3) suppressed the growth of
Staphylococcus aureus but none could suppress the growth of Escherichia coli and
Salmonella sp. The isolates with the highest activity against the two Gram positive
test strains (CP3-1 for B. cereus and CP7-3 for S. aureus) were further investigated
for the effect of heat treatment at different pH values and for combined effects of
dual mixtures. The increase in heating temperature (between 65 and 100 °C) and
time (between 5 and 60 min) significantly decreased BLA, while the changes in pH
(between 4 and 6) had little effect. When the filtrates of the two isolates were mixed,
BLA seemed to be synergistic against each test strain. Regression equations were
obtained by fitting the experimental percent inhibition data with second-order poly-
nomial equations. The simulated data agreed well with the experimental data within
10 % when the filtrates were incubated at 65 °C for 5, 15, 30 and 60 min and at 80 °C
for 5, 15 and 30 min. The isolates CP3-1 and CP7-3, which had an antagonistic ef-
fect against the two strains of Gram positive foodborne bacteria, were formerly iden-
tified as Weissella confusa and Pediococcus acidilactici, respectively. It is the resear-
cher’s belief that this is the first report on BLA from W. confusa against B. cereus.
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Introduction

“Sai-krork-prieo” is a traditional Thai fer-
mented sausage, consumed all around the
country and produced from minced pork, sli-
ced pork/beef liver, garlic, pepper, spices, salt
and sugar. “Mum” is a product similar to “Sai-
krork-prieo” but can be made from beef as well
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as pork, and is popular only in the Northeast
of Thailand. In a previous study [9], lactic acid
bacteria (LAB) from “Sai-krork-prieo” and “Mum”
were isolated and characterized. It was found
that Lactobacillus plantarum and Pediococcus
pentosaceus were the species most frequent-



ly identified. On the other hand, Weissella sp.,
P. acidilactici, L. fermentum, L. brevis, L. far-
ciminis and L. sakei were isolated from fewer
samples. The study first reported the isolation
of W. cibaria/kimchii, W. confusa, L. brevis,
and L. farciminis, from “Sai-krork-prieo”, and
P. pentosaceus, P. acidilactici, L. fermentum,
L. brevis, and L. sakei from “Mum”.
Information on bacteriocin-producing LAB
isolated from traditional Thai fermented sausa-
ges was rather limited. Some LAB isolated
from tropical fermented sausages may produ-
ce new bacteriocins with properties suitable
for adaptation to a tropical niche. This study

screened for bacteriocin-like activity (BLA) of
133 LAB strains previously isolated from “Sai-
krork-prieo” and “Mum”. Representative test
organisms included Bacillus cereus, Staphylo-
coccus aureus, Escherichia coli and Salmo-
nella sp. These organisms are foodborne bac-
teria which are known to cause food poisoning
worldwide [4]. In particular, the tropical climate
is an optimum environment for cell multiplica-
tion leading to an awareness of food safety in
the Southeast Asian region. The effect of heat
treatment at different pH values and the combi-
ned effect of selected bacteriocin-like activi-
ties were also described.

Materials and methods

Bacterial strains and growth conditions.
One hundred and thirty-three LAB isolated from
“Sai-krok-prieo” and “Mum” were grown on tryp-
tic soy agar (without glucose) with 2.0 % yeast
extract (TSAYE) slant at 37 °C for two days be-
fore use. The test organisms were B. cereus
TISTR 037, S. aureus TISTR 029, E. coli TISTR
073 and Salmonella sp. isolated from chicken
intestine. The test strains were cultured on nut-
rient agar (NA) slant at 37 °C for one day. All
strains were maintained as frozen stocks at mi-
nus 20 °C in their medium supplement with
30 % glycerol.

Cell suspension preparation. Each one-
day old test strain on NA slant was suspended
in normal saline solution (NSS) to an ODggg of
0.5 in order to obtain a viable cell number of
10® - 10° CFU/mI. Subsequently, the cell sus-
pension was diluted to an initial cell number of
10° - 10° CFU/m.

Screening for BLA. The screening method
was modified according to the lawn method
from Ohmomo et al. [8]. The LAB cultures from
TSAYE slant were streaked on TSAYE plates
(without glucose) and incubated under anae-
robic conditions at 37 °C for one day. One ml
of the suspended test bacteria was mixed with
15 ml of melted TSA at 50 °C and was overlaid
on overnight-grown LAB plates. The plates we-
re further incubated anaerobically at 37 °C for

Percent Inhibition = 100 x (ODeoo_ control — ODGOO, test)/ODGOO, control

Heat treatment at different pH values and
BLA of dual mixtures. Selected LAB strains
were grown on TSBYE at 37 °C for two days.
Cell-free supernatants were harvested and fil-
tered through 0.45 um cellulose acetate mem-
branes. The filtrate was adjusted to pH 4, 5 and 6
and heated at 65, 80 and 100 °C for 5, 15, 30 and
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1-2 days and were observed for inhibition zones
in parallel with the overlay plate without LAB
serving as a control.

Broth dilution method. The broth dilution
method modified from Waterworth [14] was
employed to investigate BLA in broth medium.
Each LAB strain was grown anaerobically in
tryptic soy broth (glucose excluded) supple-
mented with 2.0 % yeast extract (TSBYE) at
37 °C for 24 hours. The broth was centrifuged
at 5000 rpm for 15 min and the supernatant
was collected and filtered through a 0.45 pm
of cellulose acetate membrane (no. 41334,
Gelman). The filtrate was diluted with Mueller
Hinton broth (MHB) to a concentration of 1/2-,
1/4-, 1/8-, 1/16- and 1/32 fold of an undiluted
filtrate. One volume of each test bacterial sus-
pension, prepared as described above, was
added to an equal volume of each undiluted
and diluted filtrate and the mixtures were incu-
bated at 37 °C for 24 hours. Optical density at
600 nm of each mixture was measured and
compared with a control (the test bacterial sus-
pension diluted by half with MHB) and the dif-
ferences were reported as a percent inhibition
according to equation (1) [1, 6]. One bacterio-
cin unit (B.U.) was defined as the amount of
bacteriocin that inhibited growth of the test
microorganism by 50 %, when compared with
a control culture without bacteriocin [2].

(1)

60 min according to Yin et al. [15]. One volume
of each test bacterial suspension was added to
one volume of each filtrate and the mixtures we-
re incubated at 37 °C for 24 hours. Optical densi-
ty at 600 nm of each mixture was measured and
percent inhibition was calculated. To investigate
the combined effect of BLA against the test orga-



nisms, one volume of dual filtrate mixture (1:1 ra-
tio) was added to one volume of each test bac-
terial suspension and the final mixtures were in-
cubated at 37 °C for 24 hours. Optical density at
600 nm of each mixture was measured and the
percent inhibition was calculated.

Statistical analysis and regression mo-
del. Each treatment was repeated twice and
the measurement of optical density of each sam-

ple was performed in triplicate. Average values
were reported along with standard deviations.
Tests of significant difference based on t-sta-
tistics were performed using MINITAB softwa-
re (Minitab Inc., USA): non-significant difference
if (probability; P > 0.05) and a significant differ-
ence if (P <0.05). Data were computed with
MINITAB software for correlation coefficients
and regression models.

Results and Discussion
BLA of the isolates

The screening method modified according
to the lawn method showed that 8 out of 133
(CP1-15, CP2-11, CP3-1, CP7-3, CP10-3, CP11-6,
CP14-1 and CP14-4) suppressed the growth
of B. cereus and 4 out of 133 isolates (CP1-15,
CP7-3, CP14-2 and CP14-3) suppressed the
growth of S. aureus. However, there was no
antagonistic activity against E. coli and Salmo-
nella sp. The isolate CP3-1 was previously iden-
tified as Weissella confusa, whereas CP7-3 was
Pediococcus acidilactici, and CP1-15, CP2-11
and CP10-3 were Lactobacillus plantarum [9].
The use of tryptic soy media without glucose
limited the effect of organic acids produced
from glucose catabolism. The exclusion of the
effect of organic acids produced from glucose
catabolism was also ensured by the pH at the
time of filtrate collection which was approxima-
tely 6.5.

The inhibition activities against B. cereus
and S. aureus from the broth dilution test at
various dilutions are shown in Fig. 1, A and B,
respectively. There were 8 isolates with BLA

against B. cereus. The degree of inhibition was
reduced more than twice when the filtrate was
two-fold diluted. The isolate CP3-1 showed the
highest BLA against B. cereus (94 %) at an
undiluted concentration. Four isolates showed
inhibitory activities against S. aureus and the
isolate CP7-3 showed the highest inhibition
(48 %). Although the activity against S. aureus
at undiluted concentrations was less than 50 %
inhibition, the inhibition activities could still be
detected at the lowest concentration used in
this study (diluted to 1/32 fold). Bacteriocin
units at the highest concentration of the filtrate
(1 ml filtrate/ml total volume) of each isolate are
reported in Table 1. It was also noted that the
filtrates from two isolates, CP1-15 and CP7-3,
showed antibacterial activity against both B. ce-
reus and S. aureus with different percentages.

From the literature, BLA found in Lactoba-
cillus sp. and Pediococcus sp. are common
[7, 11, 12] but those from Weissella sp. are
rare. This study showed a clear evidence for
the detection of BLA from Weissella sp.

Table 1. Bacteriocin units at the highest concentration of filtrate
(1 ml filtrate/ml total volume) of each isolate.

Bacteriocin Units
Isolate
B. cereus S. aureus

CP1-15 0.92 0.81
CP2-11 1.56 -
CP3-1 1.84 -
CP7-3 0.72 0.98
CP10-3 1.77 -
CP11-6 0.28 -
CP14-1 0.91 -
CP14-2 - 0.76
CP14-3 - 0.85
CP14-4 0.83 -
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Fig. 1. Inhibitory activities in broth medium at various dilutions against B. cereus (A) and S. aureus (B).

Effect of heat treatment and pH of medium

W. confusa CP3-1 with highest B.U. against
B. cereus and P. acidilactici CP7-3 with highest
B.U. against S. aureus were selected for further
studies. Fig. 2 and Fig. 3 show the effect of heat
treatment on the inhibition activity of CP3-1 fil-
trate against B. cereus and that of CP7-3 filtrate
against S. aureus at various pH, respectively.
The data shows that the alteration of pH of the
medium had little effect on the inhibitory activity
and the paired t-test analysis yielded (P > 0.05).
Although bacteriocins have been known for de-
cades, only two are available commercially and
only one, nisin, has been allowed for use in the
food industry [3]. However, the function of nisin
was reported to be depleted in a neutral pH en-
vironment [10, 13]. The BLA of CP7-3 and CP3-1
reported in this work has the potential for appli-
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cation in a broader pH range since the inhibitory
activities in acid and near neutral conditions we-
re not significantly different.

In contrast to pH, heating temperature and
time had significant effects on the antibacterial
activity (P < 0.05). The effect of heat treatment
was more distinctive in the case of CP3-1 filtra-
te against B. cereus, i.e., the percent inhibition
of CP3-1 filtrate dropped from 92 % to 65 %
when the filtrate was incubated at 65 °C for five
minutes, while that of CP7-3 filtrate dropped
from 49 % to 46 %. For both cases of CP3-1
filtrate against B. cereus and CP7-3 filtrate
against S. aureus, the effect of time became
more apparent with increasing temperature,
i.e., when heated for the same period, the per-
cent inhibition dropped faster at 80 °C than at



65 °C and heat treatment at 100 °C for longer
than five minutes completely destroyed BLA.
The heating temperature of 65 °C and 80 °C
reflect the temperature in the pasteurization

process applied in the food industry. This study
suggests the tendency of where these bacterio-
cins could be exploited, provided that they must
be used in conjunction with the other hurdles.
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Fig. 2. Effect of the heat treatment on the inhibition activity of CP3-1 filtrate against B. cereus at pH 4, 5 and 6.
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Fig. 3. Effect of the heat treatment on the inhibition activity of CP7-3 filtrate against S. aureus at pH 4, 5 and 6.

Combined effects of dual filtrate mixtures

By adding one volume of dual filtrate mix-
ture (1:1 ratio) to an equal volume of the test
bacteria, the working concentration of each fil-
trate was reduced by half. However, the activi-
ty only slightly decreased from that of the undi-
luted filtrate of each individual strain (Fig. 4, A
and B). The results in Fig. 1, A and B show that
when the individual filtrate was diluted to half
strength, the percent inhibition dropped from
94 % to 28 % in the case of CP3-1 filtrate
against B. cereus and from 48 % to 36 % in the
case of CP7-3 filtrate against S. aureus. This

68

suggested that the combined effect of the BLA
was synergistic. In the literature, the combina-
tion of Pediocin AcH and nisin was reported to
have a greater bactericidal effect than their in-
dividual use [5]. The food ecosystem in reality
may have more than one food borne disease
involved, thus bacteriocins that possess syner-
gistic activity or one bacteriocin that have func-
tional duality are desirable for bio-preservation
in the food industry. These synergistic effects
and the BLA of W. confusa prompt attention for
further investigation.
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Fig. 4. Effect of the heat treatment on the inhibitory activities of: dual filtrate mixture and CP3-1 filtrate
against B. cereus (A); dual filirate mixture and CP7-3 filtrate against S. aureus (B).

Regression equations predicting the effect of heat treatment

Using regression analysis, model equations
for the prediction of the effect of heat treatment
were given by Equations (2), (3), (4) and (5) for
CP3-1 filtrate against B. cereus, CP7-3 filtrate

Y =-7.0+2.89T — 5.89 x 10t -2.47 x 102T? + 1.07 x 102> — 7.09 x 10Tt
Y =40.0+8.90 x 10T - 1.50 x 107"t - 1.07 x 10°T? + 4.54 x 10°%% — 7.09 x 10Tt
Y =30.0 + 1.89T — 7.41 x10't -1.92 x 107°T? + 6.93 x 10t — 1.80 x 10°Tt
Y =120 -1.09T - 5.79 x 10"t +1.10 x 10°T2 + 5.01 x 103t — 1.80 x 10°Tt

against S. aureus, the mixture of CP3-1 and
CP7-3 filtrates against B. cereus and the mix-
ture of CP3-1 and CP7-3 filtrates against S. au-
reus, respectively.

v
(3
(4

)
)
)
®)

where Y is the output response (i.e. percent inhibition), T the temperature in °C and t the time in

minutes.

Regression equations were obtained by
fitting the experimental data with second-order
polynomial equations. Fig. 5, A and B show the
model prediction of heat treatment effect on
antibacterial activity of CP3-1 filtrate against
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B. cereus and of CP7-3 filtrate against S. au-
reus, respectively. Fig. 6, A and B show the
model prediction of heat treatment effect on
antibacterial activity of the dual filtrate mixture
against B. cereus and S. aureus, respectively.



The simulated data agreed well with the expe-
rimental data within 10 % when the filtrates we-
re incubated at 65 °C for 5, 15, 30 and 60 min
and at 80 °C for 5, 15 and 30 min. The effect
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0

of heat treatment at 80 °C for 60 min and at
100 °C for longer than five minutes was more
severe than that predicted by the second-order
polynomial equations.
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Fig. 5. Model prediction of the heat treatment effect on the antibacterial activity of CP3-1 filtrate against
B. cereus (A) and CP7-3 filtrate against S. aureus (B).

Conclusion

Bacteriocin-like activity was found in Weis-
sella confusa CP3-1 providing a restriction to
the growth of B. cereus. Pediococcus acidilac-
tici CP7-3 also showed antagonistic effects
against S. aureus. Bacteriocins produced from
both strains can be applied in a wide pH ran-
ge (4-6). Though their stability decreased by
increasing the temperature, the activity was
found to withstand a pasteurization process-
ing temperature. As the food industry does not
always employ purified bacteriocins due to the
need of regulation approval, fermented ingre-
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dients or bacteriocin-producing cultures beco-
me more appealing. Also, highlighted was the
potential of exploiting the mixture of crude bac-
teriocins to gain greater effectiveness against
two Gram positive food borne disease.
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Fig. 6. Model prediction of the heat treatment effect on the antibacterial activity of the dual filtrate mixture
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BAKTEPUOLUMHOMOAOOBHA AKTUBHOCT IMNMPU
WEISSELLA CONFUSA U PEDIOCOCCUS ACIDILACTICI,
N30JNIMPAHU OT TPAAMLUMOHHU PEPMEHTUPAIIU HAOEHULUU THAI

BeepanoH anaCMpI/IKyHTOH1, Cautpu BaTaHmonamcasz,
YaHTapanopH danakopHkyne ™

Pe3ome

133 wama mneyHokucenu 6akmepuu, usonupaHu om mpadulyUoHHU hepMeH-
mupanu HaleHuyu Thai, ca ckpuHUpaHu 3a bakmepuouuHonodobHa akmusHocm
(Br1A). UscnedeaHemo Ha uHxubupawiomo Oelicmeue cpeuly mecm-opaaHusmMu
riokasea, ye ocem om uzonamume (CP1-15, CP2-11, CP3-1, CP7-3, CP10-3, CP11-6,
CP14-1 u CP14-4) nodmuckam pacmexa Ha Bacillus cereus, a yemupu (CP1-15,
CP7-3, CP14-2 u CP14-3) Ha Staphylococcus aureus, HO HUMO eOuH He rnodmucka
Escherichia coli u Salmonella sp. U3onamume ¢ Hali-8ucoka akmueHOCM cpeuwly
0sama [pam-nosoxumenHu mecm-wama (CP3-1 3a B. cereus u CP7-3 3a S. au-
reus) ca uscnedeaHu 3a ethekma Ha morniuHHama obpabomka rpu pasnudyHo pH u
3a kombuHupaHo Oelicmeue Ha 08olUHUMEe cMmecu. [NosuwiagaHemo Ha memrepamy-
pama Ha HazpsisaHe (Mexdy 65 u 100 °C) u yObsxxasaHemo Ha spememo (Mexdy 5
u 60 mMuH) 3HayumesnHo Hamarsnsieam BI1A, dokamo npomeHume 6 pH (Mexdy 4 u 6)
umam cnab egpexkm. [lpu cmeceaHe Ha ¢hunpamume Ha deama u3onama BlA no-
Kasga CUHepau3bM cpeuly eceku mecm-wam. onydeHu ca ypasHeHUs1 Ha peepecusi
upe3 ekcmpariofniupaHe Ha ekcriepuMeHmanHume 0aHHU 3a npouyeHma Ha UHXubu-
paHe ¢ MOIUHOMHU ypasHeHuUs1 om emopu rnopsouK. [pozHo3upaHume 0aHHU CbOom-
gemcmeam 00bpe Ha ekcriepumeHmanHume & pamkume Ha 10 % npu uHKybupaHe
Ha gunmpamume npu 65 °C 3a 5, 15, 30 u 60 muH, u npu 80°C 3a 5, 15 u 30 MuH.
U3zonamume CP3-1 u CP7-3, koumo umam aHmazaoHocmu4yeH echbekm cpeuly deama
wama Ipam-nonoxumenHu 6bakmepuu, ca udeHmuguyupaHu no-paHo cbOMEEeMmHoO
kamo Weissella confusa u Pediococcus acidilactici. Aemopume cmsamam, ye moea e
nmppeomo cbobuweHue 3a BINA om W. confusa cpewy B. cereus.
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