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We studied degradation effects of hydrophobic substrate such as kerosene and diesel by adding a biosurfactant originated
from Pseudomonas aeruginosa F722 and chemical surfactants (Tween 80 and detergent) with aeration. The surface tensions
of the biosurfactant, Tween 80 and detergent were 30 mN/m, 39 mN/m and 31 mN/m, respectively. When the concentration
of biosurfactant added in C-medium was 0.01 and 0.15% (w/v), the ratios of hydrocarbon degradation were 94.3% and
94.2% respectively. It was 6.2% (w/v) higher than when the concentrations of added biosurfactant were 0.05, 0.1 and 0.2%.
The degradation ratios of the chemical surfactants (Tween 80 and detergent) were 945% and 93.5% respectively. The
effects of the biosurfactant and chemical surfactants were similar on the degradation ratio in mixtures of kerosene and
diesel. However, the population of viable P. aeruginosa F722 at the end of the cultivation period was twice as higher in the
biosurfactant than that in the chemical surfactant. We also studied the effect of aeration (0.5 vvm) on the degradation ratio.
The biosurfactant addition experiment was conducted with 0.5 vvm air, 35, 150 rpm, pH 8.0, 3 days, 1.0% (w/v)
substrate. When P. aeruginosa F722 and 0.15% (w/v) biosurfactant were added, the degradation ratio of hydrocarbon was
94.8%. Without P. aeruginosa F722, it was 68%. Thus, with aeration, the degradation ratio of hydrocarbon was increased by
26.8%. In addition, the cultivation time was shortened by 1/3. The degradation ratios of hydrocarbon in shaking culture
(cultivation time; 3 days) and stationary culture (cultivation time; 10 days) were 94.8 and 93.7% respectively. Thus, the
addition of biosurfactant and aeration enhanced the degradation of hydrocarbon originated kerosene and diesel.
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Ago] A8E FERH #FE Egozny yelso] ¥
Ao A Bel - 24E 7HdQ) P. aeruginosa F122 (Fig. 1)
2 X839 i14, 15, 19). P. aeruginosa F1225 ¥ uj<kol
2 Z3l7] Ao HFY LB wiA (Luria Bertani, BjX]ZAd:
Z594 1 ¢ wypton 10 g, yeast extract 5.0 g, NaCl 5.0 g,
bacto agar 15 95 ZA5x WMoz A3 FFstd 35T,
150 pmoll A wjdst AL of&EATh £ wik wiAd C-ul
219 4L Oh F(19)el et FL3 H“%tlﬁi ZA st A

g3tgch LB v ol A AMEwEE C-ajAFe] 1.0%
(w) B2 HFsAch 183 ﬁ-?Oﬂ JEJBJ?} AEAN
AAE 47 98l 3.0% (wiv) glucoseS BAYS R 3 BS
WA (224 1 ¢ NHCl 05 g K:HPO, 2.0 g KHPO,
10 g, yeast extract 1.0 g, ©l3} C-ujx|e} Tl P
aerugiriosa F7228 1.0% (w/v) %3t 35C, 150 rpm, pH
7022 543 Wit

Baea ud Sdd A4E afe ABHn Qe
E49 ARE 10 1 (w2 EFete] AR, CAl
100 mlol 1.0% (wiv) =71 HEE F3 & APz 70
whe} AMS-7F (strain F722) AMEAHALAA (biosurfactant)

]

e A AEYA (Tween 80, detergent), 2T F7)E
ZZsbHA 35T, pH 8.0, 150 rpme] Z7 A 3~10 days?t
H)| &3 ok

Figure 1. Scanning electron microscopy of Pseudomonas aeruginosa
F722: crude oil-degrading and biosurfactant production bacterium.
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Figure 2. A schematic diagram of the experimental apparatus with an
aeration pump.
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Table 1. A composition of carbon source (kerosene:diesel = 1:1(v/v))

Carbon_number Percentage (%)

10 19.8

! 2 e
79.6%

13 12.1

14 11.8

15 6.7

16 33

17 46 Cis-Cx

18 15 18.6%

19 14

20 1.1

21 038

2 0.6 Cl“é;}”

23 0.4 ‘
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glarolut MEAHEAA Fol YARAF Eallo wWis &
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7] wiEel HEAYGe) FEG shee] g ALE AlEH
o, @344 edE A o Mde ERTAE 2
TUEY 248 AT AoE wvEth v, AEATEE
Al SEARDYAL vaRs o, MAE] g3 E
7} 7bsEtal HAol AL ZeE dEA vk17, 18). oY
3 AMAS ER18}11x} P aeruginosa FI22EEE #aE A
2ARREA) AARNBAAZ L7 Tween 80, Yuk 7}
Aol A AMEEE FHAAQY detergentE 0.15% (wiv)& A7}
gto] Bsled EEE g piXE JEel #sh
gttt 2 2, g3eh BaEe ASAREAA,
Tween 80, detergent 7}oll whe} HolE &g wrz] goro
1}, P. aeruginosa F7229] A4 w3l 9L FAT
(Fig. 3). BE - SFAHEHAE HrbelA] &2 dEolAMe=
P. aeruginosa F1222] 7| A7} 7.0 x 10 cfy/me.om, AE7
ARHAE H7HE Yol 2749 F7H8 19.0 x 107 cfy
meoldth BHARL gieFEAr] o]FQl wjd 4dAelA P
aeruginosa F1229] \A 5= AEADEAIA, Tween 80, =L
2ot detergent F7}3E W Zhz} 63.5 x 10" cfu/mi, 84 x
107 cfu/ml, 57 x 10" cfu/m¢o]Qch Margesin S(7, 16, 17)&
SAHE A A AEAUGEAA v AT
Wl HAF ket X7 GA A Wt Qg
I Basta Aok
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siE
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AEAHGAAA A7} EeAFAA 0.01%S 0.15%0 A & MEABGAA H7Ye P. aeruginosa F1220) 23 €3l
T gady AEALo] FHoR A FAEAI(Table 2 g S AR deAEEAgA ) vis) AHEF
2), 0.15% HEATEEAE H7hlAs o 53] AELE o FHol EFHHYS ¢ F USUTHTable 2, Fig. 3). A
Hggel Fob olFel APeNE o) FEAM APL £ % AAFOE 09F AHA FUo) AEs AR 5
%E} AR AEAREIAT 2L 75g 714 il 5497 ASAUGHA WARPE B 4FA A5
I Jovh AEATRSEIAEGD o HFE 7F2F AT 9 T SESHAN, Margesin F(7)9] Bt zo] @4 ZHijo}
Table 2. Effects of biosurfactant on the degradation ratio of hydrocarbons
P. aeruginosa F722
Carbon number Blank Blank BS 0.01% BS 0.05% BS 0.1% BS 0.15% BS 02%

10 21.1 92.6 92.8 85.0 85.0 93.6 88.0

11 17.7 935 95.8 94.9 949 96.3 96.7

12 15.9 100 100 100 100 100 955

13 28.5 952 100 97.6 97.6 100 95.0

14 16.5 71.7 88.3 752 75.2 89.2 86.0

15 177 733 88.4 745 74.5 84.6 822

16 6.4 82.9 100 80.9 80.9 100 87.5

17 229 503 73.6 503 50.3 68.0 70.0

18 275 100 100 100 100 100 100

19 18.2 85.8 100 834 83.4 100 834

20 26.1 75.6 100 76.5 100 100 100

21 24.5 100 100 100 100 100 100

22 28.7 100 100 100 100 100 100

23 2.8 100 100 100 100 100 100

pH 7.10 6.11 ‘ 5.74 6.01 6.01 6.19 6.04

x 10 cfu/mé - 7.0 12.9 12.6 21.5 19 27.5

Mixture of kerosene and diesel as carbon source was added to C-medium containing 0.01~0.2% biosufactant at 35C, pH 8.0, 150 rpm, 10
days, 1.0% (w/v) strain, 1.0% (w/v) substrate. The degradation fraction of hydrocarbons was measured by gas chromatography/flame ionization
detector (GC/FID). Each value in the table show from a representative experiment of three runs.
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The degradation ratio of hydrocarbons (%)

Input surfactant

Carbon
number Tween 80(E) Detergent(F)
10 903 90.5
1 97.6 975
1 100 100
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14 905 89.2
15 90.4 %05
16 100 100
17 706 19
18 369 409
19 100 930
20 100 100
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2 100 100
- 23 100 100

Figure 3. GC/FID analysis about the mixture-residuals degraded by P. aeruginosa F722. Mixture of kerosene and diesel as carbon source was
added to C-medium containing 0.15% (w/v) biosurfactant or chemical surfactant at 35°C, pH 8.0, 150 rpm, 10 days, 1.0% (w/v) strain, 1.0%
(w/v) substrate. A; pH 7.89, B; pH 7.10, C; pH 6.11, 7.0 x 10’ cfu/mé, D; pH 6.19, 19.0 x 107 cfu/mé, E; pH 6.06, 8.8 x 10’ cfu/mé, F; pH
6.15, 9.3 x 107 cfu/ml. The figure represents from a representative experiment of three runs.
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The degradation ratio of hydrocarbons (%)

i
l
|
Carbon Shaking Stationary
number culture(B) culture(D, F)
] 1 .
Ly 10 100 100 100
o ] e,
Py o diadd o e
f ol “A““'“foi 11 100 100 100
B) P. aeruginosa Fi22
: 3 days 12 100 97.8 100
i
! 13 995 925 100
; 14 98.1 877 989
| | 15 97.7 776 960
\‘u ‘W\»Lw eal Lj ce, 16 932 62.8 76.5
D) P. aeruginosa F.'22
: 3 days 17 726 62.1 355
. 18 675 69.5 100
H
!
5 19 827 755 933
f .
‘,‘ ' 20 85.7 834 910
' ‘ ‘ w!m 21 77.0 84.8 90.1
L ol WARG <
AL el
- o) 81.0 87.0 100
F) P. aeruginosa F722
;10 d
s 23 87.1 904 921

Figure 4. GC/FID analysis of the mixture-residual degraded by P. aeruginosa F722 in aeration condition. Mixture of kerosene and diesel as carbon
source was added to C-medium containing 0.15% (w/v) biosurfactant at 35°C, pH 8.0, 150 rpm, 10 days, 1.0% (w/v) strain, 1.0% (w/v) substrate, 0.5
vvm air. A; pH 692, B; pH 6.41, 107 x 10 cfu/n¢, C; pH 6.82, D; pH 6.61, 267 x 10’ cfu/n, E; pH 649, F, pH 640, 4 x 10" cfu/mi. The
figure represents from a representative experiment of three runs.
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