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CHAPTER IV 

RESULTS AND DISCUSSIONS 

4.1 OFAT optimization study for media composition 

Prior to RShI optimization c\I)Cl'IlllCllt, OI'A I 1L: Ch11ICIlIC vas employed to dctermine the 

CI iecl and deSll'ahlC I'allý LS ()" Il1CClla CO1111)C1SItl()Il tOvVal'Ci Slll'IaCtlll 111'OC{11C11011. I I1C 

eXherinlents vv, I; started hv varvinýý ý-'IurOsc c0nccntration. and then t')II(wvcd by 

a1111i1O111(II11 Illtl'ate. ICl'I'OLIS SLIIIate and manganese sllliate. 

-1.1.1 Effect of ("Iucosc 

Glucose "us selected as an encrm source Or bacterial ý.! rowth as it is a simple sugar in the 

form ol"nlonosaccharide. By using '-', Iucuse as the plain media component. 111ore surläctin 

is expected to 1 icld rather than its counterparts which are sucrose and glycerol (Onwosi 

and Odiho. 2012). I'll-'Ure 3 S110\\5 that the production o Sllrlactlll and hlo111ass was 

al iected by various concentrations of glucose in Cooper's media. 
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Figure 3: 1'. (fCcl 01 various Cllllccllll'ý1110115 01, glucose 011 the V'1CICý OI SL1CI11C1111 t111CI tjIC11111155 

produccd bN B. siihliliS )M ibr 96 h at 10 °C' with addition oi'5% inoculum 

OFAT result for glucose 
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production decreased , k-, nilirantIvat the concCntrltiOn oC 1-11urusc murV than 40 '2, il.. 

indicating a hossihlc inhihiturvcf(crt ol'glucosc at high conrclltration. This vas due to the 

rolc plav cd hv ( rahtl'cc I'. l Icct that l1CC111'I'ed Clnrll11-) high C0nCCllt1'atll)Il 111 UlllellSe in the 

media. Availahilitvol' extra pvruv°atc. lilrmcd fronl UIvVolYsis Of' 11lucu, C hrcvcnts the 

sliýýht decline in the cndogcnous oxygen consumption ratc. and thus rcduccs , urlactin 

production hvh. suhffi. Shactcria (I)c Dckcn. 1966: Plcillcr & Morley. 2014). 

1.1.2 F ffeet 0f ammonium nitrate (NI14NO3) 

In this studk . -'IuCO, c conccnUatloll \\ as lixcd at an optinutl \aluc of ;Ol, accordim-, tu 

prc\ioIS Ol": AIrc, ult. \\ II crcas land ; A1nSO., conccntrations \\crc Iixcd at 4 µI\l and 

l. -ý 111'\I respccmck. I"i\ c dillcrcnt NII. 1NO; conccntrations ramaing, from (l. O; to 0.07 M 

crc uscd to c\ aluatc the cIlcct of' NI LINO, concentrations in Coopers media on surfactin 

and hioma� production al. tcr 90 h oI- Innentat ion. 

to 4. increasing \II_iNO; concentration Crom 0.03 to 0.05 NI increased 

surI'actin and hioýmass production signilicantlý. in \\hich the hi-ghcst concentration of 95. (, 

and 4.1 ni-, I. respcctkclý\\crc obtained Iior NI I_INO; \\ith the concentration of 0.05 NI. 

Accordiný. ý to Ye ct aI. (2001). suhhlenlcntation 01, nitrogen sourcc in the media is 
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ncccssarv li01. l, ast microuri, an ism oro\\th. This is also hi-hly bcncl7rial for l0nu, timr 

ilccu111UIII111111 01 SLII'IC1C1111 during 1CI'111C111a11011 process 01,13. . ti'llbll/l. ti'. 

Figure 4: I. of \arious concentrations of N114NO; on the ý'iek1 of surläctin and 

biomass hroduccd hý/3. srihli/is ;M lior 96 h at 30 °C \\ith addition ol'-3° /ý, inoculum 

OFAT result for NH4NO3 

J) 

120 10 

100 

SO 

60 

"4 U 

20 

0 

(l. l); 0.04 0.0ý 0.06 0.07 

NI I,, NO; concentration (mol/I. ) 

$-suriactul CllI1CCIlU'A11011 [1101117SS C0I1CCI111'21111111 

S ý 
: 1j 

6 

4 

0 



50 

4.1.3 l ifect of ferrous sulfate (FcSO4) 

Fil-'urý 5 depicts the clTcct of various FcSOa concentrations on suurlactin and hiomass 

production. Glucose and NII., NO; concentlations were liXed at the optimal Value ol'30 

and 0.05 \I resl)ectiVClV acrorCiing to previous OFA"I' result. whereas \l11', ()4 

concentration \Vas Red at I. > IllNl. In the illeantiille. live dlilerellt I'cS(O concentrations 

ranong from 40 to 200 it! Vl werc used to evaluate the cllcct of various ASO. t 

conceiltrat ioils on Sul'lact111 and h1o111aSS I)roductillll. It was noted that 4 pNI \\a,, not 

Illcltlded in the range (as I)1'evIlltiS OF: 1 I C)I)Unlilati011) since all qjmvprWlc range needed 

to he estahlishcd to show the siUnilicancc ol' Various FeSO_, concentrations on surläctin 

and hionlass I)roduction. lHhe explanation 1`0r this adjustnlent was su1'1-', cstcd by Wei and 

('hu ( 1098). Mere the addition of iron from 4Q to 4 nlNNl Could induce overproduction 

ofsurfactin. as vvell as hionlass '4r0vVth. 

I: ýIcrrinýý to Figure 5. surlactin and hionlass concentration increased steadily and parallel 

to the increment of I'eSO. I concentration. Both surtäctin and biomass reached their highest 

value at the concentration oi' 105.5 and 3.8 respectkclv vv hen FeSO "ith the 

concentration of 11) pNl "vas supplemented. On the contrary. high IeSO. I concentration 

( 11) to 2OO uNI) caused rapid acldlllcation oI the broth. hence induced the disappearance 

of surlactin as the pI I dropped below 5.0 (\V'ei and Chu. 1995). Worn the result. it is 

proycd than appropriate amounts of iron are required to create suitable 1-1rovvth 

environment 1,01. B. m1blili,. 
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Figure lýct of various concentrations ol, FeSO4 on the -field of surläctin and biomass 

produced by /3. stthiilis ? M'l for 96 h at 30 °C with addition ol'5% inoculum 
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4.1.4 Effect of manganese sulfate (MnSO4) 

Various concentrations of IMnSO_a raflýUinýL CrOm O. ý to 2.5 mM vvcrc supplcmcnted in 

('Doper's media to determine the optimal concentration needed to enhance surfactin and 

biomass production as illustrated in l igurc 6. At the same time. ducose. NII4NO; and 

FeSO. 4 concentrations were fixed accordino to their optimal concentration of 30 ; al.. 0.05 

NI and 1-20 pM respectively based on previous OF AT optimization result. 

The presence of i1111ngailese 111 the medium IS crucial since it supports Cell ßg1-o tll bN 

aflcctine nitro,, Ccil utilization and K' ions uptake of l3. subiilis cells (\V'ci and Chu. 

2002 ). This behavior stimulates B.., liblilis to yield hi, 1ýh production ol- surlactin provided 

that appropriate concentration of manganese is supplied into the media. Based on Figure 6. 

the production of SLIrlactin and biomass increased rapidly with the increase of manganese 

sullate concentration from 0.5 to 2.0 n1M. The hi, "I1C5t 1111O1.111t Ol SurlaCtlll and biomass 

production vas obtained at 170.4 and 4.0 nlg/I_ respectively when the concentration of 

1InSO. I vvas at 2.0 nmNI. Further increase of the latter after 2.0 mM. however. resulted in 

the reduction of the lornlers production. 
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Fi(l; urc 6: I: flM of \ arious concentrations of N-1nSO. j on the \ield of sur(äctin and hiomass 

produced h%/>. suhtili. s; N, 1 l'or 96 h at 30 °C \\ith addition of ý`iýý inucultim 

OFAT result for MnSO4 
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4.2 I s\i optimization stud- for media composition 

In our hrC%iouS stuciý. the mClliUnl conlhosition \\ as ohtimir. Cýi hýonc f actor at a tinlc 

(01'A F) ohtinli/ation. \\hich im okCS chan"ing one inclchcndcnt variable hilc l: cchiný. ý 

other lactors collstallt. Based oll the I'CSlllt. '-'IliCl1SC. a1111111111111111 IlltratC. ICrr(1lIS SLIl111tC and 

Illallt"al1CSC sal laic cllilcclltratlolls hlaVall important role on Sllrlactlll and hlolllasS 

production. l'hcrclilrc. these lour factors were selected iär I'urthcr statistical optimization 

IýýýI. ol hotll rCSpoIlSCs h\LlSlm-, 

Ihe cflcct ol- \arious cornccntrations olý '-'luc(Isc. a111 nýunium ilitratc. IcrrOus sull'atc and 

nur-'ancsc sull"atc oil hoth surläctin and biomass production was studied at Ii\c dificrent 

levels (-u. - l. O. - I. ý u). \\hcrc u 2"-1 and 11 is the number of parameters. whereas 0 

currcýhunýis to thc ccntral Ic\cl that \\as sclcctcLI from the hrcliminarr 

4.2.1 Analysis on the production o1 snClact111 and biomass 

slalisticaI softvvarc packa,, c I)rsion I"\hrl't 7.1 
.0 vvas usrd li0l' rC, -1l'cssiun analvsis 01, 

experimental data and plottin-1 responsc surläccs. This applicatiorl cstinlatc results in an 

cnlpirical rclationship hctvvccn the \aIucs ofsurläctin and hionlass. as \\cll as the prucess 

\ al'lahlcs. I hrou'uh multiple 1'cgressloll allal\ sls on the experimental data. 1'clatl\ c sllrlacllll 
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inýl hiýýnuýss ý iclýi as Iunctiýýns ýýI the test \ariahles \\crc rchrescntcd h\ the 1i01 Ik, \\ in, 
-, 

sCCllnll-llrllcr hoIýn0mial Cyuatiuns: 

SIICl, ICllll l'lllllcllll'ýIlloll 

1 1)7.07 7. -46(' t 8.1)71) i 1. -46: A13 

5.1 SI3I) -" 7.1 ', ('I) - 17.72A '- 17.11: ß' - -' 
'- 20.08I), 

ý3llllllaýti c0IICeIIII'll1 ioil 

2.50Al) - 0.541W 

(1) 

ý O. llýO13ýý -4.47 ' l).. "u: ý , (I. 05813 ill. _'U(' ' 0261) - (l. uti 1A13 + u. ll(,;: \c' - 0.1 I AD 

(,. ýýý`'ßl) , (l. l4('I) (-') 

\VIicrc A. ß. C and 1) arc ý-, Iurosc (,, l'). atnn1oniunl nitratc (: AI). I'Crrous "ttlllatc (pM) and 

lllan-Icuicsc sull"atc (mM) conccntratlolls resl)ccti\ clN . 
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Fahle 7: cllll'al CO11111OSltc 
design tlll'zlllý,, clllcllt_ l'cSpOnSCS and ppl'cdictcd \ alucs till' 

sucfactin and biomass yield 

SLlrlllctln cllncclltratll)Il 131C1111ý1SS Cl)llcCllUrtltllln 

Run AßC l) 

\ llcrimcntal 1'rcdictcd 1ý. ýllcrimcntal Prcdictcd 

1 0.04 S0 1.0 126.8 1`19.4 ;. lO 3 
. 
13 

0.04 SO 1.0 99.1 103.6 4.30 4.1 5 

80 1.0 l OS. ; 110.4 3.45 ;. 47 

ý ýO U. 06 SO 1.0 1 1;. 7 109.6 3.75 1). 81 

0.04 160 1.0 10?. 6 103.4 3.21 

6 ýU 0.04 160 1.0 14.10 4.12 

7 ýU 0.06 160 1.0 99.4 101.4 3.40 3 . 
40 

5 ýU O. 06 160 1.0 1 14.9 117.8 4.45 4.34 
9 ;U0.04 80 ?. 0 111.1 108.1 3.70 3.75 

I1 
1U ýU 0.04 SU ?. 0 1 11.6 1. > ;. 90 '"99 

1ý9.0 3.70 ý. 76 
11 ; ll 0. U6 S0 ý. U 127.1 

SU ý. 0 I? U. O 119.1 4.00 4.03 
l' ýO 0.06 

4.00 
; (). 04 160 ?. U . 

00 4.0'? 

14 50 0.04 160 ?. 0 1150.3 4.95 4.86 

1ý ;O0.06 16O 2.0 134.0 129.4 4.50 4. ý9 

16 0.06 16O ?. O 175.5 174.9 4.70 4.76 

17 40 IN lý 194.4 4.70 4.65 
.ý 

184.2 

is 40 U. (lý 120 1.5 ? O4,? 194.4 4.40 4.68 

19 40 120 1. ý 215.7 "04.0 4.75 4.50 

40 (l. Uý i-)0 1.5 199.9 204.0 4.60 4.50 

'1 ?OO. Uý 1 ýll l 
.ý 

116.9 11 _. _7 
>>. 7 3.40 '. 46 

.. 
- 

40 U. U; 1ý0 1> 1? 7? l? ý. S 4.2' 5 4.32' 

`4 40 0.07 1ýO 1. ý 1-)7.7 1 4.65 4.56 

40 40 I 
.5 

94.9 3.40 

?6 40 0. (lý ? Oll l. ý 1? 6.0 124.8 4.05 4.11 

27 40 O. l)ý 1? 0 0. ý 95. ý 94.0 ?. 80 

,ý 1-, (). 9 4.10 ;. 96 
S 40 0.11ý IN ý. ý 1 

_7. _ 
c 

40 (1.0; 120 1.; I STS) 1)4.7 1), 90 4.24 

;O 40 O. Oý 1 ý0 1.5 194.2 194.7 4.50 4.24 



57 

The illcall predicted and ohscrvcd responses arc presented in Table 7. Statistical testing of 

the Model vvas done using Fisher's statistical test (F-tcst) and l'-valucs 1,01. annlvsis OF 

Var11111cC A good F-Valllc validated that the laCtorS can explain adccluatclV the 

val'Iallolls in the data ahotlt its Illcall. On the other hand. Av'aluCS arc used as a tllol to 

check the SIý iIIIICal1CC l1l each CoCllll'lellt_ AVhleh also indicate the interaction sti-cligth 

helvv Cell each independent v al'lahle. 'L-, Illallel' /'-V aIIICS correspond to I1101'C SIoIl1l lCanl 

coefficient (Yu ct al.. 2009: I luan, 
-, ýct al.. 20l2). 

Hie su111111ar\ of : A\OV: A in I 'able S and O rc11rescilts the results of the quadratic response 

surlacc model for ýurlactill and hionlass production respectlvclv'. l'rorn . ANN V'. A. it can he 

ohscr\cd that the models Ior Surlactlll and hio111ass production \\erc hlghl\' Slgllltcallt as 

C\ idcllt Il-o111 a Illzch ! '-\aluc and a \'c1'\ Ill\\ ! '-Value. I he F-values Ills' Surlactln and 

hionlass production models vv ere 5 117 and 18.8$ respectiv elv , and We "us only 1). 1) I°o 

chance that a model l'-v aluc this lar_gc could occur due to noise. Since the /. '-value vas 

'greater than one. it was more collhdetlt that the factors Could explain adequately the 

Variation in the data ahout its mean. ! lean llilc. Values 01, 'Troh-' I' , or /'-\alue less than 

(1. (1500 indicated that the model terms were considered lit and thus could e1'IeCtively 

explain the mutual interactions between the test \ariables. : \111o11`g the Model terms in this 

. Studv. A. C. I). AC. NC'. ('I). A. IV C''. 1), and . 
\. C'. 1). Al). Cl). 1)' had verv 

siuniIicant influence on surl'aetin and hionlass production respcctivclN. 
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Ile "lack of lit" test compares residual error to -'hurc error" from replicated design points. 

I: or the production of surlärtin and hionutss. the "lark of lit" [-value of 0.21 and 0.32 

respcrtivcly implied that the --lack of lit" vvas not significant rclLuivc to the "}pure error". In 

the case or-lack of fit nun-signilicant is good and makes the model lit. 

: Analysis of variance for the regression ohtained from this experiment on , urfactill . Ind 

hiolllass production is , hO\\ll ill I ahlc 1U and II respectively. In any statistical analysis. 

the coodllc� oI Ill 01, the model can he checked by the deterllllllation coeMcient R2 anti 

the adjusted R' (nlultiple correlation cocllicient R). With that regard. acceptable statistical 

model \ clue of' R' should he close to 1.0 and all four factors should he po, itiye and Close 

to each other. [he R' for the production of surfactin and biomass "as Anmd to he 00834 

and 19531 respectiyely. On the Other hand. the adjusted R2 and predicted R2 values for the 

model vyere (). L)65h and 00374 respectively for surfaetin production vyhereas for hioniass 

production. the values vycre ll. 0 026 and 01238 respectively.: Aeeordin'-' to the result. the 

Model i, expected to predict the response 1110re correctly in the present case. 

\ýlcýlllalc hfcýlSlý111 IllcaSllrcS lýllal to noise ratio and a\aluc hl`, hcl' than 4 is llcSll'ahlc, 

Ior production oi'; urfartin and hiunlass, the aclccluatc hrccisioln lilr this model as 2 l. 0: 7 

and 17.75 resl\ccti\ c1ý . 
This high value ('I' adequate hrccisiun demonstrated that model is 

siu, nilicant 1i0r the production o1* surfactin and hiomiss. Alcanvvhilc. I lllvvvaluc 111' 

cOcflicicnt 01, variatiun 1('\') indicatcs a vcrvhigh decree ofhrccision and a good deal of' 

rcliahilit\ of, the c\hcrinlcntal \ alucs. I. u\\ \ alucs 01' ('\' lilr surCactin and hionlass 
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hMcluction %\CrC reccýrclecl (495 and 457 `io reshcctivclý). \\hich indicatcd a ýýrcatrr 

rehahllltýlll the eyherllllellts hCl'll)I'llll'Ci. AS a general rule. a model can he considered 

rcas()nahlýrchroducihlc il'its C'V is not greater than 10`%. 

F. 1I)ll' 8: Ai1: 1I\S1S o I'\ ýll'IC111Cc 
I(11' all 1c1'1115 111 thc ill(1C{el Iur optimization uf 

SUI-I11C1111 111Y)CIUCLI(111 

0 S11U1'CC 
SLIM 01' 
SLIuafes Sýýuacý 

I Valuc I)-\ aIuC 

\ louicl 

: \-( Tlucosc 

l; -: 
\Illillollllllll \Ilrcllc 

('-l: crrous tiullatc 

l) ýl; Ulýailýsc Still lic 

W 

Al) 

º3(' 

l3l) 

('l) 

(' 

I) ý. 2 

I\cýsllluaI 

Lack oI' I'il 

I'urc I'rror 

('or fotal 

194.17 14 ? 513.57 55.17 ýU. 0001 

584.1 11 584.11 0.0034 

46.48 1 46.45 1.02 0. ; 309 

1335.04 1 1335.0-4 ? 9.3() 0.0001 

19ý9.6 3I 1929.63 -41 35 < 0.0001 

)4. »1 34.2- 0.75 0.4019 

0.0001 14.00 I 131-4.06 28.84 

100.00 1 100.00 2.19 0.1623 

4.6-) 1 4.62) O. IO 0.755' 

4-)8.49 1 428.49 9.40 O. U09 

81'. ý5 1 81ý. ý5 17.83 U. U01 

86O9. -"9 
1 8609.188.94 -0.0001 

7954.08 1 7954.08 174.56 -0.0001 

12332.34 1 12332.3-4 270.6-4 -0.0001 

117 _'9.22) 
11 17) 9 `'ý 25 7.4 1 --0.0001 

:, 92. ', 71; 45.57 

2 47.07 1O _'-4.71 
O. ' 1 0.972-4 

'45.30 ý115.1() 

: (1.17'). 71 2`) 
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Table 9: : Anuk; is 01, ýarianýý (: A'NOV , /\) 
I'll' all tefnlS in the model I, 01,01)timization 01, 

hlolllasti hfllCltlCtlull 

tillUl. ll 
Sum Of 
SC1ll: ll'CS 

df 
\1C. u1 

syuarv 
V-V"aluc Pnoh- F 

\lodcl 14 0.707 18.881 0.0001 

\-( Iluco»c 
ý. 1 U0 1 -1.1O0 -ý6.064 O. llO01 

13 : Ammýýnitu» Aiuatc 0.08-) 1 0.08' 1180 

L)60 
C I-crrmis tiullllc 0. )60 1 0. ýý. (ýý ý 0.000ý 

U. 0001 
I) ýl, inýancýc ýult'atc 1.60- 1 1.002 -4 ý 

. 
7ý 1 

\13 0.10( 1 0.106 2.810 0.117 

O. U6; I 0.06; 1.668 0. 
-)1Q \l' 

: AI) 0.181 1 0.181 4.821 0.0460 

13C' (1.040 1 11.040 1.068 0. ý 
-) 

03 

IýU l). 001 1 0.11U l 0.017 U. BL)k) 

8.074 11.01 ;, ) 
('1) 

, 3. _'61 1 ;. '61 87.05 --0.0001 

11. ý 0.066 1 0.066 1.7ý5 l). ýU81 

0.480 1 11.480 1 ý. 81? 0.0034 
lý 

1.100 1 l. l(1) 
- -ý). -L)1 

U. 000I 
1) "- 

0.487 13 0.0 ,7 I: cýiýlual 

I, «k ý, Cl il ll. ý; l I0 ll. Oýý 0", 18 0.0-)61 

ý; 0.1170 
1'UI'C I i. i. ( ) I. 

0. 
__)6 - 

11.348 �) 
- ('k)r fOtul 
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Table 10: AN'OVA lür rc, -, rcssion in the optimization of surfactin hrudurtioil 

I'crms V<<luc Ifcrms 

Std. I)cý. 

M can 

C. V. 

I'IZI-1ý1 

6.75 K-Squarcd 

I ; 6. ', 6 Ad. j. IZ-Squarcd 

4.95 Prcd. R-Squarcd 

2240.16 Adcq. l'rccisiun 

Value 

0.98 34 

l). 9(»(i 

0.93,7-4 

') 1.637 

I'ablc 11: ANOV A liOr rcý-, rcssion in thr uPtimi/ation o1'hiomass production 

I crnýs Value Verills Value 

Sid. I)c\. 0.11) R-tiquarccl 

! vtcau ;. 97 Aclj. R-tiquarcci U. ý)ll? 6 

C. V. 4.57 Prccl. R-Squarccl 0.821)8 

I'RI.: tiý 1.8, )- Aclcq. Prccisi()n 17.75-4-) 

I"H-lures 7 (a) and (h) rchrescnt Ihr relationship hrtvvicen the actual and predicted 

concentration values I'Or surlactin and hiomass production respcctiv clv that \\ as 

determined by model equations I and I. From the graph. most points vvcrc clcarly ncarhv 

the Iinc adjustment. meaning that the e\perinlcntallk determined \alucs were similar to the 

nn)clcl. l'urthcrnn)rc, the Nalucs ul' R, acljustccl R. and hirciictcd R mcntionccl hrc\icuslý 

etc \er\elose tu 1.0. \Nhich alsu adkocatcs a high Correlation het\\ecn the ohscr\cd and 

hrcdictcd \alUes. Thus. the result obtained I*rum the developed model equations can 

ellcctiýclý predict surfactin and hicýmass hrcýducti0n. 
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Figures 7: Cumpari soil bct\\ccn prcdictcd and ubscr\cd production of' (a) surCactin and 

(b) hiomass in Im-, l. 
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4.2.2 Combination effects of variables by response surface plots 

HIC "l) reshOnse sUr111cC plots dcserihed h\ tile rC'-'rCs. SiOn mOC1C1 vvCre dravvn to illusUatC 

the eflccts ol, indehendent variahles on surlüctin mid hiollws", production Lis tile responses. 

From the ? t) reshollsc surlaec hlclts. the Clllllhllled ellect and II1tCraCtllllls het\VeCll tile COL11' 

variahles on INC responses can he cvaluatcd and the optimal values of' the indchendcnt 

variahlcs can he ohservcd. 

I.: yuat ions 4. l and 4.2 vvCrc tIIcn used to faciIitIt e pIottim, of response surlaces. I'\\ o 

parameters vverc plotted at one timc while another two parameters were nraintained at their 

respect \c zero levels (coded level: 0). HIC optimal values filr the variables were obtained 

by mov in_, , ilom-, the major and minor axis of contour so that the point that yielded the 

hi, 
-, 

hest ; urfartin and biomass could he determined. l"iUures S- I', Show the result of 

surfactill and hiolilass production affected by various concentrations of ýaiucose (: A). 

ammonium nitrate (I3). fCrrous sulfate (C) and nuan_eanese sulfate (D). 

HIC ', U surfacc plots in ti (a) , 111(1 (h) s110\\s thC CllCct 01-\a1'iUus , ýlucý)sc (: A1 and 

a1111111111I1I111 Illll; llC (13) CO11CCIllrall(llls Oil sUflacllll and b1o11u1ss 1)rt1d11Ct1O11 f'CSl)CCIIVClV. 

As thc illain ca-hull source in the nlcciia. Nar\ino glucose conccntrltion can inllucncc hoth 

surl-actin and hionlass production by Cithcr induction or repression (Nlal: l: ar and C'anlcotra. 

Roth l1, -, ures in(licatccl that tic production 01, surt, actin and hiunlass increased to 
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optlllllllll collcelltrat lOils ol 197.90 and 154 Il1L'l. I'CShCCtIvelV' \Vhcll the idle concentration 

of glurll; c reached the ranges hl'tvvven 40. U and 44.1) ýýI.. Altl'1'vvards. the production ul' 

surl'artin and biomass vvas inhibited chic to over-addition orglucosc. Surl; ictin production 

decreased Ironl I O7.76 to 18173 nlg'I. vvith an increased concentration o1' glucose I, ronl 

O0.76 to 50. O nl; a l.. NleanvvAile. Irther increase in glucose concentration higher than 43.3 

,, I. did not 11'1-cct biomass production. From Idgure S. the cl'lcct ol' various concentrations 

01 allllllollltllil nitrate in the Media on slll'lactlll and biomass production could also he 

ohser\ cd. 

urcs 1) (, I) , In"l (h) : II owvtlI C C11 cc to f v: u'io us "Itlrusc an(l Icrruus sullýIt ý Co nrcntratlolls 

on the production of surCactin and hiomass resl)cctiVclV. HIC lh-urC, inWiratCd that both 

pal-anlctcrs vvcrc siunilirant sine the C011101,11' plot CXcrtCd a quadratic CfleCt on surfartin 

and hionutss production. In this case. the production ol' surlýtctin and biomass incrcascd 

(1ra(luallyI'rom I ho.., 5 to 198.40 and 4.15 to 4.50 n1_a I. reshcctivclyvvhen the 

conccntration of Icl'rous sulilatc incrcascd to 127 µ'\1 and 141) µN1 resl)cctivclv. I Icncc. 

leIlllclllatlon hvUtilnf_' 11oll-iilduccd ('ool)er S Illcdla resulted in the Sh-'nlllCant amount tlI 

surtlactin rcco\crcd. In contrast. the reco\cr\ of surlactin and biomass Imnl Icl'lllenlalion 

broth deereascd into a1)1)romnwtclv 188.24 and 4.4 
- m; a l. resl)ccti\ cI\ \\ hcn thc 

concentration ol, Icrrous sulllate rcachcd IOO I. N. Hhercl'Orc. it can he concluded that 

cxccss dosa, 
-, c ol' iron nlavinstiuatc acido'-'cnic Icrmcluation hchavior. thus rcducinýa both 

response', production (\Vci ct al.. -, 
UO_, ) ). In addition. the inllucncc ol, , Iucosc 

conccntration on the production ol'surllactin is also depicted in h'-, urc (). 
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I'kcur'es 1O (a) and (h) illustrate the interaction 111 various i1 111 111 0 11luill nitrate and Iel'rous 

sulfate concentrations Willi the production oI stirlactln and biomass respeetl\elV. When the 

Concentration of ailllllolllulll nitrate increased from 0.040 to O. O52 NI. surlactin production 

increased gradually' Irom 17Q. 60 to ]()7. 
-')4 

111g/I.. Then. the production 111 sul'lactlll 

decreased from I1)7.? 4 to 180.18 111., /1. vV'hen the concentration OI a111111OIlllill, nitrate 

increased front 0.0 2 to 0.060 NI.: Animoniunl nitrate is an important nitrogen source in 

medium that influences the production oh'surfactiii According to the report by Dav is et al. 

hoth animonitim and nitrate ions are utilized by R. stuhlili. x to enhance suriäctin 

production. Hic report also mentioned that as anaerobic grovvth continued alter 23 h o1' 

fermentation. no further hionlass increase was observed. This explains the reason of' 31) 

surface plot that showed an insignificant cflcct on biomass production despite various 

Ammonium nitrate coneenU'ations were supplied into the media. Furthermore. I iýuures $ 

(h) and 12 (b) that contained ammonium nit1'ate as one of the parameters also showed the 

Sallie C1,11 ecl on blolllass production. 

I i,, gures 1I (a) mid (h) illustratc the ci'lcct 01, variý, us ýlucosc and manýancsc sullätc 

concentrations on the production ol, surlactin and biomass respcctivcly. From the , l) 

surface plots. the production ol' surl'actin and hiun ass increased from 135.75 to 195.37 

mgý1. and 4.0 to 4.57 mgr 1. respcctkclý by increasing the concentration of manoanesc 

sulfate to the )I, tin, um concentration of I. 35 and 1.8? mN! respectively. 11o"vver "jell 

concentration ol, nianu'anese sulfate reached 2.00 mN1. sill-"actin and hiumass production 

reduced to 159.51 and 4.2$ mg]. respectively. The increment of surtäctin production is 
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due to the lllllllillil OI Mhlý in manganese 5L11121tC that affects nitrogen utilization and It1111tAe. 

as \\cll as other biochemical 1u11Cti011s (\1"e1 and Chil, 2002). Hence. Mil 

enhanced Sllrlactlll and biomass production up to the optimal idle concentration. which 

ere about I98.07 and 4.57 Illo/l. 1'CS}1CClIVCIV'. In COlltl'L1St. Slll'121Ct111 and biomass 

production decreased steadily to 189-81 and 4.? 8 mg/L. when the concentration o(' 

IllalWIaIICSC SllllatC reached 2.00 I11i\/1. One OI the possibilities is that this Strain 01,13. 

Vllh/! %l. y has a delectlV'C manganese transport system when supplied by I11aIl11anCSC SU11atC 

in the ralluC between 1.0ý to 100 IllNI and thus inhibited SLII'laCtlll production (W'ci and 

( IIII. 2002)" 

Figures 12 (a) and (b) depict the eilcct of various ferrous sullate and mall, "anese sulfilte 

concentrations (111 the production of surkiclin and biomass respectlv'elv'. The 31) cOlltolll' 

indicated that at to\\ Concentration of IllallggallCSC Stillale and ferrous SLlllate. surlactin Lind 

hioillass production \\Cl'e to\\ and Net increased ýradllilllV' \Vhen the COnCentratiOll of the 

both parameters in the medium increased. I lowever. it also indicated that at very high 

concentrations ofI both parameters. low production of surfäctin and biomass vvas observed. 

Mean" hile_ figures 13 (a) and (b) represent the interaction between various amnlonil1111 

nitrate and Illam'a11eSe sulfate concentrations on the production of surlactln and biomass 

respectiv clv . 
In contrast to the Figure 12 (b). howev ei', the 31) contour plots in Figure 13 

(h) showed a linear effect on bioniass production when increasing the concentration of 

ä1111111111I hill nitrate. 
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Figure 8: Response sllrläee plots shollIng the cIlect oC , -, 
lurosc (A) mid ammoniunl Ilitratc 

(I3) Colll'elllratlllll 111t11 a Il\ed Collcelltratloll oI Ierrous suliatc at Iýl) LI\I alld Illallý, '_a11cSc 

suIllatc at 1.5 nl\I on the production ol'(a) surf actin and (h) hionlass 
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Fir; urc 9: Rcsponsc suRcc plots shuvving the cll'cct ofglurusc (: \) and coons sullätr ((, ) 

\VItll a II\ed collcclltratloll ol alllnlonlulll nitrate at U. O5 M and man-ülleSe SUlklte at 1.5 

nlNI on the production of (a) surlactin and (h) bionmiss 
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1"i-; urc 111: 1Zcsponsc surfacc plot shýwvinýý the cfl'cct of ammonium nitl'. Itc (11) and Icrrous 

Slillatc (C) collCCIllI'atloll \\lth a llxcd collccllll'atlon ol' ý, IUCI)tiC at 40 o1, and manuancSC 

ý Stll'laCUll and (h) biomass 

, tlllatC at I. ý Illýl oll tl1C llroýluCtloll 01'(, 
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hiýurc 11: I\'eslu0nsc surläcc plot shoN\ing, the e(lcct Of glucose (A) and mangancsc sull11tC 

(I)) \\ith a llyed concentration of ammonium nitrate at 0.05 M and (crruus sullätc at 1? O 

µM On the production ul'(a) surl'actin and (h) biomass 
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Fiýgurc 12: IZcshonsc surfacc plot shuMin2 the cficct Of' ICrrous ', ulfatc (C) and lnanL1anCsC 

sullatc (1)) with a ll\cl1 concentralloll ol ýýIUCl1SC at iO g%I, and Cll a111n111nIU11] nltrale at 

0.05 \1 on the hrociuction ol'(a) surfactin and (h) biomass 

: l) 

J_ 
0) 
E 

c 
0 

m 

c 
0 
V 
C 
O 

U 

c 

U 
CJ 

U) 

D: Manganese Sulfate (mNi)' C: Ferrous Sulfate (Al 
1 00 sa 00 

1)) 
J 
Ö) 

ý 
ý 
0 
21 
c 
eý V, 

ý fl U 
ý U) Ml 

:,: 
1 

9 
0 

1: 000 

V000 

C: Ferrous Sulfate (ufv9) 
D: Manganese Sulfate (m M! 



72 

Figure 13: Response Slll'(aCr ])lot S(1(1\VIIIý. _' 
the C(lCCI ll( <lllllll(111111111 nitrate (13) and 

1l1[lllg(111Ctit SIIýI'alC (D) \1llh a fixed C(IIICCIIIIsUllll of glucose at 0) g%(, and OI'IYIUS A We 

at 120 
lu 

N Ion the prod llC(lllll 0((, l) Sllr(. 1Clli1 and (h) hll)lll(1tiS 
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4.2.3 Verification of predictive model for surfaclin and biomass production 

Iýhe Suitahilitv01' hic nllýdcl cyuatiun lot- hredictiný thc 111ltinlUnl surfactin production 

valucs vvas tcstcd hvusing the sclCctcCl optimal conditions produced b\ [11C rC(-1rCssion 

nludcl. Vahdatlllll eXherirnlents VVcre Carried out to VerifV, the aVailahilitVand accul. aCv of 

the model. Validation results in Ifahlc 12 shovv that the cXperinlental valuc of surtacti ii 

hnvdllct1011 vv; Is vCl'v close to the predicted response alld the predicted Illodel fltted vvell 

vvIth QN. 
_"41, n0f C\ I) erlIII elltal results. IlcnCC 

. the deve1011ed Ill0del vvaý Co ilsldel'ed tll he 

accurate and reliable or predicting the production ýýfsurfactin and hiýlnlass. 

Tahlc 12: Vi Iidation oC modcl 1i01- surfactin and I hruciuctio n at OhtinI um Ic\cl of 

all haramrtrrs 

I , ic tt )r, 

Ohtimuný cýýnýlitiun I: \ hcrimcntal I'rcllictcd 
ýaluc (m() 1. ) \ aluc (nýýý I. ) 

A (o I) 11 (M) (' (ýi\1) I) (m\ I) 

ýurf, irtin 
production 

I3i0 nr, lss 
prod llllIi oll 

41; ll. U1ý I1; 11.64 190.8 200.6 

42.0 O. U(6 100 1 
. 
97 4.8 1 4.92 
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4.3 OF: Ai' Optimization for fermentation conditions 

I'or the second time. OIýAT teehniyue "as enlllluvvd to determine the el'lcet and desirahle 

ran_ýýý luvv; Ird suriaetin IlrOluetiOul. I10vvever. the parameters involved Iilr this 

l1htIIl1L/atloll e\herllllellt VVcre IerlllClllatlllll tllllC. IIlllCnlulll \01LIllic and temperature. 

tiuhseyuentlv, I: ýýI Ohtinlirttioýn e\herinlent vvas held vvith the same haranleters. 

4.3.1 Iý: ffcct of fcº"mcntation time 

Ii'u rC 14 :, hovv; tllr CIhcc t ul' vu-i0us I'CrmC It at i0n time 011 tllC hrO(luCtiun 01' surfactin 

aild hlolllass. III this olltlllll/. atlllll tittlll\. the sallllllc \\; IS takcll 11.11111 the Ctllturc broth 

durin-, the Icrnlentation liroccss at (iiAcrcnt tinlc intcrvals oC? 4,48.72.96 and 144 hours. 

vvhilc i110cuIu11 v()lunnc and tcmhcraturc conditions Nvcrc lixcd at 5"o and ;U 

reshccti% clý. 

I hc result in I"i1, ure 14 inclicatcs that \\ith the incrcasc of I'crmcntatiun time from 24 to 72 

4 surfactin hROuctioýn incrcascci (lrastieallýfrom 49.0 to ? O;. ll m, -, 
L. Ilo\\c\cr. l'w-thcr 

incrcasc 01, I, C rnI cnt, itio n tinic Irm 72 to 144 hon V sho"rd a sli, -,, 
ht incrcasc ul' sw-factin 

pruýluctioýn. \\hich as ironn 203. U to 226.5 myI.. tiincr the hrocluction ()I' , urläctin 

hetmcn 72h and 144h "as nts hugc in dill'ercncc. 72h was chosen to he the ohtimal 
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Icrmcntation timc Ii, r suhscclucnt W: AT experiment. In contrast. thc I, crmentation time 

sho\\ed dili, crcnt cl, fccts on hiomass production compared to surlctin production. From 

24 to 48 11. \icld of hiomass increased from 2.8 to 3.65 mg', and no incrcmcnt \\as 

ohser\cd \\Ilcn I, crmentation continued up to 72 h. As, I'Crmentation proceed Crom 72 to 

144 h. hionuiss production appeared to decline until reaching, 2.1 mýýiL. 

The explanation liar this sur'läctill and biomass production behavior was, at tinge interval 

hetvyccn 24 and 4$ I1. R. v blili. v microorganisms were in long or exponential phase ol'their 

cell 'erovytll activity. vyhcre they human to crow and divide in rapid state (Goo ct al.. 0I t)). 

In the course of the tinlc. rapid multiplication ol, the microorganisms resulted In 111,11 

accumulation ol, surl"actin metabolites and biomass in the media. _As lermcntation 

continued Imnl 4$ to 72 h. R. 
. sruhlili. s in the media reached stationary phase. vyhere 

1'Chl'odlll'llon talc was slow down alld the cells underwent situation of Cell dl\lsloll \\as 

edllal to the IlLIIIIher' of Cell death (61.1o ct al.. 2010). Reý. 
_', ll'dless. nliCI-ool'ýgallISMS Illallat ed 

to produce surl1actin as usual Since the `gro\\tll rate \yas stabilised in this phase. I)ue to 

depletion of nutrient. /)). SlIbli/i. v lost their ability to reproduce and die alter 7' h oI' 

Iermentatloll. Thus. this death phase of Icrmentation reduced both biomass yielded in the 

media as vyell as surfactin production rate. 



76 

Fi(gurc 14: I: il'cet oF ýarious tat loll times on the \icld olsurl'actin and hionmiss 

produrcd by B. strhlilis ', N'1 
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4.3.2 Effect of inoculuttt volume 

InoeulUill 
% olumc is an important factot' that Could iniluenec surlärtin and hiomass 

product ion. . \Ithouý-lh inoeulum \ulumr is rarClý uscd as a ILtetor in StUdics of microbial 

llrO\\tlj. there is c\idcncc indicatima that it nlmaAcct microbial ro\\th. Ilcnrc, li\c 

diflcrent inoeulum Wlumes lironl I to 'U °o were inoculated into the media to 

c%aIuate the etlcet inoculunI \olume on surfaetin and hiomass production after 7' h ol' 

lcrmentation at tempcrature ol, ')() `'(' 

Ii", urc Iý dcp ictcd that tlI c surl, actin and hionlass production hý13. stlhlili. c _;; 
ý1 \\ crc 

inIluenced h\inoculunI \olumc. When inoculum wlumc incrcascd Crom 1"o to 5"ö. both 

surl, actin and hiuma, s productions \\crc incrcascd from I O7.75 to 2M. 9 nyl. and M5 to 

4. -'(I ma I. rCshccti\clý. This nIcans. the addition 01' 1°o uI' inuculum \ulunIc into the 

('uupcr* , 111edia \\as Considered unsubstantial liOr microorganisms to provide suitable 

en\ ironnlcnt fi, r hio, h production ul'surl'artin. 

. 
III III Slll'IaCtlll \leld \1aS V, the Cell IlUlllhel'S III thc IIloCllIlilll II1CreaSed llp (0 5 and 10"0 

aChieved. lhc rcasýýn Iiýr tllis uCCUI'renCe since the laýý timr phase decreased and thus 

feII1lelll; tllO11 process reached its lo-, phase expeditiuusl\. 110\\e\cr. \\hen the in0culum 

WIllnle increa; cýl I'ro II l 10 to ? O°ýý. hotll surfactin and hio nlass production vvet'e reduccd 

Irý, nl I (,. (, tý, 14 S. Uý nlý'I. mid ý. ý to ;, ý m0 I. respect ivelv. This experiment indicates 
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that in0eulunl ýolulnc oC suflicient to l)htain (-100d surl, actin timid 1) 10 n)a; s 

prod uction. I Icncc. o \\ as conSiCIered to he ul)tinlal illl)culllnl \ý0lulne ancl al)1)Iicd I*()I' the 

Ile\t tellll)el'altll'e olI)tllllVatll)Il e\l)el'llllelll. 

Figure 15: I.: Il. cct ol inoculum Nulumc On production 01' surI', ictin and hionuiss hroducccl 
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4.3.3 f,: ffcct of temperature 

Hic tenlllerattu'e a1011g, I1crlncntation hroccss has a direct C11cct oil the ('I'o%\tll 01, tile 

hactcria and thus alicctinýý the surfactin hroduction. In order to study the eflcct ofdiflcrent 

temperature on the surläctin hroduction_ a range of temperature varying Rom 20 to 50 °C 

vvas tal: en into xtudv We the other Icrmentation conditions were Red as Allow 72h 01' 

fermentation time and 5°o Ul InllCUltlnl V'olullle. 

In this study nýaýimum surfäeiin and biomass production vycrc observed at 201.9 and 4.2 

m_1 1 respectiyeIy at 0 `'C' as represented in l i, gure 16. I lovve Cl-- surlitclin and biomass 

production started to decline l'roiii 201.9 to 7.5 mg], and 4.2 to 2.0 mg-A, respectively 

syhen the temperature reached ail HIC possible reason liar this result m aybe of 

suitahiIitý of the temperature required by the G. suhflis strain bacteria. vyhich was 

Imlavorable at hi, h temperature of 50 `'C' (Mannan ei al.. 2005). temperature of ;U "C 

vyas then considered a suitable condition liar the bacteria since I'urther increases of 

temperature inhIhitcd _, rovvih ol, the bacteria and hence. decreased both biomass and 

S111,1 icon production. This result is supported by various literatures (C'ooper ct al.. I9ti1_ 

('lien ct al.. 2t)OS: 1, 'n Cl aI.. 2009) that reported se eral Bacillus species bacteria were 

expected to yield maxi 11um surfactin production at temperature of' :O °C'. 
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FIgllrl' 16: 1'. 1'lCrl ()f lrlllpCl'Illll'C Oll 1ll'OIILICUOIl 01 SLIHarllil tlllCl biomass pl'OdLICrd hV%ý. 
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4.4 IZti1I Optimization study for fermentation conditions 

ý hc I'CSnIIs 0l ChC oIlc-IactoI' at a tlmC ((>l'Al) l)htnlll%at11111 lll 1Cl'1llClltatloll clllulltll>I1S 

II'0111 

ChC I11'CVIl1tIS StIICIV\VCI'C IISCCI tll CICICI'i11111C thC f'11I7ý,! L' 111 thC h; ll'ýlllll'tl'I'ti in this 

C\IlC1, llllcllt. I11C A; lrlahlcs that I11\, olVCCI \\CI'C ICI'IIICIltatllln CIIl1C_ IIlOCUllllll Vl)1u111C and 

tcnlhcraturc. vvhich sh(mccl siýýnilic, lnl I*ilrtOrs on surlilctin and hiMmass hrclductiun. 

IZesh, ýnsc surluce nýýllýýýýluluýý(IZS? ýl) is One ýýI, the stýýtisticLIl techniduCs to C\, IILIItc tile 

rclatiýýnshih hetýýcen the cXhcriincntal \ariahlcs ýýithin the cicsion. 13ý using Central 

conIh()sitc the 0htin1um Ic\cls o1'the three sclected ýariahles that aflcrtcd 

surfactin and hi01Mass hrOduetiOn \\G'e determined. The predicted mean and observed 

responses are presented in fahle I'). 

In this studv. 20 c\hcrinlcnts \\crc au`cnnnted \vith five rclllications at the desi`cn Ccnlrc 

point lor cýllillatlll`. _' 
the 1lllrel\ e\hcl'illlcillal llllccl'talilt\ \al'Ia11CC as shown in Iah1c Ii, 

alon", vvilh the hrcdictcd and csllcrinlcntal valucs 01' res1)0nscs (hionlass and surlitrtin 

Concentrations). 1,11C statistical soft\\arc package known as Design-F\hcrt 7.1.6 was used 

or 1'c(-, ressiun analvsis 01, cyhcrinlcntal data and plotting, mshonsc sul'I, aces. 'I'hc 1,6110\\ ill", 

It, cression eyuation obtained after the analvsis of variancc (: VN(>V'_V) provided the Icvcls 

()f surfactin and hionuls; produced as a function ol, the values of lcrnlentation tinle. 
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inuculunj \ulUnlC ; uld tcmhcraturc. ThC hruductiun uI' sUrläctin and hiumuss could hc 

nluC1C1 equal ions: 

Surfactin rý, ncýntritiýýn 179.44 1)(). 65; \ -i 8.8 113 - 48.52C - 7.8 1.1 11 - 6.14AC -1?. 91 

13Cý 1 1.44A'- 27.5ý 

ßiMlUSS c0iicciitrttiOn 

(ý) 

ý. 67 - l). ý ; ýý -+- U. 1-ý13 - U. ý8C + O. )OA 13 -'ý- U.? 6ýýC ý 0.094 l3C' - 

0.25A'- (). ()I ()W- (). 14(' (4) 

\V'hcrc : A. I3 '111d C arý Icrmrnt, itiun timr (11), inurulum ý. Olumc 
U 

l and tcmpcraturc (°(') 

respccIi ý cly. 
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Table 13: ( entl'al composite design al'1'i1I1oC: 111e]lt. responses and predicted values 101' 

surläctin and hiomass yield 

Surlactll] concentration Biomass concentration 

I: un A 11 
Experimental Predicted Experimental Predicted 

j---48 121.9 116.3 4.40 4.44 

96 5 25 199.3 189.9 2.30 2.36 

48 10 ý5 1 88.8 161.9 4.00 4.02 

4 96 10 25 218.8 204.8 2.80 2.95 

ý 48 5 35 59.8 58.6 3.50 3.38 

6 96 5 35 96.5 96.9 1.90 1.91 

7 48 10 35 58.9 64.3 ?. 95 2.92 

8 96 10 35 80.5 81.7 3.30 3.30 

9 72 7.5 30 188.6 186.5 3.70 3.46 

1(1 72 7.5 30 175.5 186.5 3.40 3.46 

11 72 7.5 30 182.6 189.0 3.80 3.67 

1ý 72 7.5 30 180.9 189.0 3.50 3.67 

;167.5 30 99.3 100.8 4.00 4.07 

14 112.4 7.5 30 168.5 173.2 2.40 2.28 

15 72 3.3 3O 72.4 79.9 3.60 3.62 

16 72 11.7 30 102.6 101.3 4.15 4.08 

17 72 7.5 21.6 181.6 193.4 4.10 3.95 

18 72 7.5 38.4 42.7 37.2 2.90 3.00 

19 72 7.5 30 173.4 176.5 3.70 3.88 

, 8' 
7.5 30 176.4 116.3 3.90 3.88 

'O 7ý 
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4.4.1 Anal. sis ººn production of surfactin and biomass 

I he , ul; llv; i; ý, I vuriancc (: A\OV': A) in design expert sol1vvarc was used Iör regression 

allal\; i' lol' the ohtalllcd data to estimate the coefficient of the regression equation. The 

rc; uI1 01' \\OV'. A : ulalv; i; for the response surläcc quadratic model in'I, ables 14 and 15 

indir; ltcý that the Inl, odcl equation; derived by RSI\M1 could adequately he used to describe 

the surlactin and hioinass production under the stated range oh fermentation conditions. 

VA Mlle the ; tall; lleal slolllllcallce of . ANOVi\ analysis was evaluated using the %'-value and 

/' \ al lie. 

\\M4 result in Fables 14 and 15. it is observed that the models for surläctin 

and productions were llikhly significant. as it was evident from the P'-test and a 

l(M /)-valuc. In the statistical analysis. P-value was used as a tool to check the 

siimiticancc oI' each 01, the coct'licient. L. ovy P-value (p < 0.05) indicates high signilicancc 

, lf t is cOireýpondin, _ cocitlcicnt and its ettect on the surfactm and biomass production at 

05ct iiIidencc Icvcl. In this cypcrimcnt. the model F-values corresponding to surliictin 

2937 

and \\crc `'454-0 and respectlycl;. and A value oh the models was less than 

(). 11(11 . 
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Hic "'lick or lil tcst compared the residual error to the pure error from replicated design 

points. The F-\ alues I, r "lack of lit"' test against surtäctin and biomass were 4.98 and 0.7 

respectively. It implies that the lack of lit is not signilicant relative to the pure error. which 

vv as indicated w'ard the fitness or the model. Fahles 14 and 15 also reveal that among the 

1110(lcl tcrn» in till,, ätudý. A. C'. 11 1. C'I. and A. 13. C. AB, AC. A2. C` had vcrv 

., 
iý, ni1iCant inllucnrc on ; urtärtin and hiomass production resE)cctivcl\-. 

On the other hand. the ooodnCss o1' lit of the model can be checked by the R' 

(dctcrniinatloll cocflicicnt) "I'd the adjusted R2 (multiple correlation coefficient R). R' 

Value hl'oA Ide' a Illeasllrelllellt Ol ho\\ IliuCh V'al'labllltl' 111 the observed response Naples 

can he explained by the eyperinlental factors and their interactions. For a good statistical 

model. the v aluc of R- should he close to 1.0. Based on AM 16 and 17. the coefficient 

of detcrnlination (R I Iý, r production of surfactin and biomass was löund to be 0.9853 and 

O. )7O6 respectively. Aleanvvhu e. the adjusted R, and predicted R2 values liar the model 

vv crc (). ̀)(, $`) and (48333 respectiwely for sur(äctin production and for biomass production 

were O. ()_, 70 and 47781 respcctiwely.. According to the result, the model was expected to 

predict the rcponse more correctly in the present case. 

III I a1)lr' 10 wui I- ako. ldcquatc prccision Is shown to compare the range of' the 

predicted ý a! ue at the design points to the average prediction error where ratios greater 

than 4. t1 indi, 'atc adcNlu. uc model diseriniination. The adequate precision for surlactin and 
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hionul>ý vv. u � t,; and 1 Sti7 respectively for this model. This high value of adequate 

precision demonstrated that model is signilicant for the production of surf actin and 

biolllass. )II the other hand. the coelllclent o1 variation (CV) measures the ratio t)ct\\ cell 

standard eIrol oI eý, llillate \\Ith the mean value 111 the observed response as percentage. and 

llle tovv ý: IIUe ,i llle A indicates a vel'v' high degree o1 precision and a good deal o1 

reliahiIi1ý ol- the experimental values. In this experiment, CV was calculated to be 7.46% 

and -ý. tlO I', r surfactin Laid hionmss respectively. indicating a greater reliability of the 

experiments performed. : As a ; general rule, a model can be considered reasonably 

reproducible it its ('V. is not , greater than 10() 0. 

On the other h; uld. I i_gures 17 (a) and (h) shovy the parity plot of satisläctorv correlation 

hctvvicen the actual and predicted values. wherein, the points clustered around the diauonal 

line indieule the ýcood lit ol'the model. Hic relationship between the actual and predicted 

concentration v: Ilues for ; urfactin and biomass production was determined by the model 

l: cluation" 
}.. ý and 4.4. I runs the ýraph. Most points clearly were nearby the line 

i1djUSllllelll. Ille; lllln lll; ll the e\1ýe1'InlelltallV determined values \vere nearly Sllllllar by the 

Illodeh. 



87 

I ahlc 1 4:. Analý: i: 01 \. u iuncc (: ANO\7: A) Cor all terms ol'modcl For optimization olý 

surfactin production 

s,, lurcc 141111 uldl Mean I Valuc p-Valuc 

1ýýU. 11'CS Square 

6373.69 59.76 <0.0001 

ý týrinýnt; iti, n tine 5826.32 1 5826.32 54.6i <0.0001 

1059.52 1 1059.52 9.93 0.0136 

ý2547.05 1 32547.05 305.15 <0.0001 

All -ýS8.2S 1 488.28 4.58 0.0648 

AC 301. i5 1 301.35 2.83 0.1313 

1333.86 1 1333.86 12.51 0.0077 

1885.05 1 1885.05 17.67 0.003 

1; 211l h5.99 111 165.99 104.69 < 0.0001 

0.0001 5270.44 1 5270.44 49.41 

Rýýi1u. 11 853.25 ti 106.66 

I, ic1; ol lýit 7h1.53 5 1>2.31 4.98 0.1084 

1UI'C Irrý, r 91.75 30.58 

(r I,, tai ol)014.09 19 
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l able 1 :: Anal\: is of ýariancc (ANOVA) for all terms of model for optimization of 

biomass production 

SOUrCe Sum ol, dl' Mean F Value p-value 

Squares Square 

Model 7.91 9 0.8783 29.37 < 0.0001 

Icrmý"ntati()n time 3.84 1 3.8391 128.39 < 0.0001 

Iý-inoeulum \()Iume (1.26 1 0.2574 8.61 0.0189 

te1111) e11 ture 1.1(1 1 1.0956 36.64 0.0003 

\1; 1.02 1 1.0153 33.95 0.0004 

M, (). 53 1 0.5253 17.57 0.003 

W, 0.07 1 0.0703 2.35 0.1637 

0.59 1 0.8907 29.79 0.0006 

1; ý 0.00 1 0.0015 0.05 0.8309 

1 0.2930 9.80 0.014 

I: eýidu; il 0.24 8 0.0299 

kick ol, Iý it 0.13 5 0.0258 0.70 0.6591 

I'ure I rror 0.1 130.03)67 

('ur futal 5.7005 19 
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luhlc IO A\()\ A lýýr rc2ression in the optimization of surfactin production 

ýý ýI'lllti 

"'td. I )C\ . 

Min 

I'1Z1': ýý 

Value Terms Value 

10.33 R-Squared 0.9853 

138.45 Adj R-Squared 0.9689 

7.46 Pred R-Squared 0.8333 

0706.58 Adeq Precision 22.651 

! able 17:: A\OV': A for rcl-'ccssion in the optimization of biomass production 

I eIlllS 

std. I)C\. 

I'RI. 

Valuc Terms Value 

0.17 R-Squared 0.9706 

3.4? Adj R-Squared 0.9376 

5.06 Prod R-Squared 0.7781 

1.31 Adeq Precision 15.865 
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Fi; ýures 17:. A cýýnýpurisoýl between predicted and observed production ol'(a) surläctin and 

(h) hionui; ý, in m, I. 
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4.4.2 (( In 1)111 : it inn effects of variables by response surface plots 

The three . lintcn, ional response , urfacc plots described by the regression model were 

dra"ii it) illuuratc the interactive eflccts of each independent variable on the response 

vari; ihle,. In thi, eypcriment. three response surface graphs "ere obtained as dc\ eloped 

the quadratic cyuation model alter considering all possible combinations. 

I hC thrýc lIl1CllOw1al graWh \\CrC dra\\ll hVCOIIlb111aUO11S OI t\\() IXlI'(llllCtl; l'S plotted at 

OI1C tlilk, \\IIIlC allOtllcl- pat'a111CtCI' as IllallltalllCCl at its respective zero levels (COCIL: CI 

lcvcl: (I). IýCIdCý Mlat. the statistical 0j)Ullla1 values I01' the variables Nwrc obtained b\ 

Illajol' ; 111d Illllllll' axis 01, the Contour. while the response Viclclccl 

nl: lýinlunl "ur(. 1ctin and hionl. 1:; production as described bvrespcctivc dimensional 

Iý"tiýtýill C tlf(; Iýý 4ýl 

I hcrcl. ore. Ihe ctlccts of the three Iactors as %\cll as their combination effects on the 

, url. actin and hionýasý production \\erc drawn and shown in Figures 18.19 and 20. I''TUNS 

IS (: i) and (h) rcprescnt thc threc dimensional surlace plots cXhibiting the cl)cct of 

icrnIcnt; iIion tiinc and inoculunn \olun1c in llxcd avcrage or tcmpcraturc (30 °C) on the 

leid of "urf; ictin and hionr. tss respccti\Q. Based on Hume 15 (a). surfactin 

cýýnccntr, ttion incrc; ised ýoraduallý from 145.; to 175.0 mýý/l. \\hcn the Icrmcntation time 
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increased from 48 Until 77 hours. 'then. from 77 until 96 hours, surläctin production 

showed only slh'htly increasing outcome. Mich was boll, 178.0 to 188.7 

Accordinq, to the result. increment of lcrnlentation time . tradually enhanced surläctin 

production althoU'_'h at certain tittle. only Slight increment of surlaclln was observed. On 

the other hand. 31) surface plot lily biomass production in Figure 1$ (b) illustrates diITerent 

contour nature in comparison with surläctin production. From the ti'gUre. biomass 

Concentration decreased from 3.95 to 3.00 111-/I. with increasing fermentation time Boni 

48 to ')0 hours. the possible explanation for this behavior is as fermentation continued 

f rOill 48 to ')h h. Inicrooryallisnl in the media reached death phase, where number of cells 

in Media started to reduce. Linear of surtactln production and declination of cell gm ah 

Could he attributed to a number of factors such as depletion of glucose contents, 

llletaholiic aecllllllllation as \\ell as physlcochendcal changes in the process due to to 

changes in pl I ((iur. far. and Angupta 2015). 

iýýure; 1'ý tat , uid (h) , hovy the 'Cfcct of 1ermcntation time and inoculum volume on 

tiUflaC(In and hlýýIn'IS" production rCspcctiVclv. When the temperature increased from 25 to 

(_ surL1ctin and biomass production decreased lion 209.9 to 113.1 mg/l. and 3.10 to 

314 mg I rc' pcctl\ cl\ 13aned on the result, fermentation condition close to the 

ýý 
(elllperalUre cal __ 

C as considered suitable lol' the m1Crl)OrgamSill to produce SUCIaClln. 

that temperature. the CFOvvth of the cell activity was adversely increased. which had led 

to Iii 'h surl'actin and hioniass yield. I lovvever. the temperature beyond 35 °C happened to 

decline both <urfacti 1 and hiomass production. The explanation for this behavior rises 
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ýfOlll A\, 11ý111 C11A IfOlllllClll COmj1111111 l{lll'lllý I'Cl'111C1l1a11011 pIYICCSti. which is not collvellicill 

101- 111C I111Cfýýýýl'S ; llllýlll ('ý, Cll and S\Vallllllalllllil. 1997), FUI'llll'1'1ll01'l:. 1C171pCI'allll'C lll, lV' 

, IýýCCI CCýýý ýý\ ýý; llll: lýýlll, _ and ýjC11ýilUl'lllý,? Lý111I1111lCCUlCS such as proteins. lýýlý and RNA. 

I IicrC oi dCslablI l/. alloll 01 Cellular 111clllbfalle slructUR hence. 

ý! ýIlý'Iallllý A; II'Iiýllý ad\crsc CII'Cclä oll Illcmhranc-aSsOclAlcCl processes (VVoO Ci aL 2014). 

I he thrcc dinlcn: ional Contour plot in l iggures 20 (a) and (b) depict the cflcct of inoculum 

vulunle ; uld temherature on surl-actin production. According to Fiýýurc 20 (a), inllculum 

výýlunle ýhovvý yuadratie eltcet on ; urfactin production and vvC can see that when inoculunl 

\011,111". IllCreIScd 
horn ý. O to 7.9°o. slll'IaCUII production lI1CCCaSCd l1'Olll 14ý. 5 to 179.0 

A\hell the II10CLI1L1I11 \OILlllle increased Illl'tllel'. s111'lactlll production 11C('A11 

to deeline. I he , leCreaSe in the surlüetin production alter 7.9`% was pci-haps chic to the 

inC'rCaýintý linlitation 01 k c\ nutienta, including uxNocn, tiýr cells at higher Clcnsitics. On 

llle ulhelIlallýl. 
l'H-IIIre ýl1 (h) IIILIStI'ates the Cllect Ol IllOCllllllll volume and temperature on 

hn, duetio, n. HIC contour plot shOvvcd inoculunl volume slihtly al7ccted the 

product ion vvhen the temperature ranee was between 25 to ;0 °C. I-ICwvcvcr. when 

lciýiýýýr, ilurc inCrL'; iScJ 11101-c th: u1 ;O `C'. inocuIum VolLuIle sho\\ed sionilicant e(lcct on 

Iýiý, t>>a, " I, rý, ýlukhýýn. 
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Figures 18: Rc,, ponse surface plot shovVin" the ell, ect of' fermentation time (A) and 

inoruIi nn v )Iunh (ß) on the production ol' a) surläctin and b) hiomass with a Iixed 

temperature of _ý(ý 
C 

11) 

B Inoculum Volume °'' i° A: Fermentation Time {hours) 
`ý 0:? dS 00 

i> > 

A Fermentation Time (hoursl r'4 ° 
Q6 00 S CO 

Si Inoculum volume (%, ) 
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Figures 19: Response surface plot ; hOvv ing the effect of iermcntation time (A) and 

tentlýer; iturý ((l on the production 01'M surfactin and b) biomass with a fixed inoculum 
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hioures 20: I'L<l, onýe -u1111cc plot the elect 01' inoculum volume (13) and 

temperature 1C 1 on the hrodtuction of-a) surlactin and b) biomass with a fixed fermentation 

time of-7-'h 

, l) 

S: lnocu; um Voiume (°hj 
"oCv, bta0 

hl 
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4.4.3 \ crilication of prcdictiv c model for surfactin and biomass production 

II he suit; lhility of the model equation lilr predicting the Optimum production of surlactin 

and hl, )lll; lý', AalucS A\, ls les1cd tlslll,. 
_' the optimization lullctlon of the Design Expert 

0 I1\\ we. Validation result> in fables IS showed that experimental value ol-surläctin and 

hionlas: production %\, 1S v erv closer to the predicted response. Moreover, the comparison 

of Cypcrinlcnt; ll , old predicted values revealed good correspondence between them. 

imply in, ý that the model derived from I: SN4 can he used to adequately describe the 

rcl, ttionship between the factors and response on production oh surläctin and biomass. 

I lencc. the model developed vvas considered to be accurate and reliable for predicting the 

prýoductloll , ol surlaetin and bionlass. 

Table lti: Aý; iliýl: uion of niodcl : hý, \\in, sui. Cartin and hiumass production at 0htimum 

Ic\cl ot'all haramrtcrs 

(lhtinmm conditiOn I"\hcrimcntaI Predicted 

I; ll'lkIf, 

furl: it tin 

Ctiý 

ýaIUC (mI/l. ) value (mýý/L) 
ý Ilýl 13 <<, ýý1 C (°(`) 

k ? 71.0 

4 ti 4.40 lii�in; i"" - 
4.6 

Iýr, ýJuýti, ýn 
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-1. ý Mass spcctromctrý analysis 

1Ithouýýh method: like ion cycll, inggC chromatography, thin laver chromato raphy, ocl 

hel'IlleUlloll ellfolllülor, lpllA and ultrallltration have been used for the purlllcaton of 

Ilpopepllde bloslll'tUclalll. those techniques have a serious limitation as they CIO not 

sC paste illdlV dual isolorllls present in the crude hpopeptlde mixture (Slvapathaseharan et 

al. _ 
2(Il)o). In this stud. the crude surFaCtill yield by B. sruhlilis 3M and standard surläctin 

mixtures were introduced into CIS column of reversed-phase IIPLC lör purification and 

ýýIr, uuti,, n ý, ý the >urfaCtin rom})ICN 

12. `2. 

nýiýturcý C0II plcy as inýcýtiýýatcýl by NIAI DI-Tot. mass spectrometrv lör mass 

dctcrnhination. I. iourc 
-'I Shk)vv; the N1: AI. D1 mass spectra lirom lcrn entation broth 

obtained Irony I IN (' puriticd traction. NIcanv hilc. the distribution of the molecular ions 

of s(1rtactin is "uninnaniicd in l able 11). 

Iýýi; ýurc 2 I: Al: iý< ýtýcc trui>> otý>urlýactin 1 rom tCrlllClllatlolI brot}h o1' B. 
, cuhlilis ')M 

6DC3 

'1 

,, . 1ý ý, ý 

(sec : Appendix D). Subsequently. the molecule 

;, 

'C37 h ý,; 
C'. JÜi 

107ßi 000 

ýSb; ° aeiliu 0., 3 f: ' > Rtr., 

ý; )91 21(; 



99 

Iýhe structurc componcnts o1ý the surläctin complex which was analyzed by Ml1LDl-'hol, ' 

Ill(I;;; pcctronlctcr A\crc then further in\cstigatcd and compared with reference compounds 

o1 surlactin i; olýýrnl; IS reported by lcovvall ct al (1998) (see Appendix F). Based on the 

rcpol't. ; urlaCtlll of till-cc dillcrcnt Isotol'ms was detected in the loan of added proton 

(IyI"111). (IM ' Na I) alld (I yI'Kj). as shown in Table 19. It is also apparent that the 

surlartin i; ofornl; eluted according to their hydrophobic properties through observation in 

tlýý a;; r, tn'-ýc hC tý\ CC n n1 = 1000 anQl 1 100. 

Fahic 19: \1 I)I-l1 01 nubs Spectrometric characterization of the surtactin produced by 

R. 
. ýýfrlhiili. \ý ý\1 

(Ill /) Isololllly 

ý)')"i.. ý 

I IIIIti. 7 

Illl( 
.7 

I11ý ^ 

1 11. ý ý 

Surf ictin Local isolate 
IsololIll" 

standard sUllactlll 

V, 11- 7, v 

I Cu IIc-7. I\1+I1\ii vI 

Val-7. C'-1 ; I\1 AaI' 

I cu I le-7. C'-1-1 ý 1. \1+11 

I cu Ilc-7. C'-I NI+Naýý 

VC'-1 ;1\ 1- KI. 


