Romanian Biotechnological Letter Vol. 17, No. 2, 2012
Copyright © 2012 University of Bucharest Printed in Romania. All rights reserved
ORIGINAL PAPER

Plackett-Burman Design to Optimize Biosurfactant Production by Marine
Bacillus subtilis N10

Received for publication, June 15, 2011
Accepted, January 20, 2012

NERMEEN A. EL-SERSY
National Institute of QOceanography and Fisheries, Microbiology Lab. Marine
Environmental Division, Alexandria, Egypt

Abstract

Surfactants are amphipathic molecules which reduce surface tension and are widely used in
pharmaceutical, cosmetic and food industries. In the present study, the production of biosurfactant by
Marine Bacillus subtilis N10 was studied. B. subtilis was grown in Laury broth (LB) medium and
biosurfactant production was evaluated by measuring the biodegradation of Paraffin oil, haemolytic
activity, drop collapsing test, oil displacement test, surface tension and emulsification index (E24)
each 24 h. Plackett-Burman experimental design was used to maximize biosurfactant production.
Emulsification index (E24) (80%) was elevated up to 1.14 fold increase when compared to its
production under the basal conditions. Using the predicted optimal medium, effect of physical
parameters revealed that, optimum temperature was 35 °C with pH of 6, and after 24h of incubation,
will give rise to a highest Emulsification index (86%). Moreover, the stability of the produced
biosurfactant was tested which showed that, biosurfactant produced was stable to high temperature
(100 [1C), neutral to alkaline pH (6-12) and high concentration of electrolyte (up to 20%).
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Introduction

Microbial compounds that exhibit pronounced surface and emulsifying activities are
classified as biosurfactants. They have primarily been used for environmental applications
because of their diversity, environment-friendly nature, suitability for large-scale production
and selectivity [9].

There are many advantages of the biosurfactants as compared to their chemically
synthesized counterpart. Unlike synthetic surfactants, microbially produced compounds are
easily biodegradable and thus particularly suited for environmental applications such as
bioremediation and dispersion of oil spills [23].

Surfactin is one of the most powerful lipopeptide biosurfactants produced by various
strains of Bacillus subtilis. [18,28]. They have many properties: it was found to exhibit
effective characteristics like antibacterial, antiviral, antifungal, antimycoplasma and hemolytic
activities [26]. Addition of a non-sterile biosurfactant obtained from B. subtilis O9 could
enhance biodegradation of aliphatic hydrocarbons from 20.9% to 35.5% and of aromatic
hydrocarbon from nil to 41% [22]. The polycyclic aromatic hydrocarbons (PAHs) pose
potential problem for bioremediation of contaminated sites because of their low water
solubility. The surface-active agents increase the surface area of hydrophobic water insoluble
substrates and increase their bioavailability [30].

Successful bioprocessing will occur only when all the essential factors are brought
together. To understand and control a fermentation process, it is necessary to know how the
organism responds to a set of measurable environmental conditions. Medium development
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(formulation) is an essential prerequisite to get higher productivity using any microbial strain.
The strain production potential not only depends on the genetic nature, but also on nutrients
supply and cultural conditions. So it is important to know the suitable nutrients and cultural
conditions required to achieve higher productivity [29]. In this context, the present study deals
with optimizing the cultural conditions by using Plackett-Burman experimental design to
maximize biosurfactant production by marine Bacillus sp. Moreover the study extended to
evaluate the stability of the produced surfactant.

Materials and methods

Chemicals and reagents:

Bacteriological media components, chemicals, solvents, and reagents were of analytical
grade and obtained from commercial suppliers.

Bacterial isolates

Marine Bacillus subtilis N10 strain was isolated in a previous study [12]. Bacillus subtilis
168, Bacillus lichemniformis 5A1, Bacillus thuringiensis 4G1 and Bacillus sphaericus were
from Bacillus genetic stock centre Ohio State University, UK,. All cultures were maintained
as a spore suspension on Laury broth (LB) medium consisting of the following (g/1): peptone,
5.0; beef extract,3; NaCl 5; and agar-agar 20.0 if solid medium was required. The final pH
was 7.2.

Chemicals and reagents:

Bacteriological media components, chemicals, solvents, and reagents were of analytical
grade and obtained from commercial suppliers.

Submerged-culture Conditions

Inoculum was prepared by inoculating LB medium from 24 hour age slant. Inoculated
LB medium was shacked until reached O.D. of 1.0 at 550 nm. 0.5 ml of the previous culture
was used to inoculate the following medium (g/1): (NH4)2S04, 7.0; Na,HPO,4.12H,0, 3.8;
KH,POs, 3.5; MgS04.7H,0, 0.7; yeast extract, 0.5; and glucose, 20.0. This experiment was
performed in 250 ml Erlenmeyer flasks, each containing 50 ml medium, pH was adjusted to
7.2. The flasks were incubated at 30°C on a rotary shaker at 240 rpm.[7].

Biosurfactant activity assays

1-Biodegradation of crude oil

Colonies of the different strains were inoculated into 100 ml of Marine Broth containing
2 drops of weathered crude oil (modified after Dutta and Harayama[11]), and incubated with
continuous shaking (200 rpm) for 24-48 h at 25 'C temperature. Colonies possessing
biosurfactant producing activity, as evidenced by emulsification of weathered crude oil,
scored as positive.

2-Haemolytic activity

Isolated strains were screened on blood agar plates containing 5% (v/v) human blood and
incubated at room temperature for 24 h. Haemolytic activity was detected as the occurrence of
a define clear zone around a colony [7].

3-Drop collapsing test

Five microliters of the cultural supernatant was added to the surface of two microliters of
mineral oil. The shape of the drop on the oil surface was inspected after 1 min. Biosurfactant-
producing cultures giving flat drops were scored as positive (+). Those cultures that gave
rounded drops were scored as negative (-), indicative of the lack of biosurfactant production
[36].

4-0il displacement test

The selected strains were compared by measuring of the diameter of the clear zones
occurred when a drop of a biosurfactant-containing solution is placed on an oil-water surface.
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The 50 ml of distilled water was added to a large Petri dish (15 cm diameter) followed by the
addition of 20 pl of crude oil to the surface of water, 10 ul of supernatant of culture broth. The
diameter of clear zones of triplicate assays from the same sample was determined [33].

The area of this circle was measured and calculated for Oil Displacement Area (ODA)
using the following equation:

ODA = 22/7 (radius)® cm’

S- Surface tension measurement

The surface tension measurement (s) of cell free supernatant was determined by surface
tensiometer (TD 1 Lauda tensiometer, Germany in Genetic Engineering Institute, Mubarak
City). The values reported are the mean of three measurements. All surface tension
measurements mN/m (mille Neuton/meter) were made on cell-free broth obtained by
centrifuging the cultures at 10,000 g for 25 min [5,6].

Emulsification measurement:

The emulsifying capacity was evaluated by an emulsification index (E24). The E24 of
culture samples was determined by adding 2 ml of paraffin oil and 2 ml of the cell-free broth
in test tube, vortexed at high speed for 2 min and allowed to stand for 24h. The percentage of
emulsification index calculated by using the following equation [33].

E24 = Height of emulsion formed (cm) x 100
Total height of solution (cm)

The ability of the biosurfactant to emulsify some liquid hydrocarbons as different

substrates, such as hexadecane, kerosene, hexane and paraffin oil was determined [2].

Improvement of biosurfactant production

1-Effect of different carbon sources

B.subtillus N10 was grown on the (above mentioned medium) with different carbon
sources. Carbon sources: glucose,fructose, rhamnose, mannitol, arabinose, galactose and
molases were added into the medium at concentration (2%) after sterilization separately.
Fermentations were carried out in 250 ml Erlenmeyer flasks with 50 ml of medium and
incubated at 30°C with an agitation speed of 200 rpm. [24].

2-Optimization of growth medium using Plackett Burman experimental design:

The Plackett- Burman design [25,37] was applied to reflect the relative importance of
various fermentation factors involved in the production of surfactant by B.subtillus N10. For
each variable a high (+) and low (-) levels were tested. The examined variables in this
experiment and their levels are shown in Table 2. Eight different trials were performed in
duplicates.

The main effect of each variable was determined with the following equation:

Exi = (Mi+ — Mi-) / N Where Exi is the variable main effect, and Mi+, Mi- are the
emulsification activity in the trials, where the independent variable was present in high and
low concentrations, respectively, and N is the number of trials divided by 2. Statistical #-
values for equal unpaired samples were calculated using Microsoft Excel to determine the
variable significance.

Verification experiments

A verification experiment was carried out in triplicates, the predicted optimum levels of
the independent variables were examined and compared to the basal condition setting and the
average of surfactant productivity was calculated. Moreover, the Plackett-Burman reverse
medium was applied.

3- Effect of physical fermentation conditions

Effect of temperature on surfactant production was determined in the range of 20-50 °C.
Effect of pH was determined by adjusting the pH of the medium to 5-9 with sterilized 1 M
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NaOH or 1 M HCI at 30°C temperature. The effect of incubation period from 1 — 3 days was
also investigated.

Biomass vield

The culture broth was centrifuged and the cell pellet was washed twice with phosphate
buffer (0.1 M, pH 7.0). The cell mass was dried at 80°C to constant weight. [4].

Stability study of biosurfactant:

The stability of the biosurfactant produced from Bacillus subtilis N10 to temperature, pH
and electrolyte effects was studied as the following test:

Temperature effect: About 4 mL of the culture supernatant were stored at 4 and 25°C
and heated up to 70, 100 and 121°C for 15 min and then cooled to room temperature.

Effect of pH change: The effect of pH was determined by adjusting the culture
supernatant with acid (1 N HCI) or alkaline (1 N NaOH) to pH values ranging from 1 to 12.

Electrolyte concentration effect: From 2-20% NaCl was added to the culture
supernatant then emulsifying activity and surface tension were determined after 24 h.

Results

Screening of biosurfactant producing marine bacteria

As shown in (Table 1). Bacillus subtilis N10 compared with the other bacillus sp.
achieved the largest haemolytic zone, and exhibited the highest activity for oil displacement
test. It also lowered the surface tension and recorded positive results toward the drop collapse
test. Moreover, Bacillus subtilis N10 highly emulsified weathered crude oil in marine broth
within 24 h of cultivation. Therefore, Bacillus subtilis N10 was selected for further
investigations.

Tablel. : Characteristics of biosurfactant producing strains.

Bacillus isolates Emulsification Haemolysis (0]11 Drop Surface
index E24 (%) displacement collapse tension mN/m
(mm) 2
(em)

Bacillus subtilis N10 70.3+0 30+0 28.3+0.12 + 27.3+0.2
Bacillus thuringiensis 4G1 50.5+0 200 12.6+0.1 + 35.6+£0.14
Bacillus lichemniformis 5A1 63.3+0 ND* 19.6+0.13 - 39.5+0
Bacillus subtilis 168 66.5+0 10+0 - - 30.6+0.5
Bacillus sphaericus 57+0 ND* 3.14+0.17 - 38.14+0.7

*ND= not detected

Effect of biosurfactant against different emulsified substrates

As illustrated in (Fig.1) Biosurfactant produced by Bacillus subtilis N10 has emulsifying
activity against all tested hydrocarbons. Hexane and hexadecane were recorded as the lowest
emulsified substrates (63 and 60 % respectively), while Paraffin oil and kerosene were the
best substrates for emulsification (70and 65%). On the other hand, Biosurfactant produced,
lowered the surface tension of paraffin oil to 27.3 mN/m. Therefore, Paraffin oil was selected
to be the substrate for all coming experiments.
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Fig.1. Emulsification activity (%) and Surface tension by Bacillus subtilis N10 on different
substrates.

Effect of the various carbon sources on biosurfactant productivity

The isolate is able to grow on the various carbon sources tested. However, the
emulsification activity and surface tension values varied significantly (Fig.2.). B. subtilis N10
showed the lowest biosurfactant production by using fructose as a sole source of carbon
where the emulsification activity was 50.2%. Biosurfactant production by using rhamnose and
mannitol gave considerable values (67.2 and 66.2 % respectively), while using of glucose as a
sole carbon source achieved the highest emulsification activity (71%). Moreover, using
glucose as a carbon source lowered the surface tension fortunately nearly the same value as

using paraffin oil as a substrate. Therefore, glucose was used for Biosurfactant production
from B. subtilis N10.

B Emulsification index (%} ™ Surface tension (mM/m}

2C p

Emulsification 60 [

index{%) I
Surface tension

{mN/m) 26 F
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Fig.2.: Emulsification index E24(%) and surface tension of Bacillus subtilis N10
after growth on different carbon sources for 24h.
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Optimization of biosurfactant production by Plackett-Burman design

This design was applied with nine different fermentation conditions as shown in Table 2.
All experiments were performed in duplicates and the averages of results of emulsification
activity (%) and biomass (O.D. at 550) are presented as the response in Table 3. The main
effect of each variable on surfactant production and biomass estimation as well as t-values were
estimated for each independent variable as shown in Table 4 and graphically presented in
Figure 3(a,b). The results indicated that the presence of high levels of Na,HPO4, KH,POy, ,
NaCl and yeast in the growth medium affects surfactant production positively. On the other
hand, the presence of (NH4)>SO4, MgS04.7H20 and glucose at their lowest levels would result
in high surfactant production. Moreover, the presence of high levels of Na,HPO4 and yeast
extract in the growth medium affects biomass production positively and the presence of
(NH4),S04, KH,PO4, MgS04.7H,0, NaCl and glucose at their lowest levels also would result
in high biomass production.

Table 2. Factors examined as independent variables affecting surfactant
production and their levels in the Plackett-Burman experiment

Variable Symbol Level

(g17) -1 0 +1
(NH,), SO, NH 5 7 10
Na,HPO, Na, 2 3.8

KH,PO, KH 1.5 3.5

MgS0,.7 H,0 Mg 0.3 0.7 1.5
NaCl Na 2 5 7
Glucose G 15 20 25
Yeast extract YE 0.2 0.5 1

Table 3 : Results of the Plackett-Burman experimental design for 7 factors

Independent Variable Response
frial NH Na, KH Mg Na G YE | Emulsification Biomass

index (%) (gD
1 1 1 1 o+l o+ 41 76.25 2.3
2 +1 -1 -1 1 -1 +1 +1 70 .00 2.9
3 T B R RS 77.14 3.3
4 e T ES T S 70.00 3.2
5 -1 -1 +1 +1 -1 -1 +1 77.37 3.0
6 +1 1 +1 1 I q 77.14 2.8
7 -1 +1 +1 1 -1 +1 -1 77.37 2.98
8 T 76.67 2.24
9 0 0 0 0 0 0 0 70.0 2.42

7054 Romanian Biotechnological Letters, Vol. 17, No. 2, 2012



NERMEEN A. EL-SERSY

Table 4: Statistical analysis of the Plackett-Burman experiment results.

Emulsification % Biomass (g/l)

Variable Main effect t-value' Main effect t-value
(NHy),; SO4 -34 -1.77 -0.1 -0.37
Na,HPO, 0.1 0.042 0.2 0.63
KH,PO, 3.79 1.94 -0.1 -0.59
MgS0,.7 H,0 -0.3 -0.14 -0.3 -1.16
NaCl 3.1 1.456 -0.3 -14
Glucose -0.32 -0.14 -0.4 -2.09
Yeast extract 0.11 0.042 0.3 0.7

't-value significant at the 1% level = 3.70, ¢-value significant at the 5% level = 2.446, t-value
significant at the 10% level = 1.94, t-value significant at the 20% level =1.372, Standard ¢-values
are obtained from Statistical Methods [8] (Cochran & Snedecor, 1989).
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Fig.3a: Elucidation of fermentation conditions affecting emulsification index E24 (%) by B.
subtilis N10
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Fig.3b: Elucidation of fermentation conditions affecting biomass production by B.

subtilis N10
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In order to evaluate the accuracy of the applied Plackett-Burman statistical design, a
verification experiment was applied to compare between the predicted optimum levels of
independent variables, anti optimum levels and the basal condition settings. It was found that
the production of surfactant (expressed as emulsification index %) increased to (80%) with
(1.14) fold increase when compared to its production under the basal conditions (70 %), while
anti optimum conditions resulted in decrease to 55% as emulsification index. On the basis of
the calculated #-test (Table 4), KH,PO4, (NH4)2SO4 and NaCl were the most significant
variables affecting surfactant production. Their interactions were illustrated in Figure 4(a,b)
which showed increase of surfactant production with the decrease of (NH4),SO4
concentration and increase of KH,POy4 and NaCl concentrations, indicating indirect
relationship between these three factors for high yield of surfactant.

From all the previous results we can conclude the composition of the predicted
optimized medium for high surfactant productivity as follows (g/1): (NH4), SO4, 5; Na;HPO,,
5; KH,PO4, 5; MgS04.7 H>0, 0.3; NaCl, 7; Glucose,15; Yeast extract, 1.

While the optimized medium for high biomass production is as follows (g/l): (NHa)>
SOs4, 5; Na,HPOy, 5; KH,POy4, 1.5; MgS04.7 H,0, 0.3; NaCl, 2; Glucose,15; Yeast extract, 1.

Emulsification % = 77 .0932-0. 718 x+1 08257y

(a}

|
5
g !
2
a b
=
I =0
Bl =
— kG
B 74
Bl 2
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Emulsification % = 77.808-0.716*x+0.823%y
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Fig.4: Fig.4: The interaction between (NH,),SO; and KH,PO, concentrations (a) and
(NH,4),SO,4 and NaCl concentrations (b) as function of emulsification activity (%).

Effects of temperature . pH and incubation period on surfactant productivity

Fig. (5a), Showed the maximum emulsification activity and biomass production at 35°C
with this strain. Emulsification activity was increased within the range of 30-35°C. One of the
parameters investigated in this study, was the effect of pH on emulsification activity and
biomass production Fig.(5b). Emulsification activity by B.subtilis N10 showed that pH at 6
was the most suitable point for maximum emulsification activity and biomass production.
Lower or higher pH values caused rapid decrease. B. subtilis N10 was allowed to grow at the
optimized conditions for different times (24, 48 and72 h) Fig.(5c). The highest emulsification
activity (86%) was achieved after 24 h of incubation, at 35°C and pH was adjusted to 6. The
highest biomass was scored after 48 h (4.2 g/l). From the obtained results, we can conclude

that the optimum temperature was 35°C with pH of 6 after 24h of incubation will give rise the
highest Emulsification activity (86%).
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Fig. 5: Effect of temperature (a), pH (b) and incubation period (c) on Emulsification
activity and biomass production.

Stability of Biosurfactant:
pH of culture cell-free broth was varied from 2-12, to study its effects on emulsification
activity and oil displacement area. Emulsification index was almost stable (78%) in pH range
from 6 to 10, but at acidic pH, its activity decreased especially at pH 2-4 (Fig. 6.a.). For oil
displacement area assay, the produced biosurfactant was also stable at pH range 6-10, but at
higher and lower pH, it presented a decrease in oil displacement area.
The emulsification index (77%) of the produced biosurfactant was stable in the presence of
NaCl in the concentration range of 2-20% w/v (Fig. 6.b.). On the other hand, its oil
displacement area decreased at high NaCl concentration (above 10% w/v).
The emulsification index (71%) of the produced biosurfactant from B. subtilis N10 indicated
that no appreciable changes with temperature except for at 121]C it dramatically decreased
(62%). Its oil displacement area decreased when stored at lower (4,25 [IC) and higher
temperature 12101C (Fig. 6.c).
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Fig. 6. Emulsification index and oil displacement area, versus pH (a), NaCl (b), and
Temperature (c) of Biosurfactant produced from B. subtilis N10.

Discussion:

Biosurfactants are biologically surface-active agents produced by various
microorganisms such as bacteria, yeasts and fungi as membrane components or secondary
metabolites. Among bacterial species, recent studies are focused on Bacillus genus for their
ability to produced lipopeptides, a class of biosurfactants with antimicrobial effects.
Lipopeptides are low molecular mass biosurfactants, including surfactin, iturin,
lichenysinsmycosubtilin, arthrofactin, etc.), and exhibit surface-active properties, and
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antimicrobial activities. Bacillus subtilis produced a broad spectrum of bioactive lipopeptides
with a great potential for biotechnological and biopharmaceutical applications [35].

Haghighat et al. [21] concluded that Bacillus licheniformis and Bacillus subtilis had a
capability to reduce surface tension in their culture broth to values 30 and 29 mN/m and some
effective biosurfactants are able to reduce the surface tension of water from 65 mN/m to 29
mN/m. The present results are comparable with these results. Moreover, the present results
showed that the biosurfactant produced by Bacillus subtilis N10 has potential production with
an emulsification activity value of 70% against Paraffin oil. This result is promising compared
with the values reported from biosurfactants produced by different microbial species. Haddad
et al. [20] found that Bacillus subtilis HOB2 has emulsification value (68%) against kerosene.
These strains which can form emulsions suggest potential application as cleaning and
emulsifying agent in food industry. Alternatively, in this study, it was found that glucose was
the best source of carbon within seven types of carbon sources, for the production of
biosurfactant. This results agreed with [31,34]. They studied the effect of four types of carbon
including glucose, on biomass and emulsification %.
Plackett-Burman design is one of the so-called "screening designs." Such designs are
traditionally used for identifying important factors from among many potential factors. In the
analysis of these designs, usually only main effects are estimated. In the traditional method,
such screening for each category of the sources is done at an arbitrarily selected level of each
source, one category at a time, while keeping the other parameters or ingredients constant,
again at arbitrarily selected levels. Difficulty is also faced in selecting the levels at which to
fix the ingredients of other categories and also the selection of their sources. The data thus
generated are used to select a few compounds in each category, based on highest product
promotion. Different levels of the selected compound are then evaluated to achieve optimum
level. The interactive effects among the sources of different categories are ignored completely
in such traditional methods for want of better practices or exposure to design methods. So,
statistical experimental designs are powerful tools for searching the key factors rapidly from a
multivariable system and minimizing the error in determining the effect of parameters.
Therefore, results are achieved in an economical manner. [1,13,14,15,16].
In this study, Plackett-Burman main effect results revealed that, 1.5 % glucose was the
optimum concentration for maximum biomass and Biosurfactant production. Studies of [32]
which concerned with the growth kinetics and biosurfactant production of B. subtilis MUV4
in Mckeen medium containing 0.5-2.5% (w/v) glucose, showed that glucose had a profound
effect on growth as well as biosurfactant production. Where, maximum growth was found in
the medium with 2.5% glucose but maximum biosurfactant production was obtained in the
medium with 1.5% glucose. This study concluded that, 1.5% concentration of glucose
enhanced both of surfactant and biomass production. Furthermore, several studies have
indicated that the type of medium and growth conditions can influence on the type and yield
of biosurfactant [21].
Abushady et al., [3] reported that, another constituent than carbon sources can also affect the
production of surfactin, where inorganic nitrogen sources are efficiently enhanced the strains
for production of surfactin than organic nitrogen sources. NH4sNO3, and NaNO; gave a high
yield of surfactin concentration compared with the other inorganic nitrogen sources used in
their study. This was in contrast with our results, where low concentration of (NH4), SO4
(5g/1) enhance biosurfactant as well as biomass production.
Moreover, low concentration of MgSO4 (0.3 g/l) enhances both surfactant and biomass
production. This was greatly supported by Dehghan Noudeh ez al. (2009) [10].

Culture of the selected B. subtilis N10 strains was incubated at different temperatures from
30- 50°C.The incubation temperature was found to have a great effect on biosurfactant
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production from the studied strains. The temperature values below or above 35 °C caused a
low yield of biosurfactant production, also Abushady et a/ [3] estimated similar results .

The pH of the medium plays an important role in phospholipids production by 7. bombicola
[17]. Rhamnolipids production by Pseudomonas sp. was at its maximum in a pH range of 6.0
- 6.5 and decreased sharply above pH 7.0 [19]. Powalla et al. [27] in their studies on penta-
and disaccharide lipids production by Nocardia corynebacteroides found it to be unaffected
by the pH in the range of 6.5-8.0.This study coincided with these results , B.subtilius N10
gave the maximum production at pH 6.

When the surfactin production medium was inoculated with the B.subtilis and incubated for
different incubation times from 24- 144 h, it was observed that surfactin concentration
increases with the increase in incubation period up to 72 h but no increase in surfactin
concentration was observed above this level on further increase in incubation period [3], on
the other hand, B.subtilius N10 gave the maximum production after only 24 h.

Stability of Biosurfactant was tested by Techaoei, et al [34], who reported that The
biosurfactant produced was stable to high temperature, neutral to alkaline pH (pH 6-10) and
moderate concentration to electrolyte (up to 8% NaCl). While our study revealed that,
biosurfactant produced was stable up to 100 C, neutral to alkaline pH (6-12) and high
concentration to electrolyte (up to 20%).

Conclusion:

Our study proves that statistical designs, especially Plackett-Burman, can be powerfully used
to maximize any microbial production which has important application values.
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