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CHAPTER VI
Single-step Cross-flow Ultrafiltration for Recovery and Purification of Surfactin

Produced by Bacillus subtilis ATCC 21332 and Bacillus subtilis MSH1

6.1. Introduction

Bacillus subtilis is a sporulating rod bacterium that thrives in &l' and 1is
nonpathogenic to human beings (Zweers et al., 2008), making 4 ¢ of the most
studied Gram-positive bacteria (Driks, 2002). The ability of Rs'ﬂbtilis strains to
produce a series of lipopeptides (surfactin, iturin and fengy? been documented
over 60 years (Xiao er al., 2008) and it is a high-Vige ioProduct that offers
advantageous application in various fields as an 4 ativ lace chemical
surfactant. Surfactin is a heptapeptide linked to a B%xy fofty afi¢ ;{3&. of 13-16

eved cti{,‘i’s' an expensive

carbon chains and consisting of series of isoform
lipopeptide, which makes it unable to competgef] ctiuf\th Q&ical surfactants

due to downstream processing contributes 0% ol ro@ﬁon cost (Oka et al.,

1993) caused by the complexity of ferm ion g\qh ]@ontains impurities such
> 8 :

as proteins, sugar, lipid compounds b fertht typhs Q}@nmo acids (Keller et al,

2001; Mulligan ef al., 1990). N $
ey I i e
In recent years, a lot of effort has ben K dl't&d,educe the downstream processing
costs, including the use ot@fr diongion @vis et al., 2001), acid precipitation
(Chen et al., 2007; Rej NIJLO :dxt@gon using organic solvent, adsorption

chromatography or na y t techniques. Unfortunately, all of these
techniques give lo ctin{) 1t}’(<\, %), which makes them not good enough and
leaves room fm@vemem in ordg’ to achieve higher performance of downstream
processing ition, some of the approaches involving two-step treatment of
fermema@olh (Lin et al., 1997; Isa, et al., 2007; Isa et al., 2008) make it
impractical and less attractive for industry purposes. Furthermore, most of the
conventional methods the use of toxic organic solvents such as chloroform and
dichloromethane and these causes the final product suffer from the loss of

biosurfactant activity. Hence, there is a demand to develop more economic and

environmentally friendly method to improve the current downstream processing

technique.
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Surfactin separation efficiency from fermentation broth is the most essential
requirement in developing commercial-scale processes. One of the alternative
techniques for downstream processing is membrane filtration. Membrane filtration
system was considered by researcher (Lin e al., 1997; Isa, et al., 2007; Isa et al.,
2008) for the purpose of recovery and purification of biosurfactants because it is
environmentally friendly and economical for the purpose of thernstream
processing. Membrane filtration, which is widely applied in vari N cal and
biochemical processes, uses pressure-driven force applied to a ma&ane to suspend
species based on the size and molecular shape (Oka et al., 199 ore importantly,
the membrane filtration process involves no phase change (Mman et al., 1990) and
thus enables the molecular structure to be preserved! 1uc‘1 of the literature,

membrane filtration meets downstream separation be aw concentration
L

and purification of the final product surpasses thf@ation of Jrgdigtdrial methods

(Sen et al., 2005; Chen et al., 2008a). Y' \! \’Y'

T
The excellent characteristics of UF inc e . _nhing

al‘g ysical damage of
biomolecules from shear effects, mlmma&aluawx'v

g Qcovery yield, and the
avoidance of resolubilization. In th% ch system equipped with
hydrosart membrane (HT) and pol sul# e (PES) with a molecular
weight cut-off (MWCO) of 10

fermentation broth of B. sub 101, M HJ’ -‘B(qubn/zs ATCC 21332. The final
surfactin and protein con la pe@alcs and retentates were analysed to

evaluate the pertonnan [ ol 'gln'(_&f this work is to evaluate the type of
r bgtt

sed for the filtration of crude

membrane which y and purifity of surfactin from crude

fermentation bro t:Q#I erent transmembrane membrane pressure

(TMP) xang,l ng G’

.5 bar- 2. Obal\
6.2. Mat and Methods

6.2.1. Preparation of Culture Media

A defined mineral salts medium (MSM) were prepared as described in section 5.3.1.

6.3.2. Culture Conditions and Fermentation
Culture conditions and fermentation of Bacillus subtilis MSH1 and Bacillus subtilis

ATCC 21332 were conducted as described in section 5.3.2.
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6.2.3. Analytical Methods
6.2.3.1. Measurement of Bacterial Growth

Bacterial growth was determined by method proposed in section 5.2.3.1.

6.2.3.2. Measurement of Surfactin Concentration

Culture samples was determined by method proposed in section 5.2.3.2. T

6.2.3.3. Measurements of Surface Tension

Each sample, including surfactin standard was prepared in 5 m %s buffer using
deionized water. The surface tension of each sample was m% by ring method
using a digital tensiometer (KRUSS, Germany). A platipuipme was automatically

submerged into each solution and then slowly pulled thr hir/water interface.

The ring was washed, flamed and cooled betw!een

measurement was taken at room temperature.

6.2.3.4. Measurement of Surfactin Purity V: v‘\ ,Sr

Here, surfactin concentration was measur\c\x@l HPL coygdyrg method proposed

in section 6.2.3.2. The purity of surfa% in tEé 'gd Q@plc was calculated by

Equation 7 (Chen et al., 2008b). % q
N %-; S
terl’me HP Ny

Concentration of surfa

Purity (%) = Tk ¥?§1ep = X 98% (Eq. 9)

—

The total amou rotein presem.@'each stage of the purification procedures was

determined b 0¥ Equation 10 (Eq. 10) (Chen er al., 2007). As crude fermentation
broth w@‘ fuged at 10 000 rpm to remove biomass. Later the supernatant was
called raw™broth was further treated by acid precipitation (Chen et al., 2007) by
addition of 1 M HCI to a pH 4 then was centrifuged at 10 000 rpm for 15 minutes.

Later, the crude powder obtained was oven-drying at 37 C and weight until constant

reading achieved (Chen et al., 2007).

Protein concentration (mg/L) = Weight of dried sample - Weight of surfactin (Eq.10)
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6.2.4. Recovery and Purification of Surfactin by UF

Figure 11 shows a schematic diagram of UF process conducted in this study.
Microfiltration was applied to completely remove biomass and small particle present
in fermentation broth and thus to prevent them from blocking the membrane pore at
the UF stage. Small-scale crossflow UF procedures were carried out using a benchtop
crossflow filtration device (Sartorius Stedim, Germany) equipped wiﬂv sets of
membranes which are polyethersulfone (PES) membrane and %osan (HT)
membrane each with molecular weight cut-off (MWCO) of 10 k 30 kDa with
an effective area of 0.02 m?. The driving force of the permeate was the pressure
supplied by the external pump towards the system. In gene%ﬁeed volume of 250

mL was added to the reservoir and the volume was reduc IPL Later, retentates

and permeates were recovered and analyzed to deterfwge fur can_centratlon
protein concentration, the rejection coefficient of @m b ngéa (R) and the

total recovery of surfactin in the final fraction. Y'
S
)
& A
OQA‘ <);(_'}&(Eq. 1)

U}

'y

\ N :
Where C,, and Cr are the conce W ‘ rfadi @nneates and feed respectively.
D d ﬁé/pelmeate concentrations obtained
S
C.)

Recovery is defined as:

Recovery (%)= <

se the filtration system was operated

Th recovery were calculated acco \
at tend of the experiments @cm@

in concentration mode. :

G,
Then, the reconcent fac own in Equation 10 was used to asses the
reconcentration ase of surfac \,m the feed according to their initial feed

concentr. ath
QRI S) (Eq. 12)

Throughout the UF procedure, the flow rate across the membrane was estimated by
collecting permeates volumes during a precisely controlled period of time. Permeate
flux was calculated by using the following equation:

flow rate (1/h)

Flux (LN[H S m?> h) ¥ membrane area (m2) (Eq' 13)
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The relative flux (RF) was defined as
RF(%)= = 100 (Eq.14)

The Flux recovery (FR) was defined as

FR(%) = ]'—v'v x 100 (Eq.lw

Where J, Js and Jrare the pure water flux of clean membrane, fe affon broth flux
and pure water flux of fouled membrane, respectively. Y'
The irreversible and reversible flux decline caused by ng were calculated

according the Equation 14 while the reversible flux iw::d by either

concentration polarization or reversible adsorptio | phSnonfen rqz.calculated
: : : . | &
according Equation 15 respectively (Doulia ef al., i A
d N
Fouling= 100 - FR \; 0‘\ g&'lé)
| . N
Reversible flux decline = F O(Eq. 17)
\1 ~
A
o S
e

o
The four different TMPs for thi X e@om 0.5 bar to 2.0 bar was

conducted manually by adjus ub'p controller. TMPs of filtration

process were calculated fol'@
in~ [

st TMP applied was up to 2.0 bar.

(Eq.18)
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Figure 11: Schematic representation of filtration process carried out.
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6.3.5. Membrane Cleaning Experiments (0
The membrane cleaning experiments oi"musek

process were directly carried out with‘%citbclﬁﬁ c&lg}lg to Chen et al., (2008)
with slight modifications. Cleanin& t'(%;id X & deionized water, NaOH
solution (pH 10, 12 and 14). %Ye’nin tinf® lwag@Rt up 510 min, 10-15, 15-20
min, 20-25 min or more than 2 nutgs® sfﬁ,the membrane performance. The

experiments were perfonr@S @1 a @inuos feed of the cleaning solution
» : : :
from reservoir tanks. A@pa]son\xmflclc%dng solutions were either flowed in the
i |

@‘(s (flushing) or in the reverse direction

same direction as t at}oﬁp

(back-flushing). the fi ratf'mk,%d membrane cleaning experiments were
= , : i X

ﬁqg membranes werd immediately flushed with deionized water for

(o

=

¢

1)
Y4

=
A
‘4_‘1

&
r;_xQQafter each filtration

b

=

completed, th

order to restore the hydraulic permeability. The cleaned membrane
were fin? red in 30% ethanol (EtOH) as recommend by the manufacturer. The
cleaned membranes were repeatedly employed in every filtration step with differences

of pure water flux between the cleaned and fresh membranes were smaller than 5%.

6.2.6. Statistical Analysis
Data analysis consisted of calculating mean, standard deviation of the mean value and

determination of the level of the significance was employed using Student’s t-test and
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Tukey-Kramer multiple comparison test. The differences between measurements were

considered significant at the level of P < 0.05.

6.3. Results and Discussions !O}

6.3.1. Production of Surfactin by B. subtilis Strains
Various authors have reported the abilty of B. subtilis A'&Q to produce
surfactin (Reis et al., 2007; Isa et al., 2007) and Coopeg Wa with 4% (w/v) of

glucose was chosen as the media because it has been dqgesc tway nutrients for
bacterial cell growth and surfactin synthesis by Bacilfag straing (Res e &,@'2007; Isa

|
fel‘?‘l on,@’e pH of the
idific 1‘@\11) of the culture

rcgdr tion by the cell

et al., 2007; Charcosset, 2006). During the cours
fermentation broth was maintained at pH 7 t aw
medium due to the change from aero i(% ana
xygen. Surfactin will lose

(Charcosset, 2006) where the cell growsgn th aﬁev R
its ability to solubilize if the pH dropsé; 5S¢ Tausiilg suedrctin to precipitate (Chen

etal., 2007). Y\. , Aj“\:ﬁf
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6.3.1.1. Production of Surfactin by B. subtilis ATCC 21332

Figure 12: Production of surfactin by B. subtilis ATCC 21332.
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Figure 12 shows bQ&ﬁ “c I grgwt (ﬁnd surfactin production during the
fermentation of B. WATC 71832
D >
&

ATCC 21332 la\ or about 10 h,\‘l?lplyillg that the cells take time to adapt to

Cooper’s me 1s lag phase shows almost no apparent cell growth due to the

he beginning of cell growth of B. subtilis

adaptatiogof Teroorganism to the new environment in which the rate of cell growth
is very low. Later the cells grow exponentially between 10 h and 45 h in which the
cell growth increased in a logarithmic pattern. The stationary growth phase for B.
subtilis ATCC 21332 began after 45 h of incubation time. The final concentration of
surfactin in the fermentation broth was 470 mg/l, which was higher than that obtained
by Davis et al. (2001) of 439 mg/l under the same experimental conditions. Cooper et

al. (1981) suggested that biosurfactant production by B. subtilis strain was closely

Surfactin concentration (mg/L)
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related to microbial cell growth, while Shepard and Mulligan (1987) stated that
biosurfactant production mainly occurs at the end of the exponential phase or at the
stationary phase of microbial growth. This study shows that the production of

surfactin is very closely related to the growth of the strains where the maximum

S
O

Figure 13: Production of surfactin by B. subtilis i

production is found at the end of the exponential growth phase.

6.3.1.2. Production of Surfactin by B. subtilis MSH1
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Figure 13 “Shows bacterial cell growth and surfactin production during the
fermentative of B. subtilis MSHI1. As can be seen, the beginning of cell growth (lag
phase) for B. subtilis MSH1 was short (about 5 h) implying the fact that B. subtilis
MSHI1 took less time to adapt compared to other strains of Bacillus. This lag phase
shows almost no apparent cell growth due to adaptation of microorganism to the new

environment in which cell growth is very low. Later the cell growth showed
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exponential phase where the cell growth increased in a logarithmic pattern which
occur between 5 h to 28 h and indicates that B. subtilis MSH1 had achieved the
maximum cell growth. The stationary growth phase began after 28 h of incubation
time. B. subitlis MSHI1 revealed the production of surfactin is very closely related to
the growth of the strains where the maximum production is found at tl of the
exponential growth phase and this was in agreement with other previ xﬁis (Reis

et al., 2007; Cooper et al., 1981).

6.3.2. Fermentation Broth Composition \;
Table 10: Major composition of fermentation broth of B. sub TC 21332 and
B. subtilis MSHI1 (means + SD, n=3).

| NI

Comie tq’tl')

Major composition of fermentation broth B. s A'fC.Ej Q’Ys'ubnlzs MSHI

4~"
£
Final concentration of biomass (g/1)* 5%0[ + O O 2.50 +0.03

Final concentration of surfactin (mg/1)* "Ts% 1)2@ 226.17 +1.83
. A\

Final concentration of protein (mg/l)a i 126.00 £2.28

4 Three reading of each sample (ng

l ? $
b Calculated by means + standa% ation J‘l 0
(J

The major content of ra roé‘éf B. subtilis MSHI1 and B. subtilis
ATCC 21332 were ill edl\ & H? dThis study was able to determine the
t1 onaéml ation and final concentration of protein

quantity of blomas%

however it was that the fel@ntanon broth consisted of surfactin isomers,

biomass cells, &ms, mauomolucules glucose and amino acids (Mulligan et al.,
~

1990 Yak& al., 1997). The raw fermentation broth was then subjected to the
single-step ss-flow ultrafiltration (UF) process for recovery and purification of

surfactin.
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6.3.3. Rejection Coefficient, Total Recovery and Total Purity of UF Retentate

Table 11: Total recovery and purity of fermentation broth of B. subtilis ATCC 21332

after UF treatment.
Type of membrane E

TMP PES10 HTI10 PES30 0
Recovery Purity Recovery Purity Recovery Purity very Purity
(%) (%) (%) (%) (%) (%) (%) (%)
0.5 94.5 83 96.0 83.9 93.0 936 95.3 95.5
1.0 94.9 83.6 96.1 86.6 92.5 N 94.6 95.2
1.5 94.2 859 95.1 87.0 92.2 %5. 93.3 93.1
2.0 94.4 872 963 88.9 914 .4.'\%2.8 92.0
oy
|5
Table 12: Rejection coefficient of raw fermentation bro " subAR i CG2¥332
after UF treatment. \

TMP PES 1.0 HT30
Rejection Rejection
coefficient coefficient
0.5 0.96 0.95
1.0 0.96 0.95
1.5 0.97 0.94
2.0 0.97 0.94

i ¢
Table 13: Total recovery ty §f ma@m broth of B. subtilis MSHI after

UF treatment. 4 f
‘&l \"ad
4 \@ ype of membrane

B $ HT10 PES30 HT30
Reco urity Recovery Purity Recovery Recovery Purity
(%) (%) (%) (%) Purity (%) (%) (%)
0.5 @ 78.0 95.8 84.0 92.8 92.2 94.1 94.5
1.0 93.1 80.4 96.2 85.4 90.6 91.8 92.6 94.7
1.5 93.2 87.8 96.0 88.7 89.5 90.4 91.3 93.4
2.0 92.8 88.2 96.5 91.5 88.9 88.0 90.8 93.0

* Three injection of each sample(n=3)
® Calculated by means of the overall flux
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Table 14: Rejection coefficient of fermentation broth of B. subtilis MSHI1 after UF
treatment.

Type of membrane

TMP PES10 HT10 PES30 HT30
Rejection Rejection Rejection Rejection
coefficient coefficient coefficient coefficient
0.5 0.97 0.98 0.95 0
1.0 0.97 0.98 0.94 :
1.5 0.97 0.97 0.93 A 195
2.0 0.96 0.97 0.93 0.94

th?!emate, thus achieving

LW d v‘nstr am processing

techniques is its ability to segregate the interestedgmol®culfs d‘wmolecular
! &
co

The UF technique applied was able to recover surfactin i

a good degree of purity. The niche of UF compared t

weight without phase changes. In this present stud rfactin tely rejected

D pu@ of 83% - 94%

;}n MK n permeates flux,

by all membranes, and achieving good range o

and 78% - 95%, respectively. The effect QN r
rejection coefficient (R) of surfactin b Nnbl% al _\Qovery and purity of
surfactin in the final fraction of all n ar}‘e%;l A 30, PES10 and PES30)
.
A‘o
S
WA
Insignificant differences (P < 0. er dﬁ% hen increasing TMP towards R of

Sl

surfactin, the method app, }m thls 3 dy @ able to achieve almost complete

rejection of surfactin by Nn Ign 3
coefficient (R) on bot brages e rved due to the size of surfactin micelles
Syol

CO of Wiembrags, making surfactin unable to permeate and

COVs

were shown in Table 11 to Table 14.\

(¢’

k1 Qery limited differences in the rejection

4

was bigger than t

thus can be rcla%ampletely. Thchs%ssible explanation for this behavior because of
the size of s%n micelles was bigger than the MWCO and this is in agreement
with pre@works (Kaya et al., 2011; Isa et al., 2008). Even though the molecular
size of surfactin monomer varying from 994 Da to 1050 Da, at concentrations above
15 mg/L (Wei et al., 2003) surfactin able to form micelles within size varying from 30
kDa to 100 kDa (Lin et al, 1997, Yakimov et al, 1997). At critical micelle
concentrations (CMC), surfactin molecules readily associate to form supramolecular
structures with nominal molecular diameters of up to two to three orders of magnitude

larger than single unassociated molecules (Lin ef al., 1997) and makes it able to be
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retained completely by any membrane within the size of surfactin micelle structure.
Surfactin micelles were sufficiently retained by using membrane with MWCO of less
than 100 kDa and this is in agreement with findings previously discussed. The
effectiveness of UF membrane applied is due to fact that the surfactin micelles were
big enough to be rejected by at least 30 kDa membrane. It was agreed that the size of
the surfactin micelles was above 30 kDa, as reported in previous s Lin et al.,
1997; Wet et al., 2003). &é

According to Table 11 and 13, both membranes were able Jevve high recovery
and purity of surfactin from fermentation broth althouglyth nemb1 ane material had
an effect on the recovery and purity of surfacti co parison of all

membranes used in this study, the use of HT30 pls ided sgeni z}nﬂéﬁgher (=

0.05), although no mere than 5% reduction in th cove}y 0 urf n in the final

fraction were obserbed in comparison to PES10 ag HT mbégs

Approximately, 88% to 96% of SUIf%x bem\&ﬁo % under various TMP.

However, the total recovery of surf@a Qma e“to hieve 100% due to lost of
surfactin through membrane toul%ul ; i; ) ted surfactin molecules able
to form CMC and form a ki ynaw’c I hb&le on top of membrane surface
besides the possibility of s@m o ers t ‘ogh permeate pores and present in
permeates however its comgen®ation?

) L]

¥ lodﬁw makes it is undetectable by HPLC.
On the other hand, res tail/ed
able to pass thr0u§% nel\l‘bﬁg

’:es@t least 13% of impurities component were
This study indi that HT men@nes able to effectively permeate impurities

aclgg.\mg, good purity on surfactin final fraction.

compared to embrane achieving better purity. PES retained lower purity of
surfaclin@ e flux decreased quite significantly over time (Figure 14 (a) -(d))
comparing HT membrane because this membrane was affected more by

concentration polarization (Table 15) due to hydrophobic interactions between PES
and the aggregated protein contaminants in solutions. This result was in agreement
with previous study, however with different mode of UF (Isa et al, 2007). The
gradual and limited flux decline with HT 30 membrane implies that much weak

adsorption of the micelles occurs and pore radius is not significantly reduced although
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the membrane is comparatively hydrophobic (Song, 1998; Cornelis et al., 2005).

6.4.4. The Flux of UF Process

Figure 14 (a) Effect of TMP at 0.5 bar on the permeate flux on all mer
subtilis ATCC 213332.
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Figure 14 (b) Effectof T wl ‘OP oo the eate flux on all membranes for
B. subtilis ATCC 213332\
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Figure 14 (d) Effect of TMP at 2.0 bar on the permeate flux on all membranes for B.
subtilis ATCC 213332.
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Figure 15 (b) : Effect of TMP at 1.0 bar on the permeate flux on all membranes for

B. subtilis MSH1.
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Figure 15 (d) : Effect of TMP at 2.0 bar on the permeate flux on all membranes for
B. subtilis MSHI.

250 5
o 3820
R ——v——_HT102
200 - O i A WO 20
& g‘ One A \d

150 ~

Flux (LMH)

100 A

50 ~

O T T a
'\ T
0 100 200 %o Mt Yabo & 500 600



86

001 540 PRI B 41| BB g 0T
+01 Ozl OZO SETE] Sl
: : : . . 0€LH
601 098 86L 1'L6 01
t0l1 $'96 016 €801 S0
701 RCEl T 0 OTT AR 0C
vIl w\ .mm\v 0L 78S 916 () it
601 0'€T 0°0ST €g : \ﬂ. £5 K9 6°LS 6'SL 01
001 0'ST 0°0ST Tyl : % Y LEV 9'%S S0
96 09T 0°0ST 10T i ,ME 9°6TT 0T
v.o_ o.vm o.omm v.& Th .vm_ m._ e
601 0'€T 0°0ST €€l \ 8 01
+01 0'¥¢ 0°0ST 9Tl $9 I o K71 )
+01 02 0°0ST 0°6C 6'L1 ST Q68 )y 9191 0¢
601 0'€T 0°0ST e 8CI . N& 00teg 9799 Sl S
601 0'€T 0°0ST 681 €6 T8¢ \tm? % 1'LS 01
t 0l 0'¥2 0°0ST T91 6'8 ST ey O SIS S0
(44 -001) (994 (4d-001)
J s A
CA/'AN) LIA (DA (DA e uonesuejod i ! d \% ©q) WHH%MM@E
. uonenuaduo))
(%) auIpdap xnjq xnpq

"dINL ShoLea e

CEIT DOLV syuqns g Jo yioiq UONBIUSULID) MBI JO UOTRI[I) J0J SQUBIqUIAW [[B JO SAN[BA JYA PUR SINSII SUI[IAP XN[J YL S| J[qRL



87

"

0°0ST m.w\m\h« L0l 192 Lv0Z P28l Olie 0T

0082 ) vvv‘ 6L Tk ¢ MLl aZ0lE S hal e
601 0 #ST \%.m €Ll cion' 0T gl & Off
POl 0tz e LBU | foosRelE Misad S0
601 0'€C .w_(\«&\%m.a ficel 00IT® Teorl | 03

Pl 012 %%m YL Z8 06 Sl e
P01 0T e 01
001 0's Yher s Wvzs S
96 09T  00ST 0P lﬁFS\ [i6viy olcre, ol

00T 0§ 00sT 8°6€ A R/> R A
001 0§  00ST 01T Ry cLet 0T
601 0€C  0°0ST LYl 0
601 0€C  00ST P6€ 918y 07T

POl 0vT 00T 1S 0o 66 Sl e
601 0€CT 00T ['€€ 80 .,Y (P 369 01
601 0€C  00ST S8l TLT T o MWes 0

(44 -001) (4d-4:0) (94-001) %
CAAIA (DA (DA q uonesueod e 3 i\% o:mB:mo.E
3uIno | 2101 JoadAL
: UOIBIIUSIUO))
(%) 2uIP3p xn[ N[
"dINL snouea

18 [HSW $17gns g JO [101q UONBIUSULId) MBI JO UOTIBII[IJ 10§ SQUBIQWISW [[@ JO Sanfes YA PUB S}NsSal UI[odp Xn{j oYl 9| 2|qeL



88

Cross flow UF mode was chosen in this study because the tangential flow of feed
solution along the membrane will prolonged the time of the depositions on the
membrane surface by sweeping effects, theoretically results will be in less fouling
and continues of high flux can be maintained (Isa et al., 2008). However, rmeate
flux decay is affected by a number of factor such as TMP, temperatur%& surfactant
concentration, membrane pore size, membrane material chemistr t

of the filtration process (Akay and Wakeman, 1994). Figure 14 (R'(d) to Figure 15

e dynamics

(a) - (d) show the permeate flux decay for crude fennent 10th of B. subtilis
MSHI1 and B. subtilis ATCC 213332 under variou m'; condition (TMP,
MWCO membrane materials) in order to asses Wth Y t most suit for

downstream processing.

. ) o ‘Z'
As shown in Figure 14 (a) - (d) to Figure 15(a) - mu \e{ ram@(:ally decreased
with increasing TMP in all the experlments e flu hi H%initial stage. The

(88} @m embranes however

UF process leading to long-term flux declm n e s
with different profiles as a result of da Q@(ion between membrane
surfaces with solute. The expect ssibl nt ac were CP, adsorption of
surfactin molecules and other_sr mp riti ont@he membrane surface (Song,

1998). Interestingly, the flux o%neate,e ;042 more stabie at low TMP (0.5 bar

and 1.0 bar) whereas at h&\BAP ll\a n&O bar), an obvious pattern of flux
'3

Ny
decline can be seen. E Nec ng )
) e@lthough we have high interest to maintain

|u1émndable deleterious phenomenon in the
filtration process (H et cj
the highest possib, valde e Y%\
V

N 3
The accumul \of molecules on the nearby membrane surface may lead to

ing. The highest total flux declines were obtained for the raw

roth of B. subtilis ATCC 21332 at TMP of 1.5 bar with reduction of

membran
fermenta
54.99% at the end of filtration time. Higher flux declines were observed for the
fermentation broth of B. subtilis ATCC 21332 compared to B. subtilis MSHI for all
TMP values due to the higher surfactin concentration in fermentation broth of B.

subtilis ATCC 21332.
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6.3.5. Fouling Behavior

According to Kaya et al. (2011), the flux decline occurs because of the accumulation
of molecules in solutes on the membrane surface due to CP lead to membrane fouling.
Flux decline clearly observed with increasing TMP although the higher pressure
generated higher initial flux which later caused increased of CP due to high TMP that
clevates the initial permeate flux by pushing more solute toward a cle n%brane.
At a later stage, the higher TMP pulls more particles towards the 1 ec!gane surface
by providing faster permeate velocity thus contributes to the rapid‘lgkeeration of the
deposited cake layer which causes a dramatic increase Qf x;ance onto the
membrane surface. Higher pressure will significantly com the pre-built cake

% o

ne.

N,

When using low TMP (0.5 bar and 1.0 bar), a gradu Tux deelin \Tas erved for
i

layer so it will becomes denser and contributed to the rapi

all membranes because of the slow formation of ca yer. ptllo -\the permeate
\be N
oreﬁ'ﬂux were drop

thagnembrane was only

pam 2

flux is sustained at it’s high value for a considera§je t

(Figure 14 (a)-(d) to 15(a)- (d)) because o\t‘?' tta v‘(
ities iti

sufficient to minimize surfactin and imp

;&l@places on membrane
N

surface. By times, the concentration 0 d 4 Tes oi&,}lcreasing as the volume

L)
decreased and hence speed up the r su%’de@ion which later resulted to
N
X" | 7ls

permeate flux decay.
2 4
Concentration polarizatio ?Qg) laye Its Qevelop as a result of increased

t(é‘f)f membrane surface and forming a

deposition of surfactin
t"a@condary layer (Mulder, 1991). These
of, é\ux throughout the UF process. As the

dynamic membrane cawh h
phenomena resultédet de&@s],
concentration Q surfactin on th@ﬁembrane and within the pores increases over
time, the perm \ﬂux started to decay and effect of membrane material on permeate
flux be@ important. The fouling occurs when substances in fermentation
solutions conting the membrane surface which resulted to pore blockage and causes
serious gradual permeate flux decline. In any membrane system, it is vital that CP is

reduced as much as possible as it has a very strong impact on permeate flux operating

cost.

The improvement of flux decline and cake formation could be minimized by the pre-

treatment of the raw broth through as acid precipitation, salting out (Chen et al., 2007)



90

or removal of large particle by centrifugation and microfiltration. In this study, the
pretreatment of raw fermentation broth was conducted by removal of biomass by

centrifugation and removal of any large particle using 0.2 mm membrane filtration.

Howell and Velicangil (1987) divided the UF phase into three phase intervals through

evaluation of permeate flux pattern which are: (1) first few seconds (a uasi-steady-
state concentration polarization layer is set up), (2) solute adsorptio ;

and long
term (gel layer formation). Thus, the quick development of concent h polarization
occurring at the first few seconds of the process could explain ux decline with
PES 10 and PES 30 membrane at the high TMP, and this fac&mnly affects the

flux behavior throughout the process. However, the tim l'e d for the process to

establish quasi-steady-state is very short which le 1

therefore can be ignored (Howell and Velicangil, 1$ ¢ gfadus

HT 30 membrane is a result of concentration pola ion a}

of surfactin micelles and other small 1mpu11t1es oxffo th 1

sec ds according

fo@clme with
elYas \%&k adsorption

ra QRU face (Chen er

al., 2008a). Permeate concentration starts t@ establlshment of a
slow decaying plateau region. exall e ux ec_&ges with increasing
concentration in feed because the mo u S onpe tl@% solutions accumulated
near the membrane surface more ra A‘O
e\
I

6.3.6. Hydrophilicities of Me e 2 ,-

HT and PES memblanes'? ? dueo their different hydrophilicities.

According to Chen et al the 'ac&)@;egfles of water for PES membrane were
Il\ll @’al with HT membranes) with 62.9° and

greater than Cellulos

56.4, 1eSpeL11ve!¥ SF S chalactenj\ kae HT membrane more hydrophilic than

\arlier attachment of dissolved amino acids (Chen ez al., 2008).

Thus, the s state flux of PES membrane is higher compared to HT membrane

under identi®™# conditions.

The flux decline using PES membranes was greater than HT concur the existence of
negative charge molecules in molecular structure of surfactin. Surfactin is a negatively
charge molecules because of the presence of negatively charge amino acid in fact, the
the zeta potential value for surfactin were —SmV to —30mV at pH 6-11 with surfactin

concentration vary from 0.2-2.0 g/L (Chen et. al., 2006). The possible interaction for
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hydrophilic membrane surface (HT10 and HT30) due to strong irreversible adsorption
of the polar surfactin head occurs on the membrane surface thus surface wettability
reduced. While on hydrophobic membrane, strong adsorption of hydrophobic tails
occurs improves the wettability. Strong adsorption of the monomers within PES
membrane could make the pore radius reduced leading to flux decline ding on
the hydrophilicity of the membrane, the net effect is flux decrease og G}Jse (Kaya et
al., 2011). This mechanism stated the HT has a very low prot‘e*binding feature

which ensures that maximum recovery can be retained for ﬁn% ctin fractions.

The use of HT30 provided better recovery and purit ORﬁnil surfactin fraction
followed by HT10, PES30 and PES10. The under ng oRungifcular structure,
shape and size, as well as the interaction betweqngthe sglut apd’ggmbrane is
important in order to optimize recovery and purificon fpo m&wx fermentation
broth. HT30 membrane is the more suitable 1% 'arﬁ \singl p UF for simple
and highly cost effective downstream '&@mg déhich can offer high

recovery and purity of surfactin from coml)ex e \emqio Eioth of B. subtilis.
S
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One of the major problems in the application of membrane filtration technique is the
formation of CP on the membranes surfaces during the UF operation. This CP is not
desirable because it will reduce the flux of permeate and increasing filtration time.
The cleaning protocols recommended by membrane manufactures consist of a series
of acid-alkaline cleaning cycles, and it depends on the feed and the membrane
materials (Li er al, 2005). It was found that the increasing of Th@e.s’ulted to
inefficient cleaning process. Thus, periodical chemical cleaning ﬁnn situ back-
flushing is one possible way to restore and maintain the flux, pr and prolong the
membrane usage. Four types of cleaning solutions were testedywh¥ch were deionized
water, NaOH solutions at pH 10, 12 and 14. The effects gf t ng and back-flushing
on the flux and surfactin rejection with PES 10, PESB@ 'HT 0 are shown in
Table 16-19, respectively, at different initial surfggtin €on ent \TB subtilis
MSHI1=226.17 + 1.83 mg/L;. B. subtilis ATCC 21 = 447 6 "hqg/L)

After 20 min flushing and back- ﬂushmg@ idni

approximately 43% to 83% of the ﬂuxchuld

water flux. On the other hand, more € e&i

Yv
\xgﬁ for both broth,

ver Qon the basis of pure

@Tely at least 20 min for
flushing and back-flushing to lele flux™s s ATCC 21332 comparing

to B. subtilis MSH1. The res ltsv-lem* fiu nécovely and the cleaning time
re , Waj

required for all membrane arc gl ‘K A lable 16-19 for comparison. In
O

comparison, the fouled m }Me 1‘15 top littlegtontact with the cleaning solution to

E : e
achieve maximum rem%\l f()?l}d this study, we were observed that the

cleaning duration tl st 1 1p:?1 tﬁn’ameter during the cleaning process of
membrane after e% Jtratic n il th&'optlmal cleaning efficiency is reached at 15

(D

\)

min of cleanir ero et al., . It was found, deionized water alone is not

satisfactor n in order to restore the membrane performance especially for high
feed un@ons of surfactin.

Previous research have reported the effects of high-pH NaOH solution on flux
recovery and cleaning time cycle for the membranes fouled with proteins (Cabero et
al.. 1999: Munoz-Aguado et al., 1999). Comparison of Table 16-19 was indicates that
the performance of fluxes able to restored when the used membrane is cleaned using

NaOH, by flushing or back-flushing. However, it was find that more time needed to
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restore the membrance performance using deionized water compared to NaOH as
cleaning solution at various surfactin concentrations. Besides, the cleaning
performance using NaOH at pH 12 is equivalent to that using NaOH at pH 14. Of the
four cleaning solutions used, the flux recovery decreases in the order NaOH pH 14 >
NaOH pH 12 > NaOH pH 10 > water. By comparing all of the cleaning s?{wn used,
the cleaning performance of using NaOH at pH14 is not signiﬁcantly%h (P >0.05)
with NaOH at pH 12. It seems that NaOH solutionat pH 12 and B% appears to be
the most suitable one for this purpose because surfactin depositwﬂn the membrane
surface would be destroyed by NaOH. Besides, it was noticNat flux recovery by
flushing is generally higher than that by back—ﬂush@'culfirly at higher feed
concentrations of surfactin. It is because PES memDWgge 1 w fouled during

ratlfer _thap : blocking.
ior & %Y'with time as
e fe of cég;eduction. NaOH

cross-flow UF by weak adsorption/gel layer forma

These findings can reflect the gradual decline

previously discussed. Simultaneously considengg

at pH 12 appears to be the most suitab gre)ﬂng S oné)r cleaning purpose

because the CP on the membrane surfa@sould \fQYlO @efﬁciently as NaOH at
]

pH14. \%, ¥ ..\ng.?
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6.3.8. Surfactin Product Characterization

6.3.8.1. Surface Tension Measurement

Figure 16: Surface tension of surfactin standard, purified surfactin (HT1 ified
surfactin (PES10), purified surfactin (HT30) and purified surfactin ( from
fermentation broth B. subtilis ATCC 21332. A

%3

acn standard
Pugie ctin (PES10)
Pufified®yrfact® (HT10)
P s?rfé& n (PES30)
Pyiidd sygfctin (HT30)

Surface tensionmeter

O
Q— N
§<; £ v)-' .
30 n T \,‘ T T T
0 \ 0 209 30 40 50
§ Surfactin concentration (mg/L)
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Figure 17: Surface tension of surfactin standard, purified surfactin (HT10), purified
surfactin (HT30), purified surfactin (PES10), and purified surfactin (PES30) from
fermentation broth B. subtilis MSHI1.
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SIS
P

urements wer@éd to evaluate the functionality and purity of

the final fra‘c% f surfactin samples using surfactin standard with 98% purity as
referenc@ under similar and controlled conditions (Isa et al., 2008;Wei et al.,
2003). Fig 16 and Figure 17 show the surface tension profiles of the purified
surfactin for all membranes in comparison to surfactin standard. The results show
close proximity in terms of the surface activity of purified surfactin in relation to
surfactin standard, which indirectly shows purity of surfactin samples and this
corresponds to the earlier results on purity measurements as shown in Table 11 and

Table 13. In addition, Figure 16 and Figure 17 shows the purified surfactin behaves as
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a very powerful biosurfactant and the presence of some contaminants did not affect

the original surfactin functionality (Shepard et al., 1987).

6.3.8.2. Structural Analysis Using FTIR
Figure 18: FTIR spectrum of final sufactin fraction from fermentation broth of B.
subtilis ATCC 21332 (a) surfactin standard; (b) surfactin purified using m; (©)
surfactin purified using HT10;(d) surfactin purified using PES30; (e) s é purified
using HT30. .K

(a)
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Figure 19: FTIR spectrum of final sufactin fraction from fermentation broth of B.
subtilis MSH1 (a) surfactin standard; (b) surfactin purified using PES10; (c) surfactin
purified using HT10; (d) surfactin purified using PES30; (e) surfactin purified using
HT30 B. subtilis MSHI1.
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The molecular composition of surfactin was evaluated by FTIR. Figure 18 (a) - (e)
and Figure 19 (a) - (e) presents the infra-red spectrogram purified surfactin by of B.
subtilis ATCC 21332 and B. subtilis MSH1 respectively by using all membranes used
in this study and compare with surfactin standard. The spectra showed that the same
adsorption bands differed in relative areas under the various absorption bands. The
most important characteristic absorption bands corresponding to funt\m groups
typically forming part of surfactin could be observed for all samples ere located
at: 1) bands characteristic of peptides at 3305 cm™ (NH stretchin g));‘;) the bands
at 2956-2924cm’!, 2869 cm™ and at 1463 cm™, 1377cm’ %

CH3, CH2-) of the fraction; 3) the bands between 1020 an

C vibrations (surfactin head rings); 4) the bands at |

liphatic chains (-

cm ! reflect C- O-

'l(CZ stretching in
proteins). These results imply that the biosurfactgnt d \JDaw& aliphatic
hydrocarbons as well as a peptide like moiety. TM&( sp a'm-\onﬁmled the
lipopeptide nature of biosurfactants, which cou IT. ‘sﬁs\g& to actin structure.

The FTIR spectrogram shows almost simiemlct a ch {ans the membrane
material used in this study did not affect tm nol\e &Q{me of surfactin.

é”>'§

Recovery and purification of s rf tro n fegnlenga®dn broth of B. subtilis ATCC
21332 and B. subtilis MSHI lr%n;, € m&w UF technique using PES and
HT membranes of 10 kDa \30 #Da @was evaluated through investigation

of permeate flux, R of Ntl }{urlty‘éﬁ surfactin at various TMP’s. Surfactin

was successfully retay (l m3mprapd-achieving R of almost 1.00 due to the fact

6.4. Conclusion

that surfactin mig, ere u hE tozpelmeate by using at least 30 kDa MWCO
membranes. A branes used lh‘ahls study lead to high recovery and purity of
surfactin h fermentation broth of B. subtilis MSHI1 and B. subtilis ATCC
Sia07 Qobtamed in this study can further assist in improving the cost-
effectiveness of downstream processing of surfactin which in turn can reduce the
overall cost in downstream processing of surfactin. In addition, product
characterization analysis was conducted to evaluate the functionality and purity of
surfactin final fraction by using surface tension and FTIR analysis with use of
surfactin standard as reference under similar and controlled conditions. Results

showed close proximity of surface activity in relation to surfactin standard which
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indirectly indicated the presence of impurities in the final fraction did not affect the
original surfactin functionality. FTIR spectra confirmed that the UF retentate contains
aliphatic hydrocarbons as well as a peptide-like moiety, which correspond to the
structure of surfactin. Among all of the membranes used, it was fo ¥h~at HT30
membrane is most suitable for the downstream processing of s %1 because it
provides better purity of surfactin final fraction, higher flux rateg %ﬁtained besides
have minimize effect of concentration polarization in compari% all membrane. It

was found that the variation of TMP had no significant eff recovery and purity

hux f filtration can

laWr scale of

N
cl)ulg’be achieved
by a single step UF process at the laboratory scal?! shbaQ en@; be scaled-up
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