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Abstract: Biosurfactants are amphiphilic molecules produced by various microorganisms, with
potential applications in different industries or processes. The present study aimed to investigate
the potential of food (whey) and industrial (corn extract) by-products to be used as single sources of
nutrients for microbial surfactants production by two Pseudomonas strains. The supernatants obtained
at the end of the bioprocess were used to form emulsions with heptane, octane, and sunflower oil,
in order to determine the emulsification index. Good results were obtained with both Pseudomonas
sp., the biggest values of the emulsification index being obtained with Pseudomonas putida ICCF 391
strain, followed by Pseudomonas fluorescens ICCF 392.
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1. Introduction

Biosurfactants are natural surface-active biomolecules produced by a wide range
of microorganisms belonging to the genera Pseudomonas, Bacillus, Candida, Rhodococcus,
or Corynebacterium. Among them, Pseudomonas species are mainly used to produce this
important group of bioactive compounds [1,2].

Biosurfactants exhibit superior properties over synthetic ones in terms of biodegrad-
ability, surface activity, stability in a wide range of pH and temperature, low toxicity, and
extraordinary emulsifying and demulsifying activity [3]. Due to these unique physico-
chemical properties, biosurfactants present potential applications in various fields, such
as medicine, food, cosmetic and pharmaceutical industries, bioremediation, and agricul-
ture sectors.

According to their chemical compositions, biosurfactants can be glycolipids, lipopep-
tides, lipoproteins, phospholipids, and polymeric surfactants. Apart from these, fatty acids,
neutral lipids, and particulate compounds can also be considered as biosurfactants [4].

The actual production of biosurfactants is limited, due to the high costs of the media
components used in the fermentation processes.

The most common carbon sources used for production of biosurfactants are glucose
and sucrose, while yeast extract, urea, or NaNO3 are used as nitrogen sources [5].

Also, due to the environmental concerns about chemical surfactants, the interest in
obtaining environmentally friendly bio-compounds has increased in recent years [6].
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Pseudomonas strains are capable of using different waste substrates, such as carbon
and nitrogen sources, for the economical production of biosurfactants [7,8].

Therefore, in the present study, whey and corn extract, by-products obtained from
industrial processes, were evaluated as potential cheap substrates for the production of
biosurfactants by two Pseudomonas strains.

2. Materials and Methods
2.1. Biologic Material

The Pseudomonas putida ICCF 391 and Pseudomonas fluorescens ICCF 392 strains used
in this study belong to the Collection of Microorganisms of Industrial Importance-CMII–
ICCF-WFCC 232.

2.2. Culture Medium and Cultivation Conditions

The strains were maintained on M44 agar slant (pre-inoculum) until further use, with
the following composition % (g/v): glycerol 5.0, yeast extract 1.0, bacto-peptone 1.0, and
agar 2.0. The culture medium was prepared with distilled water, adjusted to a pH of
6.5–7.0, and sterilized at 115 ◦C for 30 min. The pre-inoculum consisted of bacterial strains
incubated at 30 ◦C for 48–72 h, on M44 agarized medium.

The liquid medium used for biosurfactant production contained % (v/v): whey 3.0, as
a carbon source, and corn extract 2.0, as a nitrogen source. Also in this case, the culture
media were prepared with distilled water, adjusted to a pH of 6.5–7.0, and sterilized at
121 ◦C for 20 min. For the submerged fermentation, Erlenmeyer flasks of 500 mL capacity,
with 100 mL medium, were used. Bioprocess conditions were performed at 30 ◦C, for 72 h,
with an inoculation volume of 10%.

2.3. Emulsification Test

In order to evaluate the production of biosurfactants by the Pseudomonas putida ICCF
391 and Pseudomonas fluorescens ICCF 392 strains, submerged bioprocesses in 500 mL flasks
with 100 mL medium on a rotary shaker at 220 rpm were performed. The strains were
grown at 30 ◦C, for 72 h, in liquid media containing whey, as a carbon source, and corn
extract 2.0, as a nitrogen source.

After centrifugation of the culture broths (20 min, at 4 ◦C, and 9000 rpm), the emulsifica-
tion index (E24) of the biosurfactant produced by both Pseudomonas strains was determined.
In total, 4 mL of supernatant was mixed with 6 mL of heptane, octane, and sunflower oil,
in separate tubes. Then, tubes were mixed vigorously for 5 min and kept for 24 h [9]. The
emulsification index was determined by using the following formula:

E24 % = (height of the emulsified layer/total height of the liquid column) × 100 (1)

The experiments were performed in triplicate.

3. Results and Discussion

The cell growth of both strains, tested for biosurfactant production, was monitored
by pH and OD (λ = 550 nm) measurements. At the end of the fermentation process, both
strains registered good values for O.D., being 15.7 for Pseudomonas putida ICCF 391, and
15.2, in the case of Pseudomonas fluorescens ICCF 392. Regarding the pH value, it was almost
similar, being in the range of 8-8.5 for both strains.

Also, after 72 h of fermentation, the media were centrifuged, and the supernatants
were evaluated for their capacity to emulsify heptane, octane, and sunflower oil (Figure 1).
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Figure 1. Emulsions obtained with the supernatants of both Pseudomonas strains: (a) supernatants of 
Pseudomonas putida ICCF 391 with sunflower oil, heptane, and octane; (b) supernatants of Pseudomo-
nas fluorescens ICCF 392 with sunflower oil, heptane, and octane. 

The supernatants of Pseudomonas putida ICCF 391 and Pseudomonas fluorescens ICCF 
392 produced stable emulsions with heptane, octane, and sunflower oil. The figure below 
presents the values of the emulsification index (E24%) obtained with both Pseudomonas 
strains (Figure 2).  

 
Figure 2. Emulsification index for heptane, octane and sunflower oil. 

In the case of Pseudomonas putida ICCF 391, the values of the emulsification index 
(E24) were higher in the case of heptane (75.43%) and octane (72.72%), compared to the 
sunflower oil (70.37%). Regarding the supernatants obtained with Pseudomonas fluorescens 
ICCF 392 strain, the results were almost similar, with the values of the emulsification index 
of 74.07% for heptane, 71.42% for octane, and 69.09% for sunflower oil, respectively.  

Our results showed that both the Pseudomonas strains were good producers of bio-
surfactants on substrates containing whey, as a carbon source, and corn extract, as a ni-
trogen source. The emulsions obtained were stable for more than one month, and accord-
ing to the literature, it is considered that emulsion stability is one of the most important 
properties of a biosurfactant.  

The values of the emulsifying indices obtained are in accordance with the observa-
tions made by Joice and Parthasarathi [10], who obtained an emulsifying index almost of 
70.0% for heptane, and also, with the study of Matatkova et al. [11], who reported an emul-
sification index of 70% for sunflower oil. 

Figure 1. Emulsions obtained with the supernatants of both Pseudomonas strains: (a) supernatants of
Pseudomonas putida ICCF 391 with sunflower oil, heptane, and octane; (b) supernatants of Pseudomonas
fluorescens ICCF 392 with sunflower oil, heptane, and octane.

The supernatants of Pseudomonas putida ICCF 391 and Pseudomonas fluorescens ICCF
392 produced stable emulsions with heptane, octane, and sunflower oil. The figure below
presents the values of the emulsification index (E24%) obtained with both Pseudomonas
strains (Figure 2).
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Figure 2. Emulsification index for heptane, octane and sunflower oil.

In the case of Pseudomonas putida ICCF 391, the values of the emulsification index (E24)
were higher in the case of heptane (75.43%) and octane (72.72%), compared to the sunflower
oil (70.37%). Regarding the supernatants obtained with Pseudomonas fluorescens ICCF 392
strain, the results were almost similar, with the values of the emulsification index of 74.07%
for heptane, 71.42% for octane, and 69.09% for sunflower oil, respectively.

Our results showed that both the Pseudomonas strains were good producers of biosur-
factants on substrates containing whey, as a carbon source, and corn extract, as a nitrogen
source. The emulsions obtained were stable for more than one month, and according to the
literature, it is considered that emulsion stability is one of the most important properties of
a biosurfactant.

The values of the emulsifying indices obtained are in accordance with the observations
made by Joice and Parthasarathi [10], who obtained an emulsifying index almost of 70.0%
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for heptane, and also, with the study of Matatkova et al. [11], who reported an emulsification
index of 70% for sunflower oil.

4. Conclusions

The supernatants of both the Pseudomonas strains formed emulsions with heptane,
octane, and sunflower oil. The emulsions formed by the supernatants of Pseudomonas putida
ICCF 391 and Pseudomonas fluorescens ICCF 392, grown on liquid media containing whey
and corn extract as single sources of nutrients, presented good results, with the biggest
values of the emulsification index being obtained with the Pseudomonas putida ICCF 391
strain, followed by the Pseudomonas fluorescens ICCF 392 strain.

Therefore, the use of inexpensive by-products from the agro-food industry as sub-
strates represents a promising source for the production of biosurfactants with the Pseu-
domonas strains.
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