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Abstract: The principal objective of this study was to
determine the optimal conditions for the production of
biosurfactant by the indigenous bacterium, Pseudoalteromonas
sp. HK-3, originating from oil-spilled areas. The relationship
between total biosurfactant production and the factors affecting
biosurfactant production were evaluated by statistical analysis
using SPSS software. The effects of various supplemental
carbon sources (e.g., glucose, dextrose, mannitol, citrate,
acetate) on the maximal production of biosurfactant by the test
culture of Pseudoalteromonas sp. HK-3 was then evaluated.
As a result, mannitol was found in this study to be the best
supplemental carbon source for the production of biosurfactant.
A spot inoculation of crude cultural liquid containing the HK-3
cells generated the largest clear zone, whereas only small
clear zones appeared around the spots inoculated with either
supernatant only or cell pellets following centrifugation. Our
results demonstrated that the HK-3 test culture supplemented
with 2% mannitol at an initial pH of 6 generated the maximal
amount of biosurfactant within 72 h of incubation.
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Ale] F5F Begh veket, thdRel 23t e =3 A
Ao w2} glycolipid, lipopeptide, lipoprotein, phospholipid,
fatty acid, polyneric surfactant, particulate surfactant™
HeEgok 1= g]ycolipidvo/] 721 thamnose”} 7Fg &o]
A 200 Pseudomonas aeruginosa®X #zx HI1ES]
T} [5]. H=3F Polymeric biosurfactant 55721 emulsan-> T-9-
SR F3AZ Acinetobacter calcoaceticus 5°] AAFsh
w e W FERE 250 BelrAs eItk &
HA3IT} [6,7,8]. olHtole AR IANE Brleks o
FE Acinetobacter, Arthrobacter, Bacillus, Corynebacterium,
Micrococcus, Norcadia, Pseudomonas, Rhodococcus 5-©)
dAA qlom AAR {3 - Aol o]+ Qlar,
7152 sk Wk o} oA VET EElelk Ees
=T} [9]. Banat 5 [10]< Kuwait Oil Company2] A& oA
AEARLIAE ol&ste] 715 A% a5 szl
Fake SR REE geeAas s)Eigivta Bk uf
ek A AEAREIA= 393}, vE AFslg F
7, o|5itof, sitol, S Aol AlERtol & ek
st o] &AL Qlrk i A= EIjEe] A=A
oA Fefst Aol -¢3 Burkholderia sp. HK-1,
Arthrobacter sp. HK-2, Pseudoalteromonas sp. HK-3 &
& pelsigion, ¥ QTN oF 3K w7k,
Pseudoalteromonas sp. HK-32] 8l|%FollA A AH S/ A
Wbl TS A Wobegle] B5, A iRk
9 351, AR, 1215 2] vjedele) pi el ot #
208 ARSI,

2. 45 23y

2.1 | YELD LA Qo 2R E &5u|FEE

2 Aol AR AEAHEGA AT T ElIQEe]
Afe Aol A2ie AL Sl o s
¥ Pseudoalteromonas sp. HK-3& ARgsIET) =k
Altuleks Este] HAgketalom, BEAHDIA YAk
g% RAEAE 2AlelI,

2.2. B4 Hrtof g g%

F7IEAY 92 glucose, dextrose, mannitol, citrate, acetate
o HF L 2% (wv)7F HEF AR 7k}
o] HK-3 9] F7Fetide] E5el ke AEAHD A
Arkel] vl = FEE ZARIATE AR AT HlA] =
Bushnell-Haas 9JA|Z 3= 1 L& 0.2 g MgSO, - 7H,0,
0.02 g CaCl,, 1.0 g K:POs, 1.0 g (NHy)sPOs, 1.0 g KNOs,
0.05 g FeClie 33T} w2 20CE 150 rpm 2]
SR Zg|g7]elA wjekstgict

2.3. Mannitol 355 0] w2 A@ g A3}

BH NAF-7]iA]of] 1716k 02 mannitol S FE-HEE
H71sto] mannitol @] 5 =7 ABEAAEAIA kel wX=
AFE ZAIBIIEE Mannitol 9] F5E 0~5%% 2230]

Z¥2t BH A7 iAol 718E 95 HK-3 775 3531
20C 71014 150 rpm o] &= 8|k (pre-culture)
a0, o]5 1% HH7F =2Eo] )= BH Al
o 10 uL AF3I3ATE A& ml== 207C 2] wjek7]ellA
24A13F wieFetar, AAkE AEARES ARSI

2.4. WA 7o) WhE ARG AZ}

1% 9745 ¥35H= BH dAHA]o] HK-3 75 53t
%, 20C o] HEuekr]ol miekstHA 124170k Al 55
AFBH w7 7bel wE AWM WskE ARSI
F71e 49 © 2 2% mannitol S H7FEkaL 12417k} wlok
NS A 1% Y-S E3eH= BH LA T o
HjeFl 10 L& AE3kal 20C 7] ollA 24A1%F wlj gk
sto] Ak AEAHEAGS AR

2.5. pHoJ| w2 ARG A3t

Z7] v e] pHell Wt ¥ HK-37}F AAkshs A&
A A PAEES AR 99 1% 9671 H7HE BH
MAj#]2] %=7] pHE | N HCI3} 1 N NaOHE A3}
27} 5,6, 7, 8, 9= S 5, AEAADIA YAHAATS
AEE 5, 20Tl 150 rpm .2 Wy = ekl o)
A iRk 1% A7F EEEo] Sl= BH AR o
Hljokol S 10 pL FEslo], 24417 Ak 3 Ak AEAE
IS AT

2.6. A R S H A AREA Ao

250 mL 4F7FEekasel] BH HAAE #l3sto] Hafst
1% A5 92 F FA 3004 Aol o] F
oJA| 1L Q= HK-3 755 10% AFakar 7247 vk &
°ll 13,000 rpm?] = gie]sto] Al 8l dso
T e HHASIE 1% 9FE E¥shs BH 1A
W= ol] 2}z FA| ) Aol 723 ujokel 58 7}z M
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2.7. AEA

gl s, 7] wik ] pH, ARl wE s
A g gl st T o] A} ALt zlo]E A
2] One-way ANOVAE AREsto] A8 Haa AA
sieleh 2318 BEAEGAe osh Ty WA AkF
7t 3= Pearson’s correlations ARESH] AAISHA
ol #H2& ARG 20 7 Q91 SAREA Ao
me} o Bkl Q9 FH ol AEAEEdel Qs
Frguye] WA ef sjdshs 2o R A3tk BAEY
< SPSS (ver. 12)5 ARESISITE
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=2 A Burkholderia sp. HK-1, Arthrobacter sp. HK-2,
Pseudoalteromonas sp. HK-35 2|33l o, F2 =
& YE Egehs Aol AEate] vkt 20CollA
150 rpm o2 3|3z ZIgulek7]elA] wijekstar AEAH
GGA RS Qs HAZTE ZARISITE AL A
+ orcinol method & AHESISle Wl 78 X5 Hols
rhamnolipid ©] g%4] 582 Al [11,12]. o5 @
75 71|, & ATAM= Pseudoalteromonas sp. HK-35
ARgBII oM, el 5ol thetel Bargk vf Qlvt [13].
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Fig. 1. Effect of various supplemented carbon sources on the
production of biosurfactant in the culture of Pseudoalteromonas
sp. HK-3.

32587184 Hrto| b2 4%

F71E9 © 2 glucose, dextrose, mannitol, citrate, acetate
AEsle] HE 55 2% (wiv)7t HES AAF7]8)A]
H7Vsto] HK-39] AEAHEAIA] AYatel] vx|= gk
S AL 7 @AY E mannitolo] H7HE -
AR ABEA A A= 28.04 pg/mLE, F7HER o]
A7V A 9k AR T} 4.15 pg/mLE <F 7v) wo] Agaks}
It} I dextroseE 7} B o2 HUBISE 739,
ghglo] 7R ok ARt 20.19 pg/mLE ©F 40
o] ARSI H7HEA9 © % glucose, citrate, acetate
= 7S v FUteAYS e esks wiRh
7Yz} ol o]/dg ARSI 2 ATt = FobekAad
o] H7} HSS W ¥FE dNoRE AEAHSGA YAt
s 80°] F7Fsl™ mannitolo] #Z FrieAid Qe gl
SFAATE Mutalik 5 [14]< Rhodococcus 5| A&7
DIAE AAksr] Qs H4 U A gS dokRe A
Ao A glucose, sucrose, sorbitol, mannitol, glycerol=
ARSI =) o] R €A 0 % mannitol S AHEE}
A 7PEFardtkal Baskd 0™, Coelho % [15]
= Pseudomonas &2 WA F71eA 0% glucose,
sucrose %= mannitols 7F5FE W ©]5 mannitolS
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Fig. 2. Effect of mannitol concentration on the production of
biosurfactant in the culture of Pseudoalteromonas sp. HK-3.

3.3. Mannitol 55 o] T2 AW A3}

F7FeA © = mannitol S H718ESIS 7490l 7 w2
AEAAGA A7} AL QO P ZE U322 mannitol 2
Fol i AEAHGIA S Asolch sEEE
mannitols H7FHA] oS wf AEAAL/ A BAro]
4.15 pgmLE 7P Sigkom, 29 71813 wlf 24.7 pg/mL
2 7P 9eiaith ©]% mannitol &) H7hEe| STV
23| AEAHGAA L] Wrko] Tasision, 5%=E 3
7}a19S o 8.07 pg/mL A% AAFEITE Mutalik 5 [14]
o] A Aol Wk Rhodococcus &2 ABEAHEAA|
AR 218t H A mannitol 2] FEE 1.6 % (W/iv)E 2= A
3} o2 A= B3O Coelho 5 [15]S mannitolS
2% (wiv)E Z7FeIsie o 78 o] retrtal Balst
%o, Anand 5 [4]3} Deziel 5 [11] AEARSAA
FHA 7t 2%Avkal Rarsk vl Qlck o]ejeh HaEe &
ArollA Ao AR Pseudoalteromonas sp. HK-32]
kel A 71 mannitol©] 57} 2%A BEAHELE
Aol Aol Hovks dakel YAEick
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Fig. 3. Effect of cultivation period on the production of biosurfactant
in the culture of Pseudoalteromonas sp. HK-3.
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ARt HK-35 BH dAElA]of] ZdEato] vl tel]
E AEARSAA 2] kS TAEISITE AR AlEEAd A
& HK-39] A9 S7ke) e ke 5= S7tstod]
Hlok 72417 A3}k 33256 pg/mLE ARSI om o] 5 A8
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o] ghastel wet AEAALAIA L Fo] FAsHA i
Sh= o] WA SIYE Anand 5 [4]< Pseudoxanthomonas
sp. PNK-045 ARg-sto] AaAag ] i 54 A9
= FslE 404139 IF2715 Bk olel H]
afo] HK-3% 12AIRFe = Hlw 4] 2k fr]E Helow
A O G8o] £ Aog AbmHch 3 Koch 5 [12]&
Pseudomonsa aeruginosa’} "3AFsH AEAAA Y rlFs
10 pg/mLE B3390 o) HK-39] AR} v wss)
= W HK-37} B 973k Zlo% Algs.

6 7 8 9

pH
Fig. 4. Effect of initial pH of the test culture on the production of
biosurfactant in the culture of Pseudoalteromonas sp. HK-3.
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3.5. 27| wj ¥ 9] pHo| W} E AHEYHS

Z7] vijeFoe] pHel Wstel| whE 5= HK-39] A& AH
GAA Aol w|R= ks ARSI 1% A8 X238
3= BH 1AIA]2] pHE 5~9% t}2A x25lo] HK-3
HjoF 10 WLE AESE - 24A17F vy S It Ax)
pH 6914 w2A A5t 1 AEA DA ] Aake
37.54 pg/mL=E 71 B oS AARISITE pH SellAl =
12.26 pg/mLE 4K o™, pH 99A+= 18.57 pg/mLE
AakstTt vl w A e pHOl 59 =2 pHSl 9ofA]=
pH 62} BlsISks W Blia] 22 ofo] A= glont B
oA AEAFEGAE BAkeH= AL wAEo] Aalsh=
A=A DAA7} pHE| P AA] W=tk B st A
SF3AT]. BEst Tabatabaee 5 [16]+- pHOll Uhe AEAHEA]
A Akl tisl AT pH 4.2~9.2714] 7] Bk
pH 85 AAES A1 Ay BE pHolA] AEAHEE
AIE SRR pH 6.2014 71 978 AALERS 1S

th ol HK-390] Aol fAksksltt.

-
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Fig. 5. Effect of different inocula of the test culture, Pseudoalteromonas
sp. HK-3 on the production of biosurfactant; (A) crude cultural
fluid, (B) supernatant and (C) Pseudoalteromonas sp. HK-3 after
centrifugation.
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1% 4771 TEo]Ql= BH 124 ekl <]of| HK-3 ¥k
N} ASol A S 212} 10 pl FESkal 24171 Hjkslo]
Ardgdel v G vla 7tk 1 A3} HK-3
Hjofel v} Al Aol nt FHUE VERISIT) H#AlE 23St
= iAo A= 6.58 em’S UERNQI O A7} AlAE
M= 3.05 cm’ ] WAS Uehfjo] #AIE 23eh=
nijofelo] S EFISHA] ok AdsellA] KL}t 5wl o)
T Azl E Belrh ey ARk 2elste] mhE AEs)
e A5 T A FAEA S Kim 5 [17]3%
Hwang & [18]2 Y4lEalst Fo] A5dozie A&
ARGAS FE319, YA} 8o thste] Badt vf
ATk B Ao AREE HK-3:= AAshdA] 7]E9] 1
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Fig. 6. Graph of relationship between the area and the growth
coefficient of factors affecting production of biosurfactant. The
graph was prepared by statistical analysis using SPSS.

3.7. A4
One-way ANOVAE AHg-ato] AEAHEA ol o5t 73
o] WA} A FHell= oF (9] A (Pearson
correlation 12 = 0.95, p-valu < 0.01)7} Sl A= YR,
o 7R A A= AulElske Ao E LEITE
9l © % mannitol-& H7Fe 75 HZE0] 6.59 o) (A%
A 242 0P O ThE Al vla)] A o® e A
S 2 YERITE Mannitol 550 whE WA 2 AYGAG0
zto)7} Sl Ae ERIsII O (df = 3, f = 159.54, p-valu
< 0.01), pHell W& FrEtie] |4 g9l WA G2] 2|7}
Q= 7S RIS} (df = 4, f = 37.9, p-valu < 0.01). &=
S AR e whE WA 2 BT Zpol7) Sl As
IBIQIT} (df = 3, f = 159.54, p-valu < 0.01). &= Z7] ¥
s FallA Dol AEAHDIA L] HA At 2159
A= F31 Pseudoalteromonas sp. HK-3= - 02
mannitol = 2% %= 3718kl 27] HjFe] pHE 607 24
sto] wiekslSls 7d-5-oll viek 7241l BEAE A=
37.54 pg/mLE 7PE Wol AilE= S gRlsiSlt:
AEAAD A= gFeta] A dAlel vleto] W34
OJARE o}A] A7} mnlste] ofe Tt A -§-8-2 S
Azt Aolnk i A5 Fslo] BEANGAAE A
Sh= v HK-32] A=A Al ks 25t 4] 2=
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n| 2= QA7 A= SPSSE ARESE FAREA ol
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oJst AEAAD A Hl] JAatel] ohekst Friekad (o,
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A3= %7] pH 6914 2% mannitol ¥ HK-3 W
T2A1ZE ¥ 13 ool Hl|e] A IAE Bilsh=
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