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Abstract: Surfactin is one of the most powerful lipopeptidebiosurfactants pro-
duced by various strains of Bacillus subtilis. It has exceptional surface activity, 
with antiviral, antibacterial, and antitumor properties. The four local isolates, 
which were named Bacillus subtilis1M, 3M, 7M, and 8M were provided by the 
School of Biosciences and Biotechnology, Faculty of Science and Technology, 
University of Kebangsaan, Malaysia. In this study, fermentation on shaker 
flasks was carried out to assess the ability of four local isolates of Bacillus sub-
tilis strains to produce surfactin by using Cooper’s media formulation, and 
comparing their production with a commercial strain of Bacillus subtilis ATCC 
21332, which was obtained from the American Type Culture Collection. High-
Performance Liquid Chromatography (HPLC) was used for surfactin identifica-
tion and surfactin concentration measurements. Results obtained show the four 
local isolates have the ability to produce surfactin. The Bacillus subtilis3M 
strain showed the highest amount of surfactin production with 117 (3) mg/L, 
while the Bacillus subtilis1M strain produced the lowest amount with 65 (5.4) 
mg/L. In addition, the production of Bacillus subtilis ATCC 21332 strain was 
found at 101(4) mg/L under the same fermentation conditions. 
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ن�تج م�ن الع�زلات المحلی�ة المالیزی�ة م�ن البكتیری�ا  ق�وي للغای�ة (Surfactin)م�ادة مض�ادة للت�وتر الس�طحي  لإنت�اجدراس�ة أولی�ة 
 العصویة الرقیقة

 :  الكلمات المفتاح�ة
 ؛�كتر�ا عصو�ه رق�قه

 ؛surfactinإنتاج ,
كرومـــــــــــــاتوجرافي ســـــــــــــائل عـــــــــــــالي 

 ؛(HPLC)الأداء
 .مق�اس الط�ف الضوئي الحیوي 

 

هـــو واحـــد مـــن أقـــوى المـــواد الخافضـــة للتـــوتر الســـطحي الـــدهني التـــي تنتجهـــا  Surfactin المســـتخلص:
، مـــع خصـــائص مضـــادة . لـــه نشـــاط ســـطح اســـتثنائي فعـــالBacillus subtilisســـلالات مختلفـــة مـــن 

للفیروســــات، وال�كتیر�ــــا، ومضــــادة لــــلأورام. تــــم تــــوفیر العــــزلات المحل�ــــة الأر�عــــة التــــي تــــم تســــمیتها �اســــم 
Bacillus subtilis 1M 3و M 7و M 8و M  البیولوج�ـة والتكنولوج�ـا الحیو�ـة، مـن قبـل �ل�ـة العلـوم

الدراسـة تـم إجـراء التخمیـر علـى دورق شـاكر ، جامعة �ی�انغسـان مالیز�ـا. فـي هـذه كل�ة العلوم والتكنولوج�ا
فاكتین �اسـتخدام تر�ی�ـة وسـط لتقی�م قدرة أر�ع عزلات محل�ة من سلالات العص�ات الرق�قة على إنتاج سیر 

، والتــي تــم الحصــول ATCC 21332، ومقارنــة إنتاجهــا �الســلالة التجار�ــة مــن العصــو�ة الرق�قــة كــو�ر
موعة الثقافة الأمر�ك�ة. تم استخدام الكروماتوغراف�ا السـائلة عال�ـة علیها من سلالات العصو�ة الرق�قة. مج

) لتحدیـــد ســـیرفاكتین، وق�اســـات تر�یـــز ســـیرفاكتین. أظهـــرت النتـــائج المتحصـــل علیهـــا أن HPLCالأداء (
 Bacillus subtilis 3M. أظهـرت سـلالة Surfactinالعـزلات المحل�ـة الأر�ـع لـدیها القـدرة علـى إنتـاج 

 Bacillus subtilis 1M، بینمـا أنتجـت سـلالة ) مجـم / لتـر3( 117لسـیرفاكتین مـع اج لأعلـى �م�ـة إنتـ
 Bacillus، تــم العثــور علــى إنتــاج ســلالة ) مجــم / لتــر. �الإضــافة إلــى ذلــك5.4( 65أقــل �م�ــة مــع 

subtilis ATCC 21332  تخمیر) ملجم / لتر تحت نفس ظروف ال4( 101عند. 
 

INTRODUCTION 
 

Bacillus subtilis, one of the most studied 
gram-positive bacteria (Li et al., 2010), is a 
sporulating rod bacteria that thrives in the 

soiland is non-pathogenic to human beings 
(Zweers et al., 2008). The ability of Bacillus 
subtilis to produce a lipopeptide has been 
documented for over 50 years 
(Waewthongrak et al., 2014), and the research 
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on its antibacterial effectsis still ongoing 
(Fahle et al., 2022). The antibacterial proper-
ties of surfactinaredue to the ability of Bacil-
lus subtilis to produce a variety of antibacteri-
al agents(Cheng et al., 2018), which includes 
a broad spectrum of potent biosurfactants 
lipopeptides (Sumi et al., 2015). 

The target spectrum of potent biosurfactants 
lipopeptidesproduct in this study is surfactin, 
known as one of the most effective surface 
activeagents available (Sousa et al., 2014). It 
has the ability to reduce the surface tension of 
water from 72 to 27 mN m-1 at a trace concen-
tration as low as 0.005% (Amit & Rukhsar, 
2013). This number is significantly lower 
than most biosurfactant surface tension data, 
as reported by (Al-Bahry et al., 2013). Surfac-
tinis a cyclic lipopeptide consisting of a hep-
tapeptideheadgroup with the sequence of L-
Glu, L-Leu, D-Leu, L-Val, L-Asp, D-Leu, 
and L-Leu, closed to a lactone ring by a C13–15
β -hydroxy fatty acid (Isa et al., 2007). In ad-
dition to high surface activity, surfactinhas-
several other attractive properties (Pereira et 
al., 2013), which include fibrin-clotting inhi-
bition, antibiotic, antiviral, hemolytic, and 
antitumor properties (Chen et al., 2008). Due 
to these properties, surfactin was found to 
have the potential to be applied in biotechnol-
ogy and medicine. This prospect makes sur-
factin production and application very attrac-
tive economically (Jiao et al., 2017) .Surfactin 
utilization for various applications in terms of 
critical micelle concentration (CMC) and 
minimum surface tension will increase the 
high cost of capital investment (Ríos et al., 
2017). Furthermore, surfactinisnot widely uti-
lized in industry due to high production costs 
associated with using expensive substrates 
and strains (dos Santos et al., 2010), suggest-
ed that several factors, such as microbes, the 
microbial growth substrate or feedstock pro-
cessing, and by-product recovery, may influ-
ence biosurfactant production costs. During 
the last four decades,more research has been 
carried out to minimize the cost of surfactin 
production by improving its yield.(Zhi et al., 

2017), managed to produce surfactin of 50-
100 mg/L after 24 hours of culture. Jajor 2016 
used a mineral salts’ medium as fermentation 
media and achieved a surfactinyield of 780 
mg/L with continuous product removal and 
metal cation addition. 

(Mulligan et al., 1989), found an ultraviolet 
mutant of Bacillus subtilis ATCC 21332, 
which produced over three times more surfac-
tin (1124 mg/L).In 1997, Senand Swamina-
thano ptimized the fermentation medium and 
obtained a maximum surfactin production of 
760 mg/L. Another discovery (Wei & Chu, 
2002) used an inorganic salt-enriched medium 
accompanied by appropriate pH control and 
managed to produce a surfactin yield of near-
ly 3500 mg/L, which seemed ready for com-
mercialized applications. These latter efforts 
made it possible to reduce the costofsurfactin 
production. This study aimed to assess the 
ability of four local Bacillus subtilis strains, 
namely (1M, 3M, 7M, and 8M) to produce 
surfactin and compare their production with a 
commercial strain of Bacillus subtilis ATCC 
21332 obtained from the American Type Cul-
ture Collection. 

MATERIALS AND METHODS 

Local isolates of Bacillus subtilisstrains, 
namely 1M, 3M, 7M, and 8M, were obtained 
from the Biosciences and Biotechnology lab, 
Faculty of Science and Technology, Universi-
ty Kebangsaan Malaysia. The commercial 
strain of Bacillus subtilis ATCC 21332 was 
obtained from the American Type Culture 
Collection. At 4oC, bacterialstrains were 
maintained on nutrient agar (NA). Tow loop-
fuls of colonies were inoculated in 100 ml of 
Cooper’s medium, composed of 4% (w/v) 
glucose and mineral salt medium (Jajor et al., 
2016) in 200 ml Erlenmeyer flasks and were-
incubated in an incubator shaker at 200 rpm 
for 24 h at 30oC. 0.5 ml of the seed culture 
was then inoculated into 200 ml of Cooper 
media in 500 ml Erlenmeyer flasks (Wei & 
Chu, 2002). 
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Determination of Bacterial Growth: The 
determination of bacterial concentration was 
referred to the method proposed by (Amit & 
Rukhsar, 2013). Cellular growth was ex-
pressed in terms of optical density at 600 nm 
(OD600nm), measured by a Bio-
spectrophotometer (Eppendorf, Germany). 

Quantitative Analysis of Surfactin: To de-
termine the concentration of surfactin, culture 
samples were withdrawn aseptically and cen-
trifuged at 10 000 × g for 10 min and then 
filtered through a 0.45 µm Nylon membrane 
filter. The surfactin concentration was meas-
ured by using High-Performance Liquid 
Chromatography (HPLC) (Agilent Technolo-
gies, 1200 Series, USA) equipped with a C-18 
column (Agilent Zorbax Eclipse C18, 250 
mm × 4.6 mm, 5µm), and detected at 205 nm 
with a Variable Wavelength Detector (VWD). 
The system was run in isocratic mode at a 
flow rate of 1.5 mL/min with a mobile phase 
of 3.8 m Mtrifluoroacetic acid (TFA) in 80% 
acetonitrile. As a standard, surfactin from Ba-
cillus subtilis with 98% purity from Sigma 
was used. 

Statistical Analyses: The collected data were 
subjected to a mean analysis, a standard devi-
ation of the mean value, and a level of signifi-
cance determination using the Student's t-test. 
The differences between measurements were 
considered significant at the level of (P< 
0.05). 

RESULTS AND DISCUSSION 

Several Bacillus subtilisstrains are inherently 
defective in surfactin biosynthesis due to a 
frame-shift mutation in the sfp gene 
(Abushady et al., 2005) .Bacillus subtilis-
strains were grown using a chemically de-
fined mineral salt (MS) medium. In 1981 the 
medium was designed to promote surfactin 
production and was proposed by Cooper 
(Jajor et al., 2016). Environmental factors 
play a significant role in the yield and charac-
teristics of the produced surfactin. In order to 
obtain large quantities of surfactin it is neces-

sary to optimize the process conditions be-
cause the production of surfactin may be in-
duced by changes in pH, incubation tempera-
ture, aeration, or agitation speed. Results ob-
tained in this study showthe four local isolates 
ofBacillus subtilisnamely (1M, 3M, 7M, and 
8M), have the ability to produce surfactin at 
30oC, 200 rpm for 168 hours in a mineral me-
dium containing 4% (w/v) glucose. 

Time Course of Surfactin Production and 
Cell Growth: Figure1(A) and Figure1 (B) 
show the growth curve and surfactin produc-
tion of B. subtilis1M, 3M, 7M, 8M, and a 
commercial strain of ATCC 21332 using 
Cooper medium, which was composed of 4% 
(w/v) glucose and mineral salt medium 
(MSM). Production of surfactin for Bacillus 
subtilis3M and 7M started at the log phase of 
fermentation and continues until 144 hours of 
fermentation. Maximum surfactin production 
in both strains was achieved in 96 hoursof 
fermentation in the range of 117 (± 3)mg/L -
86 (± 11) mg/L. Maximum cell growth was 
achieved in 72 hours of fermentation. Refer-
ring to Figure1 (B), maximum surfactin pro-
duction was achieved early in the exponential 
phase.For Bacillus subtilis8M, surfactin pro-
duction started at the log phase of fermenta-
tion and continued until 144 hours of fermen-
tation, as shown in Figure 3. Maximum sur-
factin production was achieved at around 72 
hours of fermentation, with a surfactin yield 
of 105 (± 12) mg/L. Referring to Figure1 (A), 
the highest bacterial growth was at 72 hours 
of fermentation and was similar to results ob-
tained by (Abdel-Mawgoud et al., 2008) for 
the production of surfactin by Bacillus subtilis 
Isolate BS5. Surfactinproduction started after 
24 hours and wascontinues for144 hoursfor-
Bacillus subtilis1M. The highest concentra-
tion of surfactin with 65 (± 7) mg/L was 
achieved at 72 hours of fermentation, as 
shown in Figure 1(A),and cell growth remains 
almost stationary from 48 to 144 hours of 
fermentation. Referring to Figure 1(B), max-
imum surfactin production was achieved dur-
ing the stationary phase. Surfactin production 



Al-Mukhtar Journal of Sciences 38 (1): 01-08, 2023 
 

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license. 
4 

for Bacillus subtilis ATCC 21332 startsat the 
log phase of fermentation and continues until 
144 hours. As shown in Figure 1(A), the 
highest surfactin production was at 96 hours 
of fermentation with 101(± 4) mg/L.Cell 
growth remains almost stationary from 48 to 
144 hours of fermentation. Referring to Fig-
ure 1(B), the highest surfactin production was 
during the stationary phase. Surfactin produc-
tion rises during the first 96 hours of incuba-
tion and falls after 120 hours. The amount 
produced was found to be quite similar to the 
previous work done by (Wei & Chu, 2002), 
with the highest amount of surfactin of 100 
mg/L. Surfactin production was reported to 
begin at the late log phase and the early sta-
tionary phase of bacterial growth when nutri-
ents in culture media become scarce 
(Kinsinger et al., 2005). Overall, the results 
obtained show Bacillus subtilis3M produced 
the highest amount of surfactin, whereas Ba-
cillus subtilis1M produced the lowest amount 
of surfactin. In addition, the production of 
Bacillus subtilis ATCC 21332 was found 
quite similar to Bacillus subtilis3M under the 
same fermentation conditions. Statistical 
analysis shows the surfactin production of 
Bacillus subtilis ATCC 21332 strain was sig-
nificantly higher (P≤ 0.01) in comparison to 
Bacillus subtilis1M, whereas there was no 
significant difference between Bacillus sub-
tilis ATCC 21332 and Bacillus subtilis3M (P
≥ 0.05).  

Chromatographic Characterization: The 
High-Performance Liquid Chromatography 
(HPLC) assay used in this research work for 
surfactin identification and quantification was 
highly sensitive and reproducible. The identi-
fication and quantification of surfactin are 
complex since surfactin has a number of 
isoforms (Wei & Chu, 2002). 

 

Figure (1). Time course of bacterial growth (A) and 
surfactin concentration (B):Bacillussubtilis 1M 
(♦);Bacillussubtilis 3M (■);Bacillussubtilis7M 
(▲);Bacillussubtilis8M 
(●);BacillussubtilisATCC21332 (●) 
 
Previous studies by (Wei et al., 2003), 
demonstrated that surfactin has six isoforms, 
while others stated that so far, at least nine 
different surfactin isoforms have been identi-
fied (Abdel-Mawgoud et al., 2008). These 
isoforms differ in the length of the -hydroxy 
fatty acid chain, which is typically C13 to 
C15 (Vater et al., 2002).Therefore, HPLC 
analysis was performed in this study on crude 
fermentation broth to identify different surfac-
tin isoforms that may be present. The surfac-
tin standard chromatogram as shown in Fig-
ure 2, shows eleven different isoforms, which 
were eluted between 8 and 38 min. Of these 
isoforms, six were major namely, peaks 1, 2, 
4, 5, 7, and 8, and five were minor namely, 
peaks 3, 6, 9, 10, and 11. In addition, the fig-
ure shows that all surfactin isoforms were 
well separated except for isoforms numbers 7 
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and 8, which differed in their retention times 
by less than 0.5 min, so they appeared some-
what merged. Surfactin chromatogram in Fig-
ure 3shows Bacillus subtilis 3M produced 
nine different surfactin isoforms and overall 
showsthe closest similarity to surfactin stand-
ard isoforms in Figure 2. The surfactin 
isoforms in Figure 3(designated by letters) 
show very similar retention times compared 
to the surfactin standard in Figure 
2(designated by numbers), except for peaks8 
and 9 in the surfactin standard, which were 
undetected inthesurfactin chromatogram of 
Bacillus subtilis 3M. 

 

Figure (2). HPLC chromatogram of surfactin standard 
from Sigma 

 

Figure (3). HPLC chromatogram of Bacillus  
subtilis3M 
 
Bacillus subtilis 1M produced the least num-
ber of surfactin isoforms with only four, 
whereas Bacillus subtilis ATCC 21332as 
shown in Figure 4, Bacillus subtilis 8M, and 
7M in Figure 6, Figure 5, and Figure 7, re-
spectively produced in the range of six to sev-
en different surfactin isoforms. It appeared 
that the number of surfactin isoforms pro-
duced and the relative abundance of the dif-

ferent isoforms were not the same in both the 
local isolates and Bacillus subtilis ATCC 
21332, which may be related to strain varia-
tions. (Campos et al., 2013) stated that surfac-
tin consists of a family of lipopeptides with 
similar chemical structures, i.e., isoforms, 
which are slightly different in their physico-
chemical properties due to variations in the 
chain length and branching of its hydroxy fat-
ty acid component as well as substitutions of 
the amino acid components of the peptide 
ring. These differences depend on the strain 
variation and the nutritional and environmen-
tal conditions (Abdel-Mawgoud et al., 2008). 

 

Figure (4). HPLC chromatogram of Bacillus subtilis 
1M 

 
 

Figure (5). HPLC chromatogram of Bacillus subtilis 
8M 
 

 
Figure (6). HPLC chromatogram of Bacillus subtili-
sATCC21332 
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Figure (7). HPLC chromatogram of Bacillus  
subtilis 7M 

CONCLUSION 

The main objective of this research is to study 
the production of surfactin by using local iso-
lates of Bacillus subtilis. This study shows the 
four local Bacillus subtilisisolates namely 
(1M, 3M, 7M, and 8M), have the ability to 
produce surfactin at 30ºC in a mineral medi-
um containing 4% (w/v) glucose. Surfactin-
HPLC chromatogram of four local isolates of 
Bacillus subtilisoverall shows a similar pro-
file of surfactin isoforms in comparison to the 
surfactin standard and surfactin produced by 
the ATCC 21332 strain, only differing slight-
ly in terms of abundance of individual peak 
retention times and the number of isoforms. 
In addition, the Bacillus subtilis3M strain has 
the highest capacity to produce surfactin un-
der facultative aerobic conditions, with a 
maximum production of 117 mg/L, and the-
Bacillus subtilis1M strain produced the low-
est amount of surfactin at 65 mg/L, at the 
same fermentation condition. 
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