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Table 1 Experimental variables in two levels for production of lipase enzyme by Bacillus subtilis in
submerge fermentation

variables Unit Symbol Low level High level
Sesame oil % A 5 25
Black seed oil % B 5 25
Glucose % C 5 25
Yeast extract g/l D 5 15
Peptone g/l E 5 12
Olive oil g/l F 5 25
MgCl, mM G 15 35
Molasses g/l H 5 12
Sunflower oil % J 5 25
Agitation rate pm K 140 190
Corn syrup g/l L 5 25
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Table 2 Morphological and biochemical characterization of potential lipolytic bacterial isolate

Characteristic

result

Configuration, Gram’s reaction and shape, Motility

Gram positive, short rods

non-motile
Growth on:
citrate, H2S production, catalase Positive
Voges-proskauer,

Indole, urea hydrolysis, oxidase, Nitrate reduction Negative

Tolerance to NaCl (%, w/v) 0-5%

(Temperature range "C ) 15-45

Acid production from:
L-Arabinose, Cellobiose, Raffinose Negative
Gentiobiose, D-Glucose, Inositol, Inulin, Lactose, D-Lyxose,

Maltose, D-Mannose, Melezitose, Melibiose, L-Rhamnose, positive

Sucrose,D-Tagatose, Trehalose, D-Xylose
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Fig 2 Estimated effects of ten variables via
Plackett-Burman design on lipase activity of
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Table 3 Plackett—Burman matrixes for the evaluation of the lipase activity produced by Bacillus
subtilis isolate

Experimental variables Llpa'se

Run activity

(U/ml)

A B C D E F G H J K L

1 1 1 -1 1 1 1 -1 -1 -1 1 -1 125
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 54
3 1 -1 -1 -1 1 -1 1 1 -1 1 1 122
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 36
5 1 -1 1 1 1 -1 -1 -1 1 -1 1 90
6 -1 1 1 1 -1 -1 -1 1 -1 1 1 35
7 1 1 -1 -1 -1 1 -1 1 1 -1 1 101
8 1 -1 1 1 -1 1 1 1 -1 -1 -1 259
9 -1 -1 -1 1 -1 1 1 -1 1 1 1 126
10 1 1 1 1 -1 -1 -1 1 -1 1 1 22
11 -1 1 -1 1 1 -1 1 1 1 -1 -1 46
12 -1 -1 1 -1 1 1 -1 1 1 1 -1 15

Table 4 Central composite experimental design matrixes for the evaluation of the lipase activity

produced in submerge fermentation.

Experiment variances (real date) Responce
Run Sesame oil % Olive 0il %  MgCl, (mM) Yeast extracrt % Lipase
(A) B) ©) (D) activity

R)

1 10 1.5 20 0.5 245
2 20 1.5 20 0.5 259
3 10 3 20 0.5 276
4 20 3 20 0.5 289
5 10 1.5 30 0.5 233
6 20 1.5 30 0.5 312
7 10 3 30 0.5 261
8 20 3 30 0.5 401
9 10 1.5 20 1.5 265
10 20 1.5 20 1.5 392
11 10 3 20 1.5 212
12 20 3 20 1.5 437
13 10 1.5 30 1.5 204
14 20 1.5 30 1.5 492
115 10 3 30 1.5 371
16 20 3 30 1.5 508
17 0.5 2.25 25 1 254
18 25 2.25 25 1 574
19 15 0.75 25 1 195
20 15 3.75 25 1 376
21 15 2.25 15 1 205
22 15 2.25 35 1 323
23 15 2.25 25 0 209
24 15 2.25 25 2 327
25 15 2.25 25 1 325
26 15 2.25 25 1 323
27 15 2.25 25 1 329
28 15 2.25 25 1 321
29 15 2.25 25 1 325
30 15 2.25 25 1 328
31 15 2.25 25 1 330

V40



Y41 >1>JA N 092 A1 o)l.o.ir

dl\.l.'o ct«a;(vlﬁ

2Ok el cdl e Jaes la gz 36 glals gl
Ay sl sl eaysl X K g5 (g5 b Sl
Uy o A8 20y 5 0525 s Bli 50 Jloses
o35 s el b des e 0L ) s Sk s
b S ey Slaie (B L Ogny e, Ll
s o 3,5 B 55 Sl b bl bl e Gl e 5
B el s O b GRS L S
ol b e 55 a GRIEL Ll 3 e s
blis 36 50 bY e b e Bl i Sl
S s S ey, s M) WS e clale
W o Rl deS ey e i K ey e 0L
NP RCN PR S 5 ISRCN RS CgNEERSIRE A
S S p Ll oo Wl e Al ol pxe sk«
Cled ol S aeS e Ll NI LS e
oie 55 opl blaze 1L Ll sl g bt il ey 5
SHEs 4 el Sl (pane ol Oleges SR1ED
slaine U gl €F JSKE 53l e 1581 (6 lstan
33 dile oS s e Ol 1) esee ojlias 5 dS o)
R e las pate 4 Cawd A 5, S Llsse
55 ) SMie Rl L Slepan 5 wdls Bl g 5 2t
el onls LS Rl (g ri e 4 e T Sl e
G LS e Jlie Sl g w @ 5 d) s sl ses
SpS a5 a8 s e 0L jases ojlae 5 0555 G2
A M5 Gl LB S0 ke 53 o Ll b 5
fm Ol o odel Gy i 4y a5 iy e 0L
S o gl £ s 4 amS s, S5 5 S
SASL ol oS ey el 3l plend Slstle s oS

RGN a.lq;rf))u.i\mw

RN

Jolbs by se i 5 La el b el al> el 5o
Error! Reference source not sl .58
Olse w0 By slis bs dolee 3 el ey ) found.
Js gba,ae D 5C 0B A Gl e 5 el ol

JEC- P

RL =ryA+HaY3A + YaVA B+ yyvaC+yy\D + /68 AB +
YVVOMA C+¥rNAA D +10/6sB C - +VaB D + ANAC D +v¢/vv

AP Sy B ovw CF Cvyr D2

S Jol il ol s Els bl b ol s
S P s &S oo 3 (8 Jsar) ANOVA Jy
Jds Soge pl o8 5 9 Gl Hlsbas e LS /000
oty slie a5 b Sl cnl 53 sl s e
il lsls Jus (Jsd) usbsls 4 Jsd Sl ol
e S et 5 CIATRY) 5 s pslie s
el ls e Jde aS e DU C/AY) Ry el
b Jiems la e ooid @ ol Sl 1Y Sole
e a5 BB e b el Sl ok 51TV LS 5050
L mb bLi s sl nn ey slie auls 73S <35
e 505 ) ol sl L
s £ 51 S5 e S AS o 6,8 o3l 1, Ty
V] cal YO/A0 el cnl s = b ol 53 oS o
gl 52 ) 0l S5 P sl ke e Sl aees
e 55 pms 0wy 2550 prie S A e DU (0
Ao 5l S S pslie) Sppe cpl B 03 5 2
5l Ol ey 1 e 3l bl (55 (Sl
Slaaze a8 sl Ol Gboly 4 as Jadr S
olbas 5 LIS e O5u) GFa) S E)) JEe
AB,AC,AD, BC, ) b sz o) Jolize 36 5 (e
U0 Son P el 22 AV g 5 L (CDD?

Als Lyl L}Ju“)ﬁ‘jl’%ﬁj A5 solslae 30

20. adequate precision
21. noise



e 3 et 5 la 5 SU sl DHKen 5 535 bbb oy 3

Table 4 ANOVA of the experimental results of the optimization

Source F value P value
Model 16.91 0.00001>
Sesame oil (A) 112.18 0.0000>
Olive oil (B) 20.74 0.0003
MgCl, (C) 16.77 0.0008
Yeast extract (D) 31.48 0.00001>
AB 2.981 E-003 0.9571
AC 4.27 0.0553
AD 17.16 0.0008
BC 3.7 0.0720
BD 5.476 E-004 0.9816
CD 1.04 0.3221
A? 16.35 0.0009
B? 1.73 0.2065
c? 49 0.0417
D’ 3.38 0.0847

Lipasa activity (Ulml)

:\il

I |

u.

Lipaze activity (U/ml)

3 1
Weast extract (363 e M=C12 (mhdI)

Fig 3 3D surface plots showing the significant (p < 0.05) interaction effects on the activity variation of lipase (a-
e) produced by Bacillus subtilis.
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Fig 5 The Lineweaver—Burk plot for lipase
produced by Bacillus subtilis.
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Fig 4 Growth curve and lipolytic activity of
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oil; 25 g/L yeast extract, nutrient broth; pH 6.5; 170
rpm; 37C),the optimized process.
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Fat milk sample was selected to isolationg lipolitic bacteria. 25 strains were isolated from fat milk.
The best isolate was selected for identifing and further study according to lipase producing with
amount of 177 U/ml lipase activities that was the most lipase activity among bacteria strains. This
bacterium was identified as a strain of genus Bacillus based on morphological and biochemical
characterization and 16S rRNA gene sequence. Optimization was done for economical producing of
lipase by Respone Surfase Method. After optimization, screening of culture parameters was
conducted by Placket Burman Design. The effect of oive oil, yeast extract, peptone, Mgcl,, glucose,
corn syrop, molase, sesame oil, black seed oil, rotation speed and sunflower oil was investigated for
optimization. The optimum lipase activity (574 U/ml) was achieved at optimum levels of factors of
sesame oil (25.0w/w), olive oil concentration (22.5 g/L), yeast extract (10 g/l) and Mgcl, (25 mM/1)

(160 rpm, pH 6.5 and 24 h) that lipase activity increased to 3.24-fold.

Kinetic parameters, Km and Vmax for the purified lipase was calculated from the Michaelis—Menten
plot. The lipase showed lower Km value (1.62 mM) and high Vmax value (0.667 mM/min) than the
other Bacillus subtilis.
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