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Optimization of Culture Condition of Nocardia sp. L-417 Strain for
Biosurfactant Production

Soon-Han Kim, Ee-Jong Lim and Tae-Ho Lee'
Dept. of Microbiology, Pusan National University, Pusan 609-735, Korea

Abstract

The strain producing biosurfactant was isolated from soil samples. The isolated strain was identified
as the genus Nocardia through its morphological, cultural and physiological characteristics. A high
concentration of the biosurfactant by Nocardia sp. L-417 was obtained after 4 days of cultivation
in the culture medium containing 3% n-hexadecane, 0.19% NaNOs, 0.02% KoHPO., 0.01% H2PQO4, 0.01%
MgSO0; - TH20, 0.01% CaCly, 0.02% yeast extract, and 0.02% tryptone. The optimum pH and temperature
for biosurfactant production were pH 6.0 and 30°C, respectively. Furthermore, most biosurfactants were
produced during the exponential growth phase, and this fact indicated that the biosurfactants production
was growth-associated. The biosurfactant showed the good emulsification activities on various emul—
sifying substrates such as bunker A, paraffin, corn oil and olive oil which are used widely in industries.
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Table 1. Taxonomical characteristics of the isolated
strain L-417

Table 2. Effect of carbon sources on the production
of the biosurfactant

1. Morphological characteristics

Shape of cell Mycelium and rod

Cell size(um) 15~3.0
Gram stain Positive
Motility Nonmotile
Acid-fast stain Positive

2. Cultural characteristics
Colony on meat extract agar(30°C, 2~3days)

Colonies Circular, convex and
dried
Surface Rough
Color White to yellow
Opacity Opaque
3. Physiological characteristics

Catalase Positive
Cytochrome oxidase Negative
Oxidase-fermentation test Positive
Gelatin liquefaction test Negative
Formation of

Indole Negative

HoS Negative
Urease test Positive
Citrate utility test - Positive
Nitrate reduction test Positive
B-Galactosidase test Positive

Ornithine decarboxylase test Negative

Lysine decarboxylase test Negative
Arginine dihydrolase test Negative
Esculin hydrolysis test Positive

N-Acetylglucosaminidase test Positive
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Dilution Minimum
Carbc()z%s)o urce G(rgo/vlvsh factor surface tension
(Feme) (dyne/cm)
Glucose 1.1 1.0 66
Sucrose 1.2 1.0 57
Fructose 05 1.0 68
n-Pentane 0.2 10 68
n-Hexane 11 10 70
n-Heptane 0.3 1.0 72
n-Octane 04 1.0 70
n-Nonane 0.2 25 72
n-Decane 0.4 1.0 68
n-Undecane 0.8 17 51
n-Dodecane 15 1.2 27
n-Tetradecane 21 14 29
n-Hexadecane 6.3 6.0 28
n-Octadecane 09 12 28
Soybean oil 84 2.0 33
Qlive oil 35 24 29
Oleic acid 24 1.7 39
Bunker A 16 14 35
Bunker B 42 1.0 31
Bunker C 1.8 1.0 39
Cyclohexane 05 2.2 55
Benzene 09 1.0 70
Ethylbenzene 0.7 1.0 64
Hexylbenzene 0.8 22 59
Toluene 0.5 1.0 70
Paraffin 6.8 1.2 29

Each carbon source was added to the basal medium con—
taining 0.2% NaNQjs, 0.01% KH2PQq, 0.0196 MgSO4 - 7
H:0, 0.01% CaCls, and 0.01% yeast extract(pH 6.0). Seed
culture(1ml) was inoculated into a 500ml shaking flask
containing 50ml of medium and cultivated at 30°C for 5
days on a reciprocal shaker.
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Table 3. Effect of n-hexadecane concentration on the
production of the bioemulsifier

n-Hexadecane Growth Dilution Mmlmum'
(%) (/L) factor surface tension
(Fcmce) (dynes/cm)
1.0 1.1 3.0 29
2.0 1.8 5.0 29
3.0 6.3 73 28
4.0 49 6.0 27
5.0 2.6 4.0 28
6.0 4.2 6.0 28

n-Hexadecane as carbon source was added to the basal
medium containing 0.2% NaNOsz, 0.01% KH2PO,, 0.01%
MgSO; - 7TH:0, 0.01% CaCle, and 0.01% yeast extract(pH
6.0). The culture conditions are the same as Table 2.

Table 4. Effect of nitrogen sources on the production
of the biosurfactant

- Minimum
Nitrogen source Growth nglclg)(;n surfgce
(g/L) (Feme) tension
(dynes/cm)
NH4CI1 2.6 1.0 33
NH4Cl+ Yeast extract 4.2 2.7 33
NH4NOs 59 2.2 42
NH4NOs3+ Yeast extract 6.6 1.0 52
NaNO: 37 15 32
NaNO:+ Yeast extract 49 1.7 30
NaNOs; 2.9 14 29
NaNQOs;+ Yeast extract 6.2 6.0 29
KNO3 33 2.3 30
KNOs+ Yeast extract 5.0 4.0 29
CH3COONH,4 52 1.0 33
CH3COONH; + Yeast 6.4 27 33
extract
Urea 3.1 1.0 35
Urea+ Yeast extract 46 2.8 31
Bactopeptone 44 45 28
Polypeptone 49 48 29
Beef extract 25 1.8 28
Malt extract 2.8 1.3 29
Yeast extract 4.7 25 30
Tryptone 7.1 4.0 29

Each nitrogen source was added as concentration of 0.2
% for inorganic compounds and 0.01% for organic com-
pounds to the basal medium containing 3% n-hexadecane,
0.01% KHzPO4, 0.019% MgSO4 - 7TH:0, and 0.01% CaClz
(pH 6.0). The culture conditions are the same as Table 2.
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Table 5. Effect of NaNO3 and yeast extract concent-
ration on the production of the bioemulsifier

P Minimum
Concentration Growth Dfl,‘:“‘:lzg;n surface
(%) (g/L) (Fome) tension
(dynes/cm)
NaNOs None 41 4.1 30
0.05 48 48 29
0.10 6.2 6.5 29
0.20 6.7 53 30
0.30 6.7 42 30
0.40 6.9 3.7 30
0.50 59 35 31
Yeast ext. None 35 1.2 28
0.001 3.1 25 28
0.005 5.7 1.8 30
0.010 38 6.4 30
0.020 6.2 6.5 29
0.030 6.6 56 28
0.040 56 6.2 28
0.050 76 6.3 29
0.100 8.9 5.8 30

NaNOs3 and yeast extract as nitrogen source were added
with the indicated concentration to the basal medium con-
taining 3% n-hexadecane, 0.01% KH2POs, 0.01% MgSO4+
7H20, and 0.01%6 CaCly, (pH 6.0). The culture conditions are
the same as Table 2.
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Table 6. Effect of cultivation temperature on the pro-
duction of the bioemulsifier

Cultivation T Minimum
temperature G(rozgh Dﬂu(t;) n fa)ctor surface tension
C) & cme (dynes/cm)

20 15 35 30
25 2.3 47 29
30 6.0 6.4 29
35 1.8 2.4 32
40 - 10 38

The culture medium contained 3% n-hexadecane, 0.1%
NaNOs, 0.0196 KHoPOq, 0.01% MgS0s + 7TH-0, 0.01% CaCls,
and 0.02% yeast extract(pH 6.0).

o AQdE &892, Table 7914 B& ule} 7+
o] wiof wix] & 50ml H71el3 & o f-3t@Ao) S &
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factant® ¥} £&H 02 JastE Ao 2 e}
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Table 7. Effect of aeration on the production of the bio-

surfactant
Volume Growth Dilution  Minimum surface
of medium (ro/L) factor tension
(ml) & (Feme) (dynes/cm)
50 6.4 6.8 29
75 6.0 6.0 30
100 53 52 37
125 42 42 38
150 32 38 42

The culture medium and condition are the same as Table
6 and 8, respectively. The volume of medium was adjusted
to each volume as indicated.

Table 8. The optimum culture condition for the biosur-
factant production

Composition (%)
n-Hexadecane 3
NaNOQO3 0.1
. KHPO4 0.01

Medium(g/L) -, o, 001
MgS0;4 - TH20 0.01
Yeast extract 0.02
pH 6.0

Other Temperature 30°C

conditions Culture time 4 days
Agitation 120 Rev.X6cm stroke

50ml of medium per 500ml flask
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Fig. 1. Time course of growth, pH and biosurfactant pro—
duction during the cultivation of Nocardia sp.
L-419.

The culture medium was the same as Table 8. Seed
culture(0.5ml) was inoculated into a 500ml shaking
flask containing 50ml of the optimal medium and cul-
tured at 30°C. The pH, cell growth and biosurfactant
production during cultivation were measured with
time interval.

—aA—: Cell growth, —O—: pH, —@— Dilution
factor, —M— Surface tension
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Fig. 2. Photograph of emulsion on n-hexadecane.
Experiment was performed as described in the text,
using 0.1ml of n-hexadecane, 7.5ml of Tris—-Mg buffer,
and 0.2mt of culture broth containing the bioemulsifier.

A: Without culture broth, B: With culture broth

Fig. 2= & FA & 52 woFe] & 0.2mlol A& n-hex-
adecane®] f-3HA =& 7HA A o2 Vel ARzl o2 )
ofol o)-& AHrlslx] & A¥ controlZA #3H71A =
3} o] M2 FE|F o, Wik A& FUE Be
%9 Eegle] 3] 3= A E Al sk
nioF &2 Z7 A 4L Fob vkt vioFed H & 7}
Z 7|A ol Arlsle A EE SA s oluf n-he-
xadecanedl] o1& 384 -E 10022 3l 715 7]|A
o &t 38445 &A% ¥ v 23t Table 94l vie}

Table 9. Relative emulsification activity of various
emulsifying substrates by the culture broth

- Relati Isificati
Emulsifying substrates claltve emuisitication

activity(%)
n-Hexadecane 100
Toluene 77
Kerosene 191
Paraffin 187
Bunker A 269
Comn oil 204
Olive oil 185
Oleic acid 224

The culture broth of 0.2ml was mixed to 7.5ml of 0.05
M Tris-HCl buffer containing 0.1ml of each emulsifying
substrate and was vigorously voltexed for 2min. The re-
sulting uniform emulsion was allowed to stand for 10min
after the emulsifying activity of its mixture was measured
at 540nm.

04 V=g —o-
g 02 \.\A\‘\‘\
e
3
w 00}
©
fa)
o 02F
o
(o]
- 04

-06 |-

| i | | |
0 10 20 30 40 50 60

Minutes

Fig. 3. Stabilization of emulsion of several surfactants.
Emulsifying substrate was n-hexadecane. After stan-
ding for 10min, the absorbance(Asq) of the emulsion
was determined at 10min interval. The logarithums
of the absorbance were then plotted versus time and
the slop(decay constant, Kd) of line was calculated.
O: Triton X-100 @ Biosurfactant
A; Tween 60 M Span 85

wiglel 2 23 toluenes A8 g2 7]AelA
n-hexadecane .t} -2 FAI & vJehyjgl o v, 4141 A
2.2 2o]&= bunker A%} Al F4 ol ©] 45+ con
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A FHH AR FIAZA 82 3l
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5 2 fFsleA S AR e 71EAEY 92
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71§48 L-41752 45889 548 A5 No-
cardia®r 22 B9 = 9l v}, Biosurfactant 448 7k
A i) ] 242 3% n-hexadecane, 0.1% NaNQs, 0.02
26 Ko:HPOq, 0.01% KHoPOy4, 0.0126 MgSO4 - 7TH20, 0.01
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% CaCly, 0.02% yeast extract$l 2o, H 3 2x¢} pH
= 27+ 30°Cs} 6.001th. ]2 d 27 ¢4 500mi&
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45|+ bunker A, paraffin, comn oil & oilve oil Z-9j
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