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ABSTRACT

Bacillus subtilis is usually found in foods such as dry cured sausages, cheeses, traditional fermented milks, etc.,
in which they cooperate with other microorganisms during fermentation, release amylases, lipases and proteases...
B. subtilis not only play with probiotic role but also produce antimicrobial substance. Muong Khuong chilli sauce is a
naturally fermented product derived from Muong Khuong special peppers without heat treatment and is able to be
preserved in ambient conditions for 1.5-2 years. Amongst 512 types of colonies, 48 Bacillus sp. strains were isolated
from 80 chilli samples. Their ability against pathogenic bacteria was determined using the agar-well diffusion method
through measuring the inhibition zone diameter. The four pathogenic bacteria strains tested were Escherichia coli
RG1.1, Salmonella typhi GT4.3, Listeria monocytogenes MI2.6, and Staphylococcus aureus TS1.9. The results of
16S rRNA genotype sequencing for the two strains, TO43.13 and TO53.2, that had broad-range antimicrobial activity
indicated that the TO43.13 sequence was homologous up to 95% with B. subtilis BcX1 (JX504009.1) and B. subtilis
EPP2 2 (JQ308548.1). The TO53.2 strain sequence was homologous up to 94% with the two strains B. subtilis Pe-
Lg-1 (FR687210.1) and B. subtilis YT2 (HQ143571.1). The optimal conditions for the growth and development of
these two strains were with a 0.6% concentrations of NaCl, a pH of 7, and a temperature of 35°C.

Keywords: Antibacterial activity, Bacillus subtilis, Muong Khuong chilli sauce, pathogen bacteria.

Phan lap, dinh danh va so bd xac dinh dac tinh ctaa cac ching Bacillus subtilis
¢6 phé khang khuan réng tir twong &t Mwéng Khwong
TOM TAT
Vi khuén Bacillus subtilis xu4t hién nhiéu trong cac thwe phdm nhu xtc xich khd, pho mat, stra 1&n men truyén
théng..., ching két hop véi céc vi sinh vat khac trong qua trinh 1&n men sinh ra cac enzyme phan giai tinh bét, lipid,
protein... B. subtilis khéng chi déng vai trd nhw vi khuan probiotic ma con sinh ra nhiéu cac khang chét vi sinh vat gay
bénh khac. Twong 6t Mwdng Khwong la san pham dwoc 1én men tw nhién tlr gibng &t Mwdng Khwong dac biét cay,
khéng qua x& ly nhiét va c6 thé bao quan trong diéu kién thuong tir 1,5-2 ndm. 512 loai khuan lac trong dé cé 48
chuding Bacillus sp. dwoc phan 1ap tlr 80 mau twong &t Mudng Khwong. Kha ndng khang khuan gay bénh cta ching
phan 1ap duoc xac dinh bang phwong phap khuéch tan qua giéng thach théng qua do dwdng kinh vong trc ché. Bén
chang kiém dinh s dung 1& Escherichia coli RG1.1, Salmonella typhi GT4.3, Listeria monocytogenes MI2.6,
Staphylococcus aureus TS1.9. Két qué giai trinh tu gen 16S rRNA cho thay hai ching c6 phé khang khuén réng 1a

TO43.13 va TO53.2. Ching TO43.13 c6 dd twong ddéng vé kidu gen téi 95% so véi ching B. Subtillis BeX1
(JX504009.1) va B. Subtillis EPP2 2 (JQ308548.1). Chiing TO53.2 c6 dd twong ddng vé kiéu gen tdi 94% so véi
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ching B. Subtillis Pe-Lg-1 (FR687210.1) va B. Subtillis YT2 (HQ143571.1). Diéu kién téi wu cho su sinh trwéng va
phat trién ctia 02 chiing dwoc xac dinh trong méi trwdng cé néng dé NaCl 0,6%, pH7 va nhiét do 35°C.

T khéa: Kha nang khang khuan, Bacillus subtilis, twong 6t Mwéng Khwong, vi khuén gay bénh.

1. INTRODUCTION

Nowadays, using chemicals to prevent food
from pathogenic bacteria is not encouraged.
Hence, the research on antimicrobial substances
produced from Generally Recognized as Safe
(GRAS) bacteria, such as antibiotics, is an
inevitable trend. Most of the studies have
focused on lactic acid bacteria (LAB) and
Bacillus ssp. The ability of Bacillus to produce
antimicrobial compounds was reported more
than 50 years ago (Stein, 2005). Some species
that have the ability to produce antimicrobial
substances are B. polymyxa, B. licheniformis, B.
pumilus, and B. subtilis, among others (Bauzzi
et al., 2011).

Recently, more and more research projects
about antimicrobial compounds produced by B.
subtilis have been carried out. The study by
Plyush et al (2013) showed that two
antimicrobial peptides produced by B. subtilis
strain SK.DU.4 could inhibit Gram-positive
bacteria. Maximum production of antimicrobial
compounds produced by B. subtilis and B.
pumilus against Staphylococcus aureus and
Micrococcus Iuteus were observed at pH 8.5 and
5% glucose after 24 h of incubation at 30°C
(Awais et al., 2007). According to the study of
Awais (2010), antibacterial activity produced by
B. subtilis reached a maximum at pH 8 after 4
glucose

hours of incubation with various

concentrations.

In addition, B. subtilis also has antifungal
properties. B. subtilis MTCC-8114 produces
antifungal and antibiotic peptides that inhibit
Microsporum fulvum and Trichophyton species
(Kumar, 2009). According to the study of
Oyedele et al. (2014), nine strains of B. subtilis
isolated from the soil showed antifungal activity
against indicator fungi such as Aspergillus
niger, A. flavus, Fusarium oxysporum, and
Rhizopus stolonifer.
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Muong Khuong 1is located in a high
mountainous district in the North of Vietnam
and has harsh weather conditions. Chilli sauce
of the dishes
mountainous area, and it is made from natural
chilli peppers, bulbs,

coriander seeds, cardamom, cinnamon, wine,

1s one special from this

garlic fennel seeds,
salt, and water. Muong Khuong chilli sauce is
well-known as a very special product because it
1s very spicy and does not undergo any heat
treatment processing but it still can stay
preserved for 1.5 to 2 years. A recent study has
shown that

Muong Khuong chilli sauce are not only lactic

microorganisms isolated from
acid bacteria but also bacteria from the Bacillus
genus.

The objective of this study was to isolate,
identify, and characterize B. subtilis bacteria
from Muong Khuong chilli sauces to (i) obtain
strains with broad-range capabilities against
diversify  the

pathogenic  microbes;  (i1)

microorganism  sources from  indigenous
fermented foods; and (iii) orient to apply the
pure cultures to traditional fermented foods in a

controlled manner to ensure food safety.

2. MATERIALS AND METHODS

2.1. Materials

A total of 80 Muong Khuong chilli sauce
samples were collected from different regions in
Muong Khuong, Lao Cai province. The samples
were taken aseptically and packaged in
sterilized bags, then stored at 4°C. The isolation
of B. subtilis was performed within 48 hours of

being collected.

Test microorganisms Escherichia coli RG1.1,
Salmonella typhi GT4.3, Listeria monocytogenes
MI2.6, and Staphylococcus aureus TS1.9 were
supplied from the collection of bacterial strains
in the Faculty of Veterinary Medicine, Vietnam
National University of Agriculture.
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2.2. Methods

The isolation method for B. subtilis was
modified based on the description of Yilmaz et
al. (2006).

The identification methods for B. subtilis
utilized taxonomy standards and biochemical
reactions. Identification tests included Gram
staining, motility, starch hydrolysis, catalase
formation, and methyl-red

activity, spore

reaction. The DNA extraction process was
performed using the CTAB method with some
modifications. The PCR products were extracted
via a PureLink™ Quick Gel Extraction Kit
according to the manufacturer's instructions.
Extracts of PCR products were sequenced
directly by PCR primers from the Macrogen
company (South Korea). The sequences were
identified after comparing them to previously
published sequences available in the search
software BLAST from NCBI (The National

Center for Biotechnology Information).

Determination of the inhibitory effect of the
isolates on test bacteria was carried out
according to the agar-well diffusion method; the
inhibition zone was measured using calipers
(Reinheimer et al., 1990).

The physiological characterizations of B.
different
incubation conditions: NaCl concentration: 0.2,
0.4, 0.6, 0.8, and 1%; pH: 5, 6, 7, 8, and 9; and
incubation temperature: 25, 30, 35, 40, and 45°C.

subtilis were investigated under

3. RESULTS AND DISCUSSION

3.1. Identification of Bacillus isolates from
Muong Khuong chilli sauce

Bacillus was
Khuong chilli
collected from Muong Khuong, Lao Cai,

isolated from 80 Muong
sauce samples, which were
Vietnam. More than 550 putative colonies were
tested for
reactions. The results are reported in Table 1.

morphology and biochemical

Table 1 shows that most of the strains
isolated from Muong Khuong chilli sauces were
collected in the summer (80%). Although the

Nguyen Thi Lam Doan, Tran Thi Na, Nguyen Hoang Anh

number of samples collected in the summer and
spring were approximately the same, the
number of bacteria isolated in the summer was
six times higher than in the spring. This can be
explained by the fact that the temperature and
moisture in the summer were suitable for the
growth and development of these bacteria. The

total kinds of colonies isolated reached 552.

Six tests, including spore formation,

catalase activity, Gram staining, motility,
starch hydrolysis, and methyl red reaction, were
conducted to identify the Bacillus species. The
results illustrated that less than 10% of the
bacteria isolated were identified to be Bacillus
species. Forty eight isolated colonies were
Bacillus with positive results in all 6 tests.
Interestingly, all of them were isolated from the
summer samples. The 48 Bacillus isolates were
-80°C for

continued testing for their abilities against

preserved in glycerol-stock at

pathogenic bacteria.

3.2. Selection and

characterization of Bacillus isolates with

preliminary

broad-range antimicrobial activity

3.2.1. Antimicrobial activity of Bacillus
isolates

The results of the antimicrobial activity of
the isolated Bacillus colonies are shown in
Table 2. It was observed that some strains of
Bacillus had no inhibitory effects while others
had an inhibitory effect on all four of the test
bacteria. Among the 48 Bacillus isolates, there
that had
antimicrobial activity. It was noted that the

were 10  strains pathogen
pathogen antimicrobial activity of these strains
was not from acidic conditions, as Bacillus did
not produce lactic acid. Eight of the strains were
able to inhibit the growth of L. monocytogenes
MI2.6 (strains TO032.13, T036.35, TO41.11,
T043.13, TO46.6, TO47.6, TO48.1, and T0O53.2).
The data that the

antimicrobial activity of the above mentioned

clearly indicated
Bacillus strains had a greater effect on Gram

positive bacteria than on Gram

negative bacteria.
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Table 1. Isolation of Bacillus sp. from Muong Khuong chilli sauce

Collecting season Number of samples  Code of samples

No. of kinds of colonies isolated

No. of Bacillus sp. isolated

Spring 30 TO1 - TO30 72 0
Summer 34 TO31 - TO64 435 48
Autumn 16 TOG65 - TO80 45 0
Total 80 552 48

Table 2. Results for the ability against pathogenic bacteria from isolated Bacillus species

No. Code of strain E.coli RG1.1 S. typhi GT4.3 L. monocytogenes MI2.6 S. aureus TS1.9
1 T0O32.13 +
2 TO36.35 +++
3 TO41.11 ++
4 TO43.13 +++ +++ +++ +++
5 TO44.1 +++
6 TO46.6 +
7 TOA47.6 +++
8 TO48.1 +
9 TO53.2 ++ ++ ++ ++
10 TO56.3 ++

Note: +: 2 mm < Diameter of inhibited zone < 4 mm; ++: 4 mm < Diameter of inhibited zone < 6 mm; +++: 6 mm < Diameter of

inhibited zone; - : no antimicrobial activity observed

Three strains of Bacillus sp., T036.35,
TO43.13, and TO47.6, showed the highest anti-
L. monocytogenes MI2.6 activity. Besides, there
were only 3 strains with anti-E. coli RG1.1
activity (T043.13, TO44.1, and TO53.2), 2
strains with anti-S. typhi GT4.3 activity
(TO43.13 and T0O53.2), and 3 strains with anti-
S. aureus TS1.9 activity (TO43.13, TO53.2, and
T056.3). These results showed that the Bacillus
strains isolated in this study had higher
resistance to Gram positive bacteria than Gram
negative, which was different from the reports
of Awais (2007) who stated that B. subtilis did
not show any inhibition against S. aureus, a
Gram positive bacteria. In addition, Perez et al.
(1992) noted that the antimicrobial activity
produced by B. subtilis MIR15 appeared to
mainly be active against Gram negative
bacteria including E. coli.

Two strains, TO43.13 and TO053.2, had
broad-range antimicrobial activity and could
inhibit all four food pathogenic bacteria tested.
The results for the morphology and genotype
sequencing are illustrated in Table 3.
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It is clearly seen that each strain had
different colony morphological characteristics.
The colonies of Bacillus sp. TO43.13 were white,
relatively large, concave in the middle like
craters, and the surface was dry, wrinkled, and
had a stench. Meanwhile, colonies of Bacillus
sp. TO53.2 were white, flat, and had a dry
surface and uneven border.

The results of 16S rRNA sequencing
indicated that the genetic material of Bacillus
sp. TO43.13 demonstrated similarities with the
B. subtilis strain BcX1 (JX504009.1) and B.
subtilis strain EPP2 2 (JQ308548.1) genotypes
to 95%. Genetic sequencing of TO053.2
demonstrated similarities with the B. subtilis
strain Pe-Lg-1 (FR687210.1) and B. subtilis
strain YT2 (HQ143571.1) genotypes to 94%. In
addition, based on the results of the colony, cell
morphology, and biochemical tests, it can be
concluded that TO043.13 and TO53.2 are

Bacillus subtilis strains.
Hence, the two strains TO43.13 and T053.2
were chosen for the physiological

characterization study.
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3.2.2. Physiological characterization of B.

subtilis strains with broad-range

antimicrobial activity

The growth of B. subtilis was studied under
different incubation conditions, including NaCl
and

concentration, pH medium, incubation

temperature.

As seen in the above figures, the growth
and development of B. subtilis were affected
by NaCl concentration, pH medium, and
incubation temperature. Fig. 1a and Fig. 1b
indicate that the two B. subtilis strains grew
in NaCl concentrations from 0.2 to 1%, and a
pH range of 6 to 9. However, the development
of both strains was strongest in the medium
containing NaCl at 0.6% and having a pH
of 7. The strain TO43.13 exhibited its maximum

Nguyen Thi Lam Doan, Tran Thi Na, Nguyen Hoang Anh

growth after 22-24 h of incubation, while strain
T0O53.2 only needed 20 h to reach its maximum
growth. At pH 5, the growth of both strains was
inhibited. The range of temperatures from 30 to
40°C was suitable for the growth of these two B.
subtilis strains, but 35°C was the optimal
temperature. Notably, the growth of strain
TO53.2 was inhibited at 25°C, hence, it is
clearly seen that strain TO53.2 was more
thermal sensitive than strain TO43.13. This
result was nearly similar with the report of
Younis et al. (2010), which stated that the
maximum growth of the B. subtilis KO strain
was in the medium with a pH range between
6.5 and 7. Korsten et al. (1996) reported that
the optimum incubation time for highest yield
was achieved from a 24 h duration at 30-37°C.

Table 3. Preliminary characterization of Bacillus sp.

with broad-range antimicrobial activities

Code of colony Bacillus sp. TO43.13

Bacillus sp. TO53.2

Colony
morphology

Cell morphology

R

."l’ -e

:;“:_‘"K'n..“
.

Result for 16S
rRNA sequencing

95% ident Bacillus subtilis (JX504009.1,
JQ308548.1)

95% ident Bacillus amyloliquefaciens
(KT375322.1, KF964025.1)

95% ident Bacillus sp.
(KF482852.1, KR258755.1)

95% ident Bacillus methylotrophicus
(KC790325.1, KP851947.1)

94% ident Bacillus subtilis
(FR687210.1, HQ143571.1)
94% ident Bacillus pumilus
(FR687211.1, KM405294.1)
94% ident Bacillus sp.
(KF863820.1, KT308215.1)
94% ident Bacillus altitudinis
(IX475110.1, KU898276.1)
94% ident Bacillus stratosphericus (KR140182.1, KT072094.1)

94% ident Bacillus aerophilus

(KC172027.1, KT719657.1)
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Fig 1a. Effect of NaCl concentration on the growth and development of B.subtilis
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Fig 1b. Effect of pH medium on the growth and development of B. subtilis
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Fig 1c. Effect of incubation temperature on the growth and development of B. subtilis

It has been demonstrated that the strains
TO43.13 and TO53.2, which can produce
pathogen antimicrobial substances, have growth

conditions close to other B. subtilis strains.

4. CONCLUSIONS

The results revealed a variety of Bacillus

ssp. in chilli sauce samples collected in the

different seasons from the
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Muong Khuong

district with 48 Bacillus species collected in total.
The present study discovered two B. subtilis
strains with broad-range antibacterial activity.
For these Bacillus populations, the genetic
sequencing test was used to determine the
identity of the two strains that had the highest
antibacterial abilities. Moreover, preliminary
characterizations of the B. subtilis strains, such
as colony morphology and cell morphology, were
observed. The incubation conditions were studied
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and realized that a NaCl concentration of 0.6%,
pH of 7, and a temperature of 35°C were the best
conditions for the growth and development of
these two strains.

Although the study indicated the successful
optimized cultivation conditions for two B.
subtilis strains with broad-range pathogen
antimicrobial activities (TO43.13 and T053.2)
in the laboratory, further deep research needs
to be done before applying these strains in
food preservation.
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