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CHAPTER I1I

A Simple and Effective Isocratic HPLC Method for Fast Identification and

Quantification of Surfactin

3.1. Introduction Y'

Surfactants, which can be either chemically or biologically produ defined as
surface active agents that have wide ranging and attractive proper Al-Araji et al.,

2007). Surfactants produce by biological synthesis are knowaiosurfactants and

can be generated by a variety of bacteria, yeasts, an hlough utilization of
various carbon feedstocks, such as sugars and oil (Ch al., 2 iosurfactants
are usually produced during the stationary pha ekcre a@‘?econdary
metabolites during growth in microbial culture bro Geogg v}l]; al 92; Wei et

al,, 2007). i &
. &” W

vel c 1 nts including being
entyll f@ndly, as well as able to

mes dlffiﬁht temperatures and pH

Biosurfactants offer various advantages

less toxic, but more biodegradable an

maintain their physico- chemical

(Mulligan, 2005). Due to thes alt ctlve op le has been increased interest
in biosurfactants for app catl Lﬁéjﬁelds such as food, medical,
pharmaceutical, wsmem d ort !llt indy®ies (Banat ef al., 2000). In addition,
biosurfactants possess @ udiqu \c plopemes of biomedical importance
(Singh and Came 04 4219 rt antiadhesive activity against several
pathogenic mlCI 1sms ( elfrel%ﬂfn et al, 2000). These features make

biosurfactants wmable altemamks to chemically synthesised surfactants for a

variety of, atlons.

Research on the formulation, characterization, and pharmacokinetics of surfactin
reveal an accurate, effective, quick, and reproducible analytical method for the
identification and quantification of surfactin. Identification and quantification of
surfactin produced by Bacillus subtilis ATCC 21332 is complex since it produces a
series of isoforms that differ slightly in their physiochemical properties due to

variations in the chain length and branching of its hydroxy fatty acid component
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(Hosono and Suzuki, 1983), as well as substitutions of the amino acid components of

the peptide ring (Peypoux, 1991).

High-performance liquid chromatography (HPLC) is one of the best methods used to
identify and quantify surfactin and has been described in various lepo the
literature (Lin et al., 1998; Isa et al., 2007; Wei et al., 2002; Fonseca 007)
Most of the previous methods used employ gradient elutlon‘\ causes

base line shifting and is time consuming, with a total sampling tlv more than
35 minutes (Lin et al., 1998; Isa et al., 2007; Wei et al., 2002; aetal., 2007).

A delay in total sampling time will result in the use of lncﬁums of the mobile

phase, which is not necessarily cost effective.

3n invglv rlea&‘mmg the
e bfo b%Y.thm layer

Earlier studies on surfactin identification and quanti

surface and interfacial tension of fermentation

chromatography (Cooper et al., 1981). However; i 1eth@5g satisfactory
for quantitative analysis of surfactin. In 00@16 H a@escubed in this

paper is specific for surfactin identifigygn an ti on and is highly
sensitive, quick and reproducible. %s afde dga quicker and more
reliable HPLC method for qualita lve\nkasurements of surfactin

1ve
with variable formulation. Th%‘gtlve 1th e h presented in this paper

\n’é d, @ch offers a well separated

is reproducible, accurate, and

was to develop an 1mp10v

individual peak with the\ me
0

has a minimal duxallo‘% tgl &l ’ ‘ufé) In this study, a novel isocratic
HPLC method w1th v e ve tector (VWD) was developed and is

considered an 1m o meth {odﬁahtatlve and quantitative analysis of

surfactin in &son to various meﬁods previously reported.
3.2. Mat@n

d methods

3.2.1. Apparatus

An Agilent 1200 series HPLC system consisting of a vacuum degasser, quaternary
pump, autosampler, thermostatted column compartment, and variable wavelength

detector was used. Data acquisition was performed using Chemstation sofiware

(Agilent Corporation).
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3.2.2. Surfactin standard and chemicals

Surfactin standard of 98% purity was purchased from Sigma-Aldrich (Sigma, USA).
Acetonitrile (ACN) and Trifluroacetic acid (TFA) solution of HPLC grade were
purchased from RCI Labscan (Thailand) and Merck (Germany), 1espectively.
Deionised water was obtained from the Microbiology Laboratory of U \ m Sains

Islam Malaysia (Negeri Sembilan, Malaysia). Deionised water w @ed using a
system equipped with 0.2um filter.

3.2.3. Chromatographic conditions V
HPLC system equipped with a Chromolith® high perforr z 18 (100 mm x 4.6
mm, 5 um) column was operated and maintained at phase mixture

consisting of an ACN and 3.8mM TFA solution withfhgo of |80: 'v zggilmped n
an isocratic mode with a flow rate of 2.2 ml/m injgey ol%‘ﬂe of surfactin

was set at 30ul and was detected through a % et 205 n. Each analysis

_JEP

was completed within 8 minutes. 6g

I‘ A
3.2.4. Preparation of surfactin stock an ti %
Yo

Methanolic surfactin stock standard yOn W p t 5000 mg/l. Later, a series

of surfactin solution of 10 to 1 OWwevyl le dllutlon of the stock solution

with methanol and were then storeg at 4 °€ x-'t&gse
3.2.5. Preparation of t %ﬂ e P luél.‘f

A 3.8 mM TFA solu le pfep ﬂ] L volumetric flask filled with deionised
water and stirred mpka&.jgsol n. Later, the TFA solution and ACN were

filtered through m nylon ﬁlter@d degassed prior to use.

3.2.6. %Eandation
The HPL

repeatability, intermediate precision, sensitivity and recovery with slight modification

ssay of the surfactin fraction was validated in terms of linearity,

and approach based on methodology proposed by previous research (Snydeir et al.,

1994; Li et al., 2012).
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3.2.6.1. Linearity

Ten standard surfactin solutions were prepared by dilution of the stock solution with
the ethanol as solvent. The obtained chromatograms were analysed using Chemstation
software. The surfactin calibration curve was constructed by plotting graphs of the

total peak area (TPA) against various concentrations of surfactin stand 'd.?ﬁe slope,
y-intercept and linearity of the curve were determined by linear regreEQZ).

3.2.6.2. Repeatability z

Instrumental precision (system precision) was determined Nyzing 10 different
concentrations of each surfactin catechin in five replicat ISY;olls (Snydeir et al.,
1994). While, Intra-assay precision (method precision de i Py analysis of
five independent standard solutions of three different entrdtio t])r_\eagl'surfactin

(Snydeir et al., 1994). b 4 \)Y'

NN
el

&éoncentrations of each

3.2.6.3. Intermediate Precision

Intra-day repeatability was obtained u)analy )

—

surfactin at four different times in o " Infr-d ep@ility was determined by
analyzing the three concentrationg (Nch s “times on three consecutive
days. All injections were carffe Xt.in t’ipli tb.§ precision of the assays was

%@ g tivg dard deviation (% R.S.D) of

calculated in terms of pe\

determinations (Li et a/..@

&
3.2.6.4. Sensitivity Q’ P ): §}
Sensitivity of thﬁ C method

detection (L@d limit ofquantihation (LOQ) based on the standard deviation of
and

determined by the estimation of limit of

the respo the slope (S) of the standard curve using the following equations
(Eq.) 1 .2 (Lietal, 2012):
LOD = 3.30/S (Eq. D)

LOQ = 100/2S (Eq. 2)
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X
&
O
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\
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c}'“\
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o

days. All injections were cart
calculated in terms of pe Q{tage
determinations (Li et al., 1 {Q
Ml 2
29
&
3.2.6.4. Sensitivity < : 4\
Sensitivity of t@ C method \@3- determined by the estimation of limit of
detection (LO limit of quantlhcatlon (LOQ) based on the standard deviation of
%d the slope (S) of the standard curve using the following equations

the respon:
(Eq.) I an .2 (Lietal, 2012):

LOD = 3.30/S (Eq. 1)

th‘(J%(S(andald deviation (% R.S.D) of

LOQ = 106/2S (Eq. 2)



3.2.6.5. Recovery
Blank sample prepared by the above method were spiked with a mixture of surfactin

standard. The recoveries of each surfactin at three concentrations levels were

determined by measuring the percentages of detected concentrations over aw
concentrations (Li et al., 2012). %\
3.2.7. Sample Preparation

The commercial strain of B. subtilis ATCC 21332 used in this study@ided by

the Microbiology Laboratory, Faculty of Science and Technolpg rversity Sains

A z{t 4 °C prior
pe ’SW‘I‘ (%040
(w/v) glucose and mineral salts) (Cooper et al., 198{@&' I a' Z@ml
Erlenmeyer flasks, and were incubated in an 1ncubato% at 24 at {/R’C for
24 h. Then, 0.5 ml of the seed culture was inoculaged i )

Coop¥'s media
in a 500 ml Erlenmeyer flasks under same copd e

xc 1, 2Q02) for 96 h.
Samples were withdrawn aseptically for funh rH f§ ysw O

. " (|}
3.3. Result and Discussion Q%
3.3.1 Determination of Suitable Su {1y Se ion

Figure 3: HPLC Chromatogra 1fact1! sta

Islam Malaysia. Bacterial strains were maintained on nutrient a

to use. Two loopfuls of colonies were inoculated in 100 ml o

o

mAU| Ab Q (§§,
(3

200

150 :
\ f\“ | \ B ‘x
100 | % nesl ‘/ \l
R i
B ey
50 . o |\ || ‘J‘ \
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The total elution time and separation of individual surfactin peaks was
highly dependent upon the ratio of ACN and 3.8 mM TFA used in the
mobile phase. Mixtures of trace amounts of TFA in deionised and ACN are
suitable as a mobile phase for surfactin analysis and agrees with similar
work on quantitative measurements of surfactin that has been previously
reported (Isa et al, 2007; Wei et al., 2002; Fonseca et al., 2007) AYZeptable
resolution of surfactin peaks was not obtained with ACN a&%ﬁt solution
ratios of about 60:40, 70:30 or 75:25. The optimum separgtion” of surfactin
individual peak was achieved with mobile phase congg ]tX.SO:ZO ratio of
ACN and 3.8mM TFA, respectively. This ratio wag d imilar to multiple
previously reported findings (Isa et al., 2007; Fonse a .,|2007; Joshi et al.,
2008; Hsieh er al., 2004). The presences of TFA in deioed s.meile phase
hé r.k‘f}ntion times
for surfactin were recorded at 2.13, 2.57, 2.78, 3. .65?§Y.66. 6.27, 6.46

and 7.18 minutes, as shown in Figure 3. T f&k minutes, which

resulted in both satisfactory resolution of&j‘w 1 g

time compared to previously reported 1 gﬂ}i (I@x @Isa et al,2007; Wei et

al., 2002; Fonseca et al., 2007). \‘é " "
¥ |7

could suppress the dissociation the structure of surfa soforgs

3.3.2. Validation of Method
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3.3.2.1. Linearity

Figure 4: Plot of TPA versus various concentration of surfactin standard.

Total peak area (mAU%*s) vs surfactin concentration (mg/1)
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The calibration curve grap surdact .-2‘1' n in Figure 4, was

constructed by plotting&*totz‘l k géd (TPA) against various
S

concentrations of surfact : tist@lory linearity was obtained in

the range of 10 to g/ (. 1{)@ X, 7 = 0.9935, y = TPA, x =

amount of surfact] %alﬂ 1 g/l)qﬁle equation derived from the
%‘(ionship of

graph representsgh

a0
Surfactin Sta

| -
-

to various concentrations of surfactin.
Independent \ were performe} to analyse various concentration of
surfactin %d. A significant difference was achieved between the
results aghed by HPLC from increasing concentration at 95%
confidence level (P <0.05). The calibration curve exhibited good linearity over
increasing concentrations of surfactin tested, with correlation coefficients (r?) of

0.9935. The limit of detection (LOD) achieved for the surfactin standards

wn /1 |
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was 5 mg/l per injection volume of 30 pl. The high precision and low LOD
indicated that the proposed method was reliable for quantitative analysis of

surfactin.

3.3.2.2. Precision
Table 3: Instrumental precision and intra-assay precision (meﬂgi SD).

Concentration Instrumental Precision® Intra-assay P s18n
Z)

(mg/l) Peak area RSD Peak area (1 RSD
(mAU*s) (%) (%)

0 0.00 + 0.00 0.00  0.00 £ Y.' 0.00
10 109.01 +2.03 1.86  102.37W2. \d Qz37
20 231.49 +2.40 1.04 é : | S 20
50 510.62 + 1.88 0.37 ¥ 043
100 1015.89 + 8.71 0.26
200 2158.98 +5.57 ‘N,g 0.51
400 3512.27 + 13.49 8 0.61

0.22

500 5695.47 + 3.53 %0
600 6340.06 + 22 £ . 0.23
800 7858.49 i% 3 ‘_' 0.30

1000 10495, 14. O'l 13 0473 77 £ 20.54 0.20

@ Three injection of each sam &
" Three injection of each sa =3) ‘?0" C.)
o
The relative stand iati® ) UQH to assess instrumental precision and intra-

assay pICClSIO wn in Table @he instrumental precision was measured by
repeated injec f the same homogeneous sample while Intra-assay precision was
delelmme measuring independent surfactin standard solutions of varying
concentra (L1 et al., 2012). This was repeated for all of the standards. A

correlation between the analyte peak area and surfactin standard at various
concentrations was observed with r* = 0.9933 and r* = 0.9929 for standard
curves for instrumental precision and intra-assay precision data as shown in
Table 3 respectively, with r* = 1 for both. Meanwhile, the RSD value of both

instrumental and intra-assay precision of the surfactin solution were below 2.5%,
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indicating both HPLC and the proposed method were highly precise, accurate, and

reproducible for quantitave analysis of surfactin (L1 et al., 2012).

3.3.2.3 Intermediate Precision

Table 4: Intra-day and inter-day reproducibility of the assay (means ig’ 3).
Concentration  Intra-day reproducibility of peak Inter-day rep (ﬁ? ility of
(mg/1) area pea&re

Average (mAU*s) RSD(%)  Average(m ) RSD(%)

0 0.00 + 0.00 0.00 0.00

10 97.64+ 2.52 2.58 2.75

20 231.94 +2.65 1.14 J 1.90
50 480.66 +10.91 297 1572
100 984.05 + 11.08 1.13 0.92
200 21373+ 11.24 oﬁ-}’ 0.64
400 3415.75 + 15.60 h& 125
500 5718.64 +31.06 gszﬂ 0.24
600 6376.41 + 53.6$ raj 0.68
800 7882.73 + 1% '.%_(j 0.46
0.75

1000 110354649667 I> 46

N A
Intermediate precis@l‘he PR : 1@:}@ was determined by assessing intra-day
and inter-day rm bility. The reggt's of intra- and inter-day reproducibility are
listed in Tabl Nle RSD values fol\all tested groups were approximately or less than

3%, whic ¢ considered an acceptable value for quantitative analysis of surfactin

(Li et af?
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3.3.2.4. Sensitivity

The sensitivity of this HPLC method was determined by LOD and the limit of
quantification (LOQ). LOD is the lowest analyte concentration detectable by HPLC
for the proposed method. On the other hand, the LOQ is the lowest concopégagion that
can be quantified accurately by the proposed method. The LOD and L, @: 5 mg/l
and 7 mg/l, respectively. Compared to other reported HPLC metlmk e sensitivity
of the described method was considerably improved. Y~

3.3.2.5. Recovery Y.
Table 5: Recoveries of surfactin (means + SD, n=3). é '

. 2N
Concentration  Concentration Detected (mg/1) @very’ l @ (%)
V)

spike (mg/l) (%) ) &
10 952 +0.16 z . Q\‘ 1.67

20 20.47 £ 0.29 1.43
50 47.05+1.1 259
100 213
200 242
400 1.08
500 0.43
600 0.88
800 2.64
1000 201

The recayerymeasures the closeness between the theoretically added amount and the
experimental value. It was performed by spiking the surfactin standard solution with a
known concentration. The recovery of the sample at different concentrations was
above 94% with RSD values below 3%, as shown in Table 5. The results indicated

that surfactin can be fully recovered using the column proposed in this study.



3.3.3. Chromatograpnhyv of surfactin in culture broth of B. subtilis ATCC 21332

Figure 5: HPLC Chromatogram of surfactin in culture broth
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The proposed method was also tested wit ctg synt sxzed;‘rom culture broth of
br
) . ot N :
products and residues such as pr elws’gar, ipi Im ds, and different types of
g’ ’l t

amino acids (Pursell et al., 200%).

e CO\ ndt
culture broth makes ide@ionl quan@ation of surfactin difficult.
: rfacti iﬁ y[fefent
Furthermore, surfactin h &e (& I

the peptide sequence a efal., |9 gyend on the bacterial strain, nutritional
supply, and envirm&onﬂ' :appl@' during fermentation (Oka et al., 1993).
Figure 5 shows A)matogram of s@\ from culture broth of B. subtilis ATCC
21332. It has 11 similarity to the surfactin standard chromatogram shown in
Figure 3 ™Nwas of the elution time and separation of surfactin individual peak
respectl ith a total elution time of approximately 8 minutes. Determination of
the surfactin concentration in the culture broth of B. subtilis ATCC 21332 was

conducted by summing the area under all of the surfactin peaks in the chromatrogram

(Figure 3) and then calculated using the equation of y = 10.413x, obtained from
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Figure 4. The surfactin concentration in the culture broth of B. subtilis ATCC 21332
was 168.28 + 5.49 mg/l, as determined by performing the injection in tr{&te.

3.4. Conclusion *

An efficient and sensitive HPLC procedure for qualitative and quw&ve analysis of
surfactin has been successfully developed with total eluti(Nrne of 8 minutes.
Linearity of analysis was achieved up to at least 1000 m rfartin with more than
95% recovery. Reducing the total elution time of sur n a W.important for
ing Jthe 't@v;nore cost
the tthAd %Vposed in this
olu‘l stre Yz.md downstream
processing methods of surfactin, which\ﬁ')mrea @petitiveness of the

commercial uses of biosurfactants in 1-e13€'0n to ogl?n (@urfactants.

S

reducing the amount of mobile phase used, thereb

effective and environmentally friendly. Further

research work can assist in reducing the total
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