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Oil spills and oil products destroy terrestrial and marine ecosystems. One solution to this is the use of
biosurfactants. Biosurfactants are able to solubilize oil stains in soil and water. The intense reproduction of
Eichhornia crassipes leads to a high density, causing obstructions in the waterway. The use of macrophytes
for the production of biosurfactants represents the generation of value-added products. In this sense, roots of
the plant were collected and they were submitted to several stages of extraction. The surface tension, the
Critical Micellar Concentration (CMC) and the emulsification indexes were obtained for the extract. In addition,
stability tests and applications of the vegetal extract were used to evaluate the removal of oil in sand and the
dispersion of the oil in sea water. The plant extract was characterized by the presence of saponin, and the
molecular structure of the biosurfactant was defined. The results showed a yield of 0.5 % of the vegetal
extract, a surface tension of 27.57 mN/m and a high emulsification indexes of 65.4 %. Biosurfactant stability
tests were performed at different pH, temperature and increasing concentrations of NaCl and they showed a
little variation in the surface tension. The CMC of the vegetable biosurfactant was 1.4 g/L with a surface
tension of 25.84 mN/m. The concentration of saponin was 1.29 g/L in the vegetal extract. The motor oil
percentages removed from the sand by biosurfactant (CMC, 1/2 CMC and 2 times CMC), in the static test in
packaged glass columns, were, respectively, 55.02, 57.41 and 68.04 %. The vegetable extract was also able
to disperse 100 % of the motor oil into sea water. The biosurfactant was characterized as an unsaturated fatty
acid. The tensoactive properties, the results of the petroderivative removal and dispersion experiments clearly
demonstrate the feasibility of applying this new vegetable biosurfactant as a biotechnological additive to the
remediation processes in environments affected by petroleum derived contaminants.

1. Introduction
The petroleum is an essential source of energy and it is an engine of economic development. According to the
United States Department of Energy, 83 % of all primary energy sources consumed in the United States come
3
from fossil source with petroleum that corresponds 57 %. In 2010, 19.2 million m of petroleum was consumed
3
per day. The USA produces 870,000 m of crude oil per day from 530 thousand production wells, 35 % of
3
3
them produce 0.16 m /day and 79 % produce < 1.59 m /day. The largest market for biosurfactants is in the oil
industry, where they can be widely used in advanced oil recovery (MEOR - Microbial Enhanced Oil Recovery),
in the removal and mobilization of oily residues, in bioremediation technology and in the removal of heavy
metals (Almeida et al., 2016). Remediation of oil polluted areas has becoming a necessity, paving the way for
the development of more ecological technologies to eliminate contaminants. The bioremediation is a set of
technologies that allow the biodegradation of contaminants dispersed incorrectly in the environment.
Biosurfactants have been successfully applied as remediation agents in aquatic and terrestrial environments,
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because it has the ability to solubilize hydrocarbons. The studies of biosurfactants started in 1960 and the use
of these compounds has extended in the last decades as an attractive alternative to synthetic surfactants
combined with environmental concerns and the new environmental control legislation (Silva et al., 2014).
The water hyacinth (Eichhornia crassipes) is an aquatic macrophyte that belong to the Pontederiaceae family.
This specie has ecological importance because it has the ability to act as a biofilter, to accumulate heavy
metals and to produce compounds of biotechnological interest (Almeida et al., 2015). Thus, considering the
wide distribution of this species and its renewable character, the aim of this work was to investigate its
tensoactive properties to use this macrophyte in the application of hydrophobic pollutants remediation.

2. Materials and Methods
2.1 Materials
The Eichhornia crassipes macrophytes were collected at the Apipucos Dam and the analyzes were performed
at the Catholic University of Pernambuco, Brazil.
2.2 Extraction of Surfactants
The plants had their remnants of leaves, stems and roots separated. Then the roots were washed, dried and
crushed similar to the method described by Wanyonyi, Onyari and Shiundu (2014). The surfactants were
obtained by acid precipitation and solvent extraction (Abbasi et al., 2012).
2.3 Determination of the Tensoactive Properties and Stability of the Biosurfactant
The determination of the surface tension and the Critical Micellar Concentration (CMC) of the biosurfactant
were determined by tensiometer, using the du Noüy ring. The emulsifying activity of the vegetable extract for
different hydrophobic compounds (diesel, n-hexadecane, kerosene, motor oil, corn oil and soybean oil) were
evaluated, according to Cooper and Goldenberg (1987). The effects of different environmental conditions
(temperatures, NaCl concentrations, pH values and heating times at 90 °C) in the surfactant activities, which
in turn were evaluated, according to Santos et al. (2018).
2.4 Saponin determination and nuclear magnetic resonance spectroscopy
The colorimetric method of saponin determination was performed by the method based on Hiai, Oura and
1
Nakajima (1976). The purified biosurfactant was dissolved in deuterated chloroform (CDCl3) and the H and
13
C NMR spectra were recorded under 27 °C using the Agilent 300 Mz spectrometer operating at 300 MHz.
Chemical shifts (δ) were measured on the ppm scale relative to tetramethylsilane (TMS).
2.5 Dispersion test of the oil in sea water
The dispersion or aggregation capacity of petroleum by products was simulated in the laboratory by
contaminating samples of distilled water with motor oil. The tests were conducted by adding of the formulated
biosurfactant and motor oil in proportions (1:2, 1:8 and 1:25 v/v). The results were observed and measured
visually (Saeki et al., 2009).

Figure 1: Glass columns used in the static test to remove engine oil impregnated in sand
2.6 Removal of motor oil from packed columns through static assay
The oil removability of the biosurfactant was evaluated using sand standard according Rufino et al. (2013).
Glass columns 55 x 4 cm (height x diameter) were initially filled with a mixture of approximately 200 g of the
soil containing 20 g of motor oil (15 cSt) (Figure 1). The surface was then inundated with 200 mL of the
biosurfactant solutions isolated at ½xCMC (0.7 mg/L), 1xCMC (1.4 g/L) and 2xCMC (2.8 g/L), under the action
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of gravity. Percolation of the biosurfactant solution was monitored for 24 h until no further percolation of the
solution was observed. The soil samples were washed with of hexane to remove residual oil and the amount
of oil removed was determined by gravimetry.

3. Results and Discussion
3.1 Properties of the Biosurfactant-containing Plant Extract
The Eichhornia crassipes biosurfactant showed excellent results, with surface tension values lower than 25.00
mN/m in all evaluated conditions of pH (Figure 2a), salinity (Figure 2b), temperature (Figure 2c), and heating
time at 90 °C (Figure 2d), demonstrating the high stability of the biotensoactive in the study. The Critical
3
Micellar Concentration of the plant biosurfactant was 1.4 kg/m , and the surface tension was 25.84 mN/m at
that point. The emulsification indexes obtained were promising for all oils, especially for motor oil reaching
almost 70.0 % emulsification (Figure 2e). These results are within the emulsification index range of 32 % to
100 % found by Almeida et al. (2017) with the use of plant biosurfactants. In addition, emulsification activity
are significant when compared to those reported by Lima et al. (2016), using Eichhornia crassipes (Mart.)
collected from oil contaminated waters, to evaluate their potential for producing biosurfactants, obtained
reduction of the surface tension for 51.03 mN/m and an emulsification index of 52.0 %.

Figure 2: Stability of the biosurfactant of Eichhornia crassipes determined by the surface tension. (a) different
pH values; (b) different concentrations of NaCl; (c) different temperatures, (d) temperature of 90 °C at different
heating times and (e) Emulsification indexes of biosurfactant for diesel, n-hexadecane, kerosene, motor oil,
corn oil and soybean oil
3.2 Characterization of the Biosurfactant
The result of the calibration curve is shown in Figure 3 along with the line equation and the coefficient of
determination. The saponin concentration obtained from the line equation was 1.29 g/L in the plant extract.
This value can be considered favorable compared to the concentration of saponin found in turmeric (Crocus
sativa), which is between 1.2 and 3.4 g/L (Mir et al., 2016).
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Figure 3: Calibration curve of the saponin standard along with the equation of the line and coefficient of
determination
The composition of the biosurfactant obtained from the roots of Eichhornia crassipes was probed by 1H NMR
analysis (Figure 4). Signals between δ 0.55 and 1.7 ppm suggest the presence of methyl and aliphatic groups
in the biosurfactant; between 1.8 and 2.1 ppm and those between 5.1 and 5.6 ppm indicate the presence of
double bonds; between 2.2 and 2.5 ppm suggest the presence of carbonyl and those between 2.6 and 3.8
ppm correspond to carbon-linked hydroxyl. Signals at 0 and 7.25 ppm were assigned to tetramethylsilane and
solvent residual signal (chloroform), respectively.

1

Figure 4: H NMR Spectrum (CDCl3, 300 MHz) of biosurfactant isolated from Eichhornia crassipes roots
13

C NMR analysis according to Figure 5 shows signals from aliphatic carbons in the region between 12 and 38
ppm, hydroxyl-linked carbons at signals between 40 and 69 ppm, carboxylic acid between 176 and 179. Thus,
biosurfactant extracted from the roots of Eichhornia crassipes is characterized by being a unsaturated fatty
acid containing hydroxyl, similar to the abietic acid analyzed by Llevot et al. (2014).

Figure 5:

13

C NMR Spectrum (CDCl 3, 300 MHz) of biosurfactant isolated from Eichhornia crassipes roots
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3.3 Application of the Biosurfactant
The results for the plant biosurfactant obtained from Eichhornia crassipes showed that the surfactant was able
to remove motor oil contained in sand from the packed columns (Table 1). Thus, the plant biotensoactive
showed up to 68.04 % removal in 2xCMC. Bench scale laboratory studies using soils-packed columns are
suitable to evaluate microbial recuperation of oil (MEOR) for several reasons: it is an economic model; a
battery of columns can be set up simultaneously; and they can simulate the oil recovery operations usually
conducted in reservoirs (Sarubbo et al., 2015). Studies carried out by Rufino et al. (2013) also using
biosurfactants in packed columns demonstrated a maximum oil removal of 30 % from clay, using crude
biosurfactant; and 33.1 % and 37.3 % from sand, using isolated biosurfactant concentrations at 1xCMC and
3xCMC, respectively.
Table 1: Rate of motor oil removed in sand by biosurfactant from Eichhornia crassipes in a half of the CMC, in
the CMC and two times the CMC in static essay
Biosurfactant concentration (kg/m3) Rate of oil removed (%)
Control
35.08
1/2 x CMC
55.02
CMC
57.41
2 x CMC
68.04
The ability of a biosurfactant to disperse oils is extremely important in the treatment of environments
contaminated by hydrocarbons, since this property accelerates the mobilization of oil by breaking the droplets,
increasing the surface area of the oil in contact with degrading microorganisms (Freitas et al., 2016). The
biosurfactant contained in the E. crassipes plant extract presented considerable results with percentages of
100 % of dispersion of oil stains in sea water similarly to crude bisurfactant from Candida guilliermondii
UCP0992 studied by Sarubbo et al. (2016).

4. Conclusions
The tensoactive properties as well as the results of removal of the above mentioned petroderivates
demonstrated the feasibility of applying this vegetable biosurfactant as an additive to the remediation
processes. The plant extract showed significant concentration of saponin. Eichhornia crassipes biosurfactant
is characterized as an unsaturated fatty acid containing hydroxyl.
Acknowledgments
This study was funded by the Research and Development Program from National Agency of Electrical Energy
(ANEEL), the Candeias Energy Company (CEC) from Global Group, through the Project code PD-069610005/2016, the Foundation for the Support of Science and Technology of the State of Pernambuco
(FACEPE), the National Council for Scientific and Technological Development (CNPq), and the Coordination
for the Improvement of Higher Level Education Personnel (CAPES).The authors are grateful to the Centre of
Sciences and Technology of the Universidade Católica de Pernambuco and to the Advanced Institute of
Technology and Innovation (IATI), Brazil.
References
Abbasi, H.; Hamedi, M. M.; Lotfabad, T. B.; Zahiri, H. Shahbani.; Sharafi, H.; Masoomi, F.; Moosavi-Movahedi,
A. A.; Ortiz, A.; Amanlou, M.; Noghabi, K. A., 2012, Biosurfactant-producing bacterium, Pseudomonas
aeruginosa MA01 isolated from spoiled apples: physicochemical and structural characteristics of isolated
biosurfactant. Journal of Bioscience and Bioengineer. 113, 211-219.
Almeida, T. T.; Orlandelli, R. C.; Azevedo, J. L.; Pamphile, J. A., 2015, Molecular characterization of the
endophytic fungal community associated with Eichhornia azurea (Kunth) and Eichhornia crassipes (Mart.)
(Pontederiaceae) native to the Upper Paraná River floodplain, Brazil. Genetics and Molecular Resea. 14,
4920-4931.
Almeida, D. G.; Silva, R. C. F. S.; Luna, J. M.; Rufino, R. D.; Santos, V. A.; Banat, I. M.; Sarubbo, L. A., 2016,
Biosurfactants: promising molecules for petroleum biotechnology advances. Frontiers in Microbiol. 7, 1718.
Almeida, F. C. G.; Rocha e Silva, N. M. P.; Meira, H. M.; Jara, A. M. T.; Luna, J. M.; Sarubbo, L. A., 2017,
Physico-chemical properties of the biosurfactant obtained from fruit extract of Genipa Americana L. and
Tamarindus indica L. and its application in oil removal. Chemical Engineering Transacti. 57, 1549-1554.

354

Chaprão, M. J.; Ferreira, I. N.; Correa, P. F.; Rufino, R. D.; Luna, J. M.; Silva, E. J.; Sarubbo, L. A., 2015,
Application of bacterial and yeast biosurfactants for enhanced removal and biodegradation of motor oil
from contaminated sand. Electronic Journal of Biotechnol. 18, 471-479.
Cooper, D. G.; Goldenberg, B. G., 1987, Surface-active agents from two Bacillus Species. Applied and
Environmental Microbiol. 53, 224-229.
Freitas, B.G.; Brito, J.G.M.; Brasileiro, P.P.F.; Rufino, R.D.; Luna, J.M.; Santos, V.A; Sarubbo, L.A., 2016,
Formulation of a Commercial Biosurfactant for Application as a Dispersant of Petroleum and By-Products
Spilled in Oceans. Frontiers in microbiol, 7, 1646.
Hajimohammadi, R.; Hosseini, M.; Najafpour, H. A. G. D., 2016, Production of saponin biosurfactant from
Glycyrrhiza glabra as an agent for upgrading heavy crude oil. Journal Surfactants Deterg. 9, 1251–1261.
Hiai, S., Oura, H., Nakajima, T., 1976, Color reaction of some sapogenins and saponins with vanillin and
sulfur1c acid. Planta Med, 29, 116-122.
Llevot, A., Grau, E., Carlotti, S., Grelier, S., Cramail, H., 2015, Dimerization of abietic acid for the design of
renewable polymers by ADMET. European Polymer Jour, 67, 409-417.
Lima, J. M. S.; Pereira, J. O.; Batista, L. H.; Neto, P. Q. C.; Santos, J. C.; Araújo, S. P.; Pantoja, M. C.; Mota,
A. J.; Azevedo, J. L., 2016, Potential biosurfactant producing endophytic and epiphytic fungi, isolated from
macrophytes in the Negro River in Manaus, Amazonas, Brazil. African Journal of Biotechnol. 15, 12171223.
Mir, M. A., Parihar, K., Tabasum, U., & Kumari, E., 2016, Estimation of alkaloid, saponin and flavonoid,
content in various extracts of Crocus sativa. Journal of Medicinal Plants Stud. 4, 171-174.
Rocha e Silva, N. M. P. R., Rufino, R. D., Luna, J. M., Santos, V. A., Sarubbo, L. A., 2014, Screening of
Pseudomonas species for biosurfactant production using low-cost substrates. Biocatalysis and Agricultural
Biotechnol. 3, 132-139.
Rufino, R. D., Luna, J. M., Marinho, P. H. C., Farias, C. B. B., Ferreira, S. R. M., Sarubbo, L. A., 2013,
Removal of petroleum derivative adsorbed to soil by biosurfactant Rufisan produced by Candida
lipolytica. Journal of Petroleum Science and Engineer, 109, 117-122.
Saeki, H.; Sasaki, M.; Komatsu, K.; Miura, A.; Matsuda, H., 2009, Oil spill remediation by using the
remediation agent JE1058BS that contains a biosurfactant produced by Gordonia sp. strain JE-1058.
Bioresource Technol. 100, 572-577.
Santos, A. P. P.; Silva, M. D. S.; Costa, E. V. L.; Rufino, R. D.; Santos, V. A.; Ramos, C. S.; Sarubbo, L. A.;
Porto, A. L. F., 2018, Production and characterization of a biosurfactant produced by Streptomyces sp.
DPUA 1559 isolated from lichens of the Amazon region. Brazilian Journal of Medical and Biological Resea.
51, e6657-e6657.
Sarubbo, L. A.; Luna, J. M.; Rufino, R. D.; Brasileiro, P. P. F., 2016, Production of a low-cost biosurfactant for
application in the remediation of sea water contaminate with Petroleum Derivates. Chemical Engineering
Transacti. 49, 523-528.
Silva, R. C. F. S.; Almeida, D. G.; Rufino, R. D.; Luna, J. M.; Santos, V. A.; Sarubbo, L. A., 2014, Applications
of biosurfactants in the petroleum industry and the remediation of oil spills. International Journal of
Molecular Scien. 15, 12523-12542.
Sobrinho, H. B. S.; Luna, J. M.; Rufino, R. D.; Porto, A. L. F.; Sarubbo, L. A., 2013, Application of biosurfactant
from Candida sphaerica UCP 0995 in removal of petroleum derivative from soil and sea water. Journal of
Life Scien. 7, 559-569.
Wanyonyi, W. C.; Onyari, J. M.; Shiundu, P. M., 2014, Adsorption of Congo Red dye from aqueous solutions
using roots of Eichhornia crassipes: kinetic and equilibrium studies. Energy Proce. 50, 862-869.

