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Emulsifying Agent Production by Acinetobacter sp. BE-254. Soon-Han Kim, Ee-Jong Lim, Kyung-Sook
Choi, Yong-Kee Jeong', Kyung-Lib Jang and Tae-Ho Lee*. Department of Microbiology, Pusan National Univer-
sity, Pusan 609-735, Korea, 'Department of Microbiology, Dong-Eui University, Pusan 614-714, Korea — The
strain producing bicemulsifier was isolated from soil samples. The isolated strain was identified as the genus
Acinetobacter through its morphological, cultural and physiological characteristics. The highest emulsification
activity and stability by Acinefobacter sp. BE-254 was observed after 5 days of cultivation in the culture medium
containing n-hexadecane 4%, NaNO; 0.2%, KH,PO, 0.01%, MgS0,-7H;0 0.01%, CaCl, 0.01%, and yeast extract
0.01%. The optimum pH and temperature for bioemulsifier production were pH 7.0 and 30C, respectively.
Furthermore the most of bicemulsifier was produced during the exponential growth phase, and this suggested
that the bioemulsifier production was growth-associated. The bioemulsifier showed good emulsification activity

on various emulsifying substrates such as hydrocarbons, edible oils, and petroleum fractions.
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Table 1. Taxonomical characteristics of the isolated strain
BE-254

1. Morphological charactenstics

Shape of cell Short rod and

round end
. 0.4~0.6 by
Cell size (um) 0.8~10
Gram stain Negative
Motility Nonmotile

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

Colonies undulate, wetted
Surface Smooth
Color White
Opacity Opaque
Growth in MacConkey medium Negative
3. Physiological characteristics
Catalase Positive
Cytochrome oxidase Negative
Voges-proskauer test Negative
Simmons citrate test Negative
Nitrate reduction test Negative
Lysine decarboxylase Negative
Ornithine decarboxylase Negative
Arginine dehydrolase Negative
Urease Positive
B-Galactosidase Negative
Tryptophane deaminase Negative
Hydrolysis of gelatin Negative
Formation of indole Negative
H,S Negative
O/F glucose Oxidation
Growth factor requirements Negative
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Table 2. Effect of carbon sources on the production of bio-
emuslfier

Carbon source Growth Emulsification
(4%) (g/D) activity
(Glucose 6.12 0.02
Fructose 6.64 (.06
Sucrose 6.96 0.07
n-Pentane 0.04 0.03
n-Hexane 0.42 0.03
n-Heptane 0.32 0.01
n-Octane 0.63 0.04
n-Nonane 0.62 0.05
n-Decane 0.72 0.07
n-Undecane 0.54 0.12
n-Dodecane 2.56 2.64
n-Tetradecane 3.52 2.68
n-Hexadecane 3.40 2.70
Cyclohexane 0.10 0.02
Benzene 0.05 (.02
Toluene 0.16 0.03
Paraffin 8.08 0.02
Olive oil 12.28 0.72
Soybean oil 10.12 (.41
Corn oil 11.0 (.50
Peanut oil 13.12 0.45
Caster oil 14.08 0.31
Stearic acid 1.66 0.03
Oleic acid 5.18 1.01

Each carbon source was added to the basal medium con-
taining NaNO; 0.2%, KH,PO, 0.01%, MgSO,-7H.0 0.01%,
Cally 0.01%, and yeast extract 0.01% (pH 7.0). Seed culture
{1 m/) was inoculated into a 500 m/ shaking flask containing
100 m/ of medium and cultivated at 30C, for 5 days on
a reciprocal shaker.
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Table 3. Effect of n-hexadecane concentration on the produ-
ction of bioemuslfier

Carbon source Growth Emulsification

(%) (g/D activity
None — 0.01
1.0 2.80 1.61
2.0 2.96 1.85
3.0 2.83 2.08
4.0 3.14 2.34
5.0 2.67 1.87
6.0 2.40 1.32
7.0 2.53 1.30
8.0 2.49 1.41
9.0 2.34 1.45
10.0 2.13 0.72

n-Hexadecane as carbon source was added to the basal
medium containing NaNQ; 0.2%, KH,PO, 0.01%, MgSO;-
7H,0 0.01%, CaCl; 0.01%, and veast extract 0.01% (pH 7.0).
The culture conditions are the same as Table 2.

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

Nitrogen source Growth Emulsification
(0.2%) (g/D activity
NH,CI 0.17 0.07
NH,NO; .60 0.12
NaNQ, 3.06 2.32
NaNOQO; 3.44 2.37
KNO;, 3.05 2.35
CHsCOONH, 251 (.08
Urea 2.30 0.12
Casamino acid 3.49 1.73
Bactopeptone 2.76 0.86
Polypeptone 3.24 2.30
Proteus peptone 2.46 2.27
Beef extract 1.87 0.84
Malt extract 1.92 0.72
Yeast extract 2.01 0.97
Tryptone 2.26 0.82

Each nitrogen source was added to the basal medium con-
taining #n-hexadecane, KH,PQ; 0.01%, MgSQO,-7H.0 0.01%,
CaCl, 0.01%, and yeast extract 0.01% (pH 7.0). The culture
conditions are the same as Table 2.
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Table 5. Effect of NaNQO; concentration on the production
of bioemusifier

NaNO; conc. Growth Emulsification
(%) (g/D) activity
None 0.5 0.64
0.05 1.27 1.11
0.10 1.73 1.63
0.20 2.93 2.42
0.30 2.64 2.37
0.40 2.17 2.13
(.50 1.86 1.83

NaNO; as mitrogen source was added to the basal medium
containing #n-hexadecane 4%, KH,PO, 0.01%, MgS0,-7H.,0
0.01%, CaCl, 0.01%, and yeast extract 0.01% (pH 7.0). The
culture conditions are the same as Table 2.

2.5 6
Z 20 - 173
2
S 15+ R
o =
£ +3
= 3
% 1.0 F e
E 42 &
£

0.0 ' 0

20 30 40 50 60

Temperature ( C)

Fig. 1. Effect of cultivation temperature on the production
of bioemulsifier.

The culture medium contained xn-hexadecane 4%, NaNO;
0.2%, KH.PO, 0.05%, MgS0,:7H,0 0.05%, Call; 0.02%, and
yeast extract 0.01% (pH 7.0). Culture temperature was ad-
justed to each temperature as indicated.

-~ @ emulsifying actinity, —(—; growth

Acinetobacter sp. BE-2540f 2{3f F3lH[2f MA 209

Aol <kFEF 7o 2 vieplytthHdata not shown).

B2 5 Bioemulsifier AR X|ol|A] v E &
20~40C Hgje] 2xHZ nlekste] o AHF 2 /3
g45 A3 An Fig 194 vtepd vpe} o] 30C
oA e A& EE F3BAHAE 71 =4 el
o] &% -5 bicemulsifier - 213 HA njUdr =
A A slod o

S7|ge| HF

ZA T AL G APy Bk 3
s 500 m/ shaking flaskel] wiz|& 50 m]ﬂ]fﬂ 300
m/7}A] H7)sle] Adxd A f3EAdE S L
), Table 64 X-& ule} zhol wlj<f HHRTWE_ 50 mi
A7kl s o fEEAde]l 1A A el o)
H 3AFe 5 7]Ael 74 A] biocemulsifiers Xt
AEXoE A= AR el

o] Are] wlekz=A-g HESZ A3 bicemulsifiere]
A A F 78 Table 73 zro] A s}

HH FA|ZH]| ME #2| B4 3 F384 Table 74
¥ " FHAeA] 100 miE AH7FRF 500m/ shaking

Table 6. Effect of aeration on the production of bioemulsi-
fier

Volume of Growth Emulsification
medium (m/) (g/D) activity

50 3.25 2.39
100 3.62 2.11
150 3.12 1.86
200 2.85 1.92
250 2.64 1.59
300 2.92 0.78

The culture medium are the same as Table 7. The volume
of medium was adjusted to each volume as indicated.

Table 7. Optimum culture condition for the bioemulsifier
production

n-Hexadecane 40 mi
NaNQO, 2
KH,;PO, 0.5
Medium (g/1) CaCl, 0.1
MgSO,-7H,0 0.5
Yeast extract 0.1
pH 6.8~7.0
Temperature 30C
Other conditions Culture time 4 days
Agitation 120 Rev.X

6 cm stroke

100 m/ of medium per
200 m/ flask
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Fig. 2. Time course of growth, pH, and emulsifying activity
during the cultivation of Acinetobacter sp. BE-254.

The culture medium are the same as Table 8. Seed culture
(0.5 m{) was inoculated into a 500 m/ shaking flask contai-
ning 50 m/ of the optimal medium and cultured at 30C.
The pH, emulsifying activity, and cell growth during culti-
vation were measured with time intervals as indicated.
— & —: pH, —O-: growth, —@—: emulsifying activity

A B

Fig. 3. Photograph of emulsion on n-hexadecane:2-methyl-
naphthalene mixture.

Experiment was performed as described in the text, using
0.1 m/ of 1:1 (v/v) hexadecane-Z-methylnaphthalene mix-
ture, 7.5 mi of Tris-Mg buffer, and 0.2 m/ of culture broth
containing biocemulsifier,

A: without culture broth, B: with culture broth
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Table 8. Emulsification activity of various hydrocarbons and
oils by bioemulsifier

Emulsification

Hydrocarbons Activity
Aliphatic and Cyclohexane .65
cycloparaffins Pentane 0.17
Hexane 0.21
Heptane (.38
Octane (.40
Nonane (.42
Decane 0.40
Undecane 0.44
Dodecane 0.70
Tetradecane 0.72
Hexadecane 0.47
Octadecane 0.41
Aromatics Benzene 0.49
Toluene 1.07
2-Methylnaphthalene 1.75
Xylene 2.52
Ethylbenzene 243
Hexylbenzene 2.40
Edible oils Olive oil 1.41
Soybean ol 1.60
Peanut oil 1.70
Corn oil 1.78
Caster oil 1.71
Petroleum oils  Bunker-A 1.94
Bunker-B 1.18
OMAN crude ol 1.63
Diesel oil 0.98
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