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CHAPTER 1V

RESULTS AND DISCUSSIONS

4.1 OFAT optimization study for media composition

Prior to RSM optimization experiment. OFAT tech W o4 @clcrminc the
cffect and desirable ranges ol media compositi O\ TN\\, 1'1111;'1}?- roduction. The

n. dd" then followed by

o |

ammonium nitrate. ferrous sulfate and me

4.1.1 Effect of glucose

(—} '?: o
Glucose was nch*cl% 1 engr8y gourceeY bacterial growth as it is a simple sugar in the
form ol mnnus;A

) "3 : T

ide. By using g@su as the main media component. more surfactin
1S expected %\l rather than 1ts counterparts which are sucrose and g¢lycerol (Onwosi
and ()LQIZ). 'igure 3 shows that the production of surfactin and biomass was

affected by various concentrations ol glucose in Cooper’s media.
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Figure 3: [:ffect of various concentrations of glucose on the yield of surfactin and biomass

produced by B. subtilis 3M for 96 h at 30 °C with addition of 5% inoculum
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e of 20 to 60 ¢/I. were supplied n Cooper s

Various conccnlruli(z sknluc,s

media to dctcrmi&*

¢ meantime, other important variables were fixed at the following

optimal glucos @nccnlrmion needed for enhancement of surfactin

and bromass

concentt 0.05 M NHyNO;. 4 uM FeSO,; and 1.5 mM MnSO,. The highest

production of surfactin and biomass was obtained at 30 ¢/L of glucose concentration with

the concentration of 95 and 4.7 mg/L. respectively. However. surfactin and biomass
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production decreased significantly at the concentration of glucose more than 40 g/L.
indicating a possible mhibitory ettect ol glucose at high concentration. This was due to the
role played by Crabtree Effect that occurred during high concentration of glucose in the

) ;‘L‘\'CHIH the

slight decline m the endogenous oxygen consumption rate. and 1A

media. Availability ol extra pyruvate. formed from glycolysis of glu

uces surfactin

production by 5. subtlis bacteria (De Deken. 1966: Pleiffer & I\*’lm'lqz J014).

)

4.1.2

In this study. glucose concentration was [1x¢ :;m 0

previous OFAT result, whereas eSOy ¢

1.5 mM respective

v. IFive ditterent NN Og

‘un; }ﬂmbns in Cooper’s media on surfactin

were used to evaluate the cﬂbc%‘ 1NO3

and biomass production all‘V&N of fr

|
X ’
4 Mncreasing NHNK. concentration from 0.03 to 0.05 M increased
G

8 !w?\ss production significantly. in which the highest concentration of 935.0

Referring to Figlrd

surfactin an

and 4.1 espectively were obtained for NHyNO; with the concentration of 0.05 M.

According to Ye et al. (2008). supplementation of nitrogen source in the media 1s
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necessary for fast microorganism growth. This is also highly beneficial for long time

accumulation of surfactin during fermentation process of B. subiilis.

Figure 4: [ffect of various concentrations of NH;NO;3; on the }'icﬂ&ol‘!urlhctin and

biomass produced by B. subtilis 3M for 96 h at 30 °C with addition (Winoculum

OFAT result for N

L

surfactin concentration (mg/l.)
biomass concentration (mg/L)

== rlactin concentration biomass concentration
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4.1.3 [Effect of ferrous sulfate (FeSQOy)

IFigure S depicts the effect of various FeSO, concentrations on surfactin Tﬁiumuss
‘%uc of 30 o/l

whereas MnSO,

production. Glucose and NHyNO;z concentrations were fixed at the optin

and  0.05 M respectively according to previous OFAT rest

concentration was fixed at 1.5 mM. In the meantime. five dl“t.ll.w () concentrations

ranging from 40 to 200 uM were used to evaluate t ‘cl of Lll'ious eSO,

4 ;' 1 was not

18

included i the range (as previous OFAT optimizatioMggInce Lm ppprigCyange needed

Yv N
to be established to show the significance of vgriougFeS

Eonx on surfactin
and biomass production. The explanation ¢

concentrations on surfactin and biomass production. It winoted

Chu (1998). where the addition of 1ron lu

ol surfactin. as well as biomass Hlﬂ\\ll\

Referring to Figure 3. surl;

S

LO the mcrement of l'LQ
ﬁf‘.md?i 8 me/l. respectively when FeSO4 with the

LlILlL al th COIC wll UI ‘V
S

concentration O '7‘() M was suppleménted. On the contrary. high FeSO, concentration

;&

cen mt' n\ BogQusurfactin and biomass reached their highest

S

aused rapid acidification of the broth. hence induced the disappearance
of surfactin 85 the pH dropped below 5.0 (Wer and Chu. 1998). From the result. 1t 1s

proved that appropriate amounts of iron are required to create suitable growth

cnvironment for B. subtilis.



Figure S

B

Effect of various concentrations of FeSOy on the yield of surfactin and biomass

produced by B. subtilis SM for 96 h at 30 °C with addition of 5% inoculum
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4.1.4 Effect of manganese sulfate (MnSQy)

Various concentrations ol MnSOy ranging from 0.5 to 2.5 mM were s

NZCIHCL‘ 1N

Cooper’s media to determine the optimal concentration needed to L_nh-&s iwrfactin and

biomass production as illustrated m Figure 6. At the same time. gluédse. NH NO5 and

['eSO,4 concentrations were fixed according to their optimal con an of 30 g/L.. 0.05

M and 120 uM respectively based on previous OFATT optil re:

The presence of manganese m the medium 1s

affecting nitrogen utihization and K ions m of
u@on of surfactin provided

G.J'lq\ oh 43'

1111@\111 media. Based on Figure 6.

SUPP

¢LL“ orowth by

i

N

2002). This behavior stimulates B. subtilis

that appropriate concentration ol manud 1S S

the production of surfactin and h%zmu

)ﬁw/d_gﬁ.xpull\ ely when the concentration of

o@* latter after 2.0 mM. however. resulted 1n

Yv

&K
§



=%

Figure 6: Effect of various concentrations of MnSOy on the yield of surfactin and biomass

yroduced by B subrilis IM for 96 h at 30 °C with addition of 5% moculum
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4.2 RSM optimization study for media composition

In our previous study. the medium composition was optimized by om% zn'-ul—n-limc

(OFAT) optimization. which involves changing one mdependent \';‘M. vhile Keeping

other factors constant. Based on the result. glucose. ammonium nilr;?. Yerrous sulfate and

manganese sulfate concentrations play an mmportant role Y\“(I‘lhclin and biomass

production. Therefore. these four factors were selected lor crsttisteal optimization
»
| S

ol both responses by using RSM.

e
levels (-, -1. 0. +1. +a). where o \ and
: \ZL\‘ SL‘I_ ‘ted

O
>

N
f\K

4.2.1  Analysis on ‘del}c

R

ware package Design Expert 7.1.6 was used for regression analysis of

tin and bromass

£ ¥
S

A Statispcarg
experimental data and plotting response surfaces. This application estimate results in an
empirical relationship between the values of surfactin and biomass. as well as the process

variables. Through multiple regression analysis on the experimental data. relative surfactin
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and biomass vield as functions of the test variables were represented by the tollowing

second-order polynomial equations:

N3
S

197.67 + 4.93A + 1.39B + 7.46C + 8.97D + 1.40AB - mm_\\;ﬁu_m - 0.54BC -
5.18BD + 7.13CD - 17.72A% - 17.03B7 - 21.20C" - 20.68D° q

Surfactin concentration

Biomass concentration ! T

O.1TAD + 0.050BC -

4.47 + 0.30A + 0.058B + 0.20C A SAC

6.25¢~BD + 0.14CD - 0.34A: (2)

|

\ij{@)ilmlc (M). terrous sulfate (uM) and
5

Where AL B. C and D are glucosc /1)

manganese sultate (mM) ¢y C L4
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' wian arranoement. responses and predicted values for
Table 7: Central composite design arrangement, responses 1

surfactin and biomass yield

Qurfactin concentration Biomass concentration

A : : ; ['xperimental  Predicted l-xperimental YF!diclcd
l 5() 0.04 80 1.0 126.8 129.4 5.10 c\ 3.13

' [.0 99.1 103.6 4. 415
.0 108.5 110.4 3
4 50 0.06 80 1.0 115.7 109.6
' 102.06

0 S0 0.04 160 1.0 133.0
7 5() 0.06 160 1.0 00 .4
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The mean predicted and observed responses are presented n Table 7. Statistical testing of
the model was done usine Fisher's statistical test (F-test) and P-values for analysis of
variance (ANOVA). A cood F-value validated that the factors can explain adequately the

\ z a 100! 10

check the sienificance of cach coefticient. which also indicate 1110%:.&'11011 strength

variations in the data about its mean. On the other hand. P-values are

between cach independent variable. Smaller P-values wrrcspuano more sienificant

NV

coefficient (Yu et al.. 2009: Huang et al.. 2012).

N

surlace model for surfactin and biomass producgn L¥Sposd1VeN . l’l‘t@{\‘()\f:\. 1t can be

ofd \@ highly significant as

observed that the models for surfactin and B ¥S Pr
NN
(@- /*.hr,
é ‘“« &
e wciQ‘&_\‘. and there was only 0.01%
S

evident from a high F-value and a va

L&OQ“\\';JIUCS lor surfactin and

10 noise. Since the F-value was
orcater than one. 1t was nmr

variation in the data ilhicN“U ing VY

explaimn the muld’ Nlcmclim]s betwe@Nhe test vartables. Among the model terms in this

.0500 1ndicated

studv. A C. CBC.CD. A% B C°. D7 and A, C. D AD. CD. A C7L D7 had very

s1enificdy ence on surfactin and biomass production respectively.
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T'he “lack of it test compares residual error to “pure error™ from replicated design points.

For the production of surfactin and biomass. the “lack of fit” /-value of 0.21 and (

()
[ D

respectivelyv implied that the ~“lack of fit” was not significant relative to the “pure error™. In

the case of “lack of 11", non-significant 1s good and makes the model fit. :\z

=,
Yv

Nt on surtactin and

Analysis of variance for the IL‘*‘IL\HIUI] obtained from this expel

biomass production is shown n Table 10 and 11 respectiv@® an statistical analvsis.

> Jelqmi dllt\d VCHI /1 and
|

that 1‘1*;_;1111 Llu.@QHh]a statistical

the coodness of it of the model can be checked by tl

the adjusted R~ (multiple correlation coeflicient K). W1

sgould EUHIII\L and close

model value of k- r-;\umld be L‘IUHL‘ o 1.0 Llnd l Hl

(o cach other. The R for the production m\)l

model were 0.96356 and 0.9574 l'cspn.M_' -
1 ().Sl_ \

: . T D
production. the values were 0. z
model 1s expected to Inuhu&lem

S
&

Adequate WLUHI{\: Sures sina 18 1se ratto and a value higher than 4 1s desirable.

as found to be 0.9834

Ll]&l‘.( lLlLd /\ Lllllk.\ IUI lhl.

2
‘lil]‘@ luction whereas for biomass

<

N
cly. According to the result. the

and 0.9331 respectively. On the other he

e

L‘.\'t‘ 3

lv 1 the present case.

l-or pmdlu.lm Criactin and biomass. the adequate precision tor this model was 21.637

and 17.78 tivelv. This hieh value of adequate precision demonstrated that model is
giuniﬁg;m[ LOT the pmdllclit’nn ol Slll'|‘LlL‘lin and biromass. L\ICLll]\\'hi]C. a low \'LlILIC ol

coefficient of variation (CV) indicates a very high degree of precision and a good deal of

reliability of the experimental values. Low values of CV for surfactin and biomass
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production were recorded (4.95 and 4.87 % respectively). which indicated a greater
reliability of the experiments performed. As a ocneral rule. a model can be considered

reasonably reproducible 1f 1its CV is not greater than 10%.

Table 8: Analvsis of variance (ANOVA) for all terms 1n the modcYRvplimimlinn ol

surfactin production V

Sum of

Source |
B SAUATes
Model 35194.17
A-Glucose 584.11

B-Ammonium Nitrate
C-Ferrous Sulfate
D-Manganese Sulfate

ADB

28.84 0.000]
2.19 0.1623
0.10 0.7552
9.40 0.009
17.83 0.001

| 88.94 < ().0001]
[ 74.56 < ().0001
270.64 < 0.0001

25741 <0.0001

= 1dual
[.ack of 1t 0.21 ).9724
Pure Lrror

Cor Total




60

[able 9: Analysis of variance (ANOVA) ‘or all terms in the model for optimization of

biomass production

Sum ol .. Mean
dl

Source
SquUAres Square

Model 0.903

A-Glucose 2.100

R-Ammonium Nitrate ().082

C-}errous Sultate ).960
D-Manganese Sulfate

A
AC

R esidual

| ack of It

Pure 11
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Table 10: ANOVA for regression in the optimization ol surfactin production

— — = e — —

Terms Value Terms Value

e — L e— —— —= = = — — = —_— —— - — —

Std. Dev. 6.75 R-Squared

Mean 156.36  Ad). R-Squared
CV oo 4.95 Pred. R-Squared
PRIESS 2240.16  Adeq. Precision

Terms Value lTerms Value
Std. Dev. ().953

Mean ().9026
C.V. % 0.8238

PREESS 17.7842

Floures 7 (a) and (b) rc,&\n (G redglionskyly between the actual and predicted

D o)
N adling &P hioRass  production  respectively  that was
N
4 25 %,m the graph, most points were clearly nearby
N

concentration  values
aning that the a:\“)?‘rimcnlull}' determined values were similar to the

were very S to 1.0, which also advocates a high correlation between the observed and

predicted values. Thus, the result obtamed from the developed model equations can

effectively predict surfactin and bromass production.
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Figures 7: Comparison between predicted and observed production of (a) surfactin and

(b) biomass in mg/I.

Predicted vs. Actual

Predicted

Actual
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4.2.2  Combination effects of variables by response surface plots

T'he 3D response surface plots deseribed by the regression model were die m?o Hustrate
the effects of independent variables on surfactin and bromass pmduclm!hc [CSPONSES.

Y.‘.l‘u:l\&ﬂ:ﬂ the four

variables on the responses can be evaluated and the optimal \'an‘ the ndependent

\Y

I'rom the 3D response surface plots, the combined effect and interac

variables can be observed.

\'.:‘é)‘(ls concentrations of glucose (A).

E - : ))
$

N3

in igures 8 (a) ™A (b) shows the elfect of various glucose (A) and

surfactin and biromass prodygtion

ammonium nitrate (B). fer m&lllll

o |
&

As the ma rbon source in the media. varying elucose concentration can influence both
surfactin and biomass production by cither induction or repression (Makkar and Cameotra.

2002). Both figures indicated that the production of surfactin and biomass increased 1o
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optimum concentrations of 197.96 and 4.54 mg/L. respectively when the idle concentration
of elucose reached the ranges between 40.0 and 44.0 g/L. Afterwards. the production of

surfactin and biomass was inhibited due to over-addition of glucose. Surfactin production

decreased from 197.76 to 188.75 mg/L. with an icreased concentration \wac [rom

-~

hi®her than 43 .3

-

10.76 to 50.0 me/L.. Meanwhile. further increase in glucose concentra

o/1. did not affect biomass production. Irom Figure 8. the elfect of vMious concentrations

of ammonium nitrate in the media on surlactin and bromass iction could also be

observed.

3

ﬁ:e indicated that both
' a@hdr;llic citect on surfactin

on the production of surfactin and bromass NggD!

%pln
é

parameters were sienificant since the ca

“ :
ul‘ﬁﬂ’;lclin and biomass increased
Ny

Ilqs.:'h mg/L. respectively when the

127
wl"stl‘@iiu resulted i the sienificant amount of

g

m*$‘ of surfactin and biomass {rom fermentation

W1 and 149 uM respecuvely. Hence.

lermentation by using ircN
surfactin recovered. &Wu'n};l. l

broth decreasedgdMp approximately

\

concentration n\u'rmm sulfate reached 160 uM. Theretore. 1t can be concluded that

8.24 and 4.45 mg/L. respectively when the

CXCOSS " iron may instigate acidogenice fermentation behavior. thus reducing both

responses  production (Wer et al.. 2003). In addiion. the nfluence of  glucose

concentration on the production of surfactin 1s also depicted m Figure 9.
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Fioures 10 (a) and (b) illustrate the interaction of various ammonium nitrate and ferrous
sulfate concentrations with the production of surfactin and bromass respectively. When the

concentration of ammonium nitrate increased from 0.040 to 0.052 M. surfactin production

ncreased oradually from 179.60 to 197.34 mg/L. Then. the pmduun&‘ surfactin

1um nitrate

decreased from 197.34 to 186.18 mg/l. when the concentration of qan

increased from 0.052 to 0.060 M. Ammonium nitrate 1s an impm*lawh'ogcn source 1n

medium that influences the production of surfactin. According 1@ thdWCport by Davis et al.

(1999). both ammonium and nitrate ions are utilized by 5. IS 1,1 enhance surfactin

surface plot that showed an insignificant elle

-

| ¥hto the i di:.l.@rllwrmm'c. '1eures 8

AmMmonium nitrate concentrations were supp

@.u ameters also showed the

and biomass respectively. From the 3D

' 4

'SLn‘Ith'.Q,uml biomass mcreased from 168.78 to 198.67

Slll'I‘LlCL‘ ]WlU[H. Ihh‘ [!! ‘\%

)(
mo/l and 4 073 \:,7 me/l. respectively by increasing the concentration ol manganese

L
-

. . < ) ) ,. T T, T Dynpgey (g i L
sulfate l@limum concentration ol .65 and 1.82 mM ILBIWLLII\L]}. However. when

concentration of manganese sultate reached 2.00 mM. surfactin and biomass production

reduced to 189.81 and 4.28 mg/L. respectively. I'he increment of surfactin production is
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due to the function of Mn™ in manganese sulfate that affects nitrogen utilization and K
. : : : : - o Y4
uptake. as well as other biochemical functions (Wei and Chu, 2002). Hence. Mn-

enhanced surfactin and biomass production up to the optimal idle concentration, which

were about 198.67 and 4.57 mg/L. respectively. In contrast. smlm.l biomass

production decreased steadily to 189.81 and 4.28 mg/l. when lh& gu.mmllon ol
manganese sulfate reached 2.00 mM. One of the possibilities iswmis strain of B.

subtilis has a defective manganese transport system when supplied ¥y manganese sulfate

Q?LUOH (We1 and
N

7
3

adnectively. The 3D contour

agd Yerrous sulfate, surfactin and

N

v when the concentration of the

in the range between 1.65 to 2.00 mM and thus inhibited SKr

Chu. 2002).

Figures 12 (a) and (b) depict the effect of

e

concentrations on the production of sur

m.m\y:

&
C

both parameters in the medig m€reos O We -1 t also indicated that at very high

1CL

concentrations of both par

Mecanwhile. Figures QL:' seidAhe interaction between various ammonium
nitrate and manga %

S
\1 ast to the Figure 12 (b). however. the 3D contour plots in Figure 13

iate ¢« ]LL{II‘I\IF)'HS on the production of surfactin and biomass

respectively. |

Wear cffect on biomass production when increasing the concentration of

ammonium nitrate.
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Figure 8: Response surface plots showing the effect of glucose (A) and ammonium nitrate
(B) concentration with a fixed concentration ol ferrous sultate at 120 uM and manganese

sulfate at 1.5 mM on the production of (a) surfactin and (b) bromass

a)

ntration (mqg/L)

-
4
i

mass Conce

'.] [ ' : ! !

B: Ammonium Nitrate (M) "9 e WV A: Glucose (g/L)

T T

-
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igure 9: Response surface plots showing the effect of glucose (A) and ferrous sulfate (C)
with a fixed concentration of ammonium nitrate at 0.05 M and manganese sulfate at 1.5

MM on the production of (a) surfactin and (b) bromass
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s i il rais 1 B 3 \1‘1\ ‘;., » - ‘;.. 5 . i ‘1-*') S
Figure 10: Response surface plot showing the effect of ammonium nitrate (B) and ferrou
sulfate (C) concentration with a fixed concentration of glucose at 40 ¢/I. and manganesce

sulfate at 1.5 mM on the production ol (a) surlactin and (b) biomass
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figure 12: Response surface plot showing the effect of ferrous sulfate (C) and manganese

sulfate (D) with a fixed concentration ol glucose at 40 ¢/1. and of ammonium nitrate at

o

0.05 M on the production of (a) surfactin and (b) biomass
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‘igure 13: Response surface plot showing the effect of ammonium nitrate (B) and

| —-—

manganese sulfate (D) with a fixed concentration ol glucose at 40 ¢/I. and ferrous sulfate

at 120 uM on the production of (a) surfactin and (b) biomass
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4.2.3  Verification of predictive model for surfactin and biomass production

The suitability of the model equation for predicting the optimum surlllcwvmluuiun

values was tested by using the selected optimal conditions pmducc:! %m 'CLressIon

model. Validation experiments were carried out to verily the availgQility “and accuracy of

Validation results in Table 12 show that the cxpcrw value of surfactin

* )Z‘ licrd model fitted well

the mode

production was very close to the predicted response and |

nsidered 1o be

T 'S N— P -

nondige Lxperimental redicted
value (mg/L)  value (me/l.)

l

L actors

Surfactin 1 90.8 200.6
production
Biomass 0 06 4 .81 4.92

productigu
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4.3 OFAT optimization for fermentation conditions

For the second time. OFAT technique was employed to determine the LHL\IQTLI desirable
ranges  toward surfactin plUdLlLlIUll However. the parameters SH\:)\ for this

VY-;md lemperature.

Subsequently. RSM optimization experiment was held with the s:.w]mmnwtcrs.

\Y

moculum vo

optimization cr\'pcrimcnl were lermentation time.

4.3.1 FEffect of fermentation time

e production of surfactin

and biomass. In this optimization s cen from the culture broth

4. 48. 72. 96 and 144 hours.

during the fermentation process at'g

. : N e , 0/ . A O (™
while 1noculum volume and lixed at 3% and 30 °(C

respectively. '&\ *
17
N

4 mdluuu (he 11\6}11 the mcrease of fermentation time from 24 1o 72

The result in I

h. surfactin Llum increased drastically from 49.6 to 205.0 mg/L.. However. further

ll]L‘l'L‘iH g 'IHL‘[][LIIIL}H L1me from 72 10 |44 h Ul]l} showed a hllghl Increase of SUI'ILIL‘[II]

production. which was from 203.0 to 226.3 me/L.. Since the production of surfactin

L . ..-..‘ s e ) e » P Y . Y . i
between 72h and 144h was not huge in difference. 72h was chosen to be the optimal
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fermentation time for subsequent OFAT experiment. In contrast. the fermentation time
showed different effects on biomass production compared to surfactin production. From

24 1o 48 h vield of biomass increased from 2.8 to 3.65 mg/L and no increment was

observed when fermentation continued up to 72 h. As fermentation pma{ erfwm 72 10
144 h. biomass production appeared to decline until reaching 2.1 mg*l”&%

uiior i\'us. at time mterval

U phase of their

®
\3
| (l])&%l al.. 2010).

A% &
Ldl]lﬁlw\'-{t.‘.ﬁllllt"d in high

cell orowth activity. where they began to grow and djg

In the course of the time. rapid multiplication ul?c
accumulation of surfactin - metabolites Lll\%]tlss

continued from 48 to 72 h. B. subtilis wm‘ mt\¥l

é

unde

nt%;l. As fermentation

‘@lulimmr}' phase. where
2
\‘tn@mlion of cell division was

reproduction rate was slow down m\ cells

((Yﬁ

SINCE

al.

B
r:fé)@ns stabilized n this phase. Due to
‘ ulfg{ lo reproduce and die after 72 h of

..:' o)

[Crpeptation reduced both biomass yielded in the

. R‘b@llcss. microorganisms managed

0 produce surfactin as usual
depletion of nutrient, 5.

fermentation. Thus. llQlc" np
b g

media as well as sl W

N
N
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produced by B. subtilis 3M
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4.3.2  Effect of inoculum volume

Inoculum volume is an important factor that could mfluence surfacti biomass

‘vl microbial

production. Althoueh inoculum volume is rarely used as a factor n ..xl

orowth. there is evidence indicating that it may alfect microbial gro lh. Hence. five

different inoculum volumes ranging from 1 to 20 % were nggulat®d into the media 1o

evaluate the effect inoculum volume on surfactin and b *unduumn alter 72 h of

lermentation at temperature ol 30 °C

Figure 135 depicted that the surlactin and | - subtilis 3M were

m}hl \ Q from 1% to 5%. both

to 201.9 mg/l. and 3.55 10

nfluenced by inoculum volume. When 11

l\‘*}ul moculum volume into the

4.2 me/l. ILH]’H._L[I\l.[\ This mes

Cooper’s media was consider® Q’,ummamxms L0 provide suitable

cnvironment for high me '{\lul

As the cell ““”A'” the inoculun ised up to 5 and 10%. high surfactin yield was

]'l C -

this occurrence since the Ll“ (me plhl%L decreased and thus

achieved, The .xUIl fOr

-ocess reached its log ph:.lSC cxrn:dllmusl}'. However. when the mmoculum

lermentaon

volume increased from 10 to 20%. both surfactin and biomass production were reduced

rom 196.6 to 148.05 mg/L. and 5.2 10 3.5 me/L. respectively. This experiment indicates
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that inoculum volume of 3% was sullicient to obtain good surfactin and biomass

production. Hence. 3% was considered to be optimal moculum volume and applied for the

next temperature optimization expermment.

As

mass produced

Figure 15: Iffect of inoculum volume on production ol surfactin anc

by B. subtilis 3M

300

L.

200

150

1 ()()

bromass concentration (me/l.)

surfactin concentration (m

S0

0.

*JI

|

(—)
J’\Q | |
fy .é\(l . 2()

1IN0 "hﬁl-n volume (%)
S
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4+.3.3  Effect of temperature

The temperature along fermentation process has a direct effect on the vh of the

bacteria and thus affecting the surfactin ]‘HULIULIIUH In order to study lh ul ditterent
lemperature on the surfactin prm{ucliun. a range ol temperature varying ﬁom 20 1o 50 °C

was taken into studv while the other fermentation conditions w \'( 1 as follow: 72h of

[ermentation time and 3% of inoculum volume.

30 ﬁlwlin and biomass

2.0 mg/L respectively

'uu@ for this result maybe

'y stramn bacteria. which was

me/l. I*L‘HPL‘L‘Ii\ L‘l}' ‘
production started to decline from 201.5
when the lemperature reached J0

suttability of the temperature r

\H
_ }

. 2005). lTemperature of 30 °C

bacterta since further increases of
was then considered

NP . decrecased both bromass and
lemperature inhibited 8

S IL{I IPRL d h\ various literatures (C ooper ¢l al.. 1981

¢ specles ba ‘
lll Cl tl[ ”() )‘)) l ILPUI[LLI SCV thl /)m l//!{ [LL s LlLlIl Were

surfactin producti

Chen et al.. 3'& |

, - O S, N ‘tion at temperature ol 30 °C.
cxpected 4 YWLd maximum surfactin production a I
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Ficure 16: *{fect of temperature on production of surfactin and biomass produced by B.

subtilis 3M

/1)

ﬂ

biomass concentration (m

surfactin concentration (me/].
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4.4 RSM optimization study for fermentation conditions

The results of the one-factor-at-a-time (OFAT) optimization of fermentatit

\

rom the previous study were used to determine the range of the SL agneters m this

Y‘ulum volume and

lemperature. which showed significant factors on surfactin and hws production.

Yv

conditions

experiment. The variables that involved were fermentation time.

Response surface methodology (RSM) 1s one ol the

relationship between  the experimental \';.u'mh% Ellhl

composite design (CCD). the optimum lc\\

L]
- -

surfactin and biomass production were

r'esponses are presented in Table 13,

In this study. 20 U\l’l—‘l‘im\l&or
point for estimating lqu  JRE
along with the pr w -

and e;

Qh {1ve replications at the desien centre

giicertamty variance as shown in Table 13.

values of responses (biomass and surfactin

&

\ statistical software package known as Design-Expert 7.1.6 was used

concentrations
[Or reoresd wilvsis of experimental data and plotting response surfaces. The following

regression equation obtained after the analysis of variance (ANOVA) provided the levels

ol surfactin and biomass produced as a (unction ol the values ol fermentation time.
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inoculum volume and temperature. The production of surfactin and biomass could be

predicted by the following model equations:

Surfactin concentration =179.44 + 20.65A + 8.81B -48.82C - /.81A B —: %\\(‘ - 12.91

BC - 11.44A2-27.85 B>- 19.13C3 (3)
Biomass concentration = 3.07 - 0.33A + 0.14B - 0.28C + 0. " U420AC +0.094 BC -
0.25A-0.010B- 0.14C" (4)

0)=d temperature (°C)

®)

—

Where A B and C are fermentation time (h).

respectively.



v 1; 3 z- ’ b "L » "l' b T e "*. q Bl Y o . ; 5 b
Iable 13: Central composite design arrangement. responses and predicted values for

surfactin and biomass vield

Surfactin concentration Biomass concentration

Run A 13 C
Experimental  Predicted Experimental edicted

| 48 5 25 121.9 116.3
0 06 3 25 1993 189.9
3 48 10 25 188.8 161.9
4 06 10 25 218.8 004.8
3 4 3 35 59.8

0O 06 S 35 96.5

7 48 10 33 58.9

\

O

10

| ]

12

13

14

15

16

17

18

19

3.88
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4.4.1 Analvsis on production of surfactin and biomass

f

-

Qk]jca uation. The

result o ANOVA analysis tor the response surface quadratic 1110(10?1"] ables 14 and 15

The analvsis of variance (ANOVA) 1 design expert software was uscd i reoression

analysis tor the obtamed data to estimate the coefficient of the reoq

'*)_:"” () L‘t*llﬁxh‘lh‘L‘ IL‘\

lHtllTH‘HIIH% WeLre

S

y and 29.57 rcwm'cly. and P-value of the models was less than

&
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The “lack of fit” test compared the residual error to the “pure error” from replicated desien
points. The [-values tor “lack of 11t test against surfactin and biomass were 4.98 and 0.7
respectively. Ttimphies that the Tack of fit 1s not significant relative to the pure error. which

N;m)ng the

model terms in this studyv. A Co A7, B, C7, and A. B. C. AB. /\(* C* had Very

was indicated toward the fitness of the model. Tables 14 and 15 also revea

sionificant influence on surfactin and biomass production respectivel

: < B |
c@cwnl R). R~
bscnz\? response values

can be explained by the experimental lllClOl‘hN iL&Qm‘ a good statistical

nodel. the value of R should be close lti%‘.)&- .

of LlL‘lL‘I'min;lliUI] (R™) [or Pl‘k‘miucliun UNLIC

().9700 I'L'Hl'lk'k.'li\ clyv. Mcanwhile oy Y uste

C(

4
WCTIe ().9689 and ().8333 I'esp N\ (S
were 0.9376 and 0.778]1 hi\'
predict the response 1y %\’rrc,‘ll_

in Tableal 0 Jwd 17 also. adequate precision 1s shown to compare the range of the

prulirlul values at the design pomts to the average prediction error where ratios greater

(han 4.0 indicate adequate model diserimimation. The adequate precision for surfactin and
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DR 5

biomass was 22.05 and I8.87 respectively for this model. This high value of adequate
Precision demonstrated that model 1s significant for the production of surfactin and

hiomass. On the other hand. the coetlicient of variation (CV) measures the ratio between

standard error of estimate with the mean value of the observed response ¢ \;‘11 age. and

the low value of the CV indicates a very high degree of precision {fk oood deal of

reliabihiny of the experiment: 1l values. In this experiment, CV \mwl lated to be 7.46%

and >.06%o for surfactin and biromass lupumk_l\ indicatinoe :

experiments performed. As a ceneral rule, a model

rcpl'ﬂdtlﬂh]‘*‘ 1 1ts CV 18 not greatet than 10%.

[quations =4.3 and 4.4, ._ﬁllph. MOS

@mls clearly were nearby the line

O
adiustment. meaning that ymined values were nearly similar by the

l]mdL‘I.
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Table 14: Analvsis of variance (ANOVA) for all terms of model for optimization of

surtactin production

Source Sum ol df Mean I- Value leuc
Squares Square | %\
Model 57363.22 0 6373.69 ¥ < 0.000]

A-fermentation time
B3-inoculum volume
( .-[L‘I]]["L'I'Llllll'k_‘
A
AC

13C

< (0.0001
0.0136
< (.0001

N3
I 30,0648

0.0077

0.003

< (0.0001

0.0001

4.98 0.1084




Table 15: Analvsis of variance (ANOVA) for all terms of model for optimization of

biomass production

Source Sumof  df Mean I Value Y&uluc
Suares Square | %\
Modcl 7.9] o 08783 2937 ¥ <0.000]

A-fermentation time
B-inoculum volume
(-temperature
A3
AC

13C

>

A2

d

13

I

J

k.
Restdual

| ack of | 11

5.84 I 3.8391

0.26 0.0189
.10
1.02

(.33 0.003

0.1637

0.00006

0.8309

0.014

0.70 0.6591
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Table 16: ANOVA for regression in the optimization of surfactin production

Value lerms Value

10.33  R-Squared

138.45 Ad) R-Squared

Mecan
C V. % 7.46  Pred R-Squared
PRIESS 0706.58 Adeq Precision

Table 17: ANOVA for regression I the oplimiza!'on )

“Terms Value *l“ermSY Value
Std. Dev. o 0.1 awed 0.9706
N ean 0.9376
C V% 0.7781

18.865
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Figures 17: A comparison between predicted and observed production of (a) surfactin and

(b) biomass i mg/l.

1) - Predicted vs. Actual

Predicted

H)

Actual
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4.4.2 Combination effects of variables by response surface plots

The three dimensional response surface plots described by the rcgrcssionWl WETC

N

drawn to illustrate the interactive eftects of each mdependent \*ariahlﬁcl he response

variables. In this experiment. three response surface graphs were obta as developed by

the quadratic equation model atter considering all possible comths.

Yv

| he threc u“l]lk.‘ll%iﬂn;ll ;I';lph were drawn h\ combit

one time while another parameter was muimui@~

m\t S for

I”ll\i”llll” .“*-lll‘l.-.lk.'li“ ;!”kl lﬁi“”hlﬁ?ﬁ Pr\.'

level: 0). Besides that. the statistical opti

Moy Iing ;l]t‘flljt_‘ the II];l‘iﬂI' and minor ax

I'L‘h]u‘rllm‘ surface plul_a_

HIUI'L‘[UI'C. Illt' k'I‘ItL‘L‘lf‘\ * AONOTS

curfactin and bio Diuction®ed L@vn and shown i Iigures 18, 19 and 20. Figures

18 (a) and (b Nuwnl the three dimensional surface plots exhibiting the effect of

ermentatiORMe and moculum volume 1n fixed average of temperature (30 °C) on the

vield ol surfactn  and bromass respectively. Based on Figure 18 (a). surfactin

concentration mereased gradually rom 148.5 to 178.0 mg/L. when the fermentation time
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increased from 48 untl 77 hours. Then. from 77 until 96 hours, surfactin production
showed only shightly increasing outcome., which was from 178.0 to 188.7 my/l..

According to the resulte mcrement ol fermentation time gradually enhanced surfactin

plmlucliun although at certamn time. only slighl increment of surfactin wzt‘\;*\* *d. On

the other hand. 3D surface plot for biomass production in Figure 18 (b)asygtrates different

contour nature in comparison with surfactin production. From lz* [1gure, biomass

mycntation tume from

ﬂ

concentration decreased from 3.95 to 3.00 mg/L. with increasin

48 to 96 hours. The possible explanation for this behav g fegmentgtion continued

@
' l@:r of cells

aliuﬁ;l‘ cell growth
015 olucose contents.

netabolite accumulation as well as physigochCMigg AW O AS _1& he process due to to

-

(rom 48 to 96 h. microorganism in the media reached dog asel wh

could be attributed to a number of factors gsu

Fioures 19 (a) and (b) r-;hu@‘l‘lb‘ll 0O

surlactin and bromass pre

35 °C. surfactin and (itil o8 y (4 LL@\J‘LISCd (rom 209.9 to 113.1 mg/L and 3.80 to

194 my/l rc.\l‘Alf‘- Based un{fhc result, fermentation condition close to the

N

Jurc. the erowth of the cell acuvity was adversely increased. which had led

(emperaturg was considered surtable for the microorganism to produce surfactin.

(o hich surfactin and biomass yield. However. the temperature beyond 35 °C happened to

decline both surfacun and bromass production. The explanation for this behavior rises
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(rom warm cnvironment condition during fermentation process. which is not convenient
for the microoreanism (Sen and Swaminathan. 1997). Furthermore. high temperature may

afTect cells by damaging and denaturing biomolecules such as proteins. DNA and RNA

@T hence.

ocnerating various adverse ettects on membrane-associated processes (Mg et al.. 2014).

There 1s also possibility of destabihization of  cellular membrane

volume ShOWS L]Uthll'Lllik‘ cltect on surfactin pl'OdLlCli

1]1Jh<.n ioculum

T
ym 142.8 to 179.0

—

colume increased from 3.0 to 7.9%. surfactin ‘:W

me/l .. THowever. when the mmoculum \'ulumc 1N

s&;tlm production began

o decline. The decrease in the surfac yo was perhaps due to the

hereasing lmitaton ol kev nutriengg.
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4.4.3 Verification of predictive model tfor surfactin and biomass production

The suitability of the model equation for predicting the optimum produc

N\z surfactin

and biomass values was tested using the optimization function ouk csien kExpert
software. Validatuon results i Tables 18 showed that experimental vNue of surfactin and

hiomass production was very closer to the predicted response.

vw\cr, the comparison
of experimental and predicted values revealed good ,L '
implyving that the model derived from RSM can be

relationship between the factors and response on %

Hencee. the model developed was considered to wuru

Experimental Predicted

“ACLOTS
ack | value (mg/L)  value (mg/L)
\ | ‘ "
Qurfactin E R 7.0 25 2202 221.0
]11‘mlllullt
1310Mass 48 5.0 23 4.40 4 .65

Iwnnlllfl 1O

-——-'_'-_-_-_._
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4.5 Vass spectrometry analysis

-

Although methods Tike 1on exchange chromatography, thin layer chmmalvh\; ocl

L%‘l [ication of

as they do not

permeation chromatography and ultrafiltration have been used for

Iilmlwpliklu biosurfactant. those techniques have a serious limitay

separate mdin idual 1soforms present i the crude lipopeptide mi.\*lw1\far)ullmscli:.l1':_1n cl

'iiz unli standard surfactin

ot 7 0008 %‘gllion and
O
1. ~We molecule

Yv

A1 2009). In this study. the crude surfactin vield by B. subti

C

mixtures were mtroduced mto C1I8 column of reversed-pha

HL‘PLII'H“'«‘” of the surlactn cmnplc.\' (S€E :"\[)pCl'ldl._

3 = _ - V ~
mixtures complex was mvestigated by MAL ComegdNspecwdiietry  for mass

l‘r@"‘ fermentation broth

*' Q&pn of the molecular ions

oM media 048 M3 Raw

1081 216
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The structure components of the surfactin complex which was analyzed by MALDI-Tol
mass spectrometer were then turther imvestigated and compared with reference compounds
of surlactin isoforms as reported by Kowall et al (1998) (see Appendix E). Based on the
report. surfactn of three ditferent 1sotorms was detected i the form @K‘d proton

([M+H] ). ([N Nal| ) and ([M+K] ). as shown in Table 19. It is als yarent that the

curfactin isoforms cluted accordimg to their hydrophobic properties thiueh observation in

¥

the mass range between m =z 1000 and 1100.

Local isolate
Mass peak (m/7)

surfactin

0042 al-7. C- o1 | N
1008 ol -1y ¢« \;
\f
V
\




