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Abstract:    The potential biodegradation of crude oil was assessed based on the development of a fermentative process with a 
strain of Pseudomonas aeruginosa which produced 15.4 g/L rhamnolipids when cultured in a basal mineral medium using glycerol 
as a sole carbon source. However, neither cell growth nor rhamnolipid production was observed in the comparative culture system 
using crude oil as the sole carbon source instead. As rhamnolipid, an effective biosurfactant, has been reported to stimulate the 
biodegradation of hydrocarbons, 1 g/L glycerol or 0.22 g/L rhamnolipid was initially added into the medium to facilitate the 
biodegradation of crude oil. In both situations, more than 58% of crude oil was degraded and further converted into accumulated 
cell biomass and rhamnolipids. These results suggest that Pseudomonas aeruginosa could degrade most of crude oil with direct or 
indirect addition of rhamnolipid. And this conclusion was further supported by another adsorption experiment, where the ad-
sorption capacity of crude oil by killed cell biomass was negligible in comparison with the biologic activities of live cell biomass. 
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INTRODUCTION 
 

Oily wastewater, especially from oil field, has 
posed a great hazard for terrestrial and marine eco-
systems. The traditional treatment of oily wastewater, 
such as containment and collection using floating 
booms, adsorption by natural or synthetic materials, 
etc., can not degrade the crude oil thoroughly (Ollis, 
1992). So far, biodegradation suggests an effective 
method. During biodegradation, crude oil is used as 
an organic carbon source by a microbial process, 
resulting in the breakdown of crude oil components to 
low molecular weight compounds. 

However, the bioavailability of weekly soluble 
hydrophobic compounds for microbial conversion is 

usually low and thus limits their degradation rate in 
aqueous medium. The use of surfactants has been 
found to enhance degradation of crude oil (Urum et 
al., 2003; Balba et al., 2002) or other hydrocarbons 
(Nakahara et al., 1981). Among various surfactants, 
rhamnolipids are considered to be the most in de-
grading hydrocarbons (Itoh and Suzuki, 1972). For 
example, the biodegradation of long-chain alkanes 
was stimulated by addition of rhamnolipid (Wouter 
and Dick, 2002). This facilitated biodegradation is 
probably due to the increase of cell surface hydro-
phobicity after extraction of lipopolysaccharides from 
the cellular envelope by rhamnolipids, which subse-
quently stimulates uptake via direct contact between 
cells and hydrocarbon droplets. Thus, the interaction 
between addition of rhamnolipid and biodegradation 
of hydrocarbons seems to be highly specific.  

However, it is not known whether biodegrada-
tion of more recalcitrant crude oil can be facilitated by 

Journal of Zhejiang University SCIENCE  
ISSN 1009-3095  
http://www.zju.edu.cn/jzus        
E-mail: jzus@zju.edu.cn 

 
 
‡ Corresponding author 
* Project supported by Science Foundation from China Petroleum and
Chemical Corporation, China 



Zhang et al. / J Zhejiang Univ SCI   2005 6B(8):725-730 726

addition of rhamnolipid. Although rhamnolipid was 
reportedly produced by a bacterium (NCC-DSS6) 
isolated from an acclimated semicontinuous reactor 
fed with crude oil (Chhatre et al., 1996), its function 
in biodegradation of crude oil is not clear. The authors 
of this paper are not aware of researchers on the in-
teraction between addition of rhamnolipid and bio-
degradation of crude oil. 

The objective of this paper was to evaluate the 
biodegradation of crude oil by Pseudomonas aerugi-
nosa in laboratory. Pseudomonas aeruginosa is a 
typical strain for rhamnolipid production and can 
utilize vegetable oil or glycerol as the sole carbon 
source. We investigated the feasibility of crude oil 
degradation by microbial process, focusing mainly on 
the effect of rhamnolipid on biodegradation. In spite 
of this, the adsorption by killed cell mass was pre-
sented to provide additional support to reports of 
biological activities of Pseudomonas aeruginosa 
during biodegradation of crude oil. In this work, the 
biodegradation of crude oil was conducted with the 
same initial basal mineral salt medium to allow 
comparison of the different supplements. 
 
 
MATERIALS AND METHODS 
 
Microorganism and culture conditions  

Pseudomonas aeruginosa was purchased from 
the Shanghai Microbiology Institute. This strain 
produces rhamnolipids.   

The composition of the basal mineral salt me-
dium used in this study was as follow (g/L): NaNO3 
4.0, NaCl 1.0, KCl 1.0, CaCl2·2H2O 0.1, KH2PO4 3.0, 
Na2HPO4·12H2O 3.0, MgSO4 0.2, FeSO4·7H2O 0.001; 
2 ml trace element stock solution composed of (g/L): 
FeCl3·6H2O 0.08, ZnSO4·7H2O 0.75, CoCl2·6H2O 
0.08, CuSO4·5H2O 0.075, MnSO4·H2O 0.75, H3BO3 
0.15, Na2MoO4·2H2O 0.05. The initial pH was ad-
justed to 6.8. 

For subculture of Pseudomonas aeruginosa, 
bacterial cultures were inoculated into the basal 
mineral salt medium with 3% glycerol as carbon 
source. To investigate the effect of different carbon 
sources on rhamnolipid production, Pseudomonas 
aeruginosa was cultivated in the basal salt medium 
supplemented with 3 g/L of a specific carbon source. 
The cultivations were conducted in 1 L shaking (150 

r/min) flasks containing 250 ml medium for a period 
of 48 h. The temperature was controlled at 35 °C. 
 
Rhamnolipid production in glycerol 

Cultures were carried out in 1 L Erlenmeyer 
flasks filled with 250 ml of medium (shaking at 150 
r/min) for 5 d at temperature of 35 °C. The growth 
curve was measured at specific time period during 
which a 5 ml sample was taken to assay glycerol, 
biomass and rhamnolipid concentration. 

 
Biodegradation of crude oil 

The effect of biosurfactants on degradation of 
crude oil by the biosurfactant-producing strains was 
determined by measuring the residual amount of crude 
oil present in cultures that had been incubated with or 
without biosurfactants.-Crude oil was obtained from 
the Shengli Oilfield (Shandong, China). Experiments 
were carried out in 1 L shaking flasks containing 250 
ml basal mineral salt medium with or without glycerol 
and rhamnolipid. The shaking flasks were rotated at 
150 r/min constant temperature of 35 °C. Some 
amounts of crude oil were added so that the initial 
amount of crude oil in the flask was set around 0.7 g/L. 
 
Adsorption of crude oil by cell mass 

The biomass of Pseudomonas aeruginosa was 
first isolated from 3-day-culture broth by centrifuga-
tion at 350 g for 20 min. The pellets were first im-
mersed in 1% sodium hypochloride for 30 min before 
Pseudomonas aeruginosa was confirmed to be dead 
according to viability staining. Then the killed Pseu-
domonas aeruginosa were precipitated by centrifuga-
tion and washed three times with a 20-fold basal 
mineral medium. The subsequent adsorption test 
adopted the same operation condition as the microbial 
culture above, such as temperature, pH etc., to allow 
comparison between biodegradation and biosorption. 
The basal mineral salt medium was used to dilute the 
cell pellets to make a specific concentration biomass 
suspension. And the adsorption of crude oil by cell 
mass was implemented in a 1 L shaking flask at tem-
perature of 35 °C and rotary speed of 150 r/min. 
Forty-eight hours later, the whole suspension was 
centrifuged and the supernatant was extracted by pe-
troleum ether for assay of the final oil concentration. 
The initial crude oil and the final crude oil were 
measured for determination of the adsorption capacity. 
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Extraction and identification of rhamnolipids 
After fermentation, the culture medium was 

centrifuged at 350 g for 20 min and then the isolated 
supernatant was adjusted to pH of 2.0 by adding 5 
mol/L H2SO4 for the rhamnolipid precipitation. The 
precipitates were extracted with two volumes of di-
ethyl ether/methanol (1:1, V/V) mixture. Evaporation 
of the solvent yielded crude rhamnolipids. Three 
hundred mg pellets of which were applied onto 
thin-layer chromatography (TLC) plates and devel-
oped with a solvent mixture containing chloroform, 
methanol, and water (65:25:4, V/V/V). Rhamnolipid 
spots were detected by using orcinol reagent.   
 
Analytical methods 

Biomass content was determined by measuring 
culture densities, the spectrophotometric absorption at 
620 nm, and the actual biomass in dry weight (g/L) 
were obtained from the constructed calibration curve 
(y=31.2x). Glycerol concentration was measured by 
titrimetric method (Yong et al., 2001). Rhamnolipid 
concentration was determined in triplicate by the or-
cinol assay. Its value was calculated from a standard 
curve prepared with L-rhamnose and expressed as 
rhamnolipid values by multiplying rhamnose values by 
a coefficient of 3.4, obtained from the correlation of 
pure rhamnolipids/rhamnose (Chandrasekaran and 
Bemiller, 1980).  

Crude oil concentrations were determined as 
follows: crude oil samples were mixed with equal 
volume of petroleum ether to extract crude oil. Then 
the extracted crude oil was detected spectropho-
tometrically at 228 nm (Rahman et al., 2002). 

All data presented are mean values of three de-
terminations and statistically compared using Stu-
dent’s test with significance assumed if P<0.05. 
 
 
RESULTS AND DISCUSSION  
 
Typical fermentation of rhamnolipid 

The fermentations of Pseudomonas aeruginosa 
were first investigated by using a couple of carbon 
sources (Table 1). Table 1 shows that rhamnolipid 
production by glycerol is much higher than that of 
other substrates including glucose, vegetable oil and 
liquid  paraffin.  So,  for  this  cell  line  (Pseudomonas 
aeruginosa), glycerol is the most effective substrate 

 
 
 
 
 
 
 
 
for producing rhamnolipids among other substrates. 

The fermentation of rhamnolipid was carried out 
using 30 g/L glycerol as the sole carbon source. Fig.1 
shows the profiles of cell growth, glycerol concen-
tration and rhamnolipid production obtained when the 
strain was cultivated with 30 g/L glycerol. As shown 
in Fig.1, the cell growth corresponded well with 
glycerol consumption and approached to the station-
ary stage after two days’ culture. It seems that the 
main carbon source is the limiting nutrient. Most 
rhamnolipids were found to accumulate at the sta-
tionary stage of cell growth. Rhamnolipid production 
of 15.4 g/L was attained almost two days after cell 
mass reached the maximum (2.3 g/L). The solvent 
extract of the culture medium contained two clear 
orcinol-positive spots (Rf 0.32 and 0.52) on TLC. 
These two spots were considered as rhamnolipids 
(Matsufuji et al., 1997).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
After Pseudomonas aeruginosa had been iden-

tified as rhamnolipids producer using glycerol as the 
sole carbon source, the possibility of biodegradation 
of the crude oil was subsequently explored.  

Table 1  Rhamnolipid production after 3 d incubation of 
Pseudomonas aeruginosa with different carbon sources 
at an initial concentration of 30 g/L 
Carbon source Biomass (g/L) Rhamnolipids (g/L)
Glucose 1.45±0.12 0.45±0.09 
Glycerol 1.23±0.18 12.92±0.19 
Vegetable oil 1.01±0.10 10.77±0.18 
Paraffin 1.03±0.11 8.05±0.11 

Fig.1  Profiles of cell growth, rhamnolipid production, and
glycerol consumption of a typical Pseudomonas aeruginosa
fermentation with 30 g/L glycerol (Values shown here are
from one typical experiment of three independent experi-
ments) 
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Direct biodegradation of crude oil 
Crude oil degradation was first conducted by 

culturing Pseudomonas aeruginosa on basal mineral 
salt medium supplemented with 0.7 g/L crude oil. 
After 10 d incubation, no cell growth and emulsifica-
tion were observed. Crude oil still either floated above 
the aqueous layer or attached to the surface of glass-
ware without shaking. Also, no rhamnolipids were 
detected by chemical analysis. 

The inability of Pseudomonas aeruginosa to 
uptake crude oil was most possibly due to the inac-
cessibility of weekly soluble petroleum to microbials.  
So, two approaches, supplementation of either glyc-
erol or rhamnolipid to the initial basal medium, were 
used to improve the emulsification of the crude oil. 
 
Effect of glycerol or rhamnolipid addition on 
crude oil utilization 

The effect of glycerol on crude oil degradation is 
shown in Fig.2. One g/L Glycerol and 0.7 g/L crude 
oil were first added into the basal medium before 
inoculation with bacterial. After 8 d incubation, 58% 
of the initial 0.7 g/L crude oil was consumed while 
0.7 g/L rhamnolipid was simultaneously accumulated. 
Two stages of rhamnolipid production were observed: 
the first rapid production stage (0~4 d) and the second 
slow production stage (4~8 d). In contrast to the slow 
decrease of crude oil concentration, the glycerol 
concentration decreased much more rapidly in the 
first two days. Fig.2 shows that crude oil concentra-
tion data were noticeably scattered during the initial 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

two days, which was due to the difficulties in han-
dling the samples covered with a layer of crude oil 
before rhamnolipids was accumulated. The TLC as-
say confirmed the accumulation of rhamnolipids. 

During the incubation, the crude oil morphology 
went through three obvious changes. In the first two 
days, crude oil appeared as either a large stretch 
covering the upper part of the aqueous medium or 
attached on glass wall. Later, the large stretch or at-
tachment of petroleum turned gradually into dis-
persed oil drops at a medium of 0.5~1.5 mm. Imme-
diately after that, the oil drops disappeared even 
without shaking. This phenomenon is closely related 
to the emulsification of rhamnolipids.   

Similar to the experiment in Fig.2, the effect of 
rhamnolipid was conducted in a basal mineral me-
dium with low addition of rhamnolipids and crude oil. 
The initial rhamnolipid concentration was measured 
as 0.22 g/L. The profiles of cell growth, rhamnolipid 
accumulation and crude oil degradation are shown in 
Fig.3. During 8 d culture, 0.5 g/L crude oil was con-
sumed by microbials while 0.25 g/L rhamnolipids 
were produced at the same time. More than 60% of 
crude oil was degraded. It seems Pseudomonas 
aeruginosa could uptake crude oil to produce biomass 
and rhamnolipids. Although the initial addition of 
rhamnolipids improved the emulsification of crude oil, 
most crude oil was still isolated from the aqueous 
medium during the first two days’ incubation and 
gradually emulsified later. By 72 h culture, isolated 
oil droplets disappeared and bubbles could be seen if 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  Profiles of cell growth, rhamnolipid production, and
crude oil degradation of Pseudomonas aeruginosa incu-
bated at basal mineral medium with 0.7 g/L crude oil and 1
g/L glycerol (Values shown here are from one typical ex-
periment of three independent experiments) 
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Fig.3  Profiles of cell growth, rhamnolipid production, and 
crude oil degradation of Pseudomonas aeruginosa incu-
bated at basal mineral medium with 0.7 g/L crude oil and 
0.22 g/L rhamnolipids (Values shown here are from one 
typical experiment of three independent experiments) 
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the flasks were shaken vibrantly by hand, an indicator 
the accumulation of biosurfactants. The TLC assay 
also confirmed the accumulation of rhamnolipids. 
However, in comparison with Fig.2, both accumu-
lated biomass and rhamnolipids were about 50% 
lower in Fig.3.  

Biodegradation of crude oil by microbials ap-
pears to be the natural process by which the bulk of 
the polluting oil is used as an organic carbon source, 
causing the breakdown of petroleum components to 
lower molecular compounds or transformed into the 
other organic compounds such as biosurfactants 
(Chhatre et al., 1996). In another words, biodegrada-
tion of crude oil contaminants can be described as the 
conversion of chemical compounds by microorgan-
isms into energy, cell mass and biological products. 
As the compositions of organic compounds in crude 
oil are rather complicated, the rates of uptake of spe-
cific compounds by a microbial depend on their dis-
tributions in crude oil. High concentrations of hy-
drocarbons associated with heavy oil can even inhibit 
biodegradation. It has been expected that only one 
microbial could not biodegrade crude oil thoroughly, 
corresponding well with the results shown in both 
Fig.2 and Fig.3. Thus, a population of microbial was 
necessary to improve the biodegradation of crude oil. 

On the whole, both cell growth and biodegrada-
tion of crude oil were observed even with small ad-
dition of either glycerol or rhamnolipid, which were 
closely associated with the facilitated biodegradations 
of crude oil caused by the supplemented or accumu-
lated rhamnolipids. Because only 0.02% of crude oil 
is water soluble, emulsification of crude oil is thus 
necessary for improving the bioavailability of in-
soluble hydrocarbons to microorganisms by increas-
ing the interfacial area between the aqueous-insoluble 
hydrocarbons (Gerson, 1993). Also, rhamnolipids are 
well-known biosurfactants, predominantly from 
Pseudomonas aeruginosa (Beal and Betts, 2000). It 
could be concluded that in the presence of rham-
nolipids, Pseudomonas aeruginosa can convert crude 
oil into both cell mass and biosurfactant. As the bio-
sorption of crude oil by accumulated biomass might 
have effect on the actual biodegradation of crude oil, 
the biosorption was subsequently explored. 
 
Adsorption of crude oil by killed Pseudomonas 
aeruginosa  

The adsorption of crude oil by killed Pseudo-
monas aeruginosa was investigated at three biomass 
concentrations (shown in Table 2). While being 
shaken, the crude oil appeared as a dark aqueous 
solution resulting from the dispersion of the crude oil. 
But, without shaking, the crude oil was completely 
isolated and floated above the aqueous surface. At the 
end of adsorption (48 h) periods, the crude oil was 
conveniently separated from the aqueous solution 
without shaking. The adsorption capacity was deter-
mined by dividing the difference between the initial 
crude oil concentration and the final crude oil con-
centration by the biomass concentration.   

 
 
 
 
 
 
 
 
Table 2 shows that the adsorption of crude oil by 

cell mass was slight so that it can be concluded that 
the adsorption of crude oil by dead Pseudomonas 
aeruginosa can be negligible and that the biological 
activity of Pseudomonas aeruginosa contributed to 
the biodegradation of crude oil on condition that ei-
ther glycerol or rhamnolipid was supplemented. 

In summary, more than 58% of crude oil was 
degraded after addition of small amount of rham-
nolipids or glycerol. When incubated in crude oil 
together with 1 g/L glycerol, Pseudomonas aerugi-
nosa produced rhamnolipids in two stages, possibly 
reflecting that microbials began to use petroleum 
when glycerol was used up in medium. When rham-
nolipids were added in place of 1 g/L glycerol, cells 
grew much slower and rhamnolipid production de-
creased, which contributed to the non-availability of 
glycerol. And the biosorption of crude oil by killed 
Pseudomonas aeruginosa can be negligible in com-
parison with its biological activity. Our results sug-
gest that the additions of either rhamnolipid or glyc-
erol could facilitate the biodegradation of crude oil by 
Pseudomonas aeruginosa.  
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