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Abstract Microbial emulsifiers are compounds employed in

primary mechanisms for bioremediation of petroleum and other

hydrocarbon pollutants from the environment. Although

emulsifiers of biological origin are produced by microorgan-

isms generally in response to growth on hydrocarbons, Asper-

gillus niger MYA 135 produced a bioemulsifier during

fermentation in a sucrose-based culture medium at an initial pH

of 5.0 and at 30�C. The production of bioemulsifiers can be

strongly influenced by environmental factors. In this connec-

tion, a study of the effect of initial pH, the incubation temper-

ature and presence of CaCl2 or FeCl3 in the culture medium was

conducted. Emulsification index was increased by 112 and

206% at an initial pH 2.0 or in medium supplemented with

FeCl3, respectively. On the other hand, emulsifying ability of

Aspergillus niger supernatants was detected during the expo-

nential phase, suggesting that bioemulsifiers accumulation and

microbial growth would be related. Interestingly, this study

suggests that iron and/or phosphate ions would play a key role

in maintaining the emulsifying ability. Finally, factorial design

was also employed to study the effects of the initial pH, the

presence of FeCl3 and the concentration of KH2PO4 on the

emulsification index.

Keywords Aspergillus niger � Bioemulsifier

accumulation � Emulsification index � Factorial design

Introduction

Research on bioemulsifiers has expanded considerably in

recent years due to their potential use in different

biotechnology areas. Emulsifiers derived from natural

sources are of particular interest since they exhibit lower

levels of toxicity, higher biodegradability and they are under

increasing consumers’ demand as natural alternatives to their

synthetically produced counterparts (Gutierrez et al. 2008).

Microbial emulsifiers are employed in primary mecha-

nisms for bioremediation of petroleum and other hydro-

carbon pollutants from the environment (Calvo et al. 2009),

since these compounds are able to emulsify hydrocarbons,

enhance their water solubility and increase the displace-

ment of oily substances from soil particles. There is a wide

diversity of bioemulsifiers due to the large variety of pro-

ducer microorganisms. However, so far there are only few

reports concerning bioemulsifier production by filamentous

fungi (Luna-Velasco et al. 2007).

Although emulsifiers of biological origin are produced by

microorganisms in response to growth on hydrocarbons

(Martı́nez-Checa et al. 2007), this represents a challenge for

subsequent separation of the produced bioemulsifier. Inter-

estingly, there have been a few examples of bioemulsifier

production after growth on carbohydrates. This study reports

on the production of bioemulsifiers by Aspergillus niger

MYA 135 in a sucrose-based culture medium. Secondly, it

describes the presumptive role of certain medium compo-

nents in the production and activity of the bioemulsifier.

Materials and methods

Microorganism and culture conditions

Aspergillus niger ATCC MYA 135, from the culture col-

lection at PROIMI (Pilot Plant of Microbiological Indus-

trial Processes, Tucumán, Argentina), was used throughout

this study. The basic culture medium (BM) contained (g/l):
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sucrose, 10.0; KH2PO4, 1.0; NH4NO3, 2.0; MgSO4, 0.2 and

CuSO4, 0.06. Production of the bioemulsifier in BM at

initial pH 5.0 and 30�C was used as reference. The effect of

modifications in culture conditions on bioemulsifier pro-

duction was assayed by changing the initial pH of the

medium (2.0 to 8.0), the incubation temperature (25 to

37�C) or by the addition of 1.0 g/l of CaCl2 or FeCl3 to the

BM. It is important to remark that addition of chlorides did

not modify the initial pH of the culture medium.

Culture flasks were inoculated at a final concentration of

105 conidia/ml. Fermentations were carried out on an

orbital shaker (200 rpm) in 500 ml conical flasks contain-

ing 100 ml of culture medium.

Emulsification index and emulsion stability

Bioemulsifiers production was monitored during 7 days.

Primarily, the emulsification index (EI-24) of the cultures

was determined by mixing equal volumes of a hydrocarbon

(kerosene) and culture broth free of cells; the mixture was

vortexed for 2 min and left to settle for 24 h. The EI-24

was calculated as the percentage of the height of the

emulsified layer (mm) divided by the total height of the

liquid column (mm) (Cooper and Goldenberg 1987). An

emulsion was defined as stable when the EI was 50% or

higher (Bosch et al. 1988). In addition, the specific EI-24

was also expressed as EI-24%/gbiomass. Secondly, the EI-24

of the supernatant was also assayed after centrifugation and

separation of the precipitate formed in BM suplemented

with FeCl3. After centrifugation the supernatant was mixed

again with the precipitate or supplemented with each of the

BM compounds and emulsification index was measured

once more. Culture media without inoculum as well as the

BM compounds solutions were used as negative controls.

Emulsifier nature

Culture samples obtaining after 5 days of incubation in BM

supplemeted with 1.0 g/l FeCl3 were centrifuged at

2,0009g for 15 min at room temperature and then filtered

through a 0.45 lm membrane. One volume of acetone was

added to 1 volume of cell-free filtrate and kept at 4�C

overnight. Dried emulsifier precipitate was dissolved in

destilled water and then used as emulsifier source. To

investigate the role of peptides in emulsification activity,

990 ll of extract was treated with 10 ll of proteinase K (30

U/mg) at 37�C for 4 h. To investigate the role of lipids,

900 ll of extract was treated with 100 ll of a lipase

activity (9.16 U/mg) from Brevibacillus agri MIR-E12 at

37�C for 3 h. The partial nucleotide sequence of the 16S

rRNA from B. agri MIR-E12 was deposited in GeneBank

database under accession number EF635412. The presence

of reducing sugar was determined after HCl hydrolysis at

100�C by using the dinitrosalicylic acid reagent (Miller

1969). The thermal resistance of the emulsifier was tested

by measuring emulsification index after incubation at

100�C for 10 min.

Determination of the biomass

Fungal biomass was determined by taking samples (ali-

quots) of the culture every 24 h. Mycelium was washed

and dried at 105�C until constant weight.

Statistical analysis

Statistical analysis was performed using Infostat (version

2004) software for Windows. Results are presented as the

mean ± standard desviation. Statistical significance values

of the means were evaluated using one-way analysis of

variance. Differences were accepted as significant when

P \ 0.05.

In order to identify main effects and interactions a 23

full factorial design was performed. The independent

variables and their levels are presented in Table 1. The ‘‘?

and -’’ notation was used to represent the high and low

levels of each factor.

Results and discussion

Growth kinetics and bioemulsifier production

by A. niger

Both EI-24 and specific EI-24 of A. niger MYA 135

supernatants as well as biomass production in BM are

presented in Fig. 1.

Many researchers have found that the inclusion of

hydrocarbons in the growth medium markedly increased

bioemulsifiers production. However, this represents a

challenge for subsequent separation of the produced bio-

emulsifier. Interestingly, certain microorganisms are able

to produce emulsifying agents when they are grown in

water-soluble substrates or carbohydrates (Amaral et al.

2006).

In the present work, production of bioemulsifiers by

A. niger MYA 135 was observed in the absence of any

Table 1 Independent variables: factors and their levels for a 23 full

factorial design

Factors Process parameters Level (-) Level (?)

A pH 2.0 5.0

B FeCl3 (g/l) 0.0 1.0

C KH2PO4 (g/l) 1.0 1.5
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water-immiscible substrate. Under reference culture con-

ditions bioemulsifier ability of supernatant was low and

unstable (Fig. 1a). However, since the production, chemi-

cal compositions and functional properties of the bio-

emulsifiers can be strongly influenced by environmental

factors, in this study the effect of culture conditions on the

emulsifier production by Aspergillus niger MYA 135 was

tested. In previous studies performed on this strain, it was

found that the fungal growth and metabolites production

such as citric acid (Pera and Callieri 1997) and extracel-

lular lipases (Colin et al. 2010) were strongly affected by

the initial pH of the culture medium, the incubation tem-

perature and by the presence of CaCl2 or FeCl3 in the

medium. In this study, only at an initial pH 2.0 or in the

BM supplemented with FeCl3 the production of bioemul-

sifiers was significantly increased compared to the refer-

ence conditions (P \ 0.05) (Fig. 1a). Thus, the EI-24 at 5th

day of cultivation increased by 112 and 206%, respec-

tively. Under the other culture conditions assayed, no sig-

nificant bioemulsifier production could be detected.

Kinetics are important in order to determine the relation-

ship between growth and bioemulsifiers production. Although

excretion of emulsifiers by most microorganisms only occurs

during the stationary growth phase (Zinjarde and Pant 2002),

A. niger produced bioemulsifiers during the exponential

phase, suggesting that their accumulation and microbial

growth would be related (Fig. 1a, b). In this connection, the

highest EI-24 was detected at 5th day of cultivation, after

which it showed a decline. On the other hand, the highest

specific EI-24 was observed after 2 days of incubation in BM

at initial pH 2.0 (Fig. 1c). However, it is important to mention

that the biomass concentration under this environmental

condition was lower than 1.0 g/l (Fig. 1b).

Presumptive role of iron and phosphate in bioemulsifier

ability

Figure 2a shows the characteristics of an emulsion of

kerosene and supernatant of A. niger in BM supplemented
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Fig. 1 Time course of bioemulsifier production and growth kinetics

of Aspergillus niger MYA 135 in BM at 30�C; (filled square) Under

reference culture conditions, (filled diamond) BM at initial pH 2.0,

(filled triangle) BM supplemented with FeCl3. a EI-24 (%), b
Biomass (g/l) and c Specific EI-24 (EI-24%/gbiomass). Error bars
represent the standard deviation calculated from at least three

independent experiments

Fig. 2 Characteristics of emulsions of kerosene and supernatants of A.
niger MYA 135 at 5th day of cultivation: supernatant after filtration of

fungal growth in BM supplemented with FeCl3 (a); supernatant after

centrifugation and separation of the precipitate formed in medium

supplemented with FeCl3 (b); supernatant mixed again with the

precipitate (c); supernatant after centrifugation and subsequent addition

of KH2PO4 (d), FeCl3 (e), KCl (f), NH4NO3 (g), MgSO4 (h) or CuSO4 (i)
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with FeCl3. The EI-24 at 5th day of cultivation was 52%;

the emulsion formed was stable and compact retaining

practically 100% of the initial height.

Because the supernatant of the culture supplemented

with FeCl3 showed turbidity, probably due to precipitation

of ferric phosphate, emulsification index was checked

again after centrifugation and separation of the precipitate

formed. Interestingly, a complete loss of emulsifying

ability of the supernatant was observed (Fig. 2b). Resus-

pension of the precipitate in the supernatant only recovered

22% of the initial emulsifying ability (Fig. 2c). However,

after addition of each of the BM compounds to the pre-

cipitate-free supernatant, bioemulsification was only

restored in the case of KH2PO4 (Fig. 2d) and FeCl3
(Fig. 2e) with 91 and 89%, respectively. It is important to

remark that addition of KCl did not restore the emulsion

(Fig. 2f), suggesting that only iron and/or phosphate ions

could have a key role in maintaining the emulsifying

ability. Note the absence of bioemulsification after sup-

plementation of NH4NO3 (Fig. 2g), MgSO4 (Fig. 2h) or

CuSO4 (Fig. 2i) to precipitate-free supernatant. Finally,

addition of iron and/or phosphate to the supernatants of

cultures grown under the other culture conditions assayed

did not cause emulsifying activity.

Factorial design

In order to identify main effects and interactions a 23 full

factorial design was performed. According to the results

previously described, the effects of initial pH, FeCl3 and

KH2PO4 on emulsification indices were analyzed after

5 days of cultivation. After this time, there were no sig-

nificant increases in the studied responses (data not shown).

The levels of independent variables are presented in

Table 1. Maximum EI-24 was obtained in BM supple-

mented with FeCl3 at initial pH 2.0, while maximum spe-

cific EI-24 was detected in BM at initial pH 2.0 (Table 2).

Based on the P-values shown in Table 3, the factor effect

estimates indicate that both EI-24 and specific EI-24

decrease as the initial pH value and the KH2PO4 concen-

tration increase. It was also detected a positive and sig-

nificant interaction between the initial pH and the presence

of FeCl3. Concerning the biomass concentration, it can be

Table 2 Matrix for a 23 full factorial design and experimental results measured after 5 days of cultivation

Run Factors EI-24 (%) Biomass (g/l) Specific EI-24 (EI-24%/gbiomass)

pH FeCl3 KH2PO4

1 ? – – 17.0 ± 0.5 4.70 ± 0.13 3.6 ± 0.2

2 ? – ? 3.8 ± 0 4.82 ± 0.03 0.8 ± 0

3 – – – 32.3 ± 1.5 2.01 ± 0.15 16.1 ± 0.5

4 – – ? 17.6 ± 1.3 1.76 ± 0.08 10.0 ± 0.3

5 ? ? – 52.1 ± 2.9 9.45 ± 0.11 5.5 ± 0.4

6 ? ? ? 19.0 ± 1.4 10.23 ± 0.38 1.9 ± 0.1

7 – ? – 55.2 ± 4.4 7.57 ± 0.08 7.3 ± 0.5

8 – ? ? 19.5 ± 1.9 7.89 ± 0.06 2.5 ± 0.2

Table 3 Estimated effects analysis for EI-24, biomass and specific EI-24 determined after 5 day of cultivation

Term EI-24 Biomass Specific EI-24

Effects T-values (P-values) Effects T-values (P-values) Effects T-values (P-values)

pH (A) -8.16 -7.56 (P \ 0.001) 2.4963 30.46 (P \ 0.001) -6.012 -36.78 (P \ 0.001)

FeCl3 (B) 18.76 17.38 (P \ 0.001) 5.4613 66.63 (P \ 0.001) -3.363 -20.57 (P \ 0.001)

KH2PO4 (C) -24.19 -22.41 (P \ 0.001) 0.2438 2.97 (P = 0.018) -4.363 -26.69 (P \ 0.001)

A B 6.36 5.89 (P \ 0.001) –0.3813 -4.65 (P = 0.002) 4.813 29.44 (P \ 0.001)

A C 1.01 0.94 (P = 0.376) 0.2062 2.52 (P = 0.036) 1.113 6.81 (P \ 0.001)

B C -10.21 -9.46 (P \ 0.001) 0.3063 3.74 (P = 0.006) 0.112 0.69 (P = 0.511)

A B C 0.29 0.27 (P = 0.797) 0.0238 0.29 (P = 0.779) -0.512 -3.14 (P = 0.014)

2294 World J Microbiol Biotechnol (2010) 26:2291–2295

123

Author's personal copy



seen that the most relevant variables are by far the initial

pH and the FeCl3. Both factors had positive effects. In

summary, all factors studied seem to have played a critical

role in the bioemulsifier production.

Emulsifier nature

In order to investigate the emulsifier nature, acetone-

treated extracts was exposed to different treatments. After

proteinase K digestion the extract retain 100% of its

emulsification ability. On the contrary, the acid hydrolysis

at 100�C completely destroyed this ability. However, the

emulsification ability remain constant after heating at

100�C for 10 min. Concerning the presence of reducing

sugar, a concentration of 0.067 g/l was detected. Finally,

the lipase treatment decreases the EI-24 by 61%. These

results suggest us that the emulsifier compound could be a

glycolipid.

Concluding remarks

Under the current assay conditions emulsifier production

by A. niger MYA 135 was reported in sucrose-based cul-

ture medium, suggesting that synthesis of a bioemulsifier is

not simply a response to the presence of an extracellular

hydrocarbon. This production was significantly increased

at a highly acidic pH or by addition of FeCl3 to the basic

medium. On the other hand, a preliminary study suggests

that certain medium compounds would not only play a key

role in the production but also in continuation of the ability

of the bioemulsifier. Finally, to continue the structural

characterization of the bioemulsifiers produced is our next

objective, since the potential applications of nonionic

emulsifiers in bioremediation could be highly promising.
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