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Abstract

Swine dysentery and necrotic enteritis are a bane to animal husbandry worldwide. Some countries have already
banned the use of antibiotics as growth promoters in animal production. Surfactin is a potential alternative to antibi-
otics and antibacterial agents. However, the antibacterial activity of Bacillus species-derived surfactin on Brachyspira
hyodysenteriae and Clostridium perfringens are still poorly understood. In the current study, the antibacterial effects of
surfactin produced from Bacillus subtilis and Bacillus licheniformis on B. hyodysenteriae and C. perfringens were evalu-
ated. Results showed that multiple surfactin isoforms were detected in B. subtilis, while only one surfactin isoform
was detected in B. licheniformis fermented products. The surfactin produced from B. subtilis exhibited significant
antibacterial activity against B. hyodysenteriae compared with surfactin produced from B. licheniformis. B. subtilis-
derived surfactin could inhibit bacterial growth and disrupt the morphology of B. hyodysenteriae. Furthermore, the
surfactin produced from B. subtilis have the highest activity against C. perfringens growth. In contrast, B. licheniformis
fermented product-derived surfactin had a strong bacterial killing activity against C. perfringens compared with sur-
factin produced from B. subtilis. These results together suggest that Bacillus species-derived surfactin have potential
for development as feed additives and use as a possible substitute for antibiotics to prevent B. hyodysenteriae and C.

perfringens-associated disease in the animal industry.
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Introduction

Swine dysentery (SD) caused by Brachyspira hyodysen-
teriae is a highly contagious disease of grower and fin-
isher pigs. SD causes severe mucohemorrhagic diarrhea,
resulting in decreased feed efficiency and increased mor-
bidity (Alvarez-Ordéiiez et al. 2013). Antibiotics, such as
tiamulin and carbadox, are widely used for prevention
and treatment of SD due to their relatively short with-
drawal periods and the high susceptibility of Brachyspira
species (van Duijkeren et al. 2014). However, accumulat-
ing evidence suggests that B. hyodysenteriae resistance to
antibiotics is commonly observed (Mirajkar et al. 2016;
Hampson et al. 2019).
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and indicate if changes were made.

Necrotic enteritis (NE) caused by Clostridium perfrin-
gens is characterized by high mortality in poultry with
bloody diarrhea, and sudden death (Kaldhusdal and
Lovland 2000; Lee et al. 2011). Predisposing factors for
necrotic enteritis have been proposed, such as coccidi-
osis, stress, and nutritional factors (M’Sadeq et al. 2015).
Bacitracin has been commonly used worldwide as an
antibiotic growth promoter for prophylactic treatment
of C. perfringens-induced NE in poultry (M’Sadeq et al.
2015; Caly et al. 2015). However, the European Union has
already banned antibiotics used in animal production,
resulting in increased NE outbreaks in broilers in Euro-
pean countries (Van der Sluis 2000; Van Immerseel et al.
2004).

Several antibiotic alternatives have been proposed for
prophylactic treatment of diseases, such as probiotics
(Abudabos et al. 2013, 2017; Cheng et al. 2018, 2019). In
recent years, fermented products produced from Bacillus
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subtilis and Bacillus licheniformis have gained atten-
tion as probiotic supplements in animal feed due to the
production of thermostable and low pH resistant spores
(Cheng et al. 2018; Lin et al. 2019). B. subtilis and B.
licheniformis have been identified from the gastrointesti-
nal tract of broilers with antimicrobial activity (Barbosa
et al. 2005; Cheng et al. 2018; Lin et al. 2019). Further-
more, it has been demonstrated that Bacillus species
are able to produce a variety of antimicrobial peptides
(Sumi et al. 2015). The surfactin, Bacillus-derived cyclic
lipopeptide, is an important antimicrobial peptide with
antibacterial activity through disruption of the bacterial
membrane (Carrillo et al. 2003; Chen et al. 2008). How-
ever, whether B. subtilis and B. licheniformis-derived sur-
factin has antibacterial activity against B. hyodysenteriae
and C. perfringens still remain to be elucidated.

SD and NE are prevalent and important enteric dis-
eases, which lead to enormous economic losses in animal
husbandry worldwide (Van der Sluis 2000; Timbermont
et al. 2011; Card et al. 2018). The restrictions placed on
the prophylactic use of antibiotics in animal production
and the prevalence of multidrug resistant bacteria, mean
that alternative solutions to prevent and treat SD and
NE are an urgent unmet need in animal husbandry. In
the present study, we investigated the antibacterial activ-
ity of Bacillus species-derived surfactin on B. hyodysen-
teriae and C. perfringens. The results provide valuable
knowledge for understanding the antibacterial potential
of surfactin-producing Bacillus species as a substitute for
antibiotics.

Materials and methods
All experiments were performed in accordance with the
approved guidelines.

Preparation of Bacillus species-derived surfactin

Bacillus subtilis-derived surfactin is a commercially avail-
able product (Sigma-Aldrich, St. Louis, MO, USA). The
B. licheniformis-derived surfactin was extracted from
solid-state fermented products. The B. licheniformis
was purchased from the Food Industry Research and
Development Institute (ATCC 12713, Hsinchu, Taiwan).
Details of B. licheniformis-fermented product prepa-
ration were as described in a previous study (Lin et al.
2019). After thawing, the B. licheniformis was inoculated
into an Erlenmeyer flask containing tryptic soy broth
(TSB; Sigma-Aldrich, St. Louis, MO, USA) and incubated
at 30 °C for 18 h with shaking at 160 rpm. The solid-state
fermentation substrates in a space bag were inoculated
with 4% (v/w) inoculum of B. licheniformis and incu-
bated at 30 °C in a chamber with free oxygen and relative
humidity above 80% for 6 days. The fermented prod-
ucts were dried at 50 °C for 2 days and homogenized by
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mechanical agitation. The fermented powder was then
stored at 4 °C prior to analysis.

Extraction and analysis of surfactin

The supernatant of B. licheniformis-fermented products
was adjusted to pH 2.0 with concentrated HCI and incu-
bated overnight at 4 °C. The precipitate was dissolved in
distilled water and extracted with methanol. The mix-
ture was shaken vigorously and the organic phase was
concentrated at reduced pressure at 40 °C. The extract
was further filtered using a syringe filter with a 0.22 pm
membrane. The surfactin concentration in the filtrate
was quantified and measured using high performance
liquid chromatography. The SPD-10A system (Shi-
madzu, Columbia, MD, USA) with a programmable UV
detector (10A VP, Shimadzu, Columbia, MD, USA) and
a reverse phase RP-18 column (LiChrospher 100 RP-18
endcapped, 5 um) was used throughout the experiments.
Samples were injected into the HPLC column. The
mobile phase consisted of 3.8 mM trifluoroacetic acid:
acetonitrile (20:80, v/v). The flow rate was 1 ml/min. Sur-
factin was determined at a wavelength of 210 nm by use
of a UV detector. The recorder was set to 30 min.

Test bacteria

Brachyspira hyodysenteriae (ATCC 27164) was cul-
tured in brain heart infusion broth (BHIB, EMD Mil-
lipore, Danvers, MA, USA). Clostridium perfringens
(ATCC13124) was cultured in Gifu anaerobic medium
(GAM; Sigma-Aldrich, St. Louis, MO, USA). After two
successive transfers of the test organisms in specific cul-
ture media, the activated culture was inoculated into spe-
cific culture media for further quantification.

Confocal microscopy

BHIB containing different dilutions of B. subtilis-derived
surfactin (concentration range from 9.31 to 500 pg/ml)
was incubated with B. hyodysenteriae (10* CFU/ml) at
42 °C for 0.5 h and 1 h, respectively. GAM containing dif-
ferent dilutions of B. subtilis-derived surfactin (concen-
tration range from 7.8 to 500 pg/ml) was incubated with
C. perfringens (10* CFU/ml) at 37 °C for 0.5 h and 1 h,
respectively. After incubation, SYBR Green I, propidium
iodide and Hoechst 33342 were added to each well and
then stained at 37 °C for 30 min in the dark. The stained
samples were examined under a confocal laser-scanning
microscope (ZEISS LSM800, Jena, Germany). For the
detection of the SYBR Green I stained cells, 497 nm exci-
tation wavelengths and 520 nm emission wavelengths
were used. For the detection of the propidium iodide
stained cells, 530 nm excitation wavelengths and 620 nm
emission wavelengths were applied. For the detection of
the Hoechst 33342 stained cells, 335 nm excitation and
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460 nm emission were used. The number of live (green)
or dead (red) cells were viewed and counted manually
using the Image] software.

Agar-well diffusion assay

The B. subtilis and B. licheniformis-derived surfactin were
serially diluted (concentration range from 7.8 to 500 pg/
ml) and transferred into a well in tryptic soy agar (TSB;
Sigma-Aldrich, St. Louis, MO, USA) containing 5%
goat blood (collected from healthy goat in experimental
farm of National Ilan University) and B. hyodysenteriae
(1 x 10* CFU/ml), or Gifu anaerobic medium agar (GAM
agar; Sigma-Aldrich, St. Louis, MO, USA) containing the
C. perfringens (1 x 10* CFU/ml), respectively. For meas-
urement of the inhibition zone of B. hyodysenteriae, the
plates were incubated at 42 °C for 24 h. For measurement
of the inhibition zone of C. perfringens, the plates were
incubated at 37 °C for 24 h. The antibacterial activity of
surfactin was determined by measuring the diameter of
this zone of inhibition using the Image] software (NIH,
Bethesda, MD, USA).

Antibacterial assay

The antibacterial activity of surfactin was studied by
employing a microdilution method. The B. subtilis and
B. licheniformis-derived surfactin were serially diluted
(concentration range from 31.25 to 500 pg/ml). One hun-
dred microliters of BHIB containing different dilutions
were distributed in 96-well plates. Each well was inocu-
lated with B. hyodysenteriae (10* CFU/ml) and incubated
anaerobically at 42 °C for 0.5 h and 1 h, respectively. One
hundred microliters of GAM containing different dilu-
tions were distributed in 96-well plates. Each well was
inoculated with C. perfringens (10* CFU/ml) and incu-
bated anaerobically at 37 °C for 0.5 h and 1 h, respec-
tively. All experiments were performed in triplicate. The
bacterial survival analyzed by turbidity was detected
using optical density at 600 nm (EMax Plus Microplate
Reader, Sunnyvale, CA, USA). Data were normalized
by absorbance and by negative controls, with untreated
sample set at 100% survival.

Scanning electron microscopy

BHIB containing different dilutions of B. subtilis-derived
surfactin (concentration range from 10 to 250 pg/ml) was
incubated with B. hyodysenteriae (10* CFU/ml) at 42 °C
for 1 h, respectively. The cells were fixed with 2.5% glu-
taraldehyde in 50 mM potassium phosphate buffer (pH
6.8) overnight at 4 °C, and then washed three times with
50 mM potassium phosphate buffer (pH 6.8). Dehydra-
tion was performed in different concentrations of ethanol
(50-100%) for 10 min each and the samples were dried
in a critical point drier (CPD 030, Bal-Tec AG, Balzers,

Page 3 of 9

Liechtenstein). Specimens were coated under vacuum
with gold: palladium (60:40) in a sputter coater (Bal-Tec
AG, Balzers, Liechtenstein), and examined using a scan-
ning electron microscope (JSM-6300, JEOL Ltd., Tokyo,
JAPAN).

Statistical analysis

Data were analyzed by one-way ANOVA using the GLM
procedure of the SAS software package (Version 9.4;
SAS Institute, Cary, NC). Replicates were considered the
experimental units. Results were expressed as mean =+ SD.
Means were compared by employing Tukey’s HSD test at
a significance level of P<0.05.

Results

Identification of surfactin from B. subtilis and B.
licheniformis

The chromatographic peak of B. subtilis and B. licheni-
formis-derived surfactin is presented in Fig. 1. Results
showed that multiple retention peaks were detected in
the B. subtilis-derived surfactin (Fig. 1a). However, only
a single peak of surfactin from B. licheniformis fermented
products was detected which had a chromatogram
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Fig. 1 HPLC chromatogram of surfactin. a The chromatographic
peak of B. subtilis-derived surfactin and b B. licheniformis-fermented
product-derived surfactin




Horng et al. AMB Expr (2019) 9:188

identical to surfactin C in B. subtilis-derived surfactin
(Fig. 1b).

Antibacterial activity of Bacillus species-derived surfactin
on B. hyodysenteriae

Results of confocal microscopy examinations showed that
B. subtilis-derived surfactin is able to cause the death of
B. hyodysenteriae in a dose dependent manner (Fig. 2a).
A longer duration (1 h) of B. subtilis-derived surfactin
treatment could increase the death rate of B. hyodysen-
teriae (P<0.05, Fig. 2a). Similarly, the surfactin from B.
licheniformis fermented products also caused the death of
B. hyodysenteriae in a dose dependent manner (Fig. 2b).
Duration of treatment of B. licheniformis-derived sur-
factin did not affect the death rate of B. hyodysenteriae
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Fig. 2 Killing activity of surfactin against B. hyodysenteriae. a B.
hyodysenteriae were incubated with different concentrations (9.31,
18.63,37.25,62.5,125, 250, 500 ug/ml) of the B. subtilis-derived
surfactin for 0.5 and 1 h. b B. hyodysenteriae were incubated with
different concentrations (9.31, 18.63, 37.25, 62.5, 125, 250, 500 pg/ml)
of the B. licheniformis-fermented product-derived surfactin for 0.5 and
1 h.The error bars represent the mean =+ standard deviations from
triplicate assays (n=3). *P<0.05 comparing data of 0.5 h versus 1 h
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except with 9.31 pg/ml treatment (Fig. 2b). Relative to
the surfactin from B. licheniformis fermented products,
B. subtilis-derived surfactin had the highest antibacte-
rial activity against B. hyodysenteria (Fig. 2a, b). Results
of bacterial survival analysis by turbidity examinations
showed that B. subtilis-derived surfactin significantly
caused the death of B. hyodysenteriae in a dose depend-
ent manner after 0.5 h treatment (P<0.05, Table 1).
However, prolonged treatment (1 h) of different concen-
trations of B. subtilis-derived surfactin did not further
promote the death of B. hyodysenteriae. Results of agar-
well diffusion assay revealed that B. subtilis-derived sur-
factin exhibited a significant inhibition zone compared
with B. licheniformis fermented product-derived surfac-
tin (Fig. 3). The results of quantification of the inhibi-
tion zone are presented in Table 2. Results showed that
the B. subtilis-derived surfactin caused the inhibition of
B. hyodysenteriae growth in a dose dependent manner
(P<0.05). Similarly, B. licheniformis fermented products
also had a dose dependent inhibitory effect on B. hyod-
ysenteriae growth (P<0.05). The zone of inhibition of B.
subtilis-derived surfactin on B. hyodysenteriae growth
was greater than B. licheniformis fermented products-
derived surfactin (P<0.05). Furthermore, results of scan-
ning electron microscopy showed that B. subtilis-derived
surfactin could disrupt the morphology of B. hyodysen-
teriae in a dose dependent manner after 1 h treatment
compared with the untreated group (Fig. 4).

Antibacterial activity of Bacillus species-derived surfactin
on C. perfringens

Results of confocal microscopy examinations showed
that B. subtilis-derived surfactin is able to cause the death
of C. perfringens in a dose dependent manner (Fig. 5a).
A longer duration (1 h) of B. subtilis-derived surfactin
treatment could increase the death rate of C. perfringens

Table 1 Percentage survival rate of B. hyodysenteriae
in response to B. subtilis-derived surfactin treatment

Concentration (pug/ 0.5h 1h
ml)

Survival rate (%)

Mean SD Mean SD
0 100%4 0 100° 0
10 95.2° 5.1 9247 38
50 63.7° 83 53.1° 46
100 4255 35 38.2° 74
250 12.8° 6.7 124 5.2

¢ Means within a column with no common superscript are significantly
different (P <0.05)

9 Values are expressed as mean=SD (n=3)
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Fig. 3 Growth inhibitory zone of surfactin against B. hyodysenteriae using agar-well diffusion assay. B. hyodysenteriae were grown in the different
concentrations (50, 100, 250, 500 ug/ml) of surfactin produced from B. subtilis (left) and B. licheniformis-fermented products (right) for 24 h. The black
arrow indicates inhibition zone. Three experiments were conducted, and one representative result is presented

Table 2 Measurement of zone of inhibition of surfactin
on B. hyodysenteriae growth at different concentrations

Surfactin from B.
licheniformis
fermented products

Concentration (ug/  Surfactin from B.
ml) subtilis

Zone of inhibition (cm)

Mean SD Mean SD
50 0.3%xd 0.02 0.2 0.01
100 0.6 0.03 0.2 0.01
250 0.9 0.02 045y 0.01
500 1.4 0.04 0.55 0.02

¢ Means within a column with no common superscript are significantly
different (P <0.05)

*¥ Means within a row with no common superscript are significantly different
(P<0.05)

d Values are expressed as mean = SD (n=3)

except at 7.8 and 15.62 pg/ml (P<0.05, Fig. 5a). The sur-
factin from B. licheniformis fermented products also
caused the death rate of C. perfringens to increase in a
dose dependent manner (Fig. 5b). Similarly, a longer (1 h)
duration of B. licheniformis fermented product-derived
surfactin treatment could increase the death of C. per-
fringens (P<0.05, Fig. 5b). Relative to B. subtilis-derived
surfactin, surfactin from B. licheniformis fermented
products had the highest antibacterial activity against
C. perfringens (Fig. 5a, b). Results of bacterial survival
analysis by turbidity examinations showed that B. sub-
tilis-derived surfactin significantly caused the death of
C. perfringens in a dose dependent manner after 0.5 h
treatment (P<0.05, Table 3). Prolonged treatment (1 h)
of different concentrations of B. subtilis-derived surfac-
tin could further promote the death of C. perfringens
(P<0.05). Results of agar-well diffusion assay showed that
B. subtilis-derived surfactin exhibited a significant inhi-
bition zone (250 pg/ml and 500 pg/ml) compared with
B. licheniformis fermented product-derived surfactin

(Fig. 6). The results of quantification of the inhibition
zone are presented in Table 4. Results showed that B.
subtilis-derived surfactin caused the inhibition of C. per-
fringens growth in a dose dependent manner (P<0.05).
Similarly, B. licheniformis fermented product-derived
surfactin also had a dose dependent inhibitory effect on
C. perfringens growth (P<0.05). In addition, the zone of
inhibition of B. subtilis-derived surfactin on C. perfrin-
gens growth was greater than B. licheniformis fermented
product-derived surfactin (P<0.05).

Discussion

In this study, we demonstrated that surfactin either from
B. subtilis or B. licheniformis fermented products is able
to inhibit the growth of B. hyodysenteriae and C. perfrin-
gens. The B. subtilis-derived surfactin exhibited the great-
est bacterial killing activity against B. hyodysenteriae. In
contrast, B. licheniformis fermented product-derived sur-
factin had the highest bacterial killing activity against C.
perfringens.

Surfactin as a secondary metabolite was first found
in B. subtilis and consists of multiple isoforms (Haddad
et al. 2008; Sousa et al. 2014; Sumi et al. 2015). The struc-
ture of surfactin is a seven amino acid peptide loop and a
hydrophobic fatty acid chain (Kowall et al. 1998). It has
been reported that surfactin has a broad spectrum of
antimicrobial activity against pathogenic microbes (Chen
et al. 2008; Sumi et al. 2015). Our previous study dem-
onstrated that B. subtilis-fermented products with the
highest surfactin concentration show antibacterial activ-
ity against Escherichia coli, Staphylococcus aureus, Sal-
monella typhimurium and C. perfringens in vitro (Cheng
et al. 2018). A previous study showed that surfactin pro-
duced by different strains of B. subtilis exhibited diverse
antibacterial activity (Sabaté and Audisio 2013). Since
most Bacillus species can produce two or three types of
lipopeptides (Sumi et al. 2015). It has been demonstrated
that commercial surfactin (Sigma-Aldrich), produced
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Fig. 4 Scanning electron microscope images of B. hyodysenteriae illustrating the antibacterial activity of different concentrations (10, 50, 100,
250 pg/ml) of the commercial surfactin after incubating for 1 h. Three experiments were conducted, and one representative result is presented

from B. subtilis, has six isoforms (Sousa et al. 2014). Simi-
larly, we also found that multiple isoforms of surfactin
were identified in the commercial surfactin in the pre-
sent study. Environmental and nutritional conditions are
critical factors for determining the surfactin isoforms of
B. subtilis (Peypoux and Michel 1992; Kowall et al. 1998).
Thus, it is possible that a proportion of surfactin iso-
forms might exhibit differential antibacterial property in
B. subtilis. However, the effect of surfactin isoforms iso-
lated from Bacillus species and any interaction between

surfactin isoforms on antibacterial activity have not been
studied.

In addition to B. subtilis, B. licheniformis also has the
ability to synthesize antimicrobial substances, such as
surfactin (Pecci et al. 2010; Sumi et al. 2015). This anti-
microbial substance shows antibacterial activity against
a wide range of Gram-positive bacteria, such as Listeria
monocytogenes and Methicillin-resistant S. aureus, but
does not cause hemolysis or inhibit the growth of Gram-
negative bacteria (Dischinger et al. 2009; Abdel-Mohsein
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Fig. 5 Killing activity of surfactin against C. perfringens.a C.
perfringens were incubated with different concentrations (7.8, 15.62,
31.25,62.5,125, 250, 500 pg/ml) of the B. subtilis-derived surfactin
for 0.5 and 1 h. b C perfringens were incubated with different
concentrations (7.8, 15.62, 31.25,62.5, 125, 250, 500 ug/ml) of the
B. licheniformis-fermented products-derived surfactin for 0.5 and
1 h.The error bars represent the mean = standard deviations from
triplicate assays (n=3). *P<0.05 comparing data of 0.5 h versus 1 h

Table 3 Percentage survival rate of the C. perfringens
in response to B. subtilis-derived surfactin treatment

Concentration (ug/ 0.5h 1h
ml)

Survival rate (%)

Mean SD Mean SD
0 98.0%%4 28 952X 2.2
31.25 89.1% 9.2 g3abx 3.8
625 81.3%% 103 720 34
125 72.130x 12 57 2.1
250 68.40% 54 520 79

¢ Means within a column with no common superscript are significantly
different (P<0.05)

*¥ Means within a row with no common superscript are significantly different
(P<0.05)

9 Values are expressed as mean 4 SD (n=3)
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et al. 2011). To date, the isoforms of surfactin and anti-
bacterial activity in B. licheniformis have rarely been
studied. Here, we demonstrated for the first time that
the major isoform of surfactin in B. licheniformis was
surfactin C. Furthermore, surfactin C extracted from B.
licheniformis fermented products had antibacterial activ-
ity against B. hyodysenteriae and C. perfringens. Our
previous study has demonstrated that B. licheniformis-
fermented products were able to inhibit the growth of C.
perfringens and S. aureus in vitro (Lin et al. 2019). Taken
together, these findings indicate that the antibacterial
activity of B. licheniformis might be mediated by produc-
ing surfactin C.

Brachyspira-associated diseases, such as SD, are effec-
tively treated with macrolides, lincosamides, and car-
badox (Hampson et al. 2019). Morbidity in finishing pigs
with SD ranges from 50 to 90% (Burrough 2016). Trends
of decreasing susceptibility among B. hyodysenteriae
for the macrolides and pleuromutilins have been well
documented (Rugna et al. 2015; Mirajkar et al. 2016). It
has been reported that B. subtilis is able to inhibit the
growth of B. hyodysenteriae in vitro (Klose et al. 2010).
Here, we further demonstrated that commercial sur-
factin produced from B. subtilis and B. licheniformis
fermented product-derived surfactin had antibacterial
activity against B. hyodysenteriae. Furthermore, the mor-
phology of B. hyodysenteriae was disrupted after B. sub-
tilis-derived surfactin treatment. Several antimicrobial
mechanisms of surfactin have been proposed and charac-
terized, including insertion into lipid bilayers, membrane
solubilization, destabilization of membrane permeability
by channel formation and chelating of mono-and diva-
lent cations (Seydlova and Svobodova 2008). However,
the precise mechanisms through which surfactin exerts
antibacterial activity on B. hyodysenteriae need further
investigation.

Our previous study demonstrated that B. subtilis and
B. licheniformis-fermented products can inhibit the
growth of C. perfringens in vitro (Cheng et al. 2018; Lin
et al. 2019). We further found that surfactin isolated
from B. licheniformis-fermented products exerts anti-
bacterial activity against C. perfringens, implying that
the most important antibacterial factor is surfactin in
B. licheniformis-fermented products. Interestingly, dif-
ferential antibacterial activity against C. perfringens
between surfactin from B. subtilis and B. licheniformis
was demonstrated in the present study. Commercial
surfactin extracted from B. subtilis consists of multiple
isoforms, while a sole isoform of surfactin (C) was iden-
tified in B. licheniformis-fermented products; however,
whether there is any interaction among the surfactin iso-
forms which affects antibacterial activity remains to be
elucidated.



Horng et al. AMB Expr (2019) 9:188

Page 8 of 9

100 pg/ml

representative result is presented

250 pg/ml 500 pg/ml

el
produt

Fig. 6 Growth inhibitory zone of surfactin against C. perfringens using agar-well diffusion assay. C. perfringens were grown in the different
concentrations (50, 100, 250, 500 ug/ml) of the surfactin produced from B. subtilis (top left) and B. licheniformis-fermented products (bottom left),
blank (top right), and ampicillin (bottom right) for 24 h. The black arrow indicates the inhibition zone. Three experiments were conducted, and one

Table 4 Measurement of zone of inhibition of surfactin
on C. perfringens growth at different concentrations

Concentration (ug/  Surfactin from B. Surfactin
ml) subtilis from Bacillus
licheniformis

fermented products

Zone of inhibition (cm)

Mean SD Mean SD
31.25 0.6%*¢ 0.04 0.5% 0.00
625 0.6* 0.02 0.5% 0.01
125 0.9°% 0.02 0.6> 0.03
250 1.0 0.05 0.6% 0.03
500 1.39% 0.03 119 0.03

a4 Means within a column with no common superscript are significantly
different (P <0.05)

*¥ Means within a row with no common superscript are significantly different
(P<0.05)

€ Values are expressed as mean £ 5SD (n=3)

In conclusion, this paper provides evidence that sur-
factin has antibacterial activity against B. hyodysenteriae
and C. perfringens. The surfactin produced from B. subti-
lis have the highest activity against B. hyodysenteriae and
C. perfringens growth. The B. subtilis-derived surfactin
exhibited better bacterial killing activity against B. iyod-
ysenteriae. In contrast, B. licheniformis fermented prod-
uct-derived surfactin showed stronger bacterial killing
activity against C. perfringens.
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