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The emulsifying activity of several hydrocarbon-degrading microorganisms

Abstract: It is known that biosurfactants are capable of increasing the bioavailability of hydro-
carbons in oil and petroleum products, as well as modifying the external surfaces of bacteria by
hydrophobizing providing direct contact with hydrocarbon molecules. In this study the index of
emulsification index was studied for four hydrocarbon-degrading strains of microorganisms such as
Achromobacter xylosoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceti-
cus. Diesel fuel and hexadecane were used as hydrophobic substrates.

It is shown that for all members of natural hydrocarbon-degrading microorganisms are charac-
terized by high rates of emulsification index. The highest index of emulsificationis has shown for
Acinetobacter calcoaceticus - 80-87%. Microorganisms having an emulsification index bigger than
50% are considered promising producers of surfactants. Since the microbial cell oxidizes hydrocar-
bons by adsorbing on their surface, as a result, the oil-oxidizing activity of the crops depends on its
ability to utilize the hydrocarbon substrate. This could indicate adestructive activity of microor-
ganisms.

Keywords: hydrocarbon-degrading microorganisms, emulsifying activity, hydrophobic sub-
strates.

Introduction. Contamination of soil by petroleum hydrocarbons and their derivatives is a serious
environmental problem all over the world.

Bioremediation is effective and environmental friendly but it often takes time and is not cost-
effective on treating large volumes of polluted materials.

The primary mechanism for elimination of hydrocarbons from contaminated sites is biodegra-
dation by the natural populations of microorganisms [1]. The enhancement of natural biological
degradation processes in what is termed “bioremediation” can be a preferred cost-effective method
of removing contaminant hydrocarbons from oil-contaminated environments [2]. Bioremediation,
which is the use of microorganism’s consortia or microbial processes to degrade and detoxify envi-
ronmental contaminants, is also amongst these new technologies, which derives its scientific justifi-
cation from the emerging concept of Green Chemistry and Green Engineering [3]. The success of
bioremediation of oil spill not only depends on the ability of the strains but also on the physical,
chemical and biological conditions of the contaminated environment [8].

One of the main problems that limit the effectiveness of this process is very low solubility and
high hydrophobicity of oil pollutants. These compounds strongly bind to soil particles, and thereby
they are poorly available for bacterial cells [5].

A large number of bacteria, yeast and fungi are able to metabolize one or more compounds in
crude oil. A few species of microorganisms, in particular bacteria, are able, by de novo synthesis, to
produce surface active compounds, so called biosurfactants. Crude oil emulsifying microorganisms
are able to transform crude oil into an oil-in-water emulsion, often by a combination of production
of biosurfactants and generation of surface active degradation products through their metabolism of
crude oil components [6].

Biosurfactant reduces surface tension or interfacial tension of an interface, depending whether it
is a water/air or water/oil interface. In water/oil interface, biosurfactant molecule generates a new
surface area by forming a surfactant oriented monolayer around the hydrocarbon particle with hy-
drophobic tail of the surfactant pointing out to the liquid phase [6]. This leads to increase in surface
area of hydrocarbon substrate and facilitates emulsification. The entire phenomena enhances the
bioavailability of contaminants for microbial degradation through better solubilization of hydrocar-
bons in water or water in hydrocarbons [7]. Due to the lower toxicity and biodegradable nature
in comparison to their synthetic counterparts, biosurfactants are considered to be more suitable
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for environmental applications such as hydrocarbon remediation. The biosurfactant molecules en-
hance the solubility of these sparsely soluble hydrophobic pollutants through emulsification, thereby
leading their better bioavailability for the existing micro-flora [8]

The aims of the study were to characterize emulsifying activity of natural hydrocarbon oxidizing
microorganisms.
Materials and methods
Microbial strains: The bacterial cultures were selected from samples of sludge. Day cultures

of microorganisms were transferred from agar medium on a standard medium.
Hydrophobic substrates: Diesel fuel and hexadecane were used as hydrophobic substrates.

Diesel fuels consist primarily of C9-C20 hydrocarbons.
Hexadecane (also called cetane) is an alkane hydrocarbon with the chemical formula C16H34.

Hexadecane consists of a chain of 16 carbon atoms, with three hydrogen atoms bonded to the two
end carbon atoms, and two hydrogens bonded to each of the 14 other carbon atoms. Cetane is often
used as a shorthand for cetane number, a measure of the detonation of diesel fuel. Cetane ignites
very easily under compression; for this reason, it is assigned a cetane number of 100, and serves as
a reference for other fuel mixtures. It has one of the lowest octane ratings, at < −30 .
Emulsification index: Emulsification index (E24) In this study, diesel fuel and hexadecane

were added to the cell free supernatant in a ratio of 1:1 and vortexed vigorously for two minutes.
After 24 hours of incubation at room temperature, the height of the emulsified layer was measured.
The emulsification index (E24) was estimated as: E24 (%) = (HEL/HS) × 100 Where, E24 is the
emulsification activity after 24 hours, HEL is the height of the emulsified layer, and HS is the height
of the total liquid column [2].
Results and Discussion. In this study, as natural strains used strains isolated from sludge.

Natural strains of the following microorganisms are - Achromobacter xylosoxidans, Bacillus subtillus,
Tessaracoccus flavescens, Acinetobacter calcoaceticus.

All selected natural strains were able to grow in synthetic medium with addition of diesel fuel and
crude oil.

Emulsification activity is one of the criteria to determine the potential of biosurfactants. When
evaluating the surface-active properties of microorganisms, an emulsifying activity indicator is used
which is based on the property of surfactants to form an emulsion of a culture fluid of microorgan-
isms with a hydrocarbon. Experiments were conducted to determine the ability of natural to form
stable emulsions with an oil phase (emulsifying activity). Emulsifying activities (E24) determine the
productivity of bioemulsifier and given as a percentage of the height of the emulsified layer divided
by the total height of the liquid column.

Emulsification index of 30% or more was considered as significantly positive emulsification activity.
Our study revealed that all natural hydrocarbon-degrading microorganisms showed high rates of

emulsification index.
The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of hex-

adecane (% E24) of 80-87% was obtained from Acinetobacter calcoaceticus. In the supernatant, the
index of the emulsification index was 45-50% (Fig.1, 2).

It is shown, that as a hydrophobic substrate used a diesel fuel, the emulsion index values for
Acinetobacter calcoaceticus were 50-77% in the culture liquid and 40-50% in the supernatant.

When Bacillus subtilis used a diesel fuel as a hydrophobic substrate, the index of the emulsification
index was 20-30%. In the supernatant, the index of the emulsification index was 4-5%.

It is shown, that as a hydrophobic substrate used a hexadecane, the emulsion index values for
Bacillus subtilis were 30-40% in the culture liquid and 6-9% in the supernatant.

In this study, as a hydrophobic substrate used a hexadecane, the emulsion index values for Tes-
saracoccus flavescens were 40-42% in the culture liquid and 11-13%.in the supernatant.

The potential of emulsifying activity in the culture liquid as the hydrophobic substrate of diesel
fuel (% E24) of 30-35% was obtained from Tessaracoccus flavescens. In the supernatant, the index
of the emulsification index was 10-14%. (Fig.1, 2).
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Figure 1 – Emulsifying activity of hydrocarbon degrading microorganisms in a culture liquid using hex-
adecane as a hydrophobic substrate

1 - Achromobacter xylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 –Acinetobacter calcoaceticus

Figure 2 – The rates of emulsification index of hydrocarbon degrading microorganisms
1 - Achromobacter xylosoxidans, 2 - Bacillus subtilis, 3-Tessaracoccus flavescens, 4 –Acinetobacter calcoaceticus

The lowest values of the emulsification index of the culture liquid when used as a hydrophobic
substrate for diesel fuel are shown for bacteria of the species Achromobacter xylosoxidans. The
emulsification index was 10-20%. In the supernatant, the emulsification index values were 3-5%.

However, when using hexadecane as the hydrophobic substrate, the emulsification index values
were 60-64% (Fig. 1, 2). In the supernatant, the index of the emulsification index was 40-45%.

The ability of biosurfactants to create emulsions of hydrocarbon compounds, and thereby increase
their bioavailability, often used as a basis for determining their effectiveness in environmental biore-
mediation of hydrophobic contaminants. The biosurfactant produced showed a high hydrocarbon
emulsification index.

According to the literature, it is known that cultures with an emulsification index of more than
30% are considered promising producers of surfactants.

All bacterial cultures had a high destructive activity, and this is due primarily to the oxidation
of hydrocarbons. The availability of the hydrocarbon substrate is possibly provided by the syn-
thesis of biosurfactants. Microorganisms isolated in this study could be a valuable source of novel
environmentally friendly biosurfactants for the future replacement of synthetic surfactants.
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Эмульгирующая активность ряда углеводородокисляющих микроорганизмов

Аннотация: Известно, что биосурфактанты способны повышать биологическую доступность углеводородов нефти и
нефтепродуктов, а также модифицировать внешние поверхности бактерий путём гидрофобизации обеспечивая прямой
контакт с молекулами углеводородов.

В работе был исследован индекс эмульгирования углеводородокисляющих микроорганизмов видов Achromobacter xy-
losoxidans, Bacillus subtillus, Tessaracoccus flavescens, Acinetobacter calcoaceticus. В качестве гидрофобных субстратов
использовали дизельное топливо и гексадекан.

Показано, что для всех представителей природных углеводородокисляющих микроорганизмов характерны высокие
показатели индекса эмульгирования. Наибольший индекс эмульгирования показан для Acinetobacter calcoaceticus –
80-87%. Микроорганизмы, имеющие индекс эмульгирования больше 50%, считаются перспективным продуцентами
поверхностно-активных веществ. Поскольку микробная клетка окисляет углеводороды, адсорбируясь на их поверхности,
вследствие этого нефтеокисляющая активность культур зависит от ее способности утилизировать углеводородный
субстрат. Следовательно приведенные данные могут свидетельствовать о высокой деструктивной активности
микроорганизмов.

Ключевые слова: углеводородокисляющие микроорганизмы, эмульгирующая активность, гидрофобные субстраты.
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Кейбiр көмiрсутектотықтырушы микроағзалардың эмульгирлеушi белсендiлiгi

Биосурфактантардың мұнай және мұнай өнiмдердiң көмiрсутектiрiнiң биологиялық жеткiлiктiгiн ұлғайту қабiлетi
белгiлi. Сонымен бiрге көмiрсутектi молекулалармен тiкелей байланыста болатын гидрофобизациялау арқылы
бактериялардың сыртқы беттерiн өзгертуi. Achromobacter xylosoxidans, Bacillus subtillus, Tessaracoccus flavescens,
Acinetobacter calcoaceticus табиғи көмiрсутектотықтырушы микроағзалардың өкiлдерiнiң эмульгирлеу индексiнi
зерттелдi. Гидрофобтық субстраттар ретiнде гексадекан және дизельды отын пайдаланды. Алынған табиғи
көмiрсутектотықтырушы микроағзалар өкiлдерiнiң эмульгирлеу индексiнiң жоғарғы көрсеткiштерiне тән болғаны
көрсетiлдi. Эмульгирлеудiң ең жоғарғы индексi Acinetobacter calcoaceticus үшiн корсетiледi - 80-87%.

Эмульгаторлық индексi 50% -дан асатын микроағзалар беттiк-белсендi заттардың перспективтi өндiрушiлерi болып
табылады. Микробтық жасуша көмiрсутегi субстратының пайдалану қабiлетiне байланысты оның ерiтiндiсiнiң
мұнай-тотықтырғыш белсендiлiгiне байланысты көмiрсутектердi бетiне сiңiрiп тотықтырады. Бұл микроағзалардың
деструктивтi белсендiлiгiнiң жоғары болуына байланысты.

Түйiн сөздер: көмiрсутектотықтырушы микроағзалар, эмульгирлеушi белсендiлiк, гиброфобтық субстраттар.

References
1 Gojgic Cvijovic GD, Milic JS, Solevic TM, Beskoski VP, Ilic MV, Djokic LS, Naracic TM, Vrvis MM. Biodegradation
of petroleum sludge and petroleum polluted soil by a bacterial consortium a laboratory study, Biodegradation, 23,
1-14 (2012).

2 Seyyedeh Zahra Hashemi, Jamshid Fooladi, Gholamhossein Ebrahimipour, Sajad Khodayari. Isolation and Identifi-
cation of Crude Oil Degrading and Biosurfactant Producing Bacteria from the OilContaminated Soils of Gachsaran,
Appl Food Biotechnol, 3, (2), 83-89 (2016).

22



A.Zh. Bekturova, U.Z. Sagyndykov, Zh.K. Masalimov

3 Asha A., Javarkar Sanjeev K., Singh Ackmez M. A comprehensive overview of elements in bioremediation, Rev
Environ Sci Biotechnol., 9, 215-288 (2010).

4 Chandankere R., Yao J., Cai M., Masakorala K., Jain AK., Choi MF. Properties and characterization of biosurfac-
tant in crude oil biodegradation by bacterium Bacillus methylotrophicus USTBa, Fuel, 122, 140-148 (2014).

5 Pacwa-Piociniczak M, Piaza GA, Piotrowska-Seget Z, Cameotra SS. Environmental applications of biosurfactants:
recent advances, Int J Mol Sci., 12, 633-654 (2011).

6 Kaustuvmani Patowary, Rupshikha Patowary, Mohan C. Kalita, Suresh Deka. Characterization of Biosurfactant
Produced during Degradation of Hydrocarbons Using Crude Oil As Sole Source of Carbon, Front Microbiol., 8,
279, (2017).

7 Banat I. M., Satpute S. K., Cameotra S. S., Patil R., Nyayanit N.V. Cost effective technologies and renewable
substrates for biosurfactants’ production, Front. Microbiol., 5, 697 (2014).

8 Das P., Yang X.-L. P., Ma L. Z. Analysis of biosurfactants from industrially viable Pseudomonas strain isolated
from crude oil suggests how rhamnolipids congeners affect emulsification property and antimicrobial activity, Front.
Microbiol., 5, 696 (2014).
Сведения об авторах:
Бектурова А.Ж. - Биотехнология және микробиология кафедрасының доцентi м.а., Л.Н.Гумилев атындағы Еуразия

ұлттық университетi, Сәтпаев көш. 2, Астана, Қазақстан. Сагындыков У.З. - Биотехнология және микробиология
кафедрасының доцентi м.а., Л.Н.Гумилев атындағы Еуразия ұлттық университетi, Сәтпаев көш. 2, Астана, Қазақстан,

Масалимов Ж.К. - Биотехнология және микробиология кафедрасының доцентi м.а., Л.Н.Гумилев атындағы Еуразия
ұлттық университетi, Сәтпаев көш. 2, Астана, Қазақстан

Bekturova A.Zh. - associate professor of the Department of Biotechnology and Microbiology. L.N. Gumilyov Eurasian Na-
tional University, Satpayev str., Astana, Kazakhstan. Sagyndykov U.Z. - associate professor of the Department of Biotechnology
and Microbiology. L.N. Gumilyov Eurasian National University, Satpayev str., Astana, Kazakhstan, Masalimov Zh.K. - asso-
ciate professor of the Department of Biotechnology and Microbiology. L.N. Gumilyov Eurasian National University, Satpayev
str., Astana, Kazakhstan.

Поступила в редакцию 24.05.2018

23


