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Abstract: Several  cultural  conditions  were  analyzed  to  optimize   biosurfactant   production   from
Nocardia amarae. The changing in carbon sources using vegetable oils affected on the production of
biosurfactant from N. amarae, corn oil was the best one based on the quantity, but olive oil was the best carbon
source based on surface tension. The increasing in olive oil concentration caused increase in amount of
biosurfactant produced till olive oil reached 30 ml/l after that the amount of biosurfactant decreased with
increasing olive oil concentration. When the inorganic nitrogen source used in combination with yeast extract
gave higher amount form biosurfactant than when used alone, from the data obtained we concluded that
ammonium nitrate with combination with yeast extract produced the highest amount so they were the best
carbon source. By studying the different ratios of ammonium nitrate to yeast extract we found that the ratio
2.3:1.0 was the best ratio for biosurfactant production. By increasing the incubation period, the amount of
biosurfactant increased reaching to the highest amount after 14 days, after that the amount of biosurfactant
decreased. Shaking culture produced biosurfactant more than static. By increasing rate of shaking the amount
of biosurfactant greatly increased and highest amount was recorded at 150 rpm.
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INTRODUCTION

Biosurfactants are a diverse group of surface-active
chemical compounds that are produced by a wide variety
of microorganisms[1]. The types of biosurfactants include
lipopeptides synthesized by many bacilli and other
species, glycolipids synthesized by Pseudomonas species
and Candida species, phospholipids synthesized by
Thiobacillus thiooxidans, polysaccharide-lipid complexes
synthesized by Acinetobacter species, or even the
microbial cell surface itself[2-5]. Having both polar and
nonpolar domains, biosurfactants are able to partition at
water-oil or water-air interfaces and thus reduces the
interfacial  or  surface tension[1,6-8]. Such surface
properties  made  them  good  candidates  for  enhanced
oil recovery (EOR)[5,9]. Some biosurfactants are known to
have  therapeutic  applications as antibiotics and
antifungal  or  antiviral  compounds. Biosurfactants can
also  be  used  in  bioremediation of soil or sand[5] or in
the cleanup of hydrocarbon contamination in
groundwater[9] or wide variety of industrial processes
involving emulsification, foaming, detergency, wetting,
dispersing or solubilization[4,6]. Currently, almost all the
surfactants being produced are chemically derived from
petroleum[6].

Biosurfactants are attracting attention in recent years
because they offer several advantages over chemical

surfactants, such as low toxicity, inherent good
biodegradability and ecological acceptability[10]. Even
though interest in biosurfactants is increasing, these
compounds do not compete economically with synthetic
surfactants. To reduce production costs, different routes
could be investigated such as the increase of yields and
product accumulation; the development of economical
engineering processes and the use of cost-free or cost-
credit feedstock for microorganism growth and surfactant
production[11]. The choice of inexpensive raw materials is
important to overall economy of the process because they
account for 50% of the final product cost and also reduce
the expenses with wastes treatment[12].

In this investigation, we tried to optimize the cultural
conditions for maximum production of biosurfactant from
the actinomycete N. amarae.

MATERIALS AND METHODS

Microorganisms and culture conditions: The
microorganisms used in this study were kindly provided
from National Regional Research Laboratory, USA.
Bacillus subtilis NRRL B-354, Candida boleticola NRRL
Y-17666, Nocardia amarae NRRL B-8176, Pseudomonas
putida NRRL B-14875 and Rhodococcus erythropolis
NRRL B-16531 each was maintained on the medium
recommended by supplier.
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Screening for biosurfactant production: The production
of biosurfactants were conducted by growing cultures in
500-ml Erlenmeyer flasks containing 200 ml sterile
medium had the following composition (g/l): soybean
oil,100; NH4NO3, 1.0; K2HPO4, 2.55; NaH2PO4, 0.15;
MgSO4.7H2O, 0.5; CaCl2.2H2O, 0.1; MnSO4.H2O, 0.02;
peptone,  1;  pH  7.8  for C. boleticola as described by
Kim et al.[13]; a mineral salt medium with the following
composition (g%): starch, 2; (NH4)2SO4, 0.3; KNO3, 0.3;
Na2HPO4, 0.22; KH2PO4, 0.014; NaCl, 0.001; MgSO4,
0.06; CaCl, 0.004; FeSO4, 0.002 and 0.1 ml of trace
element solution containing (g/l): ZnSO4.7H2O, 2.32;
MnSO4.4H2O, 1.78; H3BO3, 0.56; CuSO4.5H2O, 1.0;
Na2MoO4.2H2O, 0.39; CoCl2.6H2O, 0.42; EDTA, 1.0;
NiCl2.6H2O, 0.004 and KI, 0.66; pH 7.0 for B. subtilis as
described by Makkar and Cameotra[14]; medium contained
(g/l): n-Hexadecane, 30 ml/l; NaNO3, 1; KHPO4, 0.1;
MgSO4.7H2O, 0.1; CaCl, 0.1 and yeast extract, 0.2; pH
6.0 for N. amarae as described by Kim et al.[15];
biosurfactant  was  conducted  by   growing   cultures  of
P. putida and R. erythropolis on mineral salt medium
described by Tuleva et al.[16] containing (g/l):
K2HPO4.3H2O, 4.8; KH2PO4, 1.5; (NH4)2SO4, 1.0;
Na3(C6H5O7).2H2O,  0.5;  MgSO4.7H2O, 0.2; yeast
extract, 0.1;  trace elements solutions (mg/l): CaCl2.2H2O,
2.0; MnCl2.4H2O, 0.4; NiCl2.6H2O, 0.4; ZnSO4.7H2O, 0.4;
FeCl3.6H2O, 0.2; Na2MoO4.2H2O, 0.2; and hexadecane,
20; pH 7.2 and incubated at 30°C for 4 days at 120 rpm in
orbital incubator SI 50 (Stuart Scientific, UK).

Extraction  of  biosurfactant: Biosurfactant was
extracted from cultures using a modified method of
Hisatsuka et al.[17]. The pH of cultures was adjusted to
approximately 2.0 with 1N HCl and the biosurfactants
extracted for 15 min with an equal volume of chloroform:
methanol (2:1 v/v). The separated solvent layer was
removed and the upper aqueous phase re-extracted three
times as before. The combined extracts were concentrated
under using a rotary vacuum evaporator (Rotary vacuum
evaporator RE 100, Bibby Co., UK) to give the crude
extract at 40°C.

Surface tension and the critical micelle concentration:
The surface  tension  of  the biosurfactant was measured
by  the  ring  method[18]  using Du-Nouy  tensiometer
(Kruss  type 8451) at room temperature. The
concentration at which micelles began to form was
represented as the CMC. At the CMC, a sudden change in
surface tension was observed[19]. The CMC was
determined by plotting the surface tension as a function of
the biosurfactant concentration and surface tension at this
point was designated as γ cmc[19].

Carbon source and its concentrations: N. amarae was
grown  on the above mentioned medium described by
Kim  et  al.[15]  with  different  carbon  source  instead of

n-hexadecane as commercial oils (castor oil, corn oil,
olive oil and sunflower oil), sucrose and glycerin; pH 6.0
and incubated at 30°C and 120 rpm for 7 days.
Biosurfactant was extracted as mentioned above, dried
and weighed.

From the above experiment olive oil was the best
carbon source; different  concentrations were used (10,
20, 30, 40, 50 and 60 ml/l); pH 6.0 and incubated at 30°C
and 120 rpm for 7 days. Biosurfactant was extracted and
dried, then weighed. 

Nitrogen  source and its concentrations: Nitrogen
source was changed instead of NaNO3 and yeast extract
in the above mentioned medium with best carbon source
and concentration as (NaNO3, NH4NO3, NH4NO3+yeast
extract, KNO3, KNO3+yeast extract, (NH4)2SO4,
(NH4)2SO4+yeast extract and yeast extract), all nitrogen
compounds are added as equivalent N of NaNO3; pH 6.0
and incubated at 30°C and 120 rpm for 7 days.
Biosurfactant was extracted as mentioned above, dried
and weighed. 

From the previous experiment, NH4NO3+yeast
extract with ratio (2.3:1) was the best nitrogen source;
different ratios of NH4NO3+yeast extract was used
(1.15:1, 2.3:1, 3.45:1, 4.6:1, 5.75:1, 2.3:0.5, 2.3:1.5, 2.3:2
and 2.3:2.5), pH 6.0 and incubated at 30°C for 7 days.
Biosurfactant was extracted and dried, then weighed.

Incubation time: N. amarae was grown for different
incubation periods on the optimized medium for 3, 7, 10,
14, 18 and 21 days at 30°C and 120 rpm. Biosurfactant
was extracted and dried, then weighed.

Culture  state:  Culture  state  was  studied  by growing
N. amarae on medium in static and shacking at 100, 120,
150, 200 and 250 rpm for 14 days at 30°C. The
biosurfactant was extracted from culture filtrate as
previously described and weighed.

RESULTS AND DISCUSSIONS

Nocardia amarae was the best biosurfactant-
producing microorganism among the microorganisms
studied  Bacillus subtilis NRRL B-354, Candida
boleticola NRRL Y-17666, Pseudomonas putida NRRL
B-14875 and Rhodococcus erythropolis NRRL B-16531
based on both the amount of biosurfactant produced and
its surface tension (Table 1).

Table 1: Screening for biosurfactant production and their surface
tension of some microorganisms

Biosurfactant Surface tension
Microorganisms weight (g/l) (mN/m)
Bacillus subtilis 0.1 40
Candida boleticola 0.1 40
Nocardia amarae 1.0 38
Rhodococcus erythropolis 0.2 41
Pseudomonas putida 0.3 40
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Fig. 1: Effect of different carbon sources on the production of biosurfactant (g/l) and surface tension of Nocardia amarae

Fig. 2: Effect of different oilve oil concentrations (g/l) on the production of biosurfactant (g/l) of N. amarae.

Fig. 1 indicated that the changing in carbon sources
using vegetable oils affected on the production of
biosurfactant from N. amarae, corn oil was the best one
(32.08 g/l) for production of biosurfactant based on the
quantity then sunflower oil and glycerin with relatively
high amount (9.28 and 9.24, respectively) and sucrose,
olive oil, castor oil and hexadecane produced 1.24, 1.22,
1.0 and 1.0 g/l, respectively. When measure the surface
tension for the produced biosurfactant from different
carbon sources we found that olive oil was the best carbon
source due to high surface tension (37 mN/m) for its

biosurfactant and biosurfactant from corn oil was lowest
one (49 mN/m). From this experiment we found that olive
oil was the best carbon source. 

Different concentrations of olive oil had adverse
effect on the production of biosurfactant (Fig. 2). The
increasing in olive oil concentration caused increase in
amount  of  biosurfactant produced till olive oil reached
30 ml/l after that the amount of biosurfactant decreased
with increasing olive oil concentration.

Changing the nitrogen source in the medium for the
production  of  biosurfactant  was  greatly affected on the
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Fig. 3: Effect of different nitrogen sources on the production of biosurfactant (g/l) from N. amarae. S=NaNO3,
S+Y=NaNO3+Yeast extract, A=NH4NO3, A+Y=NH4NO3+Yeast extract, P=KNO3, P+Y=KNO3+Yeast
extract, As=(NH4)2SO4, As+Y=(NH4)2SO4+Yeast extract, Y=Yeast

Fig. 4: Effect of different ratios of NH4NO3 and yeast extract on production of biosurfactant from N. amarae.
1.15A/1Y=0.23 NH4NO3/0.2 Yeast extract, 2.3A/1Y=0.46 NH4NO3/0.2 Yeast extract, 3.45A/1Y=0.69
NH4NO3/0.2 Yeast extract, 4.6A/1Y= 0.92 NH4NO3/0.2 Y

amount produced. When the nitrogen source used in
combination with yeast extract gave higher amount form
biosurfactant than when used alone, from the data we
concluded that ammonium nitrate with combination with
yeast extract produced the highest amount so they were
the best nitrogen source (Fig. 3).

The studying the different ratios of ammonium
nitrate/yeast extract we found that the ratio 2.3 NH4NO3:1
yeast extract was the best ratio for the production of
Biosurfactant (Fig. 4). 

By incubating N. amarae at different incubation
periods affected the production of biosurfactant (Fig. 5).
By increasing the incubation period, the amount of
biosurfactant increased reaching to the highest amount
after 14 days, after that the amount of biosurfactant
decreased.

The culture state was studied and the data in Fig. 6
showed that shaking culture produced biosurfactant more
than  static.  By increasing rate of shaking the amount of
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Fig. 6: Effect of agitation rate on the production of biosurfactant from N. amarae.

Fig. 5: Effect of incubation time on the production of biosurfactant from N. amarae.

biosurfactant greatly increased and highest amount was
recorded at 150 rpm.

Nocardia amarae was the best biosurfactant-
producing microorganism among the microorganisms
studied Bacillus subtilis, Candida boleticola,
Pseudomonas putida and Rhodococcus erythropolis based
on both the amount of biosurfactant produced and its
surface tension. Although there are number of reports on
the synthesis of biosurfactants by hydrocarbon-degrading
microorganisms, some biosurfactants have been reported
to be produced on water-soluble compounds such as

glucose, sucrose, glycerol, or ethanol[20-24]. The
biosurfactant-producing microbes are distributed among
a wide variety of genera.

Several medium components influenced the
formation of biosurfactant by the cells. One of the goals
of this investigation was use the cheap materials for
production, so we studied different commercial oils as a
carbon source instead of n-hexadecan, olive oil was
considered as the best carbon source based on surface
tension not on weight; also different concentrations of
olive  oil  were  studied and found that 30 ml/l of olive oil
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was designed as the best concentration for biosurfactant
production. Biosurfactant production has been
demonstrated in the presence of water-soluble substrates,
hydrocarbons and oils. The type of surfactant formed
when growing on these carbon sources can be
influenced[12,25,26]. Rhamnolipid concentration of 4.9, 5.4
and 4.8 g/l when sunflower, olive and soybean oils,
respectively were used as carbon sources by
Pseudomonas aeruginosa LB1[27]. A concentration of 11
g/l of rhamnolipids was found when P. aeruginosa UW-1
grew  in  Canola  oil[28] and isolate of P. aeruginosa
DS10-129 produced 4.3 and 2.9 g/l of rhamnolipids using
soybean and safflower oil, respectively[29]. The carbon
source, particularly the carbohydrate, has a major effect
on the type of glycolipids formed. Glucose, fructose and
sucrose lipids are formed by Arthrobacter paraffineus and
several species of Corynebacterium, Nocardia and
Brevibacterium during growth on the corresponding
sugar[30]. Considering the results represented in Fig. 1 we
can conclude that the native oils evaluated herein
demonstrate potential as substrates for biosurfactant
production. 

NH4NO3 in presence of yeast extract was the best
nitrogen source and the concentration 0.46 g/l NH4NO3
and 0.2 g/l yeast extract were the best concentration for
biosurfactant production. The type of nitrogen present
(Whether NH4

+, NO3
-, urea or amino acid) influences the

biosurfactant produced[26,31,32]. Interesting observations
relate to the effect of nitrogen limitation that appears to
stimulate biosurfactant production and overproduction by
some microorganisms[21,30]. The nitrogen source in the
medium influences the production of biosurfactant[33].
Arthrobacter paraffineus showed a preference of
ammonium salts and urea as the nitrogen source[31].
Robert et al.[26] while investigating rhamnolipid
production by Pseudomonas 44Ti on olive oil reported
that sodium nitrate was the best nitrogen source. Similar
results have been noted for Pseudomonas aeruginosa[34]

and Candida tropicalis IIP-4[35].
Maximum biosurfactant production by N. amarae

was found after 14 days incubation time. Studying the
effect of culture state on the production of biosurfactant
we  noticed  that  by  increasing rate of shaking the
amount  of  biosurfactant  greatly increased and highest
amount  was  recorded  at 150 rpm. An increase in
agitation speed results in the reduction of biosurfactant
yield due to the effect of shear in Nocardia
erythropolis[18,36,37]. On the other hand, in yeast,
biosurfactant  production  increases when the agitation
and aeration rates are increased[38]. Sheppard and
Cooper[39] have concluded that oxygen transfer is one of
the key parameters for the process optimization and scale-
up of surfactin production in B. subtilis.
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