\deojﬁ*ig\Vo))JAOe)Lwi &\J&GW)rjl&MM

odlaiw! b 108 o 40 B8 a0 ygkiio 43 el gl 5 W o3 T o (v g 99
Of Wlgi g ilie Jolgs il g (wolawls Alizko (slada gw

Vé;ﬁ! ul“ cD‘Lg.wb W

Ol ol 5 (glaedSiils s ¢ gond owcbige 0 dSE1s (655 5 5w 05,8 Liils )
O ol b (glaedSiils s ¢ e pwclige 2 IS (055 5SS — e pwilige ) ol )8 (g pmeils Y
QY/ENS 15 pdy b QYA 223l 50 5 ,0)

AJ:S.?:-

J o oS 5 pl s S 1) mda 2ES 16500 5 sd e 5B 5 St Ja g a8 dies 2 ss 6855 DLS 5 eSS g
Aol slessls 5 ol (il mlio 3 (ol 28 5 Lol el pliand GACILSS ) s s S g S i 5 S e

2 dSE s (655 2S5 g oK lo3T 53 0l pLalis skl glaas s 5l ool GlaciliSe ) s s 55 Jasl 5 ooy i ol 51 s
L oslsSlLSd o ctS laoms (mdls Jas plasil 51 g il &L HR3 s HR2 HRL S 5 4 45 55 015 o825l and wlige
sdoal s S a5 LS (6 Se3I 5 sl DMl ol (SLACSUSS s g gy e 3 b 0313 13 il slayss 5 Ole e
los 53 HRL w5 a5 Sl s s Sl iy it SSUSG s A5 2 J55n Jolse 51 O30 53 5 1S e S 0L oo
s 005 4 OSUSS mblio )3 eslitul g SSUSS p s My 61 ol s (I8 wl5e S 5550 51 e TPMLS0 & jen 55 sC33
el clis HRL il a5 s

U& Cxao cw),l.:_.w\.l ch’L«Q)}m_xJ ‘J:‘_:‘.',:j}““) C)\fj‘} -L;JS

hrashedi@ut.ac.ituis. Je.0

Y



6>J~ilJ\.o)L5v\,ib,kﬁ.>-

M5 s p 4 Yoo e s 0Kes 5 Sifour [VV] s,
Oljae g L3 o shonls 6557 55 51 ST pon 5
o SISl eS8 Job B gy SIS s
O35 e Oy a4 doul SaliS 5l 5 0 S i Olgie
b Ol e Op Bl Olge 5 A3 eslind
S Ryung 0] sy se 68 53 a 55 O plSiind sl
sor % obgesnsm Sleslinal LYot dle s 0K
sy ataspdes 5 oatesel G5 s Al W
5 55 4wl CUAS 31 e diesudens 2SS sl OLAS CLJ
Oljee Ola) candenl Dyan D93 O35, 5 (S o ¢85
Loy ded el W5 55 SIS 00 gl eyl Los 5 sl sn
']

o wallee Gl Sl Oua edd S5 Ghlne @ g L
Oyen 533 5 oS Wle S Obej clos o I Ciliies Jalyo
HRL gl slan g 51 ool dd oy a5 0o
s HR3 , HR2

Uhuﬁjjjab.a—\'

S Lyl Sy S
Siluldr 5 plobd sl 4 s an S Gl ol 2
od embige oSS (55T bS] s el
o sz HR3 5 HR2Z HRL slapl L 0l oS80
sl (g3ladls gl baag g ol A oalized o ol A 55
Luria oilis oiS lasms 55 5 LLd ooV °C,5 5
WY s LS el M 0gs Ml (LB) Bertani
ciS cele Y8 S 4 Y0°C o PH=A 5 jass o las
23 5 LB lacalil s dw glaoslizal (gl 5 L osls
S eslaal L CJLL GLA Azl 615 £°C les
celu Y8 5 ¥0°C les > Luria Bertanic.:s ks
OS5 s Adeslel VOTPM Osen a3 5 18wk S
IRV RPN WESICIRT SN STt e Sl el Lae
oslizul Jyame W5 sl (8 OID) Ol 4 (Kix wal>

il s s 4 OLS S bl d

\ 1y

dadie —)
LSt Fn ey S daes LS 5 LOISS, e
e sl &8 Lolssly Gllse 5 Lpd e M5 gl
g Dlle 5 feS S (S pdie 25 S Sl Ol 0
2> Sl cdle olend (it Gl e 4 s
e glaclile saninl dos wile Jase o Lal i
5kl hs Ul eSS s [VT] 5 pl S
S S on Ml s oasb L bepl ks
Sladls s 5l aily eSSl S
Ml ey Olew sl 5 5 L Ol (S
plnil Dl il [er] st asls Jib b
Myl S g 3l Vs bSL el
o SU o 28 5550 5o bl S o sl SSLSG ) s s
L3l pod Cows 3 pmalr Ol COlS g s oS WS 55
5l Sk 53 eSS Mg sl Sl
cilizee bl (Sladss bl 5 bl Wl 2 S
Lol ole 3148 215 1y ColSS ) g g 55 U1y o sl
LoVl b 5 6l 655 toen il shnl
3 S L5 B ol e 2l 5 plaul b il ls )
3 e o33k S A e bl il e I 5
Lo Lol s [A] asb eolasl wom b olaanl b glls
g 3 dsbme O3St Ol Osan S5 oy ile ois
(Fe Db 5 LS Do e bl B ae Sl e s
Myoslp [8] S e S iS5 sy
Godene Oldlas iz law o Jav 5 LESUSS ) 5o 5
o Yoo Jle s 0L 5 sl ol b S e
L Pseudomonas aeruginosa ;i 4. sul, 15 v, »
oatie 5 Al ol il s Sl eslizd
V] st st i) 4wy W5 Olse oS s S
M5 wsp 4 Yoro Jl s 0K 5 Abushady
L Bacillus Subtilis alises slaw S 51 Jol> ad sl
S dmtlsy Jasme Ll 5 5 0555 e b 5l eslizal

O3 e Olse a pigel Sl 5l ealinal amd o g



\T’d\o )ﬁ;@.«;u\VO‘)_}J 00 e‘)w

e A Slod SO s e dw oS Sl asiia

aye 53 & Cod HR3 5 s 1 a iyl Wy Ol
Al el W g lde o eSS

—t— HRI
=== HR2
—— HRS

(]
Lh

20

15

emg/h o=l Jaie

/
v

25 30 33 40 45
CO Lo

22 el 655w g el W5 A gl sl ) IS
V Sde 0 VO TPM O e 33 b s 108 Gbes § Cilizes slales
SIS TN TS

My g oL S s slaggs S

S 5l
2 oSS S il glaggs ST ISE) 4 e g L
335V Sde bl 65w by Al W
Slr A saly W5 Olse p i AS ) TYOCGLs
Pt R R P CWR VIR T2 1 o] 1 IRSTPYPSWPIISN
ot bl b o Sl Ao gely W55 Olse O 553 Ol
LI HRL w5 55 Ll 2 ol 53 aih el 5k 28
b sl 5 Olen 58 HRB 5 a5 O 0 20

.w\b

—t— HR1
--=-- HR2

w
(=]

]
w
‘>
\
]
n
|
I
D
w

3 a---""" Tt eaeo
= 20 =-—a
= e N
‘j‘i.IS —-—
$10 ]
g 10

5 {

0 |

100 125 150 175 200

(P a8 590
593 03 skl €58 a Lo g el A5 A sl Sl Y JSS

TYOCsles 555,V Sde 53 0SU S lad sen

Y

@M s, ols 5 -l

KH,PQ,, 0.5; KHPG, 1; KCI, 0.1; MgSQ,
0.5; FeSQ, 8; CaC}, 50; Urea, 6.

Mg/ Jlais oS oS 5 -0
ZnSQ, 4.4; MnSQ, 3.3; CuSQ, 0.1.
dyame Olpe & Sl )mse Mg il il v Gl
by cele VA 5 cell VY ccelu (A ok
Qe IPM Glagsens 5 5 £0°C 5 10°C (Yo°C

A eslasl Yoorpm s\ o rpm
- :-s

SbY S5l S 5l elind b A pul, sasis
G S 3l pend A3 plul (TLC)
o (10 Ve VIV T i gke 1p 3 1S) e s 30
Ninhydrin G s .ci8 lus oS e L5 D Ol e
(Anhydrous Acetone..ml ,s./0 g Ninhydrin)
Gl gl [V1E] s eslimad L sely asiS gl
a A TPM o b 55k Sl 5l edd A5 A sl
Sl e S as el aids )Y Ol
S PSR J o [ [ URCINCL S PO L S P
e 4 4ol (S5 s ol 1 eslanal b Lad eslanal

ol S ladd> 5l eslinad b 5 b zals asly Y

My 5 g abu g Cilse gl il

A gl
s HR2 HRL il sl ol ddsnl, )5
I $ 55,V S 4 VO TPM Oes L5 LHR3
los 3 Aed galy A5 Ol o e () JS0) A8 s
dos ol gl 5 sl L5 s e HRL s Lo YYOC

Wals Ko w5 b3l s ad sl A5 Ol



ésﬁlJB)6¢il),w

S Ol b B R R s b S
AL e e 4 el S plies g ol S

FB ek g5 dadssly Ol 3 55 Ol <28 L
355 0 Sl e M Ol o i LS sdalie gladade
5 Al s s 0l el 5l g o salie (g 1S s S
Jho el ok 351 e S oS e plad]
Sl websl gl Jshe Oy sae a4 s a8l e
olitul 55 min Olge 4 A5 L galy Sl (S ke
@B Al el Adgel, chle ans s 5 A8 e
3 O 5 el G 51 ol e L sl
ol Ao gely W8 sl lges s e lag
Ao gl y GBSl as Lyy 5 oens aglie JB (s se
[IV] el lie o Lol 5 4 cos

3 Open oo3 ded (Gl SL s g8 aS Al JL
X o soly A5 5 g Jelse 5l (s Wl S 0les
glos > HRL w5 b g s 55 o gl ) clle o 2ty
S S 5550 5l e VO TPM (s 553 5 7T0C

J\AT Cowd

/ -
S S 4o =0
gl 52 Ui s ddsels Sl ks b
55 el gl GL@; Lile il

Sla b 5 K5 1
L5 ped ook addlas o el 5o 1y b aS Oliegs 4SS

s AJJJLAOIJ{)LLNJU S8 s bl Culg

Gl:..o -V

[1] Ishigami Y. Biosurfactants Face Increasing
Interest. Inform. 1993;4:1156-65.

[2] Nitschke M, Pastore GM. Production and
properties of a surfactant obtained from
Bacillus  subtilis grown on cassava
wastewater. Bioresour Technol 2006; 97(2):
336-41.

[3] Heyd M, Kohnert A, Tan TH, Nusser M,
Kirschhofer F, Brenner-Weiss G, Et Al
Development and Trends of Biosurfactant

V¢

KW PRI A L2 v K S PSR CIR PR |

e 545
3 TTOC Gles 3 kol a4 g w2 (6l ilin Ole
Gy (IS Wlses § 5550 e VO TPM e 53
Al L Gl Lot pl Sl e (F 1S2) @ a5 L il
ool S 5 L Jlals a5 A sely Ol Ol
33 Ao gl Wy (IS b S 0l 51 Oy 45
Lo el 53 31 iy Ao yaly A5 ke OF 36 5 05
AL e Ojen 590 5

—— R

-=®-- HR2
—a— HR3

4=
(=]

tmg/h o g, e
o
(=]

10

72 926 120 144 168
)b
Lol €58 an Lo ol A5 A sl e ¥ JSCS
VorrPM & 5o 533 3 YTC glos 53 olej a8

Cow —¢

Ol 03 (S s gl oS Bl Ll 4 s L
Mg Ol Obey 5 Oyen 533 s gla, 8B S sy
HR3 5 HR2 HRL ol wp o 5o ddiin
G5 o gl ddsnly WS e gl S addllas
Sl 4 G5 A suly Ol Sl @ a5 L3 YYOC
5 S lales 5 V] ol oS e |t g G e 5 A
A edalin A gnly A8 Ol Jals Glade ol 51 i
slabes 5o Jolo i)y 5 dled a8 Wiy ol ol e
b a8 L LlAE sl 0Ad Gyme 5 YYOC 5 xS
el 51 i gles L3 ded gl A5 55 ge slaes 3T
2l sl o5 Shas 20l

VOrrPM Ojen o3 5o dedguly, Mg Dlde o 2i
GeS 53 53 Mg A el Ol alS . ciS sdalis
phe 5 LS b ol DU pde [y 4 Ll s
5 Rl S s ol mle 4 Bl Sl s
3 es alS 5l A0 LS e VL e e A5 el



\T‘d\o )ﬁ;@.ﬁ:u\v 092 00 G)ijd

[11] Abushady HM, Bashandy AS, Aziz NH,
and. Ibrahim HMM. Molecular
Characterization Of Bacillus  Subtilis
Surfactin Producing Strain And The Factors
Affecting Its Production. Int J Agri Biol.
2005;7:337-44.

[12] Sifour M, Ouled-Haddar H, Aziz GM.
Production of Biosurfactants from Two
Bacillus Species. Egyptian Journal of
Aquatic Research. 2005;31:142-8.

[13] Lee KM, Hwang SH, Duck HaS, Jang J,
Lim DJ, Kong J-Y. Rhamnolipid Production
in Batch and Fed-Batch Fermentation Using
pseudomonas Aeruginosa BYK-2 KCTC
18012P. 2004;9:267-73.

[14] Yin H, Qiang J, Jia Y, Ye J, Peng H, Qin
H, Et Al. Characteristics Of Biosurfactant
Produced By Pseudomonas Aeruginosa S6
Isolated From Oil-Containing Wastewater.
Kidlingtonc, ROYAUME-UNI: Elsevier;
2009. 7 P.

[15] L Sim, Ward OP, Li Z-Y. Production And
Characterisation Of A Biosurfactant Isolated
From Pseudomonas Aeruginosa UW-1. J Ind
Microbiol Biotechnol. 1997;19:232-38

[16] Soberon-Chavez G, Lepine F, Deziel E.
Production of rhamnolipid by Pseudomonas
aeruginosa. Appl Microbiol Biotechnol 2005;
68: 718-725.

[17] Amini F, Samadi N, Harandeh M,
Sharifian A. Optimization of the
production of  rhamnolipids by
Pseudomonas aeruginosa strains, Iranian
Journal of Nutrition Sciences & Food
Technology, 2008; 4: 33-38 (in persion).

V1o

Analysis and Purification Using
Rhamnolipids as An Example. Analytical
and Bioanalytical Chemistry. 2008
Jul;391(5):1579-90. Pubmed PMID:
18320178.

[4] Bodour AA, Drees KP, Maier RM.
Distribution of biosurfactant-producing
bacteria in undisturbed and contaminated
arid southwestern soils. Appl Environ
Microbiol 2003; 69(6): 3280-7.

[5] Haddad NI, Wang J, Mu B. Identification
of a Biosurfactant Producing Strain: Bacillus
subtilis HOB2. Protein Pept Lett 2009; 16(1):
7-13.

[6] Lin SC, Minton MA, Sharma MM,
Georgiou G. Structural and immunological
characterization of a biosurfactant produced
by Bacillus licheniformis JF-2. Appl Environ
Microbiol 1994; 60(1): 31-8.

[7] Nakano MM, Zuber P. Cloning and
Characterization of Srfb, A Regulatory Gene
Involved In Surfactin  Production And
Competence In Bacillus Subtilis. Journal of
Bacteriology. 1989;171:5347-53.

[B]Makkar RS, Cameotra SS. Biosurfactant
Production by  Microorganisms  on
Unconventional Carbon Sources. Journal of
Surfactants and Detergents. 1999;2:237-41.

[9] Cameotra S, Makkar RS . Synthesis of
Biosurfactants in Extreme Conditions. Appl
Microbial Biotechnol. 1998;50:520-9.

[10] Rashedi H, Assadi M M, Bonakdarpour
B, Jamshidi E. Environmental Importance of
Rhamnolipid Production From Molasses as a
Carbon Source. Int J Environ Sci Tech.
2005;2:59-62.



JEST No. 55, Vol. 13, Sep 2016 ABSTRACT

Evaluation of Rhamnolipid production by various strains of
bacillusfor consumption in the food industry and the influence of
different parameterson the production
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Biosurfactants are amphiphilic compounds that aoelyced by bacteria and fungi and they are able
to reduce surface tension. These compounds arerpgdfdue to less toxicity and better degradation
than chemical surfactants and they have many aiits in the petroleum, food and pharmaceutical
industries. The purpose of this study was the iigason of production conditions of biosurfactant
from Bacillus strains identified in Biotechnologyatoratory, Chemical Engineering Department,
Tehran university, that been named HR1, HR2, an@.HRaterials and Methods: After performing
the inoculation, the culture medium incubated &edent temperatures and times and rotation rates
and then obtained biosurfactant extracted and medshy solvent. According to the results,
temperature, incubation time and rotation rateadfecting factors on biosurfactant production. The
maximum amount of biosurfactant was obtained by HR133 °C and 150 rpm after 5 days
incubation. acillus HR1 is appropriate for biosatént production for use in various industries,
especially in the food industry.

Key words: Rhamnolipid, BiosurfactanBacillus, Food Industry.
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