CHAPTER 11
LITERATURE REVIEW

Z.) Microbial surfactant (Biosurfactant)

T'he term surfactant circumscribed diverse \*:.u‘i;.uion® ourgds W\ lw i{},“t;cc active
properties existing either i synthetic or hiologicavc. J{ H]'l]N;;dS have the
ability to reduce surface and interfacial lcnsimcw inla"ll p be ‘\'&ﬂ solids. liquids

m_l‘&gs (Mulligan. 2009).
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and ¢ases and hence. allowing them to digpers®rfi

I hygrophilic and hydrophobic

domains and thus capable to exist pial al e 11 A‘:.lccs between two phases of

different degrees of polarity and

e

The effectiveness of « by its ability to lower the surface tension.
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The term surface tgnQpn'is a measure o&;&m surface free energy per unit arcas required to

c\)n the bulk phase to the surface (Vedaraman and Venkatesh, 2011).

bring a molecul
By loweig surface tension at interfaces or surfaces. reduction of repulsive forces

between dissimilar phases allows the two phases to mix and interact more casily

(Seydlova and Svobodova, 2008)



Surfactant encompasses a paramount class of industrial chemicals highly used in almost
every sector of current industry. Indeed. total surfactant output is utilized almost in

household as laundry detergents while some amount is destined for industrial use. Most of

these surfactants are petroleum based and are chemically svnthesized at lh%i 'nt which
however. often have detrimental ecological effects (Isa et al.. 2007). hs. IQ purpose of
the surfactant itselt 1s one of the most important factors that ShouInvnnsidcmd prior

Nlhlic and regulatory

perception. brodegradability and degradation products. toxiQ0 1fmang. animals and

application. Other factors that should be considered including

plants and ability to recyele (Mulligan et al.. 2001). TS s fads IF: IL\} towards
using and scarching for environmental friendly Qiod™ sl lactdls of natural

Or1gIn.

4 Q-
Surfactant compounds which are \ ncniﬁo;gunlsms and demonstrate

o
actty angl ¢ u.l:»@u.__z activity are  classified as
' L&, |
: \\l :.ll..; 9). These microbial compounds

"LOﬂmlcculcs. and usually produced by

particularly prominent surface

constitute a ar SUTTHS
¢
)

reangsn Is substrates such as sugars. oils. alkanes

-

and wastes (l"inncrﬁ_%—l), 1he h_\'L{l a’ﬁTic part ol a biosurfactant usually consists of

'\)r cations. or polysaccharides while 1ts hydrophobic part consists of

hydrocarbon-utilizing ' |

amino acids. ai

saturated or irated long cham fatty acids. hydroxyl fatty acids or a-alkvIl-B-hvdroxy
fatty acids (Sceghal Kiran et al.. 2010). Various types ol biosurfactant including their

respective microorganism producer are represented in Table 1.

'
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Table 1: List of biosurfactant and their respective microbial origins

— ——— — — e

T'ype of biosurfactant Organism Retference

— —_— = i S—

Bacillus subtilis sp..

Yv

olmdm q.

Pseudomonas libenensis. (Sey dlm
[.ipopeptide (surfactin.

Rhodococcus sp.. 2008: Y 1 ct al.. 2004
ituri and fengycin)
\1ull

Azotobacter L'/H'()()L'()L'H}N.

Pseudomonas fluorescens.

Rhodoccus ervthropolis,
Glycolipids (rhamnolipids.

Psedomonas aer mwz(
sophorolipids and

Psedozyma huly %V
trehalolipids) \

Micrococcis

Phospholipids

m
[“atty acids or neutral ll])ld\\&t
1by.

R
S 1ty

)) radioresistens et al.. 1999)

(Banat. 1994)

Polymeric biosurfa (Choi et al.. 1996: Barkay

(EEmulsan and ¢
Ustilago mavdis (‘Teichmann et al.. 2007)

Cellobios

Serrawetin Serratia marcescens (L.ar et al.. 2009)




Recently. high attention has been focused towards biosurfactant since this surface-active
compound has clear advantages compared with its synthetic counterpart including low
toxicity. high biodegradability, low irritancy and compatibility with human skins (Najati

ct al.. 2010). Thus. biosurfactant could be a propitious alternative to ll\ zdcl}' used

chemically synthesized surfactants since 1t 1s consumable for the l‘ogj&h; ‘macecuticals.

and cosmetics industries (Haniyavarn et al.. 2003).

"
foaming agent. Diverse application of biosurfag ;mlxzin '
including low surface tensions. high soluh\a‘l

4
has been directed toward their use i& IFONN TN puﬂ@cs owing to their diversity.

environmentally friendly nature #nd znpricl LO:

2000).

L

roc

uﬁml surfactant applications

foaming capacity (Mulligan, 2005). Mos

=
G,.«.llc production (Rodriguez et al..



2.2 Bacillus sp. as biosurfactant producer

The genus Bacillus can be considered as one of the prominent microbial by the

fermentation imdustry.  Among them. well-known examples Ll:s%ﬂ(h”/h b.

amvloliquefacies, B. licheniformis, B. alkalophilus, Blentus and B.4qingiensis. Some

of this microbial species 1s capable to synthesize substantial :.mw of protein such as

5
>

Bacillus subtilis 1s a Gram-positive, spore 11)1'1111th

amylases and proteases (Sietske and Diderichsen, 1991).

| S

v

:cnc%ﬂ'. this type of

bacteria resided in soil and on plant mj ind acipbrcally at moderate
temperatures and pH (Vater et al.. N raehas an important of most

In conjunction wit

excellent slnh@ active and antimicrobial properties. Among the

bioactive pt,pllk\A‘

reported claswgs=®ich compounds are lipopeptides, comprising of surfactin, fengycin and

iturin. |

subtilis earns them ideal candidates for various applications (Joshi et al.. 2008).



2.3 Classification of biosurfactant

Biosurfactants are vielded by various types of microorganisms mainly by balgy™. tungi
and veasts (Yeh et al.. 2000). Those microorganisms are able to prod L%' ace-active

compounds with broad ranges of chemical structures as shown in Iyggres 1. A ditferent

type and structure of biosurfactants is plausible 1l the h}'dmcmw 1ain which 1s the

lh' branching or total

A8 wJUY). lor
! '—'}XL
holfvdffic.” &™lic p
’ ¥

N |
™. :écm ;\CCOI'L‘IHEI}'.

5[}‘6?1*1&15:- phospholipids.

cplide.

2.3.1 Glvcolipids

N4

class ol biosurfactants. These compounds are

&

i

N
s 1 which a cﬁ&%h}'dmlc moicty 1s linked to a fatty acid moiety

active pi ies are the trehalose lipids produced by the Mycobactrerium and related
species. the rhamnolipids produced by Pscudomonas species and the sophorolipids

obtained from the veast (Rodrigues at al.. 2000).
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1.1

Rhamnolipids are the most comprehensively studied glyeolipid biosurfactants since they
exhibit relatively high surface activities and are presented in high vields merely atter brief

incubation periods (Kumar ct al.. 2012). The physicochemical property that caused

rhamnolipids to receive extensive interest is because ol their excellent m& g ACLIVILY.
[lence. they show high potential in industrial and biotechnological api&ic;aams such as

synthesizing and stabilization of nanoparticles. preparation of nwlnulxiun. as an

T'rehalolipids and sophorolipids are likewise simile
NV

Lgin hvdrophobic

rhamnolipids. The structures of trehalolipids argqui

moicty and can be varied from short simpMglo ¥Hng éx l@ acids. They can be
characterized by disaccharide trehalose al b\" ¥ vdroxy-a-branched fatty
é

7 4#'

ccnf‘l ated trom several strains of
N

*I*\;]b(, terium and  Corvaebacterium.

acids (Desai and Banat. 1997). ]\IUI'UN

Arthrobacter. Mycobacterium g R {Zm'm*c' /.
l'rom the point of pmclic;ll&Ns hilm ;ml‘éJlrchnlnsc lipids from Rhodococcus

ntgl Jn-oy lcau) 2 (Cameotra and Makkar. 2004).

)y L
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Nup]mmlipids structure consists of a disaccharide sophorose linked to a

On the other |
long chaii xvlated fatty acid. Sophorose i1s a diglucose with an unusual [3-1.2 bond

and may contain acetyl groups (in the case of sophorolipids) (Mulligan et al.. 2001). The

sophorolipids obtained from the C. hombicola are in fact a mixture ol related molecules



i 197,

with distinction 1n the fatty acid portion (cham length. saturation and position of

hydroxvlation) and the lactonization and acetylation pattern (Ron and Rosenberg, 2001)

2.3.2  Phospholipids and polymeric biosurfactants s )

O] .JII cell membranes.

W a cationic

'%\Y'

Phospholipids are probably best known as a maimn compggen

Basically. most phospholipids comprise ol several [aTgacidy

phosphate  group while themr proportion dq‘mmlélhu

microorganisms. Phospholipids that contain spu,i

. Ll ( VAITOUS

\ desirable for

On the other hand. polymeric high molecular weight

biopolymers which mainly a poN®

chams. Liposan and un&\lc

biosurfactants (Satpute ¢
clhiciently. even a

having several ,1\ L1ONS 1N Llnu\k"*‘?l
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2.3.3 Lipopeptides

Lipopeptides biosurfactant are an interesting class ol metabolites that have a

\

ol applications n idustrial and pharmaccutical sectors which are Il‘rrs \osurfactin,

& variety

iturin and fengvein families (Athukorala et al. 2009). All these sglaggnees existed as

families of closely re

ated complexes and 1soforms which dil”l‘crwi.;lh and branching

ths 'n the pepuide rings.

o I‘%.pupcpl Ide

biosurfactant. Ditlerent strains ol Bacillus sp can "N Cr;.llcjn.m:c unn:%p« lipopeptide

ol the fatty acid side chains as well as in the amino acid sub¥g

lamily and a single stramn can also produce lipup‘% z\‘ W
diversity ot lipopeptide 1s due to the cumlw‘.ll and

(L.iu et al.. 2009: Zhao et al.. 2012).

\ ~
111N ‘11:11.1&\ yiides cores. The

15045irccml brosvnthesis

T'he surfactin and 1turin compounds

N

d réﬂcli\'cl} as their lipophilic constituent.
e Wil a B-hydroxy fatty acid in its side chain.

S

{.x Abiosurfactant situated at length of the fatty acid
S |

‘Nl]‘mn (13 to Cyg torsurfacting from Cyy to Cys for tturi and Cyy to Cg

chains that cai

lor fengve ger et al.. 2002).
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2.4 Surfactin

Surfactin is a cvelic lipopeptide brosurtactant which 1s generally synthesized several

strains of the genus Bacillus in certain types ol culture media (Ongena !‘Q()(ﬁ). 1T his

microbial surfactant has large variety of 1soforms which differ by vegaalon of the length

L]

and branching of their fatty acid component as well as by amino a@&deplacement in their

peptide ring (Zhao et al.. 2012: Liu et al.. 2015).

.1 ﬂ@. l'igure 2 shows the primary
N

o'ré}rinn acids residues which 1s located

k'iﬁ(i aspartyl residues at position 1 and 3.

1;11'11@)10 the molecule (Josht et al.. 2008). In

respectively inlmduc@ a '
solution. surlhclin:wlmlca{g

for 1ts laree snd®eum of bioloeical activity. makine 1t very appealine tor both industrial
| _— I L - - - - e

applicatio
the action oT a large multienzyme complex consisting of four modular building blocks.

called the surfactin synthetase (Pevioux. 1999).
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Figure 2: Primary structure of surfactin (Seydlova and Svobodova. 2008)

CO —L-Glu — L-Leu— D-Leu
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1L a concentration as

NN/
S

low as 10 uM. which 1s far below the crsg: 1ia~,~% npsdYon mm water ol 25 mg/l.
“ Q-
and about two orders of magnitude smMIMhan ol mk:s{ other detergents (Mulhigan

Nl oS
et al.. 2001: Chen et al.. 2()()7)% y thisfattr ul&@wlhclin displays antifungal and
S ¢ &
antibacterial properties and afplANQ inlqm\ilh arty
F O

diviggsés (Rodrigues et al.. 2000).

rcial and biomembrane systems. for
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2.9 Properties of biosurfactant

Several prominent physico-chemical properties have been proposed for hi{iucmm due
V. ;aluhilil}' and

Tl%ll‘ll‘ltl'lﬂﬂl't. n

contrast to routine svnthetic surfactants. biosurfactant usually 1‘10:~.N-: short alkvl chains

o 1ts amphiphilic structure. Among them are pll stability. thermal stabi

surface activity which are very attractive properties for industrial

hence enhancing its aqueous solubihity (Gong et al.. 2009). 'lllt*:.lnl also enables 1o

interact with the membrane hence disturbing its mtegrig thus¥expgain mr‘\){?c range ol
for biological properties such as antibacterial, ant™al. gnt¥fugh: @ anti-tumor

(Cameotra and Makkar. 2004).

2.5.1 Surface tension \é

\

Biosurfactant tends 10 accudiWate at~se |

#
of 1ts structure (]{Udl‘l”lh‘l AR R :

hydrophilic part wj mmdr yilh'%,

approaching lhc:% .w

[sive forces between opposite phases and grants the two phases to mix

"I&?‘u‘lbrc. at an iterface of air-water. the

he water phase while the hydrophobic part

N
reeation ol m's.'urlucl:.ml al intertaces ol surtaces results in the

s,
L -

()

e T
L N -

I

reduction

and interaCafcase. Consequently. alignment of biosurfactant molecules at the intertace

between two different phases reduces surface and interfacial tensions.



17

The efficiency of surfactant surface tension activity is expressed by addition of surfactant
monomers mto the solution hence decrease its surface or interfacial tension until the
surfactant concentration attain to the state called as critical micelle concentration (CMC)

' 1Zurllwc or

involuntary

(Sevdlova and Svobodova. 2008). Above the CMC. no further reductic

L)
L=

interfacial tension 1s observed. However. surfactant monomers inslin.ku

associate mto structured aggregates such as micelles. vesicles and laellae at the CMC.

e

These ageregates establish as a repercussion of numerous w

wamicul Interactions

ratdhele et al.. 2014).
Y.

rfadfapt @:lurc.. pH.
o/ | <

between the polar head groups and the non-polar tail g

CMC value can be varied for any surlactant dependin®&g the

, .

LoDk

[Emulsification activity

mp('-h}u, ds by forming emulsions (Shivinskr et

o)

¢ lhiquid phase (water) 1s dispersed as

1

IXdrocarbon). Addition of biosurfactant have

..‘\—3

» tension of water solution and interfacial tension between water and

(Satkia ¢t al.. 2011). For that recason. low molecular weight brosurfactants are more
preferred by industries since they have been proved to form stable emulsions (Nitschke

and Pastore. 20006).
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The roles of biosurfactant as emulsifiers are well reported. For instance. in food
industries. biosurfactants are employed as emulsifiers in the processing of raw materials.
The rheological characteristics of flour or the emulsification of partially broken fat tissue
can be influenced by applying biosurfactant in meat products and bakery KE Nawawl

ct al.. 2010). For biomedical purposes, biosurfactants act as cmulsif}'ils 1 ugm for drug

transport to the ifection site (Makkar and Cameotra, 2002).

2.5.3 Foaming activity

interest n the development of cosmeticsy . r@wucculicul applications
N
(Chen et al.. 2008). Basically. the latd otential at the gas-hquid

interface lowers the surface tension \Yﬂ 1S 1'0 (e

area and increases the stability of

bubble s1ze are usually den ‘& b

, DY
#

indt§wcs (Razafindralambo et al.. 1996).

|
(—)

&

taty

Cny
Aé’k S
‘e\ S
N
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2.5.4 Antimicrobial and antiviral properties

The antimicrobial and antiviral activity of several biosurfactants has been dm 1ed 1n

various literatures for several different purposes. Bilosurfactant mani %Olll\ldndln“

antimicrobial and antiviral action due to the membrane interactiorseol s amphiphilic

properties which responsible for a variety of pharmacological alc'w.s ol biosurfactant

Yv

(Leclere, 2006: Seydlova and Svobodova. 2008).

The antimicrobial and antiviral activities polumv

mechanism by which 1t inhibits or kills a targe l
the target organism (Das et al.. 2008).
biosurfactant with respect to both activag

as well as the charge of the hydro)

Al

induces permeability changes

' -‘L&memms leads fimnally to the

disintegration of the mycopMiSwg me SY stﬁ\o by a detergency ettect (Vollenbroich

O

&
N 5
)

et al.. 1997).

The biosuria that have been most itensively studied regarding 1its antimicrobial

activities pamnolipids and surfactin produced by 7. aeruginosa and B. subtilis

respectively. Both of the biosurfactant showed excellent antimicrobial activity against

Gram-positive and Gram-negative bacteria as well as fungr (Vollenbroich et al.. 1997:
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Kracht et al., 1999). The target organisms in Table 2 reported to be susceptible to
biosurfactant produced by B. subtilis. Among the bacteria P. fluorescns, B. licheniformis,
Rhodococcus globurulus and Staphylococcus aureus develop a particularly resistant
strain (methicilin-resistant Staphyviococcus aureus or MRSA) that is kl@ cause

(') |

postsurgical infections (Cushnie. 2005).

Concurrently. antiviral activity ol biosurfactant against variqg tpes "al viruses has been

07 ¥shOw po 1itive ettect

) & mlll\1 forest

'|h-.-

]Sl % VIrus. simian

‘ lmb‘:&)uudllls virus. lhe

report suggested that the antiviral

&\mmum.s due to a
S

physicochemical teraction ol the \ part of the virus lLipid

membrane (Vollenbroich et al.. | 97!?

m to be applied as antibiotic against known

Prt
S

which 1s an microbial lipopeptide was approved for the treatment of complicated skin

and skin-structure infections by the FDA (Seydlova and Svobodova. 2008).
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Table 2: Organisms susceptible to antimicrobial action of biosurfactants

T'ype of bacteria Microorganisms
Gram-negative Acenitobacter calcoaceticis
bacteria Alcaligenes cutrophus

Pscudomonas Fluorescens
Psedommonas aeruginosa
Lscheria coli

Serovar typhimurium

Pseudomonas corrugata

Gram-positive

bacteria

['ungi

Fusarium udi
I richoderma herzanium
Rhizotonia bataticola

Botrvtis cinerea

Reterences

?&: IFernandes et
V 2007: Bechard

z ;.1'1d astwell. 1998)
Y.

= (Yakimov et al..

1995: Fernandes et

al.. 2007)

(Ongena et al..
2004: Joshi et al..
2008: Sabate et al..

2009)
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2.6 Application of biosurfactant

Since surfactants should be both effective and environmentally appropriate. it YMIMon

then to turn to the microbial world to meet the demand from various !1%‘1%. Due to

their exceptional chemical characteristics, biosurfactants have been ag vledged for the

commercial use in bioremediation: as antibiotics in the medical inwj': for enhanced o1l

SR 1rduslr}' and also 1n

1t 1 theXe miu%uics show

| 3

recovery In the petrochemicals industry: in the minerals prc

the food industry (Makkar et al.. 2011). The uses of biosurfad

2.6.1 Biomedical and pharmaceutical a@plicatio

There has been growing interest

Some biosurfactants are ap

numerous pathogens. antimicrobial

as antibiotics against known pathogenic
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Biosurfactant have been actualized to ihibit the adhesion of pathogenic organisms to
solid surfaces or to mfection site. This action causes biofilm forming bacteria unable to
adhere to solid surface or to infection sites in the presence of biosurfactant. For other

purpose. running the surfactin solution to the pre-coating vinyl urethral cu&g‘s resulted

In a decrease n the amount of biofilm formed by Salmonella /_17)/11'1)1(&'1‘3;; Salmonella

enteric, L. coli and Proteus mirabilis (Seydlova and Svobodova. 20()?'

oalst

0 Cl SeillCINOmMa
_ | &
oicgl fap 1c:.ui%1.:.

V

\nué@nc on channels.

Biosurfactant was also reported to have an antitumor acyivity

They are

'n:p@‘d as antiviral agents

| ‘SC[]'\'C surfactant and the

2.6.2 Agricultural nppli@ﬂ

&

Recent umccrns\ ling pesticide lﬁ&)ullon have motivated global efforts to discover

for any n native biological control technologies. There were report that

Pscudoni eruginosa has been used to control fungal infections of cucumbers and

peppers caused by Phviium aphanidermatum and Phytophora capsici.  The finding

concluded that this 1s due to the eftect of brosurfactant in the nutrient solution which 1s
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later known as rhamnolipid (Banat et al.. 2000). Biosurfactant can also be utilized in the
biological control of post harvest discases and insects. It has been reported that the
supernatant of a B. subtilis culture ihibited the growth of Aspergillus flavus, A.niger,

Penicilliun oxalicum and Botrvodiploidia theobomae. These oreanisms | major

spotlage organisms of intermediate moisture foods (Joshi et al.. 2008). :% |

formulatine poorlyv soluble orcanophosphorus ped
& : g l |

cmulsion n the existence of the pesticide ll:nll%mum

"

a biosurfactant synthesized by 7. w;-uycﬁmu

; Z(MQ); On the other hand.

dchauncd to solubilize toxic

=)

@hﬁ‘xuchlnmhiphcn_\'l from oil

1dS

oreanic chemicals and amplify the sol

slurries (Mulligan et al.. 2005). Yv

2.6.3 Bioremediation

Bimmnuliuliun\

mmentally  sensitive field by enhancing the biodegradation ol such

procedure by which contaminants or pollutants are removed from

certaim
contaminants. Generally. this process focuses at supplying cost effective operation and

contaminant-specific treatments to lower the concentration of imdividual or mixed
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environmental contaminants. The capability of a biosurfactant to enhance brodegradation
of slightly soluble organic compounds depends on the extent to which 1t mcreases the

bioavailability of the compound (Ron and Rosenberg. 2002).

[‘'or instance. many cases ol oil spill accidents from the mudv ~ petroleum

culminated in critical pollution of oceans and shoreline enviromgients. Beside from
accidental spills, intentional discharges ol o1l have also resiiy :n C mxldt.hlblt amount

of contamination. Such cvents have 1

limited use and only  partially cl‘l‘ccliN S jice. 2008).  Hence.

ol biosurfactants to cmulsify h\du

t‘l]\ 1TC 1111

e\
C l.|N®cm'cr. biosurfactants also ofter

&

Srive nnpnunda such as low toxicity.

&
Vdgi spill n the Prince Willilam Sound 1n
L

was used successtully for broremediation

degradation of hydrocarbons

distinct advantages over
brodegradability and hig

O8O was an t.\mnﬁl%

(Mulhgan. “()()'\

N

Yv
5




L7 Process conditions

Biosurfactant production by various types ol microorganism has been inve luiuj mainly
[rom the perspective of theirs biotechnological potential. These mlLlUShl SMs are not

just widely distributed but they also produce different type of biosur ts. Specitfically.

cach of the microorganisms has exclusive preferred environmgata ditions which are

necessary for achieving optimal growth and product synthes L]U"l apia ct al.. 2003).

pO1® JREquired for
K\g

erowth and enhanced surfactin production by B. subiiM I CICRre WO factors

Accordingly. this section of literature will focus on tl

influencing the production which are medium ¢ tion conditions.

2.7.1  Medium compositions

hyvdrocarbons have lkd;h’ sul
Wnl Ol

soluble buaa™ cheap and acceptable for many applications such as m food. cosmetics

However, the pre

insoluble in th

and pharm™®tical industries as well (Makkar and Cameotra. 1999: IF'ox and Bala. 2000).
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The influence of carbon substrates on the production of biosurfactant by various types ol
bacteria have been reported by Abushady et al. (2005). They have conducted a study on

the evaluation of various carbon sources for growth and surfactin production by B,

subtilis. In the study. two type ol B.subiilis were cultured into various Ki \it'cgcmhlc

otls and carbohvdrates. It is reported that surfactin concentration betw

was achieved using vegetable oils, while concentrations ol 2000-275(8ne ld surfactin was

obtained from carbohvdrate substrates.  Among the YN Irate  substrates.

supplementation of glucose into the media enhanced the jayges®e(tON WLUH where the

o/]..

L -

Another 1mportant  component  associate J\Ilh by

' 111@ media. As the matter of

highest vield was achieved upon addition up to 30

i ‘o

3

<
$

url 1@1]1 production by

da

é

MICrooreanisms 1s nitrogen source suppl

(24X h) managed to compare the

the fact. a study was conducted | 1\\3111 |

elficiency of using organic anc l]lL n [0Q 1 I\L N L‘ In the media toward surfactin

| lllmt" SOUTCES dld pu.lula.d choice due to

~i°
y'\ cdg-rﬁcr completion of fermentation process.

production. Based on the r

enhancement of surfactg

§ @‘)_: and NaNO; showed the highest surfactin

Among mnorganic n E %‘1

concentration PIAHRHI \\1l|1 22 (){%ﬂl 1950 mg/l. respectively. Meanwhile. a report

by Onwosi %1 o (2012) showed similar finding that support ethiciency of inorganic

nitrogelygour®® on biosurfactant production. In the study. rhamnolipid production has

been reported to increase when NaNO; as the inorganic nitrogen source was used

compared to urca and yeast extract.
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Nonetheless. biosurfactant production also could possibly be strongly affected by
avatlability of various nutrients in the medium. In fact. the concentration and availability

ol nutrients such as iron and manganese in the medium formulation have significantly

cnhanced  surfactin production and the growth of B, subiilis It\ producer
micrmwrg;mism (Makkar and Camecotra. 2002). A

uk?' ferric to

| &

Min® benetit (Wel
\,W

i@s cructal since 1t
'uupl:.llu.‘ ol 5. subtilis

]CL{

 vield high production of

There are several studies
() A

surfactin pmducliun.% '{\
surfactin mnccnlr;!m fncreased 5-lulé§§.l'wn 0.0013 M eSO, was added to the culture

hl‘wlh. \\'hilc (

and cported that both the both bromass and

\hu surfactin concentration mcreased when 4.0 uM manganese was
added to th&&gJTure broth. On the other hand. Abushady ¢t al. (2005) evaluated the effect
of eSOy and MnSO,; concentrations on surfactin production and found that at

concentrations of 152 and 50 mg/l. respectively resulted o maximum  surfactin

concentrations of 2450 and 2500 me/L. respectively.
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2.7.2 Fermentation conditions

Fnvironmental conditions during fermentation process also plays impo{i role that
influence both cell erowth and biosurfactant production. Thus. various l_ﬁw:e)l‘wm.mmns

msideration. so

such as pll. temperature. agitation and aeration must all be taken 1

maximum production could be achieved. V

In fermentation process. appropriate temperature \\%ld}

any microorganisms to survive in the media. l% zc (Y

distressed not only on microorganisms but iwi st the

A report by Abushady et al. (2003) ‘l%d

o1 @ul to a fermentation routine. From the

.' " Lfll (‘)

(i and age of moculum could mftluence the
N

Frod ;ll?'cl the duration of the lag phase. biomass vield.

[ermentation proc %\ S
e &

w‘ sporulation. quuh’_\' of the final product and the production cost (Sen

spectiic grow

and Swai Wi, 2004). In any fermentation processes. lag phase 1S a crucial tactor

since it is coresponded to the period needed for the cells to adjust to the existing physical

and chemical environment. So. it 1s common that the medium for moculum should be

identical as the fermentation medium to reduce the time ol adaptation. With that regard.
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age and density of moculum should be well-managed to achieve appropriate lag phase

during fermentation process (Zhang et al.. 2003).

no:Q substantial

In a well-developed fermentation svstem. acration and aertation are
l : &

lunctions that could improve the vield ol the product. Basically. th sent ol acration
and agitation n the fermentation system are to deploy and 11';_111.'11:N3__1cn throughout the

medium culture as well as for mass transler. However. acrat Jnd gpitation rate should

be sustained at certain level since vigorous actions ngy [cqd (p scgpere T@ing thus.
causing unstable and etficient fermentor opera NP ' 0 4

Ll’ WC
w

s high costs during recovery and puritication
well as a wrobial metabolite 1s administered by three basic aspects which were

utilized wovide in order to develop more cost-competitive process:
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1. Reduce inital raw material costs by substitution to waste or cheaper substrates:

1. Application of convenient and economic production and recovery methods by
development of efficient bioprocesses. ncluding optimization ulv*ullurc

conditions and cost-effective sceparation processes 1o m:.l\imi%\murlhcmm

production and recovery: and

chnl and selection

cn'n.mcc vielding  of

NY.

. The product vield of the producer microorganisms by de

of overproducing mutant or recombinant  strain!

biosurfactant (Mukherjee et al.. 2000)

ol a system. a process. or a product in\l ‘
J~ mq ns ol deter;

rescarchers used this technique

a procedure that produces the

out traditionally m analvtical chemistry by

Optimization techging e oflrric
A S
™

monitoring the wt‘llcc of one factor™t a time on an experimental outcome. However.

0o old-fashioned and has a lot of shortcomings. Conscequently. various

the techni

multivariato=®atistic techniques have been developed to overcome the problem.
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2.8.1 One-factor-at-a-time (OFAT) optimization

The old-fashioned strategy of medium optimization mvolves varving “n\z"uhlc e

time. with all other variables held constant. This approach 1s usually wn& *d & one-factor-

at-a-time (OFAT) technique. Currently. most researchers favor multi\gM®te optimization.

NI}' solves complex

which offers efficient technique for experimentation that cor

problem with many variables (Frey et al.. 2003).

However. OFATT is favored by researchers :.md% ‘ : 1an multivariate

X

1c Prynary coal 1s to gain

optimization under certain situation, for s ‘c)\‘hcnc\'

hing \I

.‘

L] l‘u:\ [ runs  available  for

'lﬁ&(cd by time and scarce of
N

improvements in  the system  and
d

]

Although OFAT method I'L‘KNJ

t Ncl Fnind
maximum and minin &ﬂin}s

to utilize the techniqu
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2.8.2  Response surface methodology (RSM)

Conventional and classical methods of OFA'T technique however. have nTﬂ‘ucinl

Q(\\';mg Cl

disadvantages and less efficient compared to the statistical multivariate g

based on the 11t of a polynomial equat g
the behavior ol a data set with uh]uww\

D007). It 1s a statstically designed ¢g Lll

2 \
ILHPUI]HL O a Sci 01 IL\]HH\&‘ il]

5
. ahd cdll:

was first introduced by )s and originated from the graphical

ematical model (Kahil et al.. 2000).

Istical techniques that are based on the fit of empirical models to the
experimental data obtained in relation to experimental design. Through RSM. an equation

representing the approximate relationship between a single response and control tactors
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can be obtamned based on experimental data (Choudhury et al.. 2012: Sen and
Swaminathan. 2004). Hencetorth. linear or square polynomial functions are employed to

describe the system studied. A contour plot or three dimensional modeling 1s usually

utilized to characterize the response surface graphically and dcwrmiIq.upnmul
parameter-setting (Song et al.. 2014). :%




