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Abstract 

The main research contents of microbial enhanced oil recovery technology include the 
growth and metabolism of microorganisms in core, the degradation of petroleum by 
microorganisms, and the effect of microbial metabolites on petroleum recovery. In recent 
years, the research on the effect of microbial metabolites on oil recovery has gradually 
become the focus of microbial enhanced oil recovery technology. The effects of simple 
carbon sources on the degradation of long-chain alkane-degrading bacteria were studied in 
this paper. The results showed that the addition of simple carbon sources had different 
effects on the growth and metabolism of long-chain alkane-degrading bacteria. Yeast 
extract had the best effect on the degradation rate of lys1-3, and glucose had the most 
obvious effect on the surface tension of lys1-3. At the same time, glucose had the greatest 
effect on the hydrophobicity of lys1-3. 
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1. Introduction 

Microbial oil recovery is a general term for a series of methods to increase crude oil production 

through the growth and reproduction of microorganisms and their metabolism. For reservoirs with 

poor geological conditions and low development efficiency, microbial oil recovery is an effective 

technology to enhance oil recovery [1-2]. At the same time, compared with chemical flooding and 

steam flooding, microbial oil recovery technology has the advantages of low price, no pollution, 

simple injection process and treatment of produced fluid. Microbial oil recovery has a wide range of 

applications, including high water cut reservoir, heavy oil reservoir, marginal reservoir, polymer 

flooding reservoir [3], which is suitable for sandstone and carbonate reservoirs, especially for medium 

and low permeability reservoirs. In recent years, molecular biotechnology and genetic engineering 

technology have been gradually used in the cultivation of oil-producing bacteria, enriching the 

reservoir of oil-producing bacteria, enabling technicians to cultivate functional bacteria according to 

the needs of reservoir conditions [4]. The application of tracer and visualization technology enriches 

the means of research and provides a new method for more accurate description of microbial oil 

recovery mechanism [5]. 

It is well known [6] that the isolation and screening of microbial strains with different characteristics 

has always been a research hotspot in this field. The optimization of microbial fermentation conditions 

and media and the further understanding of the mechanism of microbial enhanced oil recovery further 

enrich and expand the theory of microbial enhanced oil recovery, laying a solid foundation for the field 

application of microbial enhanced oil recovery technology. On the Basis [7]. But the reservoir belongs 

to extreme environment, and it is difficult for microorganisms to produce on a large scale without the 

stimulation of activator. In order to make better use of reservoir microbial flooding, the effects of 



International Core Journal of Engineering Vol.5 No.7 2019                                                 ISSN: 2414-1895 

 

222 

 

different simple carbon sources on the degradation performance of long-chain alkane-degrading 

bacteria were investigated [8].  

2. Methodology 

In this experiment, seed liquid was inoculated into inorganic salt liquid medium with 1000mg/L mixed 

long chain alkanes as the sole carbon source at a volume ratio of 2% and cultured at 35℃ and 180 rpm 

for 7 days. The effects of different simple carbon sources (glucose, methanol, ethanol and yeast extract) 

on lys1-3 degradation rate, cell growth, surface tension and cell hydrophobicity were investigated. The 

addition of simple carbon sources was 500 mg COD/L. 

2.1 Determination of Cell Hydrophobicity 

BATH method was used [9].  

2.2 Determination of emulsifying capacity 

Fermentation broth was centrifuged at 4℃ and 10000 r/min for 10 min, supernatant 5 ml was added to 

20 mL test tube, n-hexadecane 5 ml was added, full oscillation 2 min, and static for 24 h. The volume 

of residual n-hexadecane was determined. The emulsifying force was equal to (original n-hexadecane 

height-non-emulsified n-hexadecane height) original n-hexadecane height 100%. 

2.3 Measurement of Surface Tension 

Fermentation broth was taken and centrifuged at 4℃ and 10000 r/min for 10 min to remove the 

bacteria. The supernatant was taken, and the surface tension was measured by JZHY1-180 surface 

tension tester. 

3. Result Analysis and Discussion 

3.1 Effect of Simple Carbon Source on Degradation Rate of Long Chain Alkanes 

As shown in Fig. 1, the degradation rate of the control group without simple carbon source was 70.1%. 

Compared with the control group, the addition of glucose, methanol, ethanol and yeast extract 

promoted the degradation rate of long-chain alkanes of lys1-3, which increased by 15.8%, 11.6%, 17.3 

and 22%, respectively. The addition of sucrose and sodium acetate did not help the degradation of 

long-chain alkanes but inhibited the degradation of long-chain alkanes to a certain extent. The 

degradation rates were reduced to 60.1% and 55.3% respectively. The results showed that sucrose and 

sodium acetate had a competitive inhibitory effect on the utilization of long-chain alkanes by 

hydrocarbon-degrading bacteria. Through comparative analysis, yeast extract has the best effect on 

improving lys1-3 degradation rate. It may be because yeast extract is rich in carbohydrates, proteins, 

amino acids and trace elements, and the essential elements (C, N, P) of microbial growth are abundant, 

while the other additives are single carbon source. So, the nutritional components of yeast extract are 

more balanced and more conducive to the growth and multiplication of bacteria. Reproduction also 

showed that yeast extract at a certain concentration had no competitive inhibition on the substrate and 

might promote the metabolism of degrading bacteria, thus promoting the degradation rate of 

long-chain alkanes was the best. In contrast, glucose, methanol and ethanol also promoted the 

degradation rate of hydrocarbon-degrading bacteria. 

The results show that the addition of simple carbon sources can promote the degradation performance 

of degrading bacteria, and the degradation rate of microorganisms to organic matter can be improved 

through the synergistic action of co-metabolic substrates. Ronen [10] study found that adding amino 

acids to the culture system could significantly promote the degradation of tribromophenol. Schukat et 

al. [11] studied the effect of co-metabolism on the degradation of 2-chloroaniline and 3-chloroaniline. 

It was found that the addition of co-metabolic matrix was beneficial to the production of aniline 

degrading enzymes, of which the addition of glucose co-matrix was the most effective. 
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Fig.1 The influence of easy degradated carbon source on degradation rate of long chain alkanes 

degrading bacteria 

3.2 Effect of Simple Carbon Source on Long-chain Alkane Degrading Bacteria OD600 

It is shown in Fig.2 that the OD600 value of the two strains increased with the addition of simple 

carbon source, which indicates that simple carbon source is beneficial to the growth and reproduction 

of bacteria. Because yeast extract has good bioavailability and comprehensive nutrition, it not only 

promotes the metabolism of two strains of bacteria, but also is the most advantageous to the growth 

and reproduction of strains compared with other carbon sources. Although the addition of sucrose and 

sodium acetate had a competitive inhibition on the degradation of long-chain alkanes by lys1-3, it 

promoted the growth of lys1-3 significantly, almost the same as yeast extract. 

 
Fig.2 The influence of simple carbon source on OD of long chain alkanes degrading bacteria 
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3.3 Effect of Simple Carbon Source on Surface Tension of Hydrocarbon Degrading Bacteria 

It is shown in Fig. 3 that the surface tension of lys1-3 is greatly affected by the addition of simple 

carbon sources. The addition of glucose, methanol, ethanol and yeast extract reduces the surface 

tension of lys1-3 to 29.81, 30.24, 31.76 and 31.23 mN/m, respectively. Compared with the control 

without simple carbon sources, the surface tension decreases. From the experimental results, the 

addition of four simple carbon sources did improve the hydrocarbon degradation rate of lys1-3.  

Therefore, we speculate that the addition of simple carbon sources may promote the secretion of 

biosurfactants, thereby improving the degradation efficiency of long-chain alkanes. In addition, 

compared with the control, the addition of sucrose and sodium acetate did not further reduce the 

surface tension, but was higher, which was consistent with the previous degradation rate reduction 

results. It is suggested that sucrose and sodium acetate may hinder the secretion of biosurfactants, thus 

hindering bacterial uptake of long-chain alkanes and affecting their ability to degrade long-chain 

alkanes. 

 

 
Fig.3 The influence of simple carbon source on surface tension of long chain alkanes degrading 

bacteria 

3.4 Effects of Simple Carbon Sources on Hydrophobicity of Hydrocarbon Degrading Bacteria 

Cell-surface Hydrophobicity, CSH, is one of the main factors affecting bacterial uptake and 

degradation of hydrophobic organic compounds. Some hydrophobic side chains or hydrophobic 

groups on the surface of cells can affect the hydrophobicity of cells. At the same time, the change of 

cell surface structure can also change the hydrophobicity of cells. Therefore, the hydrophobicity of 

bacteria changes with the growth conditions. 

As shown in Figure 4, the hydrophobicity of bacteria is affected to varying degrees by the addition of 

simple carbon sources. The hydrophobicity of the control cells was 41.2%. After adding different 

simple carbon sources, the hydrophobicity of the cells increased slightly, and the maximum increase 

was 50.5% after adding glucose. Different carbon sources have different effects on cell hydrophobicity, 

which may be the result of different carbon sources affecting the composition of cell surface 

substances. Cell surface structure includes cell wall, gum and compounds bound outside the gum. 

Among them, the cell wall structure is relatively stable, which is not affected by environmental 
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conditions; while the compounds outside the gum and the gum are unstable structures in the cell 

surface, and their components are constantly synthesized, assembled and shed. Composition and 

number of compounds outside the gum and the gum may change with the change of carbon source, 

thus affecting the hydrophobicity of cell surface. When Liu Yang [12] studied the effect of cell 

hydrophobicity on migration and adsorption of oil-producing microorganisms, it was found that the 

cell surface hydrophobicity cultured with glucose as the sole carbon source was the strongest, 

followed by crude oil and sucrose. Our results are in good agreement with those obtained. It is found 

that the addition of glucose has the greatest effect on the hydrophobicity of both strains. The glucose as 

a substrate is more favorable for the formation of hydrophobic groups. 

 
Fig.4 The influence of simple carbon source on CSH of long chain alkanes degrading bacteria 

4. Conclusion 

Yeast extract had the best effect on the degradation rate of long-chain alkanes, followed by glucose 

and methanol. However, considering the practical engineering application, glucose and methanol are 

relatively cheap and cost-effective, so the effect of glucose and methanol on the reaction system is 

mainly investigated in the actual wastewater test. Although the addition of sucrose and sodium acetate 

had a competitive inhibitory effect on the degradation of long-chain alkanes by lys1-3, it promoted the 

growth of lys1-3, which was almost the same as that of yeast extract. The surface tension of lys1-3 was 

greatly affected by the addition of simple carbon sources. The lowest surface tension of lys1-3 was 

29.81 mN/m with the addition of glucose. At the same time, the addition of glucose has the greatest 

influence on the hydrophobicity of bacterial cells. Glucose as a substrate is more conducive to the 

formation of water transporting groups. 
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