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CHAPTER 11 

LI'I'ERATURI REVIEW 

2.1 Microbial surfactant (Biosurfactant) 

The terns curl lCtallt circunlscribcd diverse variation of Compounds with surlaCC active 

properties existing either in synthetic or biological state. These compounds have the 

ability to reduce surläce and interfacial tension at the interlaces between solids, liquids 

and gases and hence, alloying them to disperse freely as emulsions (NIL111i2an. 2000). 

13CIIIII a111ph11)hllie in nature, stlrlictallt contains both hydrophilic and hydrophobic 

domains and thus capable to exist prelcrentially at the interlaces between two phases of 

(1iflcrent dc,, I-ces of polarity and hydrogen bonding O anu and NItilligaan. 
_004). 

The cl7bcth-eness ofa surfactant is determined by its ah% to 1o\\cr the surface tension. 

The terlll surface tension is a measure of the surface We energy per Unit areas required to 

bring a molecule front the hull: phase to the surläce (\1edaranlan and VenLatesh. 201 1). 

By lowering the surf ice tension at interfaces or surfaces. reduction 01' repulsive 6,1-Ces 

het\\ccn dissimilar phases allo\vs the t\\o phases to mix and interact more easily 

("evdlma and Sv. ohodov'a. 2()O8 
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Stll'lactallt clicolllpasscs a parallloilllt class 01, industrial chcliiicals Illy illy used 111 almost 

Cv, crv Sector 01, current ilidustl'v.. Indeed. total curl ictant output is 11 tiliicd almost in 

household as laundl'v dlctcrýgcnts while sonic amount is destined lar industrial usc. Most 01, 

these surfactants arc petrolcuni hased and are chcniicall\ sý nthcsi/cd at the present \\ hich 

ho%vever. ol'tcn havc dctrinicntal ecological cflccts (Isa ct al.. 2007). So. the purpose of 

the surfactant itself is one ol- the most important I. ictors that should he considered prior 

application. Othcr factors that should he considered including cost. public and rc,, oulatot'v 

perception. hiodc'-'radabiIiIv and degradation products. toyicii to humans. animals and 

plants and aNIity to rccvrlc (Mulligan ct al.. 2001). Thus. this (cads the trend towards 

using and searching Iar env ironmcntal I'ricndly hiodc, 
-11adahle surfactants of natural 

oricin. 

Surfactant Compounds vv Ilich are produced by microorganisms and demonstrate 

particularl\ prominent Surface actin it\ and enlulsilý in`ý acti\ it\ are class-il-led as 

hiosurlactant (Ahimou et at.. OOO: Lao ct al.. 2OO'-)). These microbial coil poun_! "; 

constitute a diverse group ol, surface-activ e nmlecules and usually produced by 

h\drocarhon-utilir. in`g microorganisms in various substrates such as sugars. oils. alLanes 

and \\astes (l innerty. 1")'-)4). The l1\7lrophllic part 01'a hiosurfactant usually Consists of 

amino acids. anions or cations. or poll sacch, urides "bile its h\ drophohic pout consists ol' 

saturated or unsaturated lone Chain fatty acids. by droxv l (itty acids or a all: l ýý hý droýý 

fatty acids (tieghal Kiran et at.. 2010). Various topes 01' hiosurfactant including their 

respecti\ e Ill icroor_eanisnl producer are represented in I able 1. 
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Table 1: List of hiosuriäctant and their reshcctiv*c microbial origins 

I'Nhc of hiosurfactant On-'anism 

l. ipupclitidc (sur(Iactin. 

ýCIlý\ C'lll ) llllrl ll and 

(ilvcolipicls (rhanuwlihicls. 

sOhhOr0lipicls and 

trchalaliiids) 

RC(crrnrc 

Bacillus suhlilis sp., 

I'srmlcmumus lihern'1zsis. (Srvdlo\a and 5vohodova. 

Rhocloruc'cv. e sp.. ? OOS: 1'uussrf ci al.. 

. 
1_cNuhucYc'1" c'h1'00CUr1m1, Mulliuan. 200ý) 

1'. Yc'uclUmlmUS 
111101'c'. 1'cY'11.1'. 

Kh(! c/(! c"rils rri'lln"(lhulis, 

hsY'(/(1111U11U. c (IC'1'ilýlll(LýýU, 

1'sc(l(r_vn1u lunceiensis, 

. lilc7'(! c'uCC'il. c lil/c'ils, 

I'hoshhulihids 7iriohucilltls ilriuxicluir. s. 

(Kitammotu ct al.. 2002: 

13u, 
-, acrt ct al. _ 

2007: 

ýUlllýall. 1 ý)0S ) 

(Knickerbocker Cl al.. 

2000) 

I ii il uc'icr 111X'! 11 l/lc'71Vl. 

Fatty acids or neutral Iipids (Banat. I QL)4) 

subs. insidious 

Polymeric hiusurfactant 1. rulruuc c'1ic rr. c, . 1. (('hui ct al.. IQ96: l3arl: aý 

(I: mulsan ancl : Masan) rucliurc. ýi. ýýcn. c ct al.. 1999) 

C`cllubiusc lipids (;. vlilawo nrul'dis (Tcichmann ct al.. 2007) 

"crrmvctin . 
ti'crrulicr nr[nY"c'. cCC'i7. c (I'm cl al.. 2O09) 
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Recerltly . 
hi(-)h attention has bccn lücuscd toww°ards hiosurläctatlt since this su r(äcc-activ'L' 

Compound has clear advantal-Ies compared with its synthetic counterpart including' lo\\ 

toxlclty. htýgh biode'-'radablllty. lovw Irritancy and compatlblllty with human skins (NaJa. i 

ct al.. 2010). Thus. biosurI ietant could be a propitious alternative to the widely used 

chemically synthesized suriäctants since it is Consumable liar the 1,00d. pharmaceuticals. 

and Cosmetics industries (I laniv'avarn et al.. -200 
3 ). 

Due to the amphiphilic characteristics ol' hiosurl ictants. they have been employed in 

industr\ as de-eillulslllers. penetrants. adhesives as well as Ilocculating. \\ettill`g and 

10amii mý anent. Diverse application of blosurlactants in Industry is due to their abilities 

including love suit ice tensions. high solubility. detcroencv pm dcr. wetting ability and 

loaming capacity (Nlulligan. 2OO5). Most intendment on microbial surfactant applications 

has been directed toward their use in environmental purposes owing to their diversity. 

enyironnentally liriendly nature and propriety liar large scale production (Rodriguez et al.. 

2OO6). 
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2.2 Bacillus sp. as biosurfactant producer 

The ()CnLus Bacillus Can be considered as one cal' the prominent microbial used by the 

fermentation industry. Among them, well-known examples are B. sirhiilis. B. 

untl-loliquefiacies. B. linccnifin-mis. B. ulkalophilus, 13lc'nilis and 13. /burin ie'nsi. s. Some 

of this microbial species is capable to svnthesire substantial amount ol' protein such as 

amylases and proteases (Sietske and l)iderichsen, 1991). 

13crcillu. s suhtili. s is a Gram-positive. spore lorming bacterium. Generally. this tv}, )c of 

bacteria resided in soil and on plant material and -, io\\s aerobically at moderate 

temperatures and pl I (Vater et A. 2002). 13.. srih= is considered as an important of most 

environments as well as other Bacilli s species. Since G. srchiili. s exhibits no pathogenic 

potential to humans. it is ieg tided as an opportunistic microorganism and indeed. 

applicable tor various purposes (Sietske and 1)iderichsen. I991). 

In conjunction with any other bacilli, B. . ýrlhtilis also produce a broad spectrun1 al' 

bioactive peptides with excellent surläce active and antimicrobial properties. Among the 

reported class of such compounds are lipopeptides, comprising of surläctin. Icnýgycin and 

iturin. The chemical and physical diversity ol' Iipopeptide biosurlactants produced by B. 

suh/l/ls earns them ideal candidates l01' various applications (JOSh1 et al.. 200$). 
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2.3 Classification of hiosurfactant 

I3losurtactants arc vIcldcd by v[ll-Io11S lvheS 111 I111C1'olli'g, , llllti111S 111ä1111V hVh. 1CtC1'I. L Illllýýl 

and VCaStti ( Ych ct al., 2000). l hose III ICI-llllný-,, aIl1SIl1S arc ahlC tll hi'lll{l1CC älll'IaCC aCiIVC 

clllllhotllldS vvlth hl'oad 1'alluCS 111 CIICIIIICaI stt'LlCtlll'Cti as shown in I'Iolll-Cs I. A 1l11IC1'Cllt 

QC and stl-urtUl-r ol hiosurlactallts is plausible II the hvdr11Ca1'hllll Chain \\lliCll is the 

hydrophobic part 111 hiosurlactant comprises lll 
dtv'CI-Se Chain lCllgth, branching lll- total 

Ilttlllhcl- of saturated and unsaturated fattVacids (SIVahathaseharatl et al., 2001)). l'or 

hvdrohllllir part of h1oSUrlaClant, hovveveI'. can be a carhohvdrale, evChc hehtlde. 

Ilhosllhate, amino arid, carboxyl ic acid or alcohol 2001)). 

hiosurfactant can he eatcgorii, cd into I, 0u1- types vvIlich are ; alvrolihids, hhospholihids, 

polymeric hiosurl'actants and lillollehtides 

2.3.1 Glycolihids 

colipids arc know n as the must tv pical cIass of 1 iosurfactaIts. These compounds are 

sugar-containing Iipids in which a carhuhvdratc muicty is Iinkcd to a I1atty acid moldy 

(Igaria et al.. 2014). I'hc most cflcctivc _dIvcolipids from the point ol, view of surfIcc- 

active properties are the trehalosc lipids produced by the . 
111eeohacicrilnn and related 

spCCICS. the I'halllllolipids produced h\ I'scll(/olno11Us species and the sophorollplds 

ohtaincd from the yeast (l odriýaues at al.. 200(i). 
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Rhallllllllll)Ids are the most c(llllhrchcilslv'clv studied glv'cllhl11C1 hlllstlrlactallts since thevexhlhlt 

rclatlvclv111'-'1] SL11-IaCc activities and are presented in high VICkk Illcl'clVQItCI' hCIcI 

incubation period,; (Kurlau et al.. 2012). The hhVslcllchcllllcal propcrtV that caused 

rhanuvlihi'ls to receivc extensive interest is because 01' their excellent surCace activitv. 

Hence. thevshllvvhigh potential ill industrial and Notechnolo'-"ical applications Such as 

SVIlthesl%. lll( and Stahlll%atl(lll 01, IlallllhartlCleS. preparation t)I in ICroe111111S1oIL as all 

ant ii, 
-, u, l11111eratlllll auellt and as dispel-sing agent (I leAel Ct A, 20 1 2). 

I' II11CIS mid sl)l)ho111111)Ills we hhemSC sllllllal' 111 Stl'llCtllrC hen colllh', ll'Cll to 

Iýha11111ohh1C{S. 1,11c structures ol tl'ehalollhlcls nie quite diverse especially 
in hydrophobic 

I1loletVal1Cl can be \ arlell ll-0111 short simple to long, complex lallVaCICiS. l hCVCall hl: 

Characterized hvCllsacchal'ICIe tl'chalose IInkCCI at to lvvo ý3-hv'llroyv(ý hralll'hCCI laltvý 

aCICIS (l)esal and l3allat. 1997). N, lol'CoVCI', theV have been isolated from several strains of 

Ar1lrr'nhucr/cr. 
. 
111"c"crhac"icr'irnn, Rlroclcrrorc'rr. v. 1>rvl'ihorierirnn anll ('Irrl-nchcrc"ic'ricrnr. 

l'ronl the point of practical use as hiosurfaclant. the ti-chalose lipid,, from Rlnrcllrc'occ'trs 

and the ý. _'CIICI'a 
are 01,1111,11 potential In application (CalllClltl'a and Mahhal'. 

On the other hand. sohhorollhlds stl'uctul'c consists or a disaccharide Sohllol'oSC linked to i 

1(111,. 
_' chain IIVCII'll\Vlatell IatlVaClll. Sllhlllll'l)sc is a CII,,, IUC(ltiC AVItII all unusual 11-1.2 bond 

and may contain acctyl groups (in the case of sohllorolihids) (Mulligan ct al.. 2U(11). Thc 

sohhol'ollhlcls obtained from the (. holuhlc'l1/a are in IaCt a IlllVtlll'C Of' related Illolcclllcs 
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IIlI dis UI1Cllo11 III the 11M acid portion (rhalll lcll,, 'lll, saturation and position 01, 

hN(IrOXNlatiun) and thc lal'tllni/. atll)n and acctNlatiun Irritcrn (Roll and 2001 ). 

2.3.2 Phoshholihids and polymeric I)iosurfactants 

I'hosllholllllds are prohahlvhcst hnllvv1l as a Illalll Component ol all cell Illelllhrallcs. 

liastcallv, most phoshhollplds Comprise ol scveral lllltVaCIl1S Illlhed to a cationic 

phosphatc ý-, Ioup vvhilc their proportion depends on the production hvvarious 

III icroor`ýanisnls. 1'hospholipids that corltain spccilic Catt\ acids are usual l\ dcsirahlc liýr 

sonic practical applications (Schi Ilcr ct al. 2004: ScvdlovLi et al.. 

On the Other hallll. hol\Illcrlc hIl1SUl'lactallt cllllslSlS llI Ill`,? h lllolcctllar \\cl'-' ht 

hiollolý nlcrs \\ hich nlainl\ a Ilolý saccharidc hacl: honc linked co\ alcntl\ tU I-att\ acid ; iL1C 

chains. I. illosan and cnlulsan arc usual I\ the most cmensi\ cl\ studied holý nlcric 

No's urfactants (Satl) I Itc Ct al.. lH his Ivhc ul' hi<+suI'll ctalIt can enluIS il'\IN drllcarhlln 

cl, licicntl\. even a\cr\ IO\\ concentration as \\clI as a 1)0\\Crful emulsion stahiIiLCr that 

ha\in, ý several applications in diverse licitls. 
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2.3.3 Lipopcptidcs 

I. ipopeptides hiosurfactant are an interesting chss of mctahulitcs that have a vvide v arictyol' 

applications Al industrial and hharnlaccutical sectors vvhich are ti0rnled hvsurfactin. 

Ittlrlll and ICIIIUIVClll lalllllles (Aihuhorala et al. 2OO9), All these "uhstalicc" existed as 

lallllhes of closely related complexes and Isl)lllrms which dlller in length and hrallChlll'- 

ol the laity acid side chains as vvell as in the amino acid stihstlttltlllls Al the peptide rlllt-I. S. 

13. muhlilis strains have been proclaimed as the nlajor source and producer ol, lipopeptidc 

biosurfactant. I)ifl'Crent strains of liuc"illuosp can generate ill iscellaneou> lillohehtide 

fanlilv and a single suain can also produce lipopeptides N\ Ali different peptides cores. Ihc 

diversitvof lipopeptide is due to the conlhinatorial and precursor-directed hiosvnthesis 

(I in et al.. `_'OO(): /. hao et al.. 20 1 2). 

'HIC stli'IaCtlll 111d Ittli'lll Compound's usual t\ arc C\ChC III)l1hCl)lal)CI)t1dCs which IllrltlllC a 

Jj-IlVllrll\V IattVaClll and 13-allllilll lallVaCld 11s1)CCIIV'CIVas thCil' IllhOl)hIIIC CllllslltllCllt. 

Illl\\C\CI'. ICII,, \'Clil Is a IlhllllCCal)Cl)tillC \\llll a Iý I1\llfll\\ I, ltt\ acid I11 Its sldC Challl. 

: AII(11l1C1' IIII ICi'CI1CC hcl\VCCiI thCsC IVI)Cs lll hil)stll'Iactallt siltlalCll at ICIIu'tll l1I tllC I, 111V , ICId 

chains that Call varv I'r0 111 (']; to('],, iilr sui'f, lCtill. h-0 In to 1,01, It urIn anCl to 

Iin' Icn(prin (Vater ct al.. 
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2.4 sill-filctlll 

Surl'actin is a cyclic lipohcpticlc hiosurl'actant vvhich is ýýrncrallysvluhesizcd by sevcral 

strains ul'the "'cnus l>ac"rlltrs in certain tvhcs oCculturc mcdia (()nuena ct al.. 2007). This 

microbial sul'lactallt has laruc VarletV(ll lsl)llll'ills \\hich Cllller hVVariatlllll of the Icn"'th 

and branching (ll their lattVaCICI component as well as by amino acid replacement in their 

helltide rin, -,, (%haow at.. 2012: I. iu ct A. 2015). 

SurIactin constitutes 0f scv cn amino acids bonded to the by droxv I groups of carbon acid. 

The conlllound is su'uctured and charactcrircd by a hchtalpclltidic moicty (i -aspartic acid. 

i -Icucinc, i -glutanlic acid. I -leucinc. I -valinc and two I, -lcucines) linked to a beta 

hydroxv l-laity acid of the chain Icnýeths 12 to 16 Carbon atones hrin, 
-, about its cv clIc 

structure (I lcerklotr. & Seeing. 2001: ßchary ct al.. 201 1 ). Figure 2 shoves the primary 

structure of surfactin that displaying the position of amino acids residues vv hich is located 

at positions 2.3.4.6 and 7. vv hilt the ; glutanly I and asharq I residues at position I and 5. 

respectively introduce my negative charges to the molecule (. Ioshi et al.. 2008h In 

Solution. Surfactlll is illustrated exhibits in a "horse Saddle coil farlllatioil that is a remark 

for its lal'S_'e spectrll111 of biological activity. makin, it wry appealllnc_. flit both industrial 

app! ICatlon and academic Studies. SUI'lactin biosynthesis is catal\ied noel-ribosolllall\ b\' 

the action of a lal'ý-'e Illllltlell%Ville Co111111c\ Consisting of foul' Illodlllal' building block',. 

called the surfiactin synthetase (Pee filuy. 1990). 
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Fiourc 2: Primare structurc oi' surI'll ctin ('-', rNc1Io\a and S\ohocio\a. 10(18, ) 

ý, . ýý L-ýlu L-Leu ý-I'_. eai 

CH., 

CH, CH 

L-Va 

ýý L- LeLýý ýý -Lý u". t, - Alsp 

Surlhctin reduces the surface tension of water li-om 72 to 27 nlV' nl at it concentration as 

low as 10 lll\1. which is Ihr below the critical micelle concentration in vvester of 2 Ill,: " . 

and about two orders ol, magnitude smaller than those ol'most other detergents (Mulliýýan 

ct al.. 2001: ('hen ct al.. 2007). l)ue to this attribute. surfactin displays antifunggal and 

antibacterial properties and able to interact With artificial and blolllelllbl'alle S\stcllls. Ills' 

example bacterial protoplasts and enveloped viruses (Rodrigues et al.. 2006). 
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2.5 Properties of biosurfactant 

ticycral hronlinent h}lysico-chenlical hrohcrtics hayc hccn hrohoscd 1i01- hiosurfactallt due 

to its anlhhillhilic sururturC. AnlonI thcnl arc hI I stahl lit. thcrnlal stahilitv, so luhilitv and 

surl, zlCc activity \yhich arc ycry attraCtiye hrohcrtics lilt industrial usc. I"urthcrnlorc. III 

Contrast to routinc synthctic surfactants. hiosurfactant usually hossesscs short all: \ I chains 

hcncc cnhancin2 its aLlucous soluhility (Gon'-, ct al.. -1001)). 
13iosurfactant also cnahlcs to 

intcract \yith the nlcnlhranc hcncc di, turh in, 
-, 

its intcority thus cxplain their \yidc ran_ýc of 

lllr hlolou, ICal propel-tics Sllch as alltlhaCterlal, alltl\ II'al. alltllllll,. _'al alld alltl-tnllllll' 

(C'ancotra and Mal: l: ar. 2004). 

2. ý. 1 Surface tension 

I3ios urlýICtant tends to aecunlulatc ; It the inlcrläce helvveen tvvll dillCrent phases heeauSe 

uf its sil'ueturc (I: 0drI1-'ucs cl al.. 2UO(0). I'hcrr1i01-C. at an intcrfaýc of air-vv-atcr. the 

h\ drýýphilic part \\ III he immersed \\ ithin the \\; Iter phase \\ hiIc the Il\ drophohic part 

; IppfIY, IChlll`ý the air. re`. 
_'alI1111 111 hlllSllrlal'lallt at Interlaces 01, sllrlaces results In the 

reduction ul I'epulsl\e lllrces hel\\ecil opposite phases mid grants the t\\o phases lil Illl\ 

and interact at ease. l'onsequentl\. alignnlcnt of hiosurfact; ult 1110lecules at the interface 

het\\cen t\\o diflcrent phases reduces surrace and interfaci; lI tellsi011s. 
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Hic elllcielnC\ of stlrlactallt SLII. IIcc tension activity IS expressed by addition of surfactant 

Illlllllllllers Into the solution hence decrease Its SUI'11ice of InterIicial tension until the 

snl'lactallt collcelltrat loll attain to the state called as critical micelle concentration (C'. I( 

(Sev dlov a and Sv ohodov a. ß()t)8). Above the Ch/IC'. 110 further reduction in surface or 

interfacial tension is observed. Ilo\\ever. surfactant Illollolllers insti(-ate to ill\olnlltarA 

associate lilto structured aecrccates such as micelles, vesicles and lamellae at the C'\IC'. 

These aggregates establish as a repercussion of numerous weal: chemical interactions 

betvvecu the polar head groups and the non-polar tail groups (: Arutchcly i et al.. 2014). 

C'\1C value can he varied for any surfactant depending on the surfactant structure. p11. 

ionic strength and temperature of the solution. (\V'ei et al.. -'()0')). 

2.5.2 Emulsification activity 

Another hhvslcochcllllcal Characteristic that describe 
a suillaciant are its potential to 

apparent vvatcr solubility oI' hvdrohhohic compounds hvIormino, cnlulsions (Slivinski ct 

al.. 2012l. I4nlulsions are Wrnled "hen one liquid phase (\\atcr) is dispersed as 

microscopic dro111ets vvithin another (hvdrocarhon). Addition of hiosurläctLill t havc 

lo\\erin, 
-, the surface tension of \\atcr solution and interfacial tension het\\een \\ater and 

h\ dI'l)cal'holl mixture's and thtls 101'llllllý. '_ Stahle e111ulS1o11 01 \\ater-II\ lIl'l1Ciu'hon soltltloll 

(tiaikia et al.. 2011 ). For that reason. lo\\ molecular \\eil-'ht hiOsurfaetants are more 

hl'elerrell h\ industries Since they have been hrowd to 10r111 stable emulsions (Nitschke 

and Pastore. 2000). 



18 

The roles of hiosurläctant as emulsilicl's are vy-ell reported. For instance. in llod 

Industries. hlosllrlactants are employed as emulsifiers lll the processing of I'a\VIllattrlals. 

The nccoIoo icaI characteristics of llour or the emulsilication Ol' partially hrolan lät tissue 

call he lllllucllccll by al)I)lv'lllýý hlosllrl'<Ictanl in meat products and bakCl'Vý (Wall NavV'am 

Ct al.. 2010). For biomedical I)lll'IlOses. hlosul'lactallts act aS emulsifying agent for drug 

transport to the lll1ectl011 site (Mal: l: ar and Callleotra. 2002). 

2.5.3 Foaming activity 

l'clallllil", is another plausible properly that is capable by blllslll'laelalll and is cll 1)1'Ollllllelll 

interest in the development or cosmetics. detergents and pharmacemical applications 

(Chen et al_. 2008). 13aslcallV, the latency or an alllllhlhhlle potential at the ', IaS-]iL]Llid 

interlace lowers the surface tension "Itch is the drAing Force for the reduction of surface 

area and increases the stability or the illalll. In many cases, stable barns with small 

bubble size are usually demanded by various industries (Raial111Cj1'alalllhll el al.. 1996). 
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2.5.4 Antimicrobial and antiviral properties 

Thc antimicrobial and antiviral activitvol' scv'cral t-)IOSLIJ-j'LICjIjjts has been documented III 

various literatures lcu sevcral dillcrcnt purposes. ßiosurläctant manifests outstandillul 

ant 11111crohlal and antiviral action due to the membrane Illtcractloils lll its alllhh(hhllle 

properties which responsible 1,01a v'arlctv111 hhar111acoloilcal actMtles 111 hlosllrlaCtallt 

(I. ccl&rc. 2006_ Seydlova and Svohodova. 
-1008). 

The antimicrobial and antiviral activ itics potential of' biosurlactant depends on the 

nice hanisill by hieb it inhibits or kills a target or`, eamsm 1neludina On the Cell structure of 

the target organism (l)as et al.. 2OO8). It was suggested that the ellicacv of the 

biusurlactant With respect to both activities. is dependent on the chain length of the lipid 

as well as the change of the hydrophilic head group. The nlenlbrane active surfactant 

induces permeability changes and at elevated concentrations leads linally to the 

disintegration of' the mycoplasnla membrane system by a detergency effect (Vollenbroich 

et al.. 1997). 

The hiosurfactants that have been most intensively studied reeardinl its antimicrobial 

activities are rhamnoli}pids and surläctin produced by P. acrn-inosu and B. 
. Sliblili. s. 

respectively. Both of the biosurfactwlt shoved excellent antimicrobial activity against 

(iranl-positive and (Iralll-nceatiw bacteria as \vcII as fungi (VolIcnbroich ct al.. lQQ7. 
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Kracht et al.. 1999). The target organisms in Table 2 reported to be susceptible to 

biosurfactant produced by 13. suhlili. ti. Among the bacteria P. tluorrsru. s. 13. lirlicnilormi. s, 

Rhodococcus oloburulus and S/u/)ht"lc)rorrus uure'us develop a particularly resistant 

strain (methicilin-resistant . ti'Ia/)hllororrus uurciis or MRSA) that is known to cause 

postsurgical infections (Cushnic. 2005). 

CollcUrl'entlV'. alltlV'll'al actsV'IlV' of hlosurfactallt a(-)allisl \a1'loUS types of' vii-Lises has bccii 

reported hv- a icvv literatures. A study by Vollenbroich ci al. (1997) showed positive ef'icct 

of sllrfactill and sucelilol-tiehalose lipid against several vii-Lises including Semliki forest 

virus. herpes simplex virus (IISV). suid herpes virus, vesicular stonrltits virus. simian 

Imnlunodeficiellcv vii-Lis. feline calicivirlls and Illurlne CllcephalolllV'cocardltis vinis. The 

report suggested that the antiviral action of Sllrlactlll coil mences Lille to a 

physicochemical interaction of the surf ictant and the outer part of' the virus lipid 

membrane (Vollenbroich et al.. 1997). 

Due to the antimicrobial and antiviral activities lll \'ill'I(ItIS hiOSUI'IilCtiints against IllallV' 

Common I)ath0ý.! ells. it was possible I'M- them to be applied as antibiotic against known 

pathogenic IIIICI'OOn-'ü111sills and viruses. 1-of example. development and productioll of' 

dal)tlllllv'cill blOsnl'lactallt (CuhlClllýl1') hýS/i'('/)/uilil'cY's lY)b'c't). v'pOi'ils in commercial scale 

which is all antimicrobial llllOllelltlde was approved llll' the treatment ofconiplicated skin 

and skin-structure infectious by the FDA (Seý'dlOVa and SVOhOdOVa, 2008). 
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Table 2: Organisms susrchtiblc tu antimirrOhial action O('biOsuri'actants 

l'yhc of bacteria Nlirrooruanisms 

Gram- neIati%c Arc'nilOhurlc'r c'ulrOUrc'liclls 

bacteria llculiýc'nc'. ýer1111-O/)hlls 

l'. YC'l00111011uS I'll tOl-C. S-( -C/ 7S 

/ý. 1'C'(%OllüllOilU. l' uc'1'il"i170Su 

1.. 1'C'11c'1'I(1 c'Oll 

SC'1'O1'Ul' 11'/)h1111111711111 

i'. l'c'il(1O11lOllU. c col'I'll-(ll(l 

Ciram-positiVc ßuc"illcr. c rc'rc'r 

hactcria Bacillus lichellilol, 1111S 

/3uci1/tts 
. etrhlilis 

Rhoclnc"oc"c"us 

Slu/ýhý'luc cýc c u. ý' Jtýc'c uli. ýý 

I'tlml i hla'. 1'OJ'I)OI"llllll Ui[IlCllüi 

. 
1llc'/"R(li7u hlli'i1.1'ü 

I u. euriuni O. ci. ýI)Oruni 

I' il. ý'cll"Illill IlcllUü 

"1 ric"hOC%'rnul Iic'i _uiliunl 

Rlii_ulc)liiu hululic'nlu 

l>uil"1'li. c c'iiic'rc'cl 

Rel'erenres 

(l'akimov ct al.. 

199>: Fernandes ct 

al.. 2007: ßcchard 

and l : ast\\c11.1998) 

(l'al: imm et al.. 

199ý: Fe 1'11a1111e5 et 

al.. 2007) 

(()n'-' cna ct al.. 

'004: Joshi ct al.. 

'008: Sahatc ct al.. 

? 009) 
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2.6 Application of biosurfactant 

Since surfactants should he both effective and environmentally appropriate. it is common 

then to turn to the microbial world to meet the demand from yariOLIS industries. t)ue to 

their exceptional chemical characteristics, biosurläctants have been acknovv lodged Im the 

coil mercial use in biorelllediation: as antibiotics in the medical industry: for enhanced oil 

I'eCovery in the petrochemicals industry: in the minerals processing industry and also in 

the food industry (Makkar et A. 20111 The uses of biosurläctant in these industries show 

signilicant advantages over chemically synthesized surfactants. 

2.6.1 Biomedical and pharmaceutical applications 

There has been ý-, iovvinu illtcreSt in the eACC( ol'bioSUrlüctants on human and animal cells. 

Sonic blosLUNactiUltS are al)pllcable to be used as a substitute to synthetic medicine and 

'lilt 11111CCOblal aiýClllS. Since IIIIIIiCroIIS blotillrlaClalllS have been documented to dlspklV 

b10SLIrlaCtalltS Call possibly he applied as antibiotics 1", Iillst known pathogenic 

microor, anisms (Rodrhpues ct al.. 2006). 
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l3111stlrlactallt 11,1\. c been actualized to Inhibit the adhesion ol' pathogenic organisms to 

solid surfaces or to Infection site. I hIs action Causes hiotilm 1,01-111111u, bacteria unable to 

adhere to solid S111-lace or to Injection site's In the presence Ol blO"llrlaCtallt. For other 

llurllose. runninýý the sLu'i'artin solution tcl the hrc-cuatin1-' \inýl urethral catheters resulted 

in a decrease IIl the amount 01hI0111111 lOrllled by SUi1)7c)ilc'iiU 71'f)h7111Ur71U11. Sc1i111017c'iicl 

c'77/c'ric", E. coil and 1'rr)/c'tl. ýnliruhilis (Seyzllova and Svobodova. 2008). 

BIOSUrlactant \vas also reported to have an alltltU1110r activity against Hhfllch S Cmfcllllllll; l 

cells and an lllltlFl. lllgill activity llll' various hhül'lllüCllll)l. 
_'ICaI 

ahl)hCatlllllS. I hCV' are 

IIICIUCIIIIg inhibit ON clot IOfllliltlllll as "ell as development 01 111C111b1'llI1C ion Channels. 

l'urther1110re. SUrlacUn and surlactln Allalllý, ', Ue5 have also been reported as antiviral agents 

due to physicochemical interactions between the mrmhrane-active surfactant and the 

virus lipid membrane (Banat et al.. 2000). 

2.6.2 Agricultural applications 

Recent Concerns rruarClill", pesticide pollution have motivated global rili)rts to discover 

Iilr am ncvvalternative biological control trchnolu".: ics. Thcrc were report that 

/'selldn)nnllas url"11-inn. cu has been used to control l'uný,: al in6Ccti0ns of cucumbers and 

I)eI)I)ers caused by l'111'l111111 ( ll)humt lc'1711u11till and l'111YophUlYl c'aJ7. clri. The 111ldlllt_' 

concluded that this Is due to the effect oi blosurlactallt in the I1L1tI'Iel1t solut1o11 which IS 



24 

later klll)vvll as rhaninolipid (Banat ct al.. 2000). Blosllrlactallt can also he utilized in the 

I)Il)I(lý. 
_'1Cal 

control 111 post harvest diseases and II1SCClS. It has been reported that the 

slll)Cl'llatallt c)i a B. sill7iilis cLIllLll'C inhibited the (.? 1'0\V'th 01 AS1)c'1-l%%llA' fltll'lo, 

l'c'iiic"illillii n. v'ulic"liili and B. iilrl'uclipluic liu ilic'uhuniuc. l'hcsc on-'anisms are all major 

spoilage organisms Ol'intcrnlediatc nluisture li)c)ds (J0shi et al.. -008). 

Application of- surfflctants is possible as vycll lilr hydrophIIizatloll of heavy soils as a 

flltlCtlOll to attain (-'ood moisture and also to deliver equal distribution of 1ertllizers and 

pesticides in the soil. For other purposes. biosurlactants also have been used in 

farnlulatin1-1 poorly soluble or-anophosphorus pesticides in order to regulate a stable 

emulsion in the existence ol'the pesticide lenthion (Banat et al.. 2000). On the other hand. 

a biosurl-actant synthesized by P. lL'ruwi11Ova has been proclaimed to solubilize toxic 

organic chemicals and anlpl1l' the solubility and recovery ol- hexachlorobiphenyl from oil 

slurries (Mulligan ct al.. 2005). 

2.6.3 13iorcmccliation applications 

131111'CI1lrlhaiJllll is a procedure h\ \\Il1Ch c1111tailllnallts lll' pollutants are rellimcd From 

Crftalil cll\'If1111111clltall\ sensitive held by rllhailcillg to biodegnukahmi or such 

contaminants. Glcrncfallv, this hfuccss liOrusrs at suhhlvin" rest rllcctiv'c 01lrfatiOn and 

Coll taillllY. lllt-SIICCIIIc tfratlllrilts to lower the concentration or individual or mixed 
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rllv'llY)lllllrillal Clllllallllllillll5. The CapllbllIlvllj Cl hll1Sl11'Iaclalll lll eRhtlllrc hIodcg1'(ldlllloil 

of SllgllllV SllIllhIC lll'ýýaIIIC C(1111p111II1C{S ljCl)ClldS on the extent to vVh1Ch it llll'l'C<1SCS the 

hloav', llkühllllv' (ll lhC compound (Ron mid Rosenberg. 2O02). 

I`or instance. many cases ol, oil spill accidents from the production of petroleum 

CLIIIn 11Ulted in CI'1t1Ca1 holllltlon ol oceans and shoreline environments. l3eslde ll'olll 

accidental Spills. intentional discharges C)l oil have also rCtilllllCl in coils IClCI'ah le amount 

ol contamination. Such eyellts have linreased attelllpls to deyelllp yal'ious cheilllcal. 

procedures and techniques iiir confronting oil pollution (Roll and l"'Oscilherg'. 2002). 

I here are mallV existing oil decontamination processes yet I11C1Stly are L yht11SlVýl , 
have 

limited LISI' and only partially ellcctlye (1)as and iAýIUhherlee. 20U8). 1lellce. 

hiorellledlatloll has been introduced to he all alternative to existing teChlllglleS. I hl` ability 

ol hloslll'IaCtallts to CI11UIslly 1M. 11ocal'holl-vyalel' mixtures 111mia, ý: "cs to enhance the 

de"'l'adat1o11 01hydrocarbons in the elivII'Cllllilcllt. NloreoyCr. hiosllrlactallts also oller 

distinct adV alllagCS over synthetically derived compounds such as l(lvy tonicity. 

hllldegradahlllty and high SpCCIIy. I: X\oll ValdC% Shill in the Prince Willialil Sound ill 

1989 "as an example vvhel'e hllisUl'laCtalll vyas Used sLlcCesslullvIoi' hlol'ellledlalloll 

(1\'1ulll,,, all. 2005), 



26 

2.7 Process conditions 

I3iosurfactant hrodUCtion by various types of' nlicroor, LaniS11 has hecn illy cstigatcd mainly 

1,1-0111 the hcl'shccti\C 111 1l1CIiS h1OtCChl10lO_CIC'II potential. I Ilcsc Il11Cl'llýlrýýalllýlllti al's not 

just \\ldclV distributed but the\ also produce dlllerent type of hlosurlactants. spccllleall\. 

each oI the mlcrooi animus has exclusive prclerred environmental conditions which are 

necessary for achicv inc optimal 1-1royv th and product synthesis (I rejo- I apia ct al.. 

Accordlin, cly. this section of literature wilt [acus on the process conditions required for 

('rovv th and enhanced sui I ictin production by B. 
. ciiblili. v bacteria. There are two iactors 

IIIIllleIlCil1 ' the production \V hich are medium Compositions and Ierlllelltatlon Conditions. 

2.7.1 Medium compositions 

The major component lilt the production oI hiosurfactant is carbon suhsUatcs. Prinlarilk. 

by drocarhons have been the substrates 01, interest liar the production 01, hiosurfactants. 

Ilow\ever. the predicament of cnlhlo\in`g hvdroearhons as the substrate is they are 

insoluhle in the water. I'hus. carhohvdrates are prelerred since thev arc not just vwater- 

SO! tlhle but also cheap and acceptahle tol' lllall\ applicatiolls such as ill loud. cosmetics 

and pharnlaccutical industries as vvcll (MaLLar and ('anlcotra. 11)Oc): Fox and 13älä. 2h0h). 
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The influence ol cat'h011 sllhstrates on the 111'oClllctl011 of hlosul'lactallt hv various types ol' 

bacteria havc been reported hvAhllshallvcl al. (2005). Thevhavc conducted a study on 

the evaluation Lll various carbon sources Illr S, 1'OvVth and SlllAaC1111 production by B. 

. cuhiili. ý. In the studv. two tý}lc of 13. mthiilis were cultured into various killds of vq1ctahlC 

oils and un-hohyLlrates. It is reported that surlbctin concentration between 1l)l)-Ul)l) mg 1. 

was achieved Llstm-, ve, -, elahle oils. vvIltlc concentration,, oI 2000-275O ing 1, sllrlactlll as 

obtained from cal'hohVCII'ale Sllhslrates. ; AIllotl"-', the eal'hllhVllrate sllhstt'ates. 

Supplementation Lll ". _'lllCL1SC 
into the media enhanced the production of Sltl'IaCtlll vVhCI'C the 

hluheSt Vlelll \\ as aCllleVeCl upon addition 111l to 30 ý, '_; T. 

Another important conlhonent associated v1ith hiosurlactant production hv1111Cr11orga111ti111S 

is Illtrllgell Slllll'Cc 511MhAnllCllteC{ into the nutrient mcclia. As the matter 01, 

thc 1act. a studv vas cl)IICIIICtcd hv; 1hllshaClv et al. (2005) Illallaq'eC) to Cl)Illhare the 

ClllclcilCv' ol llSlllý.? Ol'galllC and 11101'1. _1a111C 
llltr01-'CIl SOUI'CC in the 111eCha tovVal'l) Slll'laCtlll 

product ion. ßascd on the rehl)1't. inOr_I-Ianic nitr01-)cn sources are ýýrclcrrcýi choice due to 

CI1ha11cc111Cl1t l)l sul'lact111 production observed alter completion l)l icl'lllelltatll)11 process. 

AIlll)11i-) lllllr'. "a111C Illtrlluell, ho\VCVeI', Nl l. lNO; and NaNO; showed the highest surlactin 

collcclltratlon procurement vvlth 2230 and 1950 Illgd. I'CSheCtlV'CIV. MeallvVhllC, a report 

hvOllvvosl and Olllho (2012) shovVCII Similar l Illll111g that support el IICICIICVý 111 Illlll'ý.! aIIIC 

nitrogen some on hlllSllrlaCtallt lll'l)lltlCtlllll. In the SttldV, rhalllllollhld production has 

been 1'ehol'lell lo Increase hen NaNO; as the IIIonýalllC Illtl'll_'ell Slllll'CC \VaS IISeýI 

Compared lo urea and \ Cast eXtract. 
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NL)ncthclcss. hl llsllrlaCtaIII III'0C{llcllllll also could Illlsslhlvhc Slrllll, ýlv allcctcll hv 

av'allahllllv0l varllltls Illltl'ICIItS in the 111cd111111. III Iact_ the coil celltl'atloll and ava6lahlllty0I 

IIIILI'ICllts such as lrllll and Ili11llI-'alleSC III the medium Il1rIlllllatll111 have SIl-'I11IlCallllyenhanced 

surfactin hnoductiun and the ý-'rOwvth ui, R. N rrhiiliS a: the hro ý luc cr 

III icn00r(-1ani; nl (\lal: l: ar and C'anlcotra. 
-'UO-)). 

II'oIl is a 1ýcncral cutlactor li, r nlicrohial alld cnr. vnlrs (ICvcIohnlcnt_ as vvCII as an c;; Cntial 

Illilleral to Illil'I'oor`ýallisllls. I3aCteria llliIi/C host iron Colllhollllds to reduce Illrie to 

ferrous low, vllth consecutive transport of the tCl'I-ous loll", fol' their Illlllllllcllt hCilelit (WCI 

et al.. Mealllllllle. Ihe presence ot Illallgallese III the medium is crucial slllce it 

supports Cell `I'o1\lll h\ allcctlll,, Illtro,, CII lltllVatloll . 111(1 I,., lolls uptake of l). s!! h!! l!. N 

eel Is (\Vei and ('hu. ýlll)ý). Ihis hehaVior st iIII ulates B. sllhirlr. ýto Vield high production 01, 

Slll'f`, iCtill }ýI'o\ldeli that the appropriate allh, uill of' manganese is sIII)I)IiCd into the media. 

I here are set oral studies that e\ aluatcd the el'l ets of iron and nruiuancsc cations on 

surfactin production. A\ ei and ('hu (2002) reported that both the both biomass and 

surl"actin concentration increased 5-1old when O. 0013 \I I cWi vvas added to the culture 

broth. "He onl\ the surf; ictin concentration increased Nvhien 4.0 tt\I nuutcanese \\as 

added to the culture broth. On the other mud. Abushad\ et al. (200 ) e\aluated the ell'ect 

of I'eti(i and Mils()., concentrations on surl1actin production and found that at 

concentrations of 152 and 50 nie 1. respecti\el\ resulted in nýaýinýunt surlactin 

concentrations ()1'-'4 5() and 2500 nt`c1. respecti\clY. 



2Q 

2.7.2 Fermentation conditions 

I'. IIV'll'OlllllCllt"ll Conditions durini I'CI'111cilt'ltio11 I roccss also pLIV illlportýlllt I'olc that 

inilucnec both cell gnwvth Ind hiosurlactant production. Thus. \ arious tv hcs of conditions 

such as p1 l, lcnlpcraturc. 1'itatioll and Icr. ltioll must all he taken into consideration. so 

nlayinlunl production could he achicv cd. 

In Ccl'lllclltatil111 hrlLlcSS, allhl'llhllatC IcIllllCraturc ill hruViLlc C1111VCllil'llt C1111dit1Ull 1,01. 

allV' IIIICrlulrf_'. 1111SmS tll StllVlVc in the Illcllla. I'. X11'clllc tClllhCratlll'C Illll_'llt callSC SCVcI'c 

distressed not 0111% oil Ill icrooýr'-'anisnl; but "Ilao a, -, ainat their uvvn ýýruvvth activitya, vveIl. 

A report hv Ahushadvct A. (2O05) shiwvcd the cl-l'cct oI° tcmhcraturc on : urlactin 

production vvhcrc the tcnlhcraturc valuc hcluvv0r ahllvýc 30 °(' rcduccd its vicld. 

IIll1CUlUlll or seed Culture is a IlccessarVfaclllr input tl1 a ferilleillatiolll routine. 1'1'ýllil the 

commercial and N1llStrlal heryccti\c, densil\ and age of immulunl could inlluence the 

fermentation llroccss since ihcvIlliýýllt affect the duration 01' the lag, hhasC. hionla;; vicld. 

specific ,. 'rovvth rate, shorulation. yualitýufthc final product and the production Cost (ýCII 

and S\\; tllllllathall. 2004). In allVferlllelllalllln hlYlccsscs. la,, hhaSC i" a Crucial factor 

since it i.,, Corresponded tll the period needed Illr the cclls to aIIIUSt to the cy1Stlil, -, hhvsical 

and chemical ell\ IroIllllCilt. So. It is CoIllilmil that the I11CLlitllll for illocullim Should he 

identical as the fCrlllelltatloll medium to reduce lhe llllle 01allahlatloil. With that reu'ard. 
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aý,! C and l{C11SIlVcl( Illl)CUlUIlI SI1ClUld hC \\ Cl 1-I1lMl[lI-MI to ý1CIlICAC I1I1: 15C 

ýiurin, -, (crnlcntatiun process (%hang, ct al.. 2,00"). 

lil a\\ell deV'Clllped Ie1'mentatlon sVstclll, aeratloll and lluItllll(lll are allioll'u, substantial 

IUIlCU(1115 that could llllpl'oVe the Vlcld OI thc hl'o(lllCt. ßaslcally, the present of aeratloll 

and a3! Itatlo11 in the IC('llll'. Iltatl(lll s\ stem are to deploy and tl'al1SICl' (1yV , -, Cll lhl'OLl, ýhlýlll the 

I11C(Illllll CL lIt llre aS \Vell as I01' 111USS triU) slC1'. I I(1\VcAel'. ael'atloll alld al-'ltatloll rate should 

he sustaincd at certain level since vigorous actions Ina) lead to scvcrc Ilamin, -, thus. 

causiM-1 unstahle and incflicicnt Icrnlcntor Operation (Ych et al.. `'UU(0). 

2.8 Optimization technique 

Production cost is the major bottleneck in hiosurfactant production as in most cases ol' 

anv hiotechnolo, 
-, 

ical processes. Ihshite those advantages as mentioned at the hrev ions 

sup-chapter. large scale production o(, hiosurfactant has not been realiied because ol' its 

Iovv. v ields in production processes as well as high costs during recov crv* and pul -I cation 

period (Sen and tivvanlinathan. 2OO5). I lence. the production economy of hiosurfactant as 

\\ell as an\ illlcrohlal Illetaholite Is ach111InIStered h\ three haslc aspects \\hlch \\ere 

utilir. cd vv orldvv ide in order to develop more cost-competitive process: 
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R rC{UCC Illlllal 1'[1vv Ill', llcl'IUI costs hy sllhtiUtilt loll to v111s1C or CheýlpCI' suhSlnllcs: 

I1. \1)1l11Catloll 01, C(lllVclliclll mid CCllllOIIIIC production and recllVcrV' methods hV(Icvc1Ol)nlcnt 

of cl, licicnt hiulirucC�CS. inclu(IinU' uhtinli/atiun 01' the culture 

conditions and co, t-eflcctivc selxuatiun 1)1-()Ces, es to nlaxinlir. e hiosurfactant 

hr<1CIuCtlllll and rccll\lrV; and 

I, hc product N icld ol' the hroduccr Ill IC rýxýrýýanisn» hNdC\Clol>>nCnt und sClrction 

of o\crhroducin(-, mutant or rccomhinant strains to cnhancc ýiclC1in0 olhiosurllactant 

(\lul: hcrjcc ct al.. 2006) 

For this studv, optinlir. ation tcchniyuc has hccn cnlliloýcd to ohtinlir. C thc production of 

surfactin. 'I'hc term ohllilll%ation is dcscrihcd as a tcchniquc to imhro\. c thc hcrliornmulcc 

01'a SvtilCill, a hl'ocCSS, or a}1l'l1llllCt ill ol'dcl' to ohtalll the maximum hcllcht lrolll it. \l; lllvI'cscal'chcrs 

used this tcchlllllllC as means ol CICtCI'lllllllll, the Collllltlolls at \\ hlCh to ahhl\ 

a hl'OCCtIlIrC that produces hic hest l1lltCo111cs (AV Cd ct a1.. 2010: 1 Iua1121 Cl al.. 20 1()). 

( )htIlllVatll111 tl'Clllllllll' has been Carrl'lI l1LIt trallltlllllall\ in allal\tlCal Ch'InklStl'\ h\ 

nlo nitorin, -, t 
hc inllu'ncc ofo ll' faCtLlr at a tink' On ýIll 'Xh'riIn 'ntal OLItCO III C. I Iuvv'v'r. 

th' technique is too old-fashiun'd and has a lot of Wtcomings. C'on, cqu'ntly. Wuus 

nluIt i\ ariatc statistic tccluliq u's ha\ c h"n dcv'luh'd tu o\ cl-co mc the prob lcIll. 
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2.8.1 ()Ile-factor-at-a-timc (OFAT) optimization 

I-Ile old-lilshioncd stratcý. "vof medium optimization inv01vcs varv inu, one variai, lc at a 

tinle. with all other variables held constant. This approach is usually termed as one-läctor- 

at-a-tlme (()I': \ I) tCCllilllllle. Cllrrclltly. most researchers favor multivariate optlllllLatloil. 

vyhlclh ollers elllelellt technique lor experimentation that Co11CIlISIvely solves Co1lllllCv 

problem \yltll IllallVyarlahleS (I'rey Ct al.. 2OOi). 

I lovvrvCr, OI -'AIý is fav. or cd hv, rescarchcrs and can be more cl'Icctivc than nlultivariale 

olltimi/ation under certain situation, I'll' instance, vvhencvcr the Ilrinlarvý, ual is to ý)ain 

IIl1Il1'(wClllellls in the sytem and only limited number or runs mailable for 

e\hel'Illlelllallllll. I'lll'lI1CI'llllll'C, in the CII'CUI11SlallCeS restricted by tilne and scarce 01' 

resources, IrCe C\hCl'llllClllallllll such as (MA V can he a IlllsslbllliV' (. Ialllal el al.. 2012). 

Allhollk. 'h ()I 'A I IllClhtld requires a C(lllSldel'ahlC a1111111111 111 llllle and \\Ork, it is possible 

lo l1llll/C the ICCIIIIILIIIC to determine the desirable ranges 111 experiment II1CllIdlm-' 

Illa\I111lllll and IllIIlIIlIUIII Selllll`. _'S. 
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2.8.2 Response surface methodology, (RSNI) 

('on VCIItIUllal alld claSSlCal Illethc)ds 01 OI'A I tCChII1CIuC hcl\VCVCI'_ haVc IllallVCI'IICRlI 

lllSallVallta'. _'CS 
mid ICs" ClIICICIlt CllllllYll'Cd to the StUtIStIC[Il IllllltlVm'1C1tC . IIIUIVs15 (WCtll, 

-, Ct 

C'onductim, rc; cal'rh hvusin-, 0FAT tcchniduc Icads to C\hand in the lltlmhCl' 

l)t C\11Cr1111CIltS mid hcllcc. more 11111e and C\llellscs rcCllllred dUrlm, the 11rC1CCSS as \\C11 a" 

Il1Cl'casc lll the CCIIISIllllhtlClll of I'Ca-CIItS mid IllatCl'IalS. NCV'CI'thCICSS. the major drLm hick 

of this tcchlllClllc Is that it docs not IIICItIdC and depict the IlltcractlVc ClICC1S a111C111ý, the 

ý ll'lahIcs "1Ud1cd on lhc 1'csjlollu (ßC7CITýl cl : 11.. 2008: Drsal cl al.. _008). 

Response surfaec nlcthodolo,, vis a collcction of nlathcmaticaI and statistical tCChniques 

hascd on the llt ol a holvIlolillal CIIUaUoII to the Cyherlillelltal data. vvhlCll Illllst l{CSerihC 

Ihe he havior of a data set vvit h ohjcctivc of nlal: in, 
-, statistical previsions ( lias and ßON aci. 

2007). It is a statistic, tllydcsipncd cxhcrinlcntal protocol that can he vvcll Applied hen u 

response or a set ol responses ol interest are Ill lluellced h\ several \ artahles. I he term 

\Vas Ilist introduced hVßo\ and collaborators in the 5Os and originated From the -'rnphicAl 

pershcctlve pllerated alter Fitness ol the Illathclllatlcal model (Kalil ct Al.. 200()). 

RSM uscd statistical tcchniyucs that arc hascd on the Iit of cmhirical modcls to the 

c. \l)crinlcntal ýiata oMaincd irn rclation to c\hcrimcntal ý1csiýýn. 1111-01.11-di Lill C(11.1a6011 

rcl)rc, cntin,, thc ahhrumnlatc rclationship hct\\ccn a sin`ýIc reshonsc and control factors 
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cml hc ohtained hascd on Cx1lcrimmntal data (Choudhury ct al.. 201': sen and 

ý\ytlllllllathall_'OO-4). 11C11cClllrth. Ilncill- 01' Sljllal'C hoIN I1111111aI IIIIlCI. I(lllti al'c cIII III clycd to 

descrihc thc systenl sllldled. A contour 1)lot or thrcc dimensional n1odCIinI-I is usually 

lltlll/ed to charactcrl/c the response stll'Iace graphical Iv and determine the optimal 

harameter-scttin; ý (tiom-, ct al.. 2014). 


