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Kerosene is a fuel derived from petroleum, a mixture of aliphatic and aromatic hydrocarbons, which 

eventually cause environmental pollution. In nature, there are genera and species of aerobic heterotrophic 

microorganisms, native to all environments, that have the potential capacity to degrade kerosene, such as 

some genera and species of yeast, to synthesize protein of unicellular origin or to bioaugment the negative 

environmental impact of kerosene. for the above. The objective of this work was to analyze the ability of 

Saccharomyces exiguus to use kerosene as a carbon and energy source. For this, S. exiguus was isolated 

from oil wells, it was grown in 5% kerosene with 1.2% NH4Cl and 50 ppm yeast extract. The growth of S. 

exiguus in kerosene was analyzed using the response variables: dry weight, protein quantification, and gas 

chromatography showed the use of kerosene components as a carbon and energy source. The results 

showed that S. exiguus can use the aliphatic and aromatic hydrocarbons of kerosene as the only source of 

carbon and energy, this potential is applicable to synthesize unicellular protein or in the recovery of 

environments impacted by kerosene. 
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INTRODUCTION 

 

In Mexico and around the world, kerosene, an insoluble mixture of aliphatic and aromatic 

hydrocarbons, is a petroleum derivative toxic to the environment1, such as benzene, n-hexane, toluene, 

xylene, as well as other polycyclic aromatics like naphthalene and n-propyl benzene. These compounds are 

susceptible to microbial attack depending on the metabolic characteristics of the microorganism, as well as 

the environmental conditions that exist in nature or in the laboratory1-3. When kerosene impacts natural 

environments such as soil, it induces the selection of a wide diversity of microorganisms, which may be 

prokaryotes including genera and species of bacteria common in that environment, in addition to 

heterotrophic, aerobic eukaryotes such as filamentous fungi and some genera of yeasts that have the ability 

to biodegrade kerosene by using it as their sole source of carbon and energy4-6 According to Prince et al.7 

over 150 genera and species of kerosene-degrading bacteria are known, such as: Rhodococcus 

aetherivorans and R. wratislaviensis8, Streptomyces spp.9, Pseudomonas aeruginosa10,11, Vibrio, 

Brevibacterium, Achromobacter, Mycobacterium and Bacillus spp.12-14. Conversely, a lower diversity of 

filamentous fungi have been reported to degrade aromatic hydrocarbons15, 16, the most representative 

examples of which are: Aspergillus sp., Penicillum sp, and Trichoderma asperellum17-19. However, there is 

interesting information related to genera and species of environmental yeasts that have been less well 

investigated for the elimination of aliphatic and aromatic hydrocarbons, which they use as the sole source 

of carbon and energy20, 21. There is also information regarding the synthesis of protein of unicellular origin 

as food for humans and animals22, 23. Examples in nature include the genera Candida24, 25, Cryptococcus, 

Pichia and Yarrowia26-28, as well as: Meyerozyma, Rhodotorula, Wickerhamia and Rhodosporidium6. 

Therefore, there is evidence that the yeast genus Saccharomyces has the potential to be exploited for the 

synthesis of protein of unicellular origin to produce low-cost food of excellent nutritional quality22 as well 

as for the recovery of environments impacted by hydrocarbon mixtures, such as kerosene, by means of 

bioaugmentation, a process in which Saccharomyces would be fundamental for it to succeed27. In this sense, 

it has been reported that Saccharomyces species have the biochemical capacity to utilize 12- to 16-carbon 

hydrocarbon fractions analogous to kerosene to mineralize them to CO2 and water28. Therefore, the 

objective of this work was to analyze the ability of Saccharomyces exiguus to use kerosene as a sole source 

of carbon and energy. 

 

MATERIALS AND METHODS 

 

Origin of Saccharomyces exiguus. This research was based on the premise that S. exiguus as well as 

other genera and species of yeasts are part of the microbiota that exists in the soil of PEMEX oil wells in 

Altamira, Tamaulipas, Mexico, and around the world26. Soil contaminated by petroleum derivatives was 

analyzed at the Industrial Microbiology and Soil Laboratory of the Department of Biological Sciences 

(FCB, in Spanish), Universidad Autónoma de Nuevo León (UANL) and at the Environmental Microbiology 

Laboratory of the Chemical Biological Research Institute (IIQB, in Spanish) of the Universidad 

Michoacana de San Nicolás de Hidalgo (UMSNH). For this purpose 1.0 g of soil was seeded in 50 mL of 

a mineral medium with the following chemical composition (g·L-1): 5% (v/v) kerosene sterilized by 

filtration with a Millipore 0.2 µm membrane, NH4Cl 2.0, NaCl 4.0, MgSO4 0.5, K2HPO4 0.5, KH2PO4 1.0, 

with pH adjusted to 5.5, which was incubated at 30 °C/15 days under agitation at 200 rpm, which upon 

appearance of turbidity was seeded on 5% kerosene agar which was incubated at 30 °C/15 days with growth 

of S. exiguus colonies, which were reseeded on Sabouraud agar (AS) with the following chemical 

composition (g·L-1): 10.0 polypeptone, 40.0 glucose, 18.0 agar, with pH adjusted to 5.6, incubated at 30 

°C/40 h, then these colonies were suspended in saline solution (NaCl 0.85 %) mixed with La CoronaMR 

0.01 % detergent (DSS): the yeast was agitated at 200 rpm/2 h, then centrifuged, suspended in 0.85 % SSD 

and inoculated in nephelometric flasks: absolute control (AC) a flask filled only with 0.85 % DSS adjusted 

to 0 at an absorbance of 440 Klett units (KU) in a Klett Summerson photocolorimeter with red filter (650 

nm). Finally, 5 mL of the suspension of S. exiguus were taken and inoculated in 50 mL of 5 % liquid mineral 

kerosene, with 1.2 % NH4Cl and 50 ppm of yeast extract at pH 5.56. 
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Growth kinetics of S. exiguus in kerosene. S. exiguus yeast reproduced in 5 % kerosene with 1.2 % 

NH4Cl and 0.025 % corn steeping liquid (CSL) (Maize product, Guadalajara, Jalisco, Mexico), or with 50 

ppm malt extract (Merck), and/or 50 ppm yeast extract (Merck). S. exiguus was then incubated at 30 °C/4 

days/200 rpm in triplicate. In this phase, different variables were used to measure the growth of S. exiguus 

in kerosene: i) optical density in a Klett Sumerson photocolorimeter at 650 nm every 24 h, with 5% mineral 

kerosene without S. exiguus as reference, ii) dry weight with 0.2 µm and 13 mm diameter Millipore 

membrane (Millipore Corporation, USA), which were tared in an oven at 110 °C, to filter 0.4 mL of the 

cellular suspension of S. exiguus(Millipore Corporation, USA), tared again and the difference in weight of 

the membrane with cells and weight of the membrane without cells was expressed in g/L to plot in grams 

(g) of S. exiguus in relation to time, iii) protein concentration: calculated by the Lowry method as an indirect 

measurement of the growth of S. exiguus with the Folin-Ciocalteu reagent, for which 0.4 mL of supernatant 

of kerosene 5% mineral liquid was taken at intervals for 24 h, centrifuged at 2500 rpm/15 min, and measured 

in a Coleman Junior II Model/620 spectrophotometer (Beckman Instruments, Inc.). The experimental data 

were validated with the statistical program ANOVA/Tukey HSD P<0.05 % with Statgraphics Centurion29, 

iv) the identification of S. exiguus and other genus analogues was made according to the manual of Lodder30 

and Phaff et al.31, based on the morphological and physiological characteristics listed in Table 2 using the 

following culture media, malt extract agar (MEA) (g/L): malt extract 3.0, yeast extract 3.0, peptone 5.0, 

glucose 10.0, agar 18.0, at pH 5.0, malt yeast agar (MYA) (g/L): malt extract 3.0, yeast extract 3.0, peptone 

5.0, glucose 10.0 and pH at 5.0, Gorodkowa agar (g/L): glucose 2.5, NaCl 5.0, meat extract 10.0 and pH of 

6.5, Fowell's acetate agar (g/L): sodium acetate 0.5, agar 2.0 at pH 6.5, Starkey’s modified ethanol (g/L): 

ethanol 0.05, K2HPO4 0.025, MgSO4*H2O 0.025 at pH 6.5, Wickerham* (g/L): yeast extract 4. 5, peptone 

7.5 and pH at 6.5, and Wickerham** (g/L): KH2PO4 0.15, MgSO4*H2O 0.5, NaCl 0.1, CaCl2 0.1, dextrose 

10.0, NH4Cl 0.5 and pH of 6.5. As reference for identification of yeast isolates, commercially obtained 

yeast strains were used32. 

Chromatographic analysis of S. exiguus growth in kerosene. The remaining kerosene that S. exiguus 

did not use as a carbon and energy source was separated from the mineral medium by centrifugation and 

then analyzed in a Beckman GC 72-5 gas chromatograph. To demonstrate and quantify the aliphatic and 

aromatic hydrocarbons in kerosene that were consumed by S. exiguus, a mixture of standards was used: 

C10, C12, C13, C14, C16 (in varying configurations) were analyzed by elution of the gas chromatographic 

peaks before and after growth of S. exiguus in kerosene33. 

 

RESULTS 

 

FIGURE 1 

INDIRECT MEASUREMENT OF THE ABILITY OF S. exiguus TO UTILIZE 5% KEROSENE 

AS A CARBON AND ENERGY SOURCE AND 1.2% NH4CL AS A NITROGEN SOURCE WITH 

DIFFERENT GROWTH FACTORS 

 

 
Time (k) 

 

Figure 1 shows the growth of S. exiguus in 5 % kerosene as the sole source of carbon and energy 

enriched with 50 ppm yeast extract: it indicates that the adaptation phase started before 8 h, while the 

logarithmic phase started within the first 12 h to conclude at 48 h, followed by the stationary phase up to 
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120 h. This is analogous to when S. exiguus grew in 5 % kerosene with 1.2 % NH4Cl as a mineral nitrogen 

source, enriched with 50 ppm yeast extract. 

Figure 2, shows the growth of S. exiguus in 5 % kerosene, without 1.2 % NH4Cl, enriched with 50 ppm 

yeast extract, in this case, the highest amount of cellular protein of 39 μg/mL was recorded in the first 24 

h, with an increase up to 190 μg/mL at 120 h. When S. exiguus was given a source of mineral nitrogen in 

the form of 1.2 % NH4Cl, enriched with 50 ppm of yeast extract, a measurement of 36 μg/mL of protein 

was recorded at 24 h and 153 μg/mL at 120 h, which constitutes indirect evidence that S. exiguus utilized 

kerosene as a carbon and energy source. 

 

FIGURE 2 

PROTEIN CONCENTRATION OF S. EXIGUUS WHEN USING 5% KEROSENE AS A 

CARBON AND ENERGY SOURCE AND 1.2% NH4CL WITH DIFFERENT 

GROWTH FACTORS  

 

 
Time (k) 

 

FIGURE 3 

DRY WEIGHT OF S. EXIGUUS USING 5% KEROSENE AS A CARBON AND ENERGY 

SOURCE WITH 1.2% NH4CL AND DIFFERENT GROWTH FACTORS 

 

 
Time (k) 

 

Figure 3 shows the indirect measurement of growth by dry weight of S. exiguus in 5% kerosene when 

used as a carbon and energy source, without the 1.2% NH4Cl but enriched with 50 ppm yeast extract, the 

measurement indicated 1.35 g/L in the first 48 h with an increase up to 1.45 g/L at 120 h, indicating the 

yeast extract is also a source of organic nitrogen, limited in availability for S. exiguus because of the low 

concentration added to the mineral medium. 

 

TABLE 1 

GROWTH OF S. exiguus USING 5% KEROSENE AS A CARBON AND ENERGY SOURCE 

AND NH4CL WITH AND WITHOUT DIFFERENT GROWTH FACTOR 

 

Saccharomyces exiguus in 5% kerosene. X (g/L) µexp (h-1) t.d (h) pH final 

1.2% NH4Cl without growth factor 0.73c** 0.049b 14c 4.3a 

1.2% NH4Cl + yeast extract 50 ppm 1.15a 0.081a 8.5d 3.5b 

NH4Cl at 1.2 % + malt extract 50 ppm 0.87b 0.047b 14.5c 4.0a 

NH4Cl at 1.2 % + corn soaking liquid at 0.025 % 0.72c 0.031c 22.0b 3.8a 

Without 1.2% NH4Cl, no growth factor 0.28e 0.022d 30a 3.9a 
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Without 1.2% NH4Cl with yeast extract 50 ppm 0.63d 0.038c 18c 3.5b 
Conditions: Inoculum 10% (v/v), agitation 200 rpm, 30°C, initial pH 5.5, X = cell yield, µexp = growth rate, t.d.  = 

doubling time, *n= 3. **values with different letter indicate statistical difference according to ANOVA/Tukey (P ≤ 

0.05). 

 

FIGURE 4 

ANALYSIS OF S. exiguus UTILIZATION OF 5% KEROSENE HYDROCARBONS AS A 

CARBON AND ENERGY SOURCE, 1.2% NH4CL AND YEAST EXTRACT AT 30°C/200 RPM 

 

 
Holding time 

 
 

(A) Kerosene inoculated with Saccharomyces exiguus 

(B) Kerosene not inoculated with S.exiguus 

 

Table 1 shows the growth of S. exiguus in 5% kerosene when used as a carbon and energy source with 

1.2% NH4Cl, enriched with yeast extract, where the highest yield or cell production of up to 1.15 g/L was 

recorded with a maximum growth rate of 0.081 h-1, with a lower doubling time of 8.5 h, which caused a 

decrease in pH to 3.5. This showed that the chemical composition of the mineral medium with 5% kerosene, 

NH4Cl and yeast extract as a growth factor was the best nutritional condition for the biodegradation of 

kerosene. 

Figure 4 shows the chromatographic profile of 5% kerosene uninoculated with S. exiguus used as 

absolute control, where the highest number of elution peaks indicating aliphatic hydrocarbons of the iso-

alkane type, according to the retention time similar to the n-alkanes of the standards used as reference were 

recorded34,35. 

 

TABLE 2 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF YEAST GENERA 

USING KEROSENE AS A CARBON SOURCE 

 

Morphological and 

physiological characteristics 

Aureobasidium sp Rhodotorula sp Saccharomyces 

exiguus 

Type of gemination Polar Multilateral Multilateral 

Growth on malt extract-yeast 

agar (MEYA) 

Abundant Abundant Abundant 

Ascus formation - - 1 to 4 per ascus 

Glucose fermentation + - - 

Assimilation of NO3 (nitrates) - - - 

Pigment synthesis Olive green to black Orange - 

Film and/or pellet formation +* + - 

No growth (-), growth (+), *generates film or pellet. 
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Table 2 shows the morphological and physiological characteristics of the yeast genera and species 

isolated from different PEMEX oil wells in the city of Altamira, Tamaulipas, Mexico, which use kerosene 

as the only source of carbon and energy. Those that according to the morphological and physiological 

characteristics of the yeast genera in the cultivation methods used for the identification of the yeasts as: SA, 

malt yeast agar (MYA), Gorodkowa, Fowell’s acetate agar, Starkey’s ethanol, Wickerham and those 

described in the Manual of Lodder30 and Phaff et al.31, in relation to the genus Aureobasidium, with oval 

polar gemmation cells, without ascospores, with septate mycelium, blastospores and chlamydospores, 

which forms a type of pellet in liquid cultures and did not ferment glucose, although in anaerobiosis it 

reduced NO3- to NO2 -. 

 

DISCUSSION 

 

Figure 1 shows that S. exiguus grew without problems even though the kerosene concentration was 5%, 

without the 1.2% NH4Cl, but enriched with the yeast extract containing B-complex vitamins in sufficient 

concentration for S. exiguus to utilize the aliphatic and aromatic hydrocarbons of kerosene as the sole source 

of carbon and energy by the aerobic, O2-dependent pathway, with the enzymes of the respiratory chain 

which depend on the concentration of B vitamins in the yeast extract32,36,37. In this sense, it is reported that 

different genera and species of yeasts, such as Candida albicans have the ability to metabolize polycyclic 

aromatic hydrocarbons similar to those in kerosene. While S. exiguus had poor growth in 5% kerosene with 

1.2% NH4Cl as a nitrogen mineral source in the absence of the B-complex vitamins as a growth factor, in 

the form of yeast extract, thus preventing S. exiguus from activating enzymes to metabolize the aliphatic 

hydrocarbons in kerosene, S. exiguus had poor growth in 5% kerosene with 1.2% NH4Cl as a source of 

nitrogen mineral. Figure 2 shows the increase in protein concentration produced by S. exiguus when using 

5% kerosene as the sole source of carbon and energy in the culture medium, favored with an inorganic 

nitrogen source such as 1.2% NH4Cl, and enriched with yeast extract with B-complex vitamins, which 

enabled the activation of the enzymes necessary for the oxidation of aliphatic hydrocarbons in kerosene by 

S. exiguus through the beta oxidation biochemical degradation pathway for kerosene23,34. In contrast to the 

growth of S. exiguus in 5% kerosene with 1.2% NH4Cl, without the growth factor, there was a protein 

concentration with values ranging from 25-56 μg/mL at the end of the stationary phase at 120 h, indicating 

that the absence of the yeast extract slowed and inhibited the ability of S. exiguus to utilize the aliphatic 

hydrocarbons in kerosene as a carbon and energy source33, 37. Figure 3 shows the dry weight of S. exiguus 

when using the aliphatic and aromatic hydrocarbons of kerosene as the only source of carbon and energy, 

where the yeast extract enriched the mineral culture medium with B-complex vitamins, activating the 

enzymes required for the oxidation of kerosene hydrocarbons, as detected by the increase in the synthesis 

of the unicellular protein of S. exiguus as an indirect measure of the utilization of kerosene as a source of 

carbon and energy. When S. exiguus was grown in 5% kerosene, but now enriched with either malt extract 

or CSL as inducers of growth factors, a weight of 0.8 g/L was recorded at 24 h, indicating that the chemical 

composition of the malt extract or CSL did not contain the enzyme inducers necessary for S. exiguus to 

utilize the aliphatic hydrocarbons in the kerosene as the sole source of carbon and energy. Consequently, 

there was an evident inhibition of the growth of S. exiguus, since the dry weight detected at the end was 

similar to that recorded in the 5% kerosene used as AC without inoculation with S. exiguus23,35,38. Table 1 

shows the growth of S. exiguus in 5% kerosene, using it as the sole source of carbon and energy, where it 

was shown that it requires 1.2% NH4Cl for protein and nucleic acid synthesis, while the yeast extract 

provided B vitamins for the activation of enzymes associated with the biodegradation of aliphatic and 

aromatic hydrocarbons of kerosene26,39,40. The numerical values of the growth or yield of S. exiguus in 

kerosene when metabolized as the sole source of carbon and energy, with 1.2 % NH4Cl plus yeast extract 

as the growth factor, were statistically different compared to the values of the cell growth or yield of 0.73 

g/L, which reached the maximum growth rate at 0.049 h-1, in contrast to the prolonged 14 h doubling time 

of S. exiguus in 5 % kerosene as carbon and energy source without NH4Cl or any growth factor, which was 

used as the AC.  
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The above demonstrated the utilization of kerosene as a sole source of carbon and energy by S. exiguus 

with NH4Cl as a source of mineral nitrogen, and that growh was stimulated by yeast extract, a source of B-

complex vitamins, which facilitated the reproduction of S. exiguus, indirectly measured by protein 

synthesis, or for biotreatment of kerosene-impacted environments known as bioaugmentation, a technique 

of targeted biological removal of some type of contaminant(s) by a specific microorganism such as S. 

exiguus, which in kerosene-impacted environments could remove it33,34. In addition, Aureobasidium sp. and 

Rhodotorula sp. were observed growing on kerosene as a sole source of carbon and energy, but without the 

ability to consume it as efficiently as S. exiguus does23-25. 

Figure 4 shows the chromatogram demonstrating that when S. exiguus used 5% kerosene as a source 

of organic carbon and energy it proved to have the ability to oxidize the aliphatic hydrocarbons in this 

mixture containing compounds of 12 to 16 carbon atoms, based on the disappearance of the elution peaks 

of these hydrocarbons33-35,38. In this sense, Okpokwasili & Amanchukwu (1988)39 reported that the genus 

Candida possesses the genes to utilize hydrocarbon mixtures similar to those found in kerosene40,41, 

therefore, these yeast genera and species are a suitable biological option for: i) the synthesis of single-cell 

protein of high nutritional value and/or ii) the bioaugmentation or “ex situ” removal of kerosene-impacted 

environments42. While Zinjarde & Pant (2002)43 reported the effectiveness of Candida species to 

biodegrade it such as: C. parapsilosis, C. guilliermondii and C. tropicalis as well as Yarrowia lipolytica 

which showed the highest capacity to eliminate the aliphatic fraction of kerosene up to 78 %. Table 2 

presents the main morphological and biochemical characteristics of the yeast genera that use kerosene 

hydrocarbons as a carbon and energy source, which were observed in the young 24-h yeast cultures that 

had bright convex colonies, with olivaceous pigments, and were characterized by a high degree of purity. 

Under the microscope, cells were observed dividing by polar budding, in 3-4 day cultures the colonies 

darkened as they formed a mycelium at the periphery44. The genus Rhodotorula was isolated from soil 

impacted by kerosene from Altamira, Tamaulipas, characterized by oval cells with multilateral gemmation 

observed by microscopy, without mycelium or pseudomycelium, the organism did not generate any film 

when grown in a liquid medium, in solid culture medium conical colonies were observed, with a white 

intracellular pigment of creamy consistency, convex in shape. Rhodotorula did not ferment glucose, 

although it assimilated NO3
-45, while the genus Saccharomyces species exiguus appeared as oval cells with 

multilateral gemmation under the microscope, possessing 1 to 4 ascospores, in liquid culture medium it did 

not generate any film on the surface, did not assimilate NO-, but it did ferment glucose and galactose44,45. 

This research concludes that S. exiguus is capable of using up to 51% of the aliphatic hydrocarbons in 

kerosene as a carbon and energy source. Therefore, it is possible to grow it as a producer of protein of 

unicellular origin and remover of kerosene hydrocarbons by bioaugmentation for the recovery of water and 

soil impacted by petroleum derivatives similar or different from kerosene. 

 

ACKNOWLEDGMENT 

 

To the Coordination of Scientific Research (CIC), project 2.7 (2021) of the UMSNH, Morelia, 

Michoacan, Mexico. 

 

ENDNOTES 

 
1. Bayona JM, Albaigés J, Solanas AM, Pares R,Garrigues P, Ewald M. Selective aerobic degradation of 

methyl-substituted polycyclic aromatic hydrocarbons in petroleum by pure microbial culturest. Int J Environ 

Anal Chem 1986;23(4):289-303. DOI: https://doi.org/10.1080/03067318608076451 

2. Ritchie G, Still K, Rossi J 3rd, Bekkedal M, BobbA, Arfsten D. Biological and health effects of exposure to 

kerosene-based jet fuels and performance additives. J Toxicol Environ Health B Crit Rev 003;6(4):357-451. 

DOI: https://doi.org/10. 1080/10937400306473 

3. Dagaut P, Cathonnet M. The ignition, oxidation, and combustion of kerosene: A review of experimental and 

kinetic modeling. Prog Energy Com-bust Sci 2006:32(1):48-92. DOI: https://doi.org 

/10.1016/j.pecs.2005.10.003 



 Modern Sciences Journal Vol. 12(1) 2023 19 

 

4. Fan MY, Xie RJ, Qin G. Bioremediation of petroleum-contaminated soil by a combined system of 

biostimulation-bioaugmentation with yeast. Environ Technol 2014;35(1-4):391-9. DOI: https://doi. 

org/10.1080/09593330.2013.829504 

5. Ghazali FM, Rahman RNZA, Salleh AB, Basri M. Biodegradation of hydrocarbons in soil by microbial 

consortium. Int Biodeterior Biodegradation2004;54(1):61-7. DOI: https://doi.org/10.1016/j. 

ibiod.2004.02.002 

6. Goulart GG, Coutinho JOPA, Monteiro AS, Siqueira EP, Santos VL. Isolation and characterization of 

gasoline-degrading yeasts from refined oil contaminated residues. J Bioremed Biodeg 2014; 5:214. DOI: 

https://doi.org/10.4172/2155-61991000214 

7. Prince RC, Amande TJ, McGenity TJ. Prokaryotic hydrocarbon degraders. In: McGenity TJ, editor. 

Taxonomy, Genomics and Ecophysiology of Hydrocarbon-Degrading Microbes. Switzerland: Springer 

Nature; 2019. p. 1-39. DOI: https://doi. org/10.1007/978-3-030-14796-9_15 

8. Auffret M, Labbé D, Thouand G, Greer CW, Fayolle-Guichard F. Degradation of a mixture of hydrocarbons, 

gasoline, and diesel oil additives by Rhodococcus aetherivorans and Rhodococcus wratislaviensis. Appl 

Environ Microbiol 2009;75(24):7774-82. DOI: https://doi.org/10. 1128/AEM.01117-09 

9. Saadoun I, Alawawdeh M, Jaradat Z, Ababneh Q. Growth of Streptomyces spp. from hydrocarbon-polluted 

soil on diesel and their analysis for the presence of alkane hydroxylase gene (alkB) by PCR. World J 

Microbiol Biotechnol 2008; 24(10): 2191-8. DOI: https://doi.org/10.1007 /s11274-008-9729-z 

10. Emtiazi G, Shakarami H, Nahvi I, Mirdamadian SH. Utilization of petroleum hydrocarbons by Pseudomonas 

sp. and transformed Escherichia coli. Afr J Biotechnol 2005;4(2):172-6. 

11. Tang X, Zhu Y, Meng Q. Enhanced crude oil biodegradability of Pseudomonas aeruginosa ZJU after 

preservation in crude oil-containing medium. World J Microbiol Biotechnol 2007;23(1):7-14. DOI: 

https://doi.org/10.1007/s11274-006-9187-4 

12. Johnsen AR, Winding A, Karlson U, Roslev P. Linking of microorganisms to phenanthrene metabolism in 

soil by analysis of (13)C-labeled cell lipids. Appl Environ Microbiol 2002; 68(12): 6106-13. DOI: 

https://doi.org/10.1128/AEM.68.12.6106-6113.2002 

13. Ollivier B, Magot M, Cunningham-Rundles S. Petroleum microbiology. Washington, DC: ASM Press. USA; 

2005. 

14. Kalme S, Parshetti G, Gomare S, Govindwar S. Diesel and kerosene degradation by Pseudomonas 

desmolyticum NCIM 2112 and Nocardia hydro-carbonoxydans NCIM 2386. Curr Microbiol 

2008;56(6):581-6. DOI: https://doi.org/10.1007/ s00284-008-9128-6 

15. Arriaga S, Revah S. Improving hexane removal by enhancing fungal development in a microbial consortium 

biofilter. Biotechnol Bioeng 2005;90(1): 107-15. DOI: https://doi.org/10.1002/bit.20424 

16. Yemashova NA, Murygina VP, Zhukov DV, Zakharyantz AA, Gladchenko MA, Appanna V, et al. 

Biodeterioration of crude oil and oil derived products: a review. Rev Environ Sci Biotechnol 2007;6(4):315-

37. DOI: https://doi.org/10.1007/s 11157-006-9118-8 

17. Rivera-Cruz MC, Ferrera.Cerrato R, Volke Haller V, Rodríguez Vázquez R, Fernández Linares L. 

Adaptación y selección de microorganismos autóctonos en medios de cultivos enriquecidos con petróleo 

crudo. Terra Latinoam 2002;20(4):423-34. 

18. Husaini A, Roslan HA, Hii KSY, Ang CH. Biodegradation of aliphatic hydrocarbon by indige-nous fungi 

isolated from used motor oil contaminated sites. World J Microbiol Biotechnol 2008; 24(12):2789-97. DOI: 

https://doi.org/10.1007/s11 274-008-9806-3 

19. Cerniglia CE, Sutherland JB. Degradation of polycyclic aromatic hydrocarbons by fungi. In: Timmis KN, 

editor. Handbook of Hydrocarbon and Lipid Microbiology. Heidelberg: Springer Berlin; 2010. p. 2079-110. 

DOI: https://doi.org/10.1007/ 978-3-540-77587-4_151 

20. Chrzanowski Ł, Bielicka-Daszkiewicz K, Owsianiak M, Aurich A, Kaczorek E, Olszanowski A. Phenol and 

n-alkanes (C12 and C16) utilization: influence on yeast cell surface hydrophobicity. World J Microbiol 

Biotechnol 2008; 24:1943-9. DOI: https://doi.org/10.1007/s11274-008-9704-8 

21. Chandran P, Das N. Degradation of diesel oil by immobilized Candida tropicalis and biofilm formed on 

gravels. Biodegradation 2011;22(6): 1181-9. DOI: https://doi.org/10.1007/s10532-011-9473-1 

22. Ritala A, Häkkinen ST, Toivari M, Wiebe MG. Single cell protein-state-of-the-art, industrial landscape and 

patents 2001-2016. Front Microbiol 2017;8:2009. DOI: https://doi.org/10.3389/fmicb .2017.02009 

23. Ugalde UO, Castrillo JI. Single cell proteins from fungi and yeast. In: Khachatourians GG, Arora DK, editors. 

Applied Mycology and Biotechnology. Amsterdam: Elsevier BV; 2002. p. 123-49. DOI: 

https://doi.org/10.1016/S1874-5334(02)800 08-9  



20 Modern Sciences Journal Vol. 12(1) 2023 

 

24. Chen K-C, Lin Y-H, Chen W-H, Liu Y-C. Degradation of phenol by PAA-immobilized Candidatropicalis. 

Enzyme MicrobTechnol 2002;31(4):490-7. DOI: https://doi.org/10.1016/ S0141-0229(02)00148-5 

25. Ilori MO, Adebusoye SA, Ojo AC. Isolation and characterization of hydrocarbon-degrading and 

biosurfactant-producing yeast strains obtained from a polluted lagoon water. World J Microbiol Biotechnol 

2008;24(11):2539-45. DOI: https://doi. org/10.1007/s11274-008-9778-3 

26. Acosta-Rodríguez I, Moctezuma-Zárate MG, Tovar-Oviedo J, Cárdenas-González JF. Aislamiento e 

identificación de bacterias y levaduras resistentes a petróleo. Inf Tecnol 2011;22(6):103-10. DOI: 

https://doi.org/10.4067/S0718-076420110 00600011 

27. Domínguez-Sánchez S, Martínez-Montoya H, Hernández Jiménez MC, Torres-Rodríguez HF,Rodríguez-

Castillejos G. The microorganisms as an alternative approach in remediation of hydrocarbon-contaminated. 

Mex J Biotechnol 2018;3(4):70-83. DOI: https://doi.org/10.29267/ mxjb.2018.3.4.70 

28. Csutak O, Stoica I, Ghindea R, Tanase AM, Vassu T. Insights on yeast bioremediation processes. Rom 

Biotechnol Lett 2010;15(2):5066-71. 

29. Walpole ER, Myers R, Myers LS. Probabilidad & Estadística para Ingeniería & Ciencias. Ed. Pearson. 

México. 2007. 

30. Lodder J, editor. The yeast a taxonomy. Ámsterdam, Holand: Publishing-Co; 1970. 

31. Phaff HJ, Miller MW, Mark EM. The life of yeast. Massachusetts: Harvard University Press; 1978. USA 

32. Boekhout T, Robert V, Smith M, Stalpers J, Yarrow D, Boer P, et al. Yeasts of the world: morphology, 

physiology, sequences and identification. Mycologist 2002;17(2):70-3. DOI: 

https://doi.org/10.1017/S0269915X03242178 

33. Garrett RM, Rothenburger SJ, Prince RC. Biodegradation of fuel oil under laboratory and arctic marine 

conditions. Spi Sci Technol Bull 2003;8(3);297-302. DOI: https://doi.org/10.1016/S1353-2561(03)00037-9 

34. Bertrand JC, Rambeloarisoa E, Rontani JF, Giusti G, Mattei G. Microbial degradation of crude oil in sea 

water in continuous culture. Biotechnol Lett 1983;5(1):567-72. DOI: https://doi.org/10.1007/ BF01184950 

35. Chaillan F, Le Flèche A, Bury E, Phantavong YH, Grimont P, Saliot A, et al. Identification and 

biodegradation potential of tropical aerobic hydrocarbon-degrading microorganisms. Res Microbiol 

2004;155(7):587-95. DOI: https://doi.org/10.1016 /j.resmic.2004.04.006 

36. Agarry SE, Owabor CN, Yusuf RO. Studies on biodegradation of kerosene in soil under different 

bioremediation  strategies. Bioremediat  J 2010;14(3):135-41. DOI: https://doi.org/10.1080/ 

10889868.2010.495364 

37. Itah AY, Brooks AA, Ogar BO, Okure AB. Biodegradation of international jet A-1 aviation fuel by 

microorganisms isolated from aircraft tank and joint hydrant storage systems. Bull Environ Contam Toxicol 

2009;83(3):318-27. DOI: https://doi. org/10.1007/s00128-009-9770-0 

38. Atlas RM. Microbial degradation of petroleum hydrocarbons: an environmental perspective. Microbiol Rev 

1981;45(1):180-209. DOI: https://doi.org/10.1128/mr.45.1.180-209.1981 

39. Okpokwasili GC, Amanchukwu SC. Petroleumhydrocarbon degradation by Candida species. Environ Int 

1988;14(3):243-7. DOI: https://doi.org/10.1016/0160-4120(88)90145-6 

40. Buddie AG, Bridge PD, Kelley J, Ryan MJ. Candida keroseneae sp. nov., a novel contaminant of aviation 

kerosene. Lett Appl Microbiol 2011;52(1):70-5. DOI: https://doi.org/10.1111/j.1472-765X.2010.02968.x 

41. Rodríguez-Rodríguez CE, Rodríguez E, Blanco R, Cordero I, Segura D. Fungal contamination of stored 

automobile-fuels in a tropical environment. J Environ Sci 2010;22(10):1595-601. DOI: 

doi.org/10.1016/S10010742(09)60294-1 

42. Varjani SJ. Microbial degradation of petroleum hydrocarbons. Bioresour Technol 2017; 223:277-86. DOI: 

https://doi.org/10.1016/j.biortech.2016.10.037 

43. Zinjarde SS, Pant AA. Hydrocarbon degraders from tropical marine environments. Mar Pollut Bull 

2002;44(2):118-21. DOI: https://doi.org/10. 1016/s0025-326x(01)00185-0 

44. Kurtzman C, Fell JW, Boekhout T., editors. The yeasts: a taxonomic study. London: Elsevier; 2010. 

45. Kurtzman CP, Piškur J. Taxonomy and phylogenetic diversity among the yeasts. In: Sunnerhagen P, Piskur 

J, editors. Comparative Genomics. Heidelberg: Springer Berlin; 2006. p. 29-46. DOI: 

https://doi.org/10.1007/b106654 


